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production by addressing the advanced electric power
generation systems and environmental control devic-
es market applications. Over 1,200 MWe of new
capacity and over 800 MWe of repowered capacity
are represented by 15 advanced electric power gener-
ation projects valued at over $4.8 billion. There are
19 environmental control device projects valued at
more than $686 million. These projects include NO_
controls, SO, controls, and combined SO,/NO,
controls.

Participation in these projects involve over 55
investor-owned utilities, nonutility power generators,
municipals, and cooperatives. These electric power
generators represent approximately 50 percent of the
coal-fired capacity in the United States and almost
70 percent of the Phase-I-affected units under
Title IV of the Clean Air Act Amendments (CAAA)
of 1990.

There are five coal processing for clean fuels
projects valued at over $521 million. These projects
produce solid, high-energy-density compliance fuels
and coal-derived liquids that can be used as electric
power generation fuel and as chemical or transporta-
tion fuel feedstock. One project is demonstrating a
method to allow optimum matching of the boiler’s
performance to coal feedstock.

The final market application category is industri-
al technologies. Encompassing the iron, steel, and
cement industries and industrial boilers, there are six
projects in this category valued at over $1.12 billion.

The contribution of the $7.14 billion CCT
Program to direct employment in the 21 states where
projects are located is significant. Each advanced
electric power generation project can create more
than 1,000 construction jobs and 50-130 permanent

ES-2 Program Update 1994

operator jobs, while a typical retrofit emissions
control project employs 100-200 construction work-
ers. Thus, the 45 clean coal projects are estimated to
create an average of 29,000 jobs for the years 1995
through 1999 (direct and indirect) construction and
service jobs, up to 2,000 permanent operating jobs
and over 500 jobs in coal mining and related indus-
tries.

Section 1 provides an in-depth discussion of the
role of the program and the technologies involved.

Program Implementation

The CCT Program has been implemented
through a series of five nationwide competitive
solicitations CCT I~V conducted over a period of 9
years, with each competition associated with a specif-
ic level of government funding and program objec-
tives. The first three solicitations were aimed prima-
rily at technologies that could mitigate the potential
impacts of acid rain. The fourth and fifth solicita-
tions addressed the post-2000 energy supply and
demand situation with SO, emissions capped under
the CAAA of 1990, increasing need for electric
power, and continuing concerns over global climate
change—a situation which translates into 2 need for
technologies with very high efficiencies and extreme-
ly low emissions.

The completion of the original plans for five
solicitations provided the framework to examine the
lessons learned from the planning and implementa-
tion of the program and to analyze its future needs.
In June 1994, DOE published the report, Clean Coal

Technology Program Lessons Learned. This report
summarized the programmatic and procedural les-
sons learned in conducting the program. Comments
from the industrial participants are quoted to high-
light the important aspects of the program from their
viewpoint.

In planning for the future, two additional reports
were issued in 1994. In February 1994, the National
Coal Council released a report requested by the
Secretary of Energy on the future directions for the
CCT Program. The thrust of the report, Clean Coal
Technology for Sustainable Development, was
recommendations to enhance commercial deployment
of demonstrated technologies. The second report,
Clean Coal Technology Program Completing the
Mission, was issued by DOE in May 1994 in re-
sponse to a congressional request that the Secretary
report on available funds appropriated but not used in
the solicitations. The report stated “the highest
priority for DOE is the completion of the 45 projects
currently in the program.”

Critical factors in implementing the CCT Pro-
gram involve complying with the requirements of the
National Environmental Policy Act (NEPA), execut-
ing the environmental monitoring plans (EMP), and
the monitoring of hazardous air pollutants (HAPs).

The CCT Program complies with NEPA through
a process which includes (1)preparation in 1989 of a
programmatic environmental impact statement
(PEIS); (2)preparation of preselection, project-
specific environmental reviews; and (3)preparation
of postselection, site-specific NEPA documents.

By the end of 1994, NEPA reviews had been
completed for 33 of the 45 projects. Additionally,
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opportunity for U.S. industry to gain an understand-

ing of the business opportunities for clean coal

technologies in the countries represented. Three

issues of the Clean Coal Today newsletter were
prepared for distribution to 3,700 domestic and
international readers. The CCT Program staff

participated in 12 major domestic and international
events involving users and vendors of the technology,
state institutions, state regulators, and environmental

groups.

International activities centered on developing a

summary of the potential markets in developing

countries for exporting clean coal technologies and
the financing mechanisms and/or levels of govern-
ment support necessary to assist U.S. industry partici-

pation in these markets. A report to the United

States Congress, Clean Coal Technology Export
Markets and Financing Mechanism, was distributed
in May 1994. In November 1994, DOE solicited
statements of interest in commercial projects employ-

ing CCTs in foreign countries projected to have
significant growth in greenhouse gas emissions.

DOE’s report to Congress on the results of the infor-

mational solicitation will be issued by April 15,

1995. This report also will identify the extent to

which various types of federal incentives would

accelerate the commercial availability of CCTs in an

international context.

At this point in the CCT Program, there are 45
projects, with 16 in operation and construction, 15 in
design and project definition, and 1 CCT-V project
in negotiation. A total of 13 projects have completed
operation. A number of commercial successes have

been realized, including the following:

ES4 Program Update 1994

« The Babcock & Wilcox Company has installed

the LNCB® technology on more than 2,500
MWe of capacity in the United States—each
installation achieving more than 50% NO_
reduction. In addition LNCB® retrofits have
been ordered for an additional 3,250 MWe.

Babcock & Wilcox has sold 85 contracts

(61 domestic and 24 international) for the
DRB-XCL® low-NO_ burners demonstrated by
Pubic Service Company of Colorado.

Foster Wheeler has had about $20 million in
sales of the low-NO_ burners demonstrated on
Georgia Power Company’s Plant Hammond.

Successful testing of the AirPol demonstration
project resulted in the city of Hamilton, Ohio,
receiving a $5-million grant from the Ohio
Coal Development Office to install the GSA
technology on a 50-MWe coal-fired boiler at
the city’s municipal power plant.

In April 1994, Pure Air of Manatee, L.P.,
entered into a contract to provide 1,600 MWe
of SO, scrubbing capacity at Florida Power &
Light’s Manatee power plant.

Ohio Edison Company has retained ABB
Environmental Systems’ SNOX™ system at its
Niles Station as part of its CAAA of 1990
compliance strategy. Commercial SNOX™
plants have been started up in Denmark and
Sicily.

The flue gas recovery system for SO, reduc-
tion, demonstrated by the Passamaquoddy

Tribe, has been incorporated as a permanent
part of a 1,450-ton-per-day cement plant.

 Pyropower Corporation has cut almost 3 years

in establishing a commercial line of atmo-
spheric circulating fluidized-bed units because
of the demonstration conducted at Tri-State
Generation and Transmission Association’s
Nucla Station between 1988 and 1991.

A commercial version of Babcock & Wilcox’s
successfully demonstrated limestone injection
multistage burner (LIMB) is being installed in
an independent power production project in
Canada.

The first commercial sale of the Coal Quality
Expert Acid Rain Advisor software package
was made in 1993.

Liquid and solid products from ENCOAL
Corporation’s demonstration project have been
sold for commercial applications.

Custom Coals is leading an international
consortium that plans to build a fine-coal-
cleaning plant, a 500-mile coal slurry pipeline,
and port facility in the People’s Republic of
China.

Rosebud SynCoal Partnership is working on
three potential semi-commercial projects
located in Wyoming, North Dakota, and
Montana and ranging in size from 500,000 to
5 million tons per year. The Wyoming project
is a stand alone mine-mouth design. The
North Dakota project is integrated into a mine-
mouth power plant with project sales offsite to
regional markets. The Montana project is
designed as either an integration into a power
plant and fuel user or a regional market.
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Exhibit ES-1
Summary of Results of Completed CCT Projects (continued)

Project and Participant Key Environmental Results Capital Cost
SOx-NOx-Rox-Box™ Flue Gas Cleanup Demonstration S0, reductions of 80-90% using 3.4% sulfur bituminous coal, depending $260/kW at 250 MWe
Project (The Babcock & Wilcox Company) on sorbent and conditions

NO, reduction of 90% with 0.9 NH,/NO,

Enhancing the Use of Coals by Gas Reburning and Hennepin—NO, reduction averaged 67% with 18% gas input, SO, Ranges $979-1,318/ton of NO,

Sorbent Injection (Energy and Environmental Research removal efficiency 52% at Ca/S ratio 1.76 removed

Corporation) Lakeside—NO, reductions of 64-66% and SO, reductions of 60~63% Ranges $425-514/ton of SO,
during extended continuous combined (GR~SI) runs at 29 MWe, about removed

22% gas input, and Ca/S of 1.67-1.75

NO, reduction averaged 67% during long-term testing of gas reburn only

Industrial Applications

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

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% (3% sulfur bituminous coal); 98% maximum $25/ton of annual cement
(Passamaquoddy Tribe) reduction capacity

NO, reductions of 5-15%

ES-6 Program Update 1994
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Project Fact Sheets

Project-specific information for each of the 45
projects is provided in the fact sheets in Section 7.
These fact sheets are organized by the four market
application categories:

Advanced electric power generation systems
» Environmental control devices

» Coal processing equipment for clean fuels

* Industrial technologies

Project information provided in the fact sheets
includes the participant, team members, location,
cost and schedule data, process flow diagram, signifi-
cant project features, project objectives, description of
the process and its performance attributes, progress
and accomplishments, and potential commercial
applications. Fact sheets for completed projects
contain a brief overview of the results of the demon-
stration and sources of more detailed information.

Other Information

Excerpts of key legislation concerning funding
and implementation of the CCT Program are con-
tained in Appendix A. A brief history of the selec-
tion of proposals solicited, negotiations of coopera-
tive agreements, and completion of projects is provid-
ed in Appendix B. A list of CCT Program publica-
tions is provided in Appendix C and references for
selected recent papers and presentations on the CCT

ES-8 Program Update 1994

Program are contained in Appendix D. Appendix E
lists contacts for obtaining further information about
specific CCT Program demonstration projects.
Appendix F provides a key to the acronyms and
abbreviations used in the Program Update.
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Reduce Adverse Environmental
Impacts

The CCT Program is pursuing the goal of reduc-
ing adverse environmental impacts through a three-
part strategy. The first part is to reduce regional and
local impacts of U.S. energy-related emissions and
discharges through the development and deployment
of lower emissions energy conversion technologies.
The second part is to reduce energy-related green-
house gases below 1990 levels by the year 2000
through the development and deployment of effi-
ciency-enhancing technologies. The third part is to
improve the global environment through policy lead-
ership and programs for the export of advanced en-
ergy and environmental technologies. The CCT Pro-
gram is pursuing its strategy through the demonstra-
tion of technologies that reduce emissions of sulfur
dioxide (SO,), nitrogen oxide (NO, ), hazardous air
pollutants, and solid and liquid wastes through sig-
nificant improvements in pre-utilization, in-situ, and
post-utilization emissions control technologies.
High-efficiency technologies are being demonstrated
which result not only in efficient and cost-effective
use of resources but also in reduction of greenhouse
gas emissions. An initiative has been taken, at con-
gressional direction, to solicit statements of interest
in commercial projects employing CCTs in countries
projected to have significant growth in greenhouse
gas emissions.

Acid Rain Mitigation

The CCT Program had its roots in the acid rain
programmatic initiatives of the 1980s. It became the
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centerpiece for satisfying the recommendations con-
tained in the January 1986 Joint Report of the Spe-
cial Envoys on Acid Rain. The first three solicita-
tions of the CCT Program (CCT-I-III) were aimed
primarily at mitigating the potential impacts of acid
rain. The resulting CCT projects are expected to
provide a pool of technologies for industry to draw
upon to meet specific needs in developing compli-
ance strategies.

On November 15, 1990, Congress enacted the
Clean Air Act Amendments (CAAA) of 1990.

Title IV, Acid Deposition Control, established emis-
sions reduction targets for SO, and directed the es-
tablishment of allowable emissions limitations for
NO.,.

The acid rain provision of the CAAA of 1990
sets emission reduction requirements on SO, to be
met in two phases. Evidence to date suggests that
compliance with the Phase I targets established for
1995 will be achieved largely by switching to a lower
sulfur fuel, the use of emissions credits, and, to a
limited extent, flue gas scrubbing; the more stringent
Phase II levels set for the year 2000 will require
more reliance on technological solutions.

A provision of the CAAA of 1990 allows a
4-year extension (to December 31, 2003) to comply
with the requirements of Title I'V if one or more
units is repowered with a qualifying clean coal tech-
nology.

An equally important consideration is that the
act sets a permanent cap on SO, emissions beyond
the year 2000.

The CAAA of 1990 required the U.S. Environ-
mental Protection Agency (EPA) to establish annual
allowable emissions limitations for NO, in two

phases. Phase I limitations were to be effective Janu-
ary 1, 1995, and address allowable emissions for tan-
gentially fired and dry-bottom wall-fired boilers.
Phase II limits will require wet-bottom wall-fired
boilers, cyclone burners, cell burners, and all other
types of utility boilers to reduce their NO, emissions
starting in 2000.

Phase I limitations were published in the Fed-
eral Register on March 22, 1994, Emission limita-
tions for NO, have been set at 0.45 pound per million
Btu for tangentially fired units and 0.50 pound per
million Btu for wall-fired boilers. The Phase I NO,
limitations involve 170 boilers. An option for NO_
control is available for an owner or operator of two or
more units subject to NO_emission limitations. The
option allows the owner or operator to average emis-
sions among its units in lieu of complying on a unit-
specific basis. The actual Btu-weighted annual emis-
sions rate averaged over the units must be no greater
than the Btu-weighted annual emissions rate for the
same units had they been operated in compliance
with the applicable emission limitation. The remain-
ing 637 tangentially fired and wall-fired boilers must
meet the applicable NO, emission limits by January 1,
2000.

The CAAA of 1990 provides that EPA, no later
than 1997, may revise the performance standard to
reflect improvements in methods for reducing emis-
sions for NO,. EPA plans to propose a rule regard-
ing the January 2000 limits for the remaining tan-
gentially fired and wall-fired boilers, should the lim-
its be revised.

EPA is required to propose NO_ control stan-
dards for cell, cyclone, wet-bottom, bubbling fluid-
ized-bed, stoker, and other coal-fired units by



&I 661 2Iwpdn wviSosq

uo AJa1 ‘sGury 10130 Suowe ‘I[Im SUOTINJOS ULID)
-1o8uo] -uejd uonoe ULIS)-IBAU SII} JO 2INIBIJ JUL)
-Joduur ue st A310uU9 JO 9sn PUS A} Ul AOUAIOYJH
‘b661 IJoquiaydag ur afuey)) 9jBWI)) UO UON
-USAUO)) JIOMAWERL] Y} Jopun UOHEIIUNWWOD *S'1)
[enIuL oY) Ul PAUIBIUOD oIk OS[B SJUSWSIS Y, €661
12qojoQ wr paysiiqnd uvjg uonoy aSuvyd apwuiiy)
2Y] S,9100) JUSPISAIJ 9OIA PUE S UOUI[D) JUSIPISAI Ul
paurejuod are uejd uonor oY} JO SIUSWS[ Y 'SUOLS
-stwo sed asnoyuesis ul spuai) uLe) 103uof ay) SsaIp
-pe 03 satorjod do[oAap 03 pue (0T T894 2U) AQ S[OA9]
0661 0} suoIssIwIo sed asnoyuaais ‘g SuIaI jey)
uepd uonoe ue uodn Jrequs 0y Lo1jod *S'r) ST I

uonaajolg aSuvy) apuay) wqoro

"pIo® oHMyIns Jo Inj[ns opeig-jerolow
-wo9 Jo w0} ot ur jonpoid-Aq a1qeyes e aonpoid jjim
s10afoxd 10D oy Jo Jequuinu © ‘osjy winsdAS opeid
-Terorowod sonpoid syosfoxd [onuod uossiwe 100
om], ‘sesodind 1otpo 10] pue ‘o8euresp surw proe
y3m asn 1oy syuaSe Suizijennau ‘sjuswoiddns o1y
-nouge ‘ferrejewt Suip[Ing se pasn 9q ued A3y} Jel
Ul onjeA [eoIIIOU09 2ARY sjonpoid 9)sem pIjos ‘A1p
osoy Jo Auews ‘Joyumnyg “wojqoid [esodsip oy} seonp
-a1 Apuedsiytusis Jey) aisem pijos A1p e sonpoid wieid
-01d 10D 94} Japun pajensuowep Jureq sa130[out]os)
20D UES[D 91f) JO JSOJA] PIsn 2IoM SWRISAS (ID 19M
J198pnjs (DY) vonezunynsop sed anjF Jo 9s0dsip 0)
paxunbai oq ppnom 1es4 10d sa1oe (zgy Ajerewnrxoxd
-de 0107 Aq 18y} 21e sojewysy “spuod 93pnys ur Jo
pasodsip pue pajpuey AJnjeIes oq jsnuw Yorym a3pn[s
I9QQIUOS B SISBO JSOUI Ul ‘9)SBM _ PIJOS,, B JO UOISSIUID
ug 0} UOISSIWS Jfe UB JO UOISIOAUOD U J|NSAT Aj[ed
-1d£} sa180[0uyos) [0NUOD SUOISSIWS ‘Og JuaLIn)

S21SUA4 pI1OS Pappy-aniv/

‘066130 VVVO
ay) Jo III oL 1epun painbar suonengal [onuoo
$O1X03 J1e June[nuiio] ul ejep [enjoe Jo 1Jauaq ay;
aaey [[im Aouade oy jet) 05 VJH YIIM paleys usdq
aaey sjueld oY) Jo sutu Je pajoa[[oo ejeq ‘syoafoad
10D jo sas axe sjueld asay Jo 921y ‘suoneindy
-U0d [EITUYD9) JO UOI}03S $s010 & Junussardar syue(d
Jomod parj-jeod 91 woij eyep Sy H 1991100 0 usye)
-Jopun Sujeq st weidor juswido[oAs( pue YoIess
-] 120D S, 4O Iepun 310330 [ofeted y ‘sisk[eue
pue Sunoyiuowr SJYH U0 Pasnoo) SSNIANOR 9SO}
ur 20150 Jusdojoas( (20D OO 2y} pue (RId=)
2)mNSU] YoI1easay Jomod OLIOS[H S Se yons suonez
-1uegI1o M Suneurpioos st weidord 10D YL
uswdinba [onU0 SUOISSIWD
pue suoneingiyuos jueyd jo ofuel JopeOIq B I031UOW
0} pue paleyied Sureq ejep sIVH Jo KAirjenb oy saoid
-WI 0] 9JoM “)OUI U3q dARY YoIyMm ‘Tunroyruowt SqYH
JO s9An03{qo om ], 'syoaford 1 103 pejojdwos usaq
sey Sunojuow SJVH ‘SIVH Sunoyuowr axe sjosford
0Z pue ‘Suprojruow STYH apnjoul o3 Jygnos sey
q0Q ‘sy0aford A-1-10D 104 (g uonosg 99s) suerd
SuniojluoW [BIUSTUUOIIAUD UI PAPN[OUl 9q SuLIO
-tuowt SJVH Jey) saunbar gO( ‘syoofoxd A-10D 1
JoJ ‘swo)sAsqus [OXUOCD SUOISSIUIO SNOLIBA JO SWBANS
snoaseS oy ur STYH JO [eAaowal oy} AJnuenb o) sem
9A192[qO Joyun} v °suonipuods Sunersdo uonens
-UOWISP pue aulfeseq yjoq 1apun ‘says 303foxd 10D 18
suoIssIue SJVH Joyuour 0} pajuowajdur sem weld
-oxd y -saseS yoels ul sJVH Joj Suumseows pue Sul
-Auapi Jo souepodur a1} paziudoedalr FO Y1,
"000C
£q pajapdwos aq 03 a1k pue II 9L, Ul pauIejuod
S[(PAYDS I [PIM IIURPIOIIE Ul PAJR[NULIOY 3] O} SIe

spiepuess 9sayl ‘(SIVH) swuemnfod ire snopiezey
PRLIIIUAPI JO Sel1089)BIqNS PUE S91105318D JO SUOIS
-SIWS Ul UONONPar JO 92150 WNWIIXEW S} 2AIYOB
0} SpPIEpuE}s JO uone[NULIO} 2y} saxnbal ‘sjuenjjog

Iry snopIezeH ‘0661 J0 VVVD 9t JO 4] 9BLL
spuvIngog Ny SHOPAVZVE

9661 o3e] £q pajed
-191)ue SI SUOHBIIWI] I oseyd Jo uoneslqnJ °sisfioq
1 9seyd owwos I0] S[9AQ] SUOISSIWS JuaFuLls 10w
onnbai Aew OS[E YOIyM ‘SUOHBIIWI] UOISSIWd QN
II @seyd ay3 Jo yuawdoroaap yim Appuspusdopur Sur
-p29001d ST YJH "9[TLI PASIASI B 0JUI UOISIOIP §, 1IN0
oy ayerodioour 03 10330 ue ur sdnoid Ansnpur yim
Kj9so}o Sunjiom sem VJH ‘b661 pus-1esk Jo sy
‘Quoyne Aioyme)s sy paddess
-10A0 prYy Y J4 ety Surpury uodn afnI o1y pajeoBA
pue Ansnpul ym pa2iSe 1nod oY) ‘661 ‘67 1qUIDA
-ON UQ ‘SIowing ‘QN-#0] 0} uonippe ui juswdinbs
Kue jo uoneessur Surmbor wioyy yJq siueadxd
0661 Jo VVVO aus 18y Sumsie eiqunjo) Jo jorusiq
o 107 sjeaddy Jo 3n0Y) "STM) Sy Wl PIIf Sem JIns
-MB[ Y AS0]0U03) UOWIUIOD B PAISPISUOD 9q PINOYS
210J2I9Y} pPUE UOYSNqUIOd SULINp XIW [ony-0}-usfAxo
Suuaye Aq QN S00NPal 118 SILJ-IOA0 PUE SISUING
“ON-M0[ 10q 181 SISeq 9y} U0 £Jo[ouyda) Jowng
“ON-MO[ JO UOHIULJap S} UI SWRJSAS IIE SILJ-ISAO0
papnjoul Ydd ‘o[nt | aseyq paysiiqnd o uf
-Joedw 18}
-USWIHOIIAUD pue ‘A319u9 9500 SuLIApISUOD J]qe[ieAR
ASojouy23) UOKINPAI UOISSIWS SNONUIIUOD JO 159q oY)
Jo suoneoijdde yonas £q s[qeAdIyoR SUOONPII SUOLS
-SIUIS JO9]JX O} 9Ie SpPIEpUE)s Ayl ‘0007 ‘I Alenuef




Exhibit 1-1
Service Areas of Utilities Participating in the CCT Program
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68 percent in 2010. Together, utilities, nonutilities,
and cogenerators are expected to increase net coal-
fired capacity by 14 gigawatts over the forecast pe-
riod. There are, however, uncertainties which affect
the projected need for new capacity, including the
following:

+ Considerable uncertainty exists about the
projected savings from demand-side manage-
ment and whether these savings will have a
significant impact on reduction of power
generation needs.

+ Economic growth rates may be higher than
projected. If efforts to continue to stimulate
the economy are successful, the current
integrated resource planning assumptions and
lower growth projections may need to be
revised again.

* The existing inventory of nuclear units, which
accounts for about 20 percent of the electric
power generation in the United States, starts to
come up for relicensing in about 10 years. It is
doubtful that life extension for all these
nuclear units will take place. Further, a recent
study by DOE indicated that several nuclear
units may retire before their licenses come up
for renewal. The Energy Information Agency
is projecting a decrease of 14 billion kilowatt-
hours in nuclear generation between 1993 and
2010.

o Utility industry restructuring and new institu-
tional arrangements to enhance competitive-
ness in power marketing may tend to drive
short-term considerations, which may lead to

1-6 Program Update 1994

lower near-term rates for customers at the
potential expense of long-term needs, such as
system reliability and the desirability of long-
term price stability. Further, the utility
industry’s approach to life extension, repower-
ing, or replacement of aging fossil plants may
be reexamined in light of a more competitive
marketplace and the risk of “stranded capac-

: ”»

ity.

CCT Program demonstrations provide a portfolio
of technologies to satisfy markets for coal conversion
and utilization while satisfying energy and environ-
mental goals in a highly efficient manner.

Over 1,200 MWe of new capacity and over
800 MWe of repowered capacity are represented by
15 advanced electric power generation projects, val-
ued at over $4.81 billion, which have been selected
and are being developed under the CCT Program.
The projects are listed in Exhibit 1-2. The projects
represent seven repowered existing generating plants,
six new electric generating plants, and two cogenera-
tion plants. The participants in the projects include
seven investor-owned utilities, two cooperative utili-
ties, one municipal utility, three independent power
producers, and two industrial sponsors. These
projects, when completed, will use over 4.4 million
tons of coal per year. Because of their superior envi-
ronmental performance and increased efficiency,
these units are projected to produce 42 percent less
SO,, 83 percent less NO,, and 15 percent less CO,
than 2,000 MWe of conventional pulverized coal-
fired capacity with flue gas desulfurization units ca-
pable of meeting New Source Performance Standards
(NSPS). Based on a 3 percent sulfur coal, this repre-

sents a total reduction of approximately 68,000 tons
per year of acid rain precursor emissions.

These units not only will provide environmen-
tally sound electric power generation in the mid- to
late 1990s but will also provide the demonstrated
technology base required to carry the nation into the
21st century with a suite of highly efficient, reliable,
environmentally superior clean coal technologies to
meet new capacity requirements. Decisions on tech-
nology options to meet these requirements would oc-
cur around the year 2000. By that time, there will be
sufficient technical, environmental, economic, and
operational performance data available from the CCT
Program to enable potential users to make informed
decisions from the technology options.

In summary, over the next 5 years, it will be
critical to bring new technology options into the mar-
ketplace to satisfy compliance with the CAAA of
1990 and to meet longer range capacity growth re-
quirements. These technologies must be able to meet
the stringent performance requirements of the tradi-
tional utility industry, independent power producers,
and cogenerators.

The portfolio of technology options available to
existing coal-fired utility plants to comply efficiently
and reliably with the CAAA of 1990 requirements is
large. There are 19 environmental control devices
projects, valued at more than $686 million, which
can be used to retrofit existing power plants (see Ex-
hibit 1-2). These include seven NO, emission control
systems installed on over 1,700 MWe of utility plant
capacity, five SO, emission control projects installed
on about 775 MWe of capacity, and seven combined
SO,/NO, emission control systems installed on about
765 MWe of capacity. In addition to establishing a
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Exhibit 1-2 (continued)
CCT Demonstration Projects, by Application Category

Application Category Participant Project Solicitation
Environmental LIFAC-North America LIFAC Sorbent Injection Desulfurization Demonstration Project CCT-I
MVM_‘“.MM_CWMW\ ices New York State Electric & Gas Corporation Milliken Clean Coal Technology Demonstration Project CCT-IV
NOXSO Corporation Commercial Demonstration of the NOXSO SO,/NO, Removal Flue Gas CCT-I
Cleanup System
Public Service Company of Colorado Integrated Dry NO, /SO, Emissions Control System CCT-II
Pure Air on the Lake, L.P. Advanced Flue Gas Desulfurization Demonstration Project CCT-II
Southern Company Services, Inc. Demonstration of Advanced Combustion Techniques for a Wall-Fired Boiler CCT-I
Southern Company Services, Inc. Demonstration of Innovative Applications of Technology for the CCT-II
CT-121 FGD Process
Southern Company Services, Inc. Demonstration of Selective Catalytic Reduction Technology for the CCT-II
Control of NO, Emissions from High-Sulfur-Coal-Fired Boilers
Southern Company Services, Inc. 180-MWe Demonstration of Advanced Tangentially Fired Combustion CCT-II
Techniques for the Reduction of NO, Emissions from Coal-Fired Boilers
Tennessee Valley Authority Micronized Coal Reburning Demonstration for NO, Control on a CCT-1v
175-MWe Wall-Fired Unit
Coal Processing for ABB Combustion Engineering, Inc., and CQ, Inc. Development of the Coal Quality Expert CCT-1
Clean Fuels Air Products Liquid Phase Conversion Company, L.P. Commercial-Scale Demonstration of the Liquid-Phase Methanol CCT-II
(LPMEOH™) Process
Custom Coals International Self-Scrubbing Coal™: An Integrated Approach to Clean Air CCT-1V
ENCOAL Corporation ENCOAL Mild Coal Gasification Project CCT-II
Rosebud SynCoal Partnership Advanced Coal Conversion Process Demonstration CCT-1
Industrial Bethlehem Steel Corporation Blast Furnace Granulated-Coal Injection System Demonstration Project CCT-1II
Applications Bethlehem Steel Corporation Innovative Coke Oven Gas Cleaning System for Retrofit Applications CCT-II
Centerior Energy Corporation Clean Power from Integrated Coal/Ore Reduction (COREX®) CCT-V
Coal Tech Corporation Advanced Cyclone Combustor with Internal Sulfur, Nitrogen, and Ash Control ~ CCT-I
Passamaquoddy Tribe Cement Kiln Flue Gas Recovery Scrubber CCT-II
ThermoChem, Inc. Demonstration of Pulse Combustion in an Application for Steam CCT-1v

Gasification of Coal

1-8

Program Update 1994
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4.3 billion short tons per year should increase by al-
most 800 million short tons per year. Of this pro-
jected growth, almost 250 million short tons will be
for electric power generation.

The worldwide market for clean coal technolo-
gies over the next 10 years could be as high as
$750 billion. Of this, $200 billion could be U.S. con-
tent. If this level of penetration is achieved, the ex-
port of clean coal technologies could result in
200,000 high-quality U.S. jobs over this period. This
market provides opportunities for U.S. technology
suppliers, developers, architect/engineers, and other
U.S. firms to capitalize on the advantages gained
through experiences in the CCT Program.

Other DOE activities are aimed at creating a fa-
vorable export climate for U.S. coal and coal technol-
ogy. These efforts will (1) improve the visibility of
U.S. firms and their products by establishing an in-
formation clearinghouse and closer liaison with U.S.
representatives in other countries, (2) strengthen in-
teragency coordination of federal programs pertinent
to these exports, and (3) improve current programs
and policies for facilitating the financing of coal-re-
lated projects abroad.

Coal Technology Perspective

The DOE has structured an integrated technol-
ogy development program which will enable the na-
tion to use its plentiful domestic coal resources while
meeting environmental quality requirements and en-
suring reliable supplies of low-cost energy in the
future.

1-10 Program Update 1994

The Clean Coal Research, Development and
Demonstration Program (referred to as the Clean
Coal RD&D Program) implements Title XIII of Pub-
lic Law 102-486 (Energy Policy Act of 1992) which
states that DOE shall “conduct programs for re-
search, development, demonstration, and commercial
application in coal-based technologies.” The Clean
Coal RD&D program is designed to accelerate the
progress of clean coal technologies from the labora-
tory to the marketplace and is focused on the devel-
opment of new technologies that will help fill the en-
ergy needs of the post-2000 world. The current
Clean Coal RD&D Program is balanced to deal with
the continuum of near-term to long-term problems.
The program consists of the CCT, Coal R&D, and
the Advanced Research and Technology Develop-
ment (AR&TD) Programs.

The CCT Program is showing, at commercial
scale, that coal technologies can meet the most strin-
gent current environmental standards as well as those
projected for the next decade. The emphasis of the
program has evolved from demonstrating technolo-
gies that lead to a reduction in acid rain emissions to
those promising improved efficiency and environ-
mental performance. The 66 percent level of cost
sharing from nonfederal sources has provided a
strong market orientation to these efforts.

The Coal R&D Program is focusing on the next
round of expected tightening of emission standards
after the year 2000 and consists of two components:

* Advanced power systems directed toward
acceleration of the commercial realization of
affordable high-efficiency, low-emissions,
coal-fueled electricity generating technologies

* Coal-base fuel systems which are the focus of
the development and commercial realization of
clean, cost-effective coal processing technolo-
gies for production of coal-derived fuels,
chemicals, and other products for the transpor-
tation, utility, commercial, and residential
sectors

The specific R&D goals for the advanced power
systems are outlined in Exhibit 1-3.

The R&D goal for the coal-based fuel system is
to demonstrate, by the year 2010, advanced concepts
for clean and safe production of coal-based transpor-
tation fuels, chemicals, and other products that can
compete with petroleum-derived products, at a cost of
less than $25 per barrel-of-oil equivalent in 1991 dol-
lars.

The AR&TD component of the Clean Coal
RD&D Program is directed to pursuit of applied re-
search and technology transfer in critical enabling
science and technology areas that crosscut multiple
fossil energy technologies and include advanced ma-
terials research and coal bioprocessing research. An-
other element of AR&TD is university coal research
which is focused on improving the knowledge base in
fundamental and innovative coal science and tech-
nology research and on training fossil fuel scientists
and engineers in relevant disciplines.

During 1994, DOE enhanced the prospects for
success in both the R&D and demonstration phases
of technology development by closely integrating the
two functionally distinct but substantially interdepen-
dent programs.
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concept integrates a pressurized circulating fluidized-
bed combustor and a pyrolyzer to fuel a gas-turbine
topping cycle and a steam-turbine bottoming cycle.
The integration of the pyrolyzer and turbine topping
cycle improves the efficiency when compared to first-
generation PFBC systems.

Fluidized-bed combustion attributes follow:

+ No special coal handling is needed other than
the addition of limestone or other sorbent to
the coal feed.

¢ The fluid-like motion of the solids in the
combustion chamber promotes turbulent
mixing that improves combustion efficiency
and the capture of SO,.

+ The superior mixing also permits combustion
at substantially lower and more evenly

distributed temperatures, thus reducing
formation of NO,.

Combustion occurs at temperatures below the
ash melting point so that solids accumulation
and boiler tube erosion and corrosion are
minimized.

All types of coals or coal wastes can be used,
including high-ash coals, because FBC is
relatively nonsensitive to feedstock.

The waste generated is a dry, benign solid that
can be disposed of easily or usefully employed

(e.g., as material for road or building construc-
tion).

Combined-cycle plants, in addition to increas-
ing the efficiency of energy production, can be

< The pressurized fluid-
ized-bed technology is an ad-
vanced electric power genera-
tion technology which delivers
improved combustion effi-
ciency, and reduces SO, emis-
sions by over 90% and NO,
emissions by 70%. The
70-MWe Tidd PFBC project,
shown here, is demonstrating
this promising technology.

composed of standardized modules. This leads
to ease of installation and a relatively lower
cost without the usual economy-of-scale
penalties.

In the case of repowering, any type or size of
boiler can be repowered by a fluidized-bed combustor
using the existing plant area, coal and waste han-
dling equipment, and steam turbine equipment. This
repowering extends the life of the plant. In many
cases, such as where the capacity of the boiler has
been reduced because of aging or the turbine genera-
tor has greater capacity than the boiler, or both, FBC
can be used to repower an existing boiler and, in ad-
dition to controlling SO, and NO,_ emissions, can in-
crease the boiler’s capacity as much as 50 percent
with the use of PFBC. The costs of the additional
capacity are low compared to the cost of a new plant.

Integrated Gasification Combined Cycle. The
coal gasification combined-cycle process basically
has four steps: (1) a fuel gas is generated by coal re-
acting with high-temperature steam and an oxidant
(oxygen or air) in a reducing atmosphere; (2) the gas
is cooled, producing steam, and then purified to fur-
ther remove particulates and sulfur and nitrogen
compounds; (3) the clean fuel gas is combusted in a
gas turbine generator to produce electricity; (4) the
residual heat in the hot exhaust gas from the turbine
is recovered in a heat recovery steam generator, and
the steam is used to produce additional electricity in
a steam turbine generator.

Gasification combined-cycle systems are among
the cleanest and most efficient of the emerging clean
coal technologies. Sulfur, nitrogen compounds, and
particulates are removed before the fuel is burned in
the gas turbine, that is, before combustion air is
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» Efficiency of energy production can be
increased, while using standardized modules
sized for large and small utilities.

» No special coal-handling is needed other than
the potential to add limestone to the coal feed.

Indirectly Fired Cycle. An indirectly fired
closed-cycle gas turbine uses a nonreacting gas (such
as helium) as a working fluid. The gaseous working
fluid is compressed, heated by means of a high-tem-
perature air heater, expanded in a turbine, and cooled
in a waste heat exchanger. Because the closed cycle
is fuel-independent, the use of direct coal-firing or
coal-derived fuels of any quality is permitted as long
as fouling of the primary air heater exchanger does
not occur. SO, emissions can be avoided through
removal of sulfur in the coal conversion or coal com-
bustion process; NO, emissions can be controlled
through improved furnace design. Removal of par-
ticulates can be achieved through current methods.
An overall conversion efficiency of 50-55 percent
can be obtained by combining a closed-cycle gas tur-
bine system with a steam cycle for application in
mid- and baseload plants. The mating of the steam
cycle is accomplished by the replacement of the
waste-heat exchanger with a waste-heat boiler.

Integrated Gasification Fuel Cell. A typical
fuel cell system using coal as fuel would include a
coal gasifier with a gas cleanup system, a fuel cell to
generate electricity (direct current), an inverter to
convert direct current to alternating current, and a
heat-recovery system. The heat-recovery system
would be used to capture rejected thermal energy to
produce additional electrical power in a bottoming
steam cycle.
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Energy conversion in fuel cells is potentially
more efficient (40-60 percent, depending on fuel and
type of fuel cell) than traditional energy conversion
devices. This is because electricity is generated di-
rectly in the fuel cell instead of going through an in-
termediate conversion step (i.e., burner, boiler, tur-
bines, and generators). Fuel cells directly transform
the chemical energy of a fuel and an oxidant (oxy-
gen) into electrical energy. Each fuel cell includes
an anode and a cathode separated by an electrolyte
layer. In a typical fuel cell, coal gas is supplied to
the anode and air is supplied to the cathode to pro-
duce electricity and heat.

Coal-Fired Diesel. This technology involves
firing a diesel-engine-driven electric generating sys-
tem with a coal-oil or coal-water slurry. The hot ex-
haust from the diesel engine is routed through a heat-
recovery steam generator to produce steam for a
steam-turbine electric generating system (combined
cycle). Environmental control systems for SO,, NO ,
and particulate removal treat the cooled exhaust be-
fore release to the atmosphere. The diesel system is
expected to achieve 45-48 percent thermal efficien-
cies. The 10-100-MWe capacity range of the tech-
nology would be most applicable to small utility (mu-
nicipal) and industrial cogeneration applications.

Coal-Fired Gas Turbine. In a coal-fired gas
turbine, coal is combusted in a two-stage system.

The first stage is a rich-zone combustor (reducing
atmosphere). The rich gas is then cleaned in a hot-
gas cleanup system to remove sulfur impurities and
particulates, and combustion is completed in a lean-
zone combustor. In the second stage, the clean, hot
gas is expanded in a gas turbine which drives an
electric generator and the compressor for the combus-

A The full-size precombustion module is being mounted
into place at TRW’s San Juan Capistrano test facility for
design verification testing of the slagging combustor to be
used in the 50-MWe Healy Clean Coal Project planned for
Alaska.

tion air. The turbine exhaust passes through a heat
recovery steam generator which produces steam for a
bottoming-cycle steam-turbine electric generator. Di-
rect coal-fired heat-engine systems are characterized
by net system efficiencies of 40 percent or higher and
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The use of air ports alone, which are installed in
the furnace wall above the top row of burners, cre-
ates a fuel-rich primary combustion zone with mini-
mal hardware changes. However, NO_emissions
reductions, which average 15-30 percent, are lower
than when air ports are used in combination with
low-NO, burners.

Natural gas or coal-reburning technologies for
NO, control are also being demonstrated in the CCT
Program. About 10-30 percent of the total fuel in-
put to the boiler is injected above the normal com-
bustion zone, creating the fuel-rich primary combus-
tion zone. NO, rising from the lower region of the
furnace is “reburned” in the zone where the second-
ary fuel enters and is converted to nitrogen. NO,
emissions reductions in the 60-70 percent range are
achievable with this modified system. Reburning
technology can be applied in conjunction with low-
NO, burners.

Postcombustion selective catalytic reduction
processes are characterized by high NO_emissions
reductions of 80-90 percent or more. Selective cata-
lytic reduction (SCR) involves injecting ammonia
into the boiler flue gas and passing the gases
through a catalyst bed where the NO, and ammonia
react to form nitrogen and water vapor. Noncatalytic
processes utilize ammonia and/or urea injection into
the boiler after combustion is complete to chemically
reduce NO, to nitrogen. NO, emission reductions
are less than with catalytic processes. However,
when noncatalytic technologies are combined with
low-NO_ burners, NO, emissions reductions of
60-70 percent are predicted.
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SO, Control Technology. Advanced combus-
tion or postcombustion flue gas cleaning techniques
are approaches for removal of sulfur and particulates
from flue gas. Examples of advanced combustion
techniques are discussed in the above subsection, Ad-
vanced Electric Power Generation. These techniques
involve injection of calcium sorbents (lime or lime-
stone) into slagging combustors or into the combus-
tion zones, i.e., fluidized-bed combustion and some
coal gasification processes.

Postcombustion cleanup involves removal of SO,
from the downstream flue gas after it exits the boiler.
There are three basic approaches: (1) advanced flue
gas scrubbing using lime or limestone (wet scrub-
bers) to capture 95 percent or more of the SO, in the
flue gas before it exits the stack, (2) in-duct injection
of sorbents utilizing the existing flue gas ductwork,

and (3) inserting one or more separate vessels into
the downstream ductwork where the sorbents are
added.

The reliability of wet scrubbers has improved
significantly along with improvements to eliminate
corrosion problems, and markets (such as wallboard
manufacture) have been found for the waste gypsum
sludge. The improved reliability has reduced spacing
requirements for scrubber systems, contributing to
significant reductions in capital costs of modern
scrubbers compared to earlier systems.

In-duct sorbent injection involves spraying sulfur
absorbents, such as hydrated lime with water, into
the center of the existing ductwork. By controlling
the humidity of the flue gas and the spray pattern for
the sorbent, 50-70 percent of the SO, can be re-
moved. Selective additives, such as adipic acid, may

» The advanced flue gas
scrubbing technology being
demonstrated by Pure Air on
the Lake, L.P., is able to re-
move 90-95% of the SO, in
the flue gas while producing
commercial gypsum by-prod-
uct. In the background is
Bethlehem Steel’s Burns Har-
bor Plant, the site of the blast
furnace granulated-coal injec-
tion system demonstration
project.
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+ Formic-acid-enhanced wet limestone technol-
ogy with an advanced tile-lined scrubber for
SO, control, including recovery of marketable
gypsum and calcium chloride; in-boiler urea
injection for NO, control; conventional ESP

Coal Processing for Clean Fuels

Physical and chemical processes can be applied
to abundant U.S. coal reserves to transform them to
an economic, energy-option fuel for at least a portion
of the existing coal-fired boilers to enable them to
comply with the CAAA of 1990. In addition, coal
processing creates the capability to generate substi-
tute liquid fuels from coal that can replace petroleum
and petroleum-derived fuels in a wide range of appli-
cations, thus enhancing the nation’s energy security.
The solid products are easily transportable fuels high
in energy density and low in sulfur, ash, and mois-

ture. The liquid fuels are low in sulfur and suitable
for the transportation sector, stationary power gen-
eration, or as chemical feedstocks.

The clean coal technologies generating products
for this market include physical and chemical coal
cleaning, mild gasification, coal gasification, and
direct and indirect liquefaction.

Coal Cleaning. About 40 percent of the coal
used in U.S. utility boilers today receives some clean-
ing before it is burned. Most commercial coal clean-
ing is done on eastern and midwestern U.S. bitumi-
nous coals at more than 500 preparation plants.
With wider use of conventional coal-cleaning pro-
cesses, total nationwide SO, emissions from burning
coal could be reduced by 10-15 percent. To achieve
greater reductions, however, significant improve-
ments will have to be made to coal-cleaning
technology.

» The Rosebud SynCoal
Partnership is demonstrating
an advanced thermal coal con-
version process for upgrading
low-rank subbituminous and
lignite coals. The 45-ton/hr
unit is located in Colstrip,
MT, and produces a product
for utility and industrial use.
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Traditionally, research to improve precombus-
tion cleaning has been concentrated on two major
categories of cleaning technology: physical and
chemical cleaning. Recently a new category, biologi-
cal cleaning, has attracted interest as advances have
been made in microbial and enzymatic techniques for
liberating sulfur and ash from coal.

Virtually all coal cleaning today is done with
physical techniques, some of which have been used
for more than a century. Physical cleaning typically
separates undesirable matter from coal by relying on
differences in densities or variations in surface prop-
erties. When coal from the mine is crushed and then
washed, the heavier impurities are separated.

Physical cleaning can remove only matter that is
physically distinct from the coal, such as small dirt
particles, rocks, and pyritic sulfur (sulfur combined
with iron particles). Physical cleaning cannot re-
move organic sulfur that is chemically bound with
the coal, nor can it remove nitrogen, another source
of pollution, from the coal. Currently, physical
cleaning can remove 30—50 percent of the pyritic sul-
fur and about 60 percent of the ash-forming minerals
in domestic coals.

Conventional physical coal-cleaning methods
include froth flotation and gravity separation tech-
niques. Advanced physical cleaning techniques are
expected to be significantly more effective than older
techniques. An example would be electrostatic coal
cleaning which utilizes opposite polarity charges on
coal and mineral matter particles to accomplish sepa-
ration. Increased effectiveness is achieved by first
grinding the coal into much smaller sizes at which
the coal releases more of the ash and pyrite. New
coal-cleaning processes can remove more than
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2. Direct liquefaction, which is the conversion of
the organic solid structures in coal directly
into liquid fuels

Liquefaction of coal involves the addition of hy-
drogen to coal by various techniques so that the fuel’s
ratio of hydrogen to carbon is increased to a level
comparable to petroleum-based fuels.

Coprocessing, a recent development in liquefac-
tion technology, involves the production of liquid
fuel from a mixture of coal and heavy petroleum resi-
due, with the residual oil providing some of the hy-
drogen needed for the conversion process. Once pro-
duced, the coal-derived liquid can be cleaned of its
sulfur and ash before being used.

The potential advantages of direct liquefaction
include relatively high thermal efficiency (in the
range of 60-70 percent), high product yield, and the
potential to make products such as high-quality gaso-
line. Principal disadvantages stem from the severe
operating conditions (temperature and pressure) re-
quired and the lack of integration among process
steps. Moreover, although direct liquefaction is
more efficient and more selective to fuel-grade lig-
uids than indirect liquefaction, the indirect process is
better suited to the production of diesel fuels. Indi-
rect liquefaction is commercially proven technology
which is used to produce transportation fuels and
chemicals, such as methanol, from coals.

Industrial Applications

Technologies developed for U.S. industry can
resolve environmental problems similar to those of
electric power generators, such as compliance with
CAAA of 1990, toxic emissions, global climate
change, and solid waste disposal. At present, the

1-20 Program Update 1994

CCT Program is demonstrating specific applications
for the steel and cement manufacturing industries.

Also, many of the technologies principally identified
in the other marketplace areas will be applicable to
the industrial market, including advanced combus-
tors, fluidized-bed combustors, coal gasification pro-
cesses, and a variety of the environmental control
systems.

¥ »There are six industrial application projects totaling
over $1.16 billion. Shown on the right is the recently com-
pleted Bethlehem Steel Corporation’s facility to demon-
strate the injection of granulated coal directly into two
blast furnaces at Burns Harbor, IN. Below is the
Passamaquoddy Tribe’s cement kiln flue gas scrubber
project which successfully demonstrated greater than 90%
sulfur reduction and the production of usable by-products.
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were made available for cost-sharing projects, with
the remainder for program direction and the SBIR
Program.

The act continued the requirement that proposals
demonstrate technologies capable of retrofitting or
repowering existing facilities. The statute also
authorized the use of Tennessee Valley Authority
(TVA) power program funds as a source of nonfeder-
al cost sharing. In addition, funds borrowed by Rural
Electrification Administration electric cooperatives
from the Federal Financing Bank became eligible as
cost sharing in the CCT-III solicitation.

In the Department of the Interior and Related
Agencies Appropriations Act of 1990, Public Law
101-121, enacted October 23, 1989, Congress
provided $600 million for the CCT-IV solicitation.
CCT-1V, according to the act, “shall demonstrate
technologies capable of replacing, retrofitting, or
repowering existing facilities and shall be subject to
all provisos contained under this head in Public Laws
99-190, 100-202 and 100-446 as amended by this
Act.” About $563 million were made available for
federal cofunding of projects selected in CCT-IV,
with the remainder for program direction and the
SBIR Program.

The FY 1990 Supplemental Appropriations Act,
Public Law 101-302, enacted May 25, 1990, delayed
issuance of the CCT-IV solicitation from June 1,
1990, until September 1, 1990. However, Public Law
101-512, the Department of the Interior and Related
Agencies Appropriations Act of FY 1991, enacted
November 15, 1990, subsequently directed DOE to
issue the PON for CCT-IV on or before February 1,
1991.

2-2 Program Update 1994

In Public Law 101-121, enacted October 23,
1989, Congress provided $600 million for the
CCT-V solicitation. CCT-V, according to the act,
“shall be subject to all provisos contained under this
head in Public Laws 99-190, 100-202 and 100-446 as
amended by this Act.” Approximately $568 million
were made available for federal cofunding of projects
to be selected in this solicitation, with the remainder
again for program direction and the SBIR Program.
In Public Law 101-512, Congress directed DOE to
issue the PON for CCT-V no later than March 1,
1992, and subsequently, in Public Law 102-154,
postponed the PON’s release to July 6, 1992. This
later act also directed that the proposals should
advance significantly the efficiency and environmen-
tal performance of coal-using technologics and be
applicable to either new or existing facilities.

Public Law 103-138, enacted November 11,
1993, and Public Law 103-332, enacted September 30,
1994, adjusted the rate at which funds were to be
made available to the program in FY 1994, 1995,
and 1996. Specific legislative language contained in
the public laws discussed above can be found in
Appendix A.

Solicitation Process

The CCT Program has been implemented
through five competitive solicitations. Congress set
the basic goals for the program and for each solicita-
tion in the enabling legislation and accompanying
report language. DOE subsequently translated the
guidance into performance-oriented (not design-

oriented) solicitations. For each solicitation, evalua-
tion criteria were defined and weighted to reflect
specific congressional guidance and the current CCT
Program objectives. This process enabled industry to
set the technical agenda by allowing companies to
propose their own technologies as qualifying projects.
This had the significant benefit of attracting higher
levels of private-sector cost-sharing and increasing
the likelihood of realizing commercialization objec-
tives.

An important attribute to the solicitation ap-
proach used to implement the CCT Program was the
use of multiple solicitations spread over a number of
years. Allowing time between solicitations made it
possible to adjust program implementation. At the
end of each solicitation, Congress provided the
flexibility as needed to effectively implement the
program.

Each solicitation was issued as a PON. Propos-
als for demonstration projects consistent with the
objectives of the PON were submitted to DOE by a
specific deadline. DOE evaluated the proposals and
announced those projects selected for negotiation.
Exhibit 2-1 summarizes the results of the solicitation
processes. Exhibit 2-2 identifies the projects current-
ly in the CCT Program and the solicitation under
which they were selected. (Also see Appendix B.)

