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ABSTRACT

Micronized cod reburning (MCR) was successfully demonstrated at the New Y ork State Electric & Gas
Corporation Milliken Station in Lansing, NY and at the Eastman Kodak Company, Kodak Park Boiler
#15 in Rochester, NY. Thedemongration at Milliken wason a150 MWetangentidly(T)-fired burner and
at Kodak on a 60 MWe cyclone-fired burner. Thisalowed for the evauation of the M CR technology on
two different, widdy used cod-firing commercid units. NOx reductions of 28% at Milliken Station and
57% at Kodak were achieved. Projected capita cost based on the experience gained in this program for
a generic 300 MWe T-fired boiler is $14.30/kW and for a generic 300 MWe cyclone-fired boiler is
$56.30/kW. Theprogram wasfunded under acooperative agreement (DE-FC22-93PC92642) between
the U.S. Department of Energy and New Y ork State Electric & Gas Corporation as part of Round 4 of
the Department of Energy’s Clean Cod Technology program.

Three important conclusons obtained from thiswork are:

1. Coa reburning was successfully demondrated without ingaling a separate reburn system, using
exiging equipment.

2. Pulverizing the reburn cod to the micronized level (>80% passing 325 mesh) was not a requirement
for successful gpplication of reburning.

3. Cod reburning can be applied without a negative impact on fly ash LOI or boiler efficiency.

NOTE: On May 14, 1999, NGE Generation, an affiliate of NY SEG, completed the sale of its cod-fired
power plantsin New York State, including Milliken Station, to the AES Corporation.
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EXECUTIVE SUMMARY

The Micronized Cod Reburning (MCR) Demonstration for NOx Control project ispart of Round 4 of the
U.S. Department of Energy Clean Cod Demonstration Program. The project included demongtration of
the MCR technology at two stes. At the Eastman Kodak Company cyclone-fired Boiler #15 (60 MWe)
located at Kodak Park, Rochester, N, the technol ogy was demonstrated using aretrofit Fuller MicroMill
to produce reburn fud with greater than 90 wt % less than 43 um particle sze. At the New York State
Electric & Gas Milliken Station, in Lansing, NY, MCR technology was demongtrated on a 150 MWe
tangentidly-fired boiler. Anexisting DB Riley MPSmill with adynamic classfier was used to producethe
reburn fud.

The following report gives an overview of the project including history, project organization, Ste
descriptions, and project schedule. A thorough description of the MCR technology and how it was
implemented at each of the two demondtration sSites is provided. The demondtration tests were made
independently at each Site. Test plans, operation procedures, anayses of feedstocks, and results of testing
are provided for all tests.

MCR technology is a combination of fuel reburning for NOx control with a technology that produces
micronized cod reliably and economicaly. Micronized cod is defined as cod ground to aparticle sze of
43 um or smaler. Micronized cod surface area and combustion characterigtics are smilar to those of
atomized oil. The high surface area of micronized cod dlows carbon burn-out within milliseconds.
Volatiles are released at aneven rate over agiven temperature range. This uniform, compact combustion
envel ope permits complete combustion of the cod/ar mixturein asmdler furnace volume than ispossble
with conventiond pulverized cod. Hest rate, carbon loss, bailer efficiency, and NOx formation dso are
impacted by cod particlesize. When micronized cod isfired at stoichiometry of 0.8to 1.0, devolatilization
and carbon burn-out occur rapidly. Accurate control of the combustion process is enhanced by the
extensive surface area of micronized codl.

MCR tests a the Milliken Station were conducted at full boiler load (140-150 MW) and 14.4% reburn
heat input. NOXx emissions were reduced from a basdline Low NOx Concentric Firing System 3,
(LNCFS-3) of 0.35to 0.25 Ib/MM Btu (28% reduction), while maintaining the fly ash loss on ignition
(LOI) below 5%. The boiler efficiency was maintained at 88.4-88.8%. The projected annual NOx
emissions using 15.1% coal reburn were 0.245 + 0.011 Ib/MM Btu (95% confidence), corresponding to
afly ash LOI of 4.4% + 0.4%.

At the Kodak Park site, the micronized coa reburn tests at reburn stoichiometry of 0.89 reduced NOx
emissions from abasdine (no reburn) of 1.36 to 0.59 Ib/MM Btu (57% reduction), increased the fly ash
carbon content from 11% to 37%, and reduced the bailer efficiency from 87.8%t0 87.3%. The projected
annua NOx emissionswere 0.69 + 0.03 Ib/MM Btu (95% confidence), corresponding to afly ash carbon
content of 38% + 2%. The increase in the fly ash carbon content relative to basdine was partialy dueto
alower cyclone heat input and partidly dueto the staged combustion. The contribution of reburning done
(assuming no change in the cyclone heet input) to the increase in the fly ash carbon content was estimated
at 0-12% (absolute).



The report dso documents the eectrogtatic precipitator performance under MCR operating conditions at
each dte. At the Milliken ste, MCR did not adversely affect the performance of the eectrogatic
precipitator, as measured by remova efficiency or penetration, adthough the carbon content of the fly ash
increased from 2.4% to 3.7%. However, the absolute emission rate increased gpproximately 30% dueto
the increase in ESP inlet loading brought about because the micronized cod injected for reburn highinthe
boiler had ashort residence time resulting in more unburned meteria reaching the ESP than basdinelevels.

At the Kodak site, the ESP wastested with and without MCR. With MCR, the particulate loadingsto the
ESP increased 2.8 timesthe basdlinelevel for the same reason given abovefor theincreased loading to the
Milliken ESP. The loading to the stack increased 1.8 times the basdline level. However, the average
particulate removd efficiency was greater for MCR than for the basdline. The ESP continued to meet the
dust emission performance guarantee.

An economic evauation of the MCR technology based on the acquired data from the two combustion
systems prepared by CONSOL R&D isincluded. Capita costs for a generic 300 MWe cyclone boiler
are projected to be $56.30/kW and $14.30/kW for a generic 300 MWe T-fired boiler. Totd levelized
cost for NOx reduction for the 300 MWe T-fired boiler is $1023/t NOx removed and $571/t NOx
removed for the 300 MWe cyclone boailer.

Commercidization potentid, plans of the participants to utilize MCR technology and generd conclusions
are offered. The low risk associated with this proven technology and the relatively low capitd cost to
retrofit exigting facilities makes commercidizationlikely. In addition, MCR technology iseasily adaptable
to cyclone, T-fired, or wall-fired boilers and thus has wide-spread applicability.
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1.0 INTRODUCTION

1.1 PURPOSE OF THE PROJECT PERFORMANCE AND ECONOMICS REPORT

The purpose of thisProject Performance and Economic Report isto consolidate, for the purpose of public
use atechnica account of the total work performed for the Micronized Coad Reburning Demondtration for
NOx Control, Cooperative Agreement DE-FC22-93PC92642. Design and cost information for the
project areincluded in lieu of the issuance of a separate Public Design Report.

This report contains the background and history of the project. Also included is a description of the
technology employed and how it was applied in two different facilities (the New Y ork State Electric & Gas
Corporation Milliken Station in Lansing, NY and the Eastman Kodak, Kodak Park, Boiler #15 in
Rochester, NY). Descriptions of tests conducted at both locaes are provided. Comprehensive
descriptions of theresultsare summarized in the body of thereport and detailed in severd appendices. The
participants conclusons are provided, aswell as plans for commercidization.

The intent of thisreport isto inform and assst the energy sector in judging the potentiad of micronized cod
reburning technology for commerciadization. In addition, this report should be useful to federd, sate, and
locd authorities in making sound policy and regulatory decisions regarding the deployment of the
micronized cod burning technology.

1.2 OVERVIEW OF THE PROJECT

1.2.1 Background and History of Project

1.2.1.1 Background

Inresponseto The Department of Energy Program Opportunity Notice (PON), Solicitation Number DE-
PS01-91FE62271, for Clean Cod Technology 1V, Tennessee Vdley Authority (TVA) joined with Fuller-
MicroFue Division, Energy and Environmental Research Corporation, and Fluor Danid to propose afull
scae demongration of Micronized Cod Reburning Technology to control nitrogen oxide (NOx) emissons
onawall-fired steam generator at the Shawnee Fossil Plant near Paducah, Kentucky. Dueto operationa
and environmenta strategy changes, TVA’s Shawnee Fossl Plant was unable to demondgtrate the
technology.

New York State Electric & Gas Corporation (NY SEG) and Eastman Kodak Company (K odak) offered
to fulfill and expand the research and demonstration obj ectives established by the TV A for Micronized Cod
Reburning, recover the demondration schedule and expand DOE' s repayment opportunities.

This was accomplished by taking advantage of the project team aready in place for the Milliken Clean
Coal Demondtration for project management, teaming with Kodak for the MicroMill ™ Demondration and
leveraging DOE’ spreviousinvesment at Millikento demongtrate Micronized Coa Reburningwhilemaking
only minor modifications to existing equipment.



The reconfigured project involved applying Micronized Cod Reburning on an exising 150-MWe,
tangentidly fired unit equipped with low NOx burnersand overfired air without ingtalling aseparate reburn
sysgem. An exiging DB Riley MPS mill with a dynamic classfier was used to micronize the cod. At
Eastman Kodak’s Kodak Park Site Power Plant a cyclone boiler was retrofitted to demonstrate the
MicroMill™ and micronized cod reburning technology.

The program was carried out under Cooperative Agreement DE-FC22-93PC92642 Amendment #A 005.
Selection was effected in March 1996. The cooperative agreement was signed August 1997. The
program was 34 months in duration. The program was cost shared; 28.8% DOE, 71.2% participants.
Tota agreement value was $8,683,499.

1.2.1.2 Technology

M CR technology reduces NOx emissions with minima furnace modifications, and the improved burning
characterigtics of micronized cod enhance boiler performance. The micronized cod reburning project
utilized cod that was very findy pulverized (about 80% less than 325 mesh). Thismicronized cod, which
may comprise up to 30% of thetotd fud fired in the furnace, isfired highin thefurnaceto creste afud-rich
reburn zone at a stoichiometry of 0.8-1.0. Downstreamof thereburn zone, overfireair isinjected into the
burnout zone at high velocity to achieve good mixing to ensure complete combustion. Overall excess air
is 15%.

Inaddition to NOx reduction, severd additiona problems are solved concurrently by the availability of the
reburn micronized fud, as an additiona fud to the furnace:

I Themill capacity added to produce the micronized cod alows unitsthat are mill limited to reach their
maximum continuous rating; and this becomes a very economical source of additiona generation

capacity.

I Thereburn burners can serve aslow load burners, and units can achieve aturndown of 8:1 on nights
and weekends without consuming expensve auxiliary fud.

1  Theexiging pulverizers canbe adjusted to operate on avariety of coaswith improved performance,
since they do not need to provide the entire fue supply.

1 Better carbonburnout at lower excessair andimproved efficiency can be obtained by the combination
of micronized cod reburn fuel and better pulverizer performance.

M CR technology can be gpplied to cyclone-fired, wal-fired and tangentialy-fired pulverized cod units.
The overfire air system can aso be easily adapted to incorporate in-furnace sorbent injection for SO,
control with minimal capital expenditures.

MCR technology for NOx control operates in the same manner as natura gas reburning on cod-fired
boilers. The entire furnace operates as alow-NOx system with the existing burners being operated in a
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dightly oxidizing mode. The technology requires accurate fud/air control. A reburn zone is established
above the top row of existing burners. The micronized cod isfired into a substoichiometric reburn zone,
consumes oxygen very rapidly and with aresidencetime of 0.5to 0.6 seconds, converts NOx to molecular
nitrogen. Above the reburn zone, high velocity overfire air uniformly mixes with the substoichiometric
furnace gasto complete combustion, giving atotal excessair of 15%. Optimaly, MCR technology reduces
NOx emissions by 50 to 60%.

Much work had aready been performed to develop this technology prior to this project. There are two
parts to the technology: cod micronization and reburning. Reburning for NOx control has been practiced,
mainly usng naturd gas or ail asthe reburnfud. Although successful, use of these fuels for this purpose
suffersfrom oneor moreof thefollowing disadvantages: rdiability of supply, especidly inwinter; higher fue
costs; problems in firing dua fuels, and reduced boiler efficiency because the higher hydrogen content
resultsin an increase in moisture in the flue gas. Burning of micronized cod has been demonstrated, and
these operations have shown the advantage of burning ultrafine cod.

The MicroMill™ pulverizer used to produce the micronized cod at the Kodak site had been thoroughly
tested, both in pilot-scale and in commercia-scale operations.

Combugtion in a furnace employing reburning technology can be divided into three zones.

I Primary Zone - Thisis the main heat release zone, where 70 to 80% of the totd hesat input to the
system isreleased under dightly oxidizing conditions.

1 Reburning Zone - This isthe zone where the reburning fud (normally 10 to 30% of the tota fud) is
injected downstream of the primary zoneto create afud-rich NOx reduction zone. Reective nitrogen
species react with hydrocarbon fragments from the reburning fuel to produce intermediate species,
such as ammonia (NHs), hydrogen cyanide (HCN), and nitrogen (N.,).

I Burnout Zone - In this zone, air is added to produce overdl fuel-lean conditions and oxidize dl
remaining fud. All of the nitrogen specieswill ether be oxidized to NOx or reduced to N,.

MCR is an outgrowth of other types of reburning which use natural gasand conventiona pulverized cod,
but MCR resultsinimproved boiler efficiency and performance. Micronized cod pulverizers have dready
been demondtrated as ignition burners on cod-fired utility boilers at the same capacity as used for this
reburndemondtration. DOE is presently sponsoring gasreburning onwall-, cyclone-, and tangentialy-fired
boilers and conventiona pulverized cod reburning on a cyclone-fired boiler.

There has been only one cod reburn fuel staging project for NOx control conducted in the United States
prior to this program. There are, however, a substantid number of naturd gas reburning projects in the
U.S. cod-fired power plants. Pilot projects aso have been conducted using cod as areburn fud, and a
full-scae CCT-1I demondtration project was operated at the Nelson Dewey Station of Wisconsin Power
& Light Company. That project used pulverized cod as reburn fud on a cyclonefired boiler.



The development of micronized cod technology has been advanced primarily in the United States, where
the standard for micronized cod is 80% less than 43 um (325 mesh). Mogt of the operating history of
micronized cod-fired combustion systemsis on industrial-sized process furnaces.

Deveopment of the centrifugd-pneumatic mill, used to produce micronized cod, began in thefal of 1983;
and, during an 18-month development period, severa prototype mills were designed, built, and tested.
MicroFuel Corporation (MFC) is the developer of this technology. The ownership of the technology is
now Fuller Power Corporation.

In 1984, there developed sgnificant interest in micronized cod firing as a replacement for gas or ail firing
for industrid applications, including aggregate dryers, cement plants, packaged boilers, and other process
furnaces. Since a5 torvhr mill was required to meet the firing rates of most furnace applications, a30-inch
mill was developed with aclassfier, based upon a horizonta cyclone design and asolid sted castimpeller.

Severa 30-inch mill systemswere built in the mid-to-late 1980s, most of which wereingtalled on aggregate
dryers. However, by 1988 thefocuswas on utility gpplications, and amorereliableimpeller wasrequired.
Therefore, a replaceable-blade impeller was designed.  This unit was thoroughly tested at full scae at
MicroFud’s R&D facility and at Duke Power’ s Cliffsde Power Station.

The MicroFue Corporation installed micronizing millsin 1988 at Duke Power’ s Cliffsde Station on a600
MWe Combustion Engineering tangentialy-fired furnace. The main oil guns were removed from corners
2 and 4, and micronized cod-fired burnerswereingtdled for sart-up ignition. This project used the same
type of system as used at Cliffsde, except that it was designed to be run continuoudy.

1.2.1.3 Pilot Scale Testing

Rilot scae combustion studies were performed to eva uate the effectiveness of using bituminous cod fired
by Kodak as areburning fud. The primary objectives of these tests were to assess the impacts of fud-
gpecific parameters on the effectiveness of the Kodak coa (Table 1.2.1.4-2) as areburning fuel, and to
characterize the impacts of reburning process parameters on the NOx reductions achievable with cod
reburning at the typica operating conditions of Boiler No. 15. Thistesting was necessary since it is not
possible to predict the NOx control performance achievable with a specific cod based upon smple coa
propertiesand cod anayses. Thesetestswere conducted at EER’ s Test Sitein El Toro, Cdifornia, which
is equipped with a number of facilities developed for evauation and scale up of the reburning process.

Thetestswere conducted using EER’ sBoiler Simulator Furnace (BSF) whichisshowninFigure1.2.1.3-1.
The BSF conssts of adown-fired refractory lined combustion tunnel followed by ahorizontal convective-
pass smulator. The combusgtion tunnd is designed to Smulate the time-temperature characteristics of the
flue gasesin atypicd utility boiler furnace. Cooling panels and rods can be inserted through portsin the
wals of the furnace in order to adjust the therma profile to smulate a specific furnace. The ports provide
access for theinsartion of injectors for the reburning fud and overfire air.



The main burner wasfired on naturd gasor cod. For naturd gasfiring, anmoniawas premixed with the
combustionair to provideacontrolledinitidd NOx level. Thereburning fud wasPittsburgh seam bituminous
coa provided by Kodak. The reburning coal was injected into the furnace through an injector designed
to provide rapid digpersion of the cod into the flue gas from the main burner. Air or nitrogen was used to
transport the cod to amulate recycled flue gas. The range of conditions investigated in the study
represented the range of conditions expected for the Kodak boiler. The main burner was fired at ten
percent excess ar. The reburning fuel wasinjected at rates between 10 to 35 percent of the total furnace
heat input, and at atemperature of 2,600EF. The reburning zone residence time was varied from 400 to
600 milliseconds. Theinitial NOx level wasvaried between 700 to 1,000 ppm (dry, corrected to 0% O,).

The impacts of various process parameters on the effectiveness of the bituminous cod fired by Kodak in
the reburning process are shown in Figures 1.2.1.3-2 to 4. Theinfluence of reburning zone stoichiometry
and reburning transport medium on the performance of cod reburning isshowninFigure 1.2.1.3-2. Here,
the data are reported as the fraction of heat input with the reburning fudl. For conditions with ten percent
excess ar in the primary zone, a reburning zone stoichiometric ratio of 0.9 corresponds to a reburn fud
usage of approximately 18 percent, when nitrogen is used as the transport. The use of air as a transport
requires a higher percentage of reburn fud usage to reach the same reburn zone stoichiometry in
comparison to the use of an inert trangport. When inert gasis the trangport medium, the data show that
increasing the quantity of reburning fuel used improves NOx control up to about 25 percent reburn fue
addition. Increasing thereburning fued abovethisleve doesnot resultin anincreasein performance. When
ar isthe transport medium, adight increase in performance is achieved when the reburnfue hest input is
increased above 25 percent. However, previous studies have shown that the performance improvement
decreases when the amount of reburn fuel isincreased above 30 percent.

Kinetic udiesof reburning chemistry have shown that an optimum in reburn zone stoichiometry, or reburn
fud usage, exists dueto the generation of peak concentrations of CH radica s a astoichiometric ratio near
0.9. Increasing the amount of reburning fuel added to the reburning zone does not result in an increasein
radical concentrations above these pesk levels. Hence, no further benefit of increased reburn fud usage
is observed. For fuels containing bound-nitrogen species, such as cod, increasing the quantity of reburn
fud above the optimum leve can have a negative impact on reburn performance, since the additiona fue
nitrogen added to the reburn zone does not have an opportunity to be processed under favorable
conditions.

