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|. Boiler, Burner, & Turbine Single Digit NOx Limitations -
Ted Guth, Consultant

Ted pointed out that in Southern Cdifornia, retrofit rules have been established for most
technologiesthat are a single digit NOx levels for gasfiring. This area of the country isthe only area
that isnot in compliance for NOx. Since Californiahas't built very much in the lagt 15 years, existing
units had to be targeted. These levels are setting the EPA BACT leves that will apply to other areas
that are in non-attainment for other criteria pollutants (like ozone). Gasisthe BACT fud. If gasis
available, it islikely to be required in Cdifornia, dthough last year, when gas prices hit 880/MMBTU,
cost factors were alowed in BACT. Theselevels are being applied to units down to 20 MMBTU/hr.

In addition, when subject to BACT in a non-attainment area, the target is moving until the moment that
the permit isissued. This meansthat there is risk in ordering equipment before the permit is received as
the required technology could be changed by the permitting agency.

Singledigit NOx burners are high, induced FGR, gas burnersthat are typicaly deployed. SCR
with additiond catalyst can get down to low NOx levels. SCONOX is being used on gas turbines to get
down to 2 ppm. Itisaso being tested on agas boiler a smilar levels. Cod units are looking at 20 - 30
ppm with SCR (and 98% SO2 removal). Part of the driver isthat for most of Cdifornia, offsets are
required. These have to be purchased. The cost of purchasing these offsets can often be more than the
cost of the equipment. Lower emission levels can save on the cost of offsets, even at therisk of
operating problems going forward.

1. Technical Forum Results -
Jim Kyle, Dow

The topics for discussion were selected by vote. Ultralow NOx burners, available retrofit
technology, working through NSR, and backend technology. Ken Price of P& G, Larry Day of
Nationwide Bailer, Debra Lane of Westvaco, and Bruno Marubito of TrigenCinergy were the pane
members. Larry started out with the statement that athough single digit NOx burners are available, it
isT't dwaysthat Smple. These are not gpplicable to dl boilers and there are cases where acombination
of burners and SCRs are more economical. Ken Price noted that dynamic conditions need to be taken
into account. They are trying to get burner manufacturers to make guarantees for load changes of 1%
per second. Tuning up such assysemiscritica. Unitsthat get out of control during load changes can



be “off ling’ for over haf an hour for a5 minute load change. Thisis costly to the owner. Bruno pointed
out that maintenance is becoming more expensive as units are being asked to last longer. The NSR
rules, asthey are now interpreted by EPA, cause triggers for BACT applications. Smplethingslike
knowing the cogt of the maintenance will now be critica. The impact on the life of the boiler must be
asessed. Communicationsis critical in assessing NSR impact. Early in the project, these assessments
must be made and discussed with the permitting agencies so that any possible problems can be ironed
out before mgor funds are committed. These assessments aso set up the requirements for the
equipment that need to be communicated to the suppliers. One question was that adding low NOx
burners should reduce emissions and thus should not trigger NSR. Doug Grano of EPA indicated that
thereis palicy in that regard, but it is still a case by case basis review requirement.

John Del_acy of Coen led the manufacturers panel. Panelistsincluded Gil Sy of Forney and Tim
Webgter of Todd. The topics that were suggested were reviewed including project specification
requirements, variable operations and maintenance, and sustainable performance. Gil pointed out that
the owners need to get as much information about the project up front. These need to be communicated
to the suppliers so that the equipment can meet the owners needs. Compatibility with existing equipment
iscritical. Aswas pointed out by the owners sesson, good communication is essentid. Working with
the suppliersin some joint manner is preferable to parts purchasing. Compliance testing isaso an
important part of the project. Adequate time needs to be alowed for commissioning and testing to be
sure that the equipment meets the process needs including low changes, etc. Ted noted that owner
guarantees of process parameters as well as equipment guarantees are desirable. These might include
fuel specs, gas flows and temperatures, load ranges, etc. Commercia terms and conditions need to be
established before purchase orders are written. Key personnel need to be identified early and brought
into the project early so that al understand what is wanted (and needed). Schedule issues, training,
fecility avalability, etc. dl need to be identified early. Asemissonsare tightened, it is more criticd to
treat the activity asared project rather than as replacement parts. Understanding the costs and
complexities of low NOx systems is an important education process. In turn, owners should work with
suppliers to educate regulators. Thistiesin with Debra Lane' s comments about talking to regulators
early and often. A find recommendation was to form an aliance amongs the parties to assure that dl
are working to the same goa. The question of upset conditionswas raised. This gets to the definition of
upset conditions. Thiswill vary with what the particular state has gotten approved in its State
Implementation Plan. Typicaly more sensors and controls as well as additiona software will be required
as emission requirements are applied to upset conditions.