The objective of the CCT-I solicitation was to
seck cost-shared projects to demonstrate the feasibili-
ty of clean coal technologies for commercial applica-
tions. The solicitation elicited 51 proposals. Nine
projects were selected and 8 alternate projects were
eventually selected as replacement projects when
negotiations could not be completed on the originally
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Exhibit 2-2

Clean Coal Technology Demonstration Projects, by Solicitation

Project and Participant

Location

CCT-l

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

LIMB Demonstration Project Extension and Coolside Demonstration (The Babcock & Wilcox Company)

Advanced Cyclone Combustor with Internal Sulfur, Nitrogen, and Ash Control (Coal Tech Corporation)

Enhancing the Use of Coals by Gas Reburning and Sorbent Injection (Energy and Environmental Research Corporation)
Tidd PFBC Demonstration Project (The Ohio Power Company)

Advanced Coal Conversion Process Demonstration (Rosebud SynCoal Partnership)

Nucla CFB Demonstration Project (Tri-State Generation and Transmission Association, Inc.)

York County Energy Partners Cogeneration Project (York County Energy Partncrs, L.P.)

Homer City, PA

Lorain, OH

Williamsport, PA

Hennepin and Springfield, IL
Brilliant, OH

Colstrip, MT

Nucla, CO

North Codorus, PA

CCT-ll

Combustion Engineering IGCC Repowering Project (ABB Combustion Engineering, Inc.)

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

PFBC Utility Demonstration Project (The Appalachian Power Company)

Demonstration of Coal Reburning for Cyclone Boiler NO_Control (The Babcock & Wilcox Company)
SOx-NOx-Rox-Box™ Flue Gas Cleanup Demonstration Project (The Babcock & Wilcox Company)

Innovative Coke Oven Gas Cleaning System for Retrofit Applications (Bethlehem Steel Corporation)

Cement Kiln Flue Gas Recovery Scrubber (Passamaquoddy Tribe)

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

Demonstration of Advanced Combustion Techniques for a Wall-Fired Boiler (Southern Company Services, Inc.)
Demonstration of Innovative Applications of Technology for the CT-121 FGD Process (Southern Company Services, Inc.)

Demonstration of Selective Catalytic Reduction Technology for the Control of NO_Emissions from High-Sulfur-Coal-Fired Boilers

(Southern Company Services, Inc.)

180-MWe Demonstration of Advanced Tangentially Fired Combustion Techniques for the Reduction of NO, Emissions from Coal-Fired Boilers

(Southern Company Services, Inc.)

Springfield, IL
Niles, OH

New Haven, WV
Cassville, WI
Dilles Bottom, OH
Sparrows Point, MD
Thomaston, ME
Chesterton, IN
Coosa, GA
Newnan, GA
Pensacola, FL

Lynn Haven, FL

CCT-HI

Commercial-Scale Demonstration of the Liquid-Phase Methanol (LPMEOH™) Process (Air Products Liquid Phase Conversion Company, L.P.)

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

Kingsport, TN
West Paducah, KY
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facilities. In response to the solicitation, DOE
received proposals for 24 projects and selected 5
projects. At year-end 1994, 4 CCT-V projects were
in design and 1 was in negotiations. Selected
projects included 4 demonstrating advanced electric
power generation and 1, an industrial application.

The locations of the projects from all solicita-
tions are mapped in Exhibits 2-3 through 2-6, which
indicate the geographic locations of projects by
application category.

Next Steps

In November 1994, DOE solicited statements of
interest in commercial projects employing CCTs in
countries projected to have significant growth in
greenhouse gas emissions. Submittals were due no
later than January 13, 1995. DOE’s report to Con-
gress on the results of this informational solicitation
will be issued by April 15, 1995. This report also
will identify the extent to which various types of
federal incentives would accelerate the commercial
availability of CCTs in an international context.

This informational solicitation was issued pursu-
ant to Conference Report 103-740 to accompany the
Department of the Interior and Related Agencies
Appropriations Act for FY 1995 (Public Law 103-
332) and the guidance contained in the correspond-
ing Senate and House Reports 103-294 and 103-551,
respectively. The solicitation was conducted, as
requested by the congressional guidance, so that
Congress may have the information it requires to
consider the technical, economic, and environmental

2-6 Program Update 1994

aspects of various incentives to support CCTs, and
their merits for potential future support.

Respondents to this informational solicitation
were asked to propose an international (nondomestic)
project that would employ at least one CCT and that,
at a minimum, has the following characteristics:

1. Sponsorship by a U.S.-based company or
consortium

2. Location in a developing country, or in a
country making the transition from a centrally
planned to a market economy, projected to
have signficant growth in greenhouse gas
emissions

w

Capability of reducing greenhouse gas
emissions, particularly CO,, as compared to
technologies in common use in the proposed
locale

4. Versatility with regard to effective usage of
various globally available coal types and
characteristics

b

Likelihood of utilization on a broad commer-
cial scale subsequent to successful demonstra-
tion

Among the information that respondents were
asked to provide were comments on or discussions of
two key questions:

1. What are the greatest opportunities for
commercializing U.S. CCTs abroad (short
and long term)?

2. What role can DOE best play to facilitate
commercialization of these technologies?

The need for the informational solicitation was
based partly on the findings and recommendations of
two reports issued in 1994. In February 1994, the
National Coal Council released the results of its study
for the Secretary of Energy of future directions for
the CCT Program. In its report, Clean Coal Tech-
nology for Sustainable Development, the National
Coal Council recommended that

1. The Secretary of Energy not engage in any
further solicitations under the existing CCT
Program. Where unused funds exist, the
continuation of operating demonstrations
should be pursued as a means of facilitating
commercial deployment through expanded
operating experience.

L

The Secretary of Energy promote the role of
CCTs in the environmental technology
programs of the Administration; that CCTs
can improve the global environment as well
as prevent pollution.

3. The Secretary of Energy establish a new
Federal Clean Coal Technology Incentive
Program of approximately $1.5 billion over
15 years to stimulate commercial deployment.

»

The Secretary of Energy ensure that future
governmental policy continues to be moni-
tored from the standpoint of the competitive
position of and the ability to deploy CCTs.

The second report, Clean Coal Technology
Program Completing the Mission, was issued by
DOE in May 1994. It contains DOE’s response to a
congressional request that the Secretary of Energy
report on available funds appropriated but not used in
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Exhibit 2-4

Geographic Locations of CCT Projects—Environmental Control Devices

Public Service Company Energy and The Babcock & Wilcox Pure Air on the Lake, L.P. The Babcock & Wilcox
of Colorado Environmental Research Company Chesterton, IN Company
Denver, CO Corporation Cassville, Wl CCT-ll Lorain, OH

CCT-lll Denver, CO CCT-ll CCT-!
CCT-lll

New York State
Electric & Gas Corporation
Lansing, NY
CCT-IV

ABB Environmental
Systems
Niles, OH

CCT-ll

Bechtel Corporation
Seward, PA
CCT-lil

The Babcock & Wilcox
Company
Dilles Bottom, OH
CCT-ll

The Babcock & Wilcox

Company
Aberdeen, OH
CCT-lll

LIFAC-North America
Richmond, IN
CCT-ll

Southern Company

Energy and Environmental
Research Corporation
Hennepin, IL
Springfield, IL
CCT-l

=)
o o boetl.o
MY

AirPol, Inc. NOXSO Corporation Tennessee Valley Authority
West Paducah, KY Newburgh, IN Tobe determined
CCT-lll CCT-llIl CCT-IvV

B Services,Inc.
Coosa, GA
CCTHI

Southern Company
Services, Inc.
Newnan, GA
CCT-li

Southern Company
Services,Inc.
Lynn Haven, FL
CCT-li

Southern Company
Services,Inc.
Pensacola, FL

CCT-lI
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Exhibit 2-6
Geographic Locations of CCT Projects—Industrial Applications

ThermoChem,Inc. Bethlehem Steel Corporation
Gillette, WY Burns Harbor, IN
CCT-lvV CCT-Ill

Passamaquoddy Tribe
Thomaston, ME
CCT-ll

Coal Tech Corporation
Williamsport, PA
CCT-l

Bethlehem Steel

Corporation
Sparrows Point, MD
CCT-ll

Centerior Energy
Corporation
Vineyard, UT

CCT-V
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Exhibit 2-7
NEPA Reviews Completed

Number of Projects
14

12

10

4
N -
; =

1987 1988* 1989* 1990

* Includes an MTF (1988) and an EA (1989)
required for one project.

Il Memoranda-to-File
] Environmental Assessments

1991** 1992 1993 1994

** Includes an EA for a project which has been
withdrawn.
Il Categorical Exclusions

Il Environmental Impact Statements

environmental impact statement (PEIS); (2)prepara-
tion of preselection, project-specific environmental
reviews; and (3)preparation of postselection, site-
specific NEPA documentation. Several types of
NEPA documents have been used in the CCT Pro-
gram, including memoranda-to-file (MTF; discontin-
ued as of September 30, 1990), environmental assess-
ments (EA), and environmental impact statements
(EIS). In 1992, final NEPA implementation proce-

2-12 Program Update 1994

dures were provided for categorical exclusions (CX)
for certain classes of actions.

Exhibit 2-7 shows the progress made through
1994 to complete NEPA reviews of projects in the
CCT Program. By year-end 1994, NEPA reviews
were completed for 34 projects (two NEPA reviews
were completed for one project, Enhancing the Use of
Coals by Gas Reburning and Sorbent Injection—an

MTF was completed for the Hennepin site and an EA
for the Lakeside site). From 1987 through 1994,
NEPA requirements were satisfied with a CX for |
project, MTFs for 17 projects, EAs for 14 projects
(including a project which was subsequently with-
drawn from the CCT Program), and EISs for 3
proposed projects.

For each project cofunded by DOE under the
CCT Program, the participant is required to develop
an environmental monitoring plan (EMP) that will
ensure operational compliance and that significant
technical and environmental data are collected and
disseminated. Data to be collected include compli-
ance data to meet federal, state, and local require-
ments and performance data to aid in future commer-
cialization of the technology.

The Role of NEPA in the CCT Program

NEPA was initially enacted in 1969 as Public
Law 91-190 and has since been amended, most
recently by Public Law 94-83 in 1975. The applica-
bility of NEPA to the CCT Program is encapsulated
in the following provision (Section 102):

[A]ll agencies of the Federal Government shall . . .

(C) include in every recommendation or report on propos-
als for legislation and other major Federal actions signifi-
cantly affecting the quality of the human environment, a
detailed statement by the responsible official on—

i. the environmental impact of the proposed action,

ii. any adverse environmental effects which cannot be
avoided should the proposal be implemented,

iii. alternatives to the proposed action,

iv. the relationship between local short-term uses of man’s
environment and the maintenance and enhancement of
long-term productivity, and



£1-C $661 2mwpdn wpadoig

‘SJUSWINIOP [BJUSLUUOIIAUD PIJB[AI JOYI0 AUk sajou
pue ‘) Jo Arewnuns e 10 “yd 93 sapnpoul [SNOA
oy], paredaid 2q jou [[Im SIH U YOIYM IO pue

JUSUIUOIIAUS UBLUNY IY} UO JO3LJ9 JuedyIudis v sAey
JOU [[IM UONOR UB AUM SUOSEI oY) Sjuasaid Agauq
Je1j} JUSWNOOop  se ISNO 24} 2quI0sap suonejngar
OFD 'ponsst st ‘ISNOM 10  “joedur jueoyugis ou Jo
Suipury,, ® ‘ST ue axedoxd 03 L1essasou jou SI 91 JBY
‘Y Ue JO SISeq 2Y) U0 ‘saurunia)ap Louafe ue Jy
*SUOT)RUIWINNAP
[EIUOMIUOIIAUD JOYJO JOJ PIpaau saskjeue apnjour Aewr
pue paredoxd usaq sey Jerj} JUSWISSISSE SPUBIIM IO
urepdpooyy Aue sspnjour osje i 0d ® ‘orendoidde
JI ‘uopoe oY} JO aIjeu 9y uo puadap pue siseq
0s80-AQ-958D B U0 PIUIULID)IP 1B SJUNUOD S, VT UY

£K1BS50903U SI
auo uaym Iy ue yo uoneiedaxd syeyioey of,

)

SOINSEOW UONESNIW PUB SOANBUIS)[E 193)9q
Kmuspr djoy pue ‘sjoedun [enusjod ssosse
‘suonoe pasodoid yo maraax Lreurdrosipisjur
ue op1Aoxd 0} “a°1 ‘A1BSS992U ST QI OU UayM
VJIN i souerdwos s Aousde ue pre o, ‘g

SI9 ue Jo uoneiedaid saxmbax
uonoe pasodoxd e 1opoym ourmIolep o, |

:suopouny 921y} SUIMO[[0] oY} SBY Y Uy

SIUIWSSISSY [DIUDMUUOMIAUT

‘paiedaxd sem JIW

ue yorym Joj spoafoxd £ 1 oy ssi] 8-¢ HAWXH 0661
‘0¢ Joquaidag JO SB pajeuUIuLIS) Sesm J LA OU3 JO 9sn
3YJ, 'UOHEIUSWNIOP YJHN WOIJ UOISNjoXa [eouod
-9je0 B Se pay19ads u9aq j0u pey uonoe ayy 394K ‘Jued
-yruSisur A1rearo azom uonoe pasodord ay Jo sjoed

-] pa3oadxa 9y} USYM SIOUBISWUNDIIO JO PIPUUL
sem JIJN YL "0861 UI PanssI JsIiJ 219m Saurjoping

VJHN $.H0d UsYM Poysiqeiss sem SN YL
2J1,]-01-DPUDLIOWB ]

(T661 ‘€1 I1Sn8ny pae[duwod sem MoIAI
VJHN) UoIsSn[oxs [eoLI089)ed B Aq PAI9A0D ST ‘Nun
PaLI-[EAL SMIN-SLT ® UO [013u0D) "ON 10§ uonens
~uowd( Junungsy 180D PIZILOIdIA S, VAL “03foxd
U ‘JUSWIUOIAUS UeWINY 9V} UO 309139 Juedytudis
© 9ARY A[9ANB[NWND 10 AJ[enpIAIPUI JOU Op PauIul
-10)9p Sey gO( ey} SUONO. JO SSB[O B SB SUOISN[OXd
jeorrogojeo 10y op1aoxd suonenda1 VIIN FOA

ay) Jo _suondy Jo sasse[) JeordA 1 —q 1edqng,,

SUOISNIXTT (V9141052100

‘aouerdwod
VdJAN Ioj suonendal s, O pue s,0FD Yim soue
~ULIOJU0d [jny ur paysiqnd pue ‘paropisuos ‘paiedord
Q1B SJuUoUMoop VAN 9oy, 103foxd pajosyes yoes
10] 4O £q paredaid ore yoIym SIUSWNIOP VAN
oi1oads-oNs 10J sIseq o) se ‘gOJ Aq pa1ayies uon
-euLIoyur juspuadopur yIm Suoje ‘pasn SI UOIBULIONUY
oy1oads-10aford pue -o31s pajIelop SIYJ, ‘UOHBULIOJUT
[EIUSWIUOIIAUS [eUONIppe Jwqns pue aredaid 03
paxmbai are sjuedronted josfoid ‘uonosres uodn
-309lo1d pasodoxd ayy Sunuowadu ur psurejqo 2q
0} pasu pnom ey syuuad ore 9say) SuMOU JU)XS
oy} 03 ‘paxedard st sypunrad Aressaoou Jo IS € ‘os|y
‘paIopISu0Y 218 sansesw Jupedniw jeonoeld pue
103fo1d pasodoid yoes Jo spoedwir [BUSUIUOIIAUD U}
‘a1qissod ju2)x9 WNWIXBUI 91} O, "BLISILIO UOHBN[BA
[BIUSWIUOIIAUD 9t PIM paredurod ore [esodoxd
yoes Jo sassawjeam pue sypfuags oy ‘sjosfoxd Sux

-10919s 0} Jowd uonenyeas sAlsusyaiduwods oy Jo ped
SY "MOIAJI [BUSUWIUOIIAUS 3y} Fuunp paunuexs aIe
109fo1d pasodoid yoeo ym pajeIdosse SINSSI OIUIOU
-00930100s pue ‘KjaJes ‘yijeay ‘[epuatIuoIAug o1y1oads
-oys oy, ‘sseooid uono9[as j09foid ay) ur uoneIo
-pISu09 10J [BIOIIJO UOI)03[ag 22IN0S a1} 03 papraoid
Q1B SMIIASY '199f01d woprensuowsp pasodoid yoes
Jo sjoadse JejuoIIOIIAUS U} S3jeN[RAS HO( ‘SMOIAR]
[eusuoIIAuS oy103ds-joaford uonosjesaid uy

0107 Jea4 a3 £q uonezy

-[evIoWNIOD peaidsspim ofrepun pnom sa18

-0[OUYd3] [B0D UBS[D POIBRISUOWSP A[[NJSSa00ns
jer) pawinsse yoiym _‘uonoe pasodold,, o

pasnaq
0} 9NUNUOD P[IOM S[OTUO0D UONJEZLINJNSSP Sel
aNJJ [BUOTUSATUOD )M SOIT0[OUY9) Paly-[e0d
[EUOHUDATOD JElj) PIUINSSE YOIYM _ UONOR ON],, »

:SOAIRUI)E

om] SuIMOT0] o3 pajen[ess SIHJ oyl ‘weifoid

10D ayp Jo syoedmr OJUIOUO0930100S pue [82130[003

a1} pue uonedIJIpow SneWId [2qold [enusjod se yons

SONSSI PassaIppe SIAd Syl "wexdorg 10D SIus oy
10J paInqLusIp sem STHJ ® ‘6861 I9qUIAON U]

VdAN Yns 2ouvyduio)

"1oB 973 Y1 douel[dirod aImsud jey) suone[ngal
pareSnuwoid sey yorym ‘OHD 9y parearod VJIaN

*S20JN0SAY J[qE[IEAR JO Sasn
SAlEUIN)[E SUNLISOUCD SIOIJUOD PIAJOSIIUN SIA[OAUT YOIYM
Tesodoid Aue ul UOIOE JO SISINOD PIPUSWIUIOIAT O] SIAL
-ew9)je 9erdordde aquossp pue ‘dojoasp ‘Apms (7) * ° *
‘pajuawajdur 8q 31 P[ROYS UOHOR
pasodoad a1y} ur paAJoAUT 9q PINOM YOIYM SIIINOSAI
JO SJUSUIIUIIIOD S]qBASLHALI PUB J[QISISASLI AUB °A




Exhibit 2-8
Memoranda-to-File Completed

Project and Participant Completed
CCT-

Development of the Coal Quality Expert (ABB Combustion Engineering, Inc., and CQ, Inc.) 4/27/90
LIMB Demonstration Project Extension and Coolside Demonstration (The Babcock 6/2/87
& Wilcox Company)

Advanced Cyclone Combustor with Internal Sulfur, Nitrogen, and Ash Control (Coal Tech 3/26/87
Corporation)

Nucla CFB Demonstration Project (Colorado-Ute Electric Association, Inc.; now Tri-State 4/18/88
Generation and Transmission Association, Inc.)

Enhancing the Use of Coals by Gas Reburning and Sorbent Injection (Hennepin) 5/9/88
(Energy and Environmental Research Corporation) ’

Tidd PFBC Demonstration Project (The Ohio Power Company) 3/5/87
CCT-ll

SNOX™ Flue Gas Cleaning Demonstration Project (ABB Environmental Systems) 1/31/90
SOx-NOx-Rox-Box™ Flue Gas Cleanup Demonstration Project (The Babcock & Wilcox 9/22/89
Company)

Demonstration of Advanced Combustion Techniques for a Wall-Fired Boiler (Southern Company 5/22/89
Services, Inc.)

Demonstration of Selective Catalytic Reduction Technology for the Control of NO, 8/16/89
Emissions from High-Sulfur-Coal-Fired Boilers (Southern Company Services, Inc.)

180-MWe Demonstration of Advanced Tangentially Fired Combustion Techniques for the 7/21/89
Reduction of NO, Emissions from Coal-Fired Boilers (Southern Company Services, Inc.)

CCT-HI

10-MWe Demonstration of Gas Suspension Absorption (AirPol, Inc.) 9/21/90
Full-Scale Demonstration of Low-NO, Cell Burner Retrofit (The Babcock & Wilcox Company) 8/10/90
Confined Zone Dispersion Flue Gas Desulfurization Demonstration (Bechtel Corporation) 9/25/90
Evaluation of Gas Reburning and Low-NO_Burners on a Wall-Fired Boiler (Energy and 9/6/90
Environmental Research Corporation)

LIFAC Sorbent Injection Desulfurization Demonstration Project (LIFAC-North America) 10/2/90
Integrated Dry NO, /SO, Emissions Control System (Public Service Company of Colorado) 9/27/90
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CEQ and DOE regulations also provide for notifica-
tion of the public that a FONSI has been issued.
Also, DOE provides copies of the EA and FONSI to
the public on request.

Exhibit 2-9 lists the 14 projects for which an EA
has been prepared. The exhibit includes an EA that
was completed in 1991 for a project that was subse-
quently withdrawn from the program—TransAlta
Resources Investment Corporation’s Low-NO /SO,
Burner Retrofit for Utility Cyclone Boilers project.

Environmental Impact Statements

The primary purpose of an EIS is to serve as an
action-forcing device to ensure that the policies and
goals defined in NEPA are infused into the programs
and actions of the federal government. An EIS
contains a complete and unbiased discussion of all
potential environmental impacts. The EIS should
inform decision makers and the public of reasonable
alternatives that would avoid or minimize adverse
impacts or enhance the quality of the human envi-
ronment.

The CEQ regulations state that an EIS is to be
more than a disclosure document; it is to be used by
federal officials in conjunction with other relevant
material to plan actions and make decisions. Analy-
sis of alternatives is to encompass those to be consid-
ered by the ultimate decision maker, including a
complete description of the proposed action. In
short, the EIS is a means of assessing the potential
environmental impacts of a proposed DOE action
and alternatives to that action prior to making a
decision to proceed with the proposed action. Con-
sequently, before a “record of decision” is issued,
DOE may not take any action that would have an
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Exhibit 2-10
Environmental Impact Statements Completed

Project and Participant Completed
CCT-lll

Healy Clean Coal Project (Alaska Industrial Development and Export Authority) 3/10/94
Tampa Electric Company Integrated Gasification Combined-Cycle Project 8/17/94
(Tampa Electric Company)

CCT-IV

Pifion Pine IGCC Power Project (Sierra Pacific Power Company) 11/8/94

«» Provide the essential data on the environmen-
tal performance of the technology needed to
evaluate the potential impact of future com-
mercialization, including the ability of the
technology to meet requirements of the Clean
Air Act and the 1990 amendments

The objective of the CCT Program’s environ-
mental monitoring efforts is to ensure that, when
commercially available, clean coal technologies will
be capable of responding fully to air toxics regula-
tions which emerge from the CAAA of 1990, and, to
the extent possible, are in the vanguard of cost-
cffective solutions to concerns about public health
and safety related to coal use.

Air Toxics
Title I1I of the CAAA of 1990 lists known
hazardous air pollutants (HAPs) and, among other
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things, calls for the U.S. Environmental Protection
Agency (EPA) to establish categories of sources that
emit these gases. Exploratory analyses suggest that
HAPs may be released by conventional coal-fired
power plants and, presumably, by plants utilizing
clean coal technologies. It is expected that emissions
standards will be proposed for the electric-power-
production-source categories. However, there are
many uncertainties as to the identities of these HAPs,
their prevalence in various types and sources of coal,
and their nature and fate as functions of combustion
characteristics and the particular clean coal technolo-
gy utilized.

The CCT Program recognizes the importance of
monitoring HAPs in achieving widespread commer-
cialization in the late 1990s and beyond. For all
projects with existing cooperative agreements, DOE
sought to include HAPs monitoring. A total of 25
projects contain provisions for monitoring HAPs.

The CCT-V PON acknowledged the importance
of HAPs throughout the solicitation, including them
as an aspect of proposal evaluation. The PON ad-
dressed the control of air toxics as an environmental
performance criterion. Also, in the instructions on
proposal preparation, the PON directed proposers as
follows:

With respect to emission of air toxics, Proposers should
consider . . . the particular elements and compounds [listed
in Table 5-1 of the PON, “Specific Air Toxics to be
Monitored”]. Proposers should present any information
known concerning the reduction of emissions of these
toxics by [the proposed] technology. Some of the toxics for
which the proposed technology may offer control are likely
unregulated in the target market at present. The signifi-
cance and importance of the additional control afforded by
the proposed technology for the continued use of coal
should be explained. An example of this kind would be

one or more particular air toxic compounds controlled by a
technology meant for use in power generation.

The PON also stipulates information on air
toxics to be presented in the environmental informa-
tion required by DOE. Exhibit 2-13 lists the 25
projects which provide for HAPs monitoring. This
list includes projects selected in CCT-V.

HAPs monitoring has been completed for 10
projects. The objectives to improve the quality of
HAPs data being gathered and to monitor a broader
range of plant configurations and emissions control
equipment have been met.

The CCT Program is coordinating with organi-
zations such as the Electric Power Research Institute
and the Ohio Coal Development Office in activities
focused on HAPs monitoring and analysis. A paral-
lel effort under DOE’s Coal R&D Program is being
undertaken to collect HAPs data from 16 coal-fired
power plants representing a cross section of technical
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Exhibit 2-12

Status of Environmental Monitoring Plans for CCT Projects

Project and Participant

Status

CCT-l

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

LIMB Demonstration Project Extension and Coolside Demonstration (The Babcock & Wilcox Company)
Advanced Cyclone Combustor with Internal Sulfur, Nitrogen, and Ash Control (Coal Tech Corporation)
Nucla CFB Demonstration Project (Tri-State Generation and Transmission Association, Inc.)

Enhancing the Use of Coals by Gas Reburning and Sorbent Injection (Energy and Environmental Research Corporation)

Tidd PFBC Demonstration Project (The Ohio Power Company)
Advanced Coal Conversion Process Demonstration (Rosebud SynCoal Partnership)

York County Energy Partners Cogeneration Project (York County Energy Partners, L.P.)

Completed 7/31/90
Completed 10/19/88
Completed 9/22/87
Completed 2/27/88

Completed 10/15/89 (Hennepin)
Completed 11/15/89 (Lakeside)

Completed 5/25/88
Completed 4/7/92
Projected 5/95

CCT-ll

Combustion Engineering IGCC Repowering Project (ABB Combustion Engineering, Inc.)

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

PFBC Utility Demonstration Project (The Appalachian Power Company)

Demonstration of Coal Reburning for Cyclone Boiler NO, Control (The Babcock & Wilcox Company)
SOx-NOx-Rox-Box™ Flue Gas Cleanup Demonstration Project (The Babcock & Wilcox Company)

Innovative Coke Oven Gas Cleaning System for Retrofit Applications (Bethlehem Steel Corporation)

Cement Kiln Flue Gas Recovery Scrubber (Passamaquoddy Tribe)

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

Demonstration of Advanced Combustion Techniques for a Wall-Fired Boiler (Southern Company Services, Inc.)
Demonstration of Innovative Applications of Technology for the CT-121 FGD Process (Southern Company Services, Inc.)

Demonstration of Selective Catalytic Reduction Technology for the Control of NO, Emissions from High-Sulfur-Coal-Fired
Boilers (Southern Company Services, Inc.)

180-MWe Demonstration of Advanced Tangentially Fired Combustion Techniques for the Reduction of NO, Emissions from
Coal-Fired Boilers (Southern Company Services, Inc.)

Completed 5/6/93
Completed 10/31/91
Projected 7/97
Completed 11/18/91
Completed 12/31/91
Completed 7/5/91
Completed 3/26/90
Completed 1/31/91
Completed 9/14/90
Completed 12/18/90
Completed 3/11/93

Completed 12/27/90
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Exhibit 2-12 (continued)
Status of Environmental Monitoring Plans for CCT Projects

Project and Participant Status

CCT-V

Four Rivers Energy Modernization Project (Four Rivers Energy Partners, L.P.) Projected 2/96
Clean Energy Demonstration Project (Clean Energy Partners Limited Partnership) Projected 6/96
Coal Diesel Combined-Cycle Project (Arthur D. Little, Inc.) Projected 10/95
Warren Station Externally Fired Combined-Cycle Demonstration Project (Pennsylvania Electric Company) Projected 2/95
Clean Power from Integrated Coal/Ore Reduction (COREX®) (Centerior Energy Corporation) To be determined
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Exhibit 3-1
Relationship between Appropriations and Subprogram Budgets
for the CCT Program

(Dollars in Thousands)

4 Project budgets do not appear to add due to rounding.

SBIR Program
Appropriation Appropriated & STTR Direction Projects
Enacted Subprogram to DOE® Budgets® Budget Budget?
P.L. 99-190 CCT-I 397,600 4,902 23,467 369,231
P.L. 100-202 CCT-II 574,997 6,781 32,512 535,704
P.L. 100-446 CCT-III 574,998 6,906 22,548 545,544
P.L. 101-121¢ CCT-IV 600,000 8,988 25,000 566,012
P.L. 101-12f¢ CCT-V 600,000 12,208 25,000 562,792
Total 2,747,595 39,785 128,527 2,579,283

a FY 1991 apportionment increments for CCT-II and CCT-III were reduced by $4,628 total due to Gramm-Rudman-Hollings
sequestering requirements; original appropriations were $575 million each; appropriations for CCT-IV were cut $455.
Previously, sequestering requirements had reduced original CCT-I appropriations of $400 million by $2.4 million.

b Small Business Innovative Research Program (SBIR) and Small Business Technology Transfer Program (STTR).
¢ P.L. 101-121 was revised by P.L. 101-512, 102-154, 102-381, 103-138, and 103-332.

and includes federal employees’ salaries, benefits and
travel, site support services, and services provided by
national laboratories and private firms.

Availability of Funding

Although all funds necessary to implement the
entire CCT Program were appropriated by Congress
prior to fiscal year (FY)1990, the legislation also
directs that these funds be made available (i.e.,

3-2 Program Update 1994

apportioned) to DOE on a time-phased basis.

Exhibit 3-2 depicts this apportionment of funding to
DOE from FY 1986, when the program was initiated,
through FY 1997, when the final increment of fund-
ing is scheduled to become available to DOE. Exhib-
it 3-2 also shows the program’s yearly funding
profile by appropriations act and by subprogram.
Funds can be transferred between subprogram bud-
gets to meet project and program needs.

Use of Appropriated Funds

There are five key financial terms used by the
government to track the status and use of appropriat-
ed funds: (1) budget authority, (2) commitments,

(3) obligations, (4) costs, and (5) expenditures. The
definition of each of these terms follows:

» Budget Authority. This is the legal authori-
zation created by legislation (i.e., an appropri-
ations act) that permits the federal government
to obligate funds.

» Commitments. Within the context of the
CCT Program, a commitment is established
when DOE selects a project for negotiation.
The commitment amount is equal to DOE’s
share of the project costs contained in the
approved cooperative agreement and the
amount of funds needed for projects in negoti-
ation.

+ Obligations. The negotiated cooperative
agreement for each project establishes funding
increments, referred to as budget periods. The
cooperative agreement defines the tasks to be
performed in each budget period. An obliga-
tion occurs in the beginning of each budget
period and establishes the incremental amount
of federal funds available to the participant for
use in performing tasks as defined in the
cooperative agreement.

» Costs. A request for payment submitted by the
project participant to the federal government
for reimbursement of tasks performed under
the terms of the cooperative agreement is
considered a cost. Costs are equivalent to a
bill for payment or invoice.
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Exhibit 3-3

CCT Financial Projections as of December 31, 1994

(Dollars in Millions)
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+ Expenditures. Expenditures represent pay-
ment amounts to the project participant from
checks drawn upon the U.S. Treasury. Expen-
ditures directly affect the government’s cash
flow.

The full government cost-share is considered
committed to each project upon selection for negotia-
tion. However, DOE obligates funds for the project
in increments. Most projects are subdivided into
several time and funding intervals, or budget periods.
The number of budget periods is determined during
negotiations and is incorporated into the cooperative
agreement. DOE obligates sufficient funds at the
beginning of each budget period to cover the govern-
ment’s cost share for that period. This procedure
limits the government’s financial exposure and
assures that DOE fully participates in decisions to
proceed with each major phase of project implemen-
tation.

The overall financial profile for the CCT
Program is presented in Exhibit 3-3. The graph
shows actual performance for FY1986 through
FY 1994 and DOE estimates for FY'1995 through
program completion. Excluded from the graph are
SBIR obligations, costs, and expenditures, as these
funds are used and tracked separately from the CCT
Program. The financial projections presented in
Exhibit 3-3 are based on individual project schedules
and budget periods as defined in the cooperative
agreements and modifications. The projections are
updated as modifications to the cooperative
agreements are approved.

The current financial status of the program
through December 31, 1994, is presented by
subprogram in Exhibit 3-4. SBIR and STTR monies
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Exhibit 3-5
CCT Project Schedules and Funding, by Application Category

Calendar Year | 1986 :1987: 1988 i 198 93 : 13 DOE Total
123 ($1,000)

19,920 54,087
66,957 189,886

Tri-State--Nucla
Ohio Power--Tidd

Wabash River 219,100 438,200
TampaBleetic = i B ammmm 130,353 260,706
SiemaPacific G s ST pmmtaem e 134,997 269,993
Permsylvania Blectic ~ © 0 o0 B BF T mmmaa o A 73,416 146,832
AIDEA 117,327 242,058
ADL--Coal Diesel 19,155 38,310
York County Energy &0 i BT o 74,734 379,645
Four Rivers 142,460 360,708
Appalachian Power** 184,800 917,944
ABB CE-IGCC 129,357 270,700
DMEC-1 93,253 202,959
TAMCO 95,000 196,570
CleanBrergy o0+ o Goamm B B Sc 183,300 841,096
Coal Tech 490 984
Passamaquoddy b [ 5983 17,800
Bethlehem--Blast Furnace 31,260 191,700

Bethlehem--COG 13,500 45,240

Centerior Energy* oo - ©  dEmmm maanan B 150,002 825,002

ThermoChem 18,667 37,333
* Schedule and funding are in negotiation. ** QOperations are projected for 11/02--2/04

_H_ Preaward

Design and Construction I Operation and Reporting
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Exhibit 3-6

Cost Sharing of Active CCT Projects

(Dollars in Thousands)

% Numbers may not appear to add due to rounding.

5 DOE share does not include $21,505,431 obligated for withdrawn and terminated projects.

Total Cost Share Percent
Project Costs” % DOE® Participants DOE Participants
Subprogram
CCT-1 809,043 11 242,435 566,608 30 70
CCT-II 1,551,917 22 467,177 1,084,740 30 70
CCT-1II 1,364,947 19 589,951 774,996 43 57
CCT-1vV 1,197,750 17 554,317 643,434 46 54
CCT-V 2,212,037 31 567,813 1,644,224 26 74
Total 7,135,695 100 2,421,693 4,714,003 34 66
Application Category
Advanced Electric Power 4,809,695 67 1,684,129 3,125,566 35 65
Generation
Environmental Control Devices 686,325 10 288,115 398,210 42 58
Coal Processing for Clean Fuels 521,526 7 230,068 291,458 44 56
Industrial Applications 1,118,150 16 219,381 898,768 20 80
Total 7,135,695 100 2,421,693 4,714,003 34 66

* The federal government may share in project

cost growth (within the scope of work defined

in the original cooperative agreement) up

to

25 percent of the originally negotiated govern-

ment share of the project.

3-8 Program Update 1994

+ The participant’s cost-sharing contribution

must occur as project expenses are incurred

and can not be offset or delayed based on

prospective project revenues, proceeds, or

royalties.

+ Investment in existing facilities, equipment, or
previously expended R&D funds are not
allowed for the purpose of cost sharing.

Exhibit 3-6 summarizes the cost-sharing status
by subprogram and by application category. It
should be noted that the projects in the advanced
electric power generation category account for
67percent of total project costs and the average pri-
vate-sector participant cost-share in this category is
65 percent.

Recovery of Government Outlays
(Recoupment)

DOE’s policy objective is to recover an amount
up to the government’s financial contribution to each '
project. Participants are required to submit a plan
outlining a proposed schedule for recovering the
government’s financial contribution. The solicita-
tions have featured different sets of recoupment rules.

Under the first solicitation, repayment was
derived from revenue streams including net revenue
from operation of the demonstraton plant beyond the
demonstration phase and the commercial m&m, lease,
manufacture, licensing, or use of the demonstrated
technology. In CCT-II, repayment was limited to
revenues realized from the future commercialization
of the demonstrated technology. The government’s
share would be 2 percent of gross equipment sales
and 3 percent of the royalties realized on the technol-
ogy subsequent to the demonstration.

The CCT-III repayment formula was adjusted to
1/2 percent of equipment sales and 5 percent of
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allow potential commercial users to confidently
screen the technologies and to identify those meeting
operational requirements. The importance of
commercial realization is confirmed by the require-
ment in the solicitations and the cooperative agree-
ment that the project participant must commercialize
the technology after successful demonstration.

Each of the five solicitations contains require-
ments for the project proposals to include a discus-
sion of the commercialization plans and approaches
to be used by the participants. The proposer must
discuss the following:

« The critical factors required to achieve
commercial deployment, such as financing,
licensing, engineering, manufacturing, and
marketing

4-2 Program Update 1994

+ A timetable identifying major commercializa-
tion goals and schedule for completion

+ Additional requirements for demonstration of
the technology at other operational scales as
well as significant planned parallel efforts to
the demonstration project which may affect the
commercialization approach or schedule

» The priority placed by senior management on
accomplishing the commercialization effort
and how the project fits into the various corpo-
ration business marketing, or energy utiliza-
tion strategies

The cooperative agreement contains three
mechanisms to ensure the demonstrated technology
can be replicated by responsible firms while protect-
ing the proprietary commercial position of the
technology owner:

< Babcock & Wilcox has
installed the LNCB®
technology on more than
2,500 MWe of capacity in the
United States—each
installation achieving more
than 50% NO_ reduction. The
LNCB® technology was
demonstrated at Dayton
Power & Light Company’s
J.M. Stuart Plant between
December 1991 and April
1994,

+ The commercialization clause requires the
technology owner to meet U.S. market de-
mand for the technology on a nondiscrimina-
tion basis. Further, this clause “flows down”
from the project participant to the project
team members and contractors.

 The clauses concerning rights to technical
data deal with the treatment of data developed
jointly in the project as well as data brought
into the project.

« The patent clause affords protection for new
inventions developed in the project.

In addition to ensuring the implementation of
the above project-specific mechanisms, the govern-
ment role also includes the following:

» Developing and disseminating the technical,
economic, and environmental knowledge base
necessary for federal, state, and local govern-
ments to make sound policy and regulatory
decisions regarding commercial deployment
of clean coal technologies

+ Improving the regulatory and institutional
climate for deployment of demonstrated clean
coal technologies at a pace consistent with
domestic and international free market deci-
sion-making

+ Informing the public of the increased effi-
ciency, enhanced environmental quality, and
improved energy security benefits that can be
achieved through commercial use of clean
coal technologies
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Exhibit 4-1

CCT Program: Commercialization Successes

Project and Participant

Commercialization Status

Advanced Electric Power Generation

Nucla CFB Demonstration Project (Tri-State
Generation and Transmission Association, Inc.)

The Nucla CFB demonstration prompted wide dissemination of the technical progress of CFB technology and showed
the viability of scaling up to the 110-MWe size. When the Nucla CFB boiler was sold, it was 44% larger than any other
CFB that had been sold in the United States and 41% larger than any other CFB sold anywhere in the world. It was not
until after the Nucla CFB unit was built and the first coal firing occurred that another CFB boiler of comparable size
was sold. As a result of the project, Pyropower Corporation was able to save almost 3 years in establishing a commer-
cial line of ACFB units. Pyropower’s commercial units are now offered under warranty in sizes ranging up to

400 MWe. Presently, 22 CFB units larger than 100 MWe are being planned, engineered, built, or operated; 11 of these
are in the United States. These 22 CFBs represent about 3,800 MWe of capacity and are estimated to be worth about
$5 billion (in 1994 dollars), assuming an average total capital cost of $1,400/kW.

Environmental Control Devices

NO, Control Technologies

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

Full-Scale Demonstration of Low-NO, Cell Burner
Retrofit (The Babcock & Wilcox Company)

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

180-MWe Demonstration of Advanced Tangentially
Fired Combustion Techniques for the Reduction of
NO, Emissions {rom Coal-Fired Boilers (Southern
Company Services, Inc.)

Babcock & Wilcox’s reburning technology has been retained by Wisconsin Power and Light for commercial use at
Nelson Dewey Station, Unit No. 2.

Babeock & Wilcox has sold six contracts for its LNCB® technology; these contracts, which involve 144 burners, have an
estimated value of $25 million and an employment impact of 25 person-years. To date, Babcock & Wilcox has installed
the LNCB® technology on more than 2,500 MWe of capacity in the United States—each installation achieving more than
50% NO, reduction. In addition LNCB® retrofits (introduced in early 1993) have been ordered for an additional

3,250 MWe.

Foster Wheeler’s commercial sales of its low-NO_ burners have an estimated value of $20 million and represent an
employment impact of 140 person-years. Georgia Power is retaining the low-NO, burners installed at Plant Hammond,
Unit No. 4.

The Low-NO, Concentric Firing System (LNCFS) is being retained by Gulf Power at its Plant Lansing Smith. The
system also is being used at a number of other installations; for example, LNCFS III is in use at Milliken Station.

4-4 Program Update 1994




-+ 661 21opdp) wp3o4q

19qqnuss [Z1-1D  paseyoind ‘epeue)) ‘Aeninyy ul A)Ioe] UONORIXO [I0 SpUBS 18] B ‘p641 Ul 'Sunsd) [euonerado jo
uonorduros Joyye ‘1 *ON 1u[) ‘Se)ex ue[ SN Je pajjeIsul wasAs @O 1Z1-LD o djerado 03 onunuod JfIm 19m0 2131090

“£3o1ouyos) 0D, Suisn spiepuels ‘0 2y 193 0}

sjun pajaspre-1-aseyd 0661 JO VYD Jo 1sif oy uo jueld romod js11y 913 suressq jun (qOIV o) M uone)S unerousn)
A[jreg ‘uonensuowop Jeak-¢ oy} Joye s1eak £ ] 10 uoneig Sunersusn Anieq sAueduio)) 9914198 1jqnd BULIpU]
WISYHON 38 Nun gO.JV oY) ajerado 0) anunuod [[im “g~1 ‘oxeT] oy uo 1y aing sieak-uosiad gop‘| 3noqe sy 3oedur
juswkordurs oY) pue UOITII (0TS SI Sfes o1 Jo anjeA pajewrnyss oy, ‘yueld Jomod asjeuely SIYSIT 79 JOMOJ EPLIOL]

1 A1oedes Suiqqnuos “OS JO SMIA 009°T Sp1aoId 0 JOBIUOD € 0JUI PAISIUS “J] ‘edjeUBIA JO Iy 21ng ‘p66] [dY Ul

"z "ON M) uonelS A9JeA J191emaiyp SH e ST 29 Jomo puowyory Aq paureyar Suraq st weysAs DVIIT YL

‘s1eak-uosiod ¢ o joedun juswkojdurs

‘S’ ® PUB UOI[[IW '7$ JO SNJBA B SARY P[NOM 9]BS SIIJ) ‘UBMIE], Ul pojeoo; jue[d uonersusafod paly-1io SMIN-Z] € 10]
wo)sAs YO © aseyaind 03 JUUL JO I0)19] B PIAISOSI SBY [OJIIY ‘Toyun,g ‘sIojelouroul ajsem prjos fediofunur uo pajjeisur
SIUN SO Q] 218 9191 ‘@861 UI Paj[elsul AJJRIOISUNRIIOD 51} Sem YSD d1oym ‘odoing ul "AousIoryo [BAOWAI %G6—06 ©
saxmbai piepuejs uoissiuR Injns juauins s,uspomg uejd I93UIS 910 UOIL IL/UOI-UOI[IW-{ € JO Sed any 2 Wwoyy Injns
9A0WDI 0] WRYSAS VSN 9oururIojad-ySry e 10] uopamg ur 309foxd Jofewr e papreme usaq sey ofjiur g7 ‘UonIppe Uy
‘s1eak-uosiad (7, Jo 1oedurr Juswojdwo ue S9AJOAUI pUE UOI[[IWI O] SI O[ES ST JO SNJEA PAJBWNSO Y], 'SHUSWAINDII
souedwod YYD L661 U3 199w 0) 110 S} J0J SANJRUINR JS00-)SEI] oY) St payynuap! sem AJojouyos) Yo YL

‘uejd Jomod [edrotuntu s K19 9y Je I9j10q PAI-[0d SMIN-0S © WO SUOISSIS jonuod 03 A3ojoutjoa} yYSO o [[eisul

03 9910 Juswido[eas( 180D 01O Y3 woly Juri3 UCI[IW-GE B PIAIAI ‘HO ‘uoyiuel Jo 10 oy Yoafoxd nyssaoons
SIY] JO IMSAL B SY "D PaIY-[80d JOJ Wd)SAS SO 91} JO UOHBNSUOWSP UBILIDUNY YUON ISIIF oy i 30afoxd jogary oy,

(-ouJ ‘sao1ateg Kueduio)

wAINOS) §59901d (IDA 1Z1-LD 9y 10§ £Sojouyoay,
Jo suonesyjddy aAneAOUU] JO UOIIRI)SUOWIdC]

(41 ‘e oy uo a1y ang) 103foig
UONeNSUOWId(] UOHRZHINI[NS3( SeD N[ PIdUBAPY

(oLOWrY ION-OVAI'T) 30001g uon
-BISUOWIA(] UONRLZLINI[NSS(] UONdaMU] JUaqIos HVIIT

(ouf ‘[odaty) uondiosqy
uoisuadsng sen) Jo UONBNSUOWA SMIA-01

so1doourda ], jonuo) ‘s

snjelg uonezZI[eInamWo)

juedioiied pue josfold

S9SS929NS UolezZIjeIoIswwos) :weiboid 199

(panunuod) |-y nayx3




1
§
1

Exhibit 4-1 (continued)

CCT Program: Commercialization Successes

Project and Participant

Commercialization Status

Combined SO,/NO, Control Technologies

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

LIMB Demonstration Project Extension and
Coolside Demonstration (The Babcock & Wilcox
Company)

Integrated Dry NO /SO, Emissions Control System
(Public Service Company of Colorado)

Enhancing the Use of Coals by Gas Reburning and
Sorbent Injection (Energy and Environmental
Research Corporation)

Ohio Edison is retaining the SNOX™ technology as a permanent part of the pollution control system at Niles Station to
help the utility meet its overall SO, and NO, reduction goals. Commercial SNOX™ plants are operational in Denmark
and Sicily. In Denmark, a 305-MWe plant has been designed and constructed; it has operated since August 1991. The
boiler at this plant burns coals from Vanbus suppliers around the world, including the United States; the coals contain
up to 3.0% sulfur. The plant in Sicily, operating since March 1991, has a capacity of about 30 MWe and fires petroleum
coke.

A commercial version of LIMB will be used in an independent power production project in Canada.

Babcock & Wilcox has sold 85 contracts (61 domestic and 24 foreign) for the DRB-XCL® low-NO,_ burner. These sales
involve 1,515 burners or 20,396 MWe of capacity. The sales have an estimated value of about $202 million and an
employment impact of 1,414 person-years.

The Colorado utility plans to continue operation of the combustion modifications and the sodium-based dry sorbent
injection system. A final decision on the urea injection system will be made after the test program is completed in
mid-1995.

Itlinois Power is retaining the gas-reburning portion of the system for possible use in 1995 for NO, control at its
Hennepin Plant, Unit 1. City Water, Light and Power also is retaining the gas-reburning technology at Lakeside Station,
Unit 7.

Coal Processing for Clean Fuels
Coal Preparation Technologies

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

Self-Scrubbing Coal™: An Integrated Approach to
Clean Air (Custom Coals International)

CQ, Inc., and Black and Veatch have signed a commercialization agreement which gives Black and Veatch nonexclusive
worldwide rights to sell users’ licenses and to offer consulting services that include the use of CQE software. The first
commercial sale of the CQE Acid Rain Advisor software package was made in 1993.

Custom Coals is leading an international consortium that plans to build a fine-coal-cleaning plant, a 500-mile coal slurry
pipeline, and port facility in the People’s Republic of China. The project’s estimated value is $888.6 million and its
U.S. employment impact is expected to be 1,000 person-years.

4-6 Program Update 1994
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Exhibit 4-2
Award-Winning CCT Projects

Project and Participant

Award

Tidd PFBC Demonstration Project (The Ohio Power
Company)

Full-Scale Demonstration of Low-NO, Cell Burner
Retrofit (The Babcock & Wilcox Company)

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.)

1992 National Energy Resource Organization award for demonstration of energy efficient technology.

1991 Powerplant Award presented by Power Magazine to American Electric Power Company’s Tidd project “for demon-
strating pressurized fluidized-bed-combustion combined-cycle technology.” Co-recipient was The Babcock & Wilcox

Company.

1994 R&D 100 Award presented by R&D Magazine to the U.S. Department of Energy for development of the low-NO, cell
burner, selected as “one of the 100 most technologically significant new products of the year.”

1993 Powerplant Award presented by Power Magazine to Northern Indiana Public Service Company’s Bailly Generating
Station “for demonstrating advanced wet limestone FGD technology with innovations in wastewater treatment and gypsum
production reuse.”

1992 Outstanding Engineering Achievement Award presented by the National Society of Professional Engineers.
1994 Powerplant Award presented by Power Magazine to Georgia Power’s Plant Yates “for large-scale demonstration of an

advanced scrubbing process . . . and commercial application of low-NO,_ burners.” Co-recipient was the U.S. Department
of Energy.

1994 Outstanding Achievement Award presented by the Georgia chapter of the Air and Waste Management Association for
use of an innovative technology for air quality control.

1993 Environmental Award presented by the Georgia Chamber of Commerce in recognition of the success of the scrubber.

actions that states could take to provide incentives for
demonstrating and deploying clean coal technologies
and their eventual commercial successes and deter-
mined that demonstration and deployment should be
managed through both state and federal initiatives.
In the same time frame, the Vice President’s
Task Force on Regulatory Relief (later referred to as
the Presidential Task Force on Regulatory Relief)
was established. Among other things, the task force
was asked to examine incentives and disincentives to

4-8 Program Update 1994

the commercial realization of new clean coal technol-
ogies and other cost-effective emissions reduction
measures that might be inhibited by various federal,
state, and local regulations. An outgrowth of this
activity was the recommendation that preference be
given to projects located in states that offer certain
regulatory incentives to encourage such technologies.
This recommendation was accepted and became part
of the project selection considerations beginning with
the second CCT solicitation.

The framers of the CAAA of 1990 recognized
the environmental benefits of widespread commercial
deploying of clean coal technologies. A provision in
the act allows a 4-year extension (to December 31,
2003) to comply with the requirements of Title IV if
one or more units are repowered with a qualifying
clean coal technology.

