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PURPOSE

To comply with acid rain and ozone nom-attainment rnles, hoth regulators and
regulated industry seek nitrogen axide (NO,} controle which oifer the greatest reliability and
effectiveness at the least cost. One such NO, contral technology is selective non-catalytic
reduction {(SNCR). Altheugh SNCR will not be universally applicable, or always the most
cost effective control strategy, in many cases it will meet the dual requirements of high
performanee and low cost, and so should be considered by affeeted sources and permitting
authorities. Unfortunately misconceptions regarding SNCR have hindered its aceeptance,
and oceasionally even ifs consideration.

The SNCR Committee of the [natitute of Clean Air Companies, Inc. {(ICAC) prepared
this white paper to educate all interested parties on the eapabilities, limitations, and cost of
SNCR,

ICAC is the nonprofit nativnal association of companies which supply stationary
source air pollution monitoring and eontral systema, equipment, and services. [ts members
include suppliers of SNCR systems, and of competing NO_ comtrol technologies.
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EXECUTIVE SUMMARY

Selective non-catalybic reduction (SNCHR) is a chemical process for removing nitrogen
oxides (NO,) from flue gas. In SNCR, a reagent, typically urea or ammonia, is injected into
hot flue gas, and reacts with the NO,, converting it to nitragen gas and water vaper. No
catalyst is required for this process. Instead, it is driven by the high temperalures normaily
found in eombustion sources.

SNCR performanca depends an factors specific to each soures, including temperature,
residence time of the reagent, amount of reagent injected, reagent distribution, and
uncontrolled NO_ level. However, reductions in emissions of 30-75% are common. Using
appropriately desipned SNCR systems, these levels of control are not accompanied by
excessive emissions of unreacted ammaonia (anvmonia slip} or of other pollutants, particularly
nging recent design upgrades demanstrated on commerial systems. Further, SNCR does not
generate any solid or liquid wustes.

SNCR also may he combined with a downsized zelective catalytie reduction (SCR)
system to provide deeper emiszions reductions fur a moderate capital investment.

SNCR is a proven and reliable technology SNCR first was applied commercially in
1974, and significant advances in understanding the chemistry of the SNCR process smee
then have led to improved NO_ removal capabilities. As a result, approximately 300 SNCR
systems have besn installed worldwide, Applications have included utility and industrial
boilers, process heaters, municipal waste combustors, and elher combustion sources.

SNCR is not a capital-intensive technelogy Low capital costs, v.g., $3-15kWe on
electric utility heilers, make SNCR particularly suitable for uze on low capacicy factor units
and on units with short remaining service lives, and for seasonal control. SNCR also 15 well
suited for NO, “trimming,” and ean provide 10-25% reductions in utility boiler NO,
amissions for total costs below 1 mill’kWh. Removal cost effectiveness values for SNCR
center around $1000 per ton of WO, removed.

The performance and cost of SNCR make this technology attractive for export,
ineluding to developing and former Communist countries,
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SELECTIVE NON-CATALYTIC REDUCTION (SNCR) FOR CONTROLLING NO,
EMISSIONS

What is SNCR?

Selective non-catalytic reduction (SNCR) is a chemieal process that changes
nitrogen oxides (NQ,) into molecular nitrogen (N,). A reducing agent, typically
amrmonia or urea, is injected into the combustion/process gases. At suitably high
temperatures (1,600 - 2,100 °F), the desired chemical reactions occur. Other
chemicals can also be added to improve performance, reduce eguipment
maintenance, and expand the temperature window within which SNCR is
effective.

Conceptually, the SNCR process Is quite simple. A gaseous or agueous reagent of a
selected nitrogenous compound is injected into, and mived with, the hot flue gas in the proper
temperature range. The reagent then, without a eatalyst, reacts with the NC. in the gas
stream, converting it to harmless nitrogen pas and water vapor. SNCR is “selective” in that
the reagent reacts primarily with NO_, and not with oxygen or other major components of
the flue gas. A schematic depicting the SNCR process in a stoker-fired eombustor is shown
in Pigure 1.2

Uresa or Ammanla Infection
Temperature Range
1,600 - 2,100 °F i

Combustlon Zong —-»

Figure 1

No solid or liguid wastes are created in the SNCR procasa.

In almosi all commercial SNCR systems, either ammonia or urca is used as the
reagent. Ammonia may be injected in either anhydrous or agueous form, and urea, as an
aqueous solution.
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The principal components of an SNCR system are a reagent storage and injection
gystem, which includes tanks, pumps, injectars, and assoeiated controls, and often NO,
continuous emissivns monitors. Given the simplicity of these components, ingtallation of
SNCR is easy relative to the inatallation of other NO, control technologies. SNCR retrofits
Lypleatly do nol require extended source shutdowns.

How much NO, can SNCR remove?
While SNCR performance is specific to each unigque application, NO, reduction
levels ranging from 30% to more than 75% have been reported.

Temperature, residenee time, reagent injection rate, reagent distribution in the {lue
was, and uncontrelled NO_ leve! are important in determining Lhe effectiveness of SNCR.? In
general, if NO, and reagent are in contact at the proper temperature for a lomg enough time,
then SNCE will be sucvessful at reducing the NO, level.

SNCR will remove the most NO, within a specified temperature range or window. A
typical removal effectivenszs curve as a function of temperature within this window 15 shown
in Figure 2. At temperatures below the window, reaction rates are extremely low, so thal
little or no NO, reduction oceurs. On she left side of the curve, the exient of NO, removal
inereases with inergasing temperature because reaction rates increase with temperature.
Residence time typically limics the NO, reduction in this range. Ai the plateau, reaction rates
are optimal for NO, reduction. A temperature variation in this range will have only a amall
effect on NO, reduction.

Typical SNCR Temperuture Window
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Figure 2

A further inerease in temperature beyond the platean decreases N0, reduction, On the
right side vl the curve, the oxidation of reagent becomes a significant path and competes with
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the NO, reduction reactions for the reagent. Althongh the reduction js less than the optimum,
operation on the right aide is practiced and recommended te minimize reaction times and
byproduct emissions.

The temperaturewindow becomes wider as the residence time inereascs, thus improving
the removal characteristics of the process. Long residence times (0.3 second) at optimum
temperatures promote high NO, reductions even with less than aptimum mixing.