Tom Fitzpatrick of SFT, Bill Randal of Randall Associates, Siva Sethuraman of Process
Combustion, and Jm Ansdll of Black and Veatch were the panelists. The topics were what people need
to be on the team, does the team come before the spec or the spec before the team, and what are the
five key questions for the A/E. People include the project manager, the chief engineer, the operations
people, the environmenta manager, the financid people, the legd and insurance people, the red estate
people (for new plant), the community relations people, R& D (for newer technologies), and government
affars people. Aswas pointed out by the other forums, communicationsis the key to success. Setting
up the team before the specification promotes more flexibility and identifies more options. Putting the
specification firgt creates the solution first and islessflexibile. The five questions that were sdlected



were!

- what experience in this type of project
- what personnel

- what scope and schedule

- what project management procedures
- what fee structure and flexibility

1. TheLatest on NOx Regulations and | mpact
Doug Grano, EPA,
Jake Cox, Black & Veatch, and
Bill Randall, Randall Associates

The pandl conssted of Doug Grano of EPA, Jake Cox of Black & Vestch, and Bill Randal of
Randdl Associates. Doug Grano went through the litany of potentia negative impacts of NOx
emissions. Doug noted that the 0zone transport commission was set up by Congress congisting of 12
northeastern states and DC to discuss ozone transport in the northeast region. One of the outcomes was
the 1994 memorandum of understanding which set up 3 phases for Nox control on boilers, turbines, and
heaters. Thisaso set up aregiond trading system for NOx. The NOx SIP Cal was upheld by the
courts and calsfor 0.15 I/MMBTU for utility unitsand 0.17 I/MMBTU for industrid units by May
2004. Under the CAA Section 126, some states can petition the EPA for relief due to pollution
trangported from other states. The compliance date for upwind statesin May 2003. It remainsto be
seen if this discrepancy is corrected. There are some areas in the US that are not able to meet the
current 1 hour ozone standard. Southern Cdifornia, the coastal northeast, Houston, and the Grest
Lakes areas are the primary locations. This driving the overdl thrust for additional NOx contral, in spite
of the fact that al but LA are in compliance for ambient NOx.

Jake Cox covered the states responses to the NOx SIP Call. Sect. 110 of the 1990 CAA
amendments gave the EPA the authority to review and call in state implementation plans which would
potentialy alow interstate trangport of pollutants or would be inadequate meet NAAQS. EPA
determined that 0.15 Ib/MMBTU could be achieved at a cost of less than $2000/ton of NOx. EPA
crested amodd rule with state budgets. Each state must submit a plan that substantialy achieves the
budget levels established by EPA. On Dec. 26, 2000, EPA stated that 11 states had failed to provide
adequate evidence of acompliant SIP. Sanctions could be imposed in something like 18 months from
Jan.25, 2001. Theseinclude 2/1 offsets for new sources, loss of highway funds, and imposition of
Federa Implementation Plans (FIP). The bulk of the northeast and Missouri are deemed to be either
approved or closeto gpprova. The mid-west and the south were basicdly in the 11 states and DC (the
SIP “dirty dozen”).

Bill Randd| stated that his primary god was to raise questions on NOx permitting and his
secondary god was to hold those questions until the permitting session later in the week. Bill pointed out



that there avariety of issues involved in obtaining a permit and not dl of those are technicd in nature. By
reviewing the process and the requirements and the variability of operations, it may be possible to
propose plans that achieve the goas of the regulations at a more optima cost. Seasona fud switching,
trading, buying alowances, etc. are dl potential strategies. There are severa regions in the country
where trading regimes are established. Prices have varied from $100,000/ton in Cdifornia during its
energy shortage to afew hundred dollars per ton. Currently in the northeast, trades are occurring at
around $1500/ton. Credits can be generated by over control in certain areas. These can be sold
providing revenue to a project. Sources other than boilers and heaters can be tapped, such as trucks,
construction equipment, railroads, boats, etc. From dl of these sources, a plan can be developed which
can meet the overal requirements of the regulations for permits,

