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BEFORE THE ILLINOIS POLLUTION CONTROL BOARD
IN THE MATTER OF:

ROS8-19
(Rulemaking — Air)

NITROGEN OXIDES EMISSIONS FROM
VARIOUS SOURCE CATEGORIES:
AMENDMENTS TO 35 ILL. ADM. CODE
PARTS 211 AND 217

THE ILLINOIS ENVIRONMENTAL PROTECTION AGENCY’S ANSWERS TO PRE-
FILED QUESTIONS BY THE ILLINOIS ENVIRONMENTAL REGULATORY GROUP

NOW COMES the Illinois Environmental Protection Agency (“Illinois EPA™), by its
attorneys, and pursuant to the Hearing Officer’s Order dated June 12, 2008, respectfully submits
the Illinois EPA’s Answers to the Pre-Filed Questions by the Illinois Environmental Regulatory
Group:

1. The Technical Support Document, at page 5, and again at page 38, describes the NOx
reductions that could be achieved by switching to other fuels. In formulating its proposed
rule, did the Agency intend to force affected sources to switch fuel sources to achieve
compliance?

It is not the intent of the Illinois EPA to force affected sources to switch fuels. The
information provided on page S of the TSD is general information regarding NOx
emissions generated from the combustion of different fuels.

a. To what extent does the Agency expect fuel switching will be required to achieve
compliance?

Fuel switching is an option for industries to consider. The Illinois EPA
believes that industries will determine the most cost effective approach to
compliance.

b. To what extent did the Agency consider the availability of alternative fuels?

The Illinois EPA considers the fuels mentioned on page 5 to generally be
available, although we have not performed a source-specific review.

C. Does the Agency believe that it is technically and economically feasible for a
coal-fired boiler to be converted to used oil or natural gas?

Such conversions are technically feasible and have been implemented in
Illinois. The feasibility of such conversions is an economic issue based on the
cost of conversion and the relative costs of coal, natural gas, and oil.
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d. Would such a converted boiler then be subject to the more stringent NOx
emissions limits applicable to oil and gas boilers?

That is not the lllinois EPA’s intent. The converted boiler would be subject
to the emission limit based on the fuel used prior to conversion, provided that
the conversion occurs after the effective date of this rule.

Table 2-la of the Technical Support Document, at page 6, lists the "Emissions
Requirements of Proposed Industrial and Small EGU Boilers RACT Rule." Has the
Agency made any determination as to whether the Illinois units affected by this proposed
rule can achieve the emissions limits listed in this table?

The Illinois EPA believes that control technologies needed to comply with this
proposal are reasonably available and cost effective.

Did the Agency consider the federally approved NOx RACT emission limits from other
states for similar affected units when it formulated its proposal?

Yes.

The Agency'’s Technical Support Document, at page 12, states that circulating fluidized
combustion boilers range in size up to 1,075 mmBtu/hour. Is the Agency aware that the
largest such boiler affected by this rule is nearly twice that size, and that there are other
such boilers which are greater than 1,075 mmBtwhour?

The number being referred to was intended to describe “typical” sizes for industrial
boilers. As noted below on that page, CFBs are larger, especially for utility boilers,
The largest CFB boilers in the world currently in operation are on the order of 300
MW, or about 3,000 MMBtu/hr.

a. Were the above mentioned large boilers considered in determining the emission
limits contained in the proposal?

Yes. CFBs, even large ones, are capable of achieving under 0.10 lb/MMBtu.

Table 2-2: Data from Cleaver-Brooks Study, on page 14 of the Technical Support
Document, provides information on NOx emission rates for gas-fired boilers
predominately in the size range of 7 to 33 mmBtw/hour {one boiler had a size of 89
mmBtu/hour). It is IERG's understanding that the Agency is not proposing to establish
NOx emission limits for gas-fired boilers in the size range of less than, or equal to, 100
mmbBtu/hour. Is this correct?