An effort has been under way to gain greater
understanding of the potential domestic market for
clean coal technologies and the organizations and
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devices to satisfy the technological requirements for
clean and efficient electric power generation from
coal. These demonstrations will be completed on a
timetable that will allow potential users to evaluate
the technical, economic, and environmental perfor-
mance of the technologies in satisfying their opera-
tional need for power in the 2005-2010 time frame.
By 2000, the demonstrated technologies are expected
to include two atmospheric circulating fluidized-bed
systems; four pressurized fluidized-bed systems; six
integrated gasification combined-cycle systems
demonstrating six different combinations of gasifiers
and gas cleanup subsystems; one advanced slagging
combustor; one externally fired combined-cycle
system; and one coal-fired diesel. These projects
represent over 2,000 MWe of capacity, of which
1,200 MWe is new capacity and 800 MWe is repow-
ered capacity. These projects are being conducted at
commercial scale and will be available for commer-
cial replication upon successful completion of the
demonstration.

A market will also exist for new capacity using
pulverized coal-fired systems with environmental
controls. Under the CCT Program, seven NO,-
control projects representing 1,700 MWe are under
way. Three projects representing over 600 MWe are
demonstrating SO,-control technologies capable of
removing over 90 percent of the SO, and thus meet
New Source Performance Standards (NSPS) neces-
sary for new capacity. Furthermore, there are three
projects of over 400 MWe which are demonstrating
combined SO,/NO, controls with removal efficiencies
capable of meeting NSPS. In summary, sufficient
technical, economic, and environmental performance
data are expected to exist by 2000 to enable electric
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power producers to confidently screen the technolo-
gies to meet their operational needs.

Another important domestic market for ad-
vanced electric generation systems, in addition to
new units, is made up of over 1,200 existing coal-
fired units; many are 30 years old or more. Because
proposed new power plants often encounter siting,
licensing, and permitting problems, utilities are
making maximum use of existing facilities. In view
of the difficulty being encountered in obtaining
approval at a new site, existing power plant sites,
with permits and infrastructure already in place, have
considerable value, regardless of the age of the
facility. Utilities have been investing extensively in
measures to extend unit life to 50 years or more and
upgrading facilities to achieve improved heat rates.
Utilities also are replacing older coal-fired boilers
with advanced coal-fired technologies while reusing
coal-handling equipment and other in-place systems
and infrastructures. In general, repowering and life
extension tend to be more cost-effective and less
risky than building a new power plant.

Seven CCT projects, amounting to over
800 MWe, are demonstrating advanced electric
power generating systems in repowering applica-
tions. The other eight advanced electric power
generation projects are demonstrating technologies
that can also be used in repowering situations as well
as in new power plants.

Retrofitting existing electric power generators to
meet the Phase I and II requirements of the CAAA of
1990 represents another market opportunity. The
results from the stakeholder feedback sessions and
reviews of utility integrated resource plans and other

reports show that compliance with Phase I require-
ments for SO, will be met largely by fuel switching
and emissions allowance trading. However, it may
be necessary to rely on technology solutions to meet
the more stringent Phase II requirements. Meeting
NO, control requirements established in Titles I and
IV of the CAAA of 1990 will require technology
solutions. The CCT Program contains 19 demonstra-
tions of environmental control devices (representing
over 3,300 MWe) and 3 projects directed toward
production of liquid and solid fuels which will allow
compliance with CAAA of 1990 requirements. It
should be noted that several host utilities are retain-
ing the demonstrated technology as part of their
strategies to comply with CAAA of 1990 require-
ments.

The market for clean coal technologies also is
being shaped by profound changes in the utility
industry as companies seek to adapt to increasingly
competitive markets. Among the more significant
changes are those concerning the generation and
transmission of electric power. Electric utilities are
striving to develop and implement business strategies
and organizational structures that will lead them to
enhanced competitive positions in a rapidly changing
business environment. Some analysts suggest that
winners in the emerging new electric power market
will be those companies that can command signifi-
cant resources, form effective coalitions and partner-
ships, and react quickly to market changes.

Further, a number of issues are expected to have
significant impact on future developments of the
nation’s utility markets. These include (1)existence
of areas in nonattainment of National Ambient Air
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banks. Financing of projects can involve general
credit, which is the preferred method for utilities
with excellent credit histories; official credit, which
includes loans, guarantees, and grants from multilat-
eral banks and developing country governments; and
project financing, which is nonrecourse borrowing
and is likely to be the method most often used for
projects involving U.S. CCTs.

Clean coal technologies also were the focus of
numerous international activities in Pacific Rim
countries, including India and China, as well as
many of the newly emerging markets of Eastern
Europe. Two separate visits were made to China to
continue the support of a prefeasibility study of
IGCC for China, and assistance was provided to
Tulane University for a workshop on clean coal
technologies. The workshop was for a Chinese
delegation and part of an effort being undertaken by
Tulane’s newly organized U.S.-China Center. The
CCT project staff as well as the industrial partici-
pants played active roles in the effort to support the
Secretary of Energy’s visit to India. The Pacific Rim
countries receive up-to-date information on the
characteristics and current status of clean coal
technology through DOE’s participation in the Asia
Pacific Economic Cooperation organization’s expert
group on clean coal technology. International
audiences at each of two conferences held in the
Czech Republic (i.e., Plzen and Prague) were
introduced to the performance characteristics and
development status of CCTs of particular interest to
the region. Other trade missions to Hungary and
Bulgaria have further extended the potential markets
for CCTs.

4-12 Program Update 1994

The interest of Congress, the program, and the
U.S. industrial sector in the international market-
place was further demonstrated in November 1994
when, in response to congressional direction, DOE
solicited statements of interest in commercial projects
employing CCTs in countries projected to have
significant growth in greenhouse gas emissions.

This informational solicitation was issued
pursuant to Conference Report 103-740 to accompa-
ny the Department of the Interior and Related
Agencies Appropriations Act for FY 1995 (Public
Law 103-332) and the guidance contained in corre-
sponding Senate and House Reports 103-294 and
103-551, respectively. The solicitation was conduct-
ed, as requested by the congressional guidance, so
that Congress may have the information it requires to
consider the technical, economic, and environmental
aspects of various incentives to support CCTs and
their merits for potential future support.

Respondents to this informational solicitation
were asked to propose an international (nondomestic)
project that would employ at least one CCT and that,
at a minimum, has the following characteristics:

* Sponsorship by a U.S.-based company or con-
sortium

* Location in a developing country, or in a
country making the transition from a centrally
planned to a market economy, projected to
have significant growth in greenhouse gas
emissions

« Capability of reducing greenhouse gas emis-
sions, particularly CO,, as compared to tech-
nologies in common use in the proposed locale

» Versatility with regard to effective usage of
various globally available coal types and char-
acteristics

» Likelihood of utilization on a broad commer-
cial scale after successful demonstration

Among the information respondents were asked
to provide were comments on or discussions of two
key questions:

» What are the greatest opportunities for com-
mercializing U.S. CCTs abroad (short and
long term)?

» What role can DOE best play to facilitate com-
mercialization of these technologies?

Submittals are due no later than January 13,
1995. DOE’s report to Congress on the results of the
informational solicitation will be issued by April 15,
1995.

Market Communications

As an outgrowth of ICTAP’s Report to the
Secretary of Energy Concerning Commercialization
Incentives, a clean coal technology outreach program
was established. The purpose of this program is to
provide an understanding that clean coal technolo-
gies can increase the efficiency of coal use and
enhance environmental quality at competitive costs.
Further, the outreach program underscores the
commitment to commercial realization of the
technologies. Specific objectives of the outreach
program include the following:
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A The quarterly newsletter, Clean Coal Today, provides
updates and highlights of significant project
accomplishments.

4-14 Program Update 1994

and the challenges being encountered. This review
was accomplished within the context of emerging
trade agreements and global energy, economic, and
environmental challenges. The 3-day conference was
attended by about 400 persons from 23 countries,
including Bulgaria, Canada, the Czech Republic,
Estonia, Finland, Hungary, India, Indonesia, Italy,
Japan, Latvia, Lithuania, Macedonia, the Nether-
lands, Poland, Romania, Russia, Taiwan, Slovakia,
South Korea, the Ukraine, the United Kingdom, and
the United States.

The first morning was devoted primarily to
orientation of international delegations and introduc-
tory discussions between industrial representatives
and the foreign visitors. The first day’s highlight
was Pure Air’s tour of its demonstration advanced
flue gas desulfurization unit at Northern Indiana
Public Service Company’s Bailly Generating Station.

Discussions over the next 2 days were framed by
an opening plenary session entitled “Global, Energy,
Environmental, and Economic Challenges” in which
speakers addressed the following topics:

« Approaches to CCT deployment in the market-
place

+ Evolution of domestic utility markets into the
next century

» World economic and energy outlook

« Global opportunities for U.S. industries in
clean coal markets

« Environmental considerations in meeting
world energy needs

The first of four panel sessions addressed
international business and covered topics that
included understanding overseas markets, the linkage
between coal exports and CCTs, and linking project
needs with funding. Two subsequent sessions

Y  The Third Annual Clean Coal Technology Conference
held in Chicago, IL, was attended by about 400 persons
from 23 countries. One of the highlights was the site tour
of the Pure Air on the Lake, L.P., advanced flue gas
desulfurization unit shown here.
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sulfuric acid were produced and sold for industrial
use. The sulfuric acid concentration and composition
met or exceeded the requirements of the federal
specifications for Class I acids. Ohio Edison has re-
tained the SNOX™ unit at its Niles plant. Further, a
305-MWe plant is in operation on coal in Denmark
and a 30-MWe plant is in operation on petroleum
coke in Sicily.

The Energy and Environmental Research Corpo-
ration completed a demonstration of gas reburning
and sorbent injection (GR-SI) at the tangentially
fired Illinois Power Hennepin Plant Unit 1 and the
cyclone-fired Lakeside Station Unit 7 owned and op-
erated by City Water, Light and Power of Springfield,
Illinois. The GR—SI demonstration at the 71-MWe
Hennepin Plant was carried out from January 1992 to
October 1992. Over the long-term demonstration
period, average gross power output was 62 MWe.

For the long-term demonstration, the average NO_
reduction was 67.3 percent and average SO, removal
efficiency was 52.6 percent at a Ca/S of 1.76 using
Linwood hydrated lime. The GR~SI demonstration
at the 33-MWe pressurized cyclone unit at Lakeside
was initiated in May 1993 and completed in October
1994. The gas reburning parametric tests achieved
an average NO_ reduction of approximately 67 per-
cent. SO, reductions using the sorbent injection only
and a Ca/S of 2.0 were 44 percent at 33 MWe,

38 percent at 25 MWe, and 32 percent at 20 MWe.
Combined GR-SI operation resulted in an average
SO, removal efficiency of 58 percent. The gas
reburning technology is being retained at both
Hennepin and Lakeside for use in NO_ reduction.

Exhibit 5-1 shows the number of completed
projects for each application category. Notably, the

5-2 Program Update 1994

technical, environmental, and economic results are
available from most of the projects in the environ-
mental control devices category—in time for poten-
tial users to have the information necessary to meet
CAAA of 1990 requirements for SO, and NO, reduc-
tions.

Results summaries for the 13 completed demon-
stration projects, as reported by the participants, fol-
low for quick reference. Results are discussed in
more detail in the project summaries provided in this
section.

Exhibit 5-1
Completed Projects

Application Category Total Projects

Completed Projects

Advanced Electric Power Generation
Fluidized-bed combustion 6
Integrated gasifier combined cycle
Advanced combustion/heat engines

Environmental Control Devices
NO, control technologies
S0, control technologies
Combined SO,/NO, control technologies

Coal Processing for Clean Fuels

Industrial Applications
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180-MWe Demonstration of Advanced
Tangentially Fired Combustion
Techniques for the Reduction of NO,
Emissions from Coal-Fired Boilers
(Southern Company Services, Inc.)

Technology

Levels 1, I1, and I1I of ABB Combustion Engineering’s
Low-NO, Concentric Firing System (LNCFS) which
includes advanced over-fire air, clustered coal nozzles, and
offset air

Size

180 MWe

Demonstration Duration (5/91-12/92)

Continuous operation

Coals
KY, IL, and WYV eastern bituminous, 2.5-3.0% S avg

Environmental Results

» LNCFS Level I includes a close-coupled over-fire air
(CCOFA) system—37% maximum NO, reduction at
full load

« LNCFS Level II includes a separated over-fire air
(SOFA) system—40% maximum NO, reduction at full
load

« LNCFS Level III includes both SOFA and CCOFA—
48% maximum NO_ reduction at full load
Technical Results

« Increases in coal fineness increased unburned carbon
levels; however, there was no effect on NO_emissions

e CO emissions with LNCFS Level III were double those
with LNCFS Level I, 11, or the baseline case

» Minimal impact on unburned carbon

+ LNCFS Levels 11 and 11l required higher excess air
levels than baseline or LNCFS Level 1

Economic Results

» LNCFS I—$8-10/kW

+ LNCFSI/II—S$15-20/kW

5-4 Program Update 1994

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

Technology

+ FLS miljo a/s’ gas suspension absorption (GSA) system
for flue gas desulfurization

+ Pulse jet baghouse for particulate control
Size

10-MWe equivalent slipstream of flue gas from a
150-MWe boiler

Demonstration Duration (10/92-3/94)

«  Air toxic tests, 9/93-10/93

» Factorial tests, 1/93-9/93

» Demonstration, 10/25/93-11/24/93

+ Pulse jet baghouse test, 2/94-3/94

Coals
+ Bituminous, 2.7-3.5% S
+ Simulated high-chloride (about 0.3%) coal

Sorbents
Hydrated lime slurry

Environmental Results

+  60% SO, removal efficiency at 28 °F approach-to-
saturation temperature, lime stoichiometry of 1.00 mole
Ca(OH),/mole of inlet SO, coal chloride of 0.02-0.04%

*+ 90-91% SO, removal efficiency at 18 °F approach-to-
saturation temperature, avg 1.40-1.45 moles of
Ca(OH),/mole of inlet SO,, coal chloride of 0.12%

* 96% SO, removal cfficiency achieved with GSA/pulse
jet baghouse system

+ Particulate removal efficiency—99.9+% avg; emission
rate—0.015 lbs/million Btu avg

+ HCI removal rate across the GSA reactor and cyclone
approximates 100%

+ Trace metals, particulates, and HF removal high

Technical Results

+ Demonstrated reliability of technology by remaining on-
line for entire 28-day demonstration period

+ Demonstrated a number of key technical attributes
including

- Simple and direct method of lime/solid recirculation

- High acid gas absorption

- Low lime consumption/minimum waste by-product
residue

- Low maintenance operation
- No internal buildup
- Reduced space requirement
+ Demonstrated pulse jet baghouse system improved SO,
removal efficiency by about 3—5 percentage points
Economic Resuits

+ Capital cost (1990 dollars)—$149/kW for GSA as
compared to $216/kW for wet limestone, forced-
oxidation scrubbing system (WLFO) (300 MWe,
2.6% S coal, 90% SO, removal efficiency)

o Levelized cost (mills/kWh)

GSA WLFO
Fixed costs 2.3 2.81
Variable costs 3.1 2.93
Capital costs 5.0 7.30
Total 10.4 13.04
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SNOX™ Flue Gas Cleaning
Demonstration Project (ABB
Environmental Systems)

Technology

» Particulate control—fabric filter baghouse

* NO, control—selective catalytic reactor

* SO, control—Haldor Topsoe’s catalytic SO, oxidizer;
WSA sulfuric acid condenser

Size

35-MWe slipstream from 108-MWe boiler

Demonstration Duration (3/92—12/94)

7,800 hrs

Coals
OH bituminous, 3.4% S

Environmental Results

* NO, reduction—94%

* SO, removal efficiency—95%
» Particulate control—99+%

* Sulfuric acid purity—exceeds federal specification for
Class I acid

* Air toxics—removal very high for majority of species
examined

Technical Results

* No alkali reagent required for SO, removal

* No generation of secondary pollution streams such as
solids, slurries, and liquids

* Minimal or no increase in CO, emissions

+ Reduction of CO and hydrocarbons in the flue gas
* Synergistic coupling of NO,_ and SO, catalysts

« Furnace integration of recovered heat

Economic Results

» Capital costs—$250/kW

» Total operating cost—1.3 mills/kWh

5-6 Program Update 1994

LIMB Demonstration Project Extension
and Coolside Demonstration (The
Babcock & Wilcox Company)

Technology

+ Limestone injection multistage burner (LIMB)
 In-duct sorbent injection (Coolside)

+ DRB-XCL® low-NO_burners

Demonstration Duration

+ LIMB—3,521 hrs (4/90-8/91)

« Coolside—1,716 hrs (7/89-2/90)
Size

105 MWe

Coals

OH bituminous, 1.6%, 3.0%, and 3.8% S

Sorbents

Calcitic limestone; Type-N atmospheric hydrated dolomitic
lime; calcitic hydrated lime; calcitic hydrated lime with
added calcium lignosulfonate (ligno lime)

Environmental Results
» LIMB—61% SO, removal efficiency (3.8% S coal;
ligno lime)

* Coolside—70% SO, removal efficiency (hydrated lime;
2.0 Ca/S, 0.2 Na/Ca, and 20 °F approach to saturation)

* 40-50% NO, removal throughout LIMB and Coolside
testing
Technical Results

LIMB and Coolside economically competitive with wet
FGD processes—

» Upto 1.5% S coal for up to 500 MWe net

» Upto 2.5% S coal for up to 450 MWe net (LIMB),
220MW e net (Coolside)

» Up to 3.5% S coal for up to 240 MWe net (LIMB),
100MW e net (Coolside)

+ Competitiveness increases with lower plant capacity
factor and shorter book life, and as S removal
requirements decreasc below 70%

Economic Results

Capital cost—LIMB $31-102/kW; Coolside
$69-160/kW

Annual levelized cost—LIMB $392-791/ton of SO,
removed; Coolside $482-943/ton of SO, removed
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Enhancing the Use of Coals by Gas
Reburning and Sorbent Injection (Energy
and Environmental Research
Corporation)

Technology
* Gas reburning (GR)
» Sorbent injection (SI)

Hennepin

Size

80 MWe (gross), 71 MWe (net) tangentially fired
Demonstration Duration (1/91-1/93)

* Gas reburning, 400 hrs

» Sorbent injection, 115 hrs

* Combined, 760 hrs

* Baseline, 825 hrs

Coals
IL bituminous, 3.0% S

Sorbents

+ Linwood hydrated lime

* PromiSORB™ A

+ PromiSORB™ B

» High-surface-area hydrated lime

Environmental Results

* 67% avg NO, reduction with 18% gas input

* 52% avg SO, reduction at Ca/S of about 1.76

* CO,, HCI, and HF emissions also reduced

+ Particulate emissions reduced by flue gas
humidification upstream of ESP

Technical Results

+ Thermal efficiency: -0.3—1.1% latent heat loss due to
hydrogen

» Carbon-in-ash: +0.5-1.7%; minimal impact on boiler
efficiency

+ Steam temperature: no change; controlied by
attemperation

3-8 Program Update 1994

» Heat distribution—minor changes; within normal range

+ No change in tube wastage, tube metallurgy, or
projected boiler life

Lakeside

Size

40 MWe (gross), 33 MWe (net) cyclone-fired

Demonstration Duration (5/93-10/94)

» Parametric tests—100 gas reburning tests; 25 sorbent
injection tests

* Long-term tests—gas reburning, 249 hrs; combined,
223 hrs

» Extended operating tests (4/94-5/94)—continuous gas
reburning, 115 hrs; continuous combined, 38 hrs and
64 hrs

Coals
IL bituminous, 3.0% S

Sorbents
* Limestone (CaCO,)
* Hydrated lime [Ca(OH),]

Environmental Results

* Over 60% NO, reduction with optimum achieved at
22-23% gas input (gas reburn only); 67% avg NO,
reduction during GR long-term testing

*+  44% SO, reduction at 33 MWe; 38% reduction at
25 MWe; 32% at 20 MWe (all at Ca/S of 2.0) (sorbent
injection only); 58% avg SO, reduction during GR-SI
long-term testing

* 3-5% increase in NO, reduction (due to decrease in
nozzle diameter) and 50% SO, reduction at Ca/S >1.5
along with gas heat inputs of 22-25% (combined
operation)

+ Particulate emissions averaged 0.016 Ib/million Btu,
well below the 0.1 Ib/million Btu limit

» Extended continuous combined runs:

- 60% SO, reduction, 66% NO, reduction (38 hrs at
29 MWe, gas input 22.4%, Ca/S 1.67)

- 63% SO, reduction, 64% NO, reduction (64 hrs at
29 MWe, gas input 21.6%, Ca/S 1.75)

Technical Results

+ Thermal efficiency—fell 0.8% due to higher moisture
in methane

+ Carbon-in-ash—gas reburn neither increased carbon-in-
ash nor impacted boiler efficiency

* Flue gas temperature—rose 6 °F; sorbent deposition on
back pass heat transfer surfaces

» Operated consistently and reliably

Combined Economic Restults
. ZOx reduction

- $979/ton of NO, removed (14% gas input; 47% NO,
reduction)

- $1,318/ton of NO, removed (24% gas input; 60%
NO, reduction)

* SO, removal
- $425/ton SO, removed (1.0 Ca/S; 29% SO, removal)
$514/ton SO, removed (2.0 Ca/S; 45% SO, removal)
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Nucla CFB Demonstration Project

(Tri-State Generation and Transmission Association, Inc.)

The primary objective of the Nucla project was to
demonstrate the feasibility of atmospheric circulating
fluidized-bed (ACFB) combustion technology at util-
ity scale and to evaluate the economic, environmen-
tal, and operational benefits of ACFB steam genera-
tors at that scale. At the conclusion of testing in
January 1991, this objective had been achieved. The
Nucla CFB Demonstration Project was conducted by
the Colorado-Ute Electric Association, Inc., the
owner of the project site, Nucla Station. In 1992,
Colorado-Ute Electric Association was purchased by
Tri-State Generation and Transmission Association,
Inc.

The original Nucla Station was built in 1959 and
included three identical stoker-fired units, each rated
at 12.5 MWe. Due to the plant’s reduced position in
the dispatch order resulting from poor station effi-
ciency and increased maintenance costs, the decision
was made to upgrade and repower the station with a
new 925,000-pound-per-hour ACFB boiler and a
74-MWe turbine generator. Except for the old
stoker-fired units, most of the equipment from the old
plant, including the turbine-generator sets, was refur-
bished and reused, bringing the plant’s total electri-
cal output to 110 MWe. The project offered several
advantages to the utility, including an improvement
of 15 percent in station heat rate, reduced fuel costs
due to the inherent fuel flexibility of the ACFB de-
sign, lower emissions than required by NSPS, and
life extension of 30 years beyond that of the plant’s
original design.
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Construction of the new ACFB boiler began in
the spring of 1985 and was completed over a 2-year
period. The first turbine roll was initiated in May
1987, followed in June by the first coal firing. Prepa-
ration for the test program had commenced in Febru-
ary 1987. Cold-mode shakedown was completed by
the third quarter of 1988.

A The 110-MWe Nucla demonstration enabled
Pyropower Corporation to save almost 3 years in establish-
ing a line of commercial ACFB units. Commercial units
are now sold under warranty in sizes ranging up to

400 MWe.
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radiation, and convection; and bottom ash
cooling water. Net plant heat rate decreased
with increasing boiler load from 12,400 Btu
per kilowatt-hour at 50 percent of full load to
11,600 Btu per kilowatt-hour at full load. The
lowest value achieved during a full-load
steady-state test was 10,980 Btu per kilowatt-
hour. These values were affected by the ab-
sence of reheat, the presence of the three older
12.5-MWe turbines in the overall steam cycle,
the number of unit restarts, and part-load test-
ing. By October 1991, the Nucla ACFB unit
had been restarted almost 175 times following
various intervals of unit outage.

+ Operating Temperature. Over the range of
operating temperature at which testing was
performed at Nucla, bed temperature was
found to be the most influential operating pa-
rameter. With the possible exception of coal-
fired configuration and excess air at elevated
temperatures, bed temperature was the only
parameter that had a measurable impact on
emissions or efficiencies. Emissions of SO,
and NO_ were found to increase with increas-
ing combustor temperatures while CO emis-
sion decreased with increasing temperature.
Combustion efficiency also improved as the
temperature was increased.

An economic evaluation indicated that the final
capital costs for the Nucla ACFB system were about
$112.3 million. This represents a cost of $1,123 per
net kilowatt. Total power production costs associated
with test operations were about $54.7 million, which
results in a normalized power production cost of
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$63.63 per megawatt-hour. Fixed costs were about
62 percent of the total, and variable costs were more
than 38 percent. Nucla’s power production costs
proved competitive with pulverized coal units not
limiting emissions as significantly.

As a result of the demonstration, Pyropower
Corporation was able to save almost 3 years in estab-
lishing a commercial line of ACFB units. Although
the demonstration unit was the largest unit at
110 MWe, Pyropower’s commercial units are now
sold under warranty in sizes ranging up to 400 MWe.

Available Reports

* Clean Coal Reference Plants: Atmospheric
CFB. Report No. DOE/MC/25177-3307. Gil-
bert/Commonwealth, Inc. June 1992. (Avail-
able from NTIS as DE 9300-0251.)

* Economic Evaluation Report: Topical Report.
Report No. DOE/MC/25137-3127. Colorado-
Ute Electric Association, Inc. March 1992.
(Available from NTIS as DE 9300-0212.)

» Demonstration Program Performance Test:
Summary Reports. Report No. DOE/MC/
25137-3014. Colorado-Ute Electric Associa-
tion, Inc. March 1992. (Available from NTIS
as DE 9200-1299.)

* Nucla Circulating Atmospheric Fluidized Bed
Demonstration Project: 1990 Annual Report.
Report No. DOE/MC/25137-3089. Colorado-
Ute Electric Association, Inc. February 1992.
(Available from NTIS as DE 9200-1275.)

* Nucla Circulating Atmospheric Fluidized Bed
Demonstration Project: Final Technical Re-
port for the Period February 1987 through
January 1991. Report No. DOE/MC/25137-
3046. Colorado-Ute Electric Association, Inc.
October 1991. (Available from NTIS as DE
9200-1122.)

o Nucla CFB Demonstraton Project: Detailed
Public Design Report. Report No. DOE/MC/
25137-2999. Colorado-Ute Electric Associa-
tion, Inc. December 1990. (Available from
NTIS as DE 9100-2081.)

Contact

Marshall L. Pendergraff, Assistant General
Manager

Tri-State Generation and Transmission
Association, Inc.

P.O. Box 1149

Montrose, CO 81402

(303) 249-4501
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The demonstration was conducted on an existing
100-MWe cyclone boiler in operation at Wisconsin
Power and Light Company’s Nelson Dewey Station
located at Cassville, Wisconsin.

Operations were initiated in November 1991.
Monitoring of air toxics emissions was included as
part of the test program and was conducted in No-
vember 1992. Reburn testing of western coal and all
testing scheduled for Nelson Dewey Station were
completed in December 1992.

The primary test coal for the demonstration was
an Illinois Basin bituminous coal (Lamar). The ma-
jority of the testing was performed firing this fuel as
it is typical of the coal used by many utilities operat-
ing cyclones. Subbituminous Powder River Basin
coal tests were performed to evaluate the effect of
coal switching on reburn operation. Wisconsin
Power and Light’s strategy to meet Wisconsin’s sul-
fur emission limitations as of January 1, 1993, was to
fire low-sulfur coal.

Three sequences of testing of the coal-reburning
system were used for Lamar coal. Parametric optimi-
zation testing was used to set up the automatic con-
trols. Performance testing was run with the unit in
full automatic control at set load points. Long-term
testing was performed with reburn in operation while
the unit followed system load demand requirements.
Powder River Basin coal was tested by parametric
optimization and performance modes. Exhibit 5-2
shows changes in NO_emissions and boiler effi-
ciency using the reburn system for various load con-
ditions and coal types.

Reburning tests on both the Lamar and Powder
River Basin coals indicate that varying reburn zone
stoichiometry is the most critical factor in changing
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Exhibit 5-2
Coal Reburning System Test Results

unburned carbon

Boiler Load
110 MWe 82 MWe 60 MWe
Lamar coal
NO, (Ib/million Btw/% reduction) 0.394/52% 0.387/47% 0.442/36%
Boiler efficiency losses due to 0.1% 0.25% 1.5%
unburned carbon
Powder River Basin coal
NO, (Ib/million Btw/% reduction) 0.278/62% 0.287/55% 0.294/53%
Boiler efficiency losses due to 0.0% 0.2% 0.3%

NO, emissions levels. The reburn zone stoichiometry
can be varied by alternating the air flow quantities
(oxygen availability) to the reburn burners, the per-
cent reburn heat input, the gas recirculation flow
rate, or the cyclone stoichiometry.

For Lamar coal, the full-, medium-, and low-load
unburned carbon boiler efficiency losses (UBCL)
were 0.1, 0.25, and 1.5 percent higher, respectively,
than the baseline. Full-, medium-, and low-load
UBCL with Powder River Basin coal were 0.0, 0.2,
and 0.3 percent higher, respectively, than the
baseline. Reburn burner flame stability improved
with Powder River Basin coal.

During reburn system operation with Lamar
coal, the operators continually monitored boiler
internals for increased ash deposition and the on-line
performance monitoring system for heat transfer
changes. At no time throughout the system optimi-

zation or long-term operation period were any
slagging or fouling problems observed. In fact, dur-
ing scheduled outages, internal boiler inspections
revealed that boiler cleanliness had actually im-
proved. Extensive furnace wall tube ultrasonic thick-
ness measurements were taken. No observable de-
crease in tube wall thickness was measured.

Another significant finding was that coal
reburning minimizes and possibly eliminates a
10-25 percent derating normally associated with
switching to subbituminous coal in a cyclone unit.
This derating is a result of using a lower Btu fuel in a
cyclone with a limited coal feed capacity. The reburn
system transfers about 30 percent of the coal feed out
of the cyclone to the reburn burners, bringing the cy-
clone feed rate down to a manageable level, while
maintaining full-load heat input to the unit.
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Full-Scale Demonstration of _.ostox Cell Burner Retrofit

(The Babcock & Wilcox Company)

The Babcock & Wilcox Company has completed
demonstration of its low-NO, cell burner (LNCB®)
technology. The objective was to demonstrate the
capability of the LNCB® burner to achieve at least
50 percent NO_ reduction without degradation of
boiler performance and at less cost than conventional
low-NO, burners. Cell burners are designed for rapid
mixing of fuel and oxidant. The tight burner spacing
and rapid mixing minimizes the flame size while
maximizing the heat release rate and unit efficiency.
Consequently, the combustion efficiency is good, but
the high heat release rate produces relatively large
quantities of NO_. Typically NO_ levels associated
with cell burners range from 1.0 to 1.8 pounds per
million Btu input (NO_as NO,).

To reduce NO_ emissions, the upper burner of
the standard two-burner ceil was replaced with a sec-
ondary air port, and the lower burner was replaced
with a larger burner having the same fuel input ca-
pacity as the standard cell. The LNCB® operates on
the principle of staged combustion to reduce NO,
emissions. Approximately 70 percent of the total air
(primary, secondary, and excess air) is supplied
through or around the modified coal feed nozzle.
The remainder of the air is directed to the upper port
of each cell to delay and complete the combustion
process.

The process was demonstrated at Dayton Power
& Light Company’s J.M. Stuart Plant located in Ab-
erdeen, Ohio, and jointly owned with the Cincinnati
Gas & Electric and Columbus Southern Power. All
24 of the 605-MWe unit’s two-nozzle cell burners,
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which were arranged in an opposed-firing configura-
tion with two rows of six cells on each side, were re-
placed with LNCB® burners.

The LNCB® demonstration emphasized evalua-
tion of boiler performance, boiler life, and environ-
mental impact. Key boiler performance parameters
that were measured included boiler output; flue gas
temperature at the furnace, economizer, and air
heater exits; slagging tendencies of the unit; and un-
burned carbon loss. Evaluation of H,S levels, ultra-
sonic testing of lower furnace tube wall thicknesses,
and destruction examination of a corrosion test panel

Y The LCNB® project received R&D
Magazine's 1994 R&D 100 award for technical
excellence in a new commercial product.

N,

Presented to

U. S. Department of Energy
for the Development of

Low NO, Cell Burner

Sclected by R&D Magazine as One of the 100 Mast
Technologically Significant New Products of the Year

1994 Bolet Gy

A All 24 of the two-nozzle cell burners at J.M.

Stuart Plant Unit No. 4 were replaced with
Babcock & Wilcox LNCB® burners. The low cost
and short outage time for an LNCBP® retrofit, along
with NO, reductions exceeding 50%, make the
LNCB® an attractive option.
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180-MWe Demonstration of Advanced Tangentially Fired Combustion

Techniques for the Reduction of NO_Emissions from Coal-Fired Boilers

(Southern Company Services, Inc.)

Southern Company Services, Inc., has demon-
strated several low-NO, technologies on the
180-MWe tangentially fired Unit No. 2 coal boiler at
Gulf Power Company’s Plant Lansing Smith located
at Lynn Haven, Florida. Technologies demonstrated
included the Low-NO_Concentric Firing System
(LNCFS), Levels I, II, and III. Each level of the
LNCFS used various combinations of over-fire air
and clustered coal nozzle positioning to achieve NO_
reductions. With the LNCFS, primary air and coal
are surrounded by oxygen-rich secondary air that
blankets the outer regions of the combustion zone.
LNCFS Level I used a close-coupled over-fire air
(CCOFA) system integrated directly into the windbox
of the boiler. A separated over-fire air (SOFA) sys-
tem located above the combustion zone was featured
in the LNCFS Level Il system. This was an ad-
vanced over-fire air system that incorporates back
pressuring and flow measurement capabilities.
CCOFA and SOFA were both used in the LNCFS
Level I1I tangential-firing approach. In addition to
conducting carefully controlled short-term tests,
long-term testing under normal load dispatch condi-
tions were conducted. Long-term tests, which typi-
cally lasted 2-3 months for each phase, best represent
the true emissions characteristics of each technology.
The results presented are based on the long-term test
data.

The LNCFS Level Il tests completed in 1991
indicated that NO_emissions arc reduced up to
40percent compared to baseline emissions data.
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Long-term data for the LNCFS Level III system show
that NO_ emissions are reduced by as much as
48 percent. Data for the Level I configuration indi-
cate that under full-load conditions NO_ emissions
are reduced by 37 percent. All testing is complete.
The operations phase, including tests to investi-
gate the effects of low-NO_combustion on the emis-
sions of air toxics, was completed in 1992. These

A Guif Power has retained the Low-NO_ Concentric
Firing System at Plant Lansing Smith Unit No. 2. The
system is also in commercial use at a number of other

installations.
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10-MWe Demonstration of Gas Suspension Absorption

(AirPol, Inc.)

The objectives of the gas suspension absorption
(GSA) system for flue gas desulfurization demonstra-
tion project were as follows:

» Effectively demonstrate SO, removal in excess

of 90 percent using high-sulfur U.8S. coals

+ Optimize design and operating parameters to
increase the SO, removal efficiency and the
lime utilization

+ Compare the SO, removal efficiency of the
GSA technology with existing spray dryer/
electrostatic precipitator technology

The GSA process concept was developed by
AirPol’s parent company, FLS miljo a/s of
Copenhagen, Denmark. The process was initially
developed as a cyclone preheater system for cement
kiln raw material. The system provided both capital
and energy savings by reducing the required length
of the rotary kiln and by lowering fuel consumption.
The GSA system also showed superior heat and mass
transfer characteristics. The GSA system for FGD
applications was developed later by injecting lime
slurry and recycle solids into the bottom of the reac-
tor to function as an acid gas absorber. In 1985, a
GSA pilot plant was built in Denmark to establish
design parameters for SO, and hydrogen chloride
absorption for waste incineration applications. The
first commercial GSA unit was installed at the
KARA waste-to-energy plant at Roskilde, Denmark,
in 1988. Currently there are 10 GSA units in Eu-
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rope, all installed on municipal solid waste incinera-
tors.

The 10-MWe demonstration project was selected
under the third solicitation, initiated in October
1990, and completed in December 1994. The project
was the first North American demonstration of the
GSA system for coal-fired utility FGD. The project
was located at the Center for Emissions Research
and used a 10-MWe slipstream of flue gas from a
150-MWe coal-fired boiler at the Tennessee Valley
Authority’s Shawnee Fossil Plant in West Paducah,
Kentucky. A western Kentucky coal with about
3 percent sulfur was used in the demonstration.

Approximately 26 months of operating and test-
ing were conducted during the demonstration. A test
plan was prepared to detail the procedures, locations,
and analytical methods to be used in all tests. The
objectives of the tests follow:

+ Optimization of operating variables

o Determination of Ca/S stoichiometric ratios
for various SO, removal efficiencies

- Evaluation of erosion and corrosion at various
locations in the system

 Demonstration of 90 percent or greater SO,
removal efficiency when the boiler is fired
with high-sulfur coal

» Determination of the air toxics removal perfor-
mance

T a
Ao ST

et i e,

A AirPol successfully demonstrated the GSA system
using a 10-MWe slipstream from TVA’s Shawnce Unit 9.
The first full-scale commercial GSA unit in the United
States as well as the world’s first GSA unit on a coal-fired
boiler is being installed on a 50-MWe boiler at a Hamilton,
OH, municipal power plant.
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while the boiler was burning high-sulfur (2.7 per-
cent), low-chloride coal and were run at the high flue
gas flow rate (20,000 standard cubic feet per minute)
and high flyash loading (2.0 grains per cubic foot)
test conditions. Preliminary results suggest that the
GSA system is capable of removing HCI, particulate,
and trace metals. The removal rate of the HCl across
the reactor and cyclone appears to be 100 percent.
Removal rates for trace metals, particulate, and HF
also appear to be high during the six tests.

A continuous 4-week demonstration run of the
GSA system in conjunction with only the ESP dem-
onstrated an SO, removal efficiency of 90 percent or
better using a high-sulfur (2.7 percent), low-chloride
coal and a higher sulfur (3.5 percent) coal. The
CA/S ratio averaged 1.40-1.45 moles of Ca(OH), per
mole of inlet SO, during the demonstration run.

The project demonstrated a number of key tech-
nical attributes including a direct and simple method
of lime/solid recirculation, high acid gas adsorption,
low lime consumption with minimal waste by-prod-
uct residue, low maintenance operation, no internal
buildup, and reduced space requirements.

The relative process economics for the GSA sys-
tem were evaluated for a moderately difficult retrofit
to a 300-MWe boiler burning a coal containing
2.6 percent sulfur. The design SO, removal effi-
ciency was 90 percent. The resulting capital cost es-
timate (in 1990 dollars) is $149 per kilowatt for GSA
as compared to $216 per kilowatt for the wet lime-
stone, forced-oxidation (WLFO) scrubbing system.
The levelized annual revenue requirement for the
GSA process is lower than that for the WLFO sys-
tem, but the difference is only about 20 percent
(which is not considered to be significant given the
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limitations on the accuracy of estimates used in the
analysis). The principal annual operating cost for the
GSA process is the cost of the pebble lime. The 15-
year levelized costs in mills per kilowatt-hour for the
two systems are listed below:

GSA WLFO
Fixed costs 2.3 2.81
Variable costs 3.1 2.93
Capital costs 5.0 7.30
Total 10.4 13.04

The GSA should fulfill the need of the utility
industry to meet the new SO, emission standards set
forth in the CAAA of 1990. There is a particular
need for a simple and economic FGD process, such
as GSA, by plants in the 50-250-MWe range where
wet FGD systems are not feasible.

Successful testing of the AirPol demonstration
project has resulted in a commercial application in
Ohio. The city of Hamilton, Ohio, has received a
$5-million grant from the Ohio Coal Development
Office to install the GSA technology to control emis-
sions from a 50-MWe coal-fired boiler at the city’s
municipal power plant. The new system is scheduled
to be operational in August 1996 and will be the first
full-scale commercial GSA unit in the United States
as well as the world’s first GSA unit for a coal-fired
boiler. The GSA technology was identified as the
least-cost alternative for the city to meet the 1997
compliance requirements under the CAAA of 1990.

In addition, FLS miljo has been awarded a major
project in Sweden for a high-performance GSA sys-
tem to remove sulfur from the flue gas of a 4-million-
ton-per-year iron ore sinter plant. Sweden has strin-
gent sulfur emission standards which require a re-
moval efficiency of 90-95 percent.

Available Reports

The final technical report and public design re-

port are expected to be available in early 1995.

Contact

Frank E. Hsu, Project Manager
AirPol, Inc.

32 Henry Street

Teterboro, NJ 07608

(207) 288-7070
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The primary objectives of the project follow:
* Achieve an SO, removal rate of 50 percent

* Realize SO, removal costs less than $300 per
ton

« Eliminate negative effects on normal boiler
operations without increasing particulate emis-
sions and opacity

The parametric tests included duct injection of
atomized lime slurry made of dry hydrated calcitic
lime, fresh slaked calcitic lime, and pressure-hy-
drated dolomitic lime. All three reagents remove
SO, from the flue gas but require different concentra-
tions in the lime slurry for the same percentage of
SO, removed. The most efficient and easiest to oper-
ate was the pressure-hydrated dolomitic lime. These
parametric tests indicated that SO, removal above
50 percent under the following conditions are pos-
sible: flue gas temperature of 300-310 °F; boiler load
of 145-147 MWe; residence time in the duct of 2 sec-
onds; and lime slurry injection rate of 52—57 gallon
per minute. It was determined that duct injection of
slurry does not adversely impact stack opacity pro-
vided proper operational procedures are instituted.

The percentage of lime utilization in the CZD/
FGD significantly affects the total cost per ton of SO,
removed. An analysis of the continuous operational
data indicates that the percentage of lime utilization
is directly dependent on two key factors:

* Percentage of SO, removed
* Lime slurry concentration

For operating conditions at Steward Station, data
indicate that, for 40-50 percent SO, removal, a
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6-8 percent lime or dolomitic lime slurry concentra-
tion results in a 40-50 percent lime utilization rate.
That is, 2-2.5 moles of CaO or CaO+MgO are re-
quired for every mole of SO, removed; or assuming
92 percent lime purity, 1.9-2.4 tons of lime are re-
quired for every ton of SO, removed. In summary,
the demonstration showed the following;:

* A 50 percent SO, removal efficiency with
CZD/FGD is possible.

* The process requires that drying and SO, ab-
sorption take place within 2 seconds. A long,
straight (horizontal or vertical) gas duct of
about 100 feet is required to assure residence
time of 2 seconds.

 The fully automated system integrated with the
power plant operation demonstrated that the
CZD/FGD process responded well to auto-
mated control operation. However, modifica-
tions to the CZD/FGD are required to assure
consistent SO, removal and avoid deposition
of solids within the gas duct during upsets.

» Availability of the system was very good.

» At Seward Station, stack opacity was not detri-
mentally affected by the CZD/FGD system.

* Results of the demonstration indicated that the
CZD/FGD process can achieve costs of $300
per ton of SO, removed when operating a
500-MWe unit burning 4 percent sulfur coal.
Based on a 500-MWe plant retrofitted with
CZD/FGD for a 50 percent rate of SO, re-
moval, the total capital cost is estimated to be
less than $30 per kilowatt.

Bechtel is in the process of modifying the
CZD/FGD process design to improve SO, removal
during continuous operation. Once the CZD/FGD
process modifications are made, a follow-on period of
continuous boiler-integrated operations will be re-
quired. Bechtel is pursuing this follow-on work with
the host utility, the Pennsylvania Electric Company.

Bechtel intends to commercialize the CZD/FGD
process when operations have successfully concluded.
The target market will be to retrofit existing boilers,
regardless of type, age, size, type of coal burned, or
the percentage of sulfur in the coal.

Available Reports

» Confined Zone Dispersion Project: Public
Design Report. Bechtel Corporation. April
1993.

The final technical report is expected to be avail-
able in mid-1995.
Contact

Joseph T. Newman, Project Manager
Bechtel Corporation

P.O. Box 3965

San Francisco, CA 94119-3965

(415) 768-6514
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September 1992 and completed in June 1994 and
consisted of 2,800 hours of operation. The demon-
stration had the following four objectives:

» Sustained high SO, removal efficiency

+ Ability to retrofit the LIFAC system under
tight construction conditions

+ Compatibility of the LIFAC system with exist-
ing equipment and operation

» Demonstration of LIFAC’s competitiveness on
a cost-per-ton of SO, removed

The process evaluation test plan was composed
of five distinct phases each having its own objectives.
These tests were as follows:

» Baseline Tests. Baseline measurements were
taken to characterize the operation of the host
boiler and associated subsystems prior to
LIFAC operations.

+ Parametric Tests. Parametric tests were de-
signed to evaluate the many possible combina-
tions of LIFAC process parameters and their
effect on SO, removal.

+ Optimization Tests. Optimization tests were
performed after the parametric tests to evalu-
ate the reliability and operability of the LIFAC
process over short, continuous operating peri-
ods.

* Long-Term Tests. Long-term tests were per-
formed to demonstrate LIFAC’s performance
under commercial operating conditions.
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+ Post-LIFAC Tests. Post-LIFAC tests involved
repeating the baseline test to identify any
changes caused by the LIFAC system.

The coals used during the demonstration were
high in sulfur, with a sulfur content ranging from 2.0
to 2.9 percent.

During the parametric testing phase the numer-
ous LIFAC process values and their effects on sulfur
removal efficiency were evaluated. The four major
parameters having the greatest influence on sulfur
removal efficiency were limestone quality, Ca/S mo-
lar ratio, reactor bottom temperature (approach-to-
saturation), and ESP ash recycling rate. Total SO,
capture was about 15 percentage points better when
injecting fine limestone (80 percent minus 325 mesh)
than it was with coarse limestone (80 percent minus
200 mesh).

While injecting the fine limestone, the soot
blowing frequency had to be increased from 6- to
4.5-hour cycle periods. The coarse-quality limestone
did not affect soot blowing but was found to be more
abrasive on the feed and transport hoses.

Parametric tests indicated that a 70 percent SO,
reduction was achievable with a Ca/S molar ratio of
2.0. ESP ash containing unspent sorbent and fly ash
was recycled from the ESP hoppers back into the re-
actor inlet duct work. Ash recycling is essential for
efficient SO, capture. The large quantity of ash re-
moved from the LIFAC reactor bottom and the small
size of the ESP hoppers limited the ESP ash recy-
cling rate. As a result, the amount of material re-
cycled from the ESP was approximately 70 percent
less than had been anticipated. However, this low
recycling rate contributed an additional 15 percent-
age points to total SO, capture. During a brief test, it

was found that increasing the recycle rate by 50 per-
cent resulted in a 5 percentage point increase in SO,
removal efficiency. It is anticipated that if the reactor
bottom ash is recycled along with ESP ash, while
sustaining a reactor temperature of 5 °F above satura-
tion temperature, an SO, reduction of 85 percent
could be maintained.

Optimization testing began in March 1994 and
was followed by long-term testing in June 1994. The
boiler was operated at an average load of 60 MWe
during long-term testing, although it fluctuated ac-
cording to power demand. The LIFAC process auto-
matically adjusted to boiler load changes. A 2.0 Ca/S
was selected to attain SO, reductions above 70 per-
cent. Reactor bottom temperature was about 5 °F
higher than optimum to avoid ash buildup on the
steam reheaters. Atomized water droplet size was
smaller than optimum for the same reason. Other
key process parameters held constant during the
long-term tests included the degree of humidifica-
tion, the grind size of the high-calcium-content lime-
stone, and recycle of spent sorbent from the ESP.

Long-term testing showed that SO, reductions of
70 percent or more can be maintained under normal
boiler operating ranges. Stack opacity was low
(about 10 percent) and ESP efficiency was high
(99.2 percent). The amount of boiler bottom ash in-
creased slightly during testing, but there was no
negative impact on the power plant’s bottom and
flyash removal system. The quantity of solid waste,
which is a mixture of fly ash and calcium com-
pounds, equals the amount of limestone injected.
ESP and LIFAC fly ash were readily disposed of at
the same local landfill.
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SNOX™ Flue Gas Cleaning Demonstration Project

(ABB Environmental Systems)

ABB Environmental Systems has demonstrated
the SNOX™ process developed by Haldor Topsoe a/s.
SNOX™ s a totally catalytic process for the reduc-
tion of SO, and NO_ in gaseous streams. The SO, is
converted to commercial grade sulfuric acid and the
NO_ is decomposed to elemental nitrogen and water
vapor. The objective of the project was to (1) demon-
strate the feasibility of the SNOX™ process as ap-
plied to coal-fired power plants, (2) achieve 95 per-
cent SO,
tion at various loads, (3) demonstrate commercial
quality of the sulfuric acid produced, (4) satisfy all
environmental monitoring plan requirements, and

removal and at least 90 percent NO_ reduc-

X

(5) perform a technical and economic characteriza-
tion of the technology. The demonstration unit is
installed at the Ohio Edison’s Niles Station. The
process is treating a 35-MWe equivalent slipstream
of flue gas from the 108-MWe Unit No. 2 boiler. A
high-sulfur (3.4 percent) Ohio coal is used to fire the
boiler. The project was selected under the second
solicitation and the cooperative agreement was
awarded in December 1989. Testing was initiated in
March 1992 and completed in December 1994.

In the SNOX™ process, the stack gas leaving the
boiler is cleaned of fly ash in a high-efficiency fabric
filter baghouse to minimize the cleaning frequency of
the sulfuric acid catalyst in the downstream SO, con-
verter. The ash-free gas is reheated through the pri-
mary side of a gas/gas heat exchanger. An ammonia
and air mixture is then added to the gas prior to the
SCR where NO_is reduced to elemental nitrogen and
water. The DNX-932 catalyst used in the SCR is a
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high activity, titanium-oxide-based monolithic type
which operates in a temperature range of 650-800 °F.
The flue gas leaves the SCR, its temperature is raised
slightly by an in-line burner, and enters the SO, con-
verter containing Haldor Topsoe VL-WSA sulfuric
acid catalyst which oxidizes SO, to sulfur trioxide
(80,). The SO, laden gas is passed through the sec-
ondary side of the gas/gas heat exchanger where it is
cooled as the incoming flue gas is heated.

A ABB Environmental Systems has successfully
demonstrated the SNOX™ process at Niles Station Unit
No. 2, where the process achieved 94% NO, reduction and
95% SO, removal efficiency. Ohio Edison is retaining the
SNOX™ plant; commercial SNOX™ plants also arc in
operation in Denmark and Sicily.
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Air toxic testing conducted at the Niles SNOX™
plant measured the following substances:

» Five major and 16 trace elements including
mercury, chromium, cadmium, lead, selenium,
arsenic, beryllium, and nickel

 Acids and corresponding anions (HCL, HF,
chloride, fluoride, phosphate, sulfate)

+ Ammonia and cyanide
 Elemental carbon

+ Radionuclides

*» Volatile organic compounds

* Semi-volatile compounds including poly-
nuclear aromatic hydrocarbons

+ Aldehydes

For the majority of the species examined, espe-
cially those that exit primarily as particulates at the
SNOX™ fabric filter or SNOX™ outlet, removal is
very high. Because of the mechanism of sulfuric acid
condensation in the WSA condenser, any particulates
remaining at this point act as a nuclei for H,SO, and
are captured in the acid. For volatile species, the
WSA condenser outlet temperature (200 °F) is lower
than conventional boiler outlet temperatures (about
300 °F) and should condense and capture more of the
volatile species than a plant with only an ESP or fab-
ric filter.