Manufacturer’ s Equipment Development Pand - Russ Moser, ABMA

Panel members were Tim Webster of Todd, Kevin Anderson of Coen, Bob Stemen of ABCO,
John Pratgpas of GTI, Gil Sy of Forney, and Greg Imig of McBurney. Tim briefly reviewed the basics
for NOx formation and the potentia techniques resulting in lower NOx. Single digit NOx vaues are
associated with gasfiring asfud NOx is not afactor in gasfiring. Dilution with flue gas dong with
staging was sufficient to get gas burners down to 30 ppm. To get lower, dimination of prompt NO as
well asthermd formation is needed. As prompt NO isfavored by fud rich zones (due to fue
fragments), asmulated premix zoneis crested in which arapid mixing is deployed with induced gas
recirculation to control temperature. Gas recirculation levels of 25 - 30%. Thislevel can be induced by
the naturd gas pressure that is available on ddivery, thus reducing the additiond fan power that would
normally be required for gas recirculation.

Kevin covered two of their applications. The first was the QLA burner for water tube boilers up
to 220 kpph. This burner uses a premixing chamber prior to introduction to the furnace. A smal
amount of gas for Sabilization is sent through the central core. A smal amount of gasis dso staged,
aong with amovable centrd plug for flexibility during load changes. Low excess air is required.
Controls are used on the fudl/air metering, gas recirculaion, core modulation, and gas flow staging. The
turndown is 12/1 (although the NOx leve is not maintained at 1/12th load). For fire tube boilers, the
ULN burner isused. No premixing isused. Thefud isdivided into severd injectors. Slow mixing is
used. Additiond flue gasrecirculation is used to get the equivaent NOx performance. However, the
controls are much ampler. Safety and stability are important issues. The lower the emission rate, the
closer to sability limits of the flame and the more difficult the control problem becomes.

Bob reviewed the ABCO experience in sdecting burners for their boiler designs. There are two
commercidly available technologies— 9 ppm burners and SCR. Thetypica conditions that were
discussed in the manufacturers forum are evauated. Depending upon the anticipated operation, burners
or burners plus SCR are sdlected. The latter gives additiond operating flexibility at additiona cost.
Custom designed units give the 9 ppm burners a better chance. Eliminate, where possible, refractory
surfaces as they retain heat which promotes NOx formation. Bob’ s recommendations included good
communications of the requirements, life cycle cost evauations, and long term emisson regulation



andyss.

John Pratapas covered work on their forced internd recirculation bureners with Detroit Stoker.
This burner uses a combination of premixing, staging, interstage heat remova, and induced flue gas
recirculation. There are no moving parts. In the demondtration units, the burner has been able to
maintain performance over a4/1 turndown ratio with afairly smple control syssem. John aso covered
the methane denox system that was used at Cogentrix. Detroit Stoker isthe licensee and supplier. An
gpplication to MSW will be demonstrated in Japan. Boise Cascade has put the technology on a bark
fired boiler (300 kpph). The system has been in operation for 10 months. Typicaly a 50% NOx
reduction is achieved.

Gil Sy noted that Forney does not have an ultralow NOXx burner for commercid sae at this
time. They are usng acombination of CFD, chemkin, and a60 MMBTU/hr test rig for development.
He noted that they would like to partner with owners in the gpplication of low NOx burners. Low NOx
systems cost more than smpler burners. These systems cost more to operate. Compliance testing,
tuning, maintenance are dl increased to stay within regulatory limits.

V. SCR, SNCR and Other Control Technologies - Jeff Smith, ICAC

The pand conssted of Vincent Albanese of Fud Tech, Russ Goerlich of CRI Catdyst, Mike
Durillaof Durilla, Anthony Licata of Babcock Borsg, and Rich Oegema of Alstom Power
(Environmantal Systemsin Knoxville). Vince covered the Fuel Tech NOXOUT process which uses
ureaas an SNCR system. Of the 300 world wide installations, about 270 have been retrofits and, of
those, 240 were for industria applications. Various cap and trade regimes are proposed for NOx. In
such asystem, the lowest cost reduction systems are taken first. Fud Tech is aso offering urea base
SCR and combination SNCR/SCR systems for certain smdl industria gpplications. Using a
roughly15% capitad charge rate, the costs for severa gpplications ranged from $1000/ton up to about
$3000/ton. Vince noted that smaler units will have higher costs per ton and definitely need to evauate

buying credits as opposed to buying equipment.