Yes.

a. If so, how was the data in this table used to inform the Agency in the setting of
NOx himits for gas-fired boilers larger than 100 mmBtu/hour?
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The information on Tables 2-2 and 2-3 (from the same source) was not used
directly to assist in forming an opinion on the emission limits for boilers
larger than 100 MMBtu/hr, because there is other data that refers to boilers
larger than 100 MMBtu/hr. However, the data in these tables and in the
reference document has implications for such boilers (especially gas and oil
fired). Certainly, it demonstrates that the emissions limits of the proposed
rule are technically feasible. One of the units on Table 2-2 is of a size
approaching 100 MMBtu/hr. And, it is generally more difficult to achieve
low emissions on a smaller boiler, as there is often less space available for
modification of combustion controls. As shown on the table, the lowest
emissions are achieved by the largest boilers. In fact, the reference cited has
a longer list of retrofits than shown in the TSD, and includes a retrofit much
larger than 100 MMBtu/hr that achieves emissions levels below 0.01
Ib/MMBtu on gas (see #23 which is a retrofit of a 184 MMBtu/hr boiler).
See, Attachment 8 to the TSD. So, this data certainly demonstrates that the
emission limits in the rule are technically feasible. In fact, as cited in this
reference document by Mr. Willems, the Vice President of Product
Development for Cleaver Brooks, other locations have adopted emission
limits far stricter than what is proposed in Illinois:

“Finally, the San Joaquin area air district in CA took this approach about two
years ago and reduced their limits to <9 ppm NOx (0.01 Ib/MMBtu) for boilers
over 20 MM BTU/hr and <15 ppm NOx (0.02 Ib/MMBtu) for boilers between
2MM BTU/hr and <20 MM BTU/hr. They mandated that 25% of the boiler
population was required to comply with these new regulations each year. They
are currently in year two of this program with over (50) units completed and
ozone reductions have occurred.”

b. What is the averaging time for the emission rates shown in Table 2-27
These were stack tests.

c. Does the emission data depicted in Table 2-2 represent stack test results? If so,
what was the load capacity of the boilers at the time of testing?

Yes. Flowrates for each stack test are shown on the table.

d. How much flue gas recirculation was incorporated into each of the boilers listed
in Table 2-27?

As noted in the response to Question 5a, the Table 2-2 information is
referenced in the TSD. We do not have unit by unit information on FGR.
FGR was likely in use for most or all of the nnits at or below 12 ppm. But,
we cannot be certain of this without additional information.

However, to comply with the emissions levels proposed in the rule on gas
units — 0.080 1b/MMBtu {(or about 60 ppm) — FGR should not be necessary.
The NATCOM burners that are referenced in Attachment 8 to the TSD are

3
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capable of under 0.05 Ib/MMBtu without FGR, as shown in the attached
brochure (Attachment 1). This is typical of the performance of burners from
other manufacturers as well.

€. The paragraph that precedes Table 2-2 (the last paragraph on page 13 of the
Technical Support Document) states that Table 2-2 shows that low NOx levels
can be maintained through "proper planning of boiler configuration." Since the
Agency's proposed rule applies to existing boilers, for which boiler configuration
modifications can be somewhat restricted, could you please describe the boiler
configuration changes that were incorporated into the boilers shown in Table 2-2?

The retrofits included replacement of the burner. In many cases the burner
quarl would need to be replaced or modified. Many of these burners have
induced FGR, and therefore, may not require ductwork modifications. As
noted in the answer to Question 5d, more detailed information is not
available,

Table 2-5, on page 18 of the Agency's Technical Support Document, is identified as
representing "uncontrolied” NOx emissions. Does the "Uncontrolled NOx Range"
include newer boilers with some NOx control incorporated in their design?

The table is from the 1994 Alternative Control Techniques Document, NOx
Emissions from Industrial/Commercial/Institutional (ICI) Boilers, and represents
uncontrolled emissions as stated in that document. Due to the date of that document
(over 10 years ago), the “baseline” emissions would not represent the capabilities of
current low NOx burner technology even if the burners were called “low NOx
burners” at that time.

a. How did the Agency utilize the "uncontrolled” ranges listed in Tabie 2-5 in
establishing its proposed RACT limits?

These are exemplary of “baseline” control levels and might be useful in
providing baseline control emission rates when calculating cost of control in
$/ton of NOx reduced.

b. Has the Agency relied on a percent reduction target from "uncontrolled” levels in
establishing its NOx RACT emission limits?