Normal stoichiometric ratio (NSR) is the term nsed to describe the N/NO melar ratio
of the reagent injecterd to uncontrolled NO, concentrations. If ane male of anhydrous ammonia
13 injected for wach mole of NO, in the flue gas, the NSR is nne, as one mole of ammania will
react with one mole of NO,. 1f one mole of urea is injected into the flue ras lor each mole of
NO,, the NSR is two. This iy hecause one mole of urea will react with twa meles of NO_. For
both reagents, the higher the NSR, the greater the NO, reduction,’ Increasing NSR beyond
4 certain point, however, will have & diminishing effect on NO_ reduction, with reagent
ufilization decreasing beyond this paint.

Is SNCR a new technaology?
Mo. Commercial installations nsing SWCR have been in existence for more than 20
years,

The first commercial application of SNCE waz in Japan in 1974.* This installation used
anhydrous ammonia. At about the sume time, the anhydrous ammonia injection process wags
patented in the US. by Exxon Research and Engineering Co. This process is commonly known
az the Thermal DeNO, process,

Fundamental thermodynamic and kinetic studies of the NO -urea reaction occurred
during 1976-1981 under the direction of the Electric Power Research Institute (EPRID.
Patents granted to EPRI for this process were licensed to Nalco Fuel Tech, which with its
implementors or sub-licensess has marketed the ureabased NOxOUT® process with
improvements to the original patents.

Is SNCR commercially demonstrated?
SNCR systems are in commercial application in the United Siates, as well as in
Europe and Asia.

SNCH iz a fully commercial NO_ veduction technology, with successful application of
the ammania- and urea-based processes at approximately 300 installations worldwide, covering
a wide array of stationary combustion units firing an equally large number of fuels.

In the US., commercial installations or full-seale demenstrativns include virtually every
boiler configuration and fuel type, as wall as other major N O emitting process units, such as
cement kilns. Trea-based SNCRE has been applied estemerciaily to sources ranging in size from
a 60 MMBtuw/hr (gross heat input) paper mill sludge incinerator to & 320 MWe pulverized coal-
fueled, wall-fired electric utility hoiler. The longest running commercial urea-based SNCR
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eystem in the US. was installed in carly 1988 on a 814 MMBtu/hr CO hoiler in a Southern
California oil refinery. This SNCR system redunces NO, emissions 65% from a baseline of 90

Industrial boilers, process units, municipal waste combustors, and IPP hoilers malke up
the largest share of commercial SNCR installations in the TLS. This distribution is determined
more by NO, eontrol regulations than by SNCR process limitations. Examples of commercial
ingtallations include:

. Twa 75 MWe pulverized coul tangentially fired power boilers in California equipped
with low NO,_burners and overfire air required the installation of SNCR to meet u 165
ppm permit limit.?

s SNCR systems installed on the coal-burning, well-fired New England Power Company's
Satem Harbor Station Unite 1, 2 (84 MWa each), and 3 (156 MWe) in 1993 can reduce
NO, emissions 50-75% from a haseline of 0.85-1.12 Ih/MMBtu.

. Commercial SNCR systems retrofit on 320 MWe wet-buttom, twin furnace heilers in
New Jersey provide 30-35% NO, reductions.”

' Commercial SNCR systems vetrofic on eyclone-fired boilers in New Jersey reduce NGO,
emissions by 35-40%.

. SNCR is allowing complianee with RACT Umils at eoal-fired hoilers in Massachusetts’
and Delawarc.®

» An SNCR system installed on a circulating fluidized bed boiler designed to produce
350,000 lb/hr of steam can reduce NO, emissions from a baseline of 0.2-0.35 IhyAMBtu
to below (.15 I/ MMBtu aver a load range of 40-100%.°

Among significant demonstrations in the US.:

. An SNCR system designed for automatic load fulluwmg: provided consistent 30-20%
emissions reductions at a 185 MWe oil-burning tangentially fired utility boiler which
eycles from 60 to 185 MWe. Average uncontrolled NO, umissions were 250 ppm.”

. SNCR provided an 80+% reduclion from uncontrolled emissions vl 3.5-8.0 1o NO, per
ton of clinker in a demonstration at a West Coast cement kiln. !

SNCR also has been commerciaily installed and demonstrated in Asia. For example,
an SNCR system installed on a 331 MMBewhr pulverized coal-fired industrial boiler in
Kaohsuing, Taiwan, in 1992 reduced NO, emissions from this front-fired boiler from 300 to 120
DL

Tn addition, SNCR has been cummercially installed throughout Eurupe, Installations
include coal-fueled district heating plant boilers, electric utility boilers, munieipal waste
incinerators, and many packaged beilers.

P merrerzor Selective Non-Catalytie Reduction (SNCR) for Controlling NC, Emissions
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For example, in Germany, commercial SNCR systems installed on municipal waste
ineinerators in Hamm, Herten, and Frankfurt reduce NO_ emisaions 40-75% from basclines
of 160-185 ppm. SNCR also has been ingtalled on more than 20 heavy nil-fired Standardkessel
packaped boilers,

In Sweden, a commereial SNCR system on a 275 MMBtu/hr eoal-fileled, stoker-fired
hoiler at the Linkoping P1 district heating plant reduces NO, emissions 65% from a haseline
of 300-330 ppm. At the Nykoping demonstration on a 135 MMBtwhr coal-fueled circulating
fluidized-bed hoiler, SNCR achieves a 70% NO, reduction from a 120-130 ppm baseline.
Demonstrations of SNCRE, in addition te municipal waste incinerators and wood- and coal-
fueled district heating plant boilers, included a pulp and paper mil} kraft recovery boiler, where
a 60% reduction from uncontralled emissions of B0 ppm was attained.*

To meet new environmentsl demands in Eastern Furope, SNCR systems wers
commercially installed on five coal-fired industrial boilers in the Czech Republic since 1992,

Are there applications for which SNCR is particularly suited?
Yes. Some applications have combinations of temperature, residence time, unit

geomeiry, and mneontrolled NO_ level which make them well-suited for cost-
effective reduction of NO_hy SNCR.

Certain applieations are technivally well suited te the use of SNCR. These include
comnbustion sources with temperarires in the 1550-1950 °F range and residence times of one
second or more, examples of which are many municipal waste combustors, aludge incineralors,
GO boilers, and circulating fhuidized bed hoilers. Furnaces or boilers with high NO_levels or
which are not suited to combustion contrels, a.g., eyclons or some wet bottom boeilers and
gtokers and grate-fired systems, alse are good candidates for SNCR.