Russ covered the application of anew Shell SCR catalyst. At aparticular gpplication, the SCR
system was to be retrofitted onto two new boilers (600 hp). These units fed flue gasto asingle SCR.
The exit gas temperature was 280 F. The low NOXx burners supplied with the boilers did not meet the
guarantee levelsfor CO and NOx. The unitswere ingtdled at afederd prison in the Mohave Desart in
the summer. With the addition of the SCR system, NOx levels have been below 3 ppm.

Mike pointed out that Engelhard supplies the catdyst to the SCR systems supplier. That puts
that afurther step removed from the ultimate customer needs. The permit isthe key starting point for the
actud requirements. The solution must be considered from an overal system approach. Some of the
developments are to look at different catdysts in successon to ether get more reduction or to minimize
ammoniadip. Different caidysts have different optimal temperatures for NOx reduction. Asthe
temperature drops through the catayst bed, it is possible to utilize different catalyst for best



performance. As catadys ages, dip goes up while holding NOx levels congant. An dternative
gpproach isto control to alevel of ammoniadip. Inthe early years, excess reduction will occur. In
such cases, potentialy salable NOx credits can be generated.

Tony Licata pointed out that Babcock Borgg isthe result of the merger of five companies
including Riley, Deutsche Babcock, Steinmueller, and others. The boiler gpplications for this
presentation are the larger, cod fired boilers. SCR reactors are built up of modules and layers
depending upon the reduction requirement, the catdy<t life, and the mode of operation. Two key
congderations are gas distribution and fuel characteristics Mogt of the idealized curves for anmoniadip
and NOx reduction do not show the impact of poor gas distribution. Poor gas distribution changes the
residence times, the gas compositions, and the ratios of the reactants. These are often different from the
idedl design performance. FHow modeling is critical to the success of these reactors in actua commercia
use. Anammoniaflow digtributor is good practice which gets good gas flow distribution as well as good
ammoniadisperson. The closer to uniform flow, the better the performance and the longer life of the
catdys. The other consderation isthe fud characteristics. The fud istypicaly the source of poisons for
the catdys. Sulfur leads to ammonium bisulfate. Low cacium leadsto arsenic poisoning. High cacium
leads to cacium sulfate blinding. A complete fud analyssis required to assure these problems are
addressed. Of course, SCRs add pressure drop. In retrofit applications, the fan capacity is often the
critica auxiliary piece of equipment.

Rich noted that SCONOX is an dternative to ammonia bases SCR. It requires aregeneration
gas to regenerate the catayst which is basicaly and oxidation type catdyst. For gasfired gpplications,
guarantee levels of 1.5 ppm are made. The Alstom licenseisfor gasturbines. CO and VOCsare
oxidized. SO2 is captured in aguard bed. Thereisno ammoniadip. The catalys isloaded on a series
of shelvesthat are located between isolation dampers. During operation the flue gas passes over the
catalyst for cleanup. Sections of the catdyst are isolated from the flue gas by the dampersand a
regeneration gasis passed over the catayst. After regeneration the catdyst is re-exposed to the flue
gas. At any onetime, one quarter of the catalyst is being regenerated. The catalyst is coated with
potassum carbonate which absorbs the oxidized compounds. A reducing gas regenerates the potassum
carbonate and drives off the absorbed nitrogen compounds as molecular nitrogen. Steam reforming of a
hydrocarbon provides a regeneration gas to supply the required amount of hydrogen for regeneration.
The regeneration gasis mostly steam with some non condensables. The steam can be condensed to
recover the water. In regard to a question on the per centage removal, Rich noted that catalyst
saturation tendsto limit the inlet to 50 ppm which is reduced down to 2 ppm. Higher inlets would not
economicdly result in 90 - 95% reduction.