Yes and no. For post-combustion technologies, these are generally “percent
reduction” limited, at least to a point. Combustion controls may be
characterized by percent reduction. However, they are probabiy best
characterized by their control level in ppm or Ib/MMBtu than in terms of
percent reduction. The emission rate targets were established by examining
what has been achieved on similar units with technologies that are within the
cost range of RACT. In most cases, combustion technology should be
adequate. However, it is understood that in some cases post-combustion
technology may be determined to be preferable or necessary.
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Table 2-12b, on page 31 of the Technical Support Document, presents "Statistics
Regarding Performance of Industrial Boiler Types Equipped with Ammonia SNCR." Has
the Agency evaluated the coal-fired stoker boilers used in 1llinois in relation to the
stokers included in Table 2-12b in terms of boiler design, fuel type, and ammonia slip in
order to evaluate their comparability?

Detailed review of each boiler in Illinois was not done and was not viewed to be
necessary. SNCR has been shown to be effective on a large number of stoker
boilers. Therefore, a “case-by-case” review was unnecessary.

On page 33 of the Agency's Technical Support Document, the statement is made that ...
SCR is viewed as technically feasible for nearly any coal application.” Does the Agency
beheve that SCR is technically feasible for fluid bed boilers?

SCR is technically feasible on CFB boilers, but would be unnecessary for
compliance with this rule. SCR is generally not used on CFB boilers because much
less expensive options are available, such as SNCR, to comply with existing
regulations. The figure set forth at Attachment 2 is from a brochure by Foster
Wheeler — a manufacturer of CFB boilers - that shows SCR installed on an
industrial CFB boiler. The complete brochure is provided as Attachment 3.

a. Does the Agency believe that SCR is feasible on all stoker boilers?

SCR is technically feasible on stoker boilers. However, it is generally not
used because, like CFB boilers, stoker boilers have much less costly options
for control.

b. Do the Agency's proposed NOx emission limits for stoker boilers assume that
SCR is a feasible option?

We do not expect that a stoker boiler would select SCR for compliance with
this rule because there are less costly options, such as combustion controls
and SNCR. However, as noted in the answer to Question 8a, SCR is
technically feasible on stoker beilers.

c. What information did the Agency rely upon in determinmng that SCR is
technically feastble on a broad range of ICI boiler types and sizes?

It is important to distinguish between technical feasibility and cost. SCR has
been applied to a broad range of boiler types — coal, natural gas, oil. SCR
can be applied to any combustion source with an available temperature
range (or where the temperature range can be made available). However,
the cost of applying SCR technology will vary by source type. The selection
of SCR or any other control technology for NOx reduction on a specific
source will depend upon the cost of applying SCR to that source and the
costs of other options that are available for that source. As a result, because
other less-expensive options are available, SCR is not in use on some source
types although it is technically feasible to apply it to them,.

5
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Has the Agency performed any analyses of Illinois facilities to determine the potential
cost of this rule?

A total cost was not estimated for the TSD. However, this rule was developed with
the intent of keeping the cost of NOx reductions generally at or below $3000/ton.

Has the Agency gathered or reviewed any information from the last 3 years for costs of
NOx retrofit controls for facilities in Illinois or similar to those in Illinois?

Yes, in fact escalation was applied to some of the cost estimates, particalarly for
SCR as described on page 36 of the TSD.

The Agency's Technical Support Document includes NOx emission limits for categories
of emission units that do not, or likely never will, exist in the area covered by this rule.
What is the purpose for including these limits?

There is no basis for the claim that certain emission units “likely never will exist.”
The TSD acknowledges that there are no cement kilns in the current NAA
boundaries, and that the only aluminum melting furnace in the Chicago area is not
currently operating. To our knowledge, the aluminum melting furnace has not been
dismantled, so it is possible that the current, or a potential future owner, may intend
to operate the furnace in the future. Regarding cement Kilns, it should be noted that
USEPA has indicated that it will designate Massac County, where there is an
existing cement kiln, as non-attainment for PM2.5 in December 2008.

Does the Agency intend its definition of "industrial boiler" (see Section 211.3 100, and
Sections 217.160 to 166 of the proposed rule) to include cogeneration units and/or heat
recovery steam generators that capture waste heat from turbines or engines?

Yes.

a. If so, has the Agency performed any analysis to determine the technical feasibility
and cost for cogeneration units and/or heat recovery steam generators to comply
with its proposed rule?