The reburning zone resdencetimeisakey congderation for application of cod reburning to Kodak Boiler
No. 15. The sze of the furnace and available access to locate reburn fud and overfire air injectors limit
the residence time which can be achieved inthefurnace. Based upontheinjection eevationsidentified for
the Kodak bailer, anomind bulk resdence time of nearly 500 milliseconds is expected. The impact of
reburning zone residence time on cod reburning is shown in Figure 1.2.1.3-3. Increasing the reburning
zone residence time from 400 to 600 milliseconds did not have a significant impact on the NOx control
performance with the bituminous cod. However, based on the experience of others, reductions in the
furnace residence time are expected to have a negative impact of reburn performance.



Theimpact of theinitid NOx level entering the reburning zone is shown in Figure 1.2.1.3-4. This figure
shows the NOx reductions achieved as a function of the primary NOx leve for cod reburning with both
ar and inert transport media. In genera, the performance of cod reburning appears to decrease as the
initidd NOx level is decreased below 600 ppm. At NOx emissions levels, typica of the Kodak boiler
operation(i.e., 700 to 900 ppm), the effects of primary NOx level on reburning effectiveness are expected
to be minor.

The results of these experiments indicated that the bituminous coal fired by Kodak could be used as an
effective reburning fud at the conditionstypicd of Boiler No. 15. Comparison of the results of this study
with EER’ s database on reburning fuels, indicates that the trends obtained with the bituminous cod fired
by Kodak are smilar to those which might be expected for afue with amilar characteristics. Comparison
of the performance of the bituminous cod fired by Kodak to other lignitic, subbituminous, and bituminous
coals, and to natura gas, tested onthepilot-scaefacility at amilar conditions, asshowninFigure 1.2.1.3-5,
indicates that the bituminous cod fired by Kodak is only a moderate reburning performer.  This
comparison suggests that the use of reburning coas more reactive than the current cod could result in
further reductionsin NOx emissons. At initid NOx levels and bulk residence times representetive of the
Kodak furnace, NOx reductions of approximately 60 percent were achievable when using smulated FGR
asatransport fuel, while 50 percent control was achievable using air asatransport. Achievingtheselevels
of control at full scale were dependent upon the extent to which effective mixing of the reburning fud was
achieved, and the extent to which the furnace flow field characterigtics impacted the reburning zone
resdencetime.

1.2.1.4 Design Basis

The pilot-scale tests discussed in the preceding section confirmed the overdl viability of usng the
bituminous codal fired by Kodak as areburning fud. The data indicate that high levels of NOx reduction
could be achieved provided that adequate resdence time is available in the reburning zone. The
recommended gpproach for applying cod reburning to the Kodak boiler involved injection of the reburning
fud a an devation in the furnace just above the exit height of the cyclones, and injection of overfirear a
adistance downstream of the reburning fuel injection e evation sdected to provide sufficient resdencetime
inthefurnace for the reburning zone, while providing adequate time for overfire air mixing prior to entrance
of the flue gas into the generating bank. The proposed reburning fuel and overfire air injection eevations
are shown in Figure 1.2.1.4-1. The bulk residence time between the reburning fud and overfire air
injectiondevationsis estimated to be gpproximately 500 milliseconds. However, the generd flow fidd in
the boiler is extremdy complex, and the effective residence time in the reburning zone is estimated to be
less than hdf of thisvaue.

In applying the cod reburning process to the Kodak bailer, the design of the reburning fud and overfire
ar injectors must provide rapid mixing of the reburning fue and overfirear in order to maximize emissons
control and to minimize carbon monoxide emissons and unburned carbon.  In full-scale applications of
reburning technology to date, means of enhancing the mixing and distribution of the reburning fud are
required. Thisreguirement isdriven by the need to rapidly mix thereatively smal quantity of reburning fuel
withamuch larger quantity of flue gasover the large cross section typical of most boiler furnaces. Theuse
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of recycled flue gas or FGR has been the preferred means of improving reburning fue mixing. FGR can
have a negative impact on boiler performance, depending on a number of factors such as the extent to
which the heat absorption profile is modified by reburning and the quantity of FGR used to control the
reburning fud mixing. Using cod as areburning fuel, a means of trangporting the cod to the boiler isaso
needed. Thistransport can be FGR or air. However, as shown by the results of the pilot-scae tests, the
use of ar asatrangport medium may have anegativeimpact on NOXx reduction performance, and requires
the use of additiond reburning fuel to reach optimum reburning zone stoichiometries.

Sinceonly front wal injection of the overfirear isfeasble on the Kodak bailer, the overfirear sysemwas
designed to provide good jet penetration as well as good latera dispersion across the boiler depth and
width. These gods were accomplished using ardatively smal quantity of overfire air, and in the face of
arddively high cross stream velocity. In addition, the overfire air system was designed to provide some
flexibility to respond to changing boiler conditions. EER’ s approach to the design of an effective overfire
ar sysem used a double-concentric nozzle which produces two air streams which can be controlled for
good mixing and operationd flexibility. The design developed for the Kodak boiler was used successfully
in EER’s second generation gas reburning system ingtalled at Public Service of Colorado’s Cherokee
Station.

Kodak’ sBoiler #15 typically operates at steam generation rates between 300,000 to 400,000 Ib/hr. The
boiler peak steam generation rate is440,000 Ib/hr. At steam loads bel ow 300,000 Ib/hr, dag freezing can
occur. In addition, it would be desirable to operate the reburning system over as wide a range of boiler
operation as possible. The relationship between boiler load and coa flow to the cyclonesisillusrated in
Fgure 1.2.1.4-2 for various assumed levels of reburn fuel heat input. As indicated in this figure, the
minmum cod flow to the cyclones, corresponding to a steam generation rate of 300,000 Ib/hr, is
aoproximately 26,000 Ib/hr. At this load, no reburning fuel could be injected since it would require
operation of the cyclonesbelow the minimum cod flow rate necessary to maintain acceptable dag tapping.
Boiler load can be increased from this level by adding fud through the reburning sysem. At a steam
generation rate of 335,000 Ib/hr, it would be possible to operate the coad reburn system to provide
approximately ten percent of the total boiler heat input. Asload isincreased abovethisleve, the leve of
coal reburning could be increased to higher levels, and hence, higher levels of NOx control could be
achieved. Atthennomina boiler full load of 400,000 Ib/hr, gpproximately twenty percent of thetotd boiler
heet input could be supplied by the reburning system. Up to thirty percent of the boiler heet input could
be supplied by the reburning system at the boiler maximum continuous rating.

Asauming that the minimum alowable cod flow to the cyclonesis approximately 26,000 pound per hour,
it is possible to congtruct a curve of maximum reburn fud vs. boiler load. The resulting curveis shownin
Figure 1.2.1.4-3. This figure also shows the reburn load which can be achieved usng a single Fuller
micromill with a capacity of 8,000 pounds per hour. At boiler loads up to approximately 375,000 pounds
per hour of steam, the reburn load which can be achieved with a single micromill is equivalent to the
maximum load which can be used without encountering dag tapping problems. At boiler loads above
375,000 pounds per hour, the maximum level of reburn load which can be achieved with one mill in
operation is between20to 22 percent. Fuller guaranteed the performance of the mill to 8,000 pounds per
hour. Given that the guaranteed capacity of the mill will limit the reburn system operation to substantialy
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less than the maximum leve of reburning which could be utilized at |oads above 375,000 pounds per hour,
it was recommended that the reburn system be designed to provide coa from both of the mills to the
reburning fud nozzles. Operation with two millsin service will ensure that Kodak has sufficient flexibility
to achievethehighest levelsof NOx control passible by maximizing thereburn fuel load, and should provide
uffident margin in the system design should operation of the cyclonesat lower than norma excessair levels
not be possible. However, a critical aspect of this design is the gpproach for accommodating operation
with only one mill in service, for times when one mill is being repaired.

Although adequate mixing of the reburning fuel could be achieved with ether air or recycled flue gasasthe
trangport medium, the limited levels of reburning fuel which can be added to the boiler over the boiler load
range, and the need for rdaively high levels of control imply that only FGR should be considered for use
as an injection and trangport medium. Fuller indicated that the use of FGR should not have an impact on
mill operating performance provided that the mill outlet temperature can be controlled. Therefore, it was
recommended that this option be used at Kodak Boiler #15. The results of the process design studies
discussed in thefollowing section indicate that effective reburning fud mixing can beachieved a FGR levels
between five to ten percent. In the processdesign sudies, it wasassumed that clean flue gaswill betaken
fromthe outlet of the el ectrogtatic precipitator, and that awater quench system will be used to cool theflue
gas to control the mill outlet temperature.

The design basis for the cod reburning sysemisshown in Table 1.2.1.4-1. The fud andyssused inthe
systemdesignisshownin Table 1.2.1.4-2. Thereburning system design was based on the maximum steam
generationrate of 440,000 pounds per hour. Based upon the specificationsshownin Table 1.2.1.4-1, the
process flow sheet and materid baance for reburning with cod at the maximum load shown in Figure
1.2.1.4-4 and Table 1.2.1.4-3 were developed. The operating stoichiometries selected in the process
design basisreflect vaueswhich are expected to maximize the NOx reduction achieved with the reburning
sysem while minimizing the impects of reburning on overdl boiler performance. For the primary zone, the
cyclone burners will be operated a an excess ar level of gpproximatdly thirteen percent. The excess air
is cong stent with the requirementsfor norma cyclone operation, but islower than that typica of the current
boiler operation. At the maximum steam flow, the reburning zone will be operated a a stoichiometry of
goproximately 0.8, which is based upon operation a the maximum reburn cod flow for this load.
Operationwith thiscod flow is congstent with the desire to maximize the NOx reductions achievable with
the reburning system. Findly, the burnout zone will be operated at the boiler normd excess air leve of
fifteen percent.

Figures1.2.1.4-5and 1.2.1.4-6 show proposed curvesof cyclonecoa flow, reburnfuel flow, and overfire
ar flow as afunction of the boiler seam generation rate. In Figure 1.2.1.4-5, the amount of coal used in
the reburning system corresponds to the maximum alowable vaue which can be added through the
reburning system while still maintaining acceptable dag tapping conditions. Asshownin Figure 1.2.1.4-5,
boiler load can be controlled by increasing the reburning fue flow rate for boiler 1oads between 330,000
to 440,000 pounds per hour. At boiler loads below this leve, the reburning system would be taken out
of operation, except for cooling ar added through the reburn fud and overfire ar ports.



To develop injector specifications which would result in effective mixing of the reburning fuel and overfire
ar, anisothermd flow modd of Bailer #15 was congtructed. The modd is gpproximately 1:8 scae and
provides a detailed smulation of the furnace from the burners through the first horizonta tube bank of the
superheater. Thewingwallsand lower furnace screen tubes were dso smulated in the modd. The modd
was congtructed of acrylic to provide ahigh leve of visud access. Following congtruction of the modd,
it was connected to one of the test stands in EER’'s Aerodynamics Modding Fecility, located in Irvine,
Cdifornia

Flow visudization studies were performed to define the characteristics of the bulk model flow field. Flow
visudization was conducted using neutraly buoyant bubble tracers. These tracers were used to identify
generd furnaceflow patternsand flow streamlines. Bubbleswereinjected through the cyclone burnersand
followed the burner flows asit developed through the furnace thereby reveding bulk flow features of the
furnace flow fidd such as recirculation, swirl, and turbulenceintengity. A generd sketch of themode flow
fidd isillugtrated in Figure 1.2.1.4-7. As shown in thisfigure, the flow passing through the screen tubes
in the lower furnace turns upward and flows into the upper furnace. Due to the rapid expansion of the
furnace abovethe cyclones, alargerecirculation zone devel opsin thefront portion of thefurnace. Theflow
exiting the lower furnaceishighly biased towardsthe rear wall of thefurnace. Thenoselocated ontherear
wall condricts the furnace area, and defines the location of the point of closure of the recirculaion zone
which forms above the cyclone. This results in the generation of an upper furnace velocity distribution at
the nose plane which is biased towards the generating bank. The furnace flow then negotiatestheturninto
the generating bank in the upper furnace.

The bulk flow fidd characteristics were further quantified by velocity measurements at two cross sections
within the mode furnace. The two planes selected for analyss consisted of the reburning fuel and overfire
ar injection eevations. The results of the velocity measurements are shown in Figure 1.2.1.4-8, which
shows the upward component of the velocity measurement normalized to the mean reference value. In
generd, the flow fidd is complex, and highly three dimensiond. The veocity measurements performed a
the reburn fue injection eevation confirm the generd features shown in the flow field sketch which were
high velocities near the rear wall, and arecirculation zone near the screen tubes. High velocitieswere aso
measured aong the rear wall a the overfire air devation.

The large recirculation zone which forms in the furnace is expected to have a negetive impact on reburn
performance. First, snce the recirculation zone forces the main upward flow to occupy a substantialy
smaller area than the furnace cross section, the resdence time of the bulk gases in the reburning zone is
substantialy reduced. Second, flow visudization of the overfirearr jetsindicate that thereisatendency of
overfire air to be entrained into the recirculation zone, and to be recirculated to the lower furnace.
Entraainment of overfire air into the reburning zone will increase the effective stoichiometry. Both of these
factors indicate that the reburning fuel injection system should be designed to provide extremely rapid
mixing of the reburning fud. This requirement points to the need for usng multiple smal-diameter, high-
veocity injectors for the reburning fud injection system.

Following characterization of the modd flow field, prdiminary designs for the reburning fud and overfire
ar were screened using smoke tracers. Smoke was added to the smulated reburning fudl and overfireair
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jetsto evauate the jet penetration characteristics. Theresults of these studiesindicated that reburning fuel
jet velocitiesin the range of 250 to 300 feet per second are necessary to ensurethat the reburning fuel jets
achieve aufficient penetration into the flow field. In addition, overfireair jet velocities between 450 to 500
feet per second are needed to ensure that the overfire air jets penetrate into the high vel ocity flow near the
rear wal of the bailer.

Once the ided jet penetration characteristics had been established, the mixing performance of various
reburn fud and overfire air injection sysems were quantitatively andyzed using disperson measurement
techniques. In thistechnique, tracer disperson measurements weretaken in across-sectiond planeinthe
furnace model downstream of the injection eevation to quantify the mixing performance of a specific
injection system. The disperson measurement provides an indication of theloca concentration of atracer
gaswhichisinput through the injection syssem. The tracer gas, which is typicaly methane, is uniformly
mixedintheair prior to injection through the jetsinto the modd. The concentration level at selected points
within the measurement plane can be related to the desired reburning zone stoichiometry by anaytical
means. Thewdl-mixed concentration level ismeasured in the exhaust duct of theisotherma moded where
complete mixing is guaranteed. The point dispersion data are compared to the well-mixed condition and
are normalized to the design stoichiometry of the particular furnace region. An ided injection system will
achieve uniform digperson which will result in a uniform stoichiometry at the measurement plane.

Theresultsof dispersion measurements conducted for the proposed reburning fuel and overfireair injection
systems are shown, respectively, in Figures 1.2.1.4-9 and 1.2.1.4-10. Figure 1.2.1.4-9 shows contours
of the measured digtribution of stoichiometry a a plane located in the reburning zone which corresponds
to aresidence time of gpproximately 200 milliseconds. In thisfigure, uniform mixing of the reburning fud
corresponds to a stoichiometry of 0.9. Asindicated by the fact that a significant portion of the disperson
profile is near the target stoichiometry, the didtribution of reburning fuel provided by this configuration is
relatively uniform. This result is reflected in the coefficient of variation (COV) for this case, whichis0.34.
A COV of zeroimpliesuniform reburning fud digtribution. A COV of lessthan 0.4 isconddered adequate
for achieving good performance with areburning system. Figure 1.2.1.4-10 shows contours of constant
gtoichiometry measured at the midpoint of the nose. In this figure, uniform mixing of the overfire air
corresponds to a stoichiometry of 1.15. The results of this profile indicate that relatively good mixing of
the overfire ar can be achieved dong the rear wal using the coaxid overfire ar jet desgn, but that
coverage inthe areadong thefront wall islight. Prdiminary measurementsin the flow modd indicate that
the use of swirl in the outer passage can improve coverage in this region.

Based upon these sudies, the design specifications for the reburning system are summarized in Table
1.2.1.4-4. Thereburning fuel nozzles will utilize asingle jet design where the cod transport line diameter
is reduced at the nozzle to increase the vel ocity of the transport FGR and cod. This desgn minimizesthe
need for aboost stream. A high pressure FGR fan will be used to supply the transport flue gas stream.
The reburning fuel nozzles should be located equaly spaced dong the rear wadl of the furnace. To
turndown the reburning fud system, it is expected that the cod flow from the mill will be reduced, and that
the total FGR flow rate to the nozzles will be maintained congtant. This gpproach will permit effective
mixing of the reburning fuel to be maintained at reduced reburn fud flow rates.

-11-



The overfire ports are designed to utilize a coaxid jet desgn. The inner passage is designed to achieve
good penetration of the core overfirear stream over the reburning system’ srequired operating range. The
outer passage is designed to mix overfire ar into the flue gas dong the rear wall, and used to provide the
mgority of the overfireair system turndown capability. Figure 1.2.1.4-11 showsthe layout of the overfire
ar nozzles. After testing at Kodak, B&W showed better results could be achieved with only outer flow
and no swirl.

1.2.2 Project Organization

The Project Organization is shown in Figure 1.2.2-1. The Prime Contractor to the U.S. DOE isthe New
York State Electric & Gas Corporation (NY SEG). Project participants who demonstrated technology,
provided resourcesand agreed to Program Opportunity Notice (PON) requirementsincluded Fuller Power
Corporation, Energy and Environmental Research Corp., DB Riley, Inc., Eastman Kodak Company,
CONSOL Inc., B&W, and ABB. Organizationsthat asssted in the dissemination of technica information
included the Empire State Electric Energy Research Corporation (ESEERCO), Electric Power Research
Ingtitute (EPRI), and the New Y ork State Energy Research and Development Authority (NY SERDA).
As participants, these organizations had access to data and technical information. They were able to
provide information to their members through standard technica transfer channels. Thistechnicd transfer
was coordinated by NY SEG’s R& D Department.

1.2.3 Project Description

The project demongtrated the effectiveness of reducing nitrogen oxide (NOx) emissionswith an advanced
micronized cod reburning technology. Thistechnology can be applied with existing combustors aswell as
with new injectors. The same cod used inthe main combustion zone was used asthereburning fuel. This
entails no incrementa fuel cost or chemical cost compared to other NOx reduction technologies. In
addition to achieving lower NOx emissons, the micronized cod firing system can aso provide improved
operating performance such as greater turndown without support fuel. Thisreburn technology can dso be
combined with various sulfur dioxide (SO,) control technologies such as fuel switching, dry sorbent
injection, or other post-combustion technologies.