V1. Hardware/Software | ssues Relating to Upgrading DEM/DAS - R. Congtantine, Forney

Bob noted that some industrid boilers will have to upgrade their CEM systems from part 60 to
part 75 if they arein one of the trading programs that will result from the NOx SIP Call or other
regulations. Part 60, Appendix B, contains the testing requirements for certification. Appendix F
contains the maintenance and reporting requirements. These are strongly influenced by the individua



permit. These vary congderably from Steto Ste. Part 75 was origindly gpplied to the “acid rain”
program, which was national in scope. These requirements are in addition to the Part 60 requirements.
As more NOx trading programs become authorized, more Part 75 requirements will be seen. Reporting
requirements are greatly increased under Part 75. Hourly conditions for the instrument must be
reported. The CEM datais the “gold standard” that backs up not only the compliance data, but aso the
availability (and thus vaue) of alowances. Under Part 60 emissions were reported in I’MMBTU.
Under Part 75, Ib/hr is the appropriate requirement as dlowances are on an actud weight basis. This
means an accurate flow meter is required (typicaly on the flue gas). Frequency of vaid data reporting
increases to 3 (and some times 4) data sets per hour with 100% data capture. For missing data (CEM
down), the requirements are to supply missing data in 3 tiers (between 95% and 100%, between 90%
and 95%, and lessthan 90%). Thisimplies additiond data acquisition systems arein operation or other
means have to be taken to get the missing data. Prior requirements were to supply missing data when
the monitor was down more than 45% of the time. Data accuracy has to improve from 20% to 10%.
Cdlibration testing with 3 point linearity and 5% accuracy will be required. Grester atention, including
documentation, will be needed for the upgraded monitor. Daily cdibration will be required. A written
qudity assurance plan will be required that provides for maintenance procedures, reporting and
documentation procedures, calibration procedures, and certification procedures. Help in understanding
the new requirements can be obtained from severa sources including the air permit, the trading program,
the epawebdite, the local regulatory agencies, the CEM vendors, and specidist consultants.

VIl. Catdyst Design for NOx Reduction

The panel conssted of Krigti Morris of BASF, Julie Crowe of Hitachi Zosen, and Tom Stobert
of Cormetech. Tom noted that Cormetech is ajoint venture between Corning and Mitsubishi Heavy
Indugtries. They provide catalyst for SCR systems. Catalyst is manufactured in the US. Jugt-in-time
catalyst ddivery, catdyst guarantees, start up support, and catalyst recycle are featured. Honeycomb
blocks are extruded into blocks that are bundled and load into stedl frames for shipment to the customer.
The advantages of honeycomb catalyst are efficient geometry and high resstance to poisoning. In
system design, SCR location and orientation, ammonia system, and process conditions are the key
factors. For clean fuels, the catalyst can operate at lower temperatures as the risk of bisulfate formation
isminimized. For sulfur bearing fuels, a higher operating temperature is desirable. Periodic replacement
of catayst will be needed asthe catalyst is degraded by poisoning, aging, and fouling (or blinding).
Common poisons are sodium, potassium, chromium, phosphorus, arsenic, seenium, and potentialy
vanadium (as a catdy4 for bisulfate formation which fouls the catdyst). In dl systems, there is a coupon
section where a sample of the catalyst can be removed and replaced. This sample is then sent back to
the Cormetech labs for analysisto aid in determining remaining life in the catdyst as well as any potentid
problems.

Julie Crowe presented the Hitachi SCR system. Hitachi Zosen is different from Babcock
Hitachi. They have progressed from pellet type catdyst to plate type catdyst to honeycomb type
catayst. The openings are triangular in shape compared to the square openings of the Cormatech
catays. These systems have been gpplied to awide range of gasesincluding dl typesof boilers, gas



turbines, diesdls, refinery heaters, incinerators, etc. On gas turbines, 1.5 ppm NOx at 12% O2 has been
guaranteed. Hitachi Zosen does systemn and equipment design and supply aswell as catalyst. Catayst
ddivery timesare 6 - 8 months. Catdyst is manufactured in Japan and shipped to the US.

In the interim, severa questions concerning poisoning and limitationswereraised. The arsenic
question was raised. Past history of coa ash analysis would be used as a guide for the gpproximate
levels of arsenic to be expected. Water in various quantities dowly degrades catdyst. There were no
specific limitations on moisture content in the flue gas other than to say that the catalyst works better with
lower moisture.