The economic evaluation of the SNOX™ process
shows a capital cost of approximately $250 per kilo-
watt and a total operating cost of approximately
1.3 mills per kilowatt-hour.
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During 1993 Ohio Edison announced that it
would retain the plant, and funds that were desig-
nated for dismantling were reapportioned into the
operating phase of the program for testing and sys-
tem modifications in addition to the Niles demonstra-
tion.

Commercial SNOX™ plants are in operation in
Denmark and Sicily. In Denmark, a 305-MWe plant
has been designed amd constructed and has been in
operation since August 1991. The boilers at this
plant burn coals from various suppliers around the
world including the United States, with sulfur con-
tents varying from 0.5 to 3.0 percent. The plant in
Sicily, operating since March 1991, has a capacity of
approximately 30 MWe and fires petroleum coke.

Available Reports

Final reports are scheduled to be available in
March 1995.

Contact

Bill Kingston, Project Manager
ABB Environmental Systems
P.O. Box 43030

Birmingham, AL 35243

(205) 995-5368
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A Water mist sprayed into the flue gas enhances sulfur capture by the

sorbent by approximately 10%.
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removal efficiency—the higher the sulfur con-
tent, the greater the SO, removal for a given
sorbent at a comparable stoichiometry. A

5-7 percent increase in removal was noted
when switching to 3.8 percent from 1.6 per-
cent sulfur coal and injecting at a stoichiom-
etry of 2.0.

Effect of Sorbent Choice. The highest re-
moval efficiencies, without humidification to
close approach, were attained using the ligno

Program Update 1994

lime. Efficiencies on the order of
61 percent were achieved while
burning a nominal 3.8 percent sul-
fur coal. Removal efficiencies for
dolomitic lime were about 8 percent
less than those for calcitic or ligno
lime, at a stoichiometry of 2.0. All
sorbents tested were found to be
capable of removing SO, although
calcium utilization of even finely
pulverized limestone was not nearly
as high as those of the limes.

+ Effect of Limestone Particle
Size. While injecting commercial
limestone with 80 percent of the
particles less than 44 microns in
size, removal efficiencies of about
22 percent were obtained at a stoi-
chiometry of 2.0 while burning

1.6 percent sulfur coal. However,
removal efficiencies of about

32 percent were achieved at a
stoichio-metry of 2.0 when using a
limestone with a smaller particle
size (i.e., all particles were less than 44 mi-
crons). A third limestone with essentially all
particles less than 10 microns was used to de-
termine what might be the removal efficiency
limit. The removal efficiency for this very fine
limestone was approximately 5—7 percent
higher than that obtained at similar conditions
for limestone with particles all sized less than
44 microns.

Effect of Injection Level. During the design
phase, it was expected that injection at the

181-foot plant elevation level inside the boiler
would permit the introduction of the lime-
stone at close to the optimum furnace tem-
perature of 2,300 °F. Testing confirmed that
injection at this level, just above the nose of
the boiler, yielded the highest SO, removal.
Injection was also performed at the 187-foot
level and similar removals were observed.
Removal efficiencies while injecting at these
levels were about 5 percent higher than while
injecting sorbent at the 191-foot level.

« Effect on Humidification. Removal efficien-
cies were enhanced by approximately 10 per-
cent over the range of stoichiometries tested
when humidification down to a 20 °F ap-
proach to saturation was used.

* NO_Removal. The continued use of the
low-NO, burners resulted in an overall
average NO, emissions level of 0.43 pound
per million Btu.

» Costs. Capital costs of LIMB are estimated to
range between $31 and $102 per kilowatt and
annual levelized costs between $392 and $791
per ton of SO, removed.

Coolside Process Studies

The generic Coolside desulfurization technology
involves injection of dry hydrated lime (sorbent) into
the flue gas downstream of the air preheater, fol-
lowed by flue gas humidification by water sprays.
The SO, is captured by reaction with the entrained
sorbent particles in the humidifier and with the sor-
bent collected in the particulate removal system.

The humidification water serves two purposes. First,
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SOx-NOx-Rox-Box™ Flue Gas Cleanup Demonstration Project

(The Babcock & Wilcox Company)

The Babcock & Wilcox Company completed the
demonstration of the SOx-NOx-Rox-Box™
(SNRB™) process for the combined removal of SO,,
NO,, and particulates in one piece of the equip-
ment—a high-temperature baghouse. SNRB™ incor-

porates dry sorbent injection for SO, emissions con-

2
trol, selective catalytic reduction for reducing NO_
emissions, and a pulse-jet baghouse operating at
450-850 °F for controlling particulate emissions.

The demonstration of the commercial-scale
baghouse module was conducted on a 5-MWe equiva-
lent slipstream from the 156-MWe boiler located at
Ohio Edison Company’s R.E. Burger Plant, Unit
No. 5, in Dilles Bottom, Ohio. Gas tie-in was be-
tween the economizer and the combustion air heater
where the flue gas temperature was approximately
600-650 °F.

Construction of the demonstration unit was com-
pleted in November 1991 and operations were com-
pleted in May 1993. The SNRB™ process was oper-
ated for approximately 2,300 hours.

The project consisted of four primary test
programs:

+ Base demonstration project

+ Filter fabric assessment

» Alternative bag demonstration
« Air toxics emissions testing

The overall project objective was to achieve
greater than 70 percent SO, removal and 90 percent
or higher reduction in NO_emissions while main-
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taining particulate emissions below 0.03 pound per
million Btu.

Four different sorbents were tested for SO, cap-
ture. Calcium-based sorbents included commercial-
grade hydrated lime, sugar hydrated lime, and ligno-
sulfonate hydrated lime. In addition, sodium
bicarbonate was tested. The optimum location for
injecting the sorbent into the flue gas was immedi-
ately upstream of the baghouse. Effectively, the SO,

-

TE=EY

i
!
t
|
V:

a&

e

A Babcock & Wilcox successfully demonstrated the
SNRB™ process at Ohio Edison’s R.E. Burger Plant Unit
No. 5. The project achieved SO, removal efficiencies
exceeding 80% and NO, reductions of 90%.
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were a subset of the 189 substances identified
in the CAAA of 1990. Mercury speciation
measurements and measurement of dioxins
and furans were unique features of this test
program.

« The flue gas and solids streams were sampled
at 12 locations in the host boiler, SNRB™ fa-
cility, and host plant electrostatic precipitator.

« The emissions control efficiencies achieved for
various air toxics by the SNRB™ system were
generally comparable to those of the conven-
tional electrostatic precipitator at the power
plant. However, the SNRB™ system did re-
duce HCI and HF emissions by over 90 per-
cent, which was significantly higher than that
observed for the electrostatic precipitator.

» For some sampling locations, conventional
sampling methods were modified to handie
higher than normal flue gas temperatures, par-
ticulate loading, and acid gas conditions.

Operation of the SNRB™ demonstration resulted
in the production of approximately 830 tons of fly
ash and by-product solids. An evaluation of potential
uses for the by-product showed that the material
might be used for agricultural liming (if pelletized).
Further, the solids could potentially be used as a par-
tial cement replacement to lower the cost of concrete.

A 3,800-hour durability test of three fabric filters
was completed at the Filter Fabric Development Test
Facility in Colorado Springs in December 1992. No
signs of failure were obscrved. All of the demonstra-
tion tests were conducted using the 3M Company
Nexte!l ceramic fiber filter bags or the Owens Corn-
ing Fiberglas S-Glass filter bags. No excessive wear
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or failures occurred in over 2,000 hours of elevated
temperature operation.

A preliminary evaluation has been made of the
projected capital costs of the SNRB™ system for vari-
ous utility boiler emissions control applications. For
a 250-MWe boiler fired with 3.5 percent sulfur coal
and generating 1.2 pounds of NO_ per million Btu,
the projected capital cost of a SNRB™ system is ap-
proximately $260 per kilowatt including various
technology and project contingency factors. A com-
bination of a fabric filter, SCR, and wet scrubber for
achieving comparable emissions control has been
estimated at $360-400 per kilowatt. Variable operat-
ing costs are dominated by the cost of the SO, sorbent
for a system designed for 85-90 percent SO, removal.
Fixed operating costs primarily consist of system op-
erating labor and projected labor and material for the
hot baghouse and ash handling systems.

The Babcock & Wilcox Company is pursuing
commercial applications of the technology, using the
successful 5-MWe demonstration as
proof of the technical feasibility of
the process. Activity to date has been
focused on smaller units where the
cost advantages appear to be greatest.
Potential applications to waste-to-
energy plant emission control are also
being investigated.

Available Reports

o 5 MWe SNRB™ Demonstration
Facility: Detailed Design Re-
port. 1B. The Babcock &
Wilcox Company. November
1992.

The final technical report was delivered in Au-
gust 1994. The economic evaluation report is ex-
pected in March 1995.

Contact

Kevin Redinger

The Babcock & Wilcox Company
1562 Beeson Street

Alliance, OH 44601

(216) 829-7719

¥ Shown here are SNRB™ duct work, tie-in, and
propane heater.
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period. The unit was operated at constant loads and
with the system under dispatch operation where load
was varied to meet plant power output requirements.
With the system under dispatch, the load fluctuated
over a wide range from 40 MWe to a maximum load
of 75 MWe. Over the long-term demonstration pe-
riod, the average gross power output was 62 MWe.

For the long-term demonstration testing, the av-
erage NO_ reduction was approximately 67 percent.
The average SO, removal efficiency was over 52 per-
cent at a Ca/S molar ratio of 1.76. (Linwood hy-
drated lime was used throughout these tests except
for a few days when Marblehead lime was used.) CO
emissions were below 50 parts per million in many
cases but were higher during operation at low load.

A significant reduction in CO, was also mea-
sured. This was due to partial replacement of coal
with natural gas having a lower C/H ratio. This
cofiring with 18 percent natural gas results in a theo-
retical CO, emissions reduction of nearly 8 percent
from coal-fired baseline level. With flue gas
humidification, ESP collection efficiencies greater
than 99.8 percent and particulate emissions less than
0.025 pound per million Btu were measured even
with an increase in inlet particulate loading resulting
from sorbent injection. These are comparable to
measured baseline emissions of 0.035 pound per mil-
lion Btu and a collection efficiency greater than
99.5 percent.

Following the completion of the long-term tests,
three specially prepared sorbents were tested. Two
were manufactured by EER and contained propri-
etary additives to increase their reactivity toward SO,
and were referred to as PromiSORB™ A and B. The
other sorbent was developed by the Illinois State
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Geological Survey. It was a high-sulfur and hydrated
lime which uses alcohol to form a material that gives
rise to a much higher than normal surface area per
unit rate than the atmospherically hydrated limes.

The SO, capture, without GR, at a nominal 1.75
Ca/S molar ratio, was 54 percent for PromiSORB™ A,
66 percent for PromiSORB™ B, 59 percent for high-
surface-area hydrated lime, and 42 percent for
Linwood lime. Ata 2.6 Ca/S the PromiSORB™ B
gave 80 percent SO, removal efficiency.

Iltinois Power, the host company has decided to
retain the gas reburn system. EER states that GR, SI,
and combined GR-SI are ready for commercial appli-
cation.

Lakeside Station Unit 7

Lakeside Station Unit 7 is a 33-MWe (net) or
40-MWe (gross) pressurized cyclone unit fired with
Illinois bituminous coal containing 3 percent sulfur.
Operational testing of Lakeside was initiated in May
1993 and completed in October 1994. The opera-
tional tests included the following:

 Parametric tests involved optimization of
GR-SI parameters to comply with the specific
operating characteristics of a cyclone unit.

* Long-term tests involved operation of the
GR-SI process throughout the unit’s normal
9-month duty cycle to determine process per-
formance during normal dispatch operation.

+ Extended operation involved continuous op-
eration of the GR-SI to determine effects of
continuous operation on process performance,
GR-SI equipment performance, and the unit’s
thermal performance.

Parametric tests were conducted in three series:
GR parametric tests, SI parametric tests, and GR-SI
optimization tests. A total of 100 GR parametric
tests were conducted at boiler loads of 33, 25, and
20 MWe. Gas heat input varied from 5 to 26 percent.
The GR parametric tests achieved a NO, reduction of
approximately 60 percent at gas heat input of
22-23 percent. Additional flow modeling and com-
puter modeling studies indicated that smaller
reburning fuel jet nozzles could increase reburning
fuel mixing and consequently improve the NO, re-
duction performance.

A total of 25 SI parametric tests were conducted
to isolate the effects of sorbent on boiler performance
and operability. Results showed that SO, reduction
level varied with load because of the effect of tem-
perature on the sulfation reaction. Full load, corre-
sponding to flue gas temperatures near the 2,200 °F
optimum observed at pilot scale and the full-scale
Hennepin GR-SI demonstration, resulted in higher
SO, reductions compared to the other two operating
loads. At a Ca/S of 2.0, 44 percent SO, reduction
was achieved at full load (33 MWe); 38 percent SO,
reduction was achieved at mid-load (25 MWe); and
32 percent SO, reduction was achieved at low load
(20 MWe).

In the GR-SI optimization tests, the two tech-
nologies were integrated. Modifications were made
to the reburning fuel injection nozzles based on the
results of the initial GR parametric tests and flow
modeling studies. The total cross-sectional area of
the reburning jets was decreased by 32 percent to in-
crease the reburning jet’s penetration characteristics.
The decrease in nozzle diameter increased NO_ re-
duction by an additional 3-5 percent compared to the
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Advanced Cyclone Combustor with Internal Sulfur, Nitrogen, and Ash Control

(Coal Tech Corporation)

In Coal Tech’s demonstration, an air-cooled cy-
clone combustor was retrofitted to a 23-million-Btu-
per-hour, oil-designed package boiler at the Tam-
pella-Keeler boiler factory in Williamsport, Pennsyl-
vania. The novel features of Coal Tech’s patented
ceramic-lined, slagging cyclone combustor include
its air-cooled walls and environmental control of
NO,, SO,, and solid waste emissions. Air cooling
takes place in a very compact combustor which can
be retrofitted to a wide range of industrial and utility
boiler designs without disturbing the boiler’s water-
steam circuit. In this technology, NO, reduction is
achieved by staged combustion, and SO, is captured
by injection of limestone into the combustor. The cy-
clonic action inside the combustor forces the coal ash
and sorbent to the walls where it can be collected as
liquid slag. Under optimum operating conditions,
the slag will contain a significant fraction of coal
sulfur, Downstream sorbent injection into the boiler
provides additional sulfur removal capacity.

The test effort consisted of 800 hours of opera-
tion which included five individual tests, each of
4 days duration. An additional 100 hours were per-
formed as part of separate ash vitrification tests.
Pennsylvania bituminous coals with 1.1-3.1 percent
sulfur content were used throughout the demonstra-
tion. Test results obtained during operation of the
combustor indicate that Coal Tech attained most of
the objectives contained in the cooperative agree-
ment. The agreement defined 10 objectives. Accom-
plishments reported for each follow.
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Objective 1—To use Pennsylvania
coals with up to 4 percent sulfur con-
tent. About eight different Pennsylva-
nia bituminous coals with sulfur con-
tents ranging from 1 to 3.3 percent and
volatile matter contents ranging from
19 to 37 percent were tested.

Objective 2—To achieve 70-90 per-
cent SO, reduction at the stack with
maximum sulfur encapsulation in the
slag. With regard to the first part of the
objective, a maximum of over 80 per-
cent SO, reduction measured at the
boiler outlet stack was achieved using
sorbent injection in the furnace at vari-
ous calcium-to-sulfur molar ratios
(Ca/S). A maximum SO, reduction of 58 per-
cent was measured at the stack with limestone
injection into the combustor at a Ca/S of 2. A
maximum of one-third of the coal’s sulfur was
retained in the dry ash removed from the com-
bustor and furnace hearths, and a high of

11 percent of the coal’s sulfur was retained in
the slag rejected through the slag tap. Further
sulfur retention in the slag is definitely pos-
sible by increasing the slag flow rate, by fur-
ther improvements in fuel-rich combustion,
and by further improvements in sorbent-gas
mixing.

Objective 3—To achieve NO_ reductions to
100 parts per million or less. With fuel-rich
operation of the combustor, a three-fourths

A Coal Tech’s advanced ceramic-lined slagging cyclone
combustor was retrofitted to a package boiler at the
Tampella-Keeler boiler factory. Testing resulted in SO,
reductions over 80% and NO,_ reductions of 75%.

reduction in measured boiler outlet stack NO,
was obtained, corresponding to 184 parts per
million. An additional 5-10 percent reduc-
tion was obtained by the action of the wet par-
ticulate scrubber, resulting in atmospheric
NO, emissions as low as 160 parts per mil-
lion.

* Objective 4—To produce an inert solid
waste. All the slag removed from the com-
bustor produced trace metal leachates well
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Cement Kiln Flue Gas Recovery Scrubber

(Passamaquoddy Tribe)

A scrubbing system that can reduce SO, emis-
sions from coal-burning cement kilns by more than
90 percent using waste kiln dust as the scrubbing re-
agent was demonstrated by the Passamaquoddy
Tribe. The project is located in Thomaston, Maine,
at Dragon Products’ 470,000-ton-per-year cement
plant which is owned by CDN U.S.A. The
Passamaquoddy Technology Recovery Scrubber™ is a
wet flue gas desulfurization process that uses alkaline
waste materials as scrubbing reagent. These wastes
may include fly ash, waste cement kiln dust, incin-
erator ash, biomass ash from wood-fired systems, and
other similar wastes in solid or liquid form. Useful
by-products that minimize or eliminate the need for
landfill disposal of wastes are produced by the scrub-
bing reaction. Tipping fees for consumption of
wastes produced by others, sale of useful by-products
and emission credits, and “fee for service” pollution
control generally allow profitable operation of the
scrubbing process.

The scrubbing process was installed with mini-
mum impact on the operating cement plant, being an
“end of the pipeline” retrofit process. The only inter-
connect to the cement plant that could curtail opera-
tions is the physical tie-in of the flue gas handling
duct. The demonstration project tie-in was made
during a routine kiln shutdown with no impact on
kiln operations.

The objectives of the project were to (1)design,
build, and operate the recovery scrubber technology
on a coal-fired wet-process cement-manufacturing
kiln; (2)significantly reduce emissions of SO , from
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the combustion of coal; and (3)eliminate the
landfilling of waste cement kiln dust.

Operations were initiated in August 1991 and
logged over 1,500 hours until the unit was shut down
in January 1992. In a 5-month period from May to
September 1992, the plant produced approximately
140,000 tons of cement while the scrubber removed
70 tons of SO, and treated 6,000 tons of cement kiln
dust for return to the kiln as raw feed. Long-term

A The Passamaquoddy Technology Recovery Scrubber™
was demonstrated by the Passamaquoddy Tribe at Dragon
Products’ coal-burning cement plant. The scrubber system
achieved more than 90% SO, reduction using waste kiln
dust. The scrubber has become a permanent part of the
Dragon facility.
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Exhibit 6-1
Highlighted CCT Projects, by Application Category

Project and Participant Page
Advanced Electric Power Generation 6-1
Tidd PFBC Demonstration Project (The Ohio Power Company) 6-3
Tampa Electric Integrated Gasification Combined-Cycle Project (Tampa Electric Company) 6-4
Wabash River Coal Gasification Repowering Project 6-5
(Wabash River Coal Gasification Repowering Project Joint Venture)

Environmental Control Devices 6-6
Evaluation of Gas Reburning and Low-NO, Burners on a Wall-Fired Boiler 6-7
(Energy and Environmental Research Corporation)

Demonstration of Advanced Combustion Techniques for a Wall-Fired Boiler 6-8
(Southern Company Services, Inc.)

Demonstration of Selective Catalytic Reduction Technology for the Control of NO, Emissions from 6-9
High-Sulfur-Coal-Fired Boilers (Southern Company Services, Inc.)

Advanced Flue Gas Desulfurization Demonstration Project (Pure Air on the Lake, L.P.) 6-10
Demonstration of Innovative Applications of Technology for the CT-121 FGD Process 6-11
(Southern Company Services, Inc.) _
Milliken Clean Coal Technology Demonstration Project (New York State Electric & Gas Corporation) 6-12
Integrated Dry NO /SO, Emissions Control System (Public Service Company of Colorado) 6-13
Coal Processing for Clean Fuels 6-14
Development of the Coal Quality Expert (ABB Combustion Engineering, Inc. and CQ, Inc.) 6-15
Self-Scrubbing Coal™: An Integrated Approach to Clean Air (Custom Coals International) 6-16
Advanced Coal Conversion Process Demonstration (Rosebud SynCoal! Partnership) 6-17
ENCOAL Mild Coal Gasification Project (ENCOAL Corporation) 6-18
Industrial Applications 6-19

6-2

Program Update 1994

the first U.S. application of pressurized fluidized
bubbling-bed combustion (PFBC). Initial objectives
have been achieved and operation now is directed at
further enhancing performance of the technology.

Six different approaches to the highly efficient
and environmentally clean integrated gasification
combined-cycle (IGCC) technology are in various
stages in the path toward full-scale commercializa-
tion. The projects cover a broad spectrum of gasifier
types, coal feedstocks, gas cleanup systems, and oper-
ating conditions to satisfy various market situations.

The bulk of the projects in this market applica-
tion category will not have operating data until the
latter half of the 1990s. However, discussions with
utilities and analyses of utility integrated resource
plans and annual reports indicate this schedule is
compatible with most utility expansion plans. Major
baseload capacity increases are projected to begin
about 2005 and extend well beyond 2010, requiring
decisions on available options to take place begin-
ning around the year 2000. For those considering
repowering of existing facilities to meet the stringent
year 2000 Phase II emissions requirements under the
CAAA of 1990, sufficient information should be
available on most technology options to assist the
decision-making process.
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Tampa Electric Integrated Gasification Combined-Cycle Project

(Tampa Electric Company)

The Tampa Electric Integrated Gasification
Combined-Cycle Project will demonstrate a utility

’

application of IGCC using Texaco’s pressurized, oxy-
gen-blown, entrained-flow gasifier and the integrated
performance of a metal oxide hot-gas cleanup sys-
tem, conventional cold-gas cleanup, and an advanced
gas turbine with nitrogen injection for power aug-
mentation and NO_ control. The project involves
only the first 250-MWe (net) IGCC portion of the
planned 1,150-MWe Polk Power Station in Lake-
land, Florida. The gasifier is being designed to use
about 2,000 tons per day of bituminous coal contain-
ing 2.5-3.5 percent sulfur. The anticipated heat rate
for the IGCC system is approximately 8,600 Btu per
kilowatt-hour (40 percent thermal efficiency). SO,
emissions are expected to be below 0.21 pound per
million Btu (96 percent capture). Thermally gener-
ated NO_ is expected to be controlled to less than
0.27 pound per million Btu by injecting nitrogen as a
diluent in the gas turbine’s combustion section.

The final EIS was released for public comment
on June 10, 1994; DOE issued a favorable record of
decision on the demonstration project on August 17,
1994. A groundbreaking ceremony was held on No-
vember 2, 1994, Construction is expected to be com-
pleted by about mid-1996 and will be followed by a
2-year demonstration period.

6-4 Program Update 1994
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A» On November 2, 1994, the
groundbreaking ceremony was
held for the 250-MWe (net)
IGCC portion of the planned
1,150-MWe Polk Power Station
in Lakeland, FL. Progress on
the gasification tower founda-
tion is shown in the right center
of the photograph (above).

._.>7>_u>
ELECTRIC

A TECO ENERGY COMPANY

POLK POWER STATION
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Environmental Control Devices

The environmental control devices category in-
cludes the largest number of projects, 19; their total
value exceeds $686 million. These projects represent
approximately 1,700 MWe of NO, control, 770 MWe
of SO, control, and 765 MWe of combined SO,/NO,
control technology demonstrations. A total of 10
projects have completed operations (see Section 5).
Six projects are operational, one is in construction,
and two are in design.

The projects are demonstrating technologies for
SO, or NO, emissions control or for combined
SO,/NO, control. General characteristics of the tech-
nologies include application for retrofit of existing
facilities or new electricity generation plants, high
emissions-reduction efficiency, reduced capital costs
through the use of innovative designs, and mitigated
or eliminated solid waste management problems.
Additionally, 14 of the projects are implementing
hazardous air pollutant monitoring regimes.

Most of these projects will have documented
their operating experience by 1995. Studies indicate
that the January 1, 1995, SO, emission reduction tar-
gets for Phase I of the CAAA of 1990 will be met
largely by fuel switching, but there are numerous
low-capital-cost SO, control options for older,
smaller boilers available as a result of the program,
and it appears that there may be a significant export
market for these technologies. The program has also

made available a number of technologies for the more

stringent Phase II SO, limits which will require solu-
tions of a more technological nature. Two advanced
flue gas desulfurization technologies are routinely
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achieving over 95 percent capture of SO, and produc-
ing wallboard-grade gypsum as a by-product instead
of solid waste for disposal.

Almost all of the NO, control projects have com-
pleted testing or are nearing the end of operational
testing. The utility sector requires answers now on
how to solve the problems of NO_emissions control
and the CCT Program along with project participants
are responding. Four NO_ control technologies cov-
ering the full range of boiler types have concluded
operation or are in the latter stages of operation.
Three of these systems have been adopted for com-
mercial application by the demonstration project host

¥ » Nineteen projects valued at $686 million are demon-
strating advanced environmental control devices to reduce
80, and NO,_ acid rain precursors. The Pure Air on the
Lake, L.P., advanced flue gas desulfurization unit shown
here reduces SO, by 95% and produces pure gypsum used
in the production of wallboard. Wallboard produced by
U.S. Gypsum, using gypsum from the Pure Air project, was

donated to the victims of Hurricane Andrew.

utility. Babcock & Wilcox has installed its LNCB®
technology on more than 2,500 MWe of capacity in
the United States—in each case achieving more than
50 percent NO,_ reduction. In addition, LNCB® retro-
fits (introduced in early 1993) have been ordered for
an additional 3,250 MWe.

Most of the combined SO,/NO, control systems
have completed testing. These systems have demon-
strated SO, removal efficiencies of over 90 percent
and NO_ reduction efficiency of about 90 percent.
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Demonstration of Advanced Combustion Techniques for a Wall-Fired Boiler

(Southern Company Services, Inc.)

Southern Company Services is conducting se-
quential demonstrations of four advanced NO, con-
trol technologies applicable for retrofitting wall-
fired, pulverized-coal boilers: (1) advanced over-fire
air (AOFA), (2) second generation low-NO_burners
(LNB), (3) combined AOFA/LNB, and (4) advanced
low-NO_ digital control system. The demonstration
is being accomplished with a single furnace, which is
the 500-MWe Unit No. 4 subcritical, wall-fired boiler
at Georgia Power Company’s Plant Hammond, lo-
cated in Coosa, Georgia.

The baseline test segments for AOFA, LNB, and
combined AOFA/LNB are complete. More than
80 days of AOFA operating data collected indicated
that NO, reduction of 24 percent is achievable under
normal long-term conditions depending upon load.
Analysis of the 94 days of LNB long-term data col-
lected showed the full-load NO, emission levels to be
approximately 0.65 pound per million Btu. This
NO_ level represents a 48 percent reduction when
compared to the baseline, full-load value of 1.24
pounds per million Btu. These reductions were sus-
tainable over the long-term test period and were con-
sistent over the entire load range. Full-load values of
flyash loss on ignition in the LNB configuration
were near § percent, compared to 5 percent for the
baseline. Results from the combined AOFA/LNB
testing indicate that full-load NO_emissions are ap-
proximately 0.40 pound per million Btu (69 percent
reduction) with a corresponding value for flyash loss
on ignition of near 8 percent.
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However, preliminary analysis of the emissions
data suggests that the incremental NO_ reduction ef-
fectiveness of the AOFA system (above LNB alone)
was approximately 17 percent, with additional reduc-
tions resulting from other operational changes.

On June 4, 1994, Plant Hammond Unit 4 re-
sumed operation following a 9-month outage. The
major activities during this outage included (1) in-
stallation of the digital control system, (2) replace-
ment of two remaining mills, (3) replacement of the
precipitator, (4) upgrade of the low-pressure turbine,

» The Foster Wheeler split-
flow, split-flame low-NO,
burners shown here were able
to achieve a 48% reduction in
NO.. Full-load long-term NO,
emissions reductions of over
65% were achieved using the
low-NO_ burners and
advanced over-fire air.

and (5) burner repairs and modifications. By year-
end 1994, the digital control system was operational
and design of the artificial intelligence software
package for optimizing NO_ reduction and boiler effi-
ciency neared completion.

A report on the air toxics testing with the com-
bined AOFA/LNB configuration was issued in De-
cember 1993.

Completion of the demonstration project and

issuance of the final report are scheduled for
April 1995.
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Advanced Flue Gas Desulfurization Demonstration Project

(Pure Air on the Lake, L.P.)

Pure Air on the Lake, L.P.,, is demonstrating a
commercial-scale, advanced wet limestone scrubber
process which is treating all of the flue gas from two
boilers (528 MWe total) at Northern Indiana Public
Service Company’s Bailly Generating Station located
in Chesterton, Indiana. This is the largest absorber
module in the United States and is designed to re-
move 90-95 percent or more of the SO, in the flue
gas while producing a salable, commercial gypsum
by-product. The project is also testing a “zero-dis-
charge” design.

The absorber performs three functions in a
single vessel: prequenching, absorption of SO,, and
oxidation of sludge to gypsum. In the cocurrent ab-
sorber, the flue gas and scrubbing slurry move in the
same direction and at a relatively high velocity com-
pared to conventional scrubbers. The overall ad-
vanced design results in a scrubber that is more com-
pact and less expensive than a conventional scrubber.
Other process features include injection of dry pul-
verized limestone directly into the absorber, an air
rotary sparger that combines the functions of stirring
and air distribution to oxidize the calcium sulfite to
gypsum, and a novel wastewater evaporation system
that can provide for a zero-discharge design. For the
demonstration project, about two-thirds of the waste-
water generated will be processed using this waste-
water evaporation system to achieve zero discharge.

The project also is demonstrating a novel busi-
ness concept whereby Pure Air on the Lake owns and
operates the facility, relieving the utility of the re-
sponsibility for operations. Following successful
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demonstration of the process, Pure Air will continue
to own and operate the facility for an additional
17-year period under contract to the utility.

The advanced flue gas desulfurization system
began operations in June 1992 and the demonstration
period will continue into June 1995. During this pe-
riod, six 1-month demonstration tests are being per-
formed to assess scrubber operations with a variety of
coals. By year-end 1994, five of the tests were com-
pleted; bituminous coals with sulfur contents ranging
from 2.0 percent to 4.5 percent were tested. The re-
maining test, scheduled for spring 1995, will assess
optimal conditions.

The scrubber is exceeding both its demonstration
targets and all contractual requirements. The facility
is removing in excess of 95 percent of the SO, from
Bailly Units 7 and 8, has a 99 percent availability
rate, and is producing a wallboard-grade gypsum that
is 98 percent pure.

This project earned the Bailly Generating Station
Power Magazine's 1993 Powerplant Award. In 1992,
it was also named an Outstanding Engineering
Achievement by the National Society of Professional
Engineers.

In April 1994, Pure Air of Manatee, L.P., entered
into a contract to provide 1,600 MWe of SO, scrub-
bing capability at Florida Power & Light Company’s
Manatee power plant on an own-and-operate basis.
The Manatee scrubber will feature two 800-MWe ab-
sorber vessels, PowerChip™ gypsum recycle, and
wastewater evaporation.

Northern Indiana Public Service Company
Bailly Generating Station

for demomstrating advanced et Gomestone JG'D technology wech
Innovations in wastewnter tratment end gypowm production rewse,

Bt G . M&iﬂu’\

~ Lo

<A The advanced flue gas desulfurization
demonstration project has been in operation since
June 1992. Tests have shown SO, removal
efficiencies in excess of 95% using coals with
sulfur content ranging from 2.0% to 4.5%. The
project earned Power Magazine's 1993
Powerplant Award.
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Milliken Clean Coal Technology Demonstration Project
(New York State Electric & Gas Corporation)

New York State Electric & Gas Corporation is
demonstrating a combination of cost-effective, inno-
vative emissions reduction and efficiency improve-
ment technologies on the 300-MWe Units | and 2 at
Milliken Station located in Lansing, New York.
Technologies include flue gas cleanup for SO, re-
moval using Saarberg-Holter-Umwelttechnik’s for-
mic acid enhanced wet limestone scrubber technol-
ogy; NALCO Fuel Tech’s NO OUT urea injection
system for NO, removal, in conjunction with separate
combustion modifications, including installation of
ABB Combustion Engineering’s Low-NO, Concen-
tric Firing System (LNCFS) Level III; Stebbins’ tile-
lined split-module absorber for decreased life-cycle
costs; a heat-pipe air heater by ABB Air Preheater,
Inc., for increased system efficiency; and an operator
advisor system developed by DHR Technologies, Inc.,
for addressing economic and environmental perfor-
mance.

The project is demonstrating a “total environ-
mental and energy management” concept encompass-
ing low emissions, low energy consumption, im-
proved combustion, upgraded boiler controls, and
reduced solid waste. Hazardous air pollutant moni-
toring is part of the demonstration program.

The system is designed to achieve up to 98 per-
cent SO, removal efficiency using limestone while
burning high-sulfur coal. Pittsburgh, Freeport, and
Kittaning coals with sulfur contents ranging from
1.5-4.0 percent are being used.

NO, emissions have been reduced from 0.65 to
0.40 pound per million Btu (23 percent) by retrofit-
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ting the two boilers with low-NO_burners (LNCFS
Level III). NO OUT is expected to reduce NO, emis-
sions from Unit 2 by an additional 15-20 percent.

Construction started in April 1993 and has
stayed 2-3 months ahead of schedule. Hydro testing
of the scrubber began in November 1994, with pas-
sage of flue gas in December 1994. Equipment
shakedown and start-up is expected to begin in Janu-
ary/February 1995. Baseline and preoperational test-
ing is scheduled to commence in April 1995, with
full-scale operation beginning in July and running
for the next 3 years.

< In 1994, construction of
the combined SO,/NO_
demonstration project at
NYSEG Milliken Station
Units 1 and 2 was essentially
completed. Operational
testing of the formic-acid-
enhanced, wet limestone
scrubber, a urea injection
system, and other systems is
scheduled to begin in mid-
1995.
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Coal Processing for Clean Fuels

There are five projects in the coal processing for
clean fuels category; their combined value exceeds
$521 million. Three of the technologies are charac-
terized by production of high-energy-density solid
compliance fuels for utility or industrial boilers, with
or without the coproduction of coal-derived liquids
for use as chemical or transportation fuel feedstocks.
One project will demonstrate a new synthesis tech-
nology for methanol.

The fifth project involves development of soft-
ware and demonstration of an expert system to pre-
dict operating performance of coals not previously
burned at the facility in question. A commercial sale
of the Coal Quality Expert “Acid Rain Advisor” soft-
ware package developed during the project was made
in 1993. A CQE beta version will be released in
early 1995 and the final version is expected in June
1995.

The fuels production projects with more ex-
tended schedules should have sufficient data for
evaluation of Phase I compliance and definitely can
be considered for Phase II compliance scenarios. Po-
tential utility and industrial customers are participat-
ing in these projects by conducting test burns of the
fuels and evaluating the solid and liquid products.
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A Five projects with a value of over $521 million are demonstrating technologies which produce compliance solid fuels,
liquid products for use as a chemical or transportation fuel feedstock, and methanol. An example is the advanced coal
conversion process demonstration which produces 1,000 tons/day of SynCoal®. Another project involved development of a
system to predict operating performance of coals.
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Self-Scrubbing Coal™:
(Custom Coals International)

Custom Coals International is demonstrating
advanced coal-cleaning unit processes to produce
low-cost compliance coals. The project is using Cus-
tom Coal’s advanced physical coal cleaning and fine
magnetite separation technology as well as sorbent
addition technology. Construction is under way on a
500-ton-per-hour plant located near Central City,
Pennsylvania. The plant will manufacture Self-
Scrubbing Coal™ from Illinois No. 5 and Lower
Freeport Seam coals and Carefree Coal™ using
Sewickley coal. Carefree Coal™ is produced by
breaking and screening run-of-mine coal and by us-
ing innovative dense-media cyclones and finely sized
magnetite to remove up to 90 percent of the pyritic
sulfur and most of the ash. When compliance coal
cannot be produced by reducing pyritic sulfur, Seif-
Scrubbing Coal™ can be produced to achieve compli-
ance. This coal is produced by taking Carefree Coal
and adding to it sorbents, promoters, and catalysts.
The coal’s reduced ash content permits the addition
of relatively large amounts of sorbent without exceed-
ing the ash specifications of the boiler or overloading
the ESP.

Construction was initiated in December 1993
and by year-end 1994, piping was approximately
50 percent complete and structural steel erection was
entirely complete. Over 99 percent of the equipment
has been installed. The raw coal burn test to provide
baseline data to determine the cleaning effect is
scheduled to begin in early 1995. Combustion test-
ing of Sewickley coal will be conducted at Duquesne
Light Company’s Cheswick Power Station, Illinois
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No. 5 coal at Richmond Power & Light’s Whitewater
Valley Generating Station, and Lower Freeport seam
coal at Centerior Energy’s Ashtabula C Power Plant.
In August 1994, a U.S.-led consortium with Cus-
tom Coals International as the principal partner
signed a cooperative agreement with the People’s
Republic of China to build a coal-cleaning plant, a
500-mile underground slurry pipeline, and port facil-
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ity. The pipeline will bring coal from the Shanxi
province in northwest China to the coastal province
of Shandong.

Y Construction of Custom Coals International’s
500-ton/hr advanced coal-cleaning plant located near
Central City, PA, is approximately 50% complete. The
plant will produce two compliance fuels from high-sulfur
bituminous feedstock—Carefree Coal™ and Self-Scrub-
bing Coal™,
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ENCOAL Mild Coal Gasification Project

(ENCOAL Corporation)

ENCOAL Corporation is demonstrating the
integrated operation of a number of novel process
steps which involve heating coal under carefully
controlled conditions to produce two higher value
fuel forms from mild gasification of low-sulfur, low-
heating-value subbituminous coal. The coal is dried
and pyrolized in two rotary grates arranged in series.
The process produces (1) a new solid fuel with higher
heating value (about 12,000 Btu per pound) and
lower sulfur content than the coal feedstock (on a
pound-per-million-Btu basis) and (2) low-sulfur
liquid products that can be directly substituted for
No. 6 fuel oil. The solid product is usable in any
scale industrial or utility boiler.

The site for this plant is Triton Coal Company’s
Buckskin Mine located about 10 miles north of
Gillette, Wyoming.

The plant officially entered the production mode
in June 1994; operation has been at a coal feed rate
of 500 tons per day. By year-end 1994, 22 test runs
were completed, representing more than 5,000 hours
of operation on coal. Solid and liquid products being
produced by the plant are being shipped to industrial
and utility customers. In September 1994, approxi-
mately 8,000 tons of solid product were shipped as
15-35 percent blends of Powder River Basin coal for
use in electricity generation at the Western Farmers
Cooperative’s Hugo plant in Oklahoma. This rural
electric cooperative used the product successfully in
its boilers. ENCOAL also has contracted with Wis-
consin Power & Light for the sale of 30,000 tons of
solid product. A contract to sell biends of up to
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92 percent solid product was signed with Muscatine
Power and Water in Iowa. Other major utility com-
panies have expressed interest in purchasing solid
product.

Tank cars of liquid product are being shipped on
a regular basis to several customers in the Midwest
for use in industrial boilers. The Dakota Gasification
Company tested the liquid products in 1992 and in
1994 purchased an additional 800,000 gallons for use
in its synfuel plant in Beulah, North Dakota.

SGI International and Mitsubishi Heavy Indus-
tries are studying the feasibility of developing a
6,000-metric-ton-per-day liquids-from-coal plant in
the Shandong province of the People’s Republic of
China. Feasibility studies have also been proposed
for projects in Indonesia and Poland.

Y In 1994, the ENCOAL plant officially entered
production mode and, by year-end 1994, 22 test runs
representing more than 5,000 hours had been completed.
The solid product is being sold to utilities, and the liquid
product to several Midwest industrial customers.




619

p661 21opdp) wpidoig

WS 91y 03 doeWIY ISB[q

oY) YIm 19U 93 Ul umoys s 31un uoneredaxd jeoo paje]
-nue1d oy, *NJ ‘0qie[] swing je S20BUINJ ISB[q 0M)} OJUL
200 paje[nueld yo uonoafur oy ajensucwsp 03 30afoid e Jo
uoronysuod paja[dwod uonerodio) (991§ WAYS[og A

‘uoneIonIa)ep pider 1oy} 0) SNP SUSAO 900
a1} JO UMOpINYS PIJE[AIUN UL JO 9SNBIIq PI[[eqiiowt
2q 0} pey AJ1[I08] UOPRNISUOWSP Ay, JuIod smoredg
7e uononpoid 9509 Jo uondwnsar J0 soAnewIs) B Jul
~UI95U0D 9PeU SI UOISIOP B [IUN P[OY WO UIRWSI [[Im
193fo1d suoneorddy jiyonay 10y waysAg Suues[)
SeD) USAQ N[O)) S,[991S WAYS[YIg ‘Q[IYMUBIIN
‘yel() ‘pIeASUIA Ul [[IUI S [39]S BASUSD
Je payis st ‘uononpold 1amod 91199 I[0Ad-paulq
-woo PIm Supew uol sejeiSajur Yorym gooford
A-1DD SI] "Sunjewm[es)s Ul 9509 JO pealsul [80d
SOZI[IIN ‘uonROnpaY 10/[e0)) poIeISau] WOoLy IoMoJ
uea) ‘(wonenoSou ur Kpusrmo) 3oafoid soyjouy

‘[e1owr joy pue Jels
ay) Aq parydes 2q 03 [80D 3Y) UI INJ[NS 3Y) JO [[e sojqe
-U9 90BUINJ JSBq 9} JO JUSHONAUD Suronpal 9y,
‘Junjew 9300 Y)M PaJRIOOSSE SUOISSIUID JUBpPUS)IE
a1y} pue syuswazbar a3j00 Furonpar sny) ‘sssooi1d o1y
u1 pasn A[jeuriou a3jod a Jo jusoiad of 03 dn ssoejd
-SIp [200 9YJ, ‘wI3aq 03} pa[npayos si uonerado usym
$661 AR [IUN SNUKUOD [[IM PUB 66T JOQUIS W
uedaq Sunse) [euoneradoai “eueipu] ‘Ioqiey suing
Je S90BLINY JSB[q 0Ax} OJUI A[303IIpP 1802 paje[nueld
Jo uonosfur sy sensuowap 03 Josfoxd € 10] uononys
-u09 pajerdwos uoneIodio)) (991§ WAYS[YIRYG
"G WO1)09g Ul paurejuod st spoafoid pajord
-W09 9Y) JO UOISSNOSIP ¥ ‘SUIBANS JSeMm [[e JeU
-IW[[d pue ‘s)00)SpaaJ JUSWID 0} 9)SeM UL JISAUOD
‘TozipIy 9onpoid ‘suoyonpal SUOISSIWD ‘O JUsO
-1od (g UBY) 1918918 SASIYOR O) PISN SBM 9)SBM U[DY
Juowe)) ‘uoneISUIOUl d)sem [edrorunwu pue uononp
-01d yaded ur suoneoyjdde Japeoiq aaey Aew 30afoxd
U] JUSWISD [NJSS209NS STYL, ‘€661 Pud-~1e94 e 10d
-31 [euly oy} pansst pue suoperado pajarduiod josfoxd
19qquIdg AI9A009Y SBD SNJ UL JUswa)) §,9qQuY,
Apponbewessed 9y, ‘1661 Ul panssi sem Jiodor
[euy a3 pue (661 ur suoperodo pajopdwod josford
[onuo)) ysy pue ‘usSoniN ‘njng jeidopuy yum
I0JSNUIOY) SUOJOAD PIoURAPY S uonerodio) Yoy,
120D :suoyelado pajejdios aaey s)osfo1d omy,
‘suoneorjdde Iof10q [eLysnpul pue ‘An
-SOpUE JUSWD ‘Ansnpur [99)s 9y ssedwioous sy93forg
“UON[[Iq 1§ 1040 JB 1913950} panjea ‘A10§ajed suon
-go1pdde [eysapur o1 un sjoafoid xIs are a1oy],

suoneorddy ergsnpuy




Exhibit 6-2

Status of CCT Demonstration Projects at Year-End 1994—Advanced Electric Power Generation

Project and Participant

Status

Fluidized-Bed Combustion
PFBC Utility Demonstration Project (The Appala-
chian Power Company)

PCFB Demonstration Project (DMEC-1 Limited
Partnership)

Four Rivers Energy Modernization Project (Four
Rivers Energy Partners, L.P.)

Tidd PFBC Demonstration Project (The Ohio Power
Company)

Nucla CFB Demonstration Project (Tri-State
Generation and Transmission Association, Inc.)

York County Energy Partners Cogeneration Project
(York County Energy Partners, L.P.)

The participant is evaluating the results of various value engineering studies which were conducted to improve the
efficiency and economic viability of the project. The utility and DOE are assessing the merits of continuing the project.

Preliminary design activities are under way. Announcement of a planned merger between Midwest Resources, Inc., and
Iowa-Illinois Gas and Electric has impacted the project. An extension was granted for the participant to finalize
continuation plans.

The cooperative agreement was awarded July 28, 1994, with an effective date of August 1, 1994. Preliminary design
activities are under way.

The test program, initiated in March 1991, was extended for 1 year. Approximately 4,800 hours of coal-fired operation
were achieved during 1994, bringing the cumulative total to approximately 10,300 hours. Parametric fuel and sorbent
tests are under way to economically obtain 95% sulfur capture. NO, and particulate levels have been measured at less
than 0.24 and 0.02 Ib/million Btu, respectively.

Project reporting is complete. The cooperative agreement ended in April 1992,

The project is in the design stage and agreements have been finalized with all major equipment vendors and coal
suppliers. Efforts were focused on completion of NEPA and state permitting process. The draft EIS was released for
public review in November 1994 and a public hearing on the EIS was held in mid-December in York, PA.

Integrated Gasification Combined Cycle
Combustion Engineering IGCC Repowering Project
(ABB Combustion Engineering, Inc.)

Clean Energy Demonstration Project (Clean Energy
Partners Limited Partnership)

Pifion Pine IGCC Power Project (Sierra Pacific
Power Company)

Toms Creek IGCC Demonstration Project (TAMCO
Power Partners)

An independent cost estimate was completed. Resuits indicated that the projected cost exceeds available funds by a
considerable margin. The participant and DOE are assessing project options.

The cooperative agreement was awarded December 2, 1994. Project design activities are under way.

All permits needed for plant construction were received and the participant requested approval to continue with detailed
design and construction. The EIS was completed and DOE issued a record of decision on November 8, 1994.

Efforts continued to secure a power sales agreement and to redefine the project.
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Exhibit 6-3

Status of CCT Demonstration Projects at Year-End 1994—Environmental Control Devices

Project and Participant

Status

NO, Control Technologies

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

Full-Scale Demonstration of Low-NO_ Cell Burner
Retrofit (The Babcock & Wilcox Company)

Evaluation of Gas Reburning and Low-NO,_ Burners
on a Wall-Fired Boiler (Energy and Environmental
Research Corporation)

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

180-MWe Demonstration of Advanced Tangentially
Fired Combustion Techniques for the Reduction of
NO, Emissions from Coal-Fired Boilers (Southern
Company Services, Inc.)

Demonstration of Selective Catalytic Reduction
Technology for the Control of NO, Emissions from
High-Sulfur-Coal-Fired Boilers (Southern Company
Services, Inc.)

Micronized Coal Reburning Demonstration of NO_
Control on a 175-MWe Wall-Fired Unit (Tennessee
Valley Authority)

Results of parametric and optimization testing demonstrated NO_ emissions are reduced by about 52% at 110 MWe (full
load), 47% at 82 MWe, and 36% at 60 MWe. For western coal, NO, emissions were reduced by 62% at 110 MWe, 55%
at 82 MWe, and 53% at 60 MWe. The project was completed as of December 31, 1993 and the final report was
delivered in March 1994. The technology is being retained by Wisconsin Power and Light for commercial use.

This project was completed in December 1994. The average NO_emissions reduction when at full load was 58%.
LNCB® has been installed on more than 2,500 MWe and ordered for more than 3,250 MWe.

Long-term testing was initiated in April 1993 and will conclude in January 1995. Combined GR-LNB achieved NO,
reductions of 60-73%. With gas heat input of 5-10%, NO, reductions were 60~65%. With low-NO, burners alone, NO,
reductions were typically 30-40%.

Long-term testing of advanced over-fire air (AOFA) and low-NO, burners (LNB) has been completed and indicated NO,
reductions of 24% for AOFA, depending on load, and 48% for LNB at full load. Chemical emissions and long-term
testing of the combined AOFA/LNB indicates that 67% NO, reduction at full load is possible. The digital control
system was tested and the artifical intelligence software system nearly completed.

Long-term test data from operating the low-NO_ concentric firing system Level-II equipment (one of three air/coal-feed
test configurations) indicated NO, reductions of up to 40% at full load, compared to baseline emissions data. Long-term
data for Level III showed NO, reductions of as much as 48%. Level-I long-term testing indicated NO, reductions of
37% at full load. The project was completed as of June 30, 1994, and the LNCFS is being retained by Gulf Power at its
Plant Lansing Smith.

Operational testing began in July 1993 and will be completed in July 1995. Parametric tests through December 1994
indicated that all catalysts are performing within design specifications, although differences have been noted in NO,
reduction activity, SO, oxidation, physical fouling, and pressure drop.

Due to plant problems and operational and environmental strategy changes, the original host site was no longer suitable
to demonstrate the technology. Other options for a host site are being investigated.
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Exhibit 6-3 (continued)

Status of CCT Demonstration Projects at Year-End 1994—Environmental Control Devices

Project and Participant

Status

SOx-NOx-Rox-Box™ Flue Gas Cleanup Demonstra-
tion Project (The Babcock & Wilcox Company)

Enhancing the Use of Coals by Gas Reburning and
Sorbent Injection (Energy and Environmental
Research Corporation)

Milliken Clean Coal Technology Demonstration
Project (New York State Electric & Gas
Corporation)

Commercial Demonstration of the NOXSO SO,/NO,
Removal Flue Gas Cleanup System (NOXSO
Corporation)

Integrated Dry NO /SO, Emissions Control System
(Public Service Company of Colorado)

Operational testing was completed in May 1993 and the final report was delivered in August 1994. SO, removal
efficiencies were 80% with commercial-grade lime and 90% with hydrated lime (both at 2.0 Ca/S and 800-850 °F) and
80% with sodium bicarbonate (1.0 Na/S, 425 °F). NO, reductions consistently exceeded 90%. Particulate removal
efficiency was 99.8%

Long-term load-following and alternate sorbent testing have been completed at Hennepin, The 50% SO,and 60% NO,
emission reduction objectives were readily exceeded, with 52% SO, and 61% NO, reductions achieved. The final
report covering Hennepin operations is in progress. The average NO,_ reduction during long-term testing at Lakeside
was 67% and SO, removal was 58%.