No.
Does the Agency intend its definition of "industrial boiler” (see Section 211.3 100, and
Sections 217.160 to 166 of the proposed rule) or "process heater" (see Section 211.5195,

and Sections 217.180 to 186 of the proposed rule) to include gas-fired chillers that
provide cooling for either processes or occupied spaces?

If refrigerant is heated directly by gas firing, it is a process heater.

a. If so, has the Agency performed any analysis to determine the technical feasibility
and cost for such gas-fired chillers to comply with its proposed rule?
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No separate analysis was performed, but the Illinois EPA believes that the
technical feasibility and cost for gas-fired chillers should be similar to
process heaters and industrial boilers.

The Statement of Reasons, at pages 7-8, states that the NOx RACT State Implementation
Plan was required to be submitted to the USEPA by September 15, 2006. And further,
that the date for affected sources to comply with the emisstons limitations in the proposed
rule is May 1, 2010.

a.

Based on the federal requirement for the NOx RACT SIP submittal, when does he
USEPA require that NOx RACT be implemented?

USEPA required that NOx RACT be implemented no later than May 1,
2009.

What is the basis for the Agency's selection of May 1, 2010 as the compliance
date?

Given the delay in developing this proposal, and in response to concerns
expressed by stakeholders, the Illinois EPA has proposed to delay
implementation for one year after USEPA’s required implementation date.

In the Agency's deliberations regarding the technical feasibility and cost of
compliance for this rule, was any consideration given to the amount of lead-time
necessary for various industries to plan, design, construct and test the emission
control] technologies envisioned by this proposed rule?

The INinois EPA believes that stakeholders have already had ample time to
plan and design the control measures needed to comply with this proposal
since they have been aware of it for several years. Depending on the
duration of the rulemaking process, there may or may not be sufficient time
to obtain the necessary permits and construct the control equipment. The
Illinois EPA is willing to discuss specific hardships posed by the compliance
deadlines should they, in fact, occur.

Does the Agency believe that the amount of time from rule promulgation to the
compliance date has a significant bearing on the ultimate cost and feasibility of
compliance?

The Illinois EPA does not believe that the compliance date will, in general,
impose a significant cost impact to most industries, although the Illinois EPA
is willing to discuss options with companies that are unduly impacted by the
proposed compliance date. '

Is the concept of "Reasonably Available” a factor of the compliance date such that
the technical options and economic cost for Reasonably Available Control
Technology wouid be dependent on the amount of time between rule
promulgation and compliance?
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“Reasonably available” is not a factor influenced by the compliance date.
The Illinois EPA is willing to discuss compliance options with companies that
will have difficulty complying by the proposed compliance date.

Section 217.158 of the proposed rule describes the Emissions Averaging Plans. It is
IERG's understanding that the Agency is not allowing emission units into an averaging
plan if they commenced operation after January 1, 2002, unless they are deemed to be a
“replacement unit." Is this correct?

Yes.

What is the basis for the Agency's determination to exclude such units?

USEPA has established 2002 as the base year for planning purposes for
implementation of the ozone and PM 2.5 NAAQS. USEPA used air quality
data from that time period to establish which areas would be designated as
nonattainment. Since air quality levels in the Chicago and Metro-East areas
violated the NAAQS in 2002, the Illinois EPA must seek emission reductions
from emission units that were in existence in 2002. Further, Illinois is
required to demonstrate continued progress towards attainment beginning in
the base year, 2002. Units that commenced operation after 2002 cause
emissions to increase above the levels already existing in 2002. The Illinois
EPA must seek reductions from existing sources that yield progress toward
attainment and to compensate for any increases due to the operation of new
emission units.

Has the Agency attempted to assess the impact that such a restriction might have
on environmental decision-making at affected facilities?

It is the intent of the Illinois EPA that owners and operators of units that
were operating on or before January 1, 2002 seek cost effective measures to
reduce NOx emissions from those units.

Has the Agency considered how it will make a determination of whether a new
unit constitutes a "replacement unit,” especially as emphasis 1s growing to
improve energy efficiency and reduce greenhouse gasses, thereby making it
unlikely that a "replacement unit” would be exactly the "same" as the unit(s) it
replaces?

For the purposes of emissions averaging under this proposal, a replacement
unit must be essentially the same as the unit it replaces.

