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Al  Technical Feasibility Assessment of NOx Control Alternatives

Al.1 Pre-Combustion Controls — Fuel Switching/Blending
Fuel switching can be a viable method of NOx emission reduction in certain situations. Often, coal

combustion facilities are constructed to take maximum advantage of the particular combustion
characteristics of a specific fuel. In the case of Leland Olds Station, the Unit 1 and Unit 2 boilers were
designed and constructed specifically for firing North Dakota lignite, which has a low fuel higher heating
value (Btu/Ib), medium to high ash, and high moisture content. Based on available emission data for
LOS, switching fuel from a lignite/PRB coal blend to 100% PRB coal is expected to yield little or no
significant additional NOx reduction. Ottertail Power Company’s Big Stone Unit 1’s boiler, located in
South Dakota, was originally designed to burn northern Midwest lignite, and has cyclone furnaces and the
same physical size and arrangement as LOS Unit 2’s boiler. Big Stone Unit 1°s boiler was converted
from firing lignite to PRB coal in 1997. Based on available EPA Acid Rain Program’s Clean Air Market
Division (CAMD) emission data for Big Stone Unit 1, switching fuel from a lignite coal to PRB coal is
the expected to yield no significant additional NOx emissions reduction relative to current baseline levels

for Unit 2 at Leland Olds Station.

Conversion of Leland Olds Station Unit 1 and Unit 2 to fire lignite/western subbituminous coal blends up
to 100% PRB coal is technically possible. It is expected that various off-site, plant site, and powerplant
modifications will be required. This has not been closely examined for all aspects of design, construction,
operation and maintenance. A relatively modest quantity of PRB coal is currently burned annually at this
plant. Rail service is presently installed at this site, so the additional operational and capital costs to bring
in large quantities of PRB coal are expected to be of modest significance. This is described in more detail
in the main report, Section 2.4.1.5 for LOS Unit 1 and Section 2.5.1.5 for LOS Unit 2. PRB coal cost
(delivered) will be approximately 60% more per ton or 29% more per mmBtu delivered than North
Dakota lignite from Basin Electric’s existing source. However, with such a negligible amount of NOx
emissions reduction expected from application of fuel switching, this alternative will not be economically
competitive with other technologies that offer similar or better results expected for a much lower
combination of capital and operational costs. This alternative was not included in the NOx control cost-

effectiveness analysis.
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Al.2 Combustion Controls
Nitrogen oxides (NOx) are produced when nitrogen in the fuel and combustion air are exposed to high

temperatures. Nitrogen oxide (NO) is the most predominant form of NOx emissions, along with nitrogen
dioxide (NO,). The formation of these compounds in utility powerplant boilers is sensitive to the method
of firing and combustion controls utilized. The techniques employed for mixing the combustion air and
fuel, which creates flames and high temperature combustion products, results from the rapid oxidization
of carbon, hydrogen, and other exothermic reactions. Cyclone-fired boilers, by design, create intense heat
release rates to melt and fluidize the coal ash introduced into the barrel-shaped furnaces. This produces

very high uncontrolled NOx emissions.

Combustion controls employ methods that reduce the amount of NOx emissions created in the
combustion zone of the boiler prior to exhausting the flue gases from the furnace (upstream of the
convective heat transfer zones). This results in fewer emissions that may require subsequent reduction

from applicable post-combustion techniques.

Al2.1 Basic Combustion Improvements

Combustion improvements are commonly-applied, combustion-related NOx emission reduction
techniques. In their most basic form, these typically provide improvements to combustion air flow
distribution, measurement, and pressure, together with fuel flow measurement and metering, to promote
consistent combustion performance by burning fuel with more accuracy in maintaining a desired fuel/air

ratio’.

These improvements may allow, or be combined with, a technique called “low excess air” (LEA)
operation of the pulverized lignite burners or cyclones, where a slight decrease in the total amount of
combustion air is supplied to the burners, thus reducing the amount of thermal NOx emissions produced
during combustion. Other operational techniques to reduce NOx emissions may utilize burners out-of-
service (BOOS) and biased firing (BF). With BOOS, selected burners are removed from service by
stopping fuel flow but maintaining airflow, so as to force the remaining active (i.e. firing) burners or
cyclones to operate fuel-rich, thus promoting lower NOyx emissions. In biased firing, often the lower
burners or cyclones are operated with more fuel than the upper levels, which also produces low excess air
or “fuel-rich” combustion conditions in the lower burners. These basic techniques are often applied prior
to, or along with, other combustion techniques and technologies associated with NOx emission control.