Kristi Morris pointed out the BASF owns boilers, but aso makes catadyst. BASF has
production facilitiesin the US that are impacted by NOx regulations. BASF provided the first de-NOx
catays for nitric acid plantsin the 60s. While they have supplied SCR catalyst to al power
goplications, they specidize in waste to energy plants and chemicd plants. Asachemicd plant owner,
they are epecidly familiar with chemicd plant problems. Cat crackers, incineraors, nitric acid plants,
etc. have al been supplied with BASF catdyst. Key parameters are gas flow conditions (temperature,
pressure, flow rate, & compaosgtion), remova efficiency, location, process requirements, and physica site
congraints. The poison list for power boilers includes arsenic, phosphorus, sodium, potassum, HCl,
and heavy metdls. Asan owner, BASF evauated the various types of catdyst supply. Theseincluded
honeycomb, plates, and extrudates. BASF sdlected the honeycomb arrangement as the lowest cost and
mogst flexible design. Lower pressure drops, arrangement flexibility, and ease of extenson. BASF does
take back catalyst for recycle. BASF offers custom made catayst for SCR gpplications in awide range
of indugtrid settings

VIII. Operating Cost Effective, Low NOx Ingdlations - Larry Day, Nationwide Boiler

Nationwide primarily supplies rented boilers. In Cdifornia, l[ow NOx has been an issue since
1983. A refinery wasin need of a package boiler, but needed 0.1 I/MMBTU on gas (83 ppm). This
was consdered to be very low at thetime. Air stagingina“D” boiler was used to meet the regulation.
Over time, Southern Cdifornialowered the limits down to single digit NOx levels. Nationwide has
experience with 15 different boiler manufacturers and 29 different burner modelsin over 1000 low NOx
gart ups. The current fleet of renta boilersis equipped with 30 ppm NOx equipment. Front and sSide
wall ports, steam and water injects, gas recirculation, staged combustion, burner modifications, premixed
burners, and SCRs have adl been utilized. Important considerations include unit efficiency, turndown, gas
compositions, controls, and equipment age. The first step to add, or improve, alow NOx system, isa
tune-up. Thisisimportant for basdline performance information. Safety and efficiency concerns can
a0 be addressed. The basdline dso identifies the gap that is needed to meet the current regulations.



Often times, smple fixes can be deployed to meet the regulation. One of the easier modifications was to
apply induced flue gas recirculation to the gas burners. NOXx levels of 25 to 30 ppm can be achieved.
For further reductions, low NOx burners with high FGR and premixing are needed. Back end
technology can aso be applied. The choice is dependent upon the gpplication. Experience on aunit in
Fresno demondtrated alow Nox, high excess air burner from Alzeta. The fan sze was doubled with the
high excessar. The NOx level was 6 - 8 ppm. Exigting, smple controls were adequate. CO was5
ppm. No FGR wasrequired. However, a2 - 4% energy pendty was taken due to the high excess air.
The start up was managed in one day. In another example with the same burner, start up took 3
months. With the high gas flows, there are often hidden problems such as flow digtribution, stability,
vibrations, harmonics, etc. Nationwide has been usng X-ID tubing in their fire tube boilers. Thisgives
some ingde roughness that improves the heat transfer rate, thus requiring fewer tubes. Asareault of a
refinery ingtdlation for a 200 kpph in Caifornia, Nationwide now offers an SCR packaged system for
rental boilers. The unit has been certified in Southern Cdlifornia. The catdyst package fits into the base
of the stack. Shell catalyst was used due to the low temperature gpplication and the low pressure drop
requirment.