The advantages of this technology over other commercidly available NOx control technologies are:

I Economicd Fud

Reburning isrecognized to be an effectivetechnol ogy for controlling NOx emissionsin pulverized cod-fired
boilers. Most demondtrations to date have been with naturd gas or oil asthe reburn fuel. Although both
fuels have demondrated effectiveness, they are subject to one or more of the following disadvantages.

- Avallability, especidly in the winter

- Unpredictable fudl cost

- Operationd problemsfiring dud fuel
- Bailer efficiency pendty
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I Increased Mill Capacity

Higher fineness can be obtained since the existing millswill have reduced duty. Thiswill help maintain the
unburned carbon leve in fly ash and improve the air entrainment characteristics for using it as a concrete
additive.

I No Additional Chemicd/Catdyst Cost

The post combustion NOx reduction technologies can offer the same or higher levels of NOx reduction.
However, the reagent and catalyst costs will increase the plant O&M costs substantidly. Coal reburning
will incur minima incrementd O&M cogts.

I No AmmoniaSlip
SNCR or SCRtend to produce ammoniadip if the processis not controlled carefully. Ammoniadip has
been known to cause air heater pluggage, increased fan power requirements, fly ash contamination, and

CEM equipment mdfunction. Cod reburning does not utilize any reagent. Therefore it will avoid such
operationa problems.

The term reburning refers to a process where a fraction of the fud isinjected into a zone downstream of
the main combustion zone to form areducing aamosphere. Additiond air is added further downstream to
complete the combustion.

The reburning process conssts of three main zones: the primary or main combustion zone, the reburning
zone, and the burn-out zone. Figure 1.2.3-1 shows a schematic of the reburning process asit gppliesto
autility boiler.

1. Primary Zone

Thismain heat release in this zone accounts for gpproximately 75% to 80% of the tota heat input to the
system. Operating under 1.0 to 1.1 stoichiometric ratio conditions, the primary zone produces the initid
NOx species, primarily NO.

2. Reburning Zone

Reburning fue isinjected downstream of the primary zoneto create afud-rich zone. Threemagjor genera
reections take place in the reburning zone which affect the reburning process.

a NO reacts with hydrocarbon radicals in reactions such as.

NO+CH < N+ CHO
NO+CH < HCN+ O
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which increases the nitrogen radical pool.

b. Inter-conversion of nitrogen species among different fixed nitrogen compounds (NO, HCN, or NH)
occurs. Elementd nitrogen (N) will likely be formed at this stage.

c. Theformation of molecular nitrogen by the reaction of nitrogen radicaswith NO. Thereaction
NO+N<°N,+0

sometimes referred to as the reverse Zeldovich reaction mechanism, isthe most probable path, athough
reactions with NH, species are possible.

Consequently the nitrogen oxide formed in the primary zone will be converted to N,, NH;, HCN, or
retained asNO. When the reburning fud contains nitrogen (such ascod or ail), fuel nitrogen could remain
withthe char or form NO, HCN, and NH,. Thus, the products of this zone contain nitrogen specieswhich
can be converted to NO. The sum of these gas-phase speciesisreferred to astota fixed nitrogen (TFN).

3. Burnout Zone

Inthe burnout zone, air isadded to produce overdl fud-lean conditionswhich oxidize dl the unburned fud.
The TFN or char nitrogen is converted to NO or to N..

Typicdly the primary zoneis operated at stoichiometriesbetween 1.0 and 1.1 to minimize NOx production
while reducing potential waterwal corrosion and carbon burnout problems. The reburn zone would
normelly be operated at stoichiometries between 0.8 and 0.9. The burnout zone would then be operated
to achieve minimum NOXx production while avoiding operationa problems. A typicd furnace outlet
goichiometry is1.2.

Two dtes hosted the MCR demonstration; NY SEG's Milliken Station Unit #1 and Eastman Kodak’s
Boiler #15.

1. Milliken Station (Micronized Cod Reburn Demondration with MPS Mill and Dynamic Classfier)

NY SEG's Milliken Station has two (2) 150 MWe units each with a CE designed tangentid cod-firing
gngle furnace boiler. The 1958 Unit 1 was recently retrofitted with an ABB C-E Low NOx Concentric
Hring System (LNCFS), four (4) new Riley Stoker MPS 150 pulverizers with dynamic classfiers, an
upgraded Belco precipitator, two (2) ABB Air Preheater Q-Pipe ar heaters, an upgraded Westinghouse
WDPF control sysem and aS-H-U Flue Gas Desulfurization (FGD) system. Some preliminary emissons
data show that Milliken Unit #1 has reduced its NOx emissions from a0.58 Ib/hr MM Btu basdine leve
to 0.40 Ib/MM Btu or lower. The SO, emissons dso were reduced by as much as 98%. This unit is
currently required to comply with NY SEG's system NOXx tonnage cap under the Title | OTCD limit.
Sarting January 1, 1996, it dso wasrequired to meet the Title 1V - Acid Deposition Control NOx emission
limits of 0.45 I/MM Btu on an annua basis.
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The LNCFS system was ingtdled in 1994 to achieve the NOx emission requirements. It includesfour (4)
elevations of cod burners, three (3) devations of il guns, auxiliary air and CFS air compartments around
the coal burners, two (2) close-coupled overfire air (CCOFA) compartments, and three (3) separated
overfire air (SOFA) compartments. NOx emissionsare controlled with the CCOFA and SOFA dampers
and are monitored with a stack CEM system.

The MCR process was demondgtrated on Milliken Unit #1 using the existing equipment installed under the
DOECCT IV Demondration project. Theexisting Riley MPS 150 millswith dynamic classfiers operated
with fineness approaching 75% through 325 mesh. The operation of the millswastested at high classfier
speed to demongrate the required 80% through 325 mesh or higher fineness. The upper burner
compartment was used to inject the reburn for this demongtration.

By usng the existing milling equipment to demondtrate the cod reburning technology a Milliken Station,
no impacts on the boiler performance and LOI level were expected due to the system flexibility and the
short distance between the reburn zone and the OFA location. A smplified diagram of the Milliken fue
system is provided in Figure 1.2.3-2.

2. Kodak (Primary Site for MicroMill™ and Micronized Coa Reburn Project)

Kodak’s #15 Bailer is a Babcock Wilcox Model RB-230 cyclone boiler commissioned in 1956. It is
located in Building 31 within the Kodak Park Site in Rochester, New York. The unit was designed to
generate 400,000 Ibs’hr of 1400 PSIG, 900 F steam with a rated heat input of 478 MM Btu/hr at
Maximum Continuous Reting (MCR). The fud supplied to this bailer is Fittsburgh seam medium to high
sulfur cod with a Hardgrove Grindability Index (HGI) of approximately 55 and a higher heating vaue of
13,300 Btuw/lb.

As pat of this project, Kodak ingdled a Fuller MicroMill™ cod micronizing system, reburn
injectors/burners and over-fired air downstream of the main cyclone burners. The MicroMill™ isunique
inthat it usesatornado like column of air to create arotationa impact zonewherethe cod particlesactualy
drike againgt each other and thus crush themselves. The typicd particles generated by the MicroMill ™

are goproximately 20 um whereas normad pulverized cod is about 60 microns. Thisincreasesthe surface
area by ninefold alowing for improved combustion in ashorter timeperiod. Thiswascriticd to the success
of the project since the boiler issmal and has alow residencetime. The project used >90% <325 mesh
micronized cod for reburn fue. New micronized cod and gas reburn injectors/burners and overfire air
portswereingdled. The existing air and gas handling systems were modified to reroute the air/gas to the
new burners and ports. New insrumentation and controls were required to operate, control, and alarm
the boiler. The exiging control panel and logic were replaced with a distributed control system ingtaled
inanew control room. A process block diagram showing the reburn systemisprovided in Figure 1.2.3-3.
The other coretechnology that was employed in this project wasthe use of NOx reburn technology. NOx
reburn has been used principaly with naturd gas or oil asthe fud. Reburning of pulverized cod has been
demonstrated and proven to be advantageous to the dternative fuels.
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Kodak presently hasan existing digposal program for itscoa combustion by-products. The ash produced
during the MCR program at Kodak had higher fly ash carbon content than ash produced prior to the
program. This has affected the disposal of the ash waste stream.  See Section 4.
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1.2.4 Site Description

Micronized coa reburn was demondrated at two stes (NY SEG s Milliken Stationin Langing, NY and at
Eastman Kodak’ s Boiler #15 Kodak Park, Rochester, NY). At Milliken, a MPS 150 mill with dynamic
classfier micronized cod for use as areburn fud inal150 MWetangentidly fired unit. At Kodak, aFuller
MicroMill™ micronized cod for use as areburn fud in a60 MWe cyclone fired unit.

1.2.4.1 Milliken Station

Site Description

The MPS mill and “T” fired MCR demondtration project was conducted a NY SEG's Milliken Station
located on the east shore of Cayuga Lake, approximately 12 miles northwest of Lansing, New York. The
plant Steis at latitude 42E36'30"N and longitude 76E38'15"W. The UTM coordinates are 4,178,380m
N and 365,470m E. Thedteisinthe Town of Lansng in Tompkins County near the junction of Seneca,
Cayuga, and Tompkins counties. Thetota property areaconsstsof 322 acres (Figure 1.2.4.1-1). Figure
1.2.4.1-2 showstheloceation of thegterdativeto mgor citiesin central New Y ork State. The surrounding
region is a sparsely populated agricultura area. The bulk of the areals population and industry is
concentrated in the cities of Syracuse, Binghamton, Elmira, Auburn, and Ithaca

Cayuga L akeisapproximately 39 mileslong inaNNW-to-SSE direction, with east-to-west width varying
between 1 and 3 miles and amaximum depth of 435 feet. At thedite, thelakewidth isapproximately 1.75
miles, with anormal devation of gpproximately 382 feet (md). Inthe Steregion, theterrain risesfrom the
lake shore to an eevation of about 800 feet (md) within 1 mile. Within 3 miles east of the ation Ste, the
terrain risesto about 1100 feet (md). From thisregion out to 50 milesor more, theterrain generally ranges
above 1000 feet (md) with widely scattered high points between 2000 and 3000 feet (md).

Theterrain west of Cayuga Lakeis generaly similar to that east of the Ste. Other glaciated valeyssimilar
to that of Cayuga Lake exist west and northeast of the Site, forming the other Finger Lakes.

The generd climate in the central New Y ork Finger Lakes region is dominated by polar continentd air
masses tracking from the north and west. Frequent invasions of air masses from the Gulf of Mexico result
inrgpid variaions of weether conditions. The regiond climate is characterized by long cold winters and
cool summerswith occasiona warm, humid periods. Precipitationisevenly distributed throughout the year.

Sagmic activity in the region of the ste is low. Previous research showed that earthquakes in the
northeastern United States areinfrequent. The earthquakesthat do occur in the northeastern United States
are usudly of shalow focus and characterized by low magnitude and/or intensty.

Thisdteis ble. It has adequate water, ral trangport, roadways, electric power, labor force, coa
supply and other utilities that made it a suitable demongration Ste.

Ste Suitability
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There are two cod-fired units, Units 1&2, a Milliken Station.  They are Combustion Engineering
pulverized cod-fired unitswhich are rated at nomina 150 MW each and operate under balanced draft
mode. Each unit istangentiadly fired with four devations of burnersat each of the four corners. Unit 1 was
completed in 1955 and Unit 2 was completed in 1958. During the period 1992 to 1994, a forced
oxidation, formic acid enhanced wet flue gas desulfurization (FGD) system, using the Saarberg-Holter-
Umwadttechnik (S-H-U) process, was added to both units as a Clean Cod 1V demondtration. Other
improvements to Milliken's units included converson to a distributed control system, ingdlation of DB
Riley MPS mills with dynamic classfier and ABB/CE LNCFS-3 burners with overfire air; replacement
of the el ectrogtatic precipitators with Bel co wide spaced plate units, demonstration of a CE/ABB heatpipe
arheater on Unit 2 and modifications to the draft systems.

Milliken Units 1 and 2 have, over the years, proven to be two of the most efficient and reliable unitsin the
nation. Units 1 and 2 are base loaded units, this assured a good demonstration and provided the
opportunity for observation of the technologiesin commercia operation.

Milliken Station Units 1 and 2 aretwo comparably sized boilers. Thisfeature waskey to the devel opment
of this project. It alowed demonstration of the spit module absorber concept and, at the same time,
permitted independent operation of the S-H-U process on each boiler unit. Operation of identical
absorbersat independently variable conditionsalowed processdatato bemorefully verified and facilitated
identification and analysis of abnormdities, either process or physical, as they occurred.

Thelocetion of the stein the Finger Lakesregion of New Y ork State makesthis plant acontributor to acid
ran depogtion in the Adirondack and the Catskill Mountains. A consequence of this project on the
proposed site was to provide environmental benefits to these important natural resources. Due to
Milliken'slocationin New Y ork State, transboundary emissionsto Canadacould theoretically be reduced.

NY SEG iscommitted to an active community contact program and made public contactstoinform officias
and concerned citizens about plans and address their questions.

1.2.4.2 Kodak

Site Description

The MicroMill™ and cyclone-fired MCR demonstration project was conducted at the Eastman Kodak
Company’s Kodak Park Sitein urban Rochester, New Y ork gpproximately 1 mile west of the Genesee
River and within Kodak Park, specificaly Building No. 31. The plant Steisat latitude 43E12'00"N and
longitude 77E38'00"W. The UTM coordinates are 4,178,380m N and 365,470m E. Thetota property
areaconssts of 1300 acres. Figure 1.2.4.1-1 shows the location of the Site rdative to other mgor cities
in centrad New York State. The surrounding region is a densely populated urban area with severd
indudrid Sites, shopping centers and retail stores. The bulk of the ared's population and industry is
concentrated within afive (5) miles radius of the demondration Ste.
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The Kodak Park Site has two power plants. The East Power Plant, in B-31, contains five cod-fired
boilersand four ail-fired package boilersand onefront fired oil boiler. The West Power plant containsfour
coal fired boilers. Atthe proposed site, B-31, therearefour coal-fired Babcock and Wilcox stoker boilers
which have been in service approximately 55 years. The package boilers are gpproximately 25 yearsold
and are used as a back-up steam supply source. The cyclone boiler was manufactured by Babcock and
Wilcox and is 30 years old.

The #15 Boiler, a Babcock and Wilcox cyclone boiler was ingtalled in 1956, and was selected for
modificationto add amicronized coa reburn systlem. Thismodificationisin accordance with an agreement
betweenK odak and theNew Y ork State Department of Environmental Conservation (DEC). Thisproject
should provide Kodak the opportunity to more economicaly meet the emissions reduction targets set forth
for NOx RACT asidentified in that agreement and aso dlow Kodak to operate this boiler up to its full
MCR rating.

The generd climate in the central New Y ork Finger Lakes region is dominated by polar continentd air
masses tracking from the northand west. Frequent invasions of air masses from the Gulf of Mexico result
inrgpid variaions of weether conditions. The regiond climate is characterized by long cold winters and
cool summerswith occasiona warm, humid periods. Precipitationisevenly distributed throughout the year.

Sagmic activity in the region of the Site is low. Previous research showed that earthquakes in the
northeastern United Statesareinfrequent. The earthquakesthat do occur in the northeastern United States
are usudly of shalow focus and characterized by low magnitude and/or intensty.

Site Suitability

The demondtration Siteis an operating power plant with dl thefacilitiesthat were necessary to demondtrate
this technology, such as accessto water, rail transport, roadway's, eectric power, labor force, coa supply
and other utilities as may be required.

1 Water Supply - Eastman Kodak required no additiona water requirementsfor thisboiler modification.

I Ralroad Access - Rallroad access was dready available on-gite to meet the requirements for cod
deliveriesto the gation.

I Roads- State Route 104 (commonly known as Ridge Road within Rochester) can be accessed from
the NY State Thruway (1-90), via Interstate Routes 390 and 490.

1 Electric Power - All power required for both the construction and operational phases of the project
were easily met from Kodak Park’s own generation facilities.

1 Labor Force - Condruction labor forces were available through the Rochester Building and
Congtruction Trades Council which has as members craftsmen from al required trades, including
carpenters, ironworkers, laborers, plumbersand eectricians. The operating forcewassupplied either
from current Kodak employees at the power plant or from the labor force of the surrounding area.

1 Coa Supply - Eastern U.S. cod is projected as the mgor source of fud supply. Kodak Park can
accommodate cod ddivery viarall or truck. The mgority of cod is currently delivered by rail.
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1 Other Utilities- All other utilities such as potable water and wastewater trestment were provided by
the existing power plant resources.

The sitefor this project has been within the confines of Kodak Park for nearly 80 years. Becausethework
was accomplished totally within the plant’ s power house, there was no cause for local concerns about the
gte's appropriateness for a technology demondgtration. NY SEG and Kodak believed the surrounding
communities as a whole would be supportive of the project due to its environmental benefits. Eastman
Kodak is committed to an active community contact program and made public contactsto inform officids
and concerned citizens about the project and addressed their questions.

1.2.5 Project Schedule

The project phases were the following:

1.1 Phasel - Engineering
1.1.1 Milliken Station Engineering and Design
1.1.2 Kodak Plant Engineering and Design
1.1.3 Phase 1 Project Management

1.2 Phase 2 - Congtruction
1.2.1 Milliken Station Construction
1.2.2 Kodak Plant congtruction
1.2.3 Phase 2 Project Management

1.3 Phase 3 - Operation and Demonstration
1.3.1 Milliken Station Operation Demonstration
1.3.2 Kodak Plant Operation and Demonstration
1.3.3 Phase 3 Project Management

The duration and dates of each phase of the project were:

Task | - Milliken

Phasel (6 months)  10-15-95 to 4-15-96 Engineering
Phasell (I month)  4-15-96 to 5-15-96 Construction
Phase Il (19 months) 5-15-96 to 12-31-97 Operation & Demonstration

Task Il - Kodak
Phasel (6 months)  10-15-95 to 4-15-96 Engineering
Phasell (8 months)  4-15-96 to 1-15-97 Construction
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Phase 1l (12 months) 1-15-97 to 12-31-97 Operation & Demonstration

A detailed milestone chart is provided as Figure 1.2.5-1.

1.3 OBJECTIVE OF THE PROJECT

1.3.1 Summary

The program had a number of gods. These gods wereto:

Establish the operating performance and limits of a plant operating with MCR.
Demondtrate thelong term rdiability of the sysemsand materidsutilized in micronized cod reburning.

Make a direct comparison of the Fuller MicroMill™ and the D. B. Riley MPS150 (with dynamic
classfier) micronizing systems using the same fud.

Provide confirming data from afull scae furnacethat the coa reburn system can achieveitsobjective
of ggnificant NOx reduction.

- Demonstrate micronized cod reburning technology on a cyclone boiler with & least a 50%
NOx reduction.

- Demondrate micronized cod reburning technology in conjunction with low NOXx burners on
atangentid fired boiler with a25-35% NOX reduction.

Document boiler performance over a sufficiently long period of time to identify long-term trends
in emissions and boiler behavior when micronized cod is used in areburn gpplication.

Specificaly, micronized cod reburn impacts on the following were assessed.