The amount of potential NOx emission reduction is highly-dependent on the specific type of firing, fuel,
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and conditions which apply to the boiler(s) being reviewed. Typically, the operation of burners in an air-

starved, fuel-rich mode is similar to that included as part of separated overfire air system implementation.

Significant additional long-term NOx emissions reduction at LOS from these improvements is not
expected. Improvements to the operation of the combustion equipment in a manner that allows modest
amounts of burner/cyclone air staging, along with reducing combustion air inputs have already decreased
pre-control baseline annual average NOx emissions. This will subsequently affect (limit) the amount of
further NOx reduction possible from these basic combustion improvements. The benefits from this
alternative were assumed to be included in the alternatives involving separated overfire air. This
alternative was eliminated from consideration as a separate stand-alone option for additional NOx

reduction at LOS Station.

Al1.2.2 Low-NOx Burners (LNB)
Low NOx burners (LNBs) of various designs have been commonly applied to pulverized coal-fired utility

and industrial boilers for more than ten years. These are often, but not always, installed with some form
of overfire air to allow for air-staged or “starved air” combustion to lower NOx emissions. LOS Unit 1
already has low NOx burners suitable for good combustion performance and low NOx emissions with
pulverized lignite fuel. Installed low-NOx burners at Leland Olds Station Unit 1 with close-coupled
overfire air have already decreased pre-control baseline annual average NOx emissions to approximately
0.29 Ib/mmBtu. Installing the latest multi-zone LNBs would not be expected to significantly lower NOx
emissions without potentially introducing adverse operational consequences, such as unstable pulverized

fuel ignition and high unburned carbon content in the boiler’s particulate emissions.

LNB:s are not applicable to cyclone-fired boilers'. This is due to the physical constraints imposed by the
cyclone furnaces’ (barrels) length and diameter, and the incompatibility with the amount of heat released
and flame dispersion patterns, and insufficient amount of fine coal particles required to sustain stable
combustion associated with air-staged firing of coal using low-NOx burners with pulverized fuel. This
alternative was eliminated from consideration for potential additional NOx emissions reductions from

LOS boilers.
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Al1.2.3 Separated Overfire Air (SOFA)

Separated overfire air (SOFA) is a commonly-applied, combustion-related NOx emission reduction
technology. Separated Overfire Air (SOFA) is an air-staging NOx reduction technique that is usually
based on withholding 15 to 20 percent of the total combustion air conventionally supplied to the firing
zone. LOS Unit 1 operates with close-coupled overfire air (CCOFA), which has ports that are closer in
vertical distance above the top row burners than optimized separated overfire air ports. It is believed that
LOS Unit 1’s boiler would be a suitable candidate for the installation of SOFA and removal of CCOFA
ports for additional NOx control, if this is necessary. This technology is feasible for LOS Unit 1’s boiler
if NOx control beyond the presumptive BART level of 0.29 Ib/mmBtu is required.

For typical cyclone coal-fired boilers, the operation of SOFA involves diverting approximately 20 percent
of the secondary combustion air from the burner barrels, forcing the cyclones to operate fuel-rich. The

diverted combustion air is then injected in the upper furnace, where combustion is completed.

SOFA can achieve significant NOx reduction, typically 50 to 70 percent on typical cyclone coal-fired
boilers with this typical amount of air staging. A summary of several of the first OFA retrofits to
cyclone-fired boilers is described in published technical papers'~. At least thirty nine existing cyclone-
fired boilers, firing eastern bituminous, midwestern bituminous, and western subbituminous (“Powder
River Basin™) coals in units ranging in size from 50 to 1150 MW, have been retrofitted with commercial
SOFA since 1998°. Additional cyclone-fired boilers have installed separated overfire air systems in
conjunction with commercial fuel reburn retrofit projects®. Other NOx emission reduction demonstration
projects, primarily sponsored by U.S. Department of Energy National Energy Technology Laboratory’s
Clean Coal Technology Program’, and other fuel reburn retrofit projects® have also installed separated
overfire air on cyclone boilers. These cyclone boiler retrofit SOFA installations are listed in the U.S.