Other applications are well suited to the use of SNCE for econumic reasons. For these
applications, controls with minmized capital cost, even at the expense of somewhat higher
operating cogts, will be the least cxpensive to operate. Applications mecting these eriteria
include units with low capacity facturs, such as peaking and cycling boilers, vld units with
short expected service lives, and units requiring limited control, e.g., additional “trim” beyond
combustion enntral or seasonal control.

How much does SNCR cost?

The capital costs of selective non-catalytic reduction are among the lowest of all
NO; reduction methods. Recent innovations in the control of reagent injection at
commercial SNCR systems make SNCR operating cosés also among the lowest of all
NO, reduction methods.

SNCR is an operating expense-driven technology, so that the absolute cost of applving
SNCR varies direetly with the NOQ, reduction desired.
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Typical SNCR eapital costs for uliity applications are $5-15/kW vendor seope, which
corresponds to & maximum of $20/kW if balance-of-plant capital requirements are included.
For example, the total capital requirement for the commereial installation of SNCR at New
England Electric’s Salem Harhor Station (three pulverized coal-fired boilers) was $L5/KkW?
Similarly, total capital requirernents for Publie Service Electric and Gas’ Mercer Station unit
2 and B.L. England Station unit 1 were $10.6/EW and $15/kW, respectively® Southern
California Edison reported an even lower capital requirement of $3/kW for installing “urea
injeetion™ on 20 units totaling 5600 MW,

) In the industrial sector, SNCR capital costs have been on the order of $800/MMBtu/hr
(equivalent te $%kWe on an electric utility beiler) for CO boilers, industrial power boilers, and
waste heat boilers. Waste-to-energy plants and process heaters typieally require
$1,500MMBtwhr (equivalent to 315k We).

For similar sources, the installed capital cost per unit of vutput {e.g., ¥kWe) decreases
with source size, ie., tolal capital outlay inercases less than lnearly with increazing boiler
capacity

Given such low capital requirements, most of the cost of using SNCR will be gperating
expenze. & typical breakdown of annual eoata for utilities will he 15% for capital recovery and
86% for operating expense. For industrial sourees, annual eosts will be 15-35% for capital
recovery and 65-85% for operating expense. For an operating expense-driven teehnology, little
cost will be incurred if the source is not eperating, and cost effectiveness (the cost per ton ol
NQ, remaoved) will he relatively insensitive to capacity factor or duty eyele. This makes SNCR
attractive [ur seasonal control of NO, emissions. (For capital-intensive lechnologies, cost eifec-
tiveness hecomes worse with decreasing capacity factor.

Demonstrated cost-effectiveness values for SNCR are low, ranging from $400 to $2,000
per fon of NO, removed, depending upon sile-specific factors. For example, the cost
effectiveness of SNCR at New England Electric's Salem Harbor Station unit ¥ is $670/ton. '
The SNCR system at Public Service Electric & Gas Mercer Station has a eost effectiveness of
$701/ton, and that at B.L. England Station, 3937/ton."* The wide range exists because of
differing eonditions found acruss industries. For utility beilers alone, coat effectivensss varies
with factors such as unenntrolled NO, level, required emission reduction, unit size, capacity
factor {or duty cycle), heat rate (or thermal efficiency), degree of retrolil difficulty, and
economic life of the unit.!”

For many utilily beilers, SNCR and eombustion modifications have similar cost
effectiveniess. The reported cost effectiveness range for stand-alone use of SNCR on eoal-fived
units has been reported as $500- 1, 100/ton, while that for combustion moedifications of all types,
as $200-1,000'0n.

Of primmary interest to electrie urilities is the cost of pollution controls per unit of
electricity generated, expreszed on a buskbar basis (mills EWh). Far SNCR, the busbar cost
vartes directly with the amount of NO, to be removed. Costs range from less than 1.0
millslWh for “trim reduction” on a coal-fired unit or RACTlevel reduction on an oil fired
unit, to 3.5 mills'kWh for a 75% reduction on a unit with uncontrolled emissions greater than
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11b NO/MMBtu."” A commereial installation of urea-based SNCR on & New England Electric
unit has a hushar cost of 2.7 mills/kWh, and a cost effectiveneas of approximately $1,000/on.
(To convert the bushar costs of SNCR to a vost increment relative to fuel price, 0.5-3.5
mills’kWh is roughly equivalent to $0.06-$0.35/MMBtw.)

lonavations in SNCR control systems and continuzed system optimization during
operatton have reduced reagent usage at commercial ingtallations, thus decreasing operating
costs further At one coal-fired utility beiler, a control upgrade, including continuous ammenia
and temperature monitors, improved control hurdware and software, and additional injector
pressure controls, allow over a 50% decrease in rengent use from baseline levels.™ At a second
coal- and oil-fired unit, system optimization after start-up has lowered reagent consumption
35% below predicted levels.” Given that reagent dominates SNCR operating cost, such large
reductions in reagent use translate to significant reductions in operating cost.

What about ammonia slip?
Ammuonia slip, or cmissions of ammenja which result from incomplete reaction of
the NO, reducing reagent, typically can be limited to low levels.

Ammonia slip may result in one or more prublems, including:

. Formarion of ammonium bisulfate or other ammonium satts which can plug or
corrode the air heater and other downstream components;

. Ammonia uptake by fly ash, which may make dispasal or rense of the ash
difficult;

. Formatien of a white ammonium chloride plume above the stack; and,

- Detection of an ammonia odor around the plant.

Ammonia ship is controtled by careful injection of reagent into regions of the furnace ur
other sourve where proper eanditions (temperalure, residence time, concentration’ for the
SNCRE reaction exist. If lhe reagent is injected into a region where the temperature is too low
for the NO,-reducing reaction to occur in the available residence time, then some unreacted
ammaonia will be emitted. Further, if reagent is injected in such a way that some regions of the
furnace are avertreated, the excess reagent can lead to ammonia slip. Thus, it is critical that
the SNCR injection system be designed to provide the appropriate reagent distribution,

While the diffieulty in controlling ammonia slip will vary from application to
application, slip generally can be eontrolled to less than 25 ppm at the stack (see Appendix A},
At many commercial installations, particularly in clectrie utilities, ammonia slip has been
guaranteed to less than 5-10 pprm upstream of the air heater on SNCR systems to meet the
requirements of awners or permitting authorities. This is 2 far more stringent criterion than
stack emissions. In any case, ammonia voncentrations at ground level will be well below
thrasholds for both udor and toxieity.
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Control system upgrades and process optimization after installation can lower slip
below guaranteed levels. Thusg, al, a commercial SNCR system on a coal-fired hoiler; improved
controls have lowered ammonia slip from 10-15 ppm to below 5 ppm, and have reduced
ammonis an the fly-ash by hal( ™

tse of in-duct SCR downstream from SNCR also increases the applicability of SNCR
ta ammonig-sensitive units.