Section 217.154 of the proposed regulation sets forth the performance testing
requirements. Both subsections (a) and (b) refer to the date of emission unit construction
or modification. Could the Agency please clarify what constitutes "constructed on or
before," and similarly "construction or modification occurs after"? That is, is it the
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beginning of construction, the completion of construction, the date of issuance of a
construction permit?

The definitions contained in 35 1ll. Adm. Code 201 and 211 apply to Part 217. See,
35 11l. Adm. Code 217.103. Accordingly, Section 201.102 defines the term
“construction” as “commencement of on-site fabrication, erection or installation of
an emission source or of air pollution control equipment,” and “modification” as
“any physical change in, or change in the method of operations of, an emission
source or of air pollution control equipment which increases the amount of any
specified air contaminant emitted by such source or equipment or which results in
the emission of any specified air contaminant not previously emitted. It shall be
presumed that an increase in the use of raw materials, the time of operation or the
rate of production will change the amount of any specified air contaminant emitted.
Notwithstanding any other provisions of this definition, for purposes of permits
issued pursuant to Subpart D, the Illinois Environmental Protection Agency
(Agency) may specify conditions under which an emission source or air pollution
control equipment may be operated without causing a modification as herein
defined, and normal cyclical variations, before the date operating permits are
required, shall not be considered modifications.” See, 35 Ill. Adm. Code 201.102.

a. If the terms mean the beginning or completion of construction, please define what
constitutes beginning or completion.

See answer to Question 16.

On page 6 of James Staudt's pre-filed testimony, the statement is made that SCR has been
widely used on boilers at industrial facilities.

a. Could you please provide a representative list of such installations, including the
boiler type, and identify those that were retrofits?

According to my testimony,

“It has been widely used on utility boilers, turbines, diesel engines as well as
industrial facilities.”

So, the question incorrectly characterizes my testimony. SCR has been used
in numerous gas-fired industrial boilers and it has been used in refinery
process units, especially CO boilers. It has also been retrofit on hundreds of
coal fired power plants. But, to my knowledge it has not been retrofit on any
solid fuel industrial boilers in the United States because lower cost
approaches are available.

b. Also, please identify those that used high-suifur coal, and those that were stoker
fired boilers.

There are numerous high sulfur boilers equipped with SCR in the electric
utility industry. In Illinois, the Duck Creek, Dallman, and Marion plants all

9
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have units with SCR and burn high sulfur coal. Numerous other power
plants throughout the United States that fire high sulfur coal are also
equipped with SCR. USEPA’s National Electric Energy Data System
(NEEDS) database, that can be downloaded at
http://www.epa.gov/airmarkt/progsregs/epa-ipm/past-modeling.html,
includes a list of electric utility boilers equipped with both SCRs and
scrubbers. It also shows units with SCR without scrubbers — some firing
high sulfur coal. Those units with wet scrubbers typically fire high sulfur
coal. Therefore, there is extensive experience with SCR on high sulfur fueled
coal fired boilers.

I am not aware of any stokers that are equipped with SCR, as stokers
generally have less expensive options to control NOx due to the lower
baseline NOx level, lower temperature combustion and longer furnace
residence time than pulverized coal units. However, if the owner of a stoker
boiler chose to use SCR to control NOx, there is no technical reason why they
couldn’t, even if they burned high sulfur coal. But, as previously mentioned,
a stoker boiler owner has other, less-expensive options to reduce NOx and,
therefore, would be very unlikely choose to use SCR.

Does the Agency believe that a >250 mmBtu/hour coal-fired boiler, using Illinois coal,
can meet a NOx limit of 0.18 lbs/MMBtu without SCR?

Yes, combinations of combustion controls and SNCR have been shown to be capable
of providing emissions below 0.18 Ib/MMBta, as described in Section 2.3.6 of the
TSD. An example is Ameren’s Sioux unit 1, which achieved under 0.18 Ib/MMBtu
while firing 100% Illinois bituminous coal, as presented at the Electrical Utilities
Environmental Conference (EUEC), January 22-25, 2006, in a presentation by
Giesmann, Stuckmeyer, Cremer, Chiodo, Adams, and Boyle (See Attachment 4).