Construction is several months ahead of schedule. Hydro testing of the scrubber began in November 1994, with passage
of flue gas in December 1994. Equipment shakedown and start-up are expected to begin in January/February 1995.

NOXSO Corporation has selected a new site. Proof-of-concept pilot-plant testing, which had been proceeding in
parallel with project definition, is complete, with results as expected. Preliminary process flow diagrams, piping and
instrumentation diagrams, equipment specifications, and plant arrangement drawings have been prepared.

When used with low-NO_ burners, urea-based SNCR increased total system NO, reduction to greater than 80% at full
load (110 MWe). Long-term testing has demonstrated SO, removal efficiency near 70% using sodium bicarbonate
(1.0 Na/S). Particulate removal was over 99.96%. Since combustion modifications were made in May 1992, the unit
has operated over 20,000 hours, with an availability factor exceeding 96%.
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Exhibit 6-5

Status of CCT Demonstration Projects at Year-End 1994—Industrial Applications

Project and Participant

Status

Blast Furnace Granulated-Coal Injection System
Demonstration Project (Bethlehem Steel Corpora-
tion)

Innovative Coke Oven Gas Cleaning System for
Retrofit Applications (Bethlehem Steel Corporation)

Clean Power from Integrated Coal/Ore Reduction
(COREX®) (Centerior Energy Corporation)

Advanced Cyclone Combustor with Internal Sulfur,
Nitrogen, and Ash Control (Coal Tech Corporation)

Cement Kiln Flue Gas Recovery Scrubber
(Passamaquoddy Tribe)

Demonstration of Pulse Combustion in an Applica-
tion for Steam Gasification of Coal (ThermoChem,
Inc.)

Construction has been completed and preoperational tests were initiated in December 1994 and will continue until May
1995. Operational testing is scheduled to begin in May 1995.

Coke production at Sparrows Point was suspended in December 1991 due to rapid deterioration of the coke ovens. The
coke oven gas cleanup system has been constructed and subsequently mothballed to maintain it until coke-making
resumes.

The project was selected May 4, 1993, and the cooperative agreement is in negotiation. In July 1994, Air Products and
Chemicals, Centerior Energy, and Geneva Steel Company signed an agreement to site the project at Geneva Steel’s mill
in Vineyard, UT.

Project reporting is complete. The cooperative agreement ended September 1991.

Project operations were completed in September 1993 with SO, removal averaging 92%. Final project reports were
delivered in March 1994.

Design verification tests are continuing at MTCI’s Baltimore Test Facility. On October 26, 1994, ThermoChem
requested that DOE consider relocating the project to an alternative host site.
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Exhibit 7-1

Project Fact Sheets, by Application Category

Project Participant Page

Advanced Electric Power Generation

Fluidized-Bed Combustion

PFBC Utility Demonstration Project The Appalachian Power Company 7-8

PCFB Demonstration Project DMEC-1 Limited Partnership 7-10

Four Rivers Energy Modernization Project Four Rivers Energy Partners, L.P. 7-12

Tidd PFBC Demonstration Project The Ohio Power Company 7-14

Nucla CFB Demonstration Project Tri-State Generation and Transmission Association, Inc. 7-16

York County Energy Partners Cogeneration Project York County Energy Partners, L.P. 7-18

Integrated Gasification Combined Cycle

Combustion Engineering IGCC Repowering Project ABB Combustion Engineering, Inc. 7-20

Clean Energy Demonstration Project Clean Energy Partners Limited Partnership 7-22

Pifion Pine IGCC Power Project Sierra Pacific Power Company 7-24

Toms Creek IGCC Demonstration Project TAMCO Power Partners 7-26

Tampa Electric Integrated Gasification Combined-Cycle Project Tampa Electric Company 7-28

Wabash River Coal Gasification Repowering Project Wabash River Coal Gasification Repowering Project Joint Venture 7-30

Advanced Combustion/Heat Engines

Healy Clean Coal Project Alaska Industrial Development and Export Authority 7-32

Coal Diesel Combined-Cycle Project Arthur D. Little, Inc. 7-34

Warren Station Externally Fired Combined-Cycle Demonstration Project Pennsylvania Electric Company 7-36

Environmental Control Devices

NO, Control Technologies

Demonstration of Coal Reburning for Cyclone Boiler NO, Control The Babcock & Wilcox Company 7-40

Full-Scale Demonstration of Low-NO_ Cell Burner Retrofit The Babcock & Wilcox Company 7-42

Evaluation of Gas Reburning and Low-NO, Burners on a Wall-Fired Boiler Energy and Environmental Research Corporation 7-44

Demonstration of Advanced Combustion Techniques for a Wall-Fired Boiler Southern Company Services, Inc. 7-46

180-MWe Demonstration of Advanced Tangentially Fired Combustion Techniques Southern Company Services, Inc. 7-48
for the Reduction of NO, Emissions from Coal-Fired Boilers

Demonstration of Selective Catalytic Reduction Technology for the Control of NO_Emissions Southern Company Services, Inc. 7-50
from High-Sulfur-Coal-Fired Boilers

Micronized Coal Reburning Demonstration for NO, Control on a 175-MWe Wall-Fired Unit Tennessee Valley Authority 7-52
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Exhibit 7-2
Project Fact Sheets, by Participant

Participant Project CCT Page
ABB Combustion Engineering, Inc. Combustion Engineering IGCC Repowering Project I 7-20
ABB Combustion Engineering, Inc., and CQ, Inc. Development of the Coal Quality Expert I 7-80
ABB Environmental Systems SNOX™ Flue Gas Cleaning Demonstration Project II/Complete  7-64
Air Products Liquid Phase Conversion Company, L.P. Commercial-Scale Demonstration of the Liquid-Phase Methanol (LPMEOH™) Process III 7-88
AirPol, Inc. 10-MWe Demonstration of Gas Suspension Absorption III/Complete  7-54
Alaska Industrial Development and Export Authority Healy Clean Coal Project 11X 7-32
The Appalachian Power Company PFBC Utility Demonstration Project II 7-8
Arthur D. Little, Inc. Coal Diesel Combined-Cycle Project v 7-34
The Babcock & Wilcox Company Demonstration of Coal Reburning for Cyclone Boiler NO, Control 1I/Complete  7-40
The Babcock & Wilcox Company Full-Scale Demonstration of Low-NO,_ Cell Burner Retrofit III/Complete  7-42
The Babcock & Wilcox Company LIMB Demonstration Project Extension and Coolside Demonstration I/Complete  7-66
The Babcock & Wilcox Company SOx-NOx-Rox-Box™ Flue Gas Cleanup Demonstration Project II/Complete  7-68
Bechtel Corporation Confined Zone Dispersion Flue Gas Desulfurization Demonstration III/Complete  7-56
Bethlehem Steel Corporation Blast Furnace Granulated-Coal Injection System Demonstration Project m 7-92
Bethlehem Steel Corporation Innovative Coke Oven Gas Cleaning System for Retrofit Applications 11 7-94
Centerior Energy Corporation Clean Power from Integrated Coal/Ore Reduction (COREX®) v 7-96
Coal Tech Corporation Advanced Cyclone Combustor with Internal Sulfur, Nitrogen, and Ash Control I/Complete  7-98
Custom Coals International Self-Scrubbing Coal™: An Integrated Approach to Clean Air 1v 7-82
DMEC-1 Limited Partnership PCFB Demonstration Project m 7-10
Clean Energy Partnership Limited Partnership Clean Energy Demonstration Project \Y% 7-22
ENCOAL Corporation ENCOAL Mild Coal Gasification Project m 7-86
Energy and Environmental Research Corporation Enbancing the Use of Coals by Gas Reburning and Sorbent Injection I/Complete  7-70
Energy and Environmental Research Corporation Evaluation of Gas Reburning and Low-NO, Burners on a Wall-Fired Boiler 111 7-44
Four Rivers Energy Partners, L.P. Four Rivers Energy Modernization Project v 7-12
LIFAC-North America LIFAC Sorbent Injection Desulfurization Demonstration Project III/Complete  7-58
New York State Electric & Gas Corporation Milliken Clean Coal Technology Demonstration Project v 7-72
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PFBC Utility Demonstration
Project

Participant:
The Appalachian Power Company

Additional Team Members:

American Electric Power Service Corporation—
designer, constructor, and manager

The Babcock & Wilcox Company— technology supplier

Location:

New Haven, Mason County, WV (greenfield facility
adjacent to Appalachian Power Company’s Mountaineer
Plant)

Technology:

The Babcock & Wilcox Company’s pressurized
fluidized-bed combustion (PFBC) system (under license
from ABB Carbon) (advanced electric power generation/
fluidized-bed combustion)

Plant Capacity/Production:

340 MWe (net)

Project Funding:

Total project cost $917,944,000 100%
DOE 184,800,000 20
Participant 733,144,000 80

Project Objective:

To demonstrate PFBC at 340 MWe, a large utility scale
representing a four-fold scaleup of the technology, the
world’s largest PFBC, and the first commercial applica-
tion of PFBC in the United States; to assess long-term
reliability, availability, and maintainability of PFBC in a
commercial operating mode and the integration of a
reheat steam cycle.
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Technology/Project Description:

This project will be a greenfield facility located adjacent
to the existing Mountaineer and Sporn plants. The most
noticeable aspect of the unit is that the boiler, cyclones,
reinjection vessel, and associated hardware are encapsu-
lated in a pressure vessel 60 ft in diameter and 100 ft
high.

The project incorporates a bubbling fluidized-bed
process operating at 16 atm (235 1b/in® atm). Pressur-
ized combustion air is supplied by the turbine
compressor to fluidize the bed material (consisting of a
coal-water fuel paste, coal ash, and a dolomite or
limestone sorbent). Dolomite or limestone in the bed
reacts with sulfur to form calcium sulfate, a dry, granular
bed-ash material, which is easily disposed of or used as a

by-product. A low bed-temperature of 1,600 °F limits
NO_formation.

The hot combustion gases exit the bed vessel with
entrained ash particles, 98% of which are removed when
the gases pass through cyclones. An option being con-
sidered is to employ some advanced filtration devices in
the design. The cleaned gases are then expanded
through a 75-MWe gas turbine.

The reheat system turbine operates at a state-of-the-
art pressure and temperature to produce at least
250MW e. Superheated steam will be produced from
pressurized boiler-feed water in the tubes submerged in
the fluidized bed. The projected heat rate for this unit is
8,500 Btu/kWh (40.2% efficiency based on HHV). SO,
emissions are expected to be reduced by 95% and NO_
emissions by 80%.

Advanced Electric Power Generation
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PCFB Demonstration Project

Participant:

DMEC-1 Limited Partnership (a partnership between
Dairyland Power Cooperative and Midwest Power
Systems, Inc. [previously Iowa Power, Inc.])

Additional Team Members:
Pyropower Corporation —technology supplier
Black and Veatch—architect and engineer

Location:
Pleasant Hill, Polk County, IA (Des Moines Energy
Center)

Technology:

Pyropower Corporation’s PYROFLOW pressurized
circulating fluidized-bed combustion (PCFB)
combined-cycle system (advanced electric power
generation/fluidized-bed combustion)

Plant Capacity/Production:

80 MWe

Project Funding:

Total project cost $202,959,000 100%
DOE 93,253,000 46
Participants 109,706,000 54

Project Objective:

To demonstrate PCFB at sufficient scale to evaluate
environmental, cost, and plant performance and to obtain
the technical data required for commercialization of the
technology; to assess operating performance of unique
features that include an integral ceramic hot-gas filter
and slightly modified, commercially available gas
turbine.
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Technology/Project Description:
In the PCFB process, coal is combusted at about
1,600 °F and 12 atm in a circulating fluidized bed con-
tained within a pressure vessel. Coal is pumped into the
PCFB via a water slurry while dolomite or limestone is
added to the combustion process to absorb sulfur com-
pounds. Particulates from the hot, pressurized combus-
tion gases are removed by a ceramic filter, and the clean
gases are then expanded through a gas turbine. The
solid waste (bed and fly ash) from the process is dry,
easily disposed of, and potentially usable. Steam gener-
ated within the PCFB combustor and the heat recovery
system downstream of the gas turbine is used to generate
power in an existing steam turbine.

The project would be the world’s first large-scale
demonstration of PCFB technology. The project also

would be the first commercial application of hot gas
cleanup and the first use of a nonruggedized gas turbine
in a pressurized fluidized-bed application.

Advanced Electric Power Generation



I 661 21opdp) wpa3oayg

-a1qesn A[penusjod 1o ajqesodsip
SI [eLIojeW AIp 9y} Jnq ‘SWA)SAS [BUONUIAUOD 0] pared
-uI09 se AJYJI[S 9SeaI0ul f[IM S)Sem PI[OS ‘tyg Uoljjiw
/41 €£0°0 ueyy ssay oSxeyosip Jepew sjenonted pue ‘mg
UO[[1U/q] €0 ULy} SSI SUOISSIUS "ON ‘%6 JO [eaow
-01 INJ[NS }IS-UI SPNJOUL S3INGIIIE [RJUSWUOIIAUL
*KOUaIoIf}o 9,8 74 01 sajenba yorym (AHH U0 paseq)
UM/ $96°L ST WI0ISAS SIY) 10J 9381 183y 19U pjosf
-oxd oy, ‘seurqin) sed o[qejieae A[[RIOIOWWOD SZI[UN
Aqny 03 J0)snquuoo Juiddo) e Jo uonesdajul oY) apnjoUL
[11s AFojouro9) g,1Dd JO UOISIOA JRIDISUIIOD Y,
‘pajersuag £310u9 Jo jrun Jod sjuawrasinbal
aoeds saonpai yoiym ‘uonerado pazunssard o) anp s590
-o1d ay Jo ssowoedwios oy st suonesidde Furromodaa
0] aSejueApe JojoUy 'SSUIGIN) Wedls pue ‘Juatudinbs
Suipuey-ajsem pue -[eod Supsixe Sursn syueld Jomod
-21 0} Jo/pue PMoI3 peo] yoyew 0} Lyroedes Jo syuow
-210UI [2OIUOU022 ppe 0} sanjin yuuad syuejd Suge

-19u93 g.I0d “Aiqedes uononsuod Ienpo Jo asnedag

‘10818] 30 9PN 0S Jo suonesrjdde [emsnpur pue Ajnn

UONDADUBD) J2MO D14JD3]T PIUDADY

10J pajns 1s9q 2q 0} sxeadde ASojouosy g,10d siuejd
Jamod [euonuaauod aoe[da1 10 1amodal 03 pasn oq ued
€04 ‘walsAs paq-Suriqqnq dt oI ‘wIsks DEId PAq
-3urqqnq 2y Yyim 93odwod pnom pue ‘s[eod angns-ysiy
Surpnyour ‘s[e0d Jo 93ueI 9PIM B JO UOHSNQUIOD JY) SHIU
-1od wo)sAs g1 d S[OA0-pauIqUIOD J[], SSSUIPLaI [BIo
-IWWod 0} gD d Suraow premoy suojs Jurddass e pue
juepd 1081e] © 0) dn Surpess 0] 93plIq € se saAISS J0af01d
sty “ooueurrojrad pue Aiqerfal jued Sunensuowsp Ag
:suoneoddy |eloswwo)

*p1oy uo paoe[d ussq aaey suonoe VJgN ‘suejd

s uedronred o Jo uonerdwos Suipuag ‘suerd uone
-NUIIU0d aZ[jeur} pue 392fo1d o1 SIMONHSAI 0 SULL [BUON
-1ppe yim juedionsed oy ap1aoid o ‘pg61 ‘1€ 1990190
UO PanssI Sem UOISUIXS JIUOW- ¥ *21n3onys joafoid
o) pajoeduur ser OINOS[H pue Sen SIOUI[[-eMO] pue
“5oMOJ ISIMPIIA Jo Juared ‘pojerodioou] s90In0sY 1S9M
-PIAl t9amIaq JoF1oml pauue]d B JO JUSUWIOOUNOUUR 466
1sn8ny uy “Aem Iopun oIe sonIAnoe udissp Areuruolg
:sjuswysijdwosoy/sniels 10afold

ajep pajoafoid,
16/1/8 pepleme
juawealbe aAyeIadoo)
68/61/21
{11~L00) 1osload
paypeles 30d
Jabraw pauueyd jo jinsal
© SB pasinal aq 0] SIUOISII 910N 4
:m_mmn,_', , B piemeald |
L6/8 68/cClL
¢ t Iy €& ¢ vy € ¢ € @ v € 2 L|¥ € 2 v|¥ € 2 L{v & 2 V|¥ € 2 L]V €& 2 Liv €
0002 6661 8661 1661 9661 S661 661 €661 2661 1661 0661
1B9A Jepuaje)




Four Rivers Energy
Modernization Project

Participant:

Four Rivers Energy Partners, L.P. (a limited partnership
between Four Rivers Energy Partners (I), Inc., and Air
Products and Chemicals, Inc.)

Additional Team Members:

Foster Wheeler Energy Corporation—combustor,
carbonizer, heat exchanger supplier; engineering

Westinghouse Electric Corporation—gas turbine,
topping combustor, carbonizer filter, and alkali
removal system supplier

LLB Lurgi Lentjes Babcock Energietechnick GmbH—
combustor filter, slurry feed, and ash removal system
supplier

Location:

Calvert City, Marshall County, KY (adjacent to Air
Products and Chemicals’ chemicals manufacturing
plant)

Technology:

Foster Wheeler’s fully integrated second-generation
pressurized circulating fluidized-bed (PCFB) combustion
system (advanced electric power generation/fluidized-
bed combustion)

Plant Capacity/Production:
95 MWe (equivalent if all steam were converted)

Project Funding:

Total project cost $360,707,500 100%
DOE 142,460,000 39
Participants 218,247,500 61

Project Objective:

To demonstrate PCFB technology at a sufficient scale to
evaluate the environmental, cost, and plant performance
technical data that is prerequisite to commercialization of
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the technology; to assess operating performance of the
world’s first fully integrated second-generation PCFB
system that includes a combustor, carbonizer, ceramic
hot-gas filtration systems, topping combustor, and a

slightly modified, commercially available gas turbine.

Technology/Project Description:

Coal is fed to a pressurized carbonizer that produces a
low-Btu fuel gas and char. After the fuel gas is cleaned
of particulates by a cyclone, ceramic filter, and alkali
removal system, it is burned in a topping combustor to
drive a gas turbine. The gas turbine drives a generator
and a compressor that delivers air to the carbonizer and
to a PCFB combustor. Additional coal and the
carbonizer char are burned in the PCFB combustor, and
the flue gas passes through ceramic filtration and alkali

removal units and then is mixed with the carbonizer fuel
gas for combustion in the topping combustor. A steam
turbine is driven by steam generated in (1) the heat re-
covery steam generator, which is located downstream of
the gas turbine, (2) an integrated ash-cooling heat ex-
changer, and (3) the PCFB combustor.

At the Calvert City chemical manufacturing plant,
the second-generation PCFB process will replace the
steam-generating capacity of two operating industrial
process boilers. These two industrial units are spreader-
stoker coal-fired units which were installed in the late
1950s. This equipment change will result in significant
reductions in the current emissions of pollutants. The
facility will use about 870 tons/day of 2.4-3.5% sulfur
bituminous coals from western Kentucky and southern
Hlinois,

Advanced Electric Power Generation
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Tidd PFBC Demonstration
Project

Participant:
The Ohio Power Company

Additional Team Members:

Amercian Electric Power Service Corporation—designer,
constructor, and manager

The Babcock & Wilcox Company—technology supplier

Ohio Coal Development Office—cofunder

Location:
Brilliant, Jefferson County, OH (Ohio Power
Company’s Tidd Plant, Unit 1)

Technology:

The Babcock & Wilcox Company’s pressurized fluid-
ized-bed combustion (PFBC) system (under license from
ABB Carbon) (advanced electric power generation/
fluidized-bed combustion)

Plant Capacity/Production:

70 MWe

Project Funding:

Total project cost $189,886,339 100%
DOE 66,956,993 35
Participants 122,929,346 65

Project Objective:

To demonstrate PFBC at a 70-MWe scale, representing a
13:1 scaleup from the pilot plant facility; to verify expec-
tations of the technology’s economic, environmental, and
technical performance in a combined-cycle repowering
application at a utility site; and to accomplish greater
than 90% SO, removal, NO,_ emission level of 0.2 Ib/
million Btu, and an efficiency of 35% in a repowering

mode using the existing steam system.
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Technology/Project Description:
Tidd is the first large-scale demonstration of PFBC in
the United States and one of only five worldwide. The
boiler, cyclones, bed reinjection vessels, and associated
hardware are encapsulated in a pressure vessel 45 ft in
diameter and 70 ft high. The facility was designed so
that one-seventh of the hot gases produced could be
routed to a slipstream to test advanced filtration devices.
The Tidd facility is a bubbling fluidized-bed com-
bustion process operating at 12 atm (175 lbs/in? atm).
Pressurized combustion air is supplied by the turbine
compressor to fluidize the bed material which consists of
a coal-water fuel paste, coal ash, and a dolomite or lime-
stone sorbent. Dolomite or limestone in the bed reacts
with sulfur to form calcium sulfate, a dry, granular bed-
ash material which is easily disposed of or is usable as a

by-product. A low bed-temperature of 1,600 °F limits
NO, formation.

The hot combustion gases exit the bed vessel with
entrained ash particles, 98% of which are removed when
the gases pass through cyclones. The cleaned gases are
then expanded through a 15-MWe gas turbine. The
gases exiting the turbine are cooled via a waste heat
economizer and further cleaned in an electrostatic
precipitator.

The Tidd steam turbine operates at a pressure of
1,305 Ibs/in? atm and a temperature of 925 °F to produce
approximately 55 MWe. Superheated steam is produced
from pressurized boiler feed water in the in-bed combus-
tor tubes. Steam generated within the combustor and the
heat recovery system downstream of the gas turbine is
used to generate power in a previously existing steam

Advanced Electric Power Generation
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Nucla CFB Demonstration
Project

Project completed.

Participant:
Tri-State Generation and Transmission Association, Inc.
(formerly Colorado-Ute Electric Association, Inc.)

Additional Team Members:

Pyropower Corporation—technology supplier
Technical Advisory Group (potential users)—cofunder
Electric Power Research Institute—technical support

Location:
Nucla, Montrose County, CO (Nucla Station)

Technology:

Pyropower’s atmospheric circulating fluidized-bed
combustion (ACFB) system (advanced electric power
generation/fluidized-bed combustion)

Plant Capacity/Production:

110 MWe

Project Funding:

Total project cost $54,087,000 100%
DOE 19,920,000 37
Participants 34,167,000 63

Project Objective:

To demonstrate ACFB at a scale of 110 MWe, repre-
senting a 2:1 scaleup from previously demonstrated
capacities; to verify expectations of the technology’s
economic, environmental, and technical performance in
a repowering application at a utility site; to accomplish
greater than 90% SO, removal; to reduce NOQ, emissions
by 60%; and to achieve an efficiency of 34% in a re-
powering mode.
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Technology/Project Description:

Nucla’s circulating fluidized-bed system operates at
atmospheric pressure. In the combustion chamber, a
stream of air fluidizes and entrains a bed of coal, coal
ash, and sorbent (e.g., limestone). Relatively low com-
bustion temperatures limit NO_formation. Calcium in
the sorbent combines with SO, gases, and solids exit the
combustion chamber and flow into a hot cyclone. The
cyclone separates the solids from the gases, and the
solids are recycled for combustor temperature control,
Continuous circulation of coal and sorbent improves
mixing and extends the contact time of solids and gases,
thus promoting high utilization of the coal and high
sulfur capture efficiency. Heat in the flue gas exiting the
hot cyclone is recovered in the economizer. The flue gas

passes through a baghouse where the particulate matter
is removed. The steam generated in the ACFB is used to
generate electric power.

Three small, coal-fired, stoker-type boilers at Nucla
Station were replaced with a new 925,000-1bs/hr ACFB
steam generator capable of driving a new 74-MWe tur-
bine generator. Extraction steam from this turbine gen-
erator powers three existing turbine generators
(12 MWe each). Three western coals were tested:
Peabody coal (0.4-0.8% sulfur), Dorchester coal (1.5%
sulfur), and Salt Creek coal (0.5% suflur).

In 1992, Colorado-Ute Electric Association, Inc.,
the owner of Nucla Station, was purchased by Tri-State
Generation and Transmission Association, Inc.

Advanced Electric Power Generation
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York County Energy Partners
Cogeneration Project

Participant:
York County Energy Partners, L.P. (a limited partnership
which includes Air Products and Chemicals, Inc.)

Additional Team Members:

P.H. Glatfelter Company—site host

Foster Wheeler Energy Corporation —technology
supplier

Location:
North Codorus Township, York County, PA (greenfield
site)

Technology:

Foster Wheeler’s atmospheric circulating fluidized-bed
(ACFB) combustor (advanced electric power generation/
fluidized-bed combustion)

Plant Capacity/Production:
227 MWe (net) and 400,000 lbs/hr steam

Project Funding:

Total project cost $379,645,450 100%
DOE 74,733,833 20
Participant 304,911,617 80

Project Objective:

To demonstrate ACFB at 250 MWe, representing a 1.7:1
scaleup from previously constructed facilities; to verify
expectations of the technology’s economic, environmen-
tal, and technical performance in a greenfield cogenera-
tion application; and to provide cogenerators, as well as
utility and nonutility power producers, with the data
necessary for evaluating a 250-MWe ACFB as a com-
mercial alternative to accomplish greater than 90% SO
removal, to reduce NO,_ emissions by 60% when com-
pared with conventional technology, and to achieve a
steam efficiency of 88%.
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Technology/Project Description:

In this project, the circulating fluidized-bed combustor
operates at atmospheric pressure. Coal, primary air, and
a solid sorbent, such as limestone, are introduced into the
lower portion of the combustor where initial combustion
occurs. As coal particles decrease in size due to combus-
tion and breakage, they are carried higher in the combus-
tor to an area where secondary air is introduced. As the
coal particles continue to be reduced in size, the coal,
along with some of the sorbent, is carried out of the
combustor, collected in a particle separator, and recycled
to the lower portion of the combustor. The sorbent in the
bed removes sulfur during the combustion process,
eliminating the need for scrubbers.

Steam is generated in tubes placed along the
combustor’s walls and superheated in tube bundles
placed in the solids-circulating stream and the flue gas
stream. The steam is then used to produce power in a
conventional steam cycle.

The project will demonstrate ACFB in a 250-MWe
greenfield cogeneration application in York County, PA.
The participant has an electrical power purchase agree-
ment with Metropolitan Edison Company to supply up to
227 MWe and a steam purchase agreement with the
P.H. Glatfelter Company to supply steam to the paper-
making facility located adjacent to the project site.

The heat rate for this cogeneration plant is expected
to be 9,200 Btu/kWh (37% efficiency). Expected SO,
emissions from this demonstration plant are below

Advanced Electric Power Generation
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Combustion Engineering
IGCC Repowering Project

Participant:
ABB Combustion Engineering, Inc.

Additional Team Members:

City Water, Light and Power—cofunder and host utility

State of Illinois, Department of Energy and Natural
Resources—cofunder

Location:
Springfield, Sangamon County, IL (City Water, Light
and Power’s Lakeside Station, Unit 7)

Technology:

ABB Combustion Engineering’s integrated gasification
combined-cycle (IGCC) system (advanced electric power
generation/integrated gasification combined cycle)

Plant Capacity/Production:

65 MWe (net)

Project Funding:

Total project cost $270,700,000 100%
DOE 129,357,204 48
Participants 141,342,796 52

Project Objective:

To demonstrate an advanced dry-feed, air-blown, two-
stage, entrained-flow coal gasifier with a moving-bed,
zinc titanate, hot-gas cleanup system; to assess long-
term reliability and maintainability of the system at a
sufficient scale to determine commercial potential.
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Technology/Project Description:

Pressurized pulverized coal is pneumatically transported
to the gasifier. The gasifier essentially consists of a
bottom combustor section and a top reductor section.
Coal is fed into both sections. A slag tap at the bottom
of the combustor allows molten slag to flow into a water-
filled quench tank.

The raw, low-Btu gas and char leave the gasifier at
approximately 2,000 °F and are reduced in temperature
to about 1,000 °F in a heat exchanger. Char in the gas
stream is captured by a high-efficiency cyclone, as well
as by a subsequent fine-particulate removal system, and
recycled back to the gasifier.

A newly developed process consisting of a moving
bed of zinc titanate sorbent is being used to remove

sulfur from the hot gas. Particulate emissions are re-
moved from the coal-handling system and gas stream by
a combination of cyclone separators and baghouses, and
ahigh percentage of particulates are fed back to the
gasifier for more complete reaction and ultimate removal
with the slag.

The cleaned low-Btu gas is routed to a combined-
cycle system for electric power production. About
40MW e (net) are generated by a gas turbine. Extracted
air from the gas turbine is used to meet the high-pressure
air requirements of the gasifier and the zinc titanate
desulfurization system. Exhaust gases from the gas
turbine are used to produce steam which is fed to a bot-
toming cycle to generate an additional 25 MWe (net).

The demonstration project is converting 600 tons/
day of coal into 65 MWe. This is being accomplished

Advanced Electric Power Generation
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Clean Energy Demonstration
Project

Participant:

Clean Energy Partners Limited Partnership (a limited
partnership consisting of Clean Energy Genco, Inc., an
affiliate of Duke Energy Corp.; Makowski Clean Energy
Investors, Inc.; British Gas Americas, Inc.; and an affili-
ate of the General Electric Company)

Additional Team Members:

Duke Engineering & Services, Inc.—engineer and
constructor

General Electric Company—power island designer and
supplier

British Gas Americas, Inc., affiliate in conjunction with
Lurgi Energie and Umwelt GmbH—gasification
island designer

Fuel Cell Engineering Corporation—molten carbonate
fuel cell designer and supplier; cofunder

Electric Power Research Institute—cofunder

National Rural Electric Cooperative Association—
cofunder

Deutsche Aerospace AG—cofunder

Location:
An east coast site

Technology:

Integrated gasification combined-cycle (IGCC) using
British Gas/Lurgi (BG/L) slagging fixed-bed gasification
system coupled with Fuel Cell Engineering's molten
carbonate fuel cell (MCFC) (advanced electric power
generation/integrated gasification combined cycle)

Plant Capacity/Production:
477-MWe (net) IGCC; 1.25-MWe MCFC
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Project Funding: gasification, the oxygen and steam react with the coal
Total project cost $841,096,189 100% and limestone to produce a raw coal gas rich in hydrogen
DOE 183,300,000 22 and carbon monoxide. Raw coal gas exiting the gasifier
Participants 657,796,189 78 is washed and cooled. Hydrogen sulfide and other sulfur

Project Objective:

To demonstrate and assess the reliability, availability,
and maintainability of a utility-scale IGCC system using
high-sulfur bituminous coal in an oxygen-blown, fixed-
bed, slagging gasifier and the operability of a molten
carbonate fuel cell fueled by coal gas, by an independent
power producer under commercial terms and conditions.

Technology/Project Description:
The BG/L gasifier is supplied with steam, oxygen, lime-
stone flux, and coals having a high fines content. During

compounds are removed. Elemental sulfur is reclaimed
and disposed of as a by-product. Tars, oils, and dust are
recycled to extinction in the gasifier. The resulting clean,
medium-Btu fuel gas is used to fuel the gas turbine in
the IGCC power island. A small portion of the clean gas
is used for the MCFC.

The MCFC is composed of a molten carbonate
clectrolyte sandwiched between porous anode and cath-
ode plates. Fuel (desulfurized, heated medium-Btu gas)
and steam are fed continuously into the cathode. Electri-
cal reactions produce direct electric current which is
converted to alternating power in an inverter.

Advanced Electric Power Generation
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Pinon Pine IGCC Power
Project

Participant:
Sierra Pacific Power Company

Additional Team Members:

Foster Wheeler USA Corporation—architect, engineer,
and constructor

The M.W. Kellogg Company—technology supplier

Location:
Reno, Storey County, NV (Sierra Pacific Power
Company’s Tracy Station)

Technology:

Integrated gasification combined-cycle (IGCC) using the
KRW air-blown, pressurized, fluidized-bed coal
gasification system (advanced electric power generation/
integrated gasification combined cycle)

Plant Capacity/Production:

99 MWe (net)

Project Funding:

Total project cost $269,993,100 100%
DOE 134,996,550 50
Participant

134,996,550 50

Project Objective:

To demonstrate air-blown, pressurized, fluidized-bed
IGCC technology incorporating hot gas cleanup; to
evaluate a low-Btu gas combustion turbine; and to assess
long-term reliability, availability, maintainability, and
environmental performance at a scale sufficient to deter-
mine commercial potential.
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Technology/Project Description:
Dried and crushed coal is introduced into a pressurized,
air-blown, fluidized-bed gasifier. Crushed limestone is
added to the gasifier to capture a portion of the sulfur and
to inhibit conversion of fuel nitrogen to ammonia. The
sulfur reacts with the limestone to form calcium sulfide
which, after oxidation, exits along with the coal ash in
the form of agglomerated particles suitable for landfill.
Hot, low-Btu coal gas leaving the gasifier passes
through cyclones which return most of the entrained
particulate matter to the gasifier. The gas, which leaves
the gasifier at about 1,700 °F, is cooled to about 1,100 °F
before entering the hot-gas cleanup system. During
cleanup, virtually all of the remaining particulates are
removed by ceramic candle filters, and final traces of
sulfur are removed by reaction with metal oxide sorbent.

The hot, cleaned gas then enters the combustion
turbine which is coupled to a generator designed to pro-
duce 61 MWe (gross). Exhaust gas is used to produce
steam in a heat recovery steam generator. Superheated
high-pressure steam drives a condensing steam turbine-
generator designed to produce about 46 MWe (gross).

Due to the relatively low operating temperature of
the gasifier and the injection of steam into the combus-
tion fuel stream, the NO, emissions are 0.069 Ib/million
Btu (94% reduction). Due to the combination of in-bed
sulfur capture and hot gas cleanup, SO, emissions are
0.069 Ib/million Btu (90% reduction).

In the demonstration project, 880 tons/day of coal
are converted into 107 MWe (gross), or 99MW e (net),
for export to the grid. Western bituminous coal
(0.5-0.9% sulfur) from Utah is the design coal; tests

Advanced Electric Power Generation
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Toms Creek IGCC
Demonstration Project

Participant:

TAMCO Power Partners (a partnership between TP
[TAMCO] Company, a subsidiary of Tampella Power
Corporation, and CP [TAMCO] Company, a subsidiary
of Coastal Power Production Company)

Additional Team Member:
Institute of Gas Technology—technology developer and
consultant

Location:
Coeburn, Wise County, VA (Virginia Iron, Coal, and
Coke Company’s Toms Creek Mine)

Technology:
Integrated gasification combined-cycle (IGCC) using the
Tampella U-GAS® fluidized-bed gasification system

Plant Capacity/Production:
190 MWe (55 MWe IGCC and 135 MWe pulverized
coal) (net)

Project Funding:

Total project cost $196,570,000 100%
DOE 95,000,000 48
Participant 101,570,000 52

Project Objective:

To demonstrate an air-blown, fluidized-bed gasification,
combined-cycle technology, incorporating hot gas
cleanup, for generating electricity and to assess the
system’s environmental and economic performance for
meeting future energy needs. Also to demonstrate the
newly developed zinc titanate fluidized-bed hot-gas
cleanup technology.

U-GAS is a registered trademark of the Institute of Gas Technology.
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Technology/Project Description:

Coal is gasified in a pressurized, air-blown, fluid-
ized-bed gasifier in the presence of a calcium-based
sorbent. About 90% sulfur removal is accomplished in
the gasifier. Solids entrained in the gas are collected by
cyclones in two stages. The low-Btu gas, which leaves
the secondary cyclone at 1,800—1,900 °F, is cooled to
about 1,000 °F before entering the post-gasifier desulfu-
rization unit where zinc titanate is used to remove nearly
all of the remaining sulfur in the gas. This is accom-
plished in two fluidized beds. In the first bed, the sulfur
is absorbed by the zinc titanate; the zinc titanate is
regenerated in the second bed. In the final hot-gas-
cleaning step, a ceramic candle filter removes particu-
lates. The gas is then sent to the gas turbine combustor
which has been modified to burn low-Btu gas.

Hot exhaust gases from the gas turbine are directed
to a heat recovery steam generator. The steam generated
is used both for driving a conventional steam turbine
generator to produce additional electricity and to provide
steam for the gasification reaction.

About 430 tons/day of bituminous coal are con-
verted into 55 MWe by the gas turbine. A conventional
pulverized coal boiler produces another 135 MWe
through the shared steam turbine generator. Also,
50,000 Ibs/hr of steam is generated for export to a coal
preparation plant located next to the demonstration facil-
ity. The electric power is sold to a utility.

The facility is a greenfield plant located outside
Coeburn, VA, next to the Toms Creek Mine owned by
Virginia Iron, Coal, and Coke Company, a subsidiary of
Coastal Power Production Company.

Advanced Electric Power Generation
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Tampa Electric Integrated
Gasification Combined-Cycle
Project

Participant:
Tampa Electric Company

Additional Team Members:

Texaco Development Corporation—gasification
technology supplier

General Electric Company—combined-cycle technology
supplier

GE Environmental Systems, Inc.—hot-gas cleanup
technology supplier

TECO Power Services Corporation—project manager
and marketer

Bechtel Power Corporation—architect and engineer

Location:
Lakeland, Polk County, FL (Tampa Electric Company’s
Polk Power Station, Unit 1)

Technology:

Integrated gasification combined-cycle (IGCC) system
’s pressurized, oxygen-blown, entrained-
flow gasifier technology and incorporating both conven-
tional, low-temperature acid-gas removal and hot-gas
moving-bed desulfurization (advanced electric power
generation/integrated gasification combined cycle)

using Texaco

Plant Capacity/Production:

250 MWe (net)

Project Funding:

Total project cost $260,706,446 100%
DOE 130,353,223 50
Participant 130,353,223 50

Project Objective:
To demonstrate the IGCC technology in a greenfield,
commercial, clectric utility application at the 250-MWe
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size with a Texaco gasifier. To demonstrate the inte-
grated performance of a metal oxide hot-gas cleanup
system, conventional cold-gas cleanup, and an advanced
gas turbine with nitrogen injection (from the air separa-
tion plant) for power augmentation and NO, control.

Technology/Project Description:

Texaco’s pressurized, oxygen-blown, entrained-flow
gasifier is used to produce a medium-Btu fuel gas. Coal/
water slurry and oxygen are combined at high tempera-
ture and pressure to produce a high-temperature syngas.
Molten coal-ash flows out of the bottom of the vessel and
into a water-filled quench tank where it is turned into a
solid slag. The syngas from the gasifier moves to a high-
temperature heat-recovery unit which cools the gases.

The cooled gases flow to a particulate-removal
section before entering gas-cleanup trains. A portion of
the syngas is passed through a moving bed of metal
oxide absorbent to remove sulfur. The remaining syngas
is further cooled through a series of heat exchangers
before entering a conventional gas-cleanup train where
sulfur is removed by an acid-gas removal system. These
cleanup systems combined are expected to maintain
sulfur levels below 0.21 Ib/million Btu (96% capture).
The cleaned gases are then routed to a combined-cycle
system for power generation. A gas turbine generates
about 192 MWe. Thermally generated NO_ is controlled
to below 0.27 Ib/million Btu by injecting nitrogen as a
ditutent in the turbine’s combustion section. A heat-
recovery steam-generator uses heat from the gas-turbine
exhaust to produce high-pressure steam. This steam,

Advanced Electric Power Generation
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Wabash River Coal
Gasification Repowering
Project

Participant:

Wabash River Coal Gasification Repowering Project
Joint Venture (a joint venture of Destec Energy, Inc., and
PSI Energy, Inc.)

Additional Team Members:

PSI Energy, Inc.—host utility

Destec Energy, Inc.—engineer, gas plant operator, and
technology supplier

Location:
West Terre Haute, Vigo County, IN (PSI Energy’s
Wabash River Generating Station, Unit 1)

Technology:

Integrated gasification combined-cycle (IGCC) using
Destec’s two-stage, entrained-flow gasification system
(advanced electric power generation/integrated
gasification combined cycle)

Plant Capacity/Production:

262 MWe (net)

Project Funding:

Total Project cost $438,200,000 100%
DOE 219,100,000 50
Participant 219,100,000 50

Project Objective:

To demonstrate utility repowering with a two-stage,
oxygen-blown IGCC system, including advancements in
the technology relevant to the use of high-sulfur bitumi-
nous coal, and to assess long-term reliability, availability,
and maintainability of the system at a fully commercial
scale.
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Technology/Project Description:

Coal is ground, slurried with water, and gasified in a
pressurized, two-stage (slagging first stage and non-
slagging entrained flow second stage), oxygen-blown,
gasifier. The product gas is cooled through heat ex-
changers and passed through a conventional cold gas
cleanup system which removes particulates, ammonia,
and sulfur. The clean, medium-Btu gas is then reheated
and burned in an advanced 192-MWe (gross) gas tur-
bine. Hot exhaust from the gas turbine is passed through
a heat recovery steam generator to produce high-pressure
steam. High-pressure steam is also produced from the
gasification plant and superheated in the heat recovery
steam generator. The combined high-pressure steam
flow is supplied to an existing 104-MWe (gross) steam
turbine.

The process has the following subsystems: a coal-
grinding and slurry system, an entrained-flow coal gas-
ifier, a syngas heat recovery system, a cold gas cleanup
system which produces a marketable sulfur by-product, a
combustion turbine capable of using coal-derived fuel
gas, a heat recovery steam generator, and a repowered
steam turbine.

One of six units at PSI Energy’s Wabash River
Generating Station, located in West Terre Haute, IN, is
being repowered. The demonstration unit will be de-
signed to generate 262 MWe (net) using 2,544 tons/day
of high-sulfur (2.3-5.9% sulfur), Illinois Basin bitumi-
nous coal. The anticipated heat rate for the repowered
unit is approximately 9,000 Btu/kWh (38% efficiency).
Using high-sulfur bituminous coal, SO, emissions are
expected to be less than 0.1 1b/million Btu (98% reduc-
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Healy Clean Coal Project

Participant:
Alaska Industrial Development and Export Authority

Additional Team Members:

Golden Valley Electric Association—host utility

Stone and Webster Engineering Corp.—
engineer

TRW, Inc.—technology supplier

Joy Technologies, Inc.—technology supplier

Location:
Healy, Denali Borough, AK (adjacent to Healy Unit #1)

Technology:

TRW?’s advanced entrained (slagging) combustor

Joy Technologies’ spray dryer absorber with sorbent
recycle

(advanced electric power generation/advanced
combustion/heat engines)

Plant Capacity/Production:
50 MWe (nominal electric output)

Project Funding:

Total project cost $242,058,000 100%
DOE 117,327,000 48
Participant 124,731,000 52

Project Objective:

To demonstrate an innovative new power plant design
featuring integration of an advanced combustor and heat
recovery system coupled with both high- and low-tem-
perature emissions control processes.
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Technology/Project Description:
The project is to be a nominal 50-MWe facility consist-
ing of two pulverized-coal-fired combustor systems.
Emissions of SO, and NO, will be controlled using
TRW’s slagging combustion systems with staged fuel
and air, a boiler that controls fuel- and thermal-related
conditions, and limestone injection. Further SO, will be
removed using Joy’s activated recycle spray dryer ab-
sorber system. Performance goals are NO_emissions of
less than 0.2 lb/million Btu, particulates of 0.015 1b/
million Btu, and SO, removal greater than 90%. The
performance coal consists of 50% run-of-mine and 50%
waste coal, with the waste coal having a lower heating
value and significantly more ash.

A coal-fired precombustor increases the air inlet
temperature for optimum slagging performance. The

TRW slagging combustors are bottom-mounted on the
boiler hopper. The main slagging combustor consists of
a water-cooled cylinder which slopes toward a slag open-
ing. The precombustor burns 25-40% of the total coal
input. The remaining coal is injected axially into the
combustor, rapidly entrained by the swirling precom-
bustor gases and additional air flow, and burned under
substoichiometric (fuel-rich) conditions for NO_control.
The ash forms drops of molten slag which accumulate on
the water-cooled walls and are driven by aerodynamic
and gravitational forces through a slot into the slag re-
covery section, About 70-80% of the coal’s ash is re-
moved as molten slag. The hot gas is then ducted to the
furnace where, to ensure complete combustion, addi-
tional air is supplied from the tertiary air windbox to

NO ports and to final over-fire air ports.

X
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Coal Diesel Combined-Cycle
Project

Participant:
Arthur D. Little, Inc.

Additional Team Members:

Ohio Coal Development Office—cofunder

The Easton Utilities Commission—host

Cooper Energy Services (Cooper-Bessemer
Reciprocating Products Division is a division of
Cooper Energy Services which is owned by Cooper
Industries.)—engine supplier and commercializer

CQ, Inc.—coal-slurry supplier

PSI—cleanup system designer

AMBAC International—coal-water fuel injection system
components supplier

Location:
Easton, Talbot County, MD (The Easton Utilities
Commission’s Plant #2)

Technology:

Cooper-Bessemer’s coal-fueled diesel engine combined-
cycle (CDCC) system (advanced electric power genera-
tion/advanced combustion/heat engines)

’

Plant Capacity/Production:

14 MWe (net)

Project Funding:

Total project cost $38,309,516 100%
DOE 19,154,758 50
Participant 19,154,758 50

Project Objective:

To demonstrate an advanced, coal-fueled diesel engine
combined-cycle system based on Cooper-Bessemer’s
LSB/LSVB diesel engine series. To provide critical data
on the performance, reliability, and wear information of
all major subsystems.
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Technology/Project Description:

The project involves modifying two Cooper-Bessemer
medivm-speed (400 rpm) diesel engines (6.3 MWe each)
to operate on coal-water fuel. Engine modifications
include a larger camshaft and fuel cams, modified engine
block, hardened piston rings and liners, and hardened
turbocharger blades. The CDCC system utilizes a coal-
water fuel with a nominal 50% solids loading with a 2%
ash clean coal. The clean coal is ground and slurried
with water and then injected into each of the engine’s 20
cylinders. The exhaust gases from the engine pass
through an integrated emission-control system capable of
reducing pollutants while protecting the engine’s turbo-
charger and maintaining high engine and overall system
efficiency (45%). The exhaust gases pass through a heat
recovery steam boiler coupled to a steam turbine and

generator to supply an additional 1.4 MWe. Critical data
on performance, reliability, and wear are being collected
for all major subsystems including the coal-water fuel
metering and injection system, medium-speed diesel,
lube oil protection system, exhaust cyclone, turbocharger,
heat recovery steam boiler, steam turbine, and exhaust
emission cleanup system.

The exhaust emission cleanup system incorporates
cyclones to remove the larger particulates, a selective
catalytic recovery system for NO, control, a duct sorbent
injection system for SO, control, and baghouse for final
collection of ash particulates and spent sorbent.

The demonstration site is The Easton Utilities
Commission’s Plant #2 in Easton, MD. Planned for use
in making the coal-water fuel is an Ohio bituminous coal

Advanced Electric Power Generation
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Warren Station Externally
Fired Combined-Cycle
Demonstration Project

Participant:
Pennsylvania Electric Company

Additional Team Members:
Hague International—technology developer and supplier
Black & Veatch—engineer and construction manager

Location:
Warren, Warren County, PA (Pennsylvania Electric
Company’s Warren Station, Unit 2)

Technology:

Hague International’s externally fired combined-cycle
(EFCC) system using a novel, high-temperature, ceramic
gas-to-air heat cxchanger (advanced clectric power
generation/advanced combustion/heat engines)

Plant Capacity/Production:

62.4 MWe (net)

Project Funding:

Total project cost $146,832,000 100%
DOE 73,416,000 50
Participant 73,416,000 50

Project Objective:

To demonstrate an externally fired combined-cycle sys-
tem through the use of a novel ceramic heat exchanger
and to assess the system’s environmental and economic
performance for meeting future energy needs. Along
with the heat exchanger, the system will demonstrate a
ceramic slag screen for removal of combustion by-prod-
ucts from the product gas prior to entering the heat ex-
changer; a staged, wet bottom, low-NO, combustor; and

Cerlix is a registered trademark of Hague International.
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the integration of the above with a gas turbine and a
steam turbine.

Technology/Project Description:

In this project, an existing coal-fueled steam plant is
being repowered by adding an externally fired gas tur-
bine to form a combined-cycle system. The central fea-
ture of the EFCC is a ceramic air heater or heat ex-
changer (CerHx®) and an atmospheric combustor which
together replace a conventional combustion system in an
open-cycle gas turbine.

Coal is first combusted in a staged combustor for
NO, control. Particulate-laden gases exit the combustor
and enter the slag screen where all particles larger than
about 10 microns are collected. Air from the turbine
compressor is heated by exchange with the hot product

gas in the CerHx®. The product gas is then passed
through a heat recovery steam generator, where more
heat is extracted to drive a steam turbine generator and
produce electricity. The product gas is finally passed
through a gas cleanup system consisting of a flue gas
desulfurizer and a fabric filter before exiting to the atmo-
sphere through the stack. The hot air from the CerHx® is
passed through a gas turbine to produce additional elec-
tricity before firing the combustor.

The attractiveness of the EFCC lies in its ability to
eliminate the need for a hot gas cleanup system to protect
the costly gas turbine gas-path components from the
corrosive and abrasive elements in the combustion prod-
uct gas. Instead, the gas turbine operates on indirectly
heated clean air and the gas path is never exposed to the
corrosive elements in the fuel or product gas. The

Advanced Electric Power Generation
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Demonstration of Coal
Reburning for Cyclone Boiler
NO, Control

Project completed.

Participant:
The Babcock & Wilcox Company

Additional Team Members:

Wisconsin Power and Light Company—cofunder and
host utility

Sargent and Lundy—engineer for coal handling

Electric Power Research Institute—cofunder

State of Illinois, Department of Energy and Natural
Resources—cofunder

Utility companies (14 cyclone boiler operators)—
cofunders

Location:
Cassville, Grant County, WI, Wisconsin Power and
Light Company’s (Nelson Dewey Station, Unit No. 2)

Technology:

The Babcock & Wilcox Company’s coal-reburning
system (environmental control devices/NO_ control
technologies)

Plant Capacity/Production:
100 MWe

Project Funding:

Total project cost $13,646,609 100%
DOE 6,340,788 46
Participants 7,305,821 54

Project Objective:

To evaluate the applicability of reburning technology for
reducing NO_ emissions from a full-scale coal-fired
cyclone boiler, pulverizing a portion of the primary coal
fuel to use as the secondary, “reburning” fuel; and to
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achieve greater than 50% reduction in NO, emissions
with no serious impact on cyclone combustor operation,
boiler efficiency, boiler fireside performance (corrosion
and deposition), or ash removal system performance.