Does SNCH have other limitations?
As do all pollution conirol technologies, SNCR has limitations which must be
understood in order to use it properly for the control of NO_ emissions.

Hipgh temperature and eritical NO, concentration. As temperature increases, the
“eritical” o equilibrium N{, concentration at a given oxygen concentration inereases. At high
enough temperatnres, any reduction of NO_ to below the eritical level by SNCR or oiher means
will be counleracled by the rapid oxidation of nitrogen to re-form NO,. For this raason, at
sufficiently high temperatures and baseline NO, level: below lhe crilical concentration,
[njectivn of ammonia or urea into the flue gas will result in inoreased NO_ levels. If, however,
the haseline NO, concentration is abuve the vritical level, NO, reduetion will result. For typical
coal- and vil-fired steam boilers, critical NO, levels ara 70-90 ppm (ea. .1 Iy MMBtu) in the
upper furnace.

Hiyh flurnace earbon monoxide eoncentration. High (O eoncentrationa can shift
the temperature window of the SNCR process. When 0 concentrations in the region of
reagent injection are abave 300 ppm, the eritieal MO level and SNCR reaction rate will
increage above what they would have been had little €O been present, as if the temperature
were slightly higher Therefore, in some furnaces with high CO levels, it is preferable to inject
reagent 4l lower temperatures to effect good NO_ control.

Carbon monoxide emissions. In a well-controlled ursa-bused SNCR system, the
verbon contained in the urea is fully oxidized to carhon dioxide. Novmally, steps taken to
eontrol ammonta slip impose suflicien! restrictions on reaction temperature to prevent
substantial emiszsions of CO.

Nitrous oxide (N,0) emissions, Nitrous oxide is a by-product of the SNCR process,
with urea-based systems typieatly producing more nitrous oxide than ammonia-based systems.
At most, about 10% of the NO_ reduced in urea-based SNCR is converted to nitrons oxide.
With proper control, the nitrous oxide production rate may be limited to significantly lower
lavels. Mitrous oxide contributes to neither ground level ozone nor acid rain formation, and
biogenie sourees dominata the atmospheric budget of N,O,

What are common misconceptions regarding SNCR?
Several commaon misconceptions have slowed the acceptance of SNCR by utilities.

Misconeeption: Asboiler size increases, SNCR efficiency decreases. As long
as reageni can be distributed, thare is no technical limitation to the size of boilers on which
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SINCR will be effective. This misconception arosc in part from the earliest axperiences at large
utility bailers in California. These boilers were equipped with low N{O, combustion systems,
had high furnace exit gas temperatures, and very rapid enoling of the gases in the boiler
convective regions, Low haseline NO, levels und rupid cooling led to low SNCR NO_
elliviencies and high ammonia slips. Inereased tachnieal knowledge and experience have
allowed better detineation of the Hmitations of the SNCR process, which sinee then has been
used to achieve over 60% NO, reductions on some electric utility boilers,

Tt may in fact be more difficult to distribute SNCR reagent in a large hoiler. However,
this challenge is being overcome with new injection aystems which enable delivery of reagent
acroas the boiler, as hus been demonstrated both in the US. and abroad. The largast
commereial installation to-date is at a 321 MW (win-furnace boiler.

Misconception; SNCR cannot be used on boilers equipped with low NO,
comhustion conirols. SNCR has been installed commercially on boilers equipped with low
NO, burners, overfire air, and flue gas recirentlation, and has been shown to operate effectively
with all of these technologies.™

Misconception: Use of SNCR on coal-fired plants resulis in fly ash which
cannot be sold and the disposal of which is expensive. The tendency of fly ash to absorh
ammonia 18 a function of many factors beyond the amount of ammonia slip. Ash
characteristies such as pH, alkali mineral content, and volatile sulfur and chlorine content help
to delerming whether or not ammeaonia will be absorbed readily by fly ash. In most applications,
properly designed SNCR systems will keep the ammonia slip levels low encugh so that the
salability of the ash should be unaffected.

Can SNCE be used in combination with seleetive eatalytic reduction (SCR)?
Hybrid SNCR-SCR systems have been demonstrated at a numher of utility plants,
and are heing commercially installed to meet post-RACT NO_ limits.

SNCE may be combined with selective catalytic rednetion (SCR). While achievable NO,
reductions using SNCR nermally are limitad by ammonia slip requirements, in a combined
SNCR/SCR system, ammonia slip is generated intentionally as the reagent feed to the SCR
catalyst, which provides additional NC,_ removal. The quantity of catalyst required in a hybrid
gvatem is reduced from that in an SCI-only application, so that the hyhrid sysiem will have
lowar eapital requiremnents. This hybrid approach has been demenstrated in several full-seale
utility applications.

For example, at two gas-fired utility boilers in Southern California, hybrid systems gave
emizsions reductions of 72-91%.% At a wet bottom coal-fired boiler in Mew Jersey, a hybrid
gystem reduced NO, emissions by up to 98%.%

A uiility in Pennsylvania is installing a full-scale SCR-SNMCR hybrid system on a 148
MW coal-fired bipiler. An SNCR system currently operating at that hailer reduces emissions
Irom 0.78 Ib/MMBtu to 0.45 Ib/MMBtu. With the insiallation of in-duct SCR eatalyst, the
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utility expeets bo further reduce NO, emissions to helow 0.35 I/ MMBtu, with less than 2 ppm
ammonia slip.®

What developments in SNCR technology are expected?
Efforts are in progress to optimize the combination of SNCR with other
technologies for controlling NO, and other air pollutants-

SNCR Combipation with Gas Reburn, Reburning under fuel-tich conditions
converts NO_ to reduced nitrogen-containing compounds.?” During burnout, which occurs at
lower temperatures than normal combustion, a substantial fraction of these compeunds are
converted to N, {with the remainder oxidized back to NO_}. Pilot scale demonstrations have
shown that conditions in the burnout zone are appropriate for SNCR.# Thus, reburn and
SNCR may be combined to achieve NO, reductions of aver 70%, and a full-scale demonstration
with the electric utilities is underway

SNCR Combinations for Control of Other Pollutants. Many sources must
cuntrol flue gas constituents other than NO,, such as 30, chlorides, heavy metals, and dioxins
and furans. It has been found that co-injection of a lime slurry with aqueous urea provides
cffective eantrol of SO, and chiorides, in addition to NO,® Wilh a reduction in chlorides, there
is an associated reduction in dicxn and furan emissions.® In-farnace lime injection has also
heen shown ta reduce emissions of heavy metals.™ Thus, the combinarion of SNCR and lime
injection has the potential for simultansous contral of NO,, §O,, HCl, heavy metals, and
dioxins and furans.