NOx Reduction Projects Summary in Appendix A.3.

A cyclone-fired boiler at Ameren Electric’s Sioux plant (Unit 1) reduced NOx emissions from 1.2
Ib/mmBtu to as low as 0.38 Ib/mmBtu in 2002 when operating with air-staged cyclones and separated
overfire air, dropping NOx as much as 68% at full load (480 MW) firing a blend of 85% western
subbituminous (PRB) fuel and 15% Illinois bituminous coals’. This 500 MW unit, typically firing a blend
of PRB and Illinois coals, is close in unit output to LOS Unit 2. Further operation at greater amounts of
overfire air and deeper cyclone air-staging in 2004 demonstrated NOx emissions down to 0.30 Ib/mmBtu,

a 75% reduction®. Additional testing in May-June 2005 achieved NOx emissions as low as 0.20
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Ib/mmBtu by “deep air-staging” the cyclones using high amounts of overfire air when firing an 80:20

PRB/Illinois coal blend at 480 MWg, an 83% reduction’.

A basic form of separated overfire air (SOFA) can be applied and installed on LOS Unit 1 and Unit 2
boilers. There are potential impacts and limitations unique to cyclone boilers firing North Dakota lignite

that should be recognized as part of this emission reduction technology application.

A key aspect of successfully applying and operating separated overfire air on a cyclone-fired boiler is the
ability to maintain adequate molten coal ash (slag) formation and flow within the barrels and slag taps.

As secondary combustion air is diverted, less heat is released during air-staged combustion from the
intentional formation of carbon monoxide, and temperatures within the cyclones decreases. The degree to
which the cyclones can be operated with less than theoretical (stoichiometric) combustion air directly
contributes to less NOx formation and further in-furnace emission reduction but also risks solidification
of the molten coal ash. Due to the variability of the combustible and ash components of North Dakota
lignite, and the complex behavior of lignite ash when exposed to high temperatures, the ability to achieve
NOx control similar to percentages demonstrated while firing bituminous or subbituminous coals with
significant amounts of air-staged cyclone combustion is uncertain. Basin Electric has operated Leland
Olds Station (LOS) Unit 2 with low excess air and a cyclone barrel air/fuel ratio estimated to be
approximately 95% of the theoretical amount required for complete combustion, yielding a highest 24-
month period average NOx emission rate during the 2000-2004 output around 0.67 Ib/mmBtu while firing
a high lignite/Powder River Basin (PRB) coal blend. The lignite drying systems’ vents add moisture and
oxygen, raising furnace excess oxygen to appropriate levels. Using a basic SOFA system, assuming a
sustainable level of NOx emissions control with the operation of modestly air-staged cyclone furnaces

with suitable combustion controls, is considered feasible for LOS Unit 2.

In order to potentially achieve lower NOx emission rates with air-staged combustion for LOS Unit 2’s
boiler, additional combustion improvements can be installed. One potential improvement is to implement
a unique form of SOFA for North Dakota-lignite—fired cyclone boilers. “Advanced” SOFA for lignite-
fired cyclone boilers offers the highest performing version of this technology, and includes relocated

lignite drying system vent ports, and relocated flue gas recirculation ports.

The basic version of separated OFA for LOS Unit 2 is expected to be technically feasible to design,

furnish, install, and operate. There are several challenges anticipated for implementing advanced SOFA,
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primarily involving the ability to route large SOFA ductwork for diverting secondary air from the
windboxes and extend the existing vent piping to new lignite drying systems’ vent ports relocated from

the lower to the upper furnace walls. These are believed to be solvable.

For LOS Unit 1’s wall-fired boiler, basic SOFA is expected to have a modest NOx reduction of
approximately 20% below the 2000-2004 pre-control highest 24-month average baseline level, down to
0.23 Ib/mmBtu. For LOS Unit 2’s cyclone boiler, ASOFA alone is expected to have a modest NOx
reduction of approximately 28% below the 2000-2004 pre-control highest 24-month average baseline
level, down to 0.48 Ib/mmBtu. This estimate is based on the premise that cyclone air/fuel stoichiometric
ratios will be restricted (limited to around 0.95) because of concerns for possible slag freezing, and that
air-staged NOx control effectiveness will be diminished compared to demonstrated SOFA performance at

other cyclone boilers.