I NO, NOx, NO,, O,, CO, CO, and SO, emissons
I Paticulate emissons

I Emissions during various load conditions
I Unburned carbon in the fly ash

I Pulverizer/mill performance

I Cod flow rate and sze digtribution

1 Air preheater performance

! Boiler dagging and fouling

1 Waterwall and convection pass corrosion
I Furnace temperature profile

I Boiler thermd efficiency

I Combustion system rdiability
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I Boiler load response
1.3.2 Discussion
The objectives of the project were unchanged throughout the project duration.

1.4 SIGNIFICANCE OF THE PROJECT

Reburning for NOx control has been practiced, mainly using natura gasor oil asthereburn fuel. Although
successful, use of these fuels for this purpose suffers from one or more of the following disadvantages:
religbility of supply, especidly in winter; higher fuel cogs, problems in firing dud fuels, and reduced
efficency because the higher hydrogen content resultsin anincreasein moistureinthefluegas. Thisproject
demonstrated the burning of micronized cod asareburnfud. These operationshave shown the advantage
of burning ultrafine cod over naturd gas or oil as the reburn fue. The demondration project tested dl
aspects of the Micronized Coa Reburning (MCR) technology a commercid scae on commercid cod-
fired units. Data collection, anayss, and reporting were performed during the operations phase and
included on-stream factors, materia baances, equipment performance, comparisonswith previousresults,
efficiencies, and NOx emission levels. The data generated on a mill used to micronize cod (Fuller
MicroMill™) and on firing micronized cod for eectric power production and NOx reduction will be
directly applicableto other commercia gpplicationsand will provide vauableinformation to permit scaleup
to larger units. The MicroMill™, which was used to produce the micronized cod, has been thoroughly
tested, both in pilot-scale and in commercid-scae operations. Thus, al components of the technology
were previoudy demongtrated, dthough not in the configuration demondirated in this project.

Until this project, there were no other operations demonstrating the exact combination of the technologies
demonstrated.

The novd portions of the system are the advanced micronized cod reburning syslem and the Fuller
MicroMill™. All of the other equipment is standard equipment and iscommercidly avallable. Therefore,
the leve of risk associated with the operation of al equipment other than the MicroMill and reburn system
wasinitidly low.

The successful demongtration on the Milliken 150 MWe Unit #1 and the Kodak 60 MWe Boiler #15 units
typicd of alarge portion of the nation’s utility operating base shows that there is the potentid for wide
gpplication of the technology. Although demonstrated on a cyclone-fired unit (at Kodak) and a
tangentialy-fired unit at Milliken, the technology should be equaly applicable to wall-fired units.

Although primarily devel oped asameansfor decreasing NOx emissionsfrom cod-fired furnaces, theMCR
technology hassevera other potentia benefitswhichwill makeit attractivefor many operatorsof cod-fired
units. Among the possible benefits are:

! Increased boiler capacity on mill-limited units.
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1 Providing back-up for existing pulverizers, while having no negative impact on furnace
performance.

! Improved efficiency due to lower excess air and decreased loss on ignition.
! Compstitive capita, operating, and maintenance costs.

! Ease of retrofit, snce the reburn burners and overfire air ports are the only furnace wal
penetrations required. MicroMill™ systems are compact and lightweight and can typicaly be
mounted on the operating floor adjacent to bunker outlets, and existing burners and registers can
be modified a minimal expense for fud/ar staging.

I Ability to fire low-sulfur, low-cost subbituminous cods as areburn fud.

I Up to 30% reduction in existing pulverizer throughput, thus permitting classifiersto be adjusted for
aggnificant improvement in cod fineness.

! Improved steam and superheat temperature a low load, asaresult of firing micronized cod in the
upper furnace and rgpid devolatilization and char burnout of the reburn fud.

The combination of micronized cod and reburning for NOx control isanaturd fit for exigting older fossl
units. Together, they provideflexibility and economiesof scalethat are unattainablewith other NOx control
technologies. WithMCR providing NOx reductionsof 50 to 60%, most tangentia - and wall-fired furnaces
should be ableto meet the Clean Air Act Amendments NOx compliance limitswithout expensive back-end
control methods.

For MCR, the primary competing NOx control technology is low-NOx burners. Although low-NOx
burners will meet the current emisson requirements, the benefits of MCR technology will dlow it to
compete effectively with low-NOx burners. These benefits include the use of the micronized cod system
for start-up and low-load operation, and restoring mill-limited units to rated capacity. Ingaling MCR
technology will reduce the load on existing mill systems, improve carbon burnout, reduce excess air, and
increase unit efficiency. The technology is expected to be competitive from a capital and operating
gtandpoint with low-NOx burner applications.

Despite dow growth of dectric power demand and a corresponding decrease in generating plant
congtruction during the 1980s, demand for eectricity is expected to continueto increase at arate that will
not only require new generating capacity but will put additiond demands on the existing cod-fired
generaing base. Recently, the Electric Power Research Indtitute (EPRI) compiled aligting of 75 MW to
300 MW cod-fired unitsthat were built inthe U.S. between 1945 and 1965. Thislist totals389 unitswith
nearly 60 GW of capacity. Although they will reach their 40-year life spansbetween 1985 and 2005, these
units are candidates for retrofitting and continued operation, either as baseload or peaking units. As new
generating capacity is added, thiswill further relegate the older ingtalled baseto cyclic duty. Benefitsof the
M CR technology will best beredlized on thisboiler population. Thetechnology will not only meet the NOx
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emission requirements but will alow the operation of these units on low load whilefiring only cod, thereby
reducing operating costs and ultimately the cost of eectricity delivered to the end user.

Because this project successfully demonstrated, at commercia scale, a novel technology for meeting the
expected NOx limits on existing cod-fired units and because the technology can use virtudly any cod and
can be easily retrofitted to many types of coal-fired furnaces it is believed that the success of the
demondtration project reduced the risk and provided a great impetus to commercidization.

1.5DOE’'SROLE IN THE PROJECT

1.5.1 DOE’sRole

The DOE was responsible for monitoring al aspects of the project and for granting or denying gpprovas
required by the cooperative agreement. The DOE Contracting Officer isDOE’ sauthorized representative
for al matters related to the cooperative agreement.

The DOE Contracting Officer appointed a technical project officer (TPO) who was the authorized
representative for al technica mattersand had the authority to issue Technica Adviceg” which might have:

! Suggested redirection of the cooperative agreement effort, recommended a shifting of work
emphads between work areas or tasks, or suggested pursuit of certain lines of inquiry which
assisted in accomplishing the Statement of Work.

! Approved dl technicd reports, plans, and items of technical information required to be ddlivered
by the Participant to the DOE under the Cooperative Agreement.

The DOE TPO did not have the authority to issue technica advice which:
1 Congtituted an assgnment of additiond work outside the Statement of Work.

I In any manner caused an increase or decrease in the total estimated cost or the time required for
performance of the Cooperative Agreement.

! Change any of the terms, conditions, or specifications of the Cooperative Agreement.

! Interfered with the Participant’s right to perform the terms and conditions of the Cooperative
Agreement.

All technica advice wasissued in writing by the DOE TPO.

The DOE provided periodic reviews of the technical and management aspectsof the project and organized
mesetings, workshops, and conferencesto report progressof thisproject and exchangetechnical information
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at the conclusion of each phase and milestones identified by the Cooperative Agreement. The DOE
formaly reviewed the program status and authorized continuation of funding of the project.
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1.5.2 Management Plan

The project team assembled for the Milliken Clean Cod 1V Technology Demongtration Project managed
and controlled the technologicad and adminigrative aspects of this project. This greatly reduced the
management costs associated with the micronized coal demongtration and leveraged DOE's existing
invesment & Milliken.

1.5.2.1 Management Approach

The Micronized Cod Technology Demondration project conducted at the NY SEG site (Milliken) was
managed by NY SEG’ sMilliken Clean Cod 1V Demondtration Project Team (FGD Team), with extensive
support and cooperation from the Generation Technica Services Department of the Electric Business Unit
(Fgure 1.5.2.1-1) The FGD Team congsted of an accomplished group of individuas actively fulfilling the
requirements of the DOE sponsored Milliken Clean Cod |V Demondtration Project.

A fully dedicated project management core team was supplemented using corporate resources such as
legd, accounting, purchasing, training, quaity assurance, contact administration, research and devel opment,
and public information. Technica support was provided from the existing matrix organization.

Kodak and NY SEG established apartnership that enabled NY SEG the opportunity to support and advise
Kodak project members on the duties and responsibilities related to DOE protocol. Founded upon the
recent experience gained from the Milliken Clean Cod |V Demongtration Project, NY SEG'sSFGD Team
provided Kodak with direction and support for fulfilling DOE requirements in the proposal.

For theK odak demonstration Babcock & Wilcox, an architect/engineering firm, was utilized to supplement
adminidrative, engineering and congruction management efforts. NYSEG & Kodak routingly perform
magor projects in this manner and organizational procedures to effectively plan, organize, and control the
work were in place for the MCR program.

Mr. Jeffrey Smith, Vice President - Electric Generation is the executive sponsor of the Micronized Coad
Demondtration Options at the Milliken Site. Mr. Smith provided the DOE Project Manager adirect line
of communication to NY SEG'’ s executive management. When Mr. Smith was not available, Mr. James
W. Rettberg was available to provide a prompt, effective response to the DOE Project Manager.

Mr. Rondd C. Morrison, Vice Presdent and Generd Manager was the executive of the Micronized Codl
Demondtration project at Kodak. Mr. Morrison provided the Project Manager a direct line of
communication to Kodak’ s Executive Management. When Mr. Morrison was not available, Mr. Peter
Loberg was available to provide a prompt, effective response to the Project Manager.
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1.5.2.2 Project Team and Key Individuals

Over the project duration severd key project team members changed. An organization chart depicting the
project team members, and key individuas at the concluson of the project, isshowninFigure1.5.2.1-1.
Note that the dedicated Project Management Team consisted of the project manager, cost and schedule,
clericd, and one additional position to be matched with the project phase.

The DOE-assigned Project Manager directly interfaced with Mr. Dennis O’ Deg, the NY SEG Project
Manager. Mr. James Harvillareplaced Mr. O’ Dea near the end of the program.

The Project Manager was the single point contact between the DOE and this demonstration project and
was responsible for fulfilling Cooperative Agreement commitments. This included the responsibility to
coordinate the activities of support and team members to ensure successful completion of project
objectives. Each participating team member had assigned a key person(s) responsible for the interna
adminigrationfunctiona performanceand workmanship of individuaswithin therespectiveteam member’'s
organization. Team member progress was monitored by the Project Manager through monthly technical
and financid reports and periodic reviews of audits.

20TECHNOLOGY DESCRIPTION

The Micronized Coal Demongtration Project is part of Round 4 of the U.S. DOE's Clean Coal
DemongtrationProgram. Origindly planned for demongtrationat TV A’ sShawnee Plant, thedemonstration
was transferred to Eastman K odak Company (Kodak) and New Y ork State Electric & Gas Corporation
(NYSEG). The project includesthe demonstration of micronized coa reburn technology for the reduction
of NOx emissions from a 150 MW class tangentidly-fired boiler at NY SEG's Milliken Station (Task 1)
and acycloneboiler at Kodak (Task 11). The cyclone boiler gpplication includesthe utilization of aretrofit
Fuller MicroMill ™ to provide micronized reburn cod. Milliken utilized an existing DB Riley MPSmill with
dynamic classifier to provide the reburn fuel. The following discussion provides a separate description of
the technology as implemented for each task.

2.1 DESCRIPTION OF THE DEMONSTRATED TECHNOLOGY

Reburning is a combustion modification technology which removes NOx from combustion products by
using fue asareducing agent. The fundamentd principle of reburning - that fuel fragments can react with
NO to form molecular nitrogen - was first demongtrated as a viable NOx control technique over twenty
years ago. This control techniqueis particularly effective a controlling NOx emissions, and can be easily
retrofitted to utility boilers. Toimplement the processon alarge utility boiler, fud isinjected abovethemain
combustion zone to provide a dightly fuel rich environment or “reburning zone.”  In this zone nitrogen
oxidesformed in the primary combustion zone are reduced to molecular nitrogen. Following the reburning
zone, additiona combustion air is added to the boiler to oxidize carbon monoxide and any remaining fud
fragments exiting the reburning zone.
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2.1.1 Primary Advantages

The primary advantages of reburning over other available NOx control technologies are that:
1 Reburning provides high levels of NOx control.

1 Reburning can be implemented without sgnificant impact on boiler performance.  Although
reburning implementation can impact the digtribution of heat absorption in the boiler, these effects
are generdly smal in comparison to variations due to norma changes in boiler operation (eg.,

fouling).

! Reburning produces no measurable by-product emissions. Unlike other additive NOx control
processes such as urea or ammonia injection, reburning does not result in the release of other
pollutants such as ammonia or nitrous oxide.

! Reburning is fuel flexible and can be gpplied to gas-, ail-, or cod-fired boilers. These fuels aso
can be used as the reburning fud in the process itsdlf.

I Reburning can be applied to al types of fossl fud fired boilers.

Reburning on autility boiler requires dividing the combustion air and fuel into multiple (usudly three) zones
which stage the fuel and air addition to the furnace. Figure 2.1.1-1 shows an illudration of the typica
approach for applying reburning to a utility boiler.

Primary Combustion Zone: The hesat releasein this zone normally accountsfor 80 to 85 percent of thetota
heet input to the combugtion system. The main fuel is burned under fuel-lean conditions resulting in high
levels of NOx emissons. The mgor component of NOx isNO.

Reburning Zone: The reburning fue, which accounts for the other 15 to 20 percent of the fud heat input,
isinjected downstream of the primary zonein sufficient quantity to formadightly fuel rich zonewhere NOx
from the primary zoneisreduced. Inthe reburning zone, hydrocarbon radicals, such as CH, generated
during breskdown of the reburning fue react with NO molecules from the primary zone to form other
nitrogenous species such as hydrogen cyanide, HCN. The HCN then decays through severd reaction
intermediates, NCO 6 NH 6 N, and ultimately forms N, viathe reverse Zeldovich reaction:

NO+N6N,+0O
Burnout Zone In the third and find zone, additional combustion air is added to oxidize carbon monoxide
and any remaining fue fragments, and to produce overal fud-lean conditions. The remaining reduced

nitrogen species are generally oxidized to NO, or reduced to N,, depending upon specific conditions at
the point of overfire ar introduction.
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2.1.2 Critical Variables

The reaults of smdl-scde studies have shown that the mogt criticad parameters which impact reburning
performance are: primary NOXx level; reburning zone stoichiometry; reburning zone temperature and
residence time; and mixing of the reburning fuel and the overfire air with the bulk furnace gases. The
importance of zone stoichiometries, residence times and temperatures, and mixing is discussed below.

Operating Stoichiometries The most important stoichiometry in the processis thet of the reburning zone.
The impact of this parameter on NOx emissions achievable with various reburning fuelsis shown in Figure
2.1.2-1. Here, the reburning zone stoichiometric ratio is defined astheratio of thetota air suppliedtothe
primary and reburning zonesto thetotal stoichiometric ar requirementsof the primary and reburning fuels.
As shown in thisfigure, overal NOx reductions are highest when the reburning zone stoichiometry isin the
vicinity of 0.90. To minimize the amount of reburning fuel needed to reach the optimum stoichiometry, the
primary combustion zone should be operated as closeto stoichiometric aspossible. For cod-fired boilers,
operationof the primary combustion zonewith an excessair leve of ten percent or lessispreferred to bring
the reburning fud requirements to between 18 and 20 percent of the fuel heat input to the furnace, and to
maintan the nominad coa flame combustion characteristics. Lower stoichiometries in the primary
combustion zone can be used provided that combustion stability and carbon burnout are not sacrificed.
In the burnout zone, overfire air is added to bring the overdl furnace combustion sysem to itsnormd (no
reburn) operating stoichiometry. When applying reburning, it isdesirableto minimizethe overal excessair
level in order to improve the therma efficiency of the unit. This reduction can be accomplished if the
reburning system is designed to provide effective mixing of the overfire ar, and if acceptable to the boiler
thermd cycle operation.

Furnace Temperatures The furnace gas temperature at which the reburning fuel isinjected has an impact
onthe process efficiency, with higher temperatures preferred. Typicaly, this requirement suggeststhat the
reburning fuel should be injected as close to the primary zone as possble. However, the reburning fue
must be injected a a distance above the primary zone sufficient to alow burnout of the volatile
hydrocarbons in the primary flame and reduction of the oxygen concentration entering the reburning zone.
The temperature at which the burnout ar is injected does not directly influence the efficiency of the
reburning processfor most gaseousand liquid reburning fuds, but it isimportant that the temperatureishigh
enough to dlow oxidation of carbon monoxide and hydrocarbon fragments from the reburning zone to
occur readily.

Zone Resdence Times Suffident resdencetime must be availablein the primary combustion zoneto alow
combustion of the primary fud to proceed near completion. However, the residence time of the reburning
zone isthe mog critical to the process. Sufficient resdencetimein the reburning zone should be available
to dlow mixing and reection of the reburning fuel with the resdua oxygen and the products from the
primary combustion zone. For most combustion systems, small-scal e tudieshave shown that thereburning
zone residence time shoul d be between 300 to 500 milliseconds. Findly, sufficient resdencetime must be
provided in the burnout zoneto permit oxidation of the carbon monoxide and hydrocarbon fragmentsfrom
the reburning zone.




Mixing Pilot-scale studies of the reburning process have aso shown the importance of effective mixing in
boththe reburning and burnout zones. Effectivemixing of thereburning fuel optimizesthe processefficiency
by making the most efficient use of the available furnace resdence time, while effective mixing of the
overfire air reduces carbon monoxide emissions and unburned carbon or soot. For most combustion
systems, good mixing isimportant to minimize operationd impacts while maximizing NOx reductions. In
order to ensure that the reburning fud is mixed effectively in the furnace, the use of recyded flue gasto
boost the nozzle ve ocity has been employed infull-scde demongrations. Although recent resultsindicate
that the use of flue gasis not necessary for naturd gas reburning provided that the reburning fuel nozzleis
designed to provide good mixing of the reburning fud, the use of cod as areburning fud requiresthe use
of atrangport medium for the cod. Pilot-scale cod reburning tests conducted by EER indicate that the
oxygen content of the carrier gas can impact the emissions control performance achievable with cod
reburning, in addition to requiring the use of more reburning fuel to achieve a target reburning zone
goichiometry.

2.1.3 Fud Preparation

2131 Task | - Milliken

NY SEG's Milliken Station has two 150 MW units with CE designed tangentia cod-firing sngle furnace
boilers. Both units have been retrofitted with ABB Low NOx Concentric Firing Systems (LNCFS-3™)!
and four new DB Riley MPS 150 pulverizers with dynamic cassfiers.

Each pulverizer supplies one eevation of corner burners.  To smulate and test a reburn gpplication, the
lower three cod eevations were biased to carry gpproximately 85% of thefue required for full load. The
top burner provided the remaining fud. The speed of the dynamic classifier serving the top mill was
increased to provide amicronized fud. An incrementa NOXx reduction was achieved in addition to the
reduction dready obtained with the LNCFS-3".