SNCR and Wastewater Disposal. [n many cases, the ability to tischarge wastewarer
into local streams, rivers, and sewers is restricted, with no discharge allowed in sensitive
locations. As an aceessory pollution control program o SNCR using ayuecis reagents,
wastewater can be disposed of by injection into a furnace or other combustion source with
simultanecus eontrol of NO_ The dilution or “mptive” water needed to Inject urea reagent
ranges from 100-500% of the reayent flow. For larger sources, such as utility plants where 500-
1000 gallons per hour reagent could be usedl, typical dilution water use 1s 1000-3000 gallony
per hour or 20-85 gallons per minute, thus offering a significant opportunity for maintenance
of plant water balance or wastewater minimizaticn.

How cun SNCR be used to best advantage?

The features of being a low hazard, low capital cost, expense-driven technology
that requires little space and little unit down-time to implement suggests varions
appropriate uses to comply with U.S. clean air regulations.

Beyond-RACT Controls for Ozone Attainment. States not meeting the ozone
National Ambient Air Quality Standard after applicarion of RACT controls will require preater
NO, reductions from sources within their borders. Many states presume that these reductions
wiil e hased on the addition of post-combuslien controls, including SNCR. In same cases,
SNCR could be retrofit to units that already have implemented combustion modifications.

——
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Where SNCE has been used to meet RACT limits, the reapent use rate could be increased to
meet new, lower hmita.

Seasonal Controls for Ozone Attainment. In a seasonal approach, NO, reductions
beyand RACT would be required only during the warmer months when ozone exceedances
normally occur. For example, the states of the northeast Ozone Transport Region have
committed to a plan calling for control of ozons precursors only during the May-September
nzone season to belp meet regional ozone attainment goals. SNCR is particularly well-suited
for seasonal control in that it may provide deep reductions in NO, emissions, but incurs little
coat when the system is not in use. For urea-based SNCR, the incremental cost of control
during the ozone season would be on the order of 30.30/MMBtu on a unit without low-NO,
burners, expressed as a fuel cost adder relative to the “off” season.

Aeid Rain Control. Under the acid rain provisions (Title TV} of the Clean Air Act
Amendments, NO, limits for Group 2 coal-fired utilily boilers, which include cyclones, wet-
bottom wall-fired boilers, cell-burner-fired bailers, and all ather types of hoilers, were
promulgated in 1996 based upon the capabilities and costs of available eantrol technologies.

Commercial applications of SNCR now cxist on eireulating flunidized bed boilers, stokers,
and cyclone and other wet-battom boilera. Although SNCR has not been demonstrated on a
baiter fired with cell burners, there is no technieal reason significant NO_ reductions could not
be realized froem this beiler type.

Overcontrol. The low capital cost and ease of retrofit of SNCR snggest its use a3 an
add-on to other NO, contrnl technologies to provide overcontrol, or control to below permit
limits. Overcontrol can be useful where the marginal cost of control on one unit is lower than
on other units, and where averaging or irading emissions or emissions reductions ts permitted.
Averaging provisions of state NC, RACT rules, the Regional Clean Air Incentives Marlket
(RECLAIM) instituted by the California South Coast Air Quality Management District, the
acid rain NO, rule, and proposed rules for generalion of emissions reduction credirs™ all
authorize stratepies based on overcontrol.

fn an overcontrel strategy; a second SNCHR sysiem may be used to provide insuranee:
if the overcontrolled unit in averaged group is foreed out of service, the insurance system is
available to provide the requisite emissivns reductions on & second unit. When the
overcontrolled unit is in service, the cast of the insurance SNCR system ic limited to a
relatively low capital charge,

BACT/New Souree Controls. SNCR has been utilized to fulfill best achievable
control technology (BACT) requirements for new stoker units in Maine, Vermont,
Massachusetts, Connecticut, and Virginis, among other states. In Narth Carolina, a new
pulverized coal-fired unit was permitted recently with SNCR o meet a 0.17 Ib/MMBtu NO,
emission limit.
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APPENDIX 1: Selected Applications of Urea-Based SNCR, by Industry

COMPANY/LOCATION UNIT TYPE SLZE FUEL NGO, BASELINE | REDUCTION

(1.4 (MMEBim/hr) (pom) (%) (3]

Wood-Fired [PP/Co-Gen Plants

Elaclr & Vaatch o Stoker 440 Biomase lad B0

(rrayling, MI

Hietra Pacific Cell-fired @130 Blomass 200 4857

Lincain, CA

LFC {Grate-fred 190 "Blomasy, 170 35

Hiilnan, MI Tires

Kenetech Enarpy Hrley Stnkar 230G Wood 210 47

Fitehbure, Ha

Alternacive Bnergy, e, Firm Stoker S0 Woend 128 ]

Cadillag, MT

Alternative Energy, Ine, Zura Slaker A0 Wood 125 an

Liveruore Fails, ME

Alternucive Energy, [ne. Zurn Stakar 800 Wood 195 ai

Auhland, ME

Ryegate Powor Station Hiley Staker 200 Wood 0.2-0.3 45 30-00

Byagace, VT

Zachry Enargy Riley 3toker JEn3a0 Waad D204 aa

Hure, va

Heney Lake Power Sroleer-frod 4K0 Waod 140 34

Supanwille, O i

Lltrasystema Cre 280 Wiad 1ab T

Fresou, A I

Vankew Broergy Grate Tvme 180 Wood Wasts T™-130 15.78

Dinuba, CA (g8 )