Technology/Project Description:

The coal-reburning process reduces NO, in the furnace
through the use of multiple combustion zones. The main
combustion zone uses 70-80% of the total heat equiva-
lent fuel input to the boiler and slightly less than normal
combustion air input. The balance of the coal (20-30%),
along with significantly less than the theoretically deter-
mined requirement of air, is fed to the reburning zone
above the cyclones to create an oxygen-deficient condi-
tion. The NO, formed in the cyclone burners reacts with
the resultant reducing flue gas and is converted into
nitrogen in this zone. The completion of the combustion

process occurs in the third zone, called the burnout zone,
where the balance of the combustion air is introduced.
The combined production of boiler slag and dry waste
from the electrostatic precipitator remains unchanged
with coal reburning because the required coal input for
the same boiler load is the same.

The coal-reburning technology can be applied with
the cyclone burners operating within their normal, non-
corrosive, oxidizing conditions, thereby minimizing any
adverse effects of reburn on the cyclone combustor and
boiler performance.

This project involved retrofitting an existing
100-MWe cyclone boiler that is representative of a large
population of cyclone units. The boiler is located at
Wisconsin Power and Light’s Nelson Dewey Station in
Cassville, WI.

Environmental Control Devices
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Full-Scale Demonstration of
Low-NO_ Cell Burner Retrofit

Project completed.

Participant:
The Babcock & Wilcox Company

Additional Team Members:

The Dayton Power and Light Company—cofunder and
host utility

Electric Power Research Institute—cofunder

Ohio Coal Development Office—cofunder

Tennessee Valley Authority—cofunder

New England Power Company—cofunder

Duke Power Company—cofunder

Allegheny Power System—cofunder

Centerior Energy Corporation—cofunder

Location:
Aberdeen, Adams County, OH (Dayton Power and Light
Company’s J.M. Stuart Plant, Unit No. 4)

Technology:

The Babcock & Wilcox Company’s low-NO, cell burner
(LNCB®) system (environmental control devices/NO,
control technologies)

Plant Capacity/Production:
605 MWe

Project Funding:

Total project cost $11,233,392 100%
DOE 5,442,800 48
Participants 5,790,592 52

LNCB is a registered trademark of The Babcock & Wilcox Company.

7-42 Program Update 1994

BOILER

WINDBOX

ELECTROSTATIC
PRECIPITATOR

BOTTOM ASH

SECONDARY ,
AIR PORT
i
©  LOW-NOx / ASH > STACK
CELLMBURNER SECONDARY
| SYSTEM *+—— AIRPORT |
» -
i
FLY ASH TO DISPOSAL

i
| COAL Y
1 AR

LOW-NOx

CELL™BURNER
SYSTEM

Project Objective:

To demonstrate through the first commercial-scale full
burner retrofit the cost-effective reduction of NO,_ from a
large base-load coal-fired utility boiler with LNCB®
technology; and to achieve at least a2 50% NO, reduction
without degradation of boiler performance at less cost
than conventional low-NO, burners.

Technology/Project Description:

The LNCB® technology replaces the upper coal nozzle of
the standard two-nozzle cell burner with a secondary-air
port. The lower burner coal nozzle is enlarged to the
same fuel input capacity as the two standard coal
nozzles. The LNCB® operates on the principle of staged
combustion to reduce NO, emissions. Approximately
70% of the total air (primary, secondary, and excess air)

is supplied through or around the coal-feed nozzle. The
remainder of the air is directed to the upper port of each
cell to complete the combustion process. The fuel-bound
nitrogen compounds are converted to nitrogen gas, and
the reduced flame temperature minimizes the formation
of thermal NO,.

The net effect of this technology is greater than 50%
reduction in NO_formation with no boiler pressure part
changes and no impact on boiler operation or perfor-
mance. In addition, the technology is compatible with
most commercial and emerging SO, control technolo-
gies, including confined zone dispersion, gas suspension
absorption, duct injection, and advanced wet scrubbers.

The demonstration was conducted at a large-scale
power plant operated by The Dayton Power and Light
Company and jointly owned with the Cincinnati Gas and

Environmental Control Devices
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Evaluation of Gas Reburning
and Low-NO_Burners on a
Wall-Fired Boiler

Participant:
Energy and Environmental Research Corporation

Additional Team Members:

Public Service Company of Colorado—cofunder and
host utility

Gas Research Institute—cofunder

Colorado Interstate Gas Company—cofunder

Electric Power Research Institute—cofunder

Location:
Denver, Adams County, CO (Public Service Company of
Colorado’s Cherokee Station, Unit No. 3)

Technology:

Energy and Environmental Research Corporation’s gas
reburning and low-NO_burner (GR~LNB) system
(environmental control devices/NO, control
technologies)

Plant Capacity/Production:
172 MWe

Project Funding:

Total project cost $17,811,172 100%
DOE 8,905,585 50
Participants 8,905,587 50

Project Objective:

To attain up to a 70% decrease in the emissions of NO,
from an existing wall-fired utility boiler firing low-sulfur
coal using both gas reburning and low-NO_burners.
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Technology/Project Description:

Gas reburning involves firing natural gas (up to 20% of
total fuel input) above the main coal combustion zone in
a boiler. This upper-level firing creates a slightly fuel-
rich zone. NO_drifting upward from the lower region of
the furnace is “reburned” in this zone and converted to
molecular nitrogen. Low-NO_ burners positioned in the
coal combustion zone retard the production of NO, by
staging the burning process so that the coal-air mixture
can be carefully controlled at each stage. The synergistic
effect of adding a reburning stage to wall-fired boilers
equipped with low-NO_ burners lowers NO, emissions
by up to 70%. Gas reburning was demonstrated with
and without the use of recirculated flue gas, on a gas/gas
firing mode and with optimized over-fire air.

The project site is Public Service Company of
Colorado’s Cherokee Station, Unit No. 3, in Denver,
CO. This project combines gas reburning and low-NO,
burners on a 172-MWe wall-fired utility boiler. Western
bituminous coals containing 0.35-0.66% sulfur were
used in this demonstration.
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Demonstration of Advanced
Combustion Techniques for a
Wall-Fired Boiler

Participant:
Southern Company Services, Inc.

Additional Team Members:

Electric Power Research Institute—cofunder

Foster Wheeler Energy Corporation—technology
supplier

Georgia Power Company—host utility

Location:
Coosa, Floyd County, GA (Georgia Power Company’s
Plant Hammond, Unit No. 4)

Technology:

Foster Wheeler’s low-NO_ burner (LNB) with advanced
over-fire air (AOFA) (environmental control devices/NO,
control technologies)

Plant Capacity/Production:

500 MWe

Project Funding:

Total project cost $14,710,909 100%
DOE 6,553,526 45
Participants 8,157,383 55

(Of the total project cost, $523,680 are for toxics testing.)

Project Objective:

To achieve 50% NO, reduction with the AOFA/LNB
system; to determine the contributions of AOFA and the
LNB to NO, reduction and the parameters determining
optimum AOFA/LNB system performance; and to assess
the long-term effects of AOFA, LNB, and combined
AOFA/LNB and advanced digital controls on NO,_ reduc-
tion and boiler performance.
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Technology/Project Description:

AOFA involves (1) improving the mixing of over-fire air
with the furnace gases to achieve complete combustion,
(2) depleting the air from the burner zone to minimize
NO, formation, and (3) supplying air over furnace wall
tube surfaces to prevent slagging and furnace corrosion.
The AOFA technique is expected to reduce NO, emis-
sions by about 35%.

In an LNB, fuel and air mixing is controlled to
preclude the formation of NO,. This is accomplished by
regulating the initial fuel-air mixture, velocities, and
turbulence to create a fuel-rich flame core and by control-
ling the rate at which additional air required to complete
combustion is mixed with the flame solids and gases so
as to maintain a deficiency of oxygen. Typical results for

utilities indicate that LNB technology is capable of re-
ducing NO, emissions by about 45%.

Based on earlier experience, the use of AOFA in
conjunction with LNB can reduce NO_emissions by as
much as 65% compared with conventional burners.

The demonstration is located at the Georgia Power
Company’s Plant Hammond, Unit No. 4. The boiler is a
nominal 500-MWe pulverized coal, wall-fired unit,
which is representative of most of the existing pre-NSPS
wall-fired utility boilers in the United States. The project
also includes installation and testing of an advanced
LNB digital control system that optimizes LNB/AOFA
performance. The project is using bituminous coal con-
taining 3% sulfur.

Environmental Control Devices
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180-MWe Demonstration of

Advanced Tangentially Fired
Combustion Techniques for
the Reduction of NO,
Emissions from Coal-Fired
Boilers

Project completed.

Participant:
Southern Company Services, Inc.

Additional Team Members:

Gulf Power Company—cofunder and host utility

Electric Power Research Institute—cofunder

ABB Combustion Engineering, Inc.—cofunder and
technology supplier

Location:
Lynn Haven, Bay County, FL (Gulf Power Company’s
Plant Lansing Smith, Unit No. 2)

Technology:

ABB Combustion Engineering’s Low-NO, Concentric
Firing System (LNCFS) with advanced over-fire air
(AQFA), clustered coal nozzles, and offset air
(environmental control devices/NO, control
technologies)

Plant Capacity/Production:

180 MWe

Project Funding:

Total project cost $9,153,383 100%
DOE 4,440,184 49
Participants 4,713,199 51
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Project Obijective:

To demonstrate in a stepwise fashion the short- and long-
term NO, reduction capabilities of Low-NO, Concentric
Firing System Levels I, II, and III on a single reference
boiler under typical dynamic operating conditions, and
evaluate the cost effectiveness of each low-NO, combus-
tion technique.

Technology/Project Description:

Three different low-NO, combustion technologies for
tangentially fired boilers were demonstrated. The con-
cept of over-fire air was demonstrated in all of these
systems. In LNCFS Level ], a close-coupled over-fire air
(CCOFA) system is integrated directly into the windbox
of the boiler. Compared to the baseline windbox con-
figuration, LNCFS Level I is arranged by exchanging the

highest coal nozzle with an air nozzle immediately below
it. This configuration provides the NO_ reducing advan-
tages of an over-fire air system without pressure part
modifications to the boiler.

In LNCFS Level II, a separated over-fire air (SOFA)
system is used. This advanced over-fire air system has
backpressuring and flow measurement capabilities. The
air supply ductwork for the SOFA is taken off from the
secondary air duct and routed to the corners of the fur-
nace above the existing windbox. The inlet pressure to
the SOFA system can be increased above windbox pres-
sure using dampers downstream of the takeoff in the
secondary air duct. Operating at a higher pressure in-
creases the quantity and injection velocity of the over-fire
air into the furnace. A multicell venturi is used to

Environmental Control Devices
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Demonstration of Selective

Catalytic Reduction
Technology for the Control

of NO, Emissions from
High-Sulfur-Coal-Fired Boilers

Participant:
Southern Company Services, Inc.

Additional Team Members:

Electric Power Research Institute—cofunder
Ontario Hydro—cofunder

Gulf Power Company—host utility

L.ocation:
Pensacola, Escambia County, FL (Guif Power
Company’s Plant Crist, Unit 4)

Technology:
Selective catalytic reduction (SCR) (environmental
control devices/NO_ control technologies)

Plant Capacity/Production:
8.7-MWe equivalent (three 2.5-MWe and six 0.2-MWe
equivalent SCR reactor plants)

Project Funding:

Total project cost $23,229,729 100%
DOE 9,406,673 40
Participants 13,823,056 60

Project Objective:

To evaluate the performance of commercially available
SCR catalysts when applied to operating conditions
found in U.S. pulverized coal-fired utility boilers using
U.S. high-sulfur coal under various operating conditions
while achieving as much as 80% NO, removal.
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Technology/Project Description: The project is demonstrating, at high- and low-dust
The SCR technology consists of injecting ammonia into loadings of flue gas, the applicability of SCR technology
boiler flue gas and passing it through a catalyst bed to provide a cost-effective means of reducing NO, emis-
where the NO_ and ammonia react to form nitrogen and sions from power plants burning U.S. high-sulfur coal.
water vapor. The demonstration plant, located at Gulf Power
In this demonstration project, the SCR facility con- Company’s Plant Crist near Pensacola, FL, utilizes flue
sists of three 2.5-MWe-equivalent SCR reactors, sup- gas from the burning of principally Illinois No.5 coal
plied by separate 5,000 std ft*/min flue gas slipstreams, with approximately 3% sulfur under various NO, and
and six 0.20-MWe-equivalent SCR reactors. These particulate levels.

reactors were calculated to be large enough to produce
design data that will allow the SCR process to be scaled
up to commercial size. Catalyst suppliers (two U.S., two
European, and two Japanese) provided eight catalysts
with various shapes and chemical compositions for
evaluation of process chemistry and economics of opera-
tion during the operation.
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Micronized Coal Reburning
Demonstration for NO_
Control on a 175-MWe
Wall-Fired Unit

Participant:
Tennessee Valley Authority

Additional Team Members:

Duke/Fluor Daniel (partnership between Duke
Engineering & Services, Inc., and Fluor Daniel,
Inc.)—engineer and constructor

Fuller Company—technology supplier

Energy and Environmental Research Corporation—
testing/environmental/technical consultant

Location:
Negotiations for a new site are under way.

Technology:

Advanced NO, control using Fuller’s micronized-coal-
reburning combustion technology (environmental control
devices/NO_ control technologies)

Plant Capacity/Production:
175 MWe

Project Funding:

Total project cost $7,330,041 100%
DOE 3,514,755 48
Participants 3,815,286 52

Project Objective:

To reduce NO, emissions by 50-60% using micronized
coal as the reburning fuel combined with advanced coal-
reburning technology.

MicroMill is a trademark of the Fuller Company.
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Technology/Project Description:
The technology will be applied to a pulverized coal fur-
nace. The coal to be used to fire the furnace will be a
low-sulfur bituminous coal. This same coal will be used
as the reburning fuel. The reburning coal, which can
comprise up to 30% of the total fuel, is micronized (80%
below 325 mesh) and injected into the furnace above the
main burner, the region where NO_formation occurs.
Central to the project technology is the two-element
system which consists of a patented centrifugal-pneu-
matic MicroMill™ and an external classifier. The mill is
capable of grinding coal into a fine powder without the
mechanical attrition or roll crushing normally associated
with coal mills. The MicroMill™ takes coal away from
the existing bunker and supplies it to the new micronized
coal burners.

Micronized coal has the surface area and combus-
tion characteristics of an atomized oil flame, which al-
lows carbon conversion within milliseconds and release
of volatiles at a more even rate. This uniform, compact
combustion envelope allows for complete combustion of
the coal/air mixture in a smaller furnace volume than
conventional pulverized coal because heat rate, carbon
loss, boiler efficiency, and NO, formation are affected by
coal fineness.

The combination of micronized coal, supplying 30%
of the total furnace fuel requirements, and advanced
reburning utilizing that requirement in conjunction with
fuel/air staging, provides flexible options for significant
combustion operations and environmental improvements.
These options can prevent higher operating costs or
furnace performance derating often associated with con-
ventional environmental controls.

Environmental Control Devices
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10-MWe Demonstration of
Gas Suspension Absorption

Project completed.

Participant:
AirPol, Inc.

Additional Team Members:

FLS miljo a/s (parent company of AirPol, Inc.}—
technology owner

Tennessee Valley Authority—cofunder and site owner

Location:
West Paducah, McCracken County, KY (Tennessee
Valley Authority’s Center for Emissions Research)

Technology:

FLS miljo a/s’ Gas Suspension Absorption (GSA)
system for flue gas desulfurization (FGD) (environmental
control devices/SO, control technologies)

Plant Capacity/Production:
10-MWe equivalent slipstream of flue gas from a
150-MWe boiler

Project Funding:

Total project cost $7,717,189 100%
DOE 2,315,259 30
Participants 5,401,930 70

Project Objective:

To demonstrate the applicability of Gas Suspension
Absorption for flue gas desulfurization using high-sulfur
U.S. coals by instailing and testing a 10-MWe GSA
demonstration system.
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Technology/Project Description:

The GSA system consists of a vertical reactor in which
flue gas comes into contact with suspended solids con-
sisting of lime, reaction products, and fly ash. About
99% of the solids are recycled to the reactor via a cyclone
while the exit gas stream passes through an electrostatic
precipitator (ESP) before being released to the atmos-
phere. The lime slurry, prepared from hydrated lime, is
injected through a spray nozzle at the bottom of the
reactor. The volume of lime slurry is regulated with a
variable-speed pump controlled by the measurement of
the acid content in the inlet and outlet gas streams. The
dilution water added to the lime slurry is controlled by
on-line measurements of the flue gas exit temperature.
Solids collected from the cyclone and particulate control

device are combined and disposed of in an existing site
disposal area.

GSA can remove in excess of 90% of the SO, as
well as increase lime utilization efficiency with solids
recycle.

This project is located at the Center for Emissions
Research, utilizing a 10-MWe slipstream of flue gas
from a 150-MWe coal-fired boiler at the Tennessee Val-
ley Authority’s Shawnee Fossil Plant in West Paducah,
KY. A western Kentucky coal containing about 3%
sulfur was used.

Project Results/Accomplishments:

Optimization testing was conducted to determine the
effect of the process design variables on the SO, removal
efficiency in the reactor/cyclone and the ESP. The testing

Environmental Control Devices
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Confined Zone Dispersion
Flue Gas Desulfurization
Demonstration

Project completed.

Participant:
Bechtel Corporation

Additional Team Members:

Pennsylvania Electric Company—cofunder and host
utility

Pennsylvania Energy Development Authority—cofunder

New York State Electric & Gas Corporation—cofunder

Rockwell Lime Company—cofunder

Location:
Seward, Indiana County, PA (Pennsylvania Electric
Company’s Seward Station, Unit No. 5)

Technology:

Bechtel Corporation’s in-duct, confined zone dispersion
flue gas desulfurization (CZD/FGD) process
(environmental control devices/SO, control technologies)

Plant Capacity/Production:
73.5 MWe

Project Funding:

Total project cost $10,411,600 100%
DOE 5,205,800 50
Participants 5,205,800 50

Project Objective:

To demonstrate SO, removal capabilities of in-duct
CZD/FGD technology; specifically, to define the opti-
mum process operating parameters and to determine
CZD/FGD’s operability, reliability, and cost-effective-
ness during long-term testing and its impact on down-
stream operations and emissions.
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Technology/Project Description:
In Bechtel’s CZD/FGD process, a finely atomized slurry
of reactive lime is sprayed into the flue gas stream be-
tween the boiler air heater and the electrostatic precipita-
tor (ESP). The lime slurry is injected into the center of
the duct by spray nozzles designed to produce a cone of
fine spray. As the spray moves downstream and ex-
pands, the gas within the cone cools and the SO, is rap-
idly absorbed in the liquid droplets. The droplets mix
with the hot flue gas, and the water evaporates rapidly.
Fast drying precludes wet particle buildup in the duct
and aids the flue gas in carrying the dry reaction products
and the unreacted lime to the ESP.

The CZD/FGD process is expected to remove up to
50% of the SO, emissions from coal-fired boilers. If

successfully demonstrated, this technology would be an
alternative to conventional FGD processes, requiring less
physical space and lower capital, operating, and mainte-
nance costs.

This project includes injection of different types of
sorbents (dolomitic and calcitic limes) with several at-
omizer designs using low- and high-sulfur coals to verify
the effects on SO, removal and the capability of the ESP
to control particulates. The demonstration is located at
Pennsylvania Electric Company’s Seward Station in
Seward, PA. One-half of the flue gas capacity of the
147-MWe Unit No. 5 is being routed through a modified,
longer duct between the first and second ESP. Pennsyl-
vania bituminous coal (approximately 1.2-2.5% sulfur)
is being used in the project.
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LIFAC Sorbent Injection
Desulfurization
Demonstration Project

Project completed.

Participant:

LIFAC-North America (a joint venture partnership be-
tween Tampella Power Corporation and ICF Kaiser
Engineers, Inc.)

Additional Team Members:

ICF Kaiser Engineers, Inc.—cofunder and project
manager

Tampella Power Corporation—cofunder

Tampella, Ltd.—technology owner

Richmond Power of Light—cofunder and host utility

Electric Power Research Institute—cofunder

Black Beauty Coal Company—cofunder

State of Indiana—cofunder

Location:
Richmond, Wayne County, IN (Richmond Power &
Light’s Whitewater Valley Station, Unit No. 2)

Technology:

LIFAC’s sorbent injection process with sulfur capture in
a unique, patented vertical activation reactor
(environmental control devices/SO, control technologies)

Plant Capacity/Production:
60 MWe

Project Funding:

Total project cost $21,393,772 100%
DOE 10,636,864 50
Participants 10,756,908 50

Project Objective:
To demonstrate that electric power plants—especially
those with space limitations—burning high-sulfur
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coals can be retrofitted successfully with the LIFAC
limestone injection process to remove 75-85% of the
SO, from flue gas and produce a dry solid waste product
for disposal in a landfill.

Technology/Project Description:

Pulverized limestone is pneumatically blown into the
upper part of the boiler near the superheater where it
absorbs some of the SO, in the boiler flue gas. The
limestone is calcined into calcium oxide and is available
for capture of additional SO, downstream in the activa-
tion, or humidification, reactor. In the vertical chamber,
water sprays initiate a series of chemical reactions lead-
ing to SO, capture. After leaving the chamber, the sor-
bent is casily separated from the flue gas along with the
fly ash in the electrostatic precipitator (ESP). The sor-

bent material from the reactor and electrostatic precipita-
tor is recirculated back through the reactor for increased
efficiency. The waste is dry, making it easier to handle
than the wet scrubber sludge produced by conventional
wet limestone scrubber systems.

The technology enables power plants with space
limitations to use high-sulfur midwestern coals by pro-
viding an injection process that removes 75-85% of the
SO, from flue gas and produces a dry solid waste product
suitable for disposal in a landfill.

The process was demonstrated at the Whitewater
Valley Station, 60-MWe Unit No. 2. This coal-fired unit
is owned and operated by Richmond Power & Light and
is located in Richmond, IN. Bituminous coal containing
2.0-2.9% sulfur was used.

Environmental Control Devices
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Advanced Flue Gas
Desulfurization
Demonstration Project

Participant:

Pure Air on the Lake, L.P. (a project company of Pure
Air which is a general partnership between Air Products
and Chemicals, Inc., and Mitsubishi Heavy Industries
America, Inc.)

Additonal Team Members:

Northern Indiana Public Service Company—cofunder
and host utility

Mitsubishi Heavy Industries, Ltd.—process designer

United Engineers and Constructors (Stearns-Roger
Division)—facility designer

Air Products and Chemicals, Inc.—constructor and
operator

Location:

Chesterton, Porter County, IN (Northern Indiana Public
Service Company’s Bailly Generating Station, Units 7
and 8)

Technology:

Pure Air’s advanced flue gas desulfurization (AFGD)
process (environmental control devices/SO, control
technologies)

Plant Capacity/Production:
528 MWe

Project Funding:

Total project cost $151,707,898 100%
DOE 63,913,200 42
Participants 87,794,698 58

PowerChip is a trademark of Pure Air on the Lake, L.P.
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Project Objective:

To demonstrate removal of 90-95% or more of the SO, at
approximately one-half the cost of conventional scrub-
bing technology; and to demonstrate significant reduc-
tion of space requirements.

Technology/Project Description:

In this project, Pure Air has built a single SO, absorber
for a 528-MWe power plant. Although this is the largest
capacity absorber module in the United States, it has
relatively modest space requirements because no spare or
backup absorber modules are required. The absorber
performs three functions in a single vessel: prequencher,
absorber, and oxidation of sludge to gypsum. Addition-
ally, the absorber is of a cocurrent design, in which the
flue gas and scrubbing slurry move in the same direction

and at a relatively high velocity compared to conven-
tional scrubbers. These features all combine to yield a
state-of-the-art SO, absorber that is more compact and
less expensive than conventional scrubbers.

Technical features include the injection of pulver-
ized limestone directly into the absorber, a device called
an air rotary sparger located within the base of the ab-
sorber, and a novel wastewater evaporation system. The
air rotary sparger combines the functions of agitation and
air distribution into one piece of equipment to facilitate
the oxidation of calcium sulfite to gypsum.

The AFGD process has demonstrated simultancous
removal of 90-95% or more of the SO, while providing a
commercial gypsum by-product in lieu of solid waste.
Some of the by-product gypsum is being agglomerated
and flaked into PowerChip™ gypsum to enhance its

Environmental Control Devices
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Demonstration of Innovative
Applications of Technology
for the CT-121 FGD Process

Participant:
Southern Company Services, Inc.

Additional Team Members:

Georgia Power Company—host utility

Electric Power Research Institute—cofunder

Radian Corporation—environmental and analytical
consultant

Ershigs, Inc.—fiberglass fabricator

University of Georgia Research Foundation—
by-product utilization studies

Location:
Newnan, Coweta County, GA (Georgia Power
Company’s Plant Yates, Unit No. 1)

Technology:

Chiyoda Corporation’s Chiyoda Thoroughbred-121
(CT-121) advanced flue gas desulfurization (FGD)
process (environmental control devices/SO, control
technologies)

Plant Capacity/Production:

100 MWe

Project Funding:

Total project cost $43,074,996 100%
DOE 21,085,211 49
Participants 21,989,785 51

Project Objective:

To demonstrate the CT-121 flue gas desulfurization
system, including several design innovations, at the
100-MWe scale; more specifically, to demonstrate 90%
SO, control at high reliability with and without
simultaneous particulate control with possible additional
reductions in operating costs.
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Technology/Project Description:

The project is demonstrating the CT-121 FGD process,
which uses a unique absorber design known as the jet-
bubbling reactor (JBR). The process combines limestone
FGD reaction, forced oxidation, and gypsum crystalliza-
tion in one process vessel. The process is mechanically
and chemically simpler than conventional FGD pro-
cesses and can be expected to exhibit lower cost
characteristics.

The flue gas enters underneath the scrubbing solution
in the jet-bubbling reactor. The SO, in the flue gas is
absorbed and forms calcium sulfite (CaSQO,). Air is
bubbled into the bottom of the solution to oxidize the
calcium sulfite to form gypsum. The slurry is dewatered
in a gypsum stack, which involves filling a dyked area
with gypsum slurry. Gypsum solids settle in the dyked

area by gravity, and clear water flows to a retention pond.
The clear water from the pond is returned to the process.

The project is also evaluating process innovations to
determine whether costs can be reduced further by using
fiberglass-reinforced plastic (FRP) absorbers, eliminat-
ing flue gas reheat and spare absorber modules, and
stacking gypsum to reduce waste management costs.
The ability of this technology to capture SO, and particu-
lates simultaneously is also being evaluated.

A nominal 2.5% sulfur bituminous coal is being
used to demonstrate 90% SO, control with high reliabil-
ity, with and without simultaneous particulate control.

Project Status/Accomplishments:
Parametric testing was completed in March 1993, and
long-term testing began in May 1993. DOE-sponsored

Environmental Control Devices
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SNOX™ Flue Gas Cleaning
Demonstration Project

Project completed.

Participant:
ABB Environmental Systems

Additional Team Members:

Ohio Coal Development Office—cofunder

Ohio Edison Company—cofunder and host utility

Haldor Topsoe a/s—patent owner for process technology,
catalysts, and WSA Tower

Snamprogetti, U.S.A.—cofunder and process designer

Location:
Niles, Trumbull County, OH (Ohio Edison’s Niles
Station, Unit No. 2)

Technology:

Haldor Topsoe’s SNOX™ catalytic advanced flue gas
cleanup system (environmental control devices/combined
S0,/NO, control technologies)

Plant Capacity/Production:
35-MWe equivalent slip-stream from a 108-MWe boiler

Project Funding:

Total project cost $31,438,408 100%
DOE 15,719,200 50
Participants 15,719,208 50

Project Objective:

To demonstrate on U.S. coals at an electric power plant
that SNOX™ technology will catalytically remove 95%
of SO, and more than 90% of NO, from flue gas and
produce a salable by-product of concentrated sulfuric
acid.
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Technology/Project Description:
In the SNOX™ process, the stack gas leaving the boiler
is cleaned of fly ash in a high-efficiency fabric filter
baghouse to minimize the cleaning frequency of the
sulfuric acid catalyst in the downstream SO, converter.
The ash-free gas is reheated, and NO, is reacted with
small quantities of ammonia in the first of two catalytic
reactors where the NO, is converted to harmless nitrogen
and water vapor. The SO, is oxidized to SO, in a second
catalytic converter. The gas then passes through a novel
glass-tube condenser which allows SO, to hydrolyze to
concentrated sulfuric acid.

The technology, while using U.S. coals, is designed
to remove 95% of the SO, and more than 90% of the
NO, from flue gas and produce a salable sulfuric acid

3

by-product. This is accomplished without using sorbents
and without creating waste by-products.

The demonstration was conducted at Ohio Edison’s
Niles Station in Niles, OH. The demonstration unit
treated a 35-MWe equivalent slipstream of flue gas from
the 108-MWe Unit No. 2 boiler which burned a
3.4%sulfur Ohio coal. The process steps were virtually
the same as for a commercial full-scale plant, and com-
mercial-scale components were installed and operated.

Environmental Control Devices
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LIMB Demonstration Project
Extension and Coolside
Demonstration

Project completed.

Participant:
The Babcock & Wilcox Company

Additional Team Members:

Ohio Coal Development Office—cofunder

Consolidation Coal Company—cofunder and technology
supplier

Ohio Edison Company—host utility

Location:
Lorain, OH (Ohio Edison’s Edgewater Station, Unit 4)

Technology:

The Babcock & Wilcox Company’s limestone injection
multistage burner (LIMB) system; Babcock & Wilcox
DRB-XCL® low-NO_burners

Consolidation Coal Company’s Coolside duct injection
of lime sorbents

(environmental control devices/combined SO,/NO,

control technologies)

’

Plant Capacity/Production:
105 MWe

Project Funding:

Total project cost $19,404,940 100%
DOE 7,597,026 39
Participants 11,807,914 61

Project Objective:

To demonstrate, with a variety of coals and sorbents, the
LIMB process as a retrofit system for simultaneous
control of NO_and SO, in the combustion process,

and that LIMB can achieve up to 70% NO_and SO,

DRB-XCL is a registered trademark of The Babcock & Wilcox Company.
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reductions; to test alternate sorbent and coal combina-
tions, using the Coolside process, to demonstrate in-duct
sorbent injection upstream of the humidifier and precipi-
tator and to show SO, removal of up to 70%.

Technology/Project Description:

The LIMB process reduces SO, by injecting dry sorbent
into the boiler at a point above the burners. The sorbent
then travels through the boiler and is removed along with
fly ash in an electrostatic precipitator (ESP) or baghouse.
Humidification of the flue gas before it enters an ESP is
necessary to maintain normal ESP operation and to en-
hance SO, removal. Combinations of three eastern bitu-
minous coals (1.6%, 3.0%, and 3.8% sulfur) and four
sorbents were tested. Other variables examined were
stoichiometry, humidifier outlet temperature, and injec-
tion level.

In the Coolside process, dry sorbent is injected into
the flue gas downstream of the air preheater, followed by
flue gas humidification. Humidification enhances ESP
performance and SO, absorption. SO, absorption is
improved by dissolving NaOH or Na,CO, in the
humidification water. The spent sorbent is collected with
the fly ash, as in the LIMB process. An eastern bitumi-
nous coal with 3.0% sulfur was used in testing.

The same low-NO_burners (Babcock & Wilcox
DRB-XCL® low-NO, burners), which control NO,
through staged combustion, were used in demonstrating
both LIMB and Coolside technologies.

This project was conducted at Ohio Edison’s Edge-
water Plant in Lorain, OH, on a commercial, Babcock &
Wilcox Carolina-design, wall-fired 105-MWe boiler.
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SOx-NOx-Rox-Box™ Flue Gas
Cleanup Demonstration
Project

Project completed.

Participant:
The Babcock & Wilcox Company

Additional Team Members:

Ohio Edison Company—cofunder and host utility

Ohio Coal Development Office—cofunder

Electric Power Research Institute—cofunder

Norton Company—cofunder and SCR catalyst supplier

3M Company—cofunder and filter bag supplier

Owens Comning Fiberglas Corporation—cofunder and
filter bag supplier

Location:
Dilles Bottom, Belmont County, OH (Ohio Edison
Company’s R.E. Burger Plant, Unit No. 5)

Technology:

The Babcock & Wilcox Company’s SOx-NOx-Rox-
Box™ (SNRB™) process (environmental control de-
vices/combined SO,/NO_ control technologies)

Plant Capacity/Production:
5-MWe equivalent slipstream from a 156-MWe boiler

Project Funding:

Total project cost $13,271,620 100%
DOE 6,078,402 46
Participants 7,193,218 54

Project Objective:

To demonstrate that the SNRB™ process, used in retro-
fitting a high-sulfur-coal-fired power plant, can remove
high levels of all three pollutants using a single process-

SOx-NOx-Rox-Box and SNRB are trademarks of The Babcock &
Wilcox Company.
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ing unit for treating flue gas, thereby lessening on-site
space requirements and capital costs.

Technology/Project Description:
The SNRB™ process combines the removal of SO,, NO,,
and particulates in one unit—a high-temperature
baghouse. SO, removal is accomplished using either
calcium- or sodium-based sorbent injected into the flue
gas. NO, removal is accomplished by injecting ammo-
nia to selectively reduce NO_in the presence of a selec-
tive catalytic reduction, or SCR, catalyst. Particulate
removal is accomplished by high-temperature fiber bag
filters.

The 5-MWe SNRB™ demonstration unit is large
enough to demonstrate commercial-scale components
while minimizing the demonstration cost. Operation at

this scale also permitted cost-effective control of the flue
gas temperature which allowed for evaluation of perfor-
mance over a wide range of sorbent injection and
baghouse operating temperatures. Thus several different
arrangements for potential commercial installations
could be simulated.

The project demonstrated the technical and eco-
nomic feasibility of achieving greater than 80% SO,
removal, above 90% NO_ removal, and 99% particulate
removal at lower capital, operating, and maintenance
costs than a combination of conventional systems. The
demonstration was conducted at Ohio Edison Company’s
R.E.Bur ger Plant, Unit No. 5, in Dilles Bottom, OH.
Bituminous coal with an average sulfur content of 3.4%
was burned at this site during the demonstration.

Environmental Control Devices
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Enhancing the Use of Coals
by Gas Reburning and
Sorbent Injection

Project completed.

Participant:
Energy and Environmental Research Corporation

Additional Team Members:

Gas Research Institute—cofunder

State of Illinois, Department of Energy and Natural
Resources—cofunder

Illinois Power Company—host utility

City Water, Light and Power—host utility

Locations:

Hennepin, Putnam County, IL (Illinois Power
Company’s, Hennepin Plant, Unit 1)

Springfield, Sangamon County, IL (City Water, Light
and Power’s Lakeside Station, Unit 7)

Technology:

Energy and Environmental Research Corporation’s gas
reburning and sorbent injection process (environmental
control devices/combined SO,/NO, control technologies)

Plant Capacity/Production:
Hennepin: tangential-fired 80 MWe (gross), 71 MWe (net)
Lakeside: cyclone-fired 40 MWe (gross), 33 MWe (net)

Project Funding:

Total project cost $37,588,955 100%
DOE 18,747,816 50
Participants 18,841,139 50

Project Objective:

To demonstrate gas reburning to attain 60% NO_ reduc-
tion along with sorbent injection to capture 50% of the
SO, on two different boiler configurations: tangentially
fired and cyclone-fired.
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Technology/Project Description:

In this process, 80-85% of the fuel is coal and is sup-
plied to the main combustion zone. The remaining 15—
20% of the fuel, generally natural gas or a hydrocarbon,
bypasses the main combustion zone and is injected
above the main burners to form a reducing zone in which
NO, is converted to nitrogen. A calcium compound
(sorbent) is injected in the form of dry, fine particulates
above the reburning zone in the boiler or even further
downstream. The calcium compound tested is Ca(OH),
(lime). The goal was to achieve at least 60% NO_ reduc-
tion and at least 50% SO, reduction on different boiler
configurations at power plants burning high-sulfur
midwestern coal. This project demonstrated the gas
reburning and sorbent injection GR—SI process on two
separate boilers representing two different firing configu-

rations—a tangentially fired, 80-MWe (gross) boiler at
Illinois Power Company’s Hennepin Plant in Hennepin,
IL, and a cyclone-fired, 40-MWe (gross) boiler at City
Water, Light and Power’s Lakeside Station in Spring-
field, IL. Illinois bituminous coal containing 3% sulfur
was the test coal for both Hennepin and Lakeside.

Project Results/Accomplishments:

A matrix of 32 gas reburn tests were completed on
the tangentially fired boiler at the Hennepin Plant. NO_
reductions of up to 77% were achieved, with 65% being
routine—exceeding the project objcctive of 60%. Evalu-
ation of 20 over-fire air tests indicated substantial NO,
reduction was achievable at low power generation loads,
with lesser reductions as load increased. Sorbent injec-
tion reduced SO, emissions as much as 62%, with 52%

Environmental Control Devices
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Milliken Clean Coal
Technology Demonstration
Project

Participant:
New York State Electric & Gas Corporation

Additional Team Members:

New York State Energy Research and Development
Administration—cofunder

Empire State Electric Energy Research Corporation—
cofunder

Consolidation Coal Company—technical consultant

Saarberg-Holter-Umwelttechnik, GmbH—technology
supplier

The Stebbins Engineering and Manufacturing
Company—technology supplier

NALCO Fuel Tech—technology supplier

ABB Air Preheater, Inc.—technology supplier

DHR Technologies, Inc.—operator advisor system

Location:

Lansing, Tompkins County, NY (New York State Elec-
tric & Gas Corporation’s Milliken Station, Units 1

and 2)

Technology:

Flue gas cleanup using Saarberg-Holter-
Umwelttechnik’s (S-H-U) formic-acid-enhanced, wet
limestone scrubber technology; ABB Combustion
Engineering’s Low-NO, Concentric Firing System
(LNCFS) Level III; NALCO Fuel Tech’s NO,OUT urea
injection system; Stebbins’ tile-lined split-module
absorber; and ABB Air Preheater’s heat-pipe air-heater
system (environmental control devices/combined
SO,/NO, control technologies)
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Plant Capacity/Production: Technology/Project Description:
300 MWe The S-H-U wet flue gas desulfurization process is a
. . formic-acid-enhanced, wet limestone process which
Project Funding: results in very high SO, removal with low energy con-
1 0,
Total Project Cost $158,607,807 100% sumption and the production of commercial-grade
DOE 45,000,000 28
gypsum,
Participant 113,607,807 72

Project Objective:

To demonstrate at a 300-MWe utility-scale a combina-
tion of cost-effective and innovative emission reduction
and efficiency improvement technologies, including the
S-H-U wet scrubber system enhanced with formic acid to
increase SO, removal in a Stebbins lined scrubber, urea
injection for NO, removal, and a heat-pipe preheater.

The flue gas desulfurization absorber is a Stebbins
tile-lined split-module vessel which has superior corro-
sion and abrasion resistance, leading to decreased life-
cycle costs and reduced maintenance. The split-module
design is constructed in the base of the stack to save
space and provide operational flexibility.

The NALCO Fuel Tech NO OUT system is being
used to remove NO, by the injection of urea into the
boiler gas. This facet of the project, in conjunction with
other combustion modifications, including LNCFS Level

Environmental Control Devices
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Commercial Demonstration of

the NOXSO SO,/NO, Removal
Flue Gas Cleanup System

Participant:
NOXSO Corporation

Additional Team Members:
ALCOA——cofunder

W.R. Grace and Company—cofunder

Gas Research Institute—cofunder

Electric Power Research Institute—cofunder

Location:
Newburgh, Warwick County, IN (Alcoa Generating
Company’s Warrick Power Plant, Unit 2)

Technology:

NOXSO Corporation’s dry, regenerable flue gas cleanup
process (environmental control devices/combined
SO,/NO, control technologies)

Plant Capacity/Production:

144 MWe (net)

Project Funding:

Total project cost $67,181,325 100%
DOE 33,506,012 50
Participants 33,675,313 50

Project Objective:

To demonstrate removal of 98% of the SO, and 70% of
the NO, from a coal-fired boiler’s flue gas using the
NOXSO process.
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Technology/Project Description:

The NOXSO process is a dry, regenerable system ca-
pable of removing both SO, and NO, in flue gas from
coal-fired utility boilers burning medium- to high-sulfur
coals. In the basic process, the flue gas passes through a
fluidized-bed adsorber located downstream of the pre-
cipitator; the SO, and NO_ are adsorbed by the sorbent.
The sorbent consists of spherical beads of high-surface-
area alumina impregnated with sodium carbonate. The
cleaned flue gas then passes through a baghouse to the
stack.

The NO_ is desorbed from the NOXSO sorbent
when heated by a stream of hot air. The hot air contain-
ing the desorbed NO, is recycled to the boiler where
equilibrium processes cause destruction of the NO,. The
adsorbed sulfur is recovered from the sorbent in a regen-

erator where it reacts with methane at high temperature
to produce an offgas with high concentrations of SO, and
hydrogen sulfide (H,S). This offgas is processed to
produce elemental sulfur. The elemental sulfur will be
processed further to produce liquid SO,, a higher valued
by-product.

The process is expected to achieve SO, reductions of
98% and NO, reductions of 70%.

The NOXSO Corporation is demonstrating a full-
scale commercial NOXSO unit on a 144-MWe (net)
cyclone boiler at Alcoa Generating Company’s Warrick
Power Plant, Unit 2, in Newburgh, IN. The fuel coal is
Indiana bituminous coal containing an average of 3.3%
sulfur. Data from the proof-of-concept facility at Ohio
Edison Company’s Toronto Station is being incorporated
into the plant design.

Environmental Control Devices
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Integrated Dry NO /SO,
Emissions Control System

Participant:
Public Service Company of Colorado

Additional Team Members:

Electric Power Research Institute—cofunder

Stone and Webster Engineering Corp.—engineer

The Babcock & Wilcox Company—burner developer

Fossil Energy Research Corporation—operational
testing

Western Research Institute—flyash evaluator

Colorado School of Mines—bench-scale engineering
research and testing

Noell, Inc.—urea-injection system provider

Location:
Denver, Denver County, CO (Public Service Company of
Colorado’s Arapahoe Station, Unit No. 4)

Technology:

The Babcock & Wilcox Company’s DRB-XCL® low-
NO, burners, in-duct sorbent injection, and furnace
(urea) injection (environmental control devices/combined

SO,/NO_ control technologies)

Plant Capacity/Production:

100 MWe

Project Funding:

Total project cost $27,411,462 100%
DOE 13,705,731 50
Participants 13,705,731 50

Project Objective:
To demonstrate the integration of three technologies to
achieve up to 70% reduction in NO, and SO, emissions;

DRB-XCL is a registered trademark of The Babcock & Wilcox Company.
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more specifically, to assess the integration of a down-
fired low-NO, burner with in-furnace urea injection for
additional NO, removal and dry sorbent in-duct injection

with humidification for S0, removal.

Technology/Project Description:

All of the testing is using Babcock & Wilcox’s low-NO_
DRB-XCL® down-fired burners with over-fire air. These
burners control NO, by injecting the coal and the com-
bustion air in an oxygen-deficient environment. Addi-
tional air is introduced via over-fire air ports to complete
the combustion process and further enhance NO, re-
moval. The low-NO,_ burners are expected to reduce NO
emissions by up to 50%, and, with added air, by up to
70%. To reduce NO, emissions even further, in-furnace

X

urea injection is being tested to determine how much
additional NO_ can be removed from the combustion gas.

Two types of dry sorbents are being injected into the
ductwork downstream of the boiler to reduce SO, emis-
sions. Either calcium is injected upstream of the air
heater or sodium or calcium is injected downstrcam of
the air heater. Humidification downstream of the dry
sorbent injection aids SO, capture and lowers flue gas
temperature and gas flow, which can decrease pressure
drop at the fabric filter dust collector.

The three basic technology systems have been in-
stalled on Public Service Company of Colorado’s Arapa-
hoe Station Unit No. 4, a 100-MWe down-fired, pulver-
ized-coal boiler with roof-mounted burners. All testing

Environmental Control Devices
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Coal Processing
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Development of the Coal
Quality Expert

Participants:
ABB Combustion Engineering, Inc.
CQ, Inc.

Additional Team Members:

Black and Veatch—cofunder and expert system
developer

Electric Power Research Institute—cofunder

The Babcock & Wilcox Company—cofunder and
pilot-scale testing

Guild Products, Inc.—expert system architecture
developer

Electric Power Technologies, Inc.—field testing

University of North Dakota, Energy and Environmental
Research Center—bench-scale testing

Alabama Power Company—host utility

Mississippi Power Company—host utility

New England Power Company—host utility

Northern States Power Company—host utility

Public Service of Oklahoma—host utility

Locations:

Alliance, Columbiana County, OH (pilot-scale tests)

Windsor, Hartford County, CT (pilot-scale tests)

Grand Forks, Grand Forks County, ND (bench tests)

Wilsonville, Shelby County, AL (Gatson, Unit 5)

Gulfport, Harrison County, MS (Watson, Unit 4)

Somerset, Bristol County, MA (Brayton Point, Units 2
and 3)

Bayport, Washington County, MN (King Station)

Oologah, Rogers County, OK (Northeastern, Unit 4)

Technology:

CQ, Inc.’s EPRI coal quality expert (CQE) computer
model (coal processing for clean fuels/coal preparation
technologies)

7-80 Program Update 1994
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Plant Capacity/Production:
Full-scale testing took place at six utility sites ranging in
size from 250 to 880 MWe.

Project Funding:

Total project cost $21,746,004 100%
DOE 10,863,911 50
Participants 10,882,093 50

Project Obijective:

To demonstrate an expert system that can be run on a
personal computer and provide coal-burning utilities
with a predictive tool to assist in the selection of opti-
mum quality coal for a specific boiler based on opera-
tional efficiency, cost, and environmental emissions.

Technology/Project Description:
Data derived from bench-, pilot-, and full-scale testing
were used to develop algorithms for inclusion
into an expert model, the Coal Quality Expert, that can
be run on a personal computer. Utilities may use the
information to predict the operating performance and
cost of coals not previously burned at a particular facility.
Six large-scale field tests consisted of burning a
baseline coal and an alternate coal over a 2-month pe-
riod. The baseline coal, the one currently used as fuel,
was used to characterize the operating performance of
the boiler. The alternate coal, a blended or cleaned coal
of improved quality, was burned in the boiler for the
remaining test period.

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

Participant:

Custom Coals International (a joint venture between
Genesis Coals Limited Partnership and Genesis Research
Corporation)

Additional Team Members:
Duquesne Light Company—host utility
Richmond Power & Light—host utility
Centerior Service Company—host

CQ, Inc.—operator

Locations:

Central City, Somerset County, PA (advanced
coal-cleaning plant)

Springdale, Allegheny County, PA (combustion tests at
Duquesne Light’s Cheswick Power Station, Unit 1)

Richmond, Wayne County, IN (combustion tests at
Richmond Power & Light’s Whitewater Valley
Generating Station, Unit No. 2)

Ashtabula, Trumbull County, OH (combustion tests at
Centerior Energy’s Ashtabula C)

Technology:

Coal preparation using Custom Coals’ advanced physical
coal cleaning and fine magnetite separation technology
plus sorbent addition technology (coal processing for
clean fuels/coal preparation technologies)

Plant Capacity/Production:
500 tons/hr

Project Funding:

Total project cost $89,715,781 100%
DOE 38,038,656 42
Participant 51,677,125 58

Self-Scrubbing Coal and Carefree Coal are trademarks of Custom Coals
International.
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Project Objective:

To demonstrate advanced coal-cleaning unit processes to
produce low-cost compliance coals that can meet full
requirements for commercial-scale utility power plants to
satisfy CAAA of 1990 provisions.

Technology/Project Description:
An advanced coal-cleaning plant will be designed,
blending existing and new processes, to produce, from
high-sulfur bituminous feedstocks, two types of compli-
ance coals—Carefree Coal™ and Self-Scrubbing Coal™.,
Carefree Coal™ is produced by breaking and screen-
ing run-of-mine coal and by using innovative dense-
media cyclones and finely sized magnetite to remove up
to 90% of the pyritic sulfur and most of the ash. Care-
free Coal™ is designed to be a competitively priced,

high-Btu fuel that can be used without major plant modi-
fications or additional capital expenditures. While many
utilities can use Carefree Coal™ to comply with SO,
emissions limits, others cannot due to the high content of
organic sulfur in their coal feedstocks, When compli-
ance coal cannot be produced by reducing pyritic sulfur,
Self-Scrubbing Coal™ can be produced to achieve
compliance.

Self-Scrubbing Coal™ is produced by taking Care-
free Coal™, with its reduced pyritic sulfur and ash con-
tent, and adding to it sorbents, promoters, and catalysts.
Self-Scrubbing Coal™ is expected to achieve compliance
with virtually any U.S. coal feedstock through in-boiler
absorption of SO, emissions. The reduced ash content of
the Self-Scrubbing Coal™ permits the addition of rela-
tively large amounts of sorbent without exceeding the

Coal Processing for Clean Fuels
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Advanced Coal Conversion
Process Demonstration

Participant:

Rosebud SynCoal Partnership (a partnership between
Western Energy Company and the NRG Group, a
nonregulated subsidiary of Northern States Power
Company)

Additional Team Member:
None

Location:
Colstrip, Rosebud County, MT (adjacent to Western
Energy Company’s Rosebud Mine)

Technology:

Rosebud SynCoal Partnership’s advanced coal
conversion process for upgrading low-rank
subbituminous and lignite coals (clean processing for
clean fuels/coal preparation technologies)

Plant Capacity/Production:
45 tons/hr of SynCoal® product (300,000 tons/yr)

Project Funding:

Total project cost $105,700,000 100%
DOE 43,125,000 41
Participant 62,575,000 59

Project Objective:

To demonstrate Rosebud SynCoal’s advanced coal con-
version process to produce a stable coal product having a
moisture content as low as 1%, sulfur content as low as
0.3%, and heating value up to 12,000 Btu/Ib.

SynCoal is a registered trademark of the Rosebud SynCoal Partnership.
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Technology/Project Description:

Being demonstrated is an advanced thermal coal conver-
sion process coupled with physical cleaning techniques to
upgrade high-moisture, low-rank coals to produce a high-
quality, low-sulfur fuel. The coal is processed through
two fluidized-bed reactors that remove loosely held water
and then chemically bound water, carboxyl groups, and
volatile sulfur compounds. After conversion, the coal is
put through a deep-bed stratifier cleaning process to
effect separation of the ash.

The technology enhances low-rank western coals,
usually with a moisture content of 25-40%, sulfur con-
tent of 0.5-1.5%, and heating value of 5,500-9,000
Btu/lb, by producing an upgraded SynCoal® product with
a moisture content as low as 1%, sulfur content as low as
0.3%, and heating value up to 12,000 Btu/lb.

The 45-ton/hr unit is located adjacent to a unit train
loadout facility at Western Energy Company’s Rosebud
coal mine in Colstrip, MT. The demonstration plant is
one-tenth the size of a commercial facility. However, the
process equipment is at 1/3—1/2 commercial scale be-
cause a full-sized commercial plant will have multiple
process trains.