As a comparison to the NOx reductions demonstrated with the reburn smulation, the burners were
arranged to more deeply stage combustion. This smulated the ABB TFS2000R™ combustion system.?
Whereasthe LNCFS-3 utilizes close coupled and separated over-fire ar injection zones, the new system
has an additiond zone of separated over-firear. Theresult is aburner that is capable of deeper staging.
2.1.3.2 Task Il - Kodak

Cod Micronizer

Preparation of the reburning fuel for the Kodak cyclone-fired boiler reburn system was performed using
aMicroMill system supplied by Fuller Mineral ProcessInc. The MicroMill™ is a patented centrifugal-

1 LNCFS-3isatrademark of ABB Combustion Engineering, Inc.
2 TFS 2000R is atrademark of ABB Combustion Enginesring, Inc.
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pneumétic mill that works onthe principle of particle-to-particle attrition. Cod is conveyed with ahot air
stream into the cone area, creating avortex of air and cod particles. Asthe diameter of the cone section
of themill becomeslarger, theair to cod velocity ratio decreases. The coal assumesaposition in the cone
based on each particle sszeand weight. Particlesof smilar szewill form bands of materid with thelarger
particles a the bottom of the cone. Smaller particles will move through these bands and enter the vortex
creased by the rotating blades in the rotationa impact zone of the mill. Asthese smdler particles collide
withthelarger particles, szereduction occurs. When aparticle’ ssizeissmdl enough to atain the required
velocity, it passes through the blades located in the scroll section of the mill and exits the mill to a daic
classfier.

A datic classfier isused for find particlesze digribution. Oversized materid falsthrough arotary air lock
and back into the feed airsream of the mill. Stripping the gas provided to the classifier can be adjusted to
fine tune the classfier collection efficiency alowing larger or smdler particles to passto the boiler.

The MicroMill sysem fitsin approximately a thirteen foot by nine foot areaand is only about twelve feet
high. The mill’s overdl sze and weight made it an ided choice for Kodak’ stight space limitationsand its
modular congtruction makes it easy to perform maintenance. The mill is designed with wear resstant
materids in areas contacting the feed being processed to minimize maintenance. When maintenance is
required, the cone can be unbolted, lowered on the pivot pin and rotated for accessto therotor, wear liners
and replaceable blades.

The MicroMill is supported by Fuller’ s extensive research and development facilitieswhich includes afull
scale MF3018 MicroMill for product testing and demonstration. The Kodak feed materials were tested
onthisunit to determine expected capacity, fineness and power consumption. Inthelab acapacity of three
tons per hour at 86% <44um was obtained. The limiting factor in the |aboratory was motor horsepower.
The motor for the project was increased from 150 HP to 200 HP; thus high capacities were achieved in
the field. Power consumption expected for the mill is about 37.3 kW/ton of material processed. In
addition, the fineness required for the application is 80% <44um, which will further increase the capacity
of the system. Hexibility has been designed into the system to provide ahigher fineness product or grester
capacity at alower fineness,

The two-mill system for the Kodak projected included:

Mill and motor

Classifier

Recycle and feed rotary airlock
Blow through tee and feed piping
Classfier and mill ar control valves
The gas flow meter

The mill is equipped with awater-cooled bearing jacket, vibration sensor, bearing RTD’ sand a proximity

switch. The bearing jacket will dlow the use of Kodak’ s uncooled flue gas as a transport medium. By
utilizing the water cooled jacket the need for expensive flue gas cooling equipment was diminated.
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Cod Transportation and Injection

A MCR system schemdtic is shown in Figure 2.1.3-1. The dipstream for flue gasis extracted from the
boiler just downstream of the precipitator and is boosted by a single fan to feed both cod micronizers.
FGR is used to transport cod to the boiler and also boogt itsinjection momentum to ensure that the reburn
fud ismixed effectively in the furnace.

Two cod micronizers with classfiers are used in the syssem. Each micronizer is supplied cod from a
bunker through ascrew feeder. The FGR system assigtsin the micronizing process and in operation of the
classfiers. Themills are cgpable of operating Sngly or asapair. Only onewas used in the test program.

Themicronized cod exiting themill ismerged into asingle 18-inch pipefor transportation totheboiler. The
line is then divided into eight 6-inch segments by a cod flow plitter supplied by EER. The splitter is
designed to gpportion the coa into equa segments without incurring any pressure drop. Upstream of the
Splitter isacoa rope breaker (RopeMaster©) supplied by Rolls-Royce/International Combustion, which
enhances the gplitter’s effectiveness. Downdtream of the splitter are eight HowMastEER© dampers
designed by EER that are used to perform find adjustments to the cod flow baance. The dampers can
a0 be used to create flow biasing.

Eight micronized cod injectors are indaled, six on the rear wall and one on each sde wall near the rear
wal. Theinjectors utilize the consderable momentum provided by the FGR transport gas plus additional
design features to enhance coa penetration. Each injector is equipped with a variable swirl device to
control the mixing characteristics of each fud jet asit enters the furnace. Adjustments were made during
initia startup to optimize the injector effectiveness. The cod injectors were designed by EER specificaly
for this project.

Overfire Air Sysem

Located on the front wal are four overfire air injectors. These injectors utilize a dua-concentric overfire
ar design. Theinjectors are designed to provide good jet penetration as well as good latera dispersion
across the depth and width. Each injector is equipped with an integrd damper to maintain the desired
injectionvelocity asload changes and a swirler which, when adjusted, provides for optimum mixing in the
burnout zone.

Controls

Kodak installed a new Coen burner management system and replaced the complete boiler control system
with a Westinghouse WDPF digtributed digita control system. The new controls operate both the existing
equipment and the micronized cod reburning system, with al normal start/stop/modul ate operator actions
occurring in the control room. Critical operations are interlocked to prevent inadvertent operation of
equipment when such operation may present an operating hazard or other undesirable condition. The
controls are designed to shut down the reburning system while maintaining operation of the boiler.






2.2 DESCRIPTION OF THE DEMONSTRATION FACILITIES

2.2.1 Task 1 - Milliken

Aspart of theMilliken Clean Cod Technology Demonstration Project Unit 1 wasretrofitted with new Low
NOXx Concentric Firing System (LNCFS-3) with both close coupled and separated overfire air ports to
achieve up to 40% of the NOx reduction. Table 2.2-1 describes Unit 1 after the retrofit. The burners
developed by ABB C-E utilize both air staging and early devoldtilization of the cod to control the
combustion NOx formation. The close coupled and separated overfire air systems have a tota of five
eevaions of overfire ar ports to alow for operationd flexibility. The combined overfire air capabilities
approached 40% of thetotal combustion air. The cod nozzleswereinitidly designed to retain flame front
by creating recirculation zones a the burner tip. These cod nozzleswere later redesigned for higher sulfur
coal gpplications by increasing the burner outlet velocity and alowing for more air cooling around the fuel
compartment. A set of offset air nozzles are part of the windbox design to ddliver “cushion air” between
the firebdl and the waterwdlsin order to minimize the fireside corroson due to a reducing environment.

Although the new equipment offers a greet degree of operationd flexibility, the new burner systems are
more sengtive to cod qudity variaion than the origina equipment. Higher volatility cods (>36%) can
cause close ignition and coking on the burner tips. The increased sendtivity can be explained by the air
daging effect which reduces the secondary air velocity to maintain the flame front distance. The operators
have developed awareness of such impact and are able to respond to the coa change before problems
occur.

Since Milliken Unit 1 can produce cod fineness approaching the “micronized” level, a cod reburn was
amulaed on the existing LNCFS-3 burnersby biasng mill loading and air dampers. Thissmulated reburn
conditionwas used to determine if NOXx reductions can be realized for future use during o0zone season and
whether afull conversgon to micronized cod reburn system would be cost effective.

2.2.2 Task 1l - Kodak

A detailed description of the Eastman Kodak demonstration facilities as retrofitted for the MCR project
isprovided in Appendix A “Kodak Project Design Basis” A smplified Process Block Diagramis shown
in Figure 1.2.3-3.

2.3 PROPRIETARY INFORMATION

No information related to the micronized cod reburning project either in congtruction, demongtration, or
data andyses for either Task | (NY SEG's Milliken Station) or Task |1 (Eastman Kodak’s Boiler #15) is
consdered proprietary.



2.4 PROCESSFLOW DIAGRAM

24.1 Task 1 - Milliken

The Process Flow Diagram for the coal and combustion air process flow isprovided in Figure2.4-1. A
description of the equipment is provided in Table 2.2-1.

2.4.2 Task 1l - Kodak

The Process How Diagram for the coa and combustion air process flowsis provided in Figure 2.4-2.

2.5 STREAM DATA

2.5.1 Tak | - Milliken

Post retrofit processparameter datafor thelong-termtest (see Appendix 5.0-4) areprovidedin Table 2.5-
1

2.5.2 Task 1l - Kodak

A smplified table of the process flow rates, temperatures, and pressuresfor al process streams depicted
in Figure 2.4-2 is provided in Table 2.5-2. Process streams in Table 2.5-2 are identified by the same
stream numbers as used in Figure 2.4-2.

2.6 PROCESSAND INSTRUMENTATION DIAGRAMS

2.6.1 Tak 1 - Milliken

A process and instrumentation diagram for the Milliken cod handling system is provided in Figure 2.6-1.

2.6.2 Task 1l - Kodak

Process and ingrumentation diagrams (P& | Ds) for the Eastman Kodak Boiler #15 demondration Steare
provided in Appendix 2.6-1.

3.0 UPDATE OF THE PUBLIC DESIGN REPORT

The initid proposer for the Micronized Cod Reburn Demongration program was the Tennessee Valley
Authority. The contract was fulfilled by NY SEG when TVA withdrew. These circumstances crested a
very short lead time to proceed with implementation of technology and the generation of test results.
Consequently, the DOE excused this program from the compilation and generation of a Public Design
Report and subgtituted in its stead NY SEG'’ s proposal to the DOE submitted January, 1996.
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4.0 DEMONSTRATION PROGRAM

41 TEST PLANS, TEST METHODS, ANALYSES OF FEEDSTOCKS; DATA ANALYSES

Tests were conducted under Task 1, Milliken Station Unit 1 and Task 2, Kodak Boiler #15.
Comprehengve reports were produced describing test plans, test methods, analyses of feedstocks and
products, and data analyses of results for each of the tests.

4.1.1-4.1.2 Short-Term and Long-Term Tedts

Milliken Station
1. DB Riley Mill Test
2. CONSOL Reburn Performance
3. CONSOL ESP Performance

Kodak Boiler #15
1. B&W
2. CONSOL Reburn Performance
3. CONSOL ESP Performance

4.2 OPERATING PROCEDURES

42.1Task 1-Milliken Station

During micronized cod reburning tests at the Milliken Station, operating procedures were consstent with
conventiond practice. Mill settingsfor MCR operations and parameter settingsare provided in Appendix
4.2.1.

4.2.2 Task 2 - Kodak Boiler #15

Operating procedures for MCR a Kodak' s Boiler #15 are provided in Appendix 4.2.2.

4.6 OPERABILITY AND RELIABILITY

4.6.1 Critical Component Failureand Analyss

4.6.1.1 Milliken

Exigting equipment was utilized a the Milliken Station. No problems particular to MCR operation were
experienced. Two areas of potentiad concern are water wall tube wastage and mill life.
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4.6.1.2 Kodak

Certain components of the MCR system at the Kodak Ste experienced difficulties at timesin maintaining
gable and long-term operation. Specific items were: wear on the rotary vaves for the cod feed to the
mills leskage a the isolation vaves that separate micronizing mills A and B, pluggage of the cod feed
chute, and vibration of the flue gas recirculation fan.

Two items pertaining to the cyclone boiler at the Kodak site required modification. Specificaly, additiona
oxygen monitors in the economizer were added, and dagging of cod injection was addressed. Wear on
the micronizer bladesin the Fuller mill wasan areathat required considerable attention. New weer res stant
coatings were located during the program and are now being eva uated.

5.0TECHNICAL PERFORMANCE

A brief summary of the short and long-term test results, effects of operating variables on results, and
conclusions for each of the tests is provided below. Appendices 5.0-1 through 5.0-6 contain the full
reports.

5.0.1 Task 1, Milliken Station

In 1996, NY SEG Corporation contracted DB Riley, Inc. to provide mill system technical support in
conjunction with NY SEG’'s DOE-sponsored Micronized Cod Reburn Demondtration Project, utilizing,
asates ste, Unit 1 at NY SEG's Milliken Station.

Reduced load, maximum mill capability, and fineness tests were conducted on January 28 and 29, 1997
on Mill 1A1 serving the boiler’ stop burner row.

The MPS 150 mills ingalled a Milliken Station are equipped with planetary gear reducers, hydro-
pneumatic roller loading, and hydraulicaly-driven dynamic dassfiers (type SLS). Mills were guaranteed
to ddiver 18.4 torvh of pulverized cod a aminimum fineness of 87% thru 200 mesh and 98% thru 100
mesh, when grinding an eastern bituminous cod having a moisture content of 5.6% and grindability of 57
HGI. Previous mill tests a 18.4 ton/h demongtrated a mill product fineness capability of 94% thru 200
mesh and 100% thru 100 mesh with coa having a moisture level of 5.0% and HGI of 55.8.

Mill 1A 1 isequipped with Rexroth-supplied back pressureroller loading control valveintended to provide
higher and more stable cap-end loading cylinder pressure for better system cushioning.

Some conclusions drawn from the January 28 and 29, 1997 tests are summarized below. Thefull report
issupplied in Appendix 5.0-1.

1 Mill 1A1 can operate stably over aload range of 8-12 t/h at elevated classfier cage speedswhile
producing mill differentias in the range of 20-21+ in. wc.
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1 The higher classfier gpeeds produce much steeper (more vertical) particle Size distributionswhen
plotted on Rosin-Rarmecer probability grids, indicating better sharpness of classification.

! Based on observed andog charting of mill differentia's, future maximum fineness runs at reduced
mill loads in the 8-12 t/h range should have dightly dtered classifier speeds.

1 From these tests, one can now predict a range of mill product fineness vaues when 1A1 mill is
operated in smilar fashion over an 8-12 t/h load range.

! The specid back pressure control vave ingdled on the HPU of mill 1A 1 provides no noticegble
improvement in back-pressure cushioning.

An evauation test program was conducted by CONSOL R& D consisting of asequence of threetest sets.
1) Diagnogtic, 2) Performance, and 3) Long-Term. The diagnogtic test program consisted of short-term
(1-3 hours) optimization tests conducted to obtain parametric data, and to select settings for long-term
operation. The sdected settings were utilized during performance and long-term testing to achieve the
lowest NOx emissons at full boiler load (140-150 MW) while maintaining the required steam conditions,
religble boiler operation and fly ash LOI below 5%. The performance test program assessed adetailed set
of operating variablesfor the reburn configuration. Thelong-term test program eva uated the long-term (23
days) NOx emissions performance of the reburn configuration, and estimated the annual emissions.

The evaluation test program focused on cod reburning, and utilized, as basdine, the LNCFS-3
configuration which generated the lowest NOx emissions (0.35 Ib/MM Btu), while maintaining the fly ash
lossonignition (LOI) below 5%. A primary consideration was given to maintaining reliable boiler operation
for power generation. High-volatile bituminous Pittsburgh seam coa was used as both the primary and the
reburn fues during the eva uation.

Thefollowing conclusionswerederived. A comprehensive report describing thetest programis provided
in Appendix 5.0-2.

. Applying Coal Reburning Using LNCFS-3: Reburning was successfully gpplied using the
exiging LNCFS-3 configuration and without indalling a separate reburn system. This was
accomplished by using the top coa feed as the reburn fud, and reducing the top burner levd ar
flows by introducing less cod ar and auxiliary air flows relaive to the LNCFS-3 setting.
Furthermore, theimpact of reburning wasincreased by concentrating theover firear through fewer
and higher ports and using finer grind reburn cod (exceeding 70% passing 325 mesh) to maintain
LOI below 5%.

. Overall Effect of Operating Variables: At the same economizer O, level, no Sngle operating
vaiable had a dominant effect on reburning performance. A combination of operating settings
(selected for long-term operation) achieved the fina results (lowest NOx and reliable operation).
Appropriate operating settings for long-term operation were 14-16% reburn coa, 105 rpm top
mill classifier speed (corresponds to 70-72% -325 mesh), -5 degrees main burner tilt and 2.8%
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economizer O,. No additiona improvement in LOI was observed using higher top mill dassfier
Speeds (relative to the long-term setting of 105 rpm).

Coal Reburn Configuration Performance: Based on performance testing, using 14.4% cod
reburnat full boiler load (140-150 MW) reduced NOx emissions from a baseline (LNCFS-3) of
0.35t0 0.25 Ib/MM Btu (28% reduction), while maintaining the fly ash LOI below 5% and the
boiler efficiency at 88.4-88.8%.

Long-Term NOx Performance: Based on long-term testing conssting of 23 days of continuous
measurements, the achievable annual NOx emissons using 15.1% cod reburn were estimated a
0.245 £ 0.011 Ib/MM Btu (95% confidence), and the estimated average fly ash LOIl was 4.4 +
0.4%.

Experimental Uncertainty: Based on replicated performance tests and a 95% confidence leve,
variationsin NOx emissons less than 0.006 It/MM Btu and in fly ash LOI less than 1.5% were
assumed to be of no statistica sgnificance. There were large uncertainties with respect to the
effectson LOI, possibly because LOI generadly varied within ardatively narrow range (between
3% and 5%), in response to the operating variables.

Effect of SOFA Tilt: Variationsin the SOFA tilt between 0 and 15 degrees (above horizontal)
had minor effects on both NOx emissons and LOI in both LNCFS-3 and reburn configurations.

Effect of Reburn Coal Trangport Air: Anincrease in the reburn cod transport air (top burner
primary air), corresponding to a 20% increase in the air-to-fud ratio from 2.05 to 2.45 (Ib/lb),
increased NOx emissions from 0.28 to 0.31 Il/MM Btu. The increase in NOx was attributed to
less reducing reburn zones with the additiona introduction of an oxidant with the reburn fud.

Effect of Top Levd Auxiliary Air: Increasng thetop leve auxiliary air flow increased both NOx
emissons and LOI. The increase in NOx was attributed to less reducing reburn zones as more
oxidant was introduced through the auxiliary air nozzle stuated directly below the reburn cod
nozzle. The increase in LOI was attributed to lower excess ar levels in the primary combustion
Zone as more air was diverted away from the lower burners.

Effect of Overall ExcessAir: Increasing the economizer O, generated the classical response of
higher NOx emissons and lower or stable LOI. The sengitivity wasestimated at 0.1 [lb NOxX/MM
Btu per 1% change in O, and was rdlatively independent of the reburn cod fineness.

Effect of Reburn Coal Fineness: Usng finer grind reburn cod (top mill) reduced both NOx
emissons and LOI. The effect on NOx was sgnificant (relative to the uncertainty level of 0.006
Ib/MM Btu) only for relively large variaionsinthetop mill classer speed (e.g. change of 30 rpm).

Effect of Overall Coal Fineness. Usng finer grind cod (al mills) reduced both NOx emissions
and LOI.



. Effect of Main Burner Tilt: Operating the main burner tilt dightly below the horizontd (about
-5 degrees) improved the reburning performance (Ilower LOI without increasing NOX), relativeto
the horizontal setting. That was attributed to longer resdence timesin the furnace prior to over fire
ar introduction. Overdl, the effect was difficult to quantify due to alimited number of tests.