ABB QOkesianta Cirate-Aved BE0 Eamazza, 0304 4} 40-50

Qlkealanta, TT, Stoker Warwt, Coal

ABE Gs=ranlz: (rrate-fired B6&0 Bagraeee, 110-200 L]

Ceeanla, FL Etoker Wood, Coal

Black & Veatsh ABB-CE Etoler 473 Wood EFREY S

(zenegeon, ]

Mehdiflan Bloede] EFI Fluid Bad 291,000 #hr | Woud Wasie, 1{H) 42

Clarien, BA Combustion staa:n Hag Fusl
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COMPANT/LOCATION UNIT TXPE SIFE FUEL N, BASELINE REDUCTION
{11,033 (MM Btu/hrd (ppm) %) 2)
Utilicy Beilers
NEPLCO Unit 1 Front-fired A4 MW Coal L0z=0.1404} -G {5}
Salem Harbkor, M1A
NEPEI Unit 4 Frant-tired 84 MWe {iaal 1.0%0.1 (4) -EB iG]
Salern Harher, MA
MEPCO 1nit 3 Front-Arad 1568 Mk Ciom] Tkl (4 ~56 (5]
Sulem Harbor, Ma
WEPCO Valley Power Flt. Wedll-fired ™ MWa Caal T25 G4l
Milwaukes, W (.[3
LILCO T ired 185 Miva il 250 a0
Tort Jeferson. N 1
b)) T-fired L& MWe #6501l 0.354 04} ga0
Miagara Mohawlk i'rone-tired 250 AWe #4 Cnl 430 B0
Ccwrems, KY A H)]
Atlantis Hlecrrme i3 units) Cyelnme 138 MWe i lnal L3Lid) 31
Maye Landing, 1.1 Cyclone 160 MWe Coal L£014) KL
T-fired 160 MWe #5 £ 0,31 (4] a5
BEWAD Trwur 150 LlWe Hewavyr il F00-2I5 BO-Ti
BEWE C2 Tfired 5 AWe Bouwir Conl 150-173 40
EWE I T-fired 150 hWe Bruwn Coal 2L 50 G}
PAE&E af New Jersey Wall- Fired @20 Mve Pulverized Ay i
Marcer Statien) Wet Buobivm T-win Futhacs Caoal, Gus
Easterrn: Tlidities Tilting T-Fized 410-1120 Coal, Gil 0.48-0.5% 1) 28-60
Somarast, hid Reiler
MNYSEG Milliken (DOE) 8 ToFired, 150 bTWe {loas, (il ET7-0.4 {4} 30
iihiken, MY iy LMCFS A
Warshanaat Utilities Norwwlk Harbor Seacion | OF Twin '[-ared 172 MW il =04 (4] =25 (4]
Morwalk Markor, OT 182 MW
Praoalee Heward #15 O Tired 1147 Tl 0.78 141 =045 14
Zwwnrd, PA
Dhlmarva Power T-fired Ad Mve Coal .34 L) M
Wilming-an, DE
Tira Eurners
reford Energy Girate-ired &@1T0 Tires an | an
Seatling, CT
Oxdord Enecgy Mowing Grate T8 Tires &4 a0
hWedeara, Ca (D Inenetacor
Chewton Glen Energy [Frate-fired 240.00 Shredded G.:0G 4] 0
Tires
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COMPANY LOCATION UNIT TYERE 5IZE FUEL NO, BASELDNE | REDUCTION
(10430 {MMEtu/hr) (ppm) () L
Pulp and Paper Industry
E. D, Warren CE ann i, Bark, 255 1)
Skewhersn, ME Grakefrad Biuvmass
B H. (Hacfelter Sludge 60 Paper aT0 50
Meenah, WI Combustcor Sludgs
Grarden State Paper Front-fired T2 Papar 253 0
Gerfield, NJ Ind. Boiler
Gurden State Paper Front-fired 172 Fiber 374 ag
Gartield, MNJ Ind. Boilar Waate
EBoiza Cascads Hydrogate 185 Barl, 1317-154 bt
[nternational Falle. MM (I Htalker {Gug
Hodra Skegragarna Hacavery 500 Black 50 Bl
Swedcn )] Boiler Laquor
T.P Manonite Trwerpak Boiler 204 Wood Wastia 0.4 (4] 33
Towandn, PA
Fotlacl, Wellons 4-Ceil 22 Wond Wasre 03004} ar
Bemidji, M Bailer
Jetferson Smurti CE Grate-Fired el ) Cnal. Bark. 0.55-0.70 (4 <45 (4]
Jacksomlle, &l il
Minergy Fox Valley B&W Cyelona 150 Paper Sludge, 0.8 43 7
Merniah, W1 Natural Gas
Refinery Procesz Tiily und Industrial Boilara
M A PO Patrolew Battem-fired ETY Refinery Cas, 5 G0
Memphis, TV Proecss Hir Wiz
MAPCD Perpvleum Bottom-ficed an Nefinery Gas, 655 al-T3
Memphis, TN Procesa Hrr NG
Powerine Package Boiter 1-32 Refinwry 105 60
Sanca Fa Springe, (A Fuel Gaa
Powarna £0 Baoler 4153 Relinery 105 Gl
Santa e Zprings, CA Fuel Gas
ahil {3 7 - ITHSG 830 Refinery Gas T3 Gl
Pauigboro, NJ
Mnohil Gl 20 Boitor Gl4 Refinary (as tHl B
Torrance, CA
Shwed] il 0 Boiler ]2 Refinery Goy 220 K3
Murtinez, CA
Totel Pelrolews 00 Beiler 247 Befinery und 1244 57
Alma, MIE Nulurul Fas
4 nemueor Selective Non-Catolytic Reduction (SNCR} for Controlling NO_ Emissions
[QAC 5. Page 19
COAPANIES




COMPANY/TOCATION UNIT TXTE SIZE FUEL N BASELINE | REDUCTION

(10(2) (MMB T} (pm) (%) (3)
Mabil il Idzcehi Mackaps Bmler 260 Yac, 'lowsr
Yanbu, Sandi Arabia Nottrms,