Coal Processing for Clean Fuels
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ENCOAL Mild Coal
Gasification Project

Participant:
ENCOAL Corporation (a subsidiary of SMC Mining
Company)

Additional Team Members:

SMC Mining Company—cofunder

TEK-KOL (partnership between SMC Mining Company
and SGI International)—technology owner, supplier,
and licenser

SGI International—technology developer

Triton Coal Company (subsidiary of SMC Mining
Company)—nhost facility and coal supplier

The M.W. Kellogg Company—engineer and
constructor

Location:
Near Gillette, Campbell County, WY (Triton Coal
Company’s Buckskin Mine)

Technology:
SGI International’s liquids from coal process (coal
preparation for clean fuels/mild gasification)

Plant Capacity/Production:
1,000 tons/day of subbituminous coal feed

Project Funding:

Total project cost $90,664,000 100%
DOE 45,332,000 50
Participants 45,332,000 50

Project Objective:

To demonstrate the integrated operation of a number of
novel processing steps to produce two higher value fuel
forms from mild gasification of low-sulfur subbitumi-
nous coal; and to provide sufficient products for potential
end users to conduct burn tests.
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Technology/Project Description:

The ENCOAL mild coal gasification process involves
heating coal under carefully controlled conditions. Coal
is fed into a rotary grate dryer where it is heated by a hot
gas stream to reduce the coal’s moisture content. The
solid bulk temperature is controlled so that no significant
amounts of methane, CO, or CO, are released from the
coal. The solids from the dryer are conveyed to the pyro-
lyzer where the rate of heating of the solids and residence
time are controlled to achieve desired properties of the
fuel products. During processing in the pyrolyzer, all
remaining free water is removed, and a chemical reaction
occurs that results in the release of volatile gaseous
material. Solids exiting the pyrolyzer are quenched,
cooled, and transferred to a surge bin.

The gas produced in the pyrolyzer is sent through a
cyclone for removal of the particulates and then cooled
to condense the liquid-fuel products. Most of the gas
from the condensation unit is recycled to the pyrolyzer.
The rest of the gas is burned in combustors to provide
heat for the pyrolyzer and the dryer. NO_emissions are
controlled by staged air injection.

The offgas from the dryer is treated in a wet venturi
scrubber to remove particulates and a horizontal scrubber
to remove SO,, both using a sodium carbonate selution.
The treated gas is vented to a stack, and the spent solu-
tion is discharged into a pond for evaporation.

The ENCOAL project is located within Campbell
County, WY, at Triton Coal Company’s Buckskin Mine,
10 miles north of Gillette. The plant makes use of the

Coal Processing for Clean Fuels
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Commercial-Scale
Demonstration of the Liquid-
Phase Methanol (LPMEOH™)
Process

Participant:

Air Products Liquid Phase Conversion Company, L.P. (a
limited partnership between Air Products and Chemi-
cals, Inc., the general partner, and Eastman Chemical
Company)

Additional Team Members:

Air Products and Chemicals, Inc.—technology supplier
and cofunder

Eastman Chemical Company—host; synthesis gas and
services provider

Acurex Environmental Corporation—fuel methanol
testing and cofunder

Electric Power Research Institute—fuel methanol testing
and cofunder

Location:
Kingsport, Sullivan County, TN (Eastman Chemical
Company’s Integrated Coal Gasification Facility)

Technology:

Air Products and Chemicals’ liquid-phase methanol
(LPMEOH™) process (coal processing for clean fuels/
indirect liquefaction)

Plant Capacity/Production:
260 tons/day of methanol (nominal)

Project Funding:

Total project cost: $213,700,000 100%
DOE 92,708,370 43
Participants 120,991,630 57

LPMEOH is a trademark of Air Products and Chemicals, Inc.
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Project Objective:

To demonstrate on a commercial scale the production of
methanol from coal-derived synthesis gas using the
LPMEOH™ process; and to determine the suitability of
methanol produced during this demonstration for use as
a chemical feedstock or as a low-SO , low-NO, alterna-
tive fuel in stationary and transportation applications. If
practical, the production of dimethyl ether (DME) as a
mixed coproduct with methanol also will be demon-
strated.

Technology/Project Description:

This project is demonstrating, at commercial scale, the
LPMEOH™ process to produce methanol from coal-
derived synthesis gas. The combined reactor and heat
removal system is different from other commercial

methanol processes. The liquid phase not only suspends
the catalyst but functions as an efficient means to remove
the heat of reaction away from the catalyst surface. This
feature permits the direct use of synthesis gas streams as
feed to the reactor without the need for shift conversion.

The Eastman Chemical Company’s integrated coal
gasification facility at Kingsport, TN, has operated com-
mercially since 1983. At this site, it will be possible to
ramp up and down to demonstrate the unique load-fol-
lowing flexibility of the LPMEOH™ unit for application
to coal-based electric power generation facilities. Metha-
nol fuel testing will be conducted in off-site stationary
and mobile applications, such as boilers, fuel cells,
buses, and van pools. Design verification testing for the
production of DME as a mixed coproduct with methanol
for use as a storable fuel is planned, and a decision to

Coal Processing for Clean Fuels
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Blast Furnace Granulated-
Coal Injection System
Demonstration Project

Participant:
Bethlehem Steel Corporation

Additional Team Members:

British Steel Consultants Overseas Services, Inc.
(marketing arm of British Steel Corporation)—
technology owner

Simon-Macawber, Ltd.—equipment supplier

Fluor Daniel, Inc.—architect and engineer

ATS], Inc.—injection equipment engineer (U.S.
technology licensee)

Location:
Burns Harbor, Porter County, IN (Bethlehem Steel’s
Burns Harbor Plant, Blast Furnace Units C and D)

Technology:
British Steel’s blast furnace granulated-coal injection
(BFGCI) process (industrial applications)

Plant Capacity/Production:
7,000 net tons/day of hot metal (each blast furnace)

Project Funding:

Total project cost $191,700,000 100%
DOE 31,259,530 16
Participant 160,440,470 84

Project Objective:

To demonstrate that existing iron-making blast furnaces
can be retrofitted with blast furnace granulated-coal
injection technology; and to demonstrate sustained
operation with a variety of coal particle sizes, coal injec-
tion rates, and coal types, and to assess the interactive
nature of these parameters.
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Technology/Project Description:

In the BFGCI process, both granulated and pulverized
coal is injected into the blast furnace in place of natural
gas (or oil) as a blast furnace fuel supplement. The coal
along with heated air is blown into the barrel-shaped
section in the lower part of the blast furnace through
passages called tuyeres, which creates swept zones in the
furnace called raceways. The size of a raceway is impor-
tant and is dependent upon many factors including tem-
perature. Lowering of a raceway temperature, which can
occur with gas injection, reduces blast furnace production
rates. Coal, with a lower hydrogen content than either
gas or oil, does not cause as severe a reduction in race-
way temperatures. In addition to displacing injected
natural gas, the coal injected through the tuyeres dis-
places coke, the primary blast furnace fuel and reductant

(reducing agent), on approximately a pound-for-pound
basis. Because coke production results in significant
emissions of NO_, SO,, and air toxics and coal could
replace up to 40% of the coke requirement, BFGCI tech-
nology has significant potential to reduce emissions and
enhance blast furnace production.

Emissions generated by the blast furnace itself
remain virtually unchanged by the injected coal; the gas
exiting the blast furnace is clean, containing no measur-
able SO, or NO_. Sulfur from the coal is removed by the
limestone flux and bound up in the slag, which is a
salable by-product. In addition to the net emissions
reduction realized by coke displacement, blast furnace
production is increased by maintaining high raceway
temperatures.

Industrial Applications
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Innovative Coke Oven Gas
Cleaning System for Retrofit
Applications

Participant:
Bethlehem Steel Corporation

Additional Team Member:
Thyssen Still/Otto Technical Services—technology
developer

Location:

Sparrows Point, Baltimore County, MD (Bethlehem
Steel Corporation’s Sparrows Point Plant, Coke Oven
Batteries A, 11, and 12)

Technology:
Thyssen Still/Otto’s process for precombustion cleaning
of coke oven gas (COG) (industrial applications)

Plant Capacity/Production:
74 million std ft*/day of COG

Project Funding:

Total project cost $45,239,781 100%
DOE 13,500,000 30
Participant 31,739,781 70

Project Objective:

To demonstrate a first-of-a-kind novel integration of
commercially available process steps for simultaneous
removal of hydrogen sulfide and ammonia from COG,
recovery of hydrogen sulfide and ammonia, destruction
of ammonia, and recovery of sulfur in a commercial-
sized application; and to reduce SO, emissions by at
least 80% accompanied by substantially reduced emis-
sions of volatile organic compounds and discharge of
ammonia to wastewater treatment.

7-94 Program Update 1994
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Technology/Project Description:
This project is demonstrating an innovative technology
developed by Thyssen Still/Otto for removing hydrogen
sulfide and ammonia from COG. The process uses
contaminated water produced in the coke oven batteries
to absorb the hydrogen sulfide and ammonia contained in
the COG. Both hydrogen sulfide and ammonia are
steam stripped from the absorption liquor. The ammonia
is destroyed in a catalytic reactor; hydrogen sulfide is
converted to elemental sulfur in a conventional Claus
plant, and sulfur is recovered as a salable by-product.
The technology is expected to reduce the hydrogen
sulfide concentration in the cleaned COG by 88% and
the ammonia concentration by approximately 99%. Be-
cause the reagents used are indigenous in COG, costs

associated with the purchase and handling of feed re-
agents, the handling and treatment of by-products, labor,
and utilities are reduced.

This project involves the modification of the COG
processing units at Bethlehem Steel’s Sparrows Point
Plant in Baltimore County, MD. The demonstration
facility is designed to process the entire COG stream
from Coke Oven Batteries A, 11, and 12, which amounts
to 74millionstdft 3/day. These coke oven batteries have
the capability to produce up to 1.2 million tons/yr of coke
from a blend of Pennsylvania and Virginia coals having
sulfur contents ranging from 0.8% to 1.37%. The raw
COG has a hydrogen sulfide content of 175-340 grains/
100 fi®. Currently, only 60% of this COG stream is
desulfurized. The remaining 40% is used directly for
fucling the fire under the coke ovens.

Industrial Applications
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Clean Power from Integrated
Coal/Ore Reduction (COREX®)

Participant:
Centerior Energy Corporation

Additional Team Members:

Geneva Steel Company—site owner; constructor and
operator of COREX®unit

Air Products and Chemicals, Inc.—designer, engineer,
constructor, and operator of air separation and
combined-cycle units

Deutsche Voest-Alpine Industrieanlagenbau GmbH—
COREX® developer/supplier; designer and engineer
of COREX® unit

Electric Power Research Institute—cofunder

Location:
Vineyard, Utah County, UT (Geneva Steel Company’s
mill)

Technology:

Integration of Deutsche Voest-Alpine
Industrieanlagenbau’s COREX® iron-making process
with a combined-cycle power generation system
(industrial applications)

Plant Capacity/Production:
195 MWe (net) and 3,300 tons/day of hot metal (liquid
iron)

Project Funding:

Total project cost $825,092,000 100%
DOE 150,002,000 18
Participants 675,090,000 82

(Funding amounts reflect those contained in the proposal
and are subject to negotiation.)

COREX is a registered trademark of Deutsche Voest-Alpine
Industrieanlagenbau GmbH.
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Project Objective:

To demonstrate the integration of a direct iron-making
process (COREX®) with the production of electricity
using various U.S. coals in an efficient and environmen-
tally responsible manner.

Technology/Project Description:

The clean power from integrated coal/ore reduction
(CPICOR™) process integrates two historically distinct
processes—iron-making and electric power generation.
COREX? is a novel iron-making technology which
eliminates the need for coke production. The key innova-
tive features of the COREX® process include the reduc-
tion shaft furnace, which is used to reduce the iron ore to
iron, and the melter-gasifier, located beneath the reduc-
tion furnace, which gasifies the coal and melts the iron.

The gasification process generates the reducing gas for
use in the reduction furnace as well as sufficient heat to
melt the resulting iron in the melter-gasifier.

Excess reducing gas exiting the reduction furnace is
cooled, cleaned, compressed, mixed with air, and burned
in a gas turbine generator system capable of combusting
low-Btu gas to make electric power. The hot exhaust
from the turbine is then delivered to a heat recovery
steam generator where process steam is made for utiliza-
tion in a steam turbine generator system to produce
additional electric power.

During the demonstration, about 3,400 tons/day of a
bituminous coal blend containing about 0.5% sulfur will
be utilized. The project will produce 3,300 tons/day of
hot metal and 195 MWe for sale.

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

Project completed.

Participant:
Coal Tech Corporation

Additional Team Members:

Commonwealth of Pennsylvania Energy Development
Authority—cofunder

Pennsylvania Power and Light Company—supplier of
test coals

Tampella Power Corporation—host site

Location:
Williamsport, Lycoming County, PA (Tampella Power
Corporation boiler manufacturing plant)

Technology:
Coal Tech’s advanced, air-cooled, slagging combustor
(industrial applications)

Plant Capacity/Production:

23 million Btu/hr

Project Funding:

Total project cost $984,394 100%
DOE 490,149 50
Participants 494,245 50

Project Objective:

To demonstrate that an advanced cyclone combustor can
be retrofitted to an industrial boiler and that it can simul-
taneously remove up to 90% of the SO, and 90-95% of
the ash within the combustor and reduce NO_ by up to
100 ppm.
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Technology/Project Description:

Coal Tech’s horizontal cyclone combustor is internally
lined with ceramic that is air-cooled. Pulverized coal,
air, and sorbent are injected tangentially toward the wall
through tubes in the annular region of the combustor to
cause cyclonic action. In this manner, coal-particle
combustion takes place in a swirling flame in a region
favorable to particle retention in the combustor. Second-
ary air is used to adjust the overall combustor stoichiom-
etry. The ceramic liner is cooled by the secondary air and
maintained at a temperature high enough to keep the slag
in a liquid, free-flowing state. The secondary air is pre-
heated by the combustor walls to attain efficient combus-
tion of the coal particles in the fuel-rich cumbustor. Fine
coal pulverization allows combustion of most of the coal
particles near the cyclone wall, with the balance burned

on or near the wall. This improves combustion in the
fuel-rich chamber, as well as slag retention. The slag
contains over 80% of the ash and sorbent fed to the com-
bustor. For NO_ control, the combustor is operated fuel
rich, with final combustion taking place in the boiler
furnace to which the combustor is attached.

In Coal Tech’s demonstration, an advanced, air-
cooled, cyclone coal combustor was retrofitted to a
23-million-Btu/hr, oil-designed package boiler located at
the Tampella Power Corporation boiler factory in
Williamsport, PA. Air cooling in this combustor takes
place in a very compact combustor which can be retrofit-
ted to a wide range of industrial and utility boiler designs
without disturbing the boiler’s water-steam circuit. NO_
reduction is achieved by staged combustion, and SO, is
captured by injection of limestone into the combustor.

Industrial Applications
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Cement Kiln Flue Gas
Recovery Scrubber

Project completed.

Participant:
Passamaquoddy Tribe

Additional Team Members:

Dragon Products Company—project manager and host

E.C. Jordan Company—engineer for overall scrubber
system

HPD, Incorporated—designer and fabricator of tanks and
heat exchanger

Cianbro Corporation—constructor

Location:
Thomaston, Knox County, ME (Dragon Products
Company’s coal-fired cement kiln)

Technology:
Passamaquoddy Technology Recovery Scrubber™
(industrial applications)

Plant Capacity/Production:
1,450 tons/day of cement; 250,000 std ft*/min of kiln
gas; and up to 274 tons/day of coal

Project Funding:

Total project cost $17,800,000 100%
DOE 5,982,592 34
Participant 11,817,408 66

Project Objective:

To retrofit and demonstrate a full-scale industrial scrub-
ber and waste recovery system for a coal-burning wet
process cement kiln using waste dust as the reagent to
accomplish 90-95% SO, reduction using high-sulfur

Passamaquoddy Technology Recovery Scrubber is a trademark of the
Passamaquoddy Tribe.
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eastern coals and to produce a commercial by-product,
potassium-based fertilizer.

Technology/Project Description:
The Passamaquoddy Technology Recovery Scrubber™
uses a water solution/slurry containing potassium-rich
dust recovered from the kiln flue gas, which serves as the
scrubbing medium. No other chemicals are required for
the process. After scrubbing the gas, the slurry is sepa-
rated into liquid and solid fractions. The solid fraction is
returned to the cement plant as renovated and usable raw
feed material. The liquid fraction is passed to a crystal-
lizer that uses waste heat in the exhaust gas to evaporate
the water and recover dissolved alkali metal salts.

The Passamaquoddy Tribe’s recovery scrubber was
constructed at the Dragon Products Company’s cement

plant in Thomaston, ME, a plant that processes approxi-
mately 470,000 tons/yr of cement. The process was
developed by the Passamaquoddy Indian Tribe while it
was seeking ways to solve landfill problems, which
resulted from the need to dispose of waste kiln dust from
the cement-making process.

The kiln burns Pennsylvania bituminous coal con-
taining approximately 3% sulfur.

Industrial Applications
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Demonstration of Pulse
Combustion in an Application
for Steam Gasification of Coal

Participant:
ThermoChem, Inc.

Additional Team Member:
Manufacturing and Technology Conversion International,
Inc.—technology supplier

Location:
Near Gillette, Campbell County, WY (Caballo Rojo
Mine)

Technology:

Advanced combustion using Manufacturing and
Technology Conversion International’s (MTCI) pulse
combustor/gasifier (industrial applications)

Plant Capacity/Production:
161 million Btu/hr of 325 Btu/std ft* medium-Btu fuel
gas plus 40,0001b/hr of export steam

Project Funding:

Total project cost $37,333,474 100%
DOE 18,666,737 50
Participants 18,666,737 50

Project Objective:

To demonstrate the MTCI pulse combustor in an applica-
tion for steam gasification of coal to produce a medium-
Btu fuel gas from subbituminous coal.
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Technology/Project Description:

The MTCI fluidized-bed gasifier incorporates an innova-
tive indirect heating process for thermochemical steam
gasification of coal to produce hydrogen-rich, clean,
medium-Btu fuel gas without the need for an oxygen
plant. The indirect heat transfer is provided by MTCI’s
multiple resonance tube pulse combustor technology
with the resonance tubes comprising the heat exchanger
immersed in the fluidized-bed reactor. Heat transfer is
3-5 times greater than other indirectly heated gasifier
concepts, allowing the heat transfer surface to be
minimized.

The demonstration plant’s overall efficiency is ex-
pected to be 72% or more. In major commercial applica-
tions, char combustion and heat recovery operations can
be included to enhance overall plant efficiency.

SO, emissions are controlled by scrubbing the prod-
uct gas using commercially available processes. A mar-
ket for the by-product sulfur is being sought, and dis-
posal methods are being evaluated.

The demonstration facility will be built at the
Caballo Rojo Mine in conjunction with a new facility to
demonstrate the K-Fuel coal-upgrading process. Water
required to gasify the subbituminous coal will be pro-
duced by the K-Fuel process and the steam produced in
the gasification demonstration facility will be used in the
K-Fuel facility. The product gas will be burned in a gas
turbine to generate electricity to operate both facilities.
Subbituminous coal (0.3% sulfur) will be used.

Industrial Applications
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the entire coal resource base. However, projects should be limited
to the use of United States mined coal as the feedstock and demon-
stration sites should be located within the United States.

The managers agree that no more than $1,500,000 shall be avail-
able in FY 1986 and $2,000,000 each year thereafter for contract-
ing, travel, and ancillary costs of the program, and that manpower
costs are to be funded under the fossil energy research and develop-
ment program.

The managers direct the Department, after projects are selected,
to provide a comprehensive report to the Congress on proposals re-
ceived.

The managers also expect the request for proposals to be for the
full $400,000,000 program, and not only for the first $100,000,000
available in fiscal year 1986.

Public Law 100-202

CLEAN COAL TECHNOLOGY

For necessary expenses of, and associated with, Clean Coal Tech-
nolo demonstrations pursuant to 42 U.S.C. 5301 et seq,
$50,000,000 are appropriated for the fiscal year beginning October 1,
1987, and shall remain available until expended, and $525,000,000
are appropriated for the fiscal year beginning October 1, 1988, and
shall remain available until expended.

No later than sixty days following enactment of this Act, the
Secretary of Energy shall, pursuant to the Federal Nonnuclear
Energy Research and Development Act of 1974 (42 U.S.C. 5901 et
seq.), issue a general request for proposals for emerging clean coal
technologies which are capable of retrofitting or repowering existing
facilities, for which the Secretary of Energy upon review may
provide financial assistance awards. Proposals under this section
shall be submitted to the Department of Energy no later than ninety
days after issuance of the general request for proposals required
herein, and the Secretary of Energy shall make any project selec-
tions no later than one hundred and sixty days after receipt of
proposals: Provided, That projects selected are subject to all provisos
contained under this head in Public Law 99-190: Provided further,
That pre-award costs incurred by project sponsors after selection
and before signing an agreement are allowable to the extent that
they are related to (1) the preparation of material requested by the
Department of Energy and identified as required for the negotiation;
or (2) the preparation and submission of environmental data re-
quested by the Department of Energy to complete National Environ-
mental Policy Act requirements for the projects: Provided further,

A-2 Program Update 1994

That pre-award costs are to be reimbursed only upon signing of the
project agreement and only in the same ratio as the cost-sharing for
the total project: Provided further, That wmﬂoﬁm on projects selected
by the Secretary of Energy pursuant to authority granted under the
heading “Clean coal technology”’ in the Department of the Interior
and Related Agencies Appropriations Act, 1986, as contained in
Public Law 99-190, which are received by the Speaker of the House
of Representatives and the President of the Senate prior to the end
of the first session of the 100th Congress shall be deemed to have
met the criteria in the third proviso of the fourth paragraph under
the heading “Administrative provisions, Department of Energy” in
the Department of the Interior and Related Agencies Appropria-
tions Act, 1986, as contained in Public Law 99-190, upon expiration
of 30 calendar days from receipt of the report by the Speaker of the
House of Representatives and the President of the Senate.

Conference Report (H. Rep. 100-498)
CLEAN COAL TECHNOLOGY

Appropriates $575,000,000 for clean coal technology instead of
$350,000,000 as proposed by the House and $850,000,000 as pro-
posed by the Senate. The comparison by year is as follows:

House Senate

Conference

Fiscal year-
1988 ... . .. . . $30,000,000

1989, i ot ven. 200.000,000
1990.... . v . ... 100,000000

Total... . e e - 350,000,000

$350.000.000
500,000,000

$50,00¢.000
525,000,009

850,000,000  575.000.000

Bill language, proposed by the House, which would have prohib-
ited using grants has been deleted. The managers agree that
project funding is expected to be based on cooperative agreements,
but that grants might be applicable to support work also funded
from this account.

The managers agree to delete Senate language providing person-
nel floors for Clean Coal Technology. The managers further agree
that the budget estimates for personnel and contract support are to
be followed. The agreement includes 58 new positions above cur-
rent employment floors for the fossil energy organization and 30
positions within the floors. Out of clean coal technology funds, up
to $3,980,000 is for fiscal year 1988 personnel-related costs and up
to $16,520,000 is for all contract costs needed to make project selec-
tions and complete negotiations for both clean coal procurements.
Contract costs necessary to monitor approved projects should be re-
quested in the fiscal year 1989 budget. Increases above those
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contained under this head in Public Laws 99-190 and 100-202 as
amended by this Act.

The managers on the part of the Senate will move to concur in
the amendment of the House to the amendment of the Senate. The
amendment provides $575,000,000 in fiscal year 1990 for a third
Clean Coal Technology procurement as proposed by the Senate,
and clarifies that the procurement is for retrofit and repowering
technologies and is subject to the cost-sharing provisions of the pre-
vious two procurements.

The managers agree that a request for porposals should be issued
by May 1, 1989, with proposals due no later than 120 days after is-
suance of the request for proposals, and that the Secretary of
Energy should make project selections no later than 120 days after
receipt of proposals.

Amendment No. 132: Reported in technical disagreement. The
managers on the part of the House will offer a motion to recede
M,:w% concur in the amendment of the Senate with an amendment as

ollows:

Restore the matter stricken by said amendment, amended to
read as follow: The first paragraph under this head in Public Lau
100-202 ius amended by striking “and $525,000,000 are appropri-
ated for the fiscal year beginning October 1, 1988" and inserting
“$190,000,000 are appropriated for the fiscal year beginning October
1, 1988, and shall remain available until expended, $135,000,000 are
appropriated for the fiscal year beginning October 1, 1989, and shall
remain available until expended, and $200,000,000 are appropriated
for the fiscal year beginning October 1, 1990": Provided, That out-
lays in fiscal year 1989 resulting from the use of funds appropriated
under this head in Public Law 100-202, as amended by this Act,
may not exceed $15,500,000: Provided further, That these actions are
M@wmz pursuant to section 202(b)1) of Public Law 100-119(2 U.S.C.

).

The managers on the part of the Senate will move to concur in
the amendment of the House to the amendment of the Senate. The
amendment changes the availability of $525,000,000 originally
made available for fiscal year 1989 in Public Law 100-202 by
making $190,000,000 available in 1989, $135,000,000 available in
1990, and $200,000,000 available in 1991 and also provides an
outlay ceiling in fiscal year 1989. The House had proposed
$100,000,000 in fiscal year 1989, $225,000,000 in fiscal year 1990,
and $200,000,000 in fiscal year 1991, and the Senate struck the
House language.

Both of these changes are necessary because of budget allocation
constraints, but neither action has an effect on the execution of the
Clean Coal program, or on the Congress' overall support for the

A-4  Program Update 1994

program, as is evidenced by additional appropriations provided for
a thrid procurement of technologies.

The managers agree that administrative contract expenses may
be incurred up to the budget level of $9,820,000, but caution that
close control of such expenditures is necessary to assure that the
outlay ceiling provided will be sufficient to cover project costs.

Amendment No. 133: Modifies public law citation as proposed by
the Senate.

Amendment No. 134: Reported in technical disagreement. The
managers on the part of the House will offer a motion to recede
and concur in the amendment of the Senate which clarifies that
funds borrowed by REA Electric Cooperatives from the Federal Fi-
nancing Bank are eligible as cost-sharing in the clean coal technol-
ogy program.

Amendment No. 135: Reported in technical disagreement. The
managers on the part of the House will offer a motion to recede
and concur in the amendment of the Senate which specifies clean
coal projects may proceed 80 calendar days after receipt by Con-
gress of required reports, provided the reports are received prior to
the end of the 100th Congress.

Public Law 101-45
CrLeaN CoaL TECHNOLOGY

Notwithstanding any other provision of law, funds originally
appropriated under this head in the Department of the Interior and
Related Agencies Appropriations Act, 1989, shall be available for a
third solicitation of clean coal technology demonstration projects,
which projects are to be selected by the Department not later than
January 1, 1990.

Public Law 101-121

CLEAN COAL TECHNOLOGY

For necessary expenses of, and associated with, Clean Coal Tech-
nology demonstrations pursuant to 42 U.S.C. 5901 et seq,
$600,000,000 shall be made available on October 1, 1990, and shall
remain available until expended, and $600,000,000 shall be made
available on October 1, 1991, and shall remain available until
expended: Provided, That projects selected pursuant to a separate
general request for proposals issued pursuant to each of these
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Public Law 101-164
CLeAN CoaL TECHNOLOGY

The second paragraph under this head contained in the Act

making appropriations for the Department of the Interior and

Related Agencies for the fiscal year ending September 30, 1990, is

amended by striking “$450,000,000” and inserting “$419,000,000”
and by striking “$125,000,000” and inserting *“$156,000,000”.

Conference Report (H. Rep. 101-315)

The managers have agreed to reduce the funds appropriated by
the Energy and Water Development Appropriations Act for Fiscal
Year 1990 (Public Law 101-101) for the ‘“Nuclear Waste Disposal
Fund” by $46,000,000. This reduction will make funds available for
the drug prevention effort.

The managers have agreed to reductions to the Interior and Re-
lated Agencies Appropriations Act for Fiscal Year 1990 (Public Law
101-121) in order to accommodate additional drug related appro-
priations.

The reductions are in three areas. The new budget authority for
Clean Coal Technology of $450,000,000 for fiscal year 1990 is re-
duced by $31,000,000 with this same amount added to the advance
appropriation for fiscal year 1991. With this change the new
amount for fiscal year 1990 is $419,000,000 while fiscal year 1991
increases to $156,000,000. The second area of change is the imposi-
tion of an outlay ceiling on Strategic Petroleum Reserve oil acquisi-
tion. Outlays will be reduced from an estimated $169,945,000 to
$147,125,000 and will decrease the fill rate from approximately
50,000 barrels per day to approximately 46,000 or 47,000 barrels per
day. The third reduction relates to the Pennsylvania Avenue Devel-
opment Corporation. The borrowing authority is reduced from
$5,000,000 to $100,000.

The conference agreement includes bill language reducing the
amount of funds transferred from trust funds to the Health Care
Financing Administration Program Management account by
$32,000,000, from $1,917,172,000 to $1,885,172,000. This reduction,
along with the outlays reserved from the regular 1990 Labor,
Health and Human Services, and Education appropriations bill,
will be sufficient to support the Subcommittee’s share of the cost of
anti-drug abuse funding. The conferees intend that the reduction in
trust fund transfers be associated with activities to implement cat-
.wm_mnmwzo health insurance, where funding needs may be dimin-
ished.
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Public Law 101-302

CLEAN COAL TECHNOLOGY

Funds previously appropriated under this head for clean coal
technology solicitations to be issued no later than June 1, 1990, and
no later than September 1, 1991, respectively, shall not be obligated
until September 1, 1991: Provided, That the aforementioned solicita-
tions shall not be conducted prior to the ability to obligate these
funds: Provided further, That pursuant to section 202(b) of the
Balanced Budget and Emergency Deficit Control Reaffirmation Act
of 1987, this action is a necessary (but secondary) result of a signifi-
cant policy change: Provided further, That for the clean coal solicita-
tions identified herein, provisions included for the repayment of
government contributions to individual projects shall be identical to
those included in the Program Opportunity Notice (PON) for Clean
Coal Technology III (CCT-III) Demonstration Projects (solicitation
number DE-PS01-89 FE 61825), issued by the Department of
Energy on May 1, 1989,

Conference Report (H. Rep. 101-493)
CLEAN COAL TECHNOLOGY

Amendment No. 89. Reported in technical disagreement. The
managers on the part of the House will offer a motion to recede
and concur in the amendment of the Senate with an amendment as
follows:

In lieu of the matter proposed by said amendment insert:

DEPARTMENT OF ENERGY
CLEAN COAL TECHNOLOGY

Funds previously appropriated under this head for clean coal
technology solicitations to be issued no later than June 1, 1990, and
no later than September 1, 1991, respectively, shall not be obligated
until September 1, 1991: Provided, That the aforementioned solicita-
tions shall not be conducted prior to the ability to obligate these
funds: Provided further, That pursuant to section 202(b) of the Bal-
anced Budget and Emergency Deficit Control Reaffirmation Act of
1987, this action is a necessary (but secondary) result of a signifi-
cant policy change: Provided further, That for the clean coal solici-
tations identified herein, provisions included for the repayment of
government contributions to individual projects shall be identical to
those included in the Program Opportunity Notice (PON) for Clean
Coal Technology IIT (CCT-III) Demonstration Projects (solicitation
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be assigned to the Assistant Secretary for Fossil Ene
out the programs under this head using funds available under this
head in this and any other appropriations Act and of which 85 shall

for carrying

be for PETC and 30 shall for METC: Provided further, That
reports on projects selected by the Secretary of Energy pursuant to
authority granted under this heading which are received by the
Speaker of the House of Representatives and the President of the
Senate less than 30 ~m%m§m<w days prior to the end of the second
session of the 101st Congress shall be deemed to have met the
criteria in the third proviso of the fourth paragraph under the
heading “Administrative provisions, Department of Energy” in the
Department of the Interior and Related Agencies Appropriations
Act, 1986, as contained in Public Law 99-190, mmvou expiration of 30
calendar days from receipt of the report ﬂwsﬁ peaker of the House
of Representatives and the President of the Senate or at the end of
the session, whichever occurs later.

Conference Report (H. Rep. 101-971)
CLEAN COAL TECHNOLOGY

Amendment No. 142: Provides $35,000,000 for clean coal technol-
ogy on September 1, 1991 as proposed by the House instead of
$100,000,000 as proposed by the Senate. This amendment and
Amendment No. 143 shift the availability of $65,000,000 from fiscal
year 1991 to fiscal year 1992.

Amendment No. 143: Provides $315,000,000 for clean coal tech-
nology on October 1, 1991 as proposed by the House instead of
$250,000,000 as proposed by the Senate. This amendment and
Amendment No. 142 shift the availability of $65,000,000 from fiscal
year 1991 to fiscal year 1992,

Amendment No. 144: Provides dates for two solicitations for
clean coal technology as proposed by the Senate. The date for CCT-
IV is amended to February 1, 1991 from January 1, 1991. The date
for CCT-V is not changed from the Senate date of March 1, 1992

The managers have agreed to a February 1, 1991 date for the
next solicitation to enable the Department to publish a draft solici-
tation for comment by interested parties. It is expected that there
will be changes to evaluation criteria and other factors that make
it imperative that potential proposers have an opportunity to com-
ment on the content of the solicitation.

The managers urge the Department to include potential benefits
to remote, import-dependent sites as a program policy factor in
evaluating proposals. The Department should also consider projects
which can provide multiple fuel resource options for regions which
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are more than seventy-five percent dependent on one fuel form for
total energy requirements.

Amendment No. 145: Requires selection of projects within eight
months of the requests for proposals required by Amendment No.
144 as proposed by the Senate. The House had no such provision.

Amendment No. 146: Requires repayment of government contri-
butions to projects under conditions identical to the most recent
clean coal solicitation as proposed by the Senate. The House had no
such provision.

Amendment No. 147: Provides that funds for clean coal technolo-
gy may be expended only under conditions contained in appropria-
tions Acts. The Senate language had prohibited geographic restric-
tions on the expenditure of funds. The House had no such provi-
sion. The managers direct that no preferential consideration be
given to any project referenced explicitly or implicitly in other leg-
islation.

The managers agree to delete bill language dealing with geo-
graphic vestrictions based on such restrictions being deleted from
clean air legislation.

Amendment No. 148: Earmarks employees to two fossil energy
technology centers as proposed by the Senate. The House had no
such provision. The managers agree that the earmarks for PETC
and METC are minimum levels and may be increased as necessary.

The managers agree that no more than the current 30 fulltime
equivalent positions from fossil energy research and development
may be used in the clean coal program in fiscal year 1991.

Public Law 102-154

CLEAN COAL TECHNOLOGY

The first paragraph under this head in Public Law 101-512 is
amended by striking the phrase ““$150,000,000 on October 1, 1991,
$225,000,000 on October 1, 1992” and inserting “$100,000,000 on
October 1, 1991, $275,000,000 on October 1, 1992".

Notwithstanding the issuance date for the fifth general request
for proposals under this head in Public Law 101-512, such request
for proposals shall be issued not later than July 6, 1992, and
notwithstanding the proviso under this head in Public Law 101-512
regarding the time interval for selection of proposals resulting from
such solicitation, project proposals resulting from the fifth general
request for proposals shall be selected not later than ten months
after the issuance date of the fifth general request for proposals:
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may become available from the first five rounds. The report from
the Secretary on available funds, which was originally in the
Senate amendment, is still a requirement and such report should
be submitted to the House and Senate Committees on Appropria-
tions not later than May 1, 1994. Based on that report, the funding,
dates and conditions for the sixth round will be included in the
fiscal year 1995 appropriation.

The managers expect that the fifth solicitation will be conducted
under the same general types of criteria as the fourth solicitation
principally modified only (1) to include the wider range of eligible
technologies or applications; (2) to adjust technical criteria to con-
sider allowable development activities, to strengthen criteria for
non-utility demonstrations, and to adjust commercial performance
criteria for additional facilities and technologies with regard to as-
pects of general energy efficiency and environmental performance;
and (3) to clarify and strengthen cost and finance criteria, particu-
larly with regard to development activities.

Amendment No. 166: Restores House language deleted by the
Senate which refers to a fifth general request for proposals. The
mmbmmm proposed language dealing with both a fifth and a sixth
round.

Amendment No. 167: Reported in technical disagreement. The
managers on the part of the House will offer a motion to recede
and concur in the amendment of the Senate which directs the Sec-
retary of Energy to reobligate up to $44,000,000 from the fourth
round of Clean Coal Technology proposals to a proposal ranked
highest in its specific technology category by the Source Evaluation
Board if other than the highest ranking project in that category
was selected originally by the Secretary, and if such funds become
unobligated and are sufficient to fund such project. This amend-
ment would earmark such funds, if they become available, to a spe-
cific project not chosen in the Department of Energy selection proc-
ess for the fourth round of Clean Coal Technology.

Amendment No. 168: Technical amendment which deletes House
proposed punctuation and numbering as proposed by the Senate.

Amendment No. 169: Deletes House proposed language which
made unobligated funds available for procurements for which re-
quests for proposals have not yet been issued.

Amendment No. 170: Reported in technical disagreement. The
managers on the part of the House will offer a motion to recede
and concur in the amendment of the Senate which adds “not less
than” to employment floor language for PETC as proposed by the
Senate. The House had no such language.

Amendment No. 171: Reported in technical disagreement. The
managers on the part of the House will offer a motion to recede
and concur in the amendment of the Senate which adds “not less
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than” to employment floor language for METC as proposed by the
Senate. The House had no such language.

Public Law 102-381

CLEAN COAL TECHNOLOGY

The first paragraph under this head in Public Law 101-512,
as amended, is further amended by striking the phrase “and
$250,000,000 on October 1, 1992” and inserting “$150,000,000 on
October 1, 1993, and $100,000,000 on October 1, 1994” and by
striking the phrase “$275,000,000 on October 1, 1992, and
$225,000,000 on October 1, 1993” and inserting “$250,000,000 on
October 1, 1993, and $250,000,000 on Qctober 1, 1994”,

Public Law 103-138

CLEAN COAL TECHNOLOGY

The first paragraph under this head in Public Law 101-6512,
as amepded, is further amended by striking the phrase
“$15650,000,000 on October 1, 1993, and $100,000,000 on October
1, 1994" and inserting “$100,000,000 on October 1, 1993,
$100,000,000 on October 1, 1994, and $50,000,000 on October 1,
1996” and by striking the phrase “$250,000,000 on October 1, 1993,
and $250,000,000 on Ongwo.. 1, 1994” and inserting “$125,000,000
on October 1, 1993, $276,000,000 on October 1, 1994, and
$100,000,000 on October 1, 1995,
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The M.W. Kellogg Company and Bechtel Develop-
ment Company withdrew their CCT-I project (Clean
Energy IGCC Demonstration Project).

September 1989

United Coal Company withdrew its CCT-I project
(Coal Waste Recovery Advanced Technology
Demonstration).

November 1989

DOE signed a cooperative agreement with CCT-II
participant, Bethlehem Steel Corporation (Innovative
Coke Oven Gas Cleaning System for Retrofit
Applications).

Combustion Engineering, Inc., (CCT-II) withdrew its
Postcombustion Sorbent Injection Demonstration
Project.

December 1989
13 projects were selected under CCT-IIL

DOE signed cooperative agreements with five
CCT-1I participants: ABB Combustion Engineering,
Inc. (SNOX™ Flue Gas Cleaning Demonstration
Project); The Babcock & Wilcox Company
(SOx-NOx-Rox-Box™ Flue Gas Cleanup Demon-
stration Project); Passamaquoddy Tribe (Cement
Kiln Flue Gas Recovery Scrubber); Pure Air on the
Lake, L.P. (Advanced Flue Gas Desulfurization
Demonstration Project); and Southern Company
Services, Inc. (Demonstration of Advanced Combus-
tion Techniques for a Wall-Fired Boiler).

B-2 Program Update 1994

Energy International, Inc., withdrew its CCT-I
project (Underground Coal Gasification Demonstra-
tion Project).

February 1990

Foster Wheeler Power Systems, Inc., withdrew its
CCT-I proposal (Clean Energy IGCC Demonstration
Project).

April 1990

DOE signed cooperative agreements with three
CCT-II participants: The Appalachian Power
Company (PFBC Utility Demonstration Project);
The Babcock & Wilcox Company (Demonstration of
Coal Reburning for Cyclone Boiler NO_ Control);
and Southern Company Services, Inc. (Demonstra-
tion of Innovative Applications of Technology for
the CT-121 FGD Process).

June 1990

DOE signed cooperative agreements with the co-
participants of one CCT-I project, ABB Combustion
Engineering, Inc., and CQ, Inc., (Development of the
Coal Quality Expert) and with two CCT-1I partici-
pants: Southern Company Services, Inc. (Demon-
stration of Selective Catalytic Reduction Technology
for the Control of NO_Emissions from High-Sulfur-
Coal-Fired Boilers) and TransAlta Resources
Investment Corporation (LNS Burner for Cyclone-
Fired Boilers Demonstration Project).

September 1990

DOE signed cooperative agreements with one CCT-I
participant, Rosebud SynCoal Partnership (formerly
Western Energy Company; Advanced Coal Conver-
sion Process Demonstration); one CCT-II partici-
pant, Southern Company Services, Inc. (180-MWe
Demonstration of Advanced Tangentially Fired
Combustion Techniques for the Reduction of NO,
Emissions from Coal-Fired Boilers); and one CCT-
II1 participant, ENCOAL Corporation (ENCOAL
Mild Coal Gasification Project).

Negotiations terminated with CCT-II participant,
Southwestern Public Service Company (Nichols CFB
Repowering Project).

October 1990

DOE signed cooperative agreements with four
CCT-III participants: AirPol, Inc. (10-MWe Demon-
stration of Gas Suspension Absorption); The
Babcock & Wilcox Company (Full-Scale Demon-
stration of roé-zox Cell Burner Retrofit); Bechtel
Corporation (Confined Zone Dispersion Flue Gas
Desulfurization Demonstration); and Energy and
Environmental Research Corporation (Evaluation of
Gas Reburning and Low-NO, Burners on a Wall-
Fired Boiler).
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October 1992

DOE signed cooperative agreements with one
CCT-1II participant, Air Products and Chemicals,
Inc. (Commercial-Scale Demonstration of the
Liquid-Phase Methanol [LPMEOH™] Process) and
with four CCT-IV participants: Custom Coals
International (Self-Scrubbing Coal™: An Integrated
Approach to Clean Air); New York State Electric &
Gas Corporation (Milliken Clean Coal Technology
Demonstration Project); TAMCO Power Partners
(Toms Creek IGCC Demonstration Project); and
ThermoChem, Inc. (Demonstration of Pulse Com-
bustion in an Application for Steam Gasification of
Coal).

November 1992

The Babcock & Wilcox Company’s CCT-I project,
LIMB Demonstration Project Extension and
Coolside Demonstration, was completed; final
reports have been issued.

May 1993

5 projects were selected under CCT-V: Four Rivers
Energy Partners, L.P. (Four Rivers Energy Modern-
ization Project; previously, Calvert City Advanced
Energy Project); Duke Energy Corp. (Camden Clean
Energy Demonstration Project); Centerior Energy
Corporation, on behalf of CPICOR Management
Company (Clean Power from Integrated Coal/Ore
Reduction [COREX®)); Arthur D. Little, Inc. (Clean
Coal Combined-Cycle Project; previously Demon-
stration of Coal Diesel Technology at Easton
Utilities); and Pennsylvania Electric Company
(Warren Station Externally Fired Combined-Cycle
Demonstration Project).

B-4 Program Update 1994

July 1993

Union Carbide Chemicals and Plastics Company,
Inc., withdrew its CCT-IV proposal, Demonstration
of the Union Carbide CANSOLV™ System at the
ALCOA Generating Corporation Warrick Power
Plant.

December 1993

The Babcock & Wilcox Company’s CCT-II project,
SOx-NOx-Rox-Box™ Flue Gas Cleanup Demonstra-
tion Project, was completed; final reports are in
preparation.

The Babcock & Wilcox Company’s CCT-II project,
Demonstration of Coal Reburning for Cyclone Boiler
ZOx Control, was completed; the final technical
report has been issued.

Bechtel Corporation’s CCT-III project, Confined
Zone Dispersion Flue Gas Desulfurization Demon-
stration, was completed; final reports are in prepara-
tion.

February 1994

The Passamaquoddy Tribe’s CCT-III project,
Cement Kiln Flue Gas Recovery Scrubber, was
completed; final reports have been issued.

June 1994

DOE signed a cooperative agreement with CCT-V
participant, Arthur D. Little, Inc. (Coal Diesel
Combined-Cycle Project).

Southern Company Services’ CCT-III project,
180-MWe Demonstration of Advanced Tangentially
Fired Combustion Techniques for the Reduction of
NO, Emissions from Coal-Fired Boilers, was
completed; final reports have been issued.

August 1994

DOE signed cooperative agreements with two
CCT-V participants, Four Rivers Energy Partners,
L.P. (Four Rivers Energy Modernization Project);
and Pennsylvania Electric Company (Warren Station
Externally Fired Combined-Cycle Demonstration
Project).

The CCT-III project, Commercial Demonstration of
the NOXSO SO,/NO, Removal Flue Gas Cleanup
System, was relocated and transferred to NOXSO
Corporation.

September 1994

The Air Products and Chemicals CCT-III project,
Commercial-Scale Demonstration of the Liquid-
Phase Methanol (LPMEOH™) Process, was trans-
ferred to Air Products Liquid Phase Conversion
Company, L.P.

December 1994

DOE signed a cooperative agreement with CCT-V
participant, Clean Energy Partners Limited Partner-
ship (formerly Duke Energy Corp.; Clean Energy
Demonstration Project).
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DMEC-1 Limited Partnership—PCFB Project

Pressurized Circulating Fluidized Bed (PCFB)
Repowering Project; Annual Report/January-
December 1993. DMEC-1 Limited Partnership.
April 1994. (Available from NTIS as DE 9401-4920.)

Pressurized Circulating Fluidized Bed (PCFB)
Repowering Project: Annual Report/August 1991-
December 1992. Report No. DOE/MC/27364-3468.
DMEC-1 Limited Partnership. April 1993. (Avail-
able from NTIS as DE 9400-0007.)

“Des Moines, Jowa Greets New Clean Coal Plant.”
Clean Coal Today. Report No. DOE/FE-0215P-4.
Winter 1991.

Comprehensive Report to Congress on the Clean
Coal Technology Program: Pressurized Circulating
Fluidized Bed Demonstration Project. (Dairyland
Power Cooperative and Iowa Power Inc.). Report
No. DOE/FE-0236P. U.S. Department of Energy.
June 1991.

Four Rivers Energy Partners, L.P.—Four Rivers
Energy Modernization Project

Comprehensive Report to Congress on the Clean
Coal Technology Program: Four Rivers Energy
Modernization Project. (Air Products and Chemi-
cals, Inc.) Report No. DOE/FE-0295P. U.S. Depart-
ment of Energy. June 1994.

c-2 Program Update 1994

The Ohio Power Company—Tidd PFBC
Demonstration Project

Tidd PFBC Demonstration Project Topical Report—
First Eighteen Months of Operation. Report No.
DOE/MC/24132-3746. The Ohio Power Company.
March 1994. (Available from NTIS as DE 9400-4120.)

“Tidd Sets Mark, with Continuous 45-Day Run.”
Clean Coal Today. Report No. DOE/FE-0215P-14.
Summer 1994.

“Tidd Extended Runs Verify Design Basis.” Clean

Coal Today. Report No. DOE/FE-0215P-7. Fall 1992.

PFBC Utility Demonstration Project: 1991 Annual
Report. Report No. DOE/MC/26304-3194. U.S.
Department of Energy. November 1992. (Available
from NTIS as 9300-0233.)

Tidd PFBC Demonstration Project: Public Final
Design Report. Report No. DOE/MC/24132-3195.
The Ohio Power Company. October 1992. (Avail-
able from NTIS as DE 9300-0234.)

“Tidd Plant Sets New Technical Operations and
Environmental Performance Records.” Clean Coal
Today. Report No. DOE/FE-0215P-6. Summer 1992.

“Tidd Plant Resumes Operation.” Clean Coal
Today. Report No. DOE/FE-0215P-4. Winter 1991.

“Tidd Receives 1991 Power Plant Award.” Clean Coal
Today. Report No. DOE/FE-0215P-1. Spring 1991.

“TIDD Plant Produces Power: Operations Planned
Early 1991.” Clean Coal Today. Report No.
DOE/FE-0215P. Winter 1990.

Tidd: The Nation’s First PFBC Combined-Cycle
Demonstration. Topical Report No. 1. U.S. Depart-
ment of Energy and American Electric Power Service
Corporation. March 1990.

Comprehensive Report to Congress on the Clean
Coal Technology Program: Tidd PFBC Demonstra-
tion Project. (The Ohio Power Company). Report
No. DOE/FE-0078. U.S. Department of Energy.
February 1987.

Tri-State Generation and Transmission
Association, Inc.—Nucla CFB Demonstration
Project

Clean Coal Reference Plants: Atmospheric CFB
(Topical Report, Task 1). Report No. DOE/MC/
25177-3307. Gilbert/Commonwealth, Inc. June 1992,
(Available from NTIS as DE 9300-0251.)

Demonstration Program Performance Test: Summary
Reports. Report No. DOE/MC/25137-3104. Colo-
rado-Ute Electric Association, Inc. March 1992.
(Available from NTIS as DE 9200-1299.)

Economic Evaluation Report: Topical Report.
Report No. DOE/MC/25137-3127. Colorado-Ute
Electric Association, Inc. March 1992. (Available
from NTIS as DE 9300-0212.)

Nucla Circulating Atmospheric Fluidized Bed
Demonstration Project: 1990 Annual Report. Report
No. DOE/MC/25137-3089. Colorado-Ute Electric
Association, Inc. February 1992. (Available from
NTIS as DE 9200-1275.)
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Clean Energy Partners Limited Partnership—
Clean Energy Demonstration Project

Comprehensive Report to Congress on the Clean
Coal Techology Program: Clean Energy Demonstra-
tion Project. (Clean Energy Partners, L.P.). Report
No. DOE/FE-0319P. U.S. Department of Energy.
October 1994.

Sierra Pacific Power Company—Pifion Pine
IGCC Power Project

Comprehensive Report to Congress on the Clean
Coal Technology Program: Pifion Pine IGCC Power
Project. (Sierra Pacific Power Company). Report
No. DOE/FE-0255P. U.S. Department of Energy.
June 1992.

TAMCO Power Partners—Toms Creek IGCC
Demonstration Project

Comprehensive Report to Congress on the Clean
Coal Technology Program: Toms Creek IGCC
Demonstration Project. (TAMCO Power Partners).
Report No. DOE/FE-0264P. U.S. Department of
Energy. September 1992.

Tampa Electric Company—Tampa Electric
Integrated Gasification Combined-Cycle Project

Tampa Electric Company Polk Power Station Unit
No. 1; Annual Report/January—-December 1993.
Report No. DOE/MC/27363-3870. Tampa Electric
Company. August 1994. (Available from NTIS as
9500-0042.)

C-4 Program Update 1994

Tampa Electric Company Polk Power Station Unit
No. 1; Annual Report/January—December 1992.
Report No. DOE/MC/27363-3629. Tampa Electric
Company. October 1993. (Available from NTIS as
9400-0098.)

“Florida Project Demonstrates Key Technologies.”
Clean Coal Today. Report No. DOE/FE-0215P-9.
Spring 1993.