. Effect of Reburn Coal Fraction: Decreasng the reburn coa fraction from 25% to 14%
decreased NOx emissionsfrom 0.25t0 0.231b/MM Btu and had aminor effect on LOI (generaly
less than 1.5% absolute). The decrease in NOx was attributed to lower excess air levelsin the
primary combustion zone as more coal was diverted to the lower burners.

. Effect of Boiler Load: Reducing the boiler load reduced NOx emissions, and the effect was
greater when the second mill wastaken out of service. Thus, reducing the boiler load by taking the
second mill out of serviceis arecommended option.

. Effect of Mill Pattern: Taking the second mill out of service while maintaining the same boiler
load reduced NOx emissions at both high (140 MW) and low (110 MW) boailer loads, possibly
due to longer resdence times in the primary combustion zone.

The performance of the dectrogtatic precipitator (ESP) at Milliken whilefiring amedium-sulfur, bituminous
coa was evauated by CONSOL R& D in September 1998 during injection of micronized cod to reduce
NOx formation. No significant effect of MCR on the performance of the Milliken e ectrogtatic preci pitator
was observed, as measured by remova efficiency or penetration. However, the carbon content of the fly
ash increased from 2.4% to 3.7% and the absolute emission increased approximately 30% due to the
increase in ESP inlet loading brought about because the micronized cod injected for reburn high in the
boiler had ashort residence time resulting in more unburned materia reaching the ESP than basdinelevels.
NY SEG had recently rebuilt the ESPto improveitseffectiveness. New interna's, new computer controlled
transformer-rectifier sets, and an additiona third field wereingaled. The plates have a 16-inch spacing.
Although there were notable differences in the parameters that affected ESP performance between the
initid basdline operation and the micronized cod reburn (MCR) case, the performance, as measured by
the remova efficiency, was amilar. These results are specific for the wide-plate pacing retrofit of the
Milliken ESP. A full report, detailing the ESP evauation is provided in Appendix 5.0-3.

ABB C-E Services, Inc. conducted thirty-fivetestsat NY SEG' s Milliken Station to assessthe achievable
level of NOx reduction with the existing firing syssem using micronized cod. Testing was conducted from
March 21 through March 26, 1997. A full description of the 35 tests can be found in Appendix 5.0-4.

5.0.2 Task 2, Kodak Boiler #15

An optimization study of the Micronized Cod Reburning System retrofit to Eastman Kodak’ s #15 boiler
was carried out by Babcock & Wilcox, Fied Service and Results Engineering departments, between April
13 and April 29, 1998. Tests were performed to evauate pre- and post-reburn performance relative to
NOx reduction, boiler efficiency and superheater performance. Various overfire air port settings were
eva uated to ddiver optimum combustion efficiency for thereburn sysem. The combustion stoichiometries
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in the cyclone, reburn and burn-out zones were optimized to produce the air and fud flow data necessary
to operate the system in automatic control. The study determined the operating load range of the reburn
sysemwhile not adversely affecting boiler performance. Thetest datawere used to identify the maximum
NOX reduction capability of the system and create aNOx vs boiler load profile. The combustion control
system was configured to match the emission vs load profile and the boiler was successfully put into
automatic operation.

Key results are listed below. A comprehensive report for these testsis provided in Appendix 5.0-5.
! NOx vs Load

NOXx emissons could be maintained below 0.60 pounds per million Btu when operating at full
boiler load with a reburn hest input of 20% of the total heat input to the boiler. With a basdine
NOx a full load of 1.36 pounds per million Btu and areburn NOx of 0.56 pounds per million Btu,
the addition of reburn fud representsa59% NOXx reduction from the baseline. Asload isreduced,
the reburn NOx emission rate climbs gradudly until it eventualy meets the basdine NOx at 320
kpph steam flow.

Boiler Efficency

The reburn system has a negative impact on boiler thermd efficiency causing a 1.54% drop at full
load. Thisdecreaseisadirect result of higher unburned carbon loss. The LOI in the boiler flyash
increased from 12.5% without reburn to 41.5% with reburn. Thisresult isdifferent than that found
in tests conducted by CONSOL - see Appendix 5.0-6.

Superheat Performance

The baoiler is designed to produce 1425 ps, 900EF steam fromaboiler load of 300 kpph to 400
kpph utilizing inter-stage attemperation for superhest temperature control.

The find steam temperature with reburn in service remains within 10EF of the desired 900EF
throughout the load range.

An evaluation test program was conducted by CONSOL Inc. and consisted of four test programs
(Diagnogtic, Performance, Long-Term, and Vdidation). The diagnostic test program was based on the
andysis of results of short-term (1-3 hours) optimization tests conducted by Babcock & Wilcox in order
to obtain parametric data. The performance test program was based on characterization testing to assess
adetailed set of operating variables. The long-term test program was based on measurements to assess
the long-term (two months) NOx emissions performance of the reburn syssiem. Thevaidation test program
was based on short-term; (1-3 hours) parametric testing to re-evauate the performance of the reburn
system following long-term testing.



The evauation included basdline (no reburn) testing for comparison. A primary consderation was given
to maintaining reliable boiler operation for power generation. High-volatile bituminous Pittsburgh seam cod
was burned during the evaluation, using the same cod as the primary and the reburn fuels.

The following conclusons were derived. A comprehensive report describing the evaluation test program
is provided in Appendix 5.0-6.

MicronizedCoal Rebur n Perfor mance: Based on performancetesting, using 17.3% micronized
coal reburn (reburn stoichiometry of 0.89) reduced NOx emissions from abasdline (no reburn) of
1.36t00.59 Ib/MM Btu (57% reduction), increased the fly ash carbon content from 11% to 37%,
and reduced the boiler efficiency from 87.8% to 87.3%.

Long-Term NOXx Performance: Based on long-term testing, the achievable annual NOx
emissons (at 15.6% reburn or stoichiometry of 0.90) were 0.69 + 0.03 Ib/MM Btu (95%
confidence), corresponding to a fly ash carbon content of 38% + 2%. Higher reburn feeds
(estimated at 18.4% reburn or stoichiometry of 0.87) would be required for long-term compliance
with the 0.6 I/MM Btu NOx emissions limit.

Overall Effect of Reburn Application: The gpplication of micronized cod reburning reduced
NOXx emissions and increased the fly ash carbon content. The find NOx emissions mainly
depended on the reburn stoichiometry, typicaly dropping below 0.6 I/MM Btu at reburn
gtoichiometriesbel ow 0.9 and corresponding to 40-45% carbon in thefly ash, compared to typical
basdine (no reburn) NOx emissonsof 1.2-1.4 [b/MM Btu and 10-15% carboninthefly ash. The
increase in the fly ash carbon content relative to baseline was partialy due to alower cyclone heet
input resulting in lower temperatures and partidly due to the staged combustion resulting in shorter
residence times under oxidizing conditions. The contribution of reburning done (assuming no
changein the cyclone heat input) to the increase in the fly ash carbon content was estimated at 0-
12% (absolute).

Effect of Reburn Stoichiometry: The reburn stoichiometry had a dominant effect on NOx
emissons and a sgnificant effect on the fly ash carbon content. Lower reburn stoichiometries
reduced NOx emissons and increased the fly ash carbon content. Based on vdidation testing,
NOx emissonsas|ow as0.41 Ib/MM Btu were achievable a maximum reburn utilization (reburn
stoichiometry of 0.81), corresponding to 48% carbon in the fly ash.

Effect of Cyclone Heat Input: Based on short-term testing (optimization and vaidation), lower
cyclone heat inputs reduced NOx emissions and increased the fly ash carbon content, attributed
to lower temperatures in the primary (cyclone) combustion zone resulting in less therma NOx
formationand lessefficient char burnout. The effect on NOx was of minor sgnificancewith typica
reburn applications (reburn stoichiometriesbelow 0.9). At the same cyclone heet input, thefly ash
carbon content was not sgnificantly different with or without reburning, suggesting that in reburn
goplications, the fly ash carbon content could be maintained at levels smilar to basdine by
maintaining a high cydone heat input.



Effect of Cyclone Stoichiometry: Based on short-term (vaidation), variations in the primary
stoichiometry between 1.02 and 1.14 had minor effects on NOx emissions (lessthan 0.03 Ib/MM
Btu) and the fly ash carbon content (less than 5%).

Effect of Final Stoichiometry: Based on short-term testing (optimization and vaidation),
vaidions in the find stoichiometry between 1.05 and 1.16 had no significant effects on NOx
emissons or the fly ash carbon content.

Reproducibility: The optimization and the vaidation test programs produced consistent results
with respect to the effects of the operating variables on NOx emissions and the fly ash carbon
content. However, thevalidationtestsgenerated 0.051b/MM Btulower NOx emissonsand 4-7%
higher fly ash carbon contents than the optimization tests, attributed partidly to differencesin cod
properties, and partidly to experimentd variability.

Performance testing was conducted by CONSOL Inc. during the week of June 2, 1998 on the Kodak
Boiler #15 e ectrogtatic precipitator (ESP) to assesstheimpact of micronized cod reburn (MCR) on ESP
Performance. Thistest program involved the smultaneous sampling of both the ESPinlet and ESP outlet
for particulate mass loading. Four sets of paired inlet and outlet samples were collected for both the
basdine and MCR test conditions. Daily composites were made of asfired cod samples taken
incrementaly by plant operators during each test period. ESP eectrica conditions were manualy read
from meters on the trandformer-rectifier controller cabinets. All of the sampling and data collection was
coordinated with the control room operators to assure that the testing was conducted under full load
(nominadly 400,000 Ib/h seam make) and norma operating conditions.

The following conclusions were drawn from the MCR and basdline testing of the Kodak Boiler #15 ESP.
A full report is provided in Appendix 5.0-7.

! The ESPremovd efficiency did not declinefor thereburntestsbut actualy increased dightly above
the measured efficiency for the basdline tests. The average efficiency for the MCR tests was
97.1% vs 95.5% for the basdine tests.

The MCR operations increased particulate loading to the ESP by 2.8 times the basdline and the
loading to the stack increased 1.8 times the basdline.

Measured ESP particulate removals exceeded the design removal of 94.4 wt % for dl the MCR
tests and for three of the four basdlinetests. Therefore, the MCR operations do not appear to be
detrimental to the ESP performance.

The MCR flue gas particulate was significantly coarser than the basdline particulate. Average
particle diameters were: 23 to 25 microns for MCR and 5 to 8 microns for basdine.

MCR operations increased the fly ash carbon content. For the MCR operations, the fly ash
carbon averaged 36.8 wt % vs 11.3 wt % for the baseline operations.
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There are sgnificant differences between the ESP energization levels for MCR and basdine
operations. Under MCR conditions, field energizationsweres gnificantly higher than under basdline
conditions. This helps to explan why removd efficiencies remained high for MCR dthough
particulate loading were severd times the basdine values.

6.0 ENVIRONMENTAL PERFORMANCE

The environmental impact, methodology for waste stream disposal and potentid environmenta concerns
wereaddressedintheMicronized Coa Reburn Demonstrationfor NOx Control Environmenta Information
Volume which was released under this program. That volumeis appended to thisreport (Appendix 6.0).
Severad minor differences from the proposed program and the fina outcome of the program can befound
in an addition to the report entitled “Errata” These differences did not ater the predicted methodologies
or outcome.

7.0 ECONOMICS

The MCR technology for NOx reduction was demonstrated on a T-fired boiler a the NY SEG Milliken
Station and on a cyclone boiler at Kodak's industria park. Cost andyses for a generic 300 MWe
commercid gpplication of thistechnology were performed for both types of boilersand are presented here
in sections 7.1 (T-fired boiler) and 7.2 (cyclone bailer). Within the accuracy of these estimates, costs for
wall fired boilers usng MCR technology would be approximeately the same as the T-fired bailer.

7.1T-FIRED BOILER

7.1.1 Economic Parameters

Economics are presented here for a generic 300 MWe T-fired boiler. Since there can be considerable
vaiability within this group, the plant design basis for these economics is shown on Table 7.1-1. The
economic parameters used in developing the Micronized Cod Reburning (MCR) economics are shown
on Table 7.1-2. These vaues are consstent with the default parameters outlined in the U.S. DOE Clean
Coal Technology Projects Generd Guiddinesfor the Fina Report - Project Performance and Economics.
Alternate va ues were used where gppropriate to be cons stent with the design and operation of the MCR
process.

7.1.2 Edimated Capital Costs

The tota capital requirements for an equivaent 300 MWe (net) T-fired boiler incorporating the MCR
technology demonstrated at the Milliken station has been developed using DOE's standard approach to
facilitate comparisons with other DOE CCT technologies. The mogt likely initia gpplication of this
technology would be retrofit of existing power stations. However, since existing equipment varies over a
wide range of configurations, manufacturers, and age even within the T-fired boiler category, assumptions
were made in retrofitting of MCR to a generic 300 MWe plant:

An exigting top row of burnersis used without modification for MCR injection.
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One cod pulverizer supplies cod feed to reburn burners.

An exiging cod pulverizer is replaced with a new pulverizer and dynamic classfier to achieve the
required cod fineness (70% <325 mesh).

Space is available for ingdlation of the new cod pulverizer and associated equipment.

Additiona instrumentation and controls would be required including upgrade of the distributed control
system (DCS).

Theindaled cogt of this equipment is shown on Table 7.1-3. Since the basis for these valuesis aretrofit
gpplication, no retrofit adjustments are required. These costs are expressed as 1999 dollars.

No alowance wasincluded for funds during congtruction. It was assumed that anew cod pulverizer could
be ingtdled while the power plant was in operaion and final ductwork modifications/ connections could
be ingdled during a planned plant outage.

A project contingency of 15% was applied to these costs. No process contingency was applied sincethe
equipment retrofitted is commercidly avallable and successful demondtration of the technology at the
NY SEG Milliken Station obviates the need for such a contingency.

Thetotd capita requirement isitemized on Table 7.1-4. Factorswere gpplied to installed equipment costs
as ddineated on Table 7 .1-2. Asshown, the total capital cost for retrofit of MCR to a T-fired boiler is
$4.3 MM, or gpproximately $14/kW. This minima investment is dueto the fact that existing burnerscan
be usad for MCR injection. If space is unavailable for ingdlation of a new pulverizer or if the exiging
burners cannot be used for MCR injection, the costs will be higher. On the other hand, some existing
ingalations dready include pulverizers that produce the required fineness. Little capita would be needed
in those instances.

7.1.3 Projected Operating and M aintenance Costs

Operating and maintenance costs are shown on Table 7.1-5. These costs are based on the assumptions
shown on Table 7.1-1. Fixed operating and maintenance costs include estimates of operating labor,
maintenance labor, adminigtration and support and the operating and maintenance materias required for
operation of the MCR process.

The only consumable required is an increase in cod consumption to compensate for the hest lost due to
the somewhat higher fly ash carbon content (and increased carbon loss).  Parasitic power consumption
increases due to the power required by the dynamic classfier. Maintenance will be grester for the cod
pulverizer mill and classfier in comparison to sandard equipment. Overdl, these cods are amdl in
comparison to the total O& M cogts of the power plant.

7.1.4 Summary of Performance and Economics
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The performance and economics of the MCR process for a 300 MWe T-fired boiler application is
summarized on Table 7.1-6. Costs were levelized both on a current dollar and constant dollar basis.
Economic assumptionsareidentified in Table 7.1-2.  Levdized costsfor the 300 MWe unit is $1329/ton
of NOx removed on acurrent dollar basisand $1023/ton on aconstant dollar basis. Busbar costsare 0.63
millskW on acurrent dollar basisand 0.49 millskW on aconstant dollar basis. Capital costsarereported
on Table 7.1-4 as $14/kW. These costs assume year-round operation.

7.1.5 Economics Sensitivities

The analysiswas conducted for a300 MWe power plant operating at a 65% capacity factor with an initial
NOx level (before MCR) of 0.4 1b/MM Btu. Additiona economic analyseswere performed to determine
the impact of variations in these parameters. These andyses were performed on a constant dollar basis.

As plant Sze increases, capital and fixed costs per MWe decrease (.., economy of scale) whilevariable
costs decrease on aper MW basis. The overdl affect is a decrease in the $'ton of NOx removed as the
plant Sze increases as shown on Figure 7.1-1.

Sengttivity to plant capacity factor is shown on Figure 7.1-2. Here the capitd costs are fixed. Therefore,
increasing the capacity factor increases the quantity of NOx removed for a given capital investment.

Figure 7.1-3 shows the sengtivity to initid NOx level. A fixed percentage level of reduction is assumed
for dl cases. Therefore, astheinitid level islower, the absolute quantity of NOx removed islower and vice
versa. Therefore, the $ton of NOx removed decreases as the initial NOXx level increases.

7.2CYCLONE BOILER

7.2.1 Economic Parameters

The economics presented here are for a generic 300 MWe cyclone boiler. Since there can be variability
withinthisgroup, the design basisfor these economicsis shown on Table 7.2-1. The economic parameters
used in developing the Micronized Cod Reburning (MCR) economics arethe same as used for the T-fired
boiler shown on Table 7.1-2.  Alternate val ues were used as appropriate to be consstent with the design
and operation of the MCR process.

7.2.2 Edimated Capital Costs

Thetotd capita requirementsfor an equivaent 300 MWe (net) cycloneboiler incorporating thetechnology
demongtrated on the 60 MWe (net) industrid boiler at Kodak Park has been developed using DOE's
standard approach to facilitate comparisons with other DOE CCT technologies which are outlined in the
U.S. DOE Generd Guiddinesfor the Find Report - Project Performance and Economics. Themost likely
initid application of this technology would be retrofit of existing power stations rather than new plant
ingalations. The assumptions made in the economic analysis are asfollows:



Space is present on the boiler for ingalation of both MCR injectors and OFA ports at locations
alowing sufficient residence time for completion of the combustion reactions.

A single, dedicated cod pulverizer supplies cod feed to the MCR codl injectors.
A new pulverizer and dynamic classfier isingdled to achieve the required cod fineness.
Space is available for ingdlation of the new cod pulverizer and associated equipment.

Additiond instrumentation and control sare required including upgrade of the distributed control system
(DCS).

Theingdled cost of this equipment is shown on Table 7.2-2. Since the bass for these vauesis retrofit
gpplication, no retrofit adjustments are required. Therefore, no retrofit adjusments are applicable. The
nominal year of these costsis 1999.

No allowance wasincluded for funds during congtruction. It was assumed that anew pulverizer could be
ingaled with the power plant in operation and fina ductwork modifications/connections could beingtaled
during anormd plant outage.

A project contingency of 15% was applied to these costs. However, no process contingency was applied
snce the successful demondtration of the technology at Kodak Park obviates the need for such a
contingency and the equipment retrofitted is commercidly available.

Thetotd capita requirement isitemized on Table 7.2-3. Factorswere gpplied to installed equipment costs
as ddlineated on Table 7.1-2. As shown, the totd capital cost for retrofit of MCR to a cyclone boiler is
$16.9 MM or approximately $56/kW. These costs are consstent with projections made by Babcock &
Wilcox based on MCR testing performed at Wisconsin Power & Light's Nelson Dewey Statior?. Again,
these cogis are consstent with the assumptions made. If gpace is unavailable for ingtdlation of a new
pulverizer or ingalation of MCR injectors or OFA ports, the costs will be higher. Cogts are higher in
comparison to the T-fired boilers (see above) because existing burners in the T-fired unit could be used
for MCR injection and OFA ports were assumed to be available as a consequence of prior retrofit of low
NOXx burners.