On page 6 of James Staudt’s pre-filed testimony, it is stated that "SCR can and has been
installed to provide NOx reductions at costs below $2,500/ton.”

a. What price was used for the cost of ammonia in making this calculation?
In the estimates in Figures 2-17 and 2-18 of the TSD, $400/ton. Since 17
pounds of ammonia removes 46 pounds of NOx, the effect of ammonia cost is
that a change in ammonia cost of $100/ton changes the cost of removing NOx
by $37/ton of NOx. 1n other words, if the cost of ammonia were doubled
from $400/ton to $800/ton, the effect on Figure 2-17 would be to increase cost
by $150/ton of NOx — a relatively modest shift.

b. Does this cost include the cost of replacement of the boiler's air pre-heater?

Yes, the majority of the boilers that have been retrofit with SCR were utility
boilers and many of them replaced their air pre-heater.

C. Does this cost include the cost of a wet electrostatic precipitator?

10
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No, because a wet ESP is not necessary. None of the hundreds of coal-fired
SCR retrofits in the United States have required a wet ESP.

On page 6 of James Standt's pre-filed testimony, he describes the SNCR technology. Is
the Agency aware of SNCR applications on industrial boilers using high-sulfur coal?

Yes, industrial and utility units that burn high sulfur coal (3 Ib/MMBtu of SO; or
greater) and have used SNCR on a commercial basis include:

. AES Beaver Valley (PA)

. AES Greenidge (NY)

. BL England Station (NJ)

D Cinergy Miami Fort 6 (OH)

Also attached is the ICAC SNCR White Paper, as well as Fuel Tech’s installation
list, to provide additional information regarding where SNCR has been applied (See
Attachments 5 and 6).

a. Could you please describe how the formation of ammonium bisulfate is managed,
to avoid corrosion problems?

Ammonium bisulfate is primarily a concern for deposition on air preheater
_ surfaces. Itis controlled by minimizing ammonia slip into the air preheater.

b. What provisions need to be made to accommodate boilers with frequent load
swings?

More than one injection zone would likely be necded to ensure that the
reagent is injected into the proper temperature zone, and associated controls
would be necessary. This is a commonly included design feature in SNCR
systems that are expected to operate over a wide load range.

c. How does SNCR affect the turn down ratio of the boiler?

SNCR should not affect turn down of the boiler if the SNCR system is
designed to cover the boiler’s operating range. The most difficult load is
typically full load because temperatures are highest and gas flow is fastest
(treatment time is shortest). And, NOx emissions are often highest at full
load. If an owner wishes to operate the SNCR system at lower loads, then he
or she would normally design for injection zones and associated controls to
inject into the proper temperature location in the furnace at these lower
loads.

Does the use of SCR or SNCR affect the ability to beneficially re-use ash?

Potentially it does. However, this is normally aveided. The extent to which
ammonia slip can impact fly ash reuse will depend upon the level of ammonia slip,

the characteristics of the fly ash, the manner in which the fly ash is handled and how
11
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it is reused. But, if ammonia slip is maintained at sufficiently low levels, fly ash will

not be impacted.

DATED: September 30, 2008

1021 North Grand Avenue East
P. O. Box 19276

Springfield, IL. 62794-9276
217/782-5544
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a division of AQUA-Ch@Minc.

INDUSTRIAL BURNERS

ENGINEERED FOR HIGHEST PERFORMANCE AND LOWEST EMISSIONS

* Lowest operating cost burner available

* Lowest NOyachievable without FGR

» Adaptable to any furnace/windbox configuration

= Superior quality construction, reliable, easy to install and operate

« ldeal for single or multiple burner applications

Adaptability is NATCOM's
response to complexity

NATCOM burners are adaptable to
all types of combustion chamber
configurations to maximize boiler
efficiency and reduce emissions.

A revolutionary systemthat
permits "on-line" adjustments of
the burner components. This
maximizes the wuse of any
combustion chamber to reduce
emissions down to the lowest
achievable NOy levels without the
need for flue gas recircufation.

MODEL: (S) 70/LOG/20/915

isetsiNew]Standards

(20:t0:400) MMBTU/hr for heavy oils, Natural gas and low BTU gases




COMPUTER DESIGNED
COMBUSTION AERODYNAMICS

NATCOM burner simulation: natural gas flame temperature
™1, contours in a 250,000 lb/hr A-Type boiler

i’

Absolute flame stability

Nalgom'’s dual swirl flame stabilizer uses variable pitch blades to
produce strong back-flows of hot gases that sustain a very wide
flame front. The result is an absolute flame stability at all boiler
loads for a range of excess air from minus 20% to plus 400%.