Forms of separated overfire air described above are considered feasible as a combustion-related NOx

control technique for application to LOS Station Unit 1 and Unit 2 boilers.

Another form of separated overfire air being marketed commercially is “Rotating Opposed Fired Air”
(ROFA). For utility applications in the United States, this has only been applied to pulverized coal-fired
boilers, primarily small to medium-sized tangentially-fired units. It is different than basic SOFA in that it
includes a hot air booster fan, and injects the overfire air in an offset fashion from opposite sides of the
furnace at high velocities, with multi-port nozzles located at high elevations relative to the top burner row.
The vendor (Mobotec USA) claims ROFA maximizes air-staged in-furnace combustion NOx reduction
while minimizing negative impacts on carbon monoxide and flyash unburned carbon. More than three
tangentially-fired utility boilers burning eastern bituminous coal or Illinois bituminous coal have been
retrofitted with ROFA, each achieving a NOx reduction of approximately 53-62% from pre-installation
baselines of 0.54 to 0.60 Ib/mmBtu without low-NOx burners'®'"""2. Even though boosted SOFA (ROFA)
is not expected to produce a significant NOx control reduction advantage compared with conventional
SOFA to compensate for the higher costs of supplying, installing, and operating the hot air booster fan for
LOS Unit 1, it was considered technically feasible for additional NOx reduction on Unit 1 at LOS Station.
For LOS Unit 1’s wall-fired boiler, boosted SOFA (ROFA) is expected to reduce NOx emissions
approximately 24.3% below the 2000-2004 pre-control highest 24-month average baseline level, down to
0.216 1Ib/mmBtu.
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While this variation of separated overfire air could potentially be applicable to cyclone boilers, it has not
been marketed to serve such applications. Since cyclone boilers do not require the addition of hot air
booster fans for SOFA, this technique is not distinct enough from basic SOFA from functional and air-
staged cyclone NOx reduction performance standpoints to warrant individual consideration. This

alternative was eliminated from consideration for additional NOx reduction on Unit 2 at LOS Station.

A.l2.4 Oxygen-Enhanced Combustion (OEC)

A supplier of liquid oxygen (Praxair) has developed a method of replacing some of the combustion air
supplied to the burners with pure oxygen. Combustion air, which is normally input through the secondary
air system ductwork downstream of the forced draft (FD) fan and air heater, is supplemented with pure
oxygen directly injected into the burners. Oxygen-enhanced combustion (OEC) can reduce boiler NOx
emissions resulting from “ thermal NOx*, a reaction of the nitrogen in the combustion air admitted to the
burners with the available oxygen component of the air in the flame or peak temperature regions of the
fuel combustion process. The use of pure oxygen instead of air reduces the availability of nitrogen from
the air to be oxidized in the high temperature regions, thus reducing formation of thermal NOy. This
technique has only been demonstrated in a boiler with pulverized fuel burners firing bituminous coal'*'*.

OEC was considered technically infeasible for additional NOx reduction on Unit 1 at LOS Station.

The lack of adequate experience on any cyclone-fired coal burning boiler, on a temporary demonstration
or permanent full-scale basis, for a coal-fired facility of this size precludes consideration of oxygen-
enhanced combustion at Leland Olds Station for the Unit 2 boiler. This is deemed to be infeasible

technology at LOS for Unit 2 at the present time.

Al.25 Flue Gas Recirculation

Flue gas recirculation has been commonly applied to coal-fired boilers, primarily to inject flue gas into
the lower furnace, just above the burners, supplied from the boiler’s economizer flue gas outlet via a hot
gas booster fan. This modifies the amount and temperature of hot furnace gas either in the lower-middle
or upper furnace and convection heat transfer zones. Flue gas recirculation for NOx control is most
commonly applied with gaseous or liquid fossil fuels to reduce the high temperatures which convert

nitrogen in the combustion air to nitrogen oxides.
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No examples of using or installing FGR on wall-fired or cyclone-fired coal-burning boilers strictly for
NOx emissions control were found in available technical literature. Although FGR could be installed on
LOS Unit 1’s boiler, it has not been necessary for steam temperature or furnace exit gas temperature
control purposes, and is not expected to reduce NOx emissions. This technology is considered technically

infeasible as a stand-alone, effective NOx emissions control option for LOS Unit 1’s boiler.