Comprehensive Report to Congress on the Clean
Coal Technology Program: Air-Blown Integrated
Gasification Combined-Cycle Demonstration
Project. (Clean Power Cogeneration Limited
Partnership). Report No. DOE/FE-0216P. U.S.
Department of Energy. January 1991.

Wabash River Coal Gasification Repowering
Project Joint Venture—Wabash River Coal
Gasification Repowering Project

“Largest U.S. Single Train IGCC Facility.” Clean
Coal Today. Report No. DOE/FE-0215P-12. Winter
1993/1994.

“promise of Coal Gasification Power Draws 400
Representatives to Wabash River Site.” Clean Coal
Today. Report No. DOE/FE-0215P-10. Summer 1993.

Comprehensive Report to Congress on the Clean
Coal Technology Program: Wabash River Coal
Gasification Repowering Project. (Wabash River
Coal Gasification Repowering Project Joint Venture).
Report No. DOE/FE-0257P. U.S. Department of
Energy. June 1992.

Advanced Electric Power Generation/
Advanced Combustion/Heat Engines

Alaska Industrial Development and Export
Authority—Healy Clean Coal Project

Healy Clean Coal Project, Design Verification and
Cold-Flow Modeling Test Report. Report No.
DE-FC22-91PC905443. U.S. Department of Energy.
July 1993.

Healy Clean Coal Project: Healy FCM Testing at
Niro Air Pollution Pilot Facility. Report No.
DOE/PC/90544-T6. U.S. Department of Energy.
October 1992.

Healy Clean Coal Project: Healy Coal Firing at
TRW Cleveland Test Facility. Report No.
DOE/PC/90544-T2. TRW Space and Technology
Group, TRW, Inc. August 1991. (Available from
NTIS as DE 9200-7602.)

Comprehensive Report to Congress on the Clean
Coal Technology Program: Healy Clean Coal
Project. (Alaska Industrial Development and

Export Authority). Report No. DOE/FE-0211P. U.S.
Department of Energy. January 1991.

Arthur D. Little, Inc.—Coal Diesel Combined-
Cycle Project

Comprehensive Report to Congress on the Clean
Coal Technology Program: Coal Diesel Combined-
Cycle Project. (Arthur D. Little, Inc.). Report No.
DOE/FE-0296P. U.S. Department of Energy. May
1994.
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Southern Company Services, Inc.—Demonstration
of Advanced Combustion Techniques for a Wall-
Fired Boiler

“Georgia Power’s Plant Hammmond Previews Clean
Air Act’s NO, Challenges—Project Generating
Data that will Help Utilities Face New Law’s
‘Sleeping Giant’.” Clean Coal Today. Report No.
DOE/FE-0215P-4. Winter 1991.

Comprehensive Report to Congress on the Clean
Coal Technology Program: Demonstration of
Advanced Combustion Techniques for a Wall-Fired
Boiler. (Southern Company Services, Inc.). Report
No. DOE/FE-0146. U.S. Department of Energy.
November 1989.

Southern Company Services, Inc.—180-MWe
Demonstration of Advanced Tangentially Fired
Combustion Techniques for the Reduction of NO_
Emissions from Coal-Fired Boilers

180-MW Demonstration of Advanced Tangentially
Fired Combustion Techniques for the Reduction of
Nitrogen Oxide (NO) Emissions from Coal-Fired
Boilers: Final Report and Key Project Findings.
Southern Company Services, Inc. February 1994.

180-MW Demonstration of Advanced Tangentially
Fired Combustion Techniques for the Reduction of
Nitrogen Oxide (NO ) Emissions from Coal-Fired
Boilers: Chemical Emissions Report. Report No.
DOE/PC/89652-T12. Southern Company Services,
Inc. October 1993. (Available from NTIS as DE
9400-5038.)

C-6 Program Update 1994

180-MW Demonstration of Advanced Tangentially
Fired Combustion Techniques for the Reduction of
Nitrogen Oxide (NO ) Emissions from Coal-Fired
Boilers: Public Design Report. Report No. DOE/PC/
89652-T13. Southern Company Services, Inc.
September 1993. (Available from NTIS as

DE 9400-0218.)

Comprehensive Report to Congress on the Clean
Coal Technology Program: 180-MWe Demonstration
of Advanced Tangentially Fired Combustion Tech-
niques for the Reduction of Nitrogen Oxide (NO,)
Emissions for Coal-Fired Boilers. (Southern
Company Services, Inc.). Report No. DOE/FE-0191P,
U.S. Department of Energy. July 1990.

Southern Company Services, Inc.—Demonstration
of Selective Catalytic Reduction Technology for
the Control of NO_Emissions from High-Sulfur-
Coal-Fired Boilers

“Gulf Power’s SCR Test Facility in Operation.”
Clean Coal Today. Report No. DOE/FE-0215P-13.
Spring 1994.

“SCR Tests Progress at Gulf’s Plant Crist.” Clean
Coal Today. Report No. DOE/FE-0215P-10.
Summer 1993.

“SCR Holds Promise for Effective NO_Control—
CCT Projects Address Higher Costs, Limited U.S.
Experience.” Clean Coal Today. Report No,
DOE/FE-0215P-6. Summer 1992,

“Catalyst Suppliers Selected in Southern Company’s
SCR Project.” Clean Coal Today. Report No.
DOE/FE-0215P-2. Summer 1991,

Comprehensive Report to Congress on the Clean
Coal Technology Program: Demonstration of
Selective Catalytic Reduction (SCR) Technology for
the Control of Nitrogen Oxide (NO ) Emissions from
High-Sulfur-Coal-Fired Boilers. (Southern Com-
pany Services, Inc.). Report No. DOE/FE-0161P.
U.S. Department of Energy. April 1990.

Tennessee Valley Authority—Micronized Coal
Reburning Demonstration for NO_Control on a
175-MWe Wall-Fired Unit

“Reburning for NO, Reduction—Micronized Coal
Reburning for NO_ Control.” PETC Review. Issue 9.
Fall 1993,

Comprehensive Report to Congress on the Clean
Coal Technology Program: Micronized Coal
Reburning Demonstration for NO_ Control on a
175-MWe Wall-Fired Unit. (Tennessee Valley
Authority). Report No. DOE/FE-0256P. U.S.
Department of Energy. June 1992.

Environmental Control Devices/SO, Control
Technologies

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

“AirPol Plant Runs Smoothly.” Clean Coal Today.
Report No. DOE/FE-0215P-8. Winter 1992.

Comprehensive Report to Congress on the Clean
Coal Technology Program: 10-MW Demonstration
of Gas Suspension Absorption. (AirPol, Inc.).
Report No. DOE/FE-0198P. U.S. Department of
Energy. July 1990.
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D.C. McCoy et al. The Edgewater Coolside Process
Demonstration: A Topical Report. Report No.
DOE/PC/79798-T26. CONSOL, Inc. February 1992.
(Available from NTIS as DE 9300-1722.)

“B&W’s LIMB Operating; Coolside Tests Complete.”
Clean Coal Today. Report No. DOE/FE-0215P.
Winter 1990.

Coolside and LIMB: Sorbent Injection Demonstra-
tions Nearing Completion. Topical Report No. 2.
U.S. Department of Energy and The Babcock &
Wilcox Company. September 1990.

Public Design Report. The Babcock & Wilcox
Company. December 1988. (LIMB/Coolside.)

Comprehensive Report to Congress on the Clean
Coal Technology Program: LIMB Demonstration
Project Extension. (The Babcock & Wilcox
Company). Report No. DOE/FE-008S.

U.S. Department of Energy. April 1987.

The Babcock & Wilcox Company—SOx-NOx-
Rox-Box™ Flue Gas Cleanup Demonstration
Project

“Progressive Technology Exceeds Expectations.”
Clean Coal Today. Report No. DOE/FE-0215P-10.
Summer 1993.

5 MWe SNRB™ Demonstration Facility: Detailed
Design Report. 1B. The Babcock & Wilcox Com-
pany. November 1992.

C-8 Program Update 1994

“Success is in the Ceramic Bag—B&W’s
SOx-NOx-Rox Box Starts Up.” Clean Coal Today.
Report No. DOE/FE-0215P-5. Spring 1992.

Comprehensive Report to Congress on the Clean
Coal Technology Program: SOX-NOX-ROX Box
Flue Gas Cleanup Demonstration Project. (The
Babcock & Wilcox Company). Report No.
DOE/FE-0145. U.S. Department of Energy.
November 1989.

Energy and Environmental Research
Corporation—Enhancing the Use of Coals by Gas
Reburning and Sorbent Injection

Enhancing the Use of Coals by Gas Reburning and
Sorbent Injection; Volume 2: Reburning-Sorbent
Injection at Hennepin Unit 1, lllinois Power Com-
pany. Energy and Environmental Research Corpora-
tion. October 1994,

Enhancing the Use of Coals by Gas Reburning and
Sorbent Injection; Volume 3: Reburning—Sorbent
Injection at Edwards Unit 1, Central lllinois Light
Company. Energy and Environmental Research
Corporation. October 1994,

Reduction of NO_and SO, Using Gas Reburning,
Sorbent Injection and Integrated Technologies.
Topical Report No. 3. U.S. Department of Energy
and Energy and Environmental Research Corpora-
tion. September 1993.

“Reburning for NO, Reduction—Enhancing the Use
of Coals by Gas Reburning and Sorbent Injection.”
PETC Review. Issue 9. Fall 1993.

Comprehensive Report to Congress on the Clean
Coal Technology Program: Enhancing the Use of
Coals by Gas Reburning and Sorbent Injection.
(Energy and Environmental Research Corporation).
Report No. DOE/FE-0087. U.S. Department of
Energy. May 1987.

New York State Electric & Gas Corporation—
Milliken Clean Coal Technology Demonstration
Project

“Milliken Project in Final Construction Stage.”
Clean Coal Today. Report No. DOE/FE-0215P-14.
Summer 1994.

Comprehensive Report to Congress on the Clean
Coal Technology Program: Milliken Clean Coal
Technology Demonstration project. (New York State
Electric & Gas Corporation). Report No. DOE/FE-
0265P. U.S. Department of Energy. September
1992.

NOXSO Corporation—Commercial
Demonstration of the NOXSO SO,/NO,_ Removal
Flue Gas Cleanup System

Comprehensive Report to Congress on the Clean
Coal Technology Program: Commercial Demonstra-
tion of the NOXSO SO,/NO_ Removal Flue Gas
Cleanup System. (MK-Ferguson Company). Report
No. DOE/FE-0213P. U.S. Department of Energy.
January 1991.
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Industrial Applications

Bethlehem Steel Corporation—Blast Furnace
Granulated-Coal Injection System Demonstration
Project

“Blast Furnace Coal Facility in Construction.” Clean
Coal Today. Report No. DOE/FE-0215P-13. Spring
1994.

Comprehensive Report to Congress on the Clean
Coal Technology Program: Blast Furnace Granu-
lated Coal Injection System Demonstration Project.
(Bethlehem Steel Corporation). Report No.
DOE/FE-0206P. U.S. Department of Energy.
October 1990.

Bethlehem Steel Corporation—Innovative Coke
Oven Gas Cleaning System for Retrofit
Applications

“Bethlehem Steel’s Innovative Cleanup System Nears
Completion at Sparrow’s Point—Power Plants Aren’t
the Only Facilities Benefiting from New Technolo-
gies Emerging from the Clean Coal Technology
Program.” Clean Coal Today. Report No. DOE/FE-
0215P-2. Summer 1991.

Comprehensive Report to Congress on the Clean
Coal Technology Program: Innovative Coke Oven
Gas Cleaning System for Retrofit Applications.
(Bethlehem Steel Corporation). Report No. DOE/
FE-0137. U.S. Department of Energy. August 1989.

Centerior Energy Corporation—Clean Power
from Integrated Coal/Ore Reduction (COREX®)

This CCT-V project is in negotiations.

Cc-10 Program Update 1994

Coal Tech Corporation—Advanced Cyclone
Combustor with Internal Sulfur, Nitrogen, and
Ash Control

The Coal Tech Advanced Cyclone Combustor
Demonstration Project—A DOE Assessment. Report
No. DOE/PC/79799-T1. U.S. Department of Energy.
May 1993.

B. Zauderer and E.S. Fleming. The Demonstration
of an Advanced Cyclone Coal Combustor, with
Internal Sulfur, Nitrogen, and Ash Control for the
Conversion of a 23 MMBtu/Hour Oil Fired Boiler to
Pulverized Coal; Volume 1: Final Technical Report;

Volume 2: Appendixes I, II, III, IV, and V; Volume 3:

Appendix VI. Coal Tech Corporation. August 1991.
(Available from NTIS as DE 9200-2587 and
DE 9200-2588-T7.)

“Coal Tech Completes Combustor Operations.”
Clean Coal Today. Report No. DOE/FE-0215P.
Winter 1990.

Comprehensive Report to Congress on the Clean
Coal Technology Program: Advanced Cyclone
Combustor with Integral Sulfur, Nitrogen, and Ash
Control. (Coal Tech Corporation). Report No.
DOE/FE-0077. U.S. Department of Energy.
February 1987.

Passamaquoddy Tribe—Cement Kiln Flue Gas
Recovery Scrubber

Passamaquoddy Technology Recovery Scrubber™:
Final Report. Volumes 1 and 2. Passamaquoddy
Tribe. February 1994. (Volume 1 available from NTIS

as DE 9401-1175-T3, Volume 2 as DE 9401-1176-T3.)

Passamaquoddy Technology Recovery Scrubber™:
Public Design Report. Passamaquoddy Tribe.
October 1993.

“Success Continues at Cement Kiln Project.” Clean
Coal Today. Report No. DOE/FE-0215P-7. Fall 1992.

Passamaquoddy Technology Recovery Scrubber™:
Topical Report. Report No. DOE/PC/89657-T1.
Passamaquoddy Tribe. March 1992. (Available
from NTIS as DE 9201-9868.)

“Passamaquoddy Cement Kiln Project Begins
Operations.” Clean Coal Today. Report No. DOE/
FE-0215P-1. Spring 1991.

Comprehensive Report to Congress on the Clean
Coal Technology Program: Cement Kiln Flue Gas
Recovery Scrubber. (Passamaquoddy Tribe). Report
No. DOE/FE-0152. U.S. Department of Energy.
November 1989.

ThermoChem, Inc.—Demonstration of Pulse
Combustion in an Application for Steam
Gasification of Coal

Comprehensive Report to Congress on the Clean
Coal Technology Program: Demonstration of Pulse
Combustion in an Application for Steam Gasifica-
tion. (ThermoChem, Inc.). Report No.
DOE/FE-0267P. U.S. Department of Energy.
October 1992.
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Summary Proceedings: Public Meetings on Increas-
ing Western Participation in the 1989 Clean Coal
Technology Solicitation. Report No. DOE/FE-0113.
U.S. Department of Energy. December 1988.

CCT-IV Solicitation

“Nine New Clean Coal Technology Projects Selected
in Fourth Round of Competition.” Clean Coal Today.
Report No. DOE/FE-0215P-4. Winter 1991.

Comprehensive Report to Congress: Proposals
Received in Response to Clean Coal Technology IV
Program Opportunity Notice. Report No. DOE/FE-
0242P. U.S. Department of Energy. December 1991.

Summary Proceedings: Public Meetings for Views
and Comments on the Conduct of the 1990 Clean Coal

Technology Solicitation. Report No. DOE/FE-0171. U.S.

Department of Energy. April 1990.

Background Information: Public Meetings for Views
and Comments on the Conduct of the 1990 Clean Coal

Technology Solicitation. Report No. DOE/FE-0157. U.S.

Department of Energy. February 1990.

CCT-V Solicitation

Comprehensive Report to Congress: Proposals
Received in Response to the Clean Coal Technology V
Program Opportunity Notice. Report No. DOE/FE-
0277. U.S. Department of Energy. June 1993.

“Five New Clean Coal Projects.” Clean Coal Today.
Report No. DOE/FE-0215P-9. Spring 1993.

C-12 Program Update 1994

Summary Proceedings: Public Meetings for Views
and Comments on the Conduct of the 1992 Clean Coal
Technology Solicitation. Report No. DOE/FE-0246P.
U.S. Department of Energy. December 1991.

Background Information Public Meetings for Views
and Comments on the Conduct of the 1992 Clean
Coal Technology Solicitation. U.S. Department of
Energy. October 1991.

Other Reports and Clean Coal Today Articles

“Clean Coal Celebrates Earth Day 1994—Exhibits
Accent Reducing Greenhouse Gas Emissions.”
Clean Coal Today. Report No. DOE/FE-0215P-13.
Spring 1994.

“In Memoriam.” Clean Coal Today. Report No.
DOE/FE-0215P-15. Special Memorial Issue. 1994.

Third Annual Clean Coal Technology Conference:

Technical Papers. U.S. Department of Energy and

The Center for Energy and Economic Development.
September 1994.

The Clean Coal Technology Program Lessons
Learned. Report No. DOE/FE-0315P. U.S. Depart-
ment of Energy. July 1994.

Comprehensive Report to Congress: Clean Coal
Technology Program Completing the Mission.
Report No. DOE/FE-0309P. U.S. Department of
Energy. May 1994.

Report to the United States Congress: Clean Coal
Technology Export Markets and Financing Mecha-
nisms. Report No. DOE/FE-0307P. U.S. Depart-
ment of Energy. May 1994.

Foreign Markets for U.S. Clean Coal Technologies.
Report No. DOE/FE-0317. U.S. Department of
Energy. May 1994.

Clean Coal Technology for Sustainable Develop-
ment. The National Coal Council. February 1994.

“Update—Clean Coal Air Toxics Testing Programs.”
Clean Coal Today. Report No. DOE/FE-0215P-12.
Winter 1993/1994.

Clean Coal Technology: The Investment Pays Off.
Report No. DOE/FE-0291. U.S. Department of
Energy. January 1994.

Clean Coal Technology: The New Coal Era. Report
No. DOE/FE-0217P. U.S. Department of Energy.
January 1994.

Clean Coal Technologies: Research, Development, and
Demonstration Program Plan. Report No. DOE/FE-
0284. U.S. Department of Energy. November 1993.

“2nd Annual CCT Conference Examines Technology
Markets.” Clean Coal Today. Report No. DOE/FE-
0215P-11. Fall 1993.

Second Annual Clean Coal Conference Proceedings,
Volumes I and 1I. Report No, CONF-9309152. U.S.
Department of Energy and Southern States Energy
Board. September 1993.
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Four Rivers Energy Partners, L.P.—Energy
Modernization Project

E.P. Holley (Air Products and Chemicals, Inc.) et al.
“Four Rivers Energy Modernization Project; Ad-
vanced Pressurized Circulating Fluidized Bed
Combustion Process: Project Overview and Status.”
Third Annual Clean Coal Technology Conference:
Technical Papers. U.S. Department of Energy and
The Center for Energy and Economic Development.
September 1994.

The Ohio Power Company—Tidd PFBC Demon-
stration Project

M. Marrocco and D.A. Bauer (American Electric
Power Service Corporation). “American Electric
Power Pressurized Fluidized Bed Combined Cycle
Technology Status.” Third Annual Clean Coal
Technology Conference: Technical Papers. U.S.
Department of Energy and The Center for Energy
and Economic Development, September 1994.

D.A. Bauer (American Electric Power Service
Corporation) et al. “Update on the Operation and
Performance Testing of the Tidd PFBC Demonstra-
tion Plant.” Presented at the Electric Power Research
Institute Conference: Fluidized Bed Combustion for
Power Generation (Atlanta, GA). May 1994.

M.E. Zando and D.A. Bauer (American Electric
Power Service Corporation). “Baseline Performance
of a 200 MWt Pressurized Fluidized Bed Combus-
tor.,” Proceedings of the American Power Confer-
ence, 56th Annual Meeting (Chicago, IL). Volume
56-11. April 1994.

D-2 Program Update 1994

M.I. Mudd (American Electric Power Service
Corporation). “The Economics of Pressurized
Fluidized Bed Combustion Technology.” Presented
at the Conference on Comparative Economics of
Emerging Clean Coal Technologies III (Washington,
DC). February 1994.

S. Whitney and P. Wertzel (The Babcock & Wilcox
Company). “Design Characteristics of Coal Plants
for PFBC Repowering.” Proceedings of the 6th
International Conference and Exhibition for the
Power Generating Industries (Dallas, TX). Book IV,
Volume X. November 1993.

Tri-State Generation and Transmission Associa-
tion, Inc.—Nucia CFB Demonsiration Project

S.A. Bush (Tri-State Generation and Transmission
Association, Inc.) et al. “Tri-State’s Nucla Station:
Demonstration to Commercialization.” Proceedings
of the American Power Conference, 56th Annual
Meeting (Chicago, IL). Volume 56-II. April 1994.

York County Energy Partners, L.P.—York
County Energy Partners Cogeneration Project

D.C. Wolfson and B.F. Hahn (Air Products and
Chemicals, Inc.), “The Future of Atmospheric
Circulating Fluidized Bed Combustion: York County
Energy Partners, L.P., 250 MW Single Train CFB
Cogeneration Facility.” Third Annual Clean Coal
Technology Conference: Technical Papers. U.S.
Department of Energy and The Center for Energy
and Economic Development. September 1994,

B.F. Habn (York County Energy Partners). “CFB
Cogeneration Project: An Economic Discussion.”
Presented at the Conference on Comparative Eco-
nomics of Emerging Clean Coal Technologies III
(Washington, DC). February 1994.

Advanced Electric Power Generation/
Integrated Gasification Combined Cycle

R.D. Brdar and G.R. Friggens (DOE/METC).
“Taking Steps Forward—The IGCC Demos.”
Presented at the Eleventh Annual International
Pittsburgh Coal Conference (Pittsburgh, PA).
September 1994.

ABB Combustion Engineering, Inc.—Combustion
Engineering IGCC Repowering Project

L.J. Peletz (ABB Combustion Engineering Systems).
“Combustion Engineering IGCC Repowering
Project.” Third Annual Clean Coal Technology
Conference: Technical Papers. U.S. Department of
Energy and The Center for Energy and Economic
Development. September 1994.

Clean Energy Partners Limited Partnership—
Clean Energy Demonstration Project

K.S. Johnson (Duke Energy). “Application of British
Gas/Lurgi Gasification Process in the U.S. DOE
Clean Coal Technology Program—Round Five.”
Third Annual Clean Coal Technology Conference:
Technical Papers. U.S. Department of Energy and
The Center for Energy and Economic Development.
September 1994.
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Arthur D. Little, Inc.—Coal Diesel Combined-
Cycle Demonstration Project

R.P. Wilson, Jr. (Arthur D. Little, Inc.). “Coal-
Fueled Diesels for Modular Power Generation,”
Third Annual Clean Coal Technology Conference:
Technical Papers. U.S. Department of Energy and
The Center for Energy and Economic Development.
September 1994.

R.P. Wilson et al. (Arthur D. Little, Inc.). “Coal-
Fueled Diesels for Modular Power Generation
Performance and Emissions Characteristics Based on
1.8 MW System Test.” Proceedings of the Ameri-
can Power Conference, 56th Annual Meeting
(Chicago, IL). Volume 56-1. April 1994,

A.K. Rao (Cooper Bessemer Reciprocating Products
Division) and R.P. Wilson (Arthur D. Little, Inc.).
“Coal-Diesel Technology Looks Good for Clean Coal
5.” Presented at Modem Power Systems. February
1994,

Pennsylvania Electric Company—Warren Station
Externally Fired Combined-Cycle Demonstration
Project

K.M. Gray (Pennsylvania Electric Company) et al.
“Warren Station Clean Coal Technology Project:
DOE Clean Coal Five Project.” Third Annual Clean
Coal Technology Conference: Technical Papers.
U.S. Department of Energy and The Center for
Energy and Economic Development. September
1994,

D-4 Program Update 1994

Environmental Control Umiomm\zox Control
Technologies

The Babcock & Wilcox Company—Demonstra-
tion of Coal Reburning for Cyclone Boiler NO_
Control

A.S. Yagiela (The Babcock & Wilcox Company)

et al. “Status of Babcock & Wilcox’s Clean Coal
Technology Combustion Modification Projects: Coal
Reburning for Cyclone Boiler NO, Control and Low
NO_ Cell™ Burner Demonstrations.” Third Annual
Clean Coal Technology Conference: Technical
Papers. U.S. Department of Energy and The Center
for Energy and Economic Development. September
1994,

H. Farzan et al. (The Babcock & Wilcox Company)
and R.J. Newell (Wisconsin Power & Light).
“Reburning with Power River Basin Coal to Achieve
SO, and NO, Compliance.” Proceedings of the 6th
International Conference and Exhibition for the
Power Generating Industries (Dallas, TX). Book II,
Volume V. November 1993.

The Babcock & Wilcox Company—Full-Scale
Demonstration of Low-NO_ Cell Burner Retrofit

A.S. Yagiela (The Babcock & Wilcox Company)

et al. “Status of Babcock & Wilcox’s Clean Coal
Technology Combustion Modification Projects: Coal
Reburning for Cyclone Boiler NO_ Control and Low
NO, Cell™ Burner Demonstrations.” Third Annual
Clean Coal Technology Conference: Technical
Papers. U.S. Department of Energy and The Center
for Energy and Economic Development. September
1994,

Energy and Environmental Research Corpora-
tion—Evaluation of Gas Reburning and Low-NO_
Burners on a Wall-Fired Boiler

D.A. Engelhardt (Energy and Environmental
Research Corporation) et al. “Gas Reburning in
Tangentially-, Wall-, and Cyclone-Fired Boilers—An
Introduction to Second Generation Gas Reburning.”
Third Annual Clean Coal Technology Conference:
Technical Papers. U.S. Department of Energy and
The Center for Energy and Economic Development.
September 1994.

A. Sanyal (Energy and Environmental Research
Corporation). “Advanced NO_ Control Technolo-
gies.” Proceedings of the 6th International Confer-
ence and Exhibition for the Power Generating
Industries (Dallas, TX). Book II, Volume IV.
November 1993.

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

J.N. Sorge and S.M. Wilson (Southern Company
Services, Inc.). “500 MW Demonstration of Ad-
vanced Wall-Fired Combustion Techniques for the
Reduction of Nitrogen Oxide (NO,) Emissions from
Coal-Fired Boilers.” Third Annual Clean Coal
Technology Conference: Technical Papers. U.S.
Department of Energy and The Center for Energy
and Economic Development. September 1994.
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Southern Company Services, Inc.—Demonstration
of Innovative Applications of Technology for the
CT-121 FGD Process

D.P. Burford (Southern Company Services, Inc.) et
al. “CT-121 Scrubber Demonstration Mid-Project
Performance Results.” Third Annual Clean Coal
Technology Conference: Technical Papers. U.S.
Department of Energy and The Center for Energy
and Economic Development. September 1994.

D. Burford (Southern Company Services) and 1. Pear
(Radian Corporation). “Phase I Results from the
DOE/SCS Chiyoda CT-121 Project at Georgia
Power’s Plant Yates.” Proceedings of the American
Power Conference, 56th Annual Meeting (Chicago,
IL). Volume 56-1I. April 1994.

Environmental Control Devices/Combined
SO,/NO, Control Technologies

ABB Environmental Systems—SNOX™ Flue Gas
Cleaning Demonstration Project

D.C. Borio (ABB Environmental Systems) et al.
“Commercialization of the SNOX Process through
the Clean Coal Technology Program.” Third Annual
Clean Coal Technology Conference: Technical
Papers. U.S. Department of Energy and The Center
for Energy and Economic Development. September
1994.

D-6 Program Update 1994

“A Capital and Operating Cost Evaluation of the
SNOX Process.” Presented at the Conference on
Comparative Economies of Emerging Clean Coal
Technologies I (Washington, DC). February 1994.

The Babcock & Wilcox Company—LIMB
Demonstration Project Extension and Coolside
Demonstration

The Babcock & Wilcox Company—SOx-NOx-
Rox-Box™ Flue Gas Cleanup Demonstration
Project

A.R. Holmes (The Babcock & Wilcox Company) et
al. “SO2 Emission Control with the SOx-NOx-Rox-~
Box.” Presented at the EPRI/EPA/DOE Sulfur
Dioxide Control Symposium (Boston, MA). August
1993.

Energy and Environmental Research Corpora-
tion—Enhancing the Use of Coals by Gas
Reburning and Sorbent Injection

R.T. Keen (Energy and Environmental Research
Corporation) et al. “Demonstration of Gas
Reburning—Sorbent Injection on a Cyclone-Fired
Boiler.” Third Annual Clean Coal Technology
Conference: Technical Papers. U.S. Department of
Energy and The Center for Energy and Economic
Development. September 1994.

B.A. Folsom (Energy and Environmental Research
Corporation) et al. “Gas Reburning and Integrated
NO, and SO, Control: Ready for Commercial
Installations.” Presented at the 207th American
Chemical Society National Meeting and Exposition
(San Diego, CA). March 1994.

B.A. Folsom and T.M. Sommer (Energy and Envi-
ronmental Research Corporation). “Gas Reburning
and Integrated Technologies for SO, and NO,
Control.” Presented at the Conference on Compara-
tive Economies of Emerging Clean Coal Technolo-
gies III (Washington, DC). February 1994.

A. Sanyal (Energy and Environmental Research
Corporation). “Advanced NO, Control Technolo-
gies.” Proceedings of the 6th International Confer-
ence and Exhibition for the Power Generating
Industries (Dallas, TX). Book II, Volume IV.
November 1993.

New York State Electric & Gas Corporation—
Milliken Clean Coal Technology Demonstration
Project

C.E. Jackson (Gilbert/Commonwealth) et al.
“Milliken Station Demonstration Project FGD
Retrofit Update.” Third Annual Clean Coal Technol-
ogy Conference: Technical Papers. U.S. Department
of Energy and The Center for Energy and Economic
Development. September 1994.

B. von der Heide and C. Heiermann (Nalco Fuel
Tech). “NO,_ Out—A Reliable and Economical
SNCR Process for Power Plants.” Proceedings of
Power-Gen Europe: Where the Industry Connects
(Cologne, Germany). Book II, Volume 5. May
1994,
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Industrial Applications

Bethlehem Steel Corporation—Blast Furnace
Granulated-Coal Injection System Demonstration
Project

D. Kwasnosky and L.L. Walter (Bethlehem Steel
Corporation). “Blast Furnace Granular Coal Injec-
tion.” Third Annual Clean Coal Technology Confer-
ence: Technical Papers. U.S. Department of Energy
and The Center for Energy and Economic Develop-
ment. September 1994.

Bethlehem Steel Corporation—Innovative Coke
Oven Gas Cleaning System for Retrofit Applica-
tions

Centerior Energy Corporation—Clean Power
from Integrated Coal/Ore Reduction (COREX®)

B.J. Halper (Air Products and Chemicals, Inc.).
“Clean Power from Integrated Coal-Ore Reduction.”
Third Annual Clean Coal Technology Conference:
Technical Papers. U.S. Department of Energy and
The Center for Energy and Economic Development.
September 1994,

D-8 Program Update 1994

Coal Tech Corporation—Advanced Cyclone
Combustor with Internal Sulfur, Nitrogen, and
Ash Control

C.A. Smith (U.S. Department of Energy) and

B. Zauderer (Coal Tech Corporation) et al. “Coal
Tech’s Air Cooled Slagging Combustor—Recent
Developments.” Third Annual Clean Coal Technol-
ogy Conference: Technical Papers. U.S. Department
of Energy and The Center for Energy and Economic
Development. September 1994,

Passamaquoddy Tribe—Cement Kiln Flue Gas
Recovery Scrubber

G.L. Morrison (Passamaquoddy Technology L.P.).
“Continuing U.S. Interest and Export of Recovery
Scrubber Pollution Control Technology.” Third
Annual Clean Coal Technology Conference: Techni-
cal Papers. U.S. Department of Energy and The
Center for Energy and Economic Development.
September 1994.

ThermoChem, Inc.—Demonstration of Pulse
Combustion in an Application for Steam
Gasification of Coal

M.N. Mansour (ThermoChem, Inc.) et al. “Status of
the Demonstration of Pulse Combustion in Steam
Gasification.” Third Annual Clean Coal Technology
Conference: Technical Papers. U.S. Department of
Energy and The Center for Energy and Economic
Development. September 1994,

Other

The Asia-Pacific Economic Cooperation Expert’s
Group on Clean Coal Technology: Technical
Seminar Proceedings. (Jakarta, Indonesia). Decem-
ber 1994.

The Clean and Efficient Use of Coal and Lignite: Its
Role in Energy, Environment and Life; Conference
Proceedings (Hong Kong). Organisation of Eco-
nomic Co-Operation and Development/International
Energy Agency. November—-December 1994.

J. Pell and H. Feibus (DOE). “Status of the U.S.
Department of Energy’s Clean Coal Technology
Program.” Proceedings of Power-Gen Europe:
Where the Industry Connects (Cologne, Germany).
Book I, Volume 5. May 1994,

A. Awan and C.L. Miller (DOE). “Clean Coal
Technology: An Option to Meet Environmental
Requirements Both in Near and Long-Term.”
Proceedings of the American Power Conference,
56th Annual Meeting (Chicago, IL). Volume 56-1.
April 1994.

L.A. Salvador and K. Mahajan (DOE/METC). “The
Role of Clean Coal Technologies in Post 2000 Power
Production.” Proceedings of the American Power
Conference, 56th Annual Meeting (Chicago, IL).
Volume 56-1. April 1994,
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York County Energy Partners Cogeneration
Project

Participant:
York County Energy Partners, L.P.

Contacts:

Bradley F. Hahn, Project Manager
(610) 481-3955
(610) 481-2393 (fax)

York County Energy Partners, L.P.
25 South Main Street
Spring Grove, PA 17362

John Geftken, DOE/HQ, (301) 903-9430
Nelson F. Rekos, METC, (304) 285-4066

Advanced Electric Power Generation/
Integrated Gasification Combined Cycle

Combustion Engineering IGCC Repowering
Project

Participant:
ABB Combustion Engineering, Inc.

Contacts:

Henry H. Vroom, Project Director
(203) 285-9085
(203) 285-3861 (fax)

ABB Combustion Engineering, Inc.
P.O. Box 500
Windsor, CT 06095-0500

Lawrence Saroff, DOE/HQ, (301) 903-9483
Gary A. Nelkin, METC, (304) 285-4216

E-2 Program Update 1994

Clean Energy Demonstration Project

Participant:
Clean Energy Partners Limited Partnership

Contacts:

Victor Shellhorse, Vice President
(704) 373-2474
(704) 382-9325 (fax)

Duke Energy Corp.
400 S. Tryon Street
Charlotte, NC 28202

Stanley Roberts, DOE/HQ, (301) 903-9431
Donald W. Geiling, METC, (304) 285-4784

Pifion Pine IGCC Power Project

Participant:
Sierra Pacific Power Company

Contacts:

John W. (Jack) Motter, Project Manager
(702) 689-4013
(702) 689-3047 (fax)

Sierra Pacific Power Company
6100 Neil Road

P.O. Box 10100

Reno, NV 89520-0400

Lawrence Saroff, DOE/HQ, (301) 903-9483
Douglas M. Jewell, METC, (304) 285-4720

Toms Creek IGCC Demonstration Project

Participant:
TAMCO Power Partners

Contacts:

J.G. Patel, Project Director
(404) 859-2621
(404) 984-2441 (fax)

Tampella Power Corporation
2300 Windy Ridge Parkway
Suite 1125

Atlanta, GA 30339

John Geffken, DOE/HQ, (301) 903-9430
Gary A. Nelkin, METC, (304) 285-4216

Tampa Electric Integrated Gasification
Combined-Cycle Project

Participant:
Tampa Electric Company

Contacts:

Donald E. Pless, Director, Advanced Technology
(813) 228-1332
(813) 228-1308 (fax)

TECO Power Services Corporation
P.O.Box 111
Tampa, FL 33601-0111

William Fernald, DOE/HQ, (301) 903-9448
Nelson F. Rekos, METC, (304) 285-4066
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Evaluation of Gas Reburning and Low-NO_
Burners on a Wall-Fired Boiler

Participant:
Energy and Environmental Research Corporation

Contacts:
Blair A. Folsom, Senior Vice President
(714) 859-8851

Energy and Environmental Research
Corporation

18 Mason

Irvine, CA 92718

William Fernald, DOE/HQ, (301) 903-9448
Harry J. Ritz, PETC, (412) 892-6137

Demonstration of Advanced Combustion
Techniques for a Wall-Fired Boiler

Participant:
Southern Company Services, Inc.

Contacts:
John N. Sorge, ICCT Project Manager
(205) 877-7426

Southern Company Services, Inc.
P.O. Box 2625
Birmingham, AL 35202-2625

William Fernald, DOE/HQ, (301) 903-9448
Scott M. Smouse, PETC, (412) 892-5725

E-4 Program Update 1994

180-MWe Demonstration of Advanced
Tangentially Fired Combustion Techniques for the
Reduction of NO_Emissions from Coal-Fired
Boilers

Participant:
Southern Company Services, Inc.

Contacts:
Robert R. Hardman, Project Manager
(205) 877-7772

Southern Company Services, Inc.
P.O. Box 2625
Birmingham, AL 35202-2625

William Fernald, DOE/HQ, (301) 903-9448
Gerard G. Elia, PETC, (412) 892-5862

Demonstration of Selective Catalytic Reduction
Technology for the Control of NO, Emissions from
High-Sulfur-Coal-Fired Boilers

Participant:
Southern Company Services, Inc.

Contacts:
J.D. (Doug) Maxwell, Project Manager
(205) 877-7614

Southern Company Services, Inc.
P.O. Box 2625
Birmingham, AL 35202-2625

William Fernald, DOE/HQ, (301) 903-9448
Arthur L. Baldwin, PETC, (412) 892-6011

Micronized Coal Reburning Demonstration of
NO, Control on a 175-MWe Wall-Fired Unit

Participant:
Tennessee Valley Authority

Contacts:
Tom Butler, Mechanical Engineer
(615) 751-6120

Tennessee Valley Authority
1101 Market Street, ATTN: MR-3A
Chattanooga, TN 37402

Stanley Roberts, DOE/HQ, (301) 903-9431
James U. Watts, PETC, (412) 892-5991

Environmental Control Devices/SO, Control
Technologies

10-MWe Demonstration of Gas Suspension
Absorption

Participant:
AirPol, Inc.

Contacts:
Frank E. Hsu, Project Manager
(201) 288-7070

AirPol, Inc.
32 Henry Street
Teterboro, NJ 07608

Lawrence Saroff, DOE/HQ, (301) 903-9483
Sharon K. Marchant, PETC, (412) 892-6008
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SOx-NOx-Rox-Box™ Flue Gas Cleanup
Demonstration Project

Participant:
The Babcock & Wilcox Company

Contacts:
Kevin Redinger
(216) 829-7719

The Babcock & Wilcox Company
1562 Beeson Street
Alliance, OH 44601

John Geffken, DOE/HQ, (301) 903-9430
John C. McDowell, PETC, (412) 892-6237

Enhancing the Use of Coals by Gas Reburning and
Sorbent Injection

Participant:
Energy and Environmental Research Corporation

Contacts:
Blair A. Folsom, Senior Vice President
(714) 859-8851

Energy and Environmental Research
Corporation

18 Mason

Irvine, CA 92718

William Fernald, DOE/HQ, (301) 903-9448
Harry J. Ritz, PETC, (412) 892-6137

E-6 Program Update 1994

Milliken Clean Coal Technology Demonstration
Project

Participant:
New York State Electric & Gas Corporation

Contacts:
Dennis O’Dea, Project Manager
(607) 729-2551

New York State Electric & Gas Corporation
120 Chenango Street
Binghamton, NY 13902

Lawrence Saroff, DOE/HQ, (301) 903-9483
Gerard G. Elia, PETC, (412) 892-5862

Commercial Demonstration of the NOXSO
SO,/NO, Removal Flue Gas Cleanup System

Participant:
NOXSO Corporation

Contacts:
James Back
(412) 854-1200

NOXSO Corporation
2414 Lytle Road
Bethel Park, PA 15102-2704

Stanley Roberts, DOE/HQ, (301) 903-9431
Jerry L. Hebb, PETC, (412) 892-6079

Integrated Dry NO /SO, Emissions Control System

Participant:
Public Service Company of Colorado

Contacts:
Gordon A. Schott, Project Manager
(303) 329-1702

Public Service Company of Colorado
5900 East 39th Avenue
Denver, CO 80207

John Geffken, DOE/HQ, (301) 903-9430
Jerry L. Hebb, PETC, (412) 892-6079

Coal Processing for Clean Fuels/Coal
Preparation Technologies

Development of the Coal Quality Expert

Participants:
ABB Combustion Engineering, Inc., and CQ, Inc.

Contacts:
Clark Harrison, President
(412) 479-6016

CQ, Inc.

One Quality Center

P.O. Box 280

Homer City, PA 15748-0280

Douglas Archer, DOE/HQ, (301) 903-9443
Scott M. Smouse, PETC, (412) 892-5725
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Clean Power from Integrated Coal/Ore Reduction
(COREX?®)

Participant:
Centerior Energy Corporation

Contacts:

Barry Halper
(610) 481-7685
(610) 481-2393 (fax)

Air Products and Chemicals, Inc.
7201 Hamilton Boulevard
Allentown, PA 18195-1501

Lawrence Saroff, DOE/HQ, (301) 903-9483
Douglas M. Jewell, METC, (304) 285-4720

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

Participant:
Coal Tech Corporation

Contacts:
Bert Zauderer, President
(215) 667-0442

Coal Tech Corporation
P.O. Box 154
Merion, PA 19066

Stanley Roberts, DOE/HQ, (301) 903-9431
Arthur L. Baldwin, PETC, (412) 892-6011

E-8 Program Update 1994

Cement Kiln Flue Gas Recovery Scrubber

Participant:
Passamaquoddy Tribe

Contacts:
Garrett Morrison, Project Manager
(207) 594-5555

Passamaquoddy Technology, L.P.
P.0. Box 350
Thomaston, ME 04861-0350

Jeffrey Summers, DOE/HQ, (301) 903-4412
John C. McDowell, PETC, (412) 892-6237

Demonstration of Pulse Combustion in an
Application for Steam Gasification of Coal

Participant:
ThermoChem, Inc.

Contacts:
William Steedman, Program Manager
(410) 997-9671

ThermoChem, Inc.
5570 Sterrett Place, Suite 210
Columbia, MD 21044

William Fernald, DOE/HQ, (301) 903-9448
Douglas F. Gyorke, PETC, (412) 892-6173
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R&D
RD&D

SBIR

SCR
SCS
SI
SNCR
SOFA
TVA
UBCL

WLFO

F-2

research and development
research, development, and
demonstration

Small Business Innovative
Research

selective catalytic reduction
Southern Company Services, Inc.
sorbent injection

selective noncatalytic reduction
separated over-fire air

Tennessee Valley Authority
unburned carbon boiler efficiency
losses

wet limestone, forced oxidation

Program Update 1994

Abbreviations

States are abbreviated using two-letter postal codes.

atm
avg
Btu
CH
CaCoO,

CaO
Ca(OH),

Ca(OH),*MgO
Ca/S
CaSO,
CaSO,
Co

Co,

°F

ft, ft?, ft*
GW
GWe
H,S
H,SO,
HCI

HF

hr, hrs

in, in?, in’

kW
kWh

1b, Ibs
mo, mos

atmosphere(s)

average

British thermal unit

molar ratio of carbon to hydrogen
calcium carbonate (calcitic
limestone)

calcium oxide (lime)

calcium hydroxide (calcitic
hydrated lime)

dolomitic hydrated lime

molar ratio of calcium to sulfur
calcium sulfite

calcium sulfate

carbon monoxide

carbon dioxide

degrees Fahrenheit

foot (feet), square feet, cubic feet
gigawatt(s)

gigawatt(s)-electric

hydrogen sulfide

sulfuric acid

hydrogen chloride

hydrogen fluoride

hour, hours

inch(es), square inches, cubic
inches

kilowatt

kilowatt-hour

pound, pounds

month, months

MgCO,
MgO
MW
MWe
MWt

Na/Ca
Na,/S
NaOH
Na,CO,

ppm
ppmv
pm

SO
SO
std ft?

yr, yrs

magnesium carbonate
magnesium oxide
megawatt(s)
megawatt(s)-electric
megawatt(s)-thermal
atmospheric nitrogen
molar ratio of sodium to calcium
molar ratio of sodium to sulfur
sodium hydroxide

sodium carbonate
ammonia

nitrogen dioxide

nitrogen oxides

oxygen

parts per million (mass)
parts per million by volume
revolutions per minute
sulfur

sulfur dioxide

sulfur trioxide

standard cubic feet

year, years
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Colorado-Ute Electric Association, Inc. (see Tri-State
Generation and Transmission Association, Inc.)

Custom Coals International’s Self-Scrubbing Coal™:
An Integrated Approach to Clean Air 1-8, 2-5, 2-9,
2-15, 2-19, 3-7, 4-6, 6-2, 6-16, 6-25, 7-3, 7-4,
7-82-83, B-4, C-9, D-7, E-7

DMEC-1 Limited Partnership’s PCFB
Demonstration Project 1-7, 2-5, 2-7, 2-17, 2-19, 3-6,
6-20, 7-2, 7-4, 7-10-11, B-3, C-2, D-1, E-1

ENCOAL Corporation’s ENCOAL Mild Coal
Gasification Project 1-8, 1-19, 2-5, 29, 2-15, 2-19,
3-7,4-3, 4-17, 6-2, 6-18, 6-25, 7-3, 7-4, 7-86-87, B-2,
C-9, D-7, E-7

Energy and Environmental Research Corporation’s
Enhancing the Use of Coals by Gas Reburning and
Sorbent Injection ES-6, 1-7, 2-4, 2-8, 2-14, 2-15,
2-18, 3-7, 4-6, 5-1, 5-2, 5-8, 5-37-39, 6-24, 7-3, 7-4,
7-70-71, B-1, B-5, C-8, D-6, E-6

Energy and Environmental Research Corporation’s
Evaluation of Gas Reburning and Low-NO,_ Burners
on a Wall-Fired Boiler 1-7, 2-5, 2-8, 2-14, 2-19, 3-7,
6-2, 6-7, 6-22, 7-2, 7-4, 7-44-45, B-2, C-5, D-4, E-4

Four Rivers Energy Partners, L.P.’s Four Rivers
Energy Modernization Project 1-7, 2-5, 2-7, 2-17,
3-6, 6-20, 7-2, 7-4, 7-12-13, B-4, C-2, D-2, E-1

LIFAC-North America’s LIFAC Sorbent Injection
Desulfurization Demonstration Project ES-5, 1-8,
2-5, 2-8, 2-14, 2-19, 3-7, 4-5, 5-1, 5-5, 5-25-27,
6-23, 7-3, 7-4, 7-58-59, B-3, B-5, C-7, D-5, E-5

G-2 Program Update 1994

New York State Electric & Gas Corporation’s
Milliken Clean Coal Technology Demonstration
Project 1-8, 2-5, 2-8, 2-15, 2-19, 3-7, 6-2, 6-12,
6-24, 7-3, 7-4, 7-72-73, B-4, C-8, D-6, E-6

NOXSO Corporation’s Commercial Demonstration
of the NOXSO SO,/NO_Removal Flue Gas Cleanup
System 1-8, 2-5, 2-8, 2-17, 2-19, 3-7, 6-24, 7-3, 7-5,
7-74-75, B-3, B-4, C-8, D-7, E-6

The Ohio Power Company’s Tidd PFBC
Demonstration Project 1-7, 1-12, 2-4, 2.7, 2-14,
2-18, 3-6, 4-8, 6-1, 6-2, 6-3, 6-20, 7-2, 7-5, 7-14-15,
B-1, C-2, D-2, E-1

Passamaquoddy Tribe’s Cement Kiln Flue Gas
Recovery Scrubber ES-6, 1-8, 1-20, 2-4, 2-10, 2-15,
2-18, 3-6, 4-7, 5-9, 5-42-43, 6-19, 6-26, 7-3, 7-5,
7-100-101, B-2, B-4, C-10, D-8, E-8

Pennsylvania Electric Company’s Warren Station
Externally Fired Combined-Cycle Demonstration
Project 1-7, 2-5, 2-7, 2-17, 3-6, 6-21, 7-2, 7-5,
7-36-37, B-4, C-5, D-4, E-3

Public Service Company of Colorado’s Integrated

Dry NO /SO, Emissions Control System 1-8, 2-5,
2-8, 2-14, 2-19, 3-7, 4-6, 6-2, 6-13, 6-24, 7-3, 7-5,
7-716-77, B-3, C-9, D-7, E-6

Pure Air on the Lake, L.P.’s Advanced Flue Gas
Desulfurization Demonstration Project 1-8, 1-16,
2-4, 2-8, 2-15, 2-18, 3-7, 3-9, 4-3, 4-5, 4-8, 4-14,
6-2, 6-6, 6-10, 6-23, 7-3, 7-5, 7-60-61, B-2, C-7,
D-5, E-5

Rosebud SynCoal Partnership’s Advanced Coal
Conversion Process Demonstration 1-8, 1-18, 2-4,
2-9, 2-15, 2-18, 3-7, 4-7, 6-2, 6-14, 6-17, 6-25, 7-3,
7-5, 7-84-85, B-2, C-9, D-7, E-7

Sierra Pacific Power Company’s Pifion Pine IGCC
Power Project 1-7, 1-13, 2-5, 2-7, 2-16, 2-19, 3-6,
6-20, 7-2, 7-5, 7-24-25, B-3, C-4, D-3, E-2

Southern Company Services, Inc.’s Demonstration of
Advanced Combustion Techniques for a Wall-Fired
Boiler 1-8, 1-15, 2-4, 2-8, 2-14, 2-18, 3-7, 4-3, 4-4,
6-2, 6-8, 6-22, 7-2, 7-5, 7-4647, B-2, C-6, D-4, E-4

Southern Company Services, Inc.’s Demonstration of
Innovative Applications of Technology for the
CT-121 FGD Process 1-8, 2-4, 2-8, 2-15, 2-18, 3-7,
4-5, 4-8, 6-2, 6-11, 6-23, 7-3, 7-5, 7-62—63, B-2,
C-7, D-6, E-5

Southern Company Services, Inc.’s Demonstration of
Selective Catalytic Reduction Technology for the
Control of NO, Emissions from High-Sulfur-Coal-
Fired Boilers 1-8, 2-4, 2-8, 2-14, 2-18, 3-7, 6-2, 6-9,
6-22, 7-2, 7-5, 7-50-51, B-2, C-6, D-5, E-4

Southern Company Services, Inc.’s 180-MWe
Demonstration of Advanced Tangentially Fired
Combustion Techniques for the Reduction of NO,
Emissions from Coal-Fired Boilers ES-5, 1-8, 2-4,
2-8, 2-14, 2-18, 3-7, 4-3, 4-4, 5-4, 5-18-19, 6-22,
7-2, 7-5, 7-48-49, B-2, B-4, C-6, D-5, E-4

TAMCO Power Partners’ Toms Creek IGCC
Demonstration Project 1-7, 2-5, 2-7, 2-17, 2-19, 3-6,
6-20, 7-2, 7-5, 7-26-27, B-4, C-4, D-3, E-2
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