High fuel-air mixing efficiency
The axial, radial and tangeniial air flow lields generated al the burner outle! are
combined with high momentum fuel jets for maximum diffusion beiween
boundary layers. This results in a stable and well defined mixing pattern that
produces very homogeneous fuel-air mixtures,

Adaptahility

Burner aerodynamics can be

adapied to produce either short

and wide flames or long and

narrcw flames. Flame length to

diameter ratios from 1.5 1o 5.5

will fit any boiler type. Fuel gas

flow and injection direction can

be adjustad on each individual

gas injector in order to maich

the air flow perfectly, For fuel-oil

injection, Natcom uses a proprietary variable-geometry atomizer which is
adjustable on line for optimum oil lame shaping.

Low N°x

Individually adjustakble fuel staged gas injectors aflow for optimal use of any given
combustion chamber configuration, resulting in lowest achievable NQy emissions
withaut FGR. If necessary, flue gas recirculation may be used to reduce NQ,,
even further.

fA4/85HOGR6M1 321
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A TOP PERFORMER:
NATCOM score sheet

*0,<1%
*CQ <10 ppm

» Natural Gas Firing:
=-NO, < 0.05 I/MMBTU (40 ppm)
-NO, < 0.01 I"MMBTU ( 8 ppm) w/IFGR

* Heavy Oil Firing: (< 0.3% N,)
= NO, < 0.20 Ib/MMBTU (150 ppm)
- Particulates < 0.03 It/MMBTU

* Turndown ratio
=>40: 1 (Natural Gas)
->15 :1(0il)

NATLOM
National Combustion Equipment Inc.

a division of dGUa-chemine

8515 Lafrenaia, St-Leonard, Qc, Canada H1P 283
TEL.: {514) 326-2571 FAX:(514) 326-9347
hitp:/Awwrw.naicomonline.com
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WE OFFER INNOVATIVE AND PROVEN DESIGN FEATURES

IN QUR INDUSTRIAL CFB UNITS
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PIONEERING CFB
TECHNOLOGY

CIRCULATING FLUIDIZED BED (CFB) PIONEERS

We have steadily increased unit size ond infegrated advanced field-proven
design features into our CFB technology. Our CFBs first reached small-scale
utility application in 1987 on the 110 MWe Tri-State Nucla power project in the
U.S., then went on to the medium utility scale in 2001 with the 2 x 300 MWe
units for the Jacksonville Energy Authority. Over the 1998-2004 period we
delivered six CFB units totaling nearly 1500 MWe for the largest CFB
repowering project ever in history - the Turdéw project in Polend.

Qur success has come from a track record of satisfying clients’ reliability,
environmental, and efficiency goals with innovative technology for converting
economical solid fuels into valuable steam and power. Through our experience
of supplying over 400 fluidized bed units to industrial and utility customers
worldwide, we have steadily scaled-up and improved our technology. Over
300 of these fluidized bed steam generators have been CFB designs.

QOur latest pioneering can be seen in our award for the Lagisza project in
Poland, which brings a double first to the utility power industry - the world’s
first supercritical CFB boiler and the world’s largest single CFB unit, roted
at 460 MWe.

Looking into the future, our CFB technology can be adapted to caplure carbon
dioxide to help reduce the threat of global warming. We are currently
developing Oxy-Fuel technology to be applied to CFB unils operaling today as
well as, to new more advanced units. Oxy-Fuel technology looks very promising
allowing 100% capture of carbon dioxide in a cost-effective and reliable way.
We expect Oxy-Fuel CFB technology to be o fuel-flexible, zero-qir-emission
technology bringing high value to our utility and industrial clients.

s
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THINK GREEN

Low emissions are o key benefit of our CFB technology, allowing them to
meet the strictest environmental standards. Cur CFBs stage the combustion
process and operate at low combustion temperatures while giving the fuel
long burning fimes, resulting in naturally low nitrogen oxide (NOx} formation
and high combustion efficiency. They can also capture the fuel’s sulfur as the
fuel burns by using low-cost limestone and employing selective-non-catalytic-
reduction (SNCR) to achieve very low NOx and sulfur oxide