This technique is already practiced at Leland Olds Station in the Unit 2 boiler, primarily for operational
reasons. As this flue gas typically has an oxygen content around 2-5%, it limits the availability of oxygen
in a high temperature, possibly fuel-rich lower furnace zone. For LOS Unit 2’s boiler, FGR could aid in
potentially providing some additional NOx emissions control if it were modified from its current

configuration, as part of an advanced form of separated overfire air.

Although FGR is technically feasible for LOS Unit 2 in conjunction with other combustion improvements
as part of the advanced form of SOFA, it has not been considered further as a stand-alone, effective NOx

emissions control option for LOS Unit 2’s boiler.

Al1.2.6 Water/Steam Injection (Combustion Tempering)
When applied to older gas-fired and oil-fired utility and industrial boilers, water and/or steam injection

adds moisture into the lower furnace, concurrent with or near (to the side or slightly above) the burners,
supplied from the boiler’s treated feedwater or auxiliary steam systems via a metering pump or valve.
Water/steam injection has been applied and practiced on natural gas-fired utility boilers for NOx
emissions control, but is believed to be relatively uncommon for continuous use on large pulverized coal
utility boilers. There has been some limited testing and practice of water injection for NOx emissions
control on coal-fired and natural gas-fired cyclone boilers, respectively, demonstrating up to 30%
reduction at full load"'"”. This technique is most effective on gas-fired or bituminous coal-fired boilers.
However, no examples of using or installing water injection and continuously operating such applications
strictly for NOx emissions control on wall-fired or cyclone-fired boilers burning subbituminous coal were
found in available technical literature. Successful long-term operation of water injection would be
difficult for lignite-fired boilers, due to the high moisture levels in the coal and the need to readily ignite
and sustain stable combustion (and molten slag formation in the cyclone furnaces). For these reasons,
water/steam injection is considered technically infeasible for NOx control application at Leland Olds

Station.
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Al127 Fuel Reburn

Another combustion technology that may be applicable to control NOx emissions from the Leland Olds
Station units is fuel reburn. In a similar manner that overfire air diverts a portion of the combustion air
input to the main firing zone, the reburning process involves supplying a portion of the fuel heat input to
the boiler at a higher elevation in the furnace. In consideration of applying fuel reburn to LOS boilers, the
existing burners/cyclones will be supplied with the majority of the fuel in the form of pulverized
coal/crushed coal, respectively, and the balance of fuel is supplied to feed the reburn injection ports, such
that the total heat input to each boiler is essentially the same as without fuel reburn. This creates an upper
furnace atmosphere where the reburn fuel’s combustion products causes some of the NOx formed in the
main burner combustion zone and reburn zone to be converted into molecular nitrogen. Depending on the
amount of reburn fuel added and the amount of oxygen available in the furnace gases to combine with the
reburn fuel introduced, additional combustion air may be supplied as supplemental or overfire air.
Downstream of the air injection elevation, the intention is to complete the reaction of any remaining
carbon monoxide (CO) to carbon dioxide (CO,), plus reduce the amount of combustible matter remaining

in the entrained flyash.

The most common forms of reburn technology applied to utility powerplant boilers are:
e Pulverized or micronized coal reburn (PCR or MiCR); and

e Gasreburn (GR).

Pulverized coal reburning and micronized coal reburning have been applied to pulverized coal and
cyclone-fired boilers. NOx reduction efficiencies of 50 to 60 percent have been demonstrated on eastern
bituminous coal and midwestern bituminous and Powder River Basin (PRB) western subbituminous coals

while supplying up to approximately 20-30% of the boiler’s total fuel heat input to the reburn zone’.