IX. New Systems and Advanced Technologies

The pand conssted of Richard Kopang of GE-EER, Ron Lutwen of SFT, and Ledie
Witherspoon of Solar Turbines. Richard covered alayered NOx gpproach for high fixed nitrogen fuels.
This gpproach uses overfire air and SNCR after the low NOx burners. In addition, fudl reburning can
aso be deployed. In acatdytic cracker, the regeneration step often involves awaste gas that can have
nitrogen bearing gases that are normaly burned out in a CO bailer. For a cyclone unit firing cod, cod
reburning is being deployed on a unit in the Southeast. CO boilersfire agasthat islow in heating vaue
with gaseous nitrogen compounds (including NOx). They often have refractory areasto provide areas
for heet gability to avoid flame stability problems due to the varidbility of the fuel. In one refinery
goplication, the fud gas was high in ammoniathat burns with the fuel to NOx. Typica uncontrolled NOx
was 350 ppm, while 70 ppm was desired. The existing overfire air ports were too close to the burner
zone and were actudly detrimental to the NOx. The port was moved farther downstream to get
sgnificant reductions. The addition of SNCR with urea injection was able to get down to the required
levels. Interest in gas reburning has waned with the increase in naturd gas prices. Cod reburning has
now been demonstrated using cod as the reburn fuel. Reductions of 40 - 55% can be achieved. Key
correlating parameters for cod are volatility and calcium availability. A 30 MW cyclone boiler was
retrofitted with cod reburn. Cyclone units are inherently high NOx emitters asthe god isto dag the ash
in the cod at high temperatures. At full load, this unit produced nearly 1.5 I/MMBTU of Nox. (10
times the current standard) Roughly 50% remova was achieved with the cod reburn syssem. An 800
MW, tangentid fired, twin furnaceis planned for retrofitting. With overfire air modifications, and cod
reburning, a 50% reduction is expected.

Ron Lutwen reported on the LoToxNOx removal system. A demondtration at the Medica
College of Ohio has been ingtaled on a stoker bailer firing Ohio cod. The college has 3 x 70,000 Ib/hr
and one 40,000 Ib/hr codl fired units that dl lead to one flue. After adry FGD system, ozone is added



to the gasto oxidize NOx to N205. Mercury, CO, and VOCs are also oxidized. The oxidized
products are scrubbed in a caustic scrubber. Ozone generation is a high energy cost. In areas where
electric costs are low, or saf generated, thisis not too severe apendty. If the commercid/industria
electric rates are high, the costs could be prohibitive. The advantages are arelatively low capita cost
aong with the reduction of other pollutants. Initid operating difficulties have been a problem with the
variable speed drive, inadequate well water for cooling, and ddaysin getting the Title V permit. Thisis
expected to occur in the next 4 - 6 weeks. A 6 month test program is planned.

Ledie presented Solar’ s Dry Low NOx Technology for mid range gas turbines (25 MW and
smaler). Federa BACT isdill 25 ppm in most areas of the country. Thisis due to the fact that SCR or
SCONOX isnot redly cogt effective on smdl size units. Federal LAER isdownto 2 - 3 ppm. The
main competitors are GE (Nuovo Pignone) and Alstom (STAL and Rugby). There have been some
guarantee levels a 9 - 15 ppm under unique conditions. Hitachi has deployed a catalytic combustor to
get NOx leves at about 3 ppm. Liner technology and injector optimization have been used to reduce
NOx. Cataytic combustors are dso being studied. The development gods are to improve system
robustness. Dry, low NOx systems operate closer to the lean extinction limits giving flame stability
condderations. Increasing the operating range is desirable. Increasing compliance margins can add risk
in that loca regulations can now permit these levels, while doing so may avoid triggering an SCR. Cost
figures range from $165 K for dry low NOx systems (5 MW) to $230 K for SCR to $1.1 MM.
Operating costs range from $41 K/yr for DLN to $300 K/yr for SCR and $600 K/yr for SCONOX.
On a$/ton basis, the costs are $370/ton for DLN to $1500/ton for SCR to $8000/ton for SCONOX.
One of the new developments has been the Cataytica XONON system for avery low NOXx burner.
Thisisanatura gas only, cataytic burner that operates down to 80 - 85% load. Price level has been on
same order as SCR. Only one demondration has been done in the US. The unit is no longer operating
as the plant owner reused the space for other products. Inquiries are up for cogeneration gpplications
with the “energy criss’ in Cdifornia

X. Tours

The Solar assembly facility in Kearney Mesawill be toured. The Solar Mercury 4 MW unit is
being demonstrated under the DOE/ATS program. The main units are the Centaur, Taurus, Mars, and
Titan units are assemble a this plant. Ledie Witherspoon is organizing the tour. John Dilliot will leed the
tour of Universty of Cdifornia, San Diego which has a Solar Titan with a SCONOX system. Thetotd
unit is a cogeneration plant of about 30 MW. The plant will be starting up in the near future. Cdifornia
regulations limit the emissons of NOx to 50 ton/yr. Going above thislimit would put the University into
amagor pollutor category aswell astrigger Title V requirements. Under these conditions, SCONOX
was cheaper than other dernatives.