Propane
AENCCY R0 Kiln Calniner Potrolourm 26 a4
Los Angelea, CA iy HR3G Colen
THCHCAL Caleiner Petroleum 43 b3
Santa Muria, CA (I HRZC Coka
UNOCAT CO Bailer 404y Hatinerr (zas 140 BEH
l.om Angales, (14 L E)]
Chemical Indoatoy
Morth Arneriean Chemicat Corp. T-fired 2375 MWe Coml 200 40
Tronn, CA
Forraoes Plastiog Front-Srod . 331 Coal 200 Al
Eaohsiung, Tedwun
Miles, Ine Curbon Furnece L6 Chemical 130 33
Kanaas Cicy, MO Aftarburner Waste
BF Chemicalz ADG Incin. a4 Waste RN gl —
Lresen lake, 17X (I E[TLS0: (zas
81" Chamicals 3 units) BLMr Incin. 185 Arenther (37 EHE 50
Green Lake, TR HE3 390 Gos 238 an
238 an ah
1lb five gas/hr)
Cani-Fired Indusloed and (PP Co-Crenerution Bolders
Cagoprrix CF Stoker 2B MWe Coul 560 40
Ricomona, VA
Ilichigen 3tate Univ. CFB 440 Coal @47 a7
fasgi Langzing, M
Standard kezzal Hackamed N 1Taavy (3l TOO-AMN g Mm® -7
Firetube 1030 MW
Stralpemics Wall Fired, Qi@ 36-d0 Lignite, GO0 mgMm? alr
Grale Fiped Brown Coal

Tekniskaverken Sroker 27a Lo B00-350 65
Linkeping P1
Teknisiuverken Staker Woag i) 50
Linkomng [*4 m
Nykopmeg (I 135 [Tzl 120-130 mn
Far Eaz; Textiies Skoek Hoilar 190 [nal S50 @ 6% 5.1
[Teshpn, Taiwan
Bonasn toeter-Whaeeler! 145 Coal 184 6700
Hunteville, 302 Prrogower CTB
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CONPANY,/LDCATION ITNIT TYPE SIZE FUEL N0, BASELINE | REDGCTION
10,42} (MMBin/hr) {ppm} (%) (3)
Hilay 1Ttrasyvetems IT Eiley Front- 5US Fulverizad 053 {43 al
Weldon, M Firad Cnal
General Electric B&W Packaged 236 #46 ()], Gas 0.38-0.5L {4} &0-50
Eynn, MA o D'Type
NFT GrubH Fira Tuha S@10-20 MWe | Heavy 04l T00-E00 mpMm 40-50
Package Boilers

Municipal Waste Combustars
Mew Hanowar County Volund MWC 108 AEW 300 G
Wrightsvilla Thestch, NC
Hamm Moving Grute @5a8 BIEW 170 41
Cratrmany
Herten, Moving Crate LR MEWw 1548 g0
rerruany
Franifurt Maving {3rate LGEE0 Maw 17¢ T
Cermany
SEMASS Biley Stoker 376 MEW a0 50
Rochaster, WA
Fmmenspits Moving Grate 1 MEW a0 63
Fuchwdl, Swrirgeriuad T}

(D] Dwecraic Ebokar 137.3 AMEW 1i0 E0
Uity of Barlin Moving Graca AKTEW LG &0
Berlin, {Ferimny (I

I | Zurn Steker 167 Maw 275 15
Tekniekaverken Maving Grate MEW
{Farecad b b)]
American Ref-Fuel Rilay Grate R4 14 RDF MEW S0 11
Miagara Falls, NY
Connacricur Rasoures Recovery Authority CE Vi 40 328 RDF, Coal 0.33-0.52 i) 26-40
Hartford, CT
Mantenay Resource Hecovery Facility Sleinmuller Higag0 0386 14) (1)
Mantpemety, PA MWC
Ruobins Reaource Recovary Facility Foster-Wheeler 2309 (.38 (4} 4473
Robbeme, 11, CFEB
Ewung Myungz Steinmuller 25A MW o ga
Horaa MWC
D Cunderas WG MW, 20r SEO @1ER O, G
Cremona, feafy
Ravens, [taly ATWC 45,000 Nm'ihr MEW 400 B2.0
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COMPANY/LOCATION UNIT TYTE SIZE FUEL N, BASELINE RETHICTION

(L1, 02 (MM hr) (ppm) () (83
Fort Laowis BIWC &0 tona/duy MSW 230 BT () £a
Preoasa Lnics
Alcan 12 unical Decoater! 30,000 (b (3ap H0-130 B0-A0+
Berwa, KY Aftechutmer eansg/hour
Adlis Mipemls Raotary Kiln 11 Paper Sluodge 0.48 (4] 87
Cai Creel, WI Incinerator
Rollins Eoviroomentu Hazardous 185 Chlorinatad G020 15-51)
1laar Hark, T% i Waate Chetnical

{ncinerator Waser, Soil

Selasg/THTF Siael Annealing P Matural Gan 105 65
Banehe Cucamonga, Ch Furnare
Cement Kilne
Asn Grove Ceront Pracaleinar 160 tonyg sulids Coal, Gap J=n-g00 Iehr w30
Seubtle, WA I hr

i1
Phases.
(2
t:3]
(4] (/MR L
i Actual imit = .35 BMMELL

ATl units listed are ssmumercied nstallations, unlesa otherwise indinaced. Commarcial includes uiits in the design and installation

Canparyy Lecations which are not named are requirements vl Cunddeadality Agrestoents. ([3) Dencies “Demunstration.”
N0, Reduction walues are not necersarily tha limit of the rechnoiogy These values may be the guarancesd limits.
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APPENINX 2: Selected Applications of Ammonia-Based SNCR, by Industry