For utility powerplant boiler applications, natural gas has been utilized as reburn fuel most often,
demonstrated in two basic approaches:
e Conventional gas reburn (CGR); and

e Fuel-lean gas reburn (FLGR™),
Either natural gas or pulverized coal (lignite) can be used as the reburn fuel. A sufficient quantity of

natural gas is not currently available at the Leland Olds Station plant site. Supplying enough natural gas

to provide 6 to 30% of the total heat input to either or both boilers at LOS is expected to be technically
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feasible, although transport pipeline installation capital costs, and current and predicted future unit natural

gas costs and operating economics, are expected to be unfavorable.

Various forms of fuel reburning have been demonstrated and operated routinely on pulverized coal and
cyclone boilers for NOx emission controls'>*>'®171%1% " Thjg technique has been applied to units firing
eastern bituminous coal, and western subbituminous or PRB/bituminous coal blends, using pulverized or
micronized coal or natural gas as the most common reburn fuel. Reburning for NOx emissions reduction
has never been demonstrated on a full-scale utility boiler firing high moisture, low heat content North
Dakota lignite. Pulverized and micronized coal, along with conventional and fuel lean gas reburn

technologies, are discussed below.

Al271 Coal Reburn
Conventional pulverized or micronized coal reburn (PCR or mCR) have been installed and demonstrated

as effective for NOx control on pulverized coal and cyclone boilers™*'®!"'#!° " PCR/mCR replaces around
15-30% of total boiler fuel heat input with reburn fuel injected downstream of burners and upstream of
SOFA, with or without air-staging the burners/cyclones. PCR/mCR will likely involve operation with
fewer active pulverized coal main burners/cyclones. As a NOx control technology, PCR/mCR is
considered technically feasible for application on Leland Olds Station Unit 1 boiler. Examples of
PCR/mCR applied to several pulverized coal-fired boilers are included in Appendix A3. Potential
application of this alternative as a NOx control option for LOS Unit 1’s pulverized coal-fired boiler has
similar combustion-related fuel- and air-staging, fuel preparation, and particulate emission issues as coal

reburn applied to LOS Unit 2’s cyclone boiler.

Pulverized or micronized coal reburn with the basic and boosted forms of separated overfire air (ROFA)
can be applied and installed on Leland Olds Station Unit 1 boiler. PCR/mCR with basic SOFA is
expected to reduce NOy emissions approximately 46.2% from 2000-2004 pre-control highest 24-month
average baseline levels, down to 0.154 Ib/mmBtu for the LOS Unit 1 boiler. PCR/mCR with boosted
SOFA is expected to reduce NOx emissions approximately 48.7% from 2000-2004 pre-control highest
24-month average baseline levels, down to 0.147 Ib/mmBtu for the LOS Unit 1 boiler. These expected
levels of NOy reduction are considered to be a reasonable estimate, given the concerns expressed about
the potential impacts of this technique. Using finely pulverized lignite for reburn fuel is considered

technically feasible for NOx emissions control under evaluation for application to the LOS Unit 1 boiler.
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In the case of applying conventional coal reburn to cyclone boilers, the existing cyclones are supplied
with the majority of the fuel, with either natural gas or pulverized coal (lignite) used as the reburn fuel
such that the total heat input to the boiler is essentially the same as without fuel reburn. Separated OFA
ports are located above the reburn fuel injection section of the furnace. These SOFA ports provide
sufficient oxygen in a conventional fuel reburn installation to complete the combustion process that
begins in the main combustion zone and is supplemented in the reburn and burnout zones. This is
shown schematically for a pulverized coal reburn application on a cyclone-fired boiler with SOFA in

Figure A.1-1.
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Figure A.1-1 Pulverized Coal Reburn Application on Cyclone Boiler
With Overfire Air®®

In the United States, pulverized coal reburning and micronized coal reburning techniques for utility
powerplant NOx emissions reduction have been applied on a very limited full-scale, full-time basis to
cyclone-fired boilers in field demonstration tests and longer-term demonstration operation, respectively.
There have been only two known pulverized or micronized coal reburn installations in the United States
on cyclone boilers, one on a utility boiler in Wisconsin, and one on a small industrial-size cyclone boiler

in New York state’. NOy emissions reduction efficiencies of 57 percent have been demonstrated on
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cyclone boilers firing eastern bituminous coal, or midwestern bituminous and Powder River Basin (PRB)
western subbituminous coals while supplying up to approximately 20-30% of the boiler’s total fuel heat
input to the reburn zone. With the exception of the U.S. Department of Energy’s (DOE) Clean Coal
Technology Program demonstration projects’', no known commercially-available coal reburn systems
have been installed and were/are routinely operated on cyclone boilers in the United States to date. The

DOE-CCTP projects for coal reburn applied to cyclone boilers are described below.