7.2.3 Projected Operating and M aintenance Costs

Operating and maintenance costs are shown on Table 7.2-4. The costs are based on the assumptions
shown on Table 7.1-1. Fixed operating and maintenance costs include estimates of operating labor,
maintenance labor, administration and support and the operating and maintenance materias required for
operation of the MCR process. The only materia requirediscod. Coa consumption increases dightly to

3 Demongtration of Coa Reburning for Cyclone Boiler NOx Control, Fina Project Report.
DOE/PC/89659-T16, Babcock & Wilcox Co., Barberton, OH. Energy Services Div., Feb. 1994.
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account for the somewhat higher fly ash rate and carbon content (and increased carbon loss).  Paragitic
power consumption increases due to the power required by the cod pulverizer and dynamic classfier.
Maintenance will be somewhat greater for the pulverizer mill and classifier in comparison to standard
equipment.

Long term testing was not conducted as part of the Milliken MCR test program. Because of the reducing
atmosphere produced by MCR, the potentia exists for boiler tube corrosion between the MCR injection
ports and the OFA ports. Thisreducing environment could increase forced outages and maintenance costs
subgtantialy. No net changesin plant availability were assumed in the economics presented here.

7.2.4 Summary of Performance and Economics

Table 7.2-5 summarizes the performance and economics of the MCR process for a 300 MWe cyclone
boiler commercia application. Costswereleveized both onacurrent dollar and constant dollar basis. Cost
assumptions were identified in Table 7.1-2.  Leveized costsfor the 300 MWe unit are $741/ton of NOx
removed on a current dollar basis and $571/ton on a constant dollar basis. Even though the capital
required is greeter, these costs are lower on a $/ton removed basis compared to the T-fired boiler (see
above). This is due to the much higher NOx removal on the cyclone boiler resulting from 50% NOx
reduction compared to 25% with the T-fired configuration. Also, because of the much higher initiad NOx
leve, the absolute NOx reduction with the cyclone boiler is Sx times greater than the T-fired boiler
configuration.

Busbar costs are 2.2 millskW on a current dollar basis and 1.7 millskW on a constant dollar basis.
Capitd costs are reported on Table 7.2-3 as $56/kW. This compares to $14/kW for the T-fired boiler
configuration. These costs assume year-round operation.

7.2.5 Effect of Variables on Economics

Thisanaysswas conducted for a300 MWe power plant operating at a65% capacity factor with aninitid
NOKx levd (before MCR) of 1.25 Ib/MM Btu. An analyss was performed to determine the impact of
varying these parameters on the resulting economics.

Asplant sizeincreases, capita and fixed costs per MWe decrease (i.e. economy of scale). Variable costs
increase proportiondly. The overdl affect is a decrease in the $ton of NOx removed as the plant sze
increases as shown on Figure 7.2-1.

Sengtivity to plant capacity factor is shown on Figure 7.2-2. Here, the capital costsarefixed. Therefore,
increasing the capacity factor increasesthe quantity of NOx removed for agiven capitd investment and thus
lowers the cost per ton of NOx removed.

Figure 7.2-3 shows the sensitivity to initidd NOx level. A fixed leve of reduction is assumed for al cases.
Therefore, as the initid leve is lower, the absolute quantity of NOx removed is lower and vice versa.
Therefore, the $ton of NOx removed decreases asthe initid NOx level increases.

-52-






8.0COMMERCIALIZATION POTENTIAL AND PLANS

8.1 MARKET ANALYSIS

8.1.1 Applicability of the Technology

The test boilers used for demonstration in this program were a 60 MW cyclone boiler and a 150 MW
tangentidly-fired boiler. These units are typica of alarge portion of the nation’s utility operating base.
Thus, there isa potentia for wide application of the technology.

Although demonstrated on a cyclone-fired and a tangentidly-fired unit, the technology should be equaly
goplicable toawadl-fired unit. The successful demongration of the DB Riley MPSwith dynamic classfiers
indicates that the technology should be applicable to large central stations.

The technology can use virtualy any cod that can be micronized.

Although primarily devel oped asameansfor decreasing NOx emissionsfrom cod-fired furnaces, theMCR
technology has severa other potentia benefitswhichwill makeit attractivefor many operatorsof cod-fired
units. Among the possible benefits are:

Increased capacity on mill-limited units.

Providing back-up for exigting pulverizers, while having no negative impact on furnace performance.
Improved efficiency due to lower excess air and decreased loss on ignition.

Compstitive capita, operating, and maintenance costs.

Ease of retrofit, ance the reburn burners and overfire ar ports are the only furnace wal penetrations
required. Existing burners and registers can be modified a minima expense for fud/air saging.

Ability to fire low-sulfur, low-cost subbituminous cods as areburn fud.

Up to 30% reduction in exigting pulverizer throughput, thus permitting classfiers to be adjusted for a
ggnificant improvement in cod fineness.

Improved steam and superhest temperature a low load, as a result of firing micronized cod in the
upper furnace and rapid devolatilization and char burnout of the reburn fuel.

The combination of micronized cod and reburning for NOx control areanaturd fit for exigting older fossl
units. Together, they provideflexibility and economiesof scdethat are unattainablewith other NOx control
technologies.






8.1.2 Market Size

The primary competing technology for NOx control islow-NOx burners. Although low-NOx burnerswill
meet the current emission reguirements, the benefits of MCR technology will alow it complete effectively
withlow-NOx burners. These benefitsinclude the use of the micronized cod system for sart-up and low-
load operation, and restoring mill-limited units to rated capacity. Instaling MCR technology will reduce
the load on exigting mill systems, improve carbon burnout, reduce excess air, and increase unit efficiency.
Thetechnology isexpected to be competitivefrom acapital and operating standpoint with low-NOx burner
goplications.

Despite dow growth of dectric power demand and a corresponding decrease in generating plant
congtruction during the 1980s, demand for dectricity is expected to continueto increase a arate that will
not only require new generating capacity but will put additiona demands on the existing cod-fired
generaing base. Recently, the Electric Power Research Indtitute (EPRI) compiled aligting of 75 MW to
300 MW cod-fired unitsthat were built inthe U.S. between 1945 and 1965. Thislist totals389 unitswith
nearly 60 GW of capacity. Although they will reach their 40-year life spansbetween 1985 and 2005, these
units are candidates for retrofitting and continued operation, either as baseload or peaking units. As new
generating capacity isadded, thiswill further relegate the older ingtaled baseto cyclic duty. Benefitsof the
M CR technology will best beredlized on thisboiler population. Thetechnology will not only meet the NOx
emissionrequirements but will alow the operation of these units on low load whilefiring only cod, thereby
reducing operating costs and ultimately the cost of eectricity ddivered to the end user.

Itisexpected that the M CR technology could capture up to 15% of the NOx control market. Thisisbased
onthe premisethat thistechnology not only alowsthe utilitiesto meet NOx emission requirements but so
gives them operating benefits that low-NOx burners and other competing technologies do not.

8.1.3 Market Barriers

NOx reductions as high as 56% were demonstrated in this program. However, the current proposed EPA
gtandard for possible implementation by May 2003 callsfor areduction to achieve 0.15 Ib/MM Btu NOx
emissions. MCR operations have been reported to reduce NOx by as much as 65%. In order to meet
the EPA regulation (and the state implementation plans, SIPs) MCR will have to be augmented with other
technologies (for example sdlective non-cataytic reduction) or replaced dl together (by sdective catdytic
reduction, for example). Therefore, MCR will be limited in gpplication for commercidization to wall-
burning facilities which are under a “bubble’” where the sum totd of reductions required can be met by
incluson of MCR with other technologies, or where the 65% NOX reduction achievablewith MCR done
is sufficient to achieve 0.15 Ib/MM Btu NOx emissions.

8.1.4 Economic Comparison with Competing Technoloagies - T-fired

Micronized Cod Reburning (MCR) is one of severa technologies that can be used to reduce NOx
emissions from coal-fired boilers. Othersare gasreburning, Selective Non-Catalytic Reduction (SNCR),



and Sdective Catalytic Reduction (SCR). Leveized costs recently reported in the open literature are
shown for these technol ogiesin comparison to Micronized Coa Reburning on Table8.1-1 based on cods.

On alevdized cost per ton of NOx removed, gasreburn isthe most expensivewhile MCR and SCR costs
are comparable. Gas costs were assumed to be $3/MM Btu.

Costs shown on Table 8.1-1 assume year-round operation of each technology. However, NOx reduction
may only be required during the summer ozone season (May—September). Under this scenario, leveized
$/ton of NOx removed will increase for each technology. The smdlest increase will be for those
technologies with the least capita investment. MCR NOXx reduction economics would be particularly
atractive in those cases where a 25% NOX reduction is acceptable.

8.1.4 Economic Comparison with Competing Technologies - Cyclone

Micronized Cod Reburning (MCR) is one of severa technologies that can be used to reduce NOx
emissons fromacyclone boiler. Others are gas reburning, Selective Non-Catalytic Reduction (SNCR),
and Sdective Cadytic Reduction (SCR). Levelized costs for these technologies are shown on Table
8.1-2 in comparison to Micronized Coa Reburning based on costs recently reported the open literature.

This andysis assumed a gas cost of $3/MM Btu. On alevelized cost per ton of NOx removed, SNCRis
the mogt expensive while MCR is the least expensive. However, MCR done may not be able to achieve
anticipated future NOx emission limits. The high level of NOx reduction with SCR may make it the
technology of choice.

Costs shown on Table 8.1-2 assume year-round operation of each technology. However, NOx reduction
may only be required during the summer ozone season (May — September). Under this scenario, levelized
$/ton of NOx removed will increase for each technology. The smadlest increase will be for those
technologies with the least capitd invesment.  Ultimately, the technology sdected must not only be
economica but aso be able to achieve the NOx reduction necessary to meet environmenta limits.

8.2COMMERCIALIZATION PLANS

Although NY SEG and Kodak do not expect to have any financid interest in the commercidization of this
technology, they have required that each participant have acommercidization plan. NY SEG and Kodak
are committed to the success of these commercidization efforts and will dlow use of the demongration
fadility in each of the technology vendor’ s business plans. NY SEG and Kodak are so committed to an
unbiased assessment of the micronized coa reburn technology and to the communication of the results of
this technology throughout the industry.

8.2.1 Commercialization Approach

NY SEG and Kodak are sponsoring this Micronized Cod Reburn Demonstration as end-users and would
not have the responghility for the commercidization of this technology. NY SEG, however, has obtained
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an agreement with both Fuller Corporation (Fuller) of Bethlehem, Pennsylvania and DB Riley, Inc. of
Worcester, Massachusetts to devel op thistechnology on acommercia basis. Both have agreed to enter
into a cooperative agreement and repayment plan that is in agreement with the requirements of the PON.

The commercidization of this technology is planned by three mgor subcontractors - Fuller, DB Riley and
Energy and Environmental Research Corporation (EER) - with each company maintaining its expertisein
the technology it is providing to the micronized cod reburn project.

The project team dso has identified a sufficiently large number of other cod-fired units in operation that
would benefit from micronized cod reburning and the additiona benefitsthat thistechnology provides. This
technology can be applied to dl cod-fired units, including wal-fired, tangentidly-fired, cyclone, and large
stoker-fired units. Thereisaso no scale-up limit on the size of cod-fired unitsto which thistechnology can
be gpplied. Extremely large unitsmay requirethe use of anindirect-fired micronized cod system; however,
this technology is available and has been demondtrated in Europe.

The commercidization of the micronized cod reburn for NOx control will be through ajoint effort of two
major subcontractors, Fuller and EER. Theteam will jointly market thetechnology and each will retainthe
respongbility for its area of expertise. Fuller will be responsible for the coa preparation and delivery
systems, and EER will be respongble for the reburn and furnace technology. As the market expands, a
separate group under either EER or Fuller will have the sole responsibility of marketing and pursuing the
business sector. Thefacilities of both companieswould be drawn upon, aswell asthe technica expertise
of both companies to accomplish this.

The mgor subcontractors, responsible for the commercidization of this technology, are an excdlent fit
because both companies serve the eectric utility industry. Fuller is supplying micronized cod systems to
the dectric utility industry to displace gas and ail as the start-up and low-load abilization fuel; and EER
providesacompleteline of gasreburn technology and environmentad servicesfor thedectric utility industry.
Both companiesmaintain test facilities that include combustion tests, coa preparation and classification, as
wel as routine chemicd and combustion-rdated testing.  The team members are jointly pursuing the
micronization and gpplication of ultra fine sorbents to various SO, remova technologies such as direct
furnace sorbent injection, dry scrubbing, and sorbent preparation for various wet and dry SO, removd
technologies.

One of the prime subcontractors respongble for the commercidization of thisproject is Fuller. Fuller has
purchased MicroFud Corporation and has established it as mgor divison of the corporation. Fuller is
committed to serving the utility market and providing the financing and support required to accomplish
commercidization of this technology. Also, the Fuller technology being used to micronized cod for
reburning has four US patents. EER, another subcontractor respongble for commercidization, has
completed demongtration tests of three gasreburning systems on cod-fired utility boilersunder the DOE's
Clean Cod Technology Program Rounds | and I1l. These demonstration tests have shown that gas
reburning is consstent in reducing NOx by 60 to 75 percent, with no adverse operationd or boiler
durability impacts. Both companies are working together in severa areas and are consdering joint efforts



inseverd areas other than the micronized cod reburn technology. Both companies havethe resources and
facilities for engineering, manufacturing, and marketing of their individua products.

As dtated in the Modd Repayment Agreement, the group plans to begin marketing the micronized cod
reburntechnology. At that time, the formation of adedicated group to serve this market will be developed
and will be under the direction of one of the mgor subcontractors. Other plans include marketing the
micronized cod reburn technology to the industrid market sector for NOx control on smaler cod-fired
units, both pulverized and stoker-fired.

Deveopment of thistechnology will be accomplished in the norma course of business of both companies.
The mgor area of development will be the design of alarger MicroMill™ to serve reburning gpplications
onlargecentrd gtation units. Thiscould be accomplished through the devel opment of indirect-fired systems
to meet maximum reburn firing rates a full load and regenerate the micronized cod supply during off-pesk
loads. Indirect-firing technology is in operation and is accepted in most European countries, and the team
believesit has gpplication for Micronized Cod Reburning.

To demondrate the vaue of larger mill desgns for micronized cod generation, DB Riley, Inc. hasdigned
withNY SEG to demongtrate Microni zed Coad Reburn Technology using MPSmillsand dynamic classfiers
a Milliken Station.

DB Riley Inc. iscommitted to working with NY SEG and itsteam members on the Department of Energy’s
Clean Cod Demondration Program. Toward this end, Riley will provide mill and dynamic classfier
expertise and equipment to the project at cost. Riley isaso willing to negotiate arepayment contract with
the DOE for dl mills and dynamic classfiers sold for micronized cod reburn retrofit gpplications to
tangentidly fired boilers. Thework will be performed intwo (2) phases. InPhasel, DB Riley will evduate
and set up the mill and dynamic classifier syssem for micronized cod reburn operation in the top leve of
burners. In Phase|l, DB Riley will review the reburn system, design and ingal cod pipe modifications,
and participate in the mill and dynamic classfier sysem testing.

The senior management of these mgjor subcontractors have made a commitment to the commercidization
of the Micronized Cod Reburn System. Evidence of their support for this demonstration project is shown
by their respective commitment letters included as Exhibitsin Section V1.

It is the dtrategic plan of the three mgjor subcontractors responsble for the commercidization of ther
technology to support the dectric utility industry in the area of micronized cod for digplacement of liquid
and gaseousfudsin the utility market sector. The development of the Micronized Coa Reburn technology
is only an extension of the current market plans and corporate management of al three companies are
committed to this market sector.

The three mgor subcontractors participating in commercidizing the micronized cod technology are
dedicated and committed to this technology. Fuller and its investors have spent many years and severd
millions of dollars developing, patenting, and marketing the MicroFud MicroMill™ System to sarve the
eectric utility market for low-load and gtart-up applications. This investment includes research and
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development facilities, full-9ze demongtration units, and personnd to meet the company’s strategic plans
and gods. The other mgor participant, EER, is dso dedicated to serve this market in the air pollution
control sector. They aso have invested substantid time and money in full-sze combustion test facilities,
and other dectric utility-related air pollution control and management solutions. They currently offer awide
variety of products and services to serve this market and the addition of the Micronized Cod Reburn
technology would complement their current products and services. DB Riley, Inc. is aleading designer,
manufacturer and congtructor of steam generating, fud burning equipment and power sysems. Riley’s
product line consigts of the Riley Turbo and wall-fired furnaces for utility power generation, low NOx
burners, Riley Bdl Tube, MPS Mill and Atrita pulverizing systems, SIS Classfiers, shop-assembled and
fidd erected industrid boilers, fluidized bed combustion systems for bailers, traveling and Sationary grate
stokers, mechanica feeders and refuse firing systems.  Aftermarket offerings, through Riley’s Power
Services Divison, include the Boiler Avalability Improvement Program, Team Inspection Service,
Maintenance Agreements, the Annud Parts Inventory Program, plus fue conversons and equipment
repairs. DB Riley iscommitted to the development and commercidization of cod reburn technology. This
program is a further gpplication of DB Riley firing sysems. Under the US DOE Low Emisson Boiler
System (LEBS) program, they are developing an advanced cod fired low-NOx dag tap combustion
gystem. This system utilizes coa reburning technology to meet stringent NOx emission and carbon
conversion reguirements.

9.0 CONCLUSIONS AND RECOMMENDATIONS

Six broad objectives were established at the onset of this contract (see Section 1.3.1). Each of these
objectives was addressed and the following conclusons and recommendations are made:

The operating performance was established for the two plants that were part of the study (the Kodak
cyclone boiler and the Milliken tangentialy-fired boiler) when micronized cod was utilized under reburn
conditions. It was shown a Milliken that no single operating variable had a dominant effect on reburning
performance. A combination of operating settings was used to achieve NOx reduction. No sgnificant
effect of MCR on collection efficiency of the ESPwas observed. At Kodak, the gpplication of micronized
coal reburning was evauated as afunction of NOx reduction and lossonignition (LOI) of theash. Reburn
goichiometry, cyclone heat input, and cyclone stoichiometry were examined and found to affect both NOx
and LOI. ESP operationwasevduated. Average particle remova efficiency during M CR operation was
greater than for basdline operations.

The long-term rdiagbility of the sysems and maerids utilized in micronized cod reburning was
demondtrated. At Milliken, existing equipment was utilized and no operationa problems were associated
with MCR operations. At Kodak, certain components of the system experienced wear including rotary
vaves and mill components. New wear-resistant coatings need to be further evaluated.

A direct comparison of the Fuller MicroMill™ and the DB Riley MP S150 (with dynamic classifier) MCR
systems, would be technicaly ingppropriate.