— _
COMPANY/LOCATION UNIT TYPE BIZE ¥IIEL NG, REDUCTION
(1) (MMBiwhr) BASELINFE. () {3
{ppm}
Stoker-Firad and Pulverized Coul-Fired Bojlers
KWW Pualverized Coal 2450 Coal 00 &3
Maing, Germany
ETHAG Prlverized Caal 453010 {oal 250 oo
Herne, Germany
Showa Thenlon Pulverized (lnal 1300 Coke 3la g7
Dity, Japan
Modesato, (4, Stakey Fired 2E304 Tires Nia 78
Atuvista, V4 Btokar Fireyg 2380 WoggiCoal 421 50-65
Hopawel], V4, Stoker Fiqed 2izaas Caal 324 24-606
Bruena Wists Staker Fired ABES Coal Jird 54-56
Cuel-Firad Bailers
et Krattwarle 4.0, Crelone 720 Cluaf a8
Celazankirchey, CGermany
Eruftwerka WMaii Cyolone 2433 Coul Hi
Viteshaden/Deutache Habroeyk Anlagen AG
Garmany
Narcheasr Utihties Cieclana Coal
Merrimuack Station Unit 1
Bow, New EHlampyhire
Rie Brave Jasmmiy Circuiating Fluaid 39 Cloal B
Bio Brava, OA Brd -
Rio Brawe Poso Cirenlating Flud 391 Coal Bl
Hie Hravo, G4 Bud
Zrackton Cogen {firewaling Floid g2t Coal MrA
Staelkton, A l Bad
dtaker-Fired Wood. Pusled Esilers
SAcramento, 4 Stoker Mred 164 W] 220 aq
Lang Beach, €14 Ztoker Fired R Woud 225 10
Yarra Bella, 4, Staker Wrod 1548 Wound Log E
Burney, CA Stcker Fired 2rm4TE W] 118 aa
Bhaeta, OA Etoker Fired 34 803 Wiood a0t 40-32
Buzandlle, 4 Shuier Fired AN Wand 130 a8
Tracy, CA Atoker Firad ! 275 Wnod 3L i)
—ru e —— e ——— ——— s e e -— )
2 wsTremRor Selective Non-Oalalvtic Reduction (SNCR) for Cantrolling NO_Emissions
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COMPANY LOCATION UNIT TYPH KIZE FUEL N, REDULCTION
(1] (MRt ) BASELINK () (2}
{ppm}
Erawlay, T4 Staker Fired 240 Wil 400 1)
Circulating Fludized and Hubbling Rad Tnilers
Chinesa Station, Ca Bubbling Bed 231G Wund 125 20
Frasno, CA Fluidized Bed 260 Wood 120 6
Idendota, CA Fluidized Bed 346 Wond 120 g0
Woedlund, CA Fluidized Ted 320 Wood L20 TG
Eocklin, G4 Fluidized Red 340 Wood 120 i)
El Mido, A Hubihling Red 175 Woord
Chowila, A Hubhling Ted 152 Waond
Madera, Ca Bubhling Bed daa Wood
Pogg, CA Fhiidized Bed 394 Coal lal) a0
Jusmine, G4 IMizidized Red 2494 Coal Laf 80
Colmnee, CA Blvidized Hed F80 rokal Cnal
[2 uics]
Ftockion, CA Fhridized Bed a0 Coal
Combustion Mower. CA Finidized Bad Coal, Coxe
MMumeoiple Solid Waste [ncineracnrs
Commerce 0G0y 200 a0
Long Beach, CA b ER R 3] 200 T
Slunisluua County RimL0n (3 00 a7
Uniy "&L" TR0 320 65
Minzeapoliy G0N (T 240 ]
Fpukagw FEA00 (3 300 15
Munich, Germany 00 () 150 0
Huntington, Lung Island JiEABD () 350 &0
Fayes County I@TTRC 180 i
Bremerhaven, Germuny
TInion Councy Am4an on 250 T
Vapoat, Shidge, and Hezardous Woste [neineralera
{iareon, OA 2wl Hludps S50 33

(o [OF: i
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COMPANY TOCATTON LNIT TYPR SIZE FUEL NG, REDUCTION
(1) {(MMBiw/hr) BASELINE (%7} (2}
{ppm}
Deepwater, NJ Zils Eludpre 265 17
Gaviota, CA 0 Vapar 115 T
Gladerone, Austrelia a7 Vapar 2000 g1
Grermvaky Vapar
G- gnd Oil-Fired Indusirial Haflers
TEE 214 hlizas 30
Eawassld, Jaran
T3K 1135 il 3as a7
Kawasaki, Japan
TR 1135 Ol s 55
Kawagalki, .l[apan
Mirsv§ Peerrchernical 340 [kl a3
JApAn
Trnen 40 CiOGas an
Kawasnii, Jupan
Chanselor-Wescern Chl 3 Cmde a5
Z2unta Fe Springe, (1A
Chumplin Pecroleum Ol s [e3]
Wiinmngran, (23
Mohawk Petralenm "? unira] il Cas G0-70
Hakearaffeld, CA :
Ckehard Refineysy 18.3 Criede 30
Card, CA
Sanra B Bnerey AE1an Crude
Sanca Fe Soringz, Ca
Setry Ol Conde
Califarnia
TEK aTd l/Gas Lits]
Kawagali, Japan
Goldan Weet Hefinory &0 Co TG
Banta Fo Spel, TA
tzlaes Melting Purnucey
DPME Endustries 130 (Gas =L
Fresno, CA
LO (Flase FLE Gz Ol al
Fathrop, Ca
AGF Indusiries 125 s G1
Los Anpalse, 04

. st or Seleotive Non-Catalytic Reduction (SNCR) fbr-Euf;zmHing NO_ Emissions
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COMPANY/LTOCATION UNIT TYPE SIZE FUTLL NO, REDUCTION
(1 (MMBLutr) BASELINE {%) (2}
(ppm}

Jiemu Bovr, & GAF 24 Gas 0
Iraindate, CA
SHOTT
Germany
(¥l and (7ap-tired Hearars
Tonen 515 and 190 Gas 63
Fawosld, Jop
Eyoluto Perreleuw ZE 250 CiliGan 51 to 33
Chika, Japan
Chumplin Petroleum 527 zatal Oil/Gas 50 to b0
Wilmingtan, CA [13 umits]
Mehawk Petroleum 4T wlal OfifZas Al en T
Rakersfiald, (34 [4 umuts)
Fletcher (6l and Refining 47 zatal Gas 43 o 65
Wilningron, CA [2 units|
Independant Valley Eaergy 165 toeal {ras 63t T
Bakerafield, CA 14 wiita)
Chevrzn Beasarch 315 Gas HY
Ban Franciaco, CA
Monsanto il ] 43
Carzon, A
PO Industries Glasa Furnace 163 Gios il
Frasma, A
100K {Hake (iiase Furnace 200 Gaa/thl 51
Stocliton, CA
Mendoza Biontass Cire. Fluid Bed 349 Whed T3
Mendow, 04
Roeledin Cire. Flid Bed 30 Wiod H-
Rocklin, G4
3lerru Eovr und GAF Glegy Furnace 26 {as T
Irvindate, CA
SHOTT Glass Furnace G
Crermany

o All aniby Disted are conagervizd istaliations, unicss atherwize indicated. Commerrial ineludes onits in tha design and instellution

piiases,
P2 NG, Reduction values are the muaranceas,
1] Tonaiday
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