Pulverized coal reburning for NOx emissions reduction in a cyclone-fired boiler was demonstrated on the
110 MW Nelson Dewey Unit 2 for Wisconsin Power & Light in 1991-1992. Reburn fuel preparation and
handling, reburn burners with flue gas recirculation, and a separated overfire air system were added. Coal
reburn tests were conducted on this unit while firing bituminous and PRB coals. NOx emission control
efficiencies of 50 to 60 percent, with reductions from 0.75-0.83 Ib/mmBtu baselines to around 0.38
Ib/mmBtu, but as low as 0.29 to 0.32 Ib/mmBtu, with PRB coal at full load with approximately 25-30%
of the total fuel heat input from reburn fuel were demonstrated™'”'*. The reburn system is no longer

operated on Nelson Dewey Unit 2.

Micronized coal reburning has been demonstrated in 1997-1998, and continues to operate year-round on a
small industrial cyclone boiler (400,000 Ib/hr steam output, 50 MW gross equivalent) for Eastman Kodak
Company at their Kodak Park facility in Rochester, NY. This unit (Boiler #15) achieves a NOx reduction
efficiency of approximately 57 percent on eastern bituminous coal, involving limited cyclone air-staging
(cyclones believed to be slightly above 0% excess air) and a modest amount of overfire air injection
downstream of the micronized reburn fuel input nozzles. Approximately 17% of the boiler’s total fuel
heat input is typically supplied to the reburn zone. This coal reburn system continues to operate routinely
at this facility. This installation is reported to use a Fuller MicroMill to produce micronized coal with

5,16

80% passing through a 325 mesh screen™ .

Similar to the application of separated overfire air, there are potential impacts and limitations unique to
the firing of North Dakota lignite in cyclone-fired boilers that should be recognized as part of this
emission reduction technology application. As a reburn fuel, lignite is expected to behave appropriately
upon introduction in the lower middle furnace to help reduce NOx emissions. The concerns are that the
diversion of a significant amount of heat input from the cyclone barrels to use as a source of reburn fuel in
the form of pulverized or micronized lignite may reduce active cyclone temperatures enough to inhibit

slag formation and flow, especially as boiler load is reduced. Coal reburn can be applied with or without
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air-staging the cyclones, i.e. operate in normal-low excess air mode or substoichiometrically. Air-staging
the cyclones with the use of separated overfire air to further complement combustion NOx reduction as
part of this reburn technique will further risk slag “freezing” in the barrels and lower furnace. Reducing
the number of active cyclones to maintain fuel and heat input rates comparable to normal pre-control
baseline (i.e. non coal reburn) operation can accommodate reduced total cyclone coal firing rates while
operating a coal-fired boiler with reburn and separated overfire air is the typical approach to avoid slag
tapping problems. However, if the fewer number of active cyclones are air-staged, this limits the amount

of in-furnace NOx reduction that may be achieved with this technique.

Significant additions to the fuel preparation equipment in the existing plant facilities will be required.
The coal reburn system expected to be applied to each of the LOS boilers would use two new dedicated
fine-grind pulverizers and dynamic classifiers for each boiler to achieve the level of coal particle size

distribution required.

Higher unburned carbon levels in the flyash exhausted from the boiler may occur, especially when the
reburn fuel is coal, and the main burners/cyclones are fired with less than theoretical amounts of

combustion air commonly practiced with the use of overfire air.

Particulate emissions and flue gas opacity from the stack will increase during coal reburn operation with
particulate matter (PM) removal performed by an electrostatic precipitator (ESP), due primarily to higher
inlet particulate loadings and smaller particle sizes of the flyash. The estimated increase in LOS Unit 2’s
ESP inlet PM during coal reburn will be approximately +50% of the baseline amounts. This magnitude
of flyash increase is usually not significant enough to preclude the use of reburn fuel due to exceeding
permitted opacity limits, unless the ESP is already marginal on flyash removal efficiency. However,
assuming that LOS Unit 2’s ESP outlet P