Confirming datafrom two full-sca e furnaces were obta ned demonstrating that the MCR system achieved
itsobjectives of reducing NOx emissons. MCR was shown to be successful in reducing NOx for both the
Kodak cyclone boiler and the Milliken Station tangentialy-fired boiler. The objective of 50% NOx
reductionon the cyclone boiler was met and exceeded with ademonstrated 59% reduction. Thelow NOx
basdine (0.35 Ib/MM Btu) from the Milliken boiler was further reduced to 0.25 Ib/MM Btu (a 28%
reduction) with MCR, mesting the project objective.

Bailer performancewas documented over asufficiently long period to identify trendsin emissonsand boiler

behavior when micronized cod is used in areburn application. However, long-term operation to confirm
observed trends and demonstrate system flexibility is recommended.
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Table 1.2.1.4-1 COAT. REEURNING SYSTEM PROCESS DESIGN BASIS

FOR KODAK BOILER #15

Farmmewer Unirs Waluc
Lead

Stcamn Flaw bhr 440,000
Zone Stolehipmetry

Primary Zooe LI ]

Rebturning Zone 074

Bumonr Zons )
Reburming Fuel Thr 12,060
Tranzpont Type BGR
Transpart Flaw Ity zaTe el 1.25
Tata[ FGR Use f.8%

Table 1.2.1 4-2 COAL ANALYSIS FOR KODAK MCE DESIGN
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Hydmogan WL 454
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Sulfur Wt & 225
QxypEon Wt T 4 84
Chlorios wi. B til
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Tuble 12143 COAL BEBURNING MATERIAL BALANCE FOR MAXTMUM BOILER LOAD £440 000 LEBESHE)
KODAK BOILTR #15 DESIGN
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AT (Tt} 263,779 1A
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ypupsd Oar (Penh]
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Tahlz 1.2,1.4-4 REBURNING 5YS1EM DESIGHN PARAMETERS FOR, EODAK BOILER £15

Paamater Units Vales

Reburning Fuet

Elsvation el
Mumber of Nazzles E
Mozzle Size

Furnace Outl=:t inches 16

Pipe Sizc inches 5.0
Coal Flow

Maginnim Ihthr 12,000

Minimum b 2,500
Transport Flow lwhr 12,000
Velociny Head®

Noz=le Crutlat In H:0 16.5

Overfire Air

Elevation 247 o
Mumiber of Morzies 4
Port Size

Inner Passage 3.19

Chater Passage 11.37

Quter Diameter Inches 1z2.5
Flow Rare

Maximum 140,000
Valecity Head

Inper Hozsle in HlD 25

Ouner Mozzls i §z B 21

' Equivalent oeret diametar,

P Estimate d, does oot inelude loss across injector body.
* Estimated, does nat inclieds lozs acmss OF A aszembly.



Table2.2-1

MillikenStationUnit1PostRetrofit
ProcessEquipment

Mills Type RileyStokerM PS150
Quantity 4
Performance | 36,800Ib/hat57HGI Coal
Clasdfiers | Type Dynamic,RileyStokerSL.S
Quantity 4
Performance | 93%-200mesh
PAFans Type CentrifugdDesgn,BuffdoForge
Feeders Type Gravimetric,StockEquipment
Quantity 4
Performance | 20t/h
Burners Type ABBCELNCFS-3




MillikenStationProcessParameterDataforLongTermTest-9/7/98-12/19/98

Table2.5-1

Mill Settings
Parameter 1AL Mill 1B2 Mill 1A3 Mill 1B4 Mill
Coal Damper, % 60 80-85 80-85 80-85
Class. Speed, rpm 105-108 Auto Auto Auto
Fuel Flow, tph 8 Auto Auto Auto
Grind Force 1200-1500 Auto Auto Auto
PA Fan Bias 0 0 0 0

Parameter Settings
Load, Net MW 120-150
Plant O,, % 3234
Reheat Tilt, Degrees -5
SOFA Tilt, Degrees 0
Top SOFA, % 35
Mid SOFA, % 35
Low SOFA, % 35
Top CCOFA, % 0
Low CCOFA, % 0
Furn. to WB Ratio 3642
Aux to CFSAir Bias -60
Level 1 Aux Air, % 20
Level 1 CFS, Air, % 10
Level 2 Aux Air, % 20
Level 2 CFS Air, % 10
Level 3 Aux Air, % 20
Level 3CFSAir, % 10
Bottom Aux Air, % 20




Table 2.5-2

Process Streams
Kodak Boiler #15

Lin System Fluid Operating Pressure, | Operating Design Flow, | Operation Flow,
e inchesH,O Temperature, EF | Ib/hr Ib/hr

No.

1 Overfire Air from Boiler Air Heater Air 48 685 70,000 EA 54,000

2 Overfire Air to Air Injectors Air 40 685 140,000 108,000

3 Transport Gas from ESP Flue Gas -4 350 30,000 28,000

4 Transport Gasto Flue Gas Heater Flue Gas 63 330 15,000 EA 14,000

5 Transport Gasto Micromill Flue Gas 60 380-400 12500 EA 12,000

6 Transport Gasto Classifier Flue Gas 60 380-400 2500 EA 2,000

7 Coal Piping from Classifier FlueGas& Coa | 45 150-200 25,000 EA 20,000-24,000
8 Coal Piping to Splitter Flue Gas& Coal | 40 150-200 40,000 38,000

9 Coal Piping to Coal Injectors FlueGas& Coa | 30 150-200 5,000 4,750

10 Coal to Micromill Codl 0 Ambient 10,000 6,000-10,000




Table7.1-1
Parameters Used in T-fired Boiler MCR Economic Evaluation

Boiler Type T-fired
Plant Capacity (MWe) 300
Coal Hesating Vaue (Btu/lb) 12,900
Plant Capacity Factor (%) 65
Annua Cod Consumption (ton) 629,000
Plant Heat Rate (Btu/KWh) 9,500
% of Coa Through Reburn Burners 15
Initid NOx Leve (Ib/MM Btu) 0.4
NOx Reduction (%) 25
MCR Cod Conveying Fluid Air
No. of MCR Burner Rows 1
No. of Cod Mills/Row 1
Increasein Fly Ash LOI (%) dueto MCR 5
(absolute)

Increase in Fly Ash Rate (%) due to MCR 10
(absolute)

Prior Retrofit of Low NOx Burners Yes
Prior retrofit of overfire air (OFA) Yes
Ashin Coal (%) 10




Table7.1-2
Economic Parameters®

ITEM UNITS | VALUE
Cost of Debt % 85
Dividend Rate for Preferred Stock % 7.0
Dividend Rate for Common Stock % 75
Debt/Total Capital % 50.0
Preferred Stock/Total Capital % 15.0
Common Stock/Total Capita % 35.0
Income Tax Rate % 380
Investment Tax Credit % 0.0
Property Tax & Insurance % 30
Inflation Rate % 4.0
Discount Rate (with Inflation) % 793
Discount Rate (without Inflation) % 3.744
Escalation of Raw Materials above Inflation | % 0.0
Construction Period Days 0
Remaining Life of Power Plant Years 15
Y ear for Costs Presented in this Report - 1999
Construction Downtime Days 0
Royalty Allowance (% of Total Capital) % 0.0

Capital Charge Factor

Current Dallars - 0.160

Constant Dollars - 0.124
O& M Levelization Factor

Current Dollars - 1314

Constant Dollars - 1.000
Sales Tax Rate % 5.0
Cost of Freight for Process Equipment % 20
General Facilities/Total Process Capital % 10.0
Engineering & Home Office/Total Proc. Cap. | % 10.0

@ Based on default parameters outlined in the U.S. DOE Clean Coal Technology Projects General Guidelinesfor Final
Report - Project Performance and Economics.



Table 7.1-3
Major Equipment Costs for Equivalent 300 MWe T-Fired Boiler

Item No. [tem Name .0.B. Sales Freight [Fidd Field Total No. Of [Total Cost
Fquipment  [Tax Material  [Labor Units
Cost
CM-301 [Coal Mill $964,995 | $48250 | $19,300 | $48,250 [$644,946 51,725,740 1 $1,725,740
CM-302 [Coal Feeder $55,930 $2,797 | $1119 | $2,797 | $11,186 $73,828 1 $73,828
| & C $294269 | $14,713 | $5885 | $14,713 [$191,275 | $520,857 $520,857
Electrical Systems |  $270,199 | $13510 | $5404 | $13510 [$469,374 | $771,99%6 $771,986




Table 7.1-4

TOTAL MCR CAPITAL REQUIREMENT

300 MWe T-Fired Boiler

AreaNo. | Totd Instaled Equipment Cost $MM | $KW
300 Cod Sizing & Injection 1.80 6.0
300 Electrical & 1&C 129 4.3
A Total Process Capital 31 10.3
B Genera Fecilities, 10% of A 0.3 1.0
C Engineering & Home Office @ 10% of A 0.3 1.0
D Project Contingency (15% of A+B+C) 0.6 19
E Tota Plant Cost 4.3 14.2
F Allowance for Funds During Construction 0.0 0.0
G Tota Plant Investment 4.3 14.2
H Royadty Allowance 0.0 0.0
I Preproduction Costs (1 month of startup) 0.02 0.08
J Inventory Capital 0.0 0.00
K Initial Catalyst & Chemicas 0.0 0.00
L Subtotal Capital 4.3 14.3
M Cost of Construction Downtime 0 0.0
N Total Capital Requirement 4.3 14.3




Table 7.1-5
MCR Operating and Maintenance Costs

300 MWe T-Fired Boiler

Fixed O&M Costs Units Quantity | $Unit | $ MM/Yr
Operating Labor Man- 832 23 $0.02
Maintenance Labor hriyr $0.05
Maintenance Material $0.07
Administration/Support Labor $0.04
Subtotal Fixed Costs $0.18
Variable Operating Costs
Fuels

Coal Increase (due to increase in FA LOI) ton/yr 3657 30 $0.11
Utilities

Electric Power KWh/yr 169,827 | 0.05 $0.01
Subtota Variable Cost $0.12
TOTAL O&M COST (FIXED+VARIABLE) $0.30




Table 7.1-6
300 MWe T-FIRED BOILER

SUMMARY OF PERFORMANCE AND COST DATA

Power Plant Attributes Units Vaue
Plant Capacity, Net MWe 300
Power Produced, Net 10° kWh/yr 171
Plant Heat Rate Btuw/kWh 9,500
Plant Life yr 15
Capacity Factor % 65
Coa Feed 10° Tonlyr 0.629
Reburn Coal as % of Total Coa Feed % 15

Emissions Control Data Units 0, NOXx TSP

Removal Efficiency % 25

Emission Standard Ib/MM Btu 0.15

Emissions Without Controls Ib/MM Btu 0.40

Emissons with Controls Ib/MM Btu 0.30

Amount NOx Removed Tons/Yr 811

Current Dollars Congtant Dollars

Levelized Cost of Power Factor MillskWh Factor MillskWh
Capita Charge 0.16 0.40 0.124 0.31
Fixed O& M Cost 1.314 0.14 1.00 011
Variable Operating Cost 1314 0.09 1.00 0.07
Total Cost 0.63 0.49
Levelized Cost - NOx Basis Factor | $/Ton Removed Factor $/Ton Removed
Capitd Charge 0.16 846.22 0.124 655.98
Fixed O&M Cost 1314 291.40 1.00 221.77
Variable Operating Cost 1314 19141 1.00 145.67
Tota Cost 1,329 1,023




Table7.2-1
Parameters Used in Cyclone Boiler MCR Economic Evaluation

Boiler Type Cyclone Fired
Plant Capacity (MWe) 300
Coal Hesating Vaue (Btu/lb) 12,900
Plant Capacity Factor (%) 65
Annua Cod Consumption (ton) 629,000
Plant Heat Rate (Btu/KWh) 9,500

% of Coa Through Reburn Burners 20
Initid NOx Leve (Ib/MM Btu) 125
NOx Reduction (%) 50
MCR Conveying Fluid Recycled Flue Gas
No. of MCR Injection Rows 1
No. of Millsfor MCR Injection 1
Increase in Fly Ash LOI (%) 10
Increase in Fly Ash Rate (%) 20
Boiler Efficiency (%) 87
Prior retrofit of overfire air (OFA) No
Ashin Cod (%) 10




Table7.2-2

Major Equipment Costsfor a 300 MWe Cyclone Boiler

[tem No. [tem Name Equipment [Sales Tax [Freight [Fdd FHed Total No. of [Total
Cost F.O.B. Material |Labor Units |Cost
CM-201 Cod Mill $1,107,294 | $53515 [$21406 $53515 [$715321 $1,914050 | 1  [$1,914,050
CM-301 MCR Injectors $3259% | $1,630 $652 | $1,630 | $21,187 | $57,694 | 30 [$1,726,076
MCR Injection Panels $17,647 $382 | $11,471 | $30,000 | 30 | $897,526
CM-302 OFA Ports $145500 | $7,275 | $2910 | $7,275 | $94,575 | $257,535 | 12 [$3,090,423
OFA Panels $17,647 $382 | $11471 | $30,000 | 12 | $359,999
CM-303 (Coal Feeder $70,000 | $3500 | $1,400 | $3,500 | $45500 | $123,900 1 $123,900
Piping/ Duct Mods $336,381 $67,276 [$941,868 $1,345525 | 1 |$1,345525
Pulverizer Building $76,179 | $3809 | $1,524 | $10,883 [$141,475 | $217,654 1 $217,654
| & C $316,213 | $15811 | $6,324 | $15,811 [$205,539 | $559,697 1 $559,697
CM-304 FGR Fan $154514 | $7,726 | $3,090 | $7,726 | $41,073 | $214,130 2 $428,259
CM-305 Emergency Cooling Fan $19,127 $956 | $383 $956 | $5084 | $26506 | 1 $26,506
Electrical $308,809 | $15440 | $6,176 | $44,116 [$507,770 | $882,312 1 | $882312
Systems




Table 7.2-3

300 MWe CYCLONE BOILER TOTAL CAPITAL REQUIREMENT

Area Total Installed Equipment Cost $ $/K
No. MM W
300 Coal Sizing & Injection 9.91 | 33.0
300 Electrical & 1&C 144 | 4.8
1500 Pulverizer Building & Site Work 0.80 2.7
A Total Process Capital 12.2 | 40.5
B General Facilities, 10% of A 1.2 4.1
C Engineering & Home Office @ 10% of | 1.2 4.1
A
D Project Contingency (15% of A+B+C) 2.2 7.3
Total Plant Cost 16.8 | 55.9
F Allowance for Funds During 0.0 0.0
Construction
G Total Plant Investment 16.8 | 55.9
Royalty Allowance 0.0 0.0

Preproduction Costs (2 month startup) | 0.13 | 0.4

J Inventory Capital 0.0 0.0
K Initial Catalyst & Chemicals 0.0 0.0
L Subtotal Capital 16.9 | 56.3
M Cost of Construction Downtime 0 0.0
N Total Capital Requirement 16.9 | 56.3




Table7.2-4

300 MWe CYCLONE BOILER OPERATING & MAINTENANCE COSTS

FIXED O&M COSTS Units Quantity | $/Uni | SMM/Yr
t

Operating Labor Man- 2190 23 $0.05

M aintenance L abor hr/yr $0.19

Maintenance M aterial $0.28

Administration/Support L abor $0.14

Subtotal Fixed Costs $0.65

VARIABLE OPERATING COSTS

Fuels
Coal Increase (Duetoincreasein FA LOI) Tonlyr 3251 30 0.10
Utilities
Electric Power kWh/yr 1,037,83 | 0.05 | 0.05
1
Subtotal Variable Cost 0.15

TOTAL O&M COST (FIXED+VARIABLE) 0.80




Table7.2-5

300 MWe CYCLONE BOILER SUMMARY OF PERFORMANCE AND COST DATA

Power Plant Attributes Units Value
Plant Capacity, Net MWe 300
Power Produced, Net 10° Kw-hrfyr 1.71
Plant Heat Rate, Net BtwkWh 9,500
Plant Life yr 15
Capacity Factor % 65
Coal Feed 10° Tonlyr 0.629
Reburn Coal as% of Total Coal % 20
Feed

Emissions Control Data Units NOx
Removal Efficiency % 50
Emission Standard Ib/MM Btu 0.15
Emissions Without Controls Ib/MM Btu 1.25
Emissions With Controls Ib/MM Btu 0.63
Amount NOx Removed TongYr 5,071

Current Dollars

Constant Dollars

Levelized Cost of Power Factor Mills’lkWh Factor Mills’kWh
Capital Charge 0.16 1.58 0.124 1.23
Fixed O& M Cost 1.314 0.50 1.00 0.38
Variable Operating Cost 1.314 0.11 1.00 0.09
Total Cost 2.19 1.70
Levelized Cost - NOx Basis Factor $/Ton Factor $/Ton
Removed Removed
Capital Charge 0.16 533.3 0.124 413.3
Fixed O& M Cost 1.314 169.0 1.00 128.6
Variable Operating Cost 1.314 38.71 1.00 29.46
Total Cost 741 571




Table 8.1-1
Comparison of Costs of NOx Reduction Technologies

Boiler Type T-fired
Plant Capacity, MWe 300
Plant Capacity Factor (%) 65
Remaining Plant Life (Yr.) 15
Initial NOx Level (Ib/MM 0.4
Btu)
Cost Basis: Constant
Dollar
NOx Reduction Technology Gas MC | SNCR | SCR
Reburn R
% NOx Reduction 50 25 25 80
Capital Cost - $ kW 152 14 15° 59¢
Levelized Cost - $/ton of NOXx 2,805%| 1,008 | 1,506° | 2060
Removed )

Fulson, R. A.; Tyson, T. J. “Advanced Reburning for SIP Call NOx” presented at the EPRI-DOE-EPA
Combined Utility Air Pollution Control Symposium, August 1998.

Interpolated from “Electric Power Generation Cost Analysis for Compliance with EPA’s Final Rule -
Regional NOx Emission Reduction for 2003" October 1998, prepared by Burns and Roe for U.S. DOE
Contract No. DE-AC22-94PC922100 Subtask 49.01, Table | X.

Ibid., Table VII.

Calculated by CONSOL Inc.
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Table 8.1-2
Comparison of Costs of NOx Reduction Technologies

Boiler Type Cyclone

Plant Capacity, MWe 300

Plant Capacity Factor (%) 65

Remaining Plant Life (Yrs) 15

Initial NOx Level (Ib/MM Btu) 1.25

Cost Basis: Constant

Dollar

NOx Reduction Technology GasReburn | MCR | SNCR | SCR
% NOx Reduction 60 50 25 80
Capital Cost - $/kW 15° 56 15° 73°
L evelized Cost - $/ton of NOx Removed 748 571 | 1,506°| 984°

Fulson, R. A.; Tyson, T. J. “Advanced Reburning for SIP Call NOx” presented at the EPRI-DOE-EPA
Combined Utility Air Pollution Control Symposium, August 1998.

Inter polated from “Electric Power Generation Cost Analysis for Compliance with EPA’s Final Rule -
Regional NOx Emission Reduction for 2003" October 1998, prepared by Burns and Roe for U.S. DOE
Contract No. DE-AC22-94PC922100 Subtask 49.01, Table I X.

Staudt, J. E. “NESCAUM'’s Status Reports on NOx: Post-RACT Control Technologies and Cost
Effectiveness’ presented at the DOE 1998 Conference on Selective Catalytic and Non-Catalytic
Reduction for NOx Control, Pittsburgh, PA, May 1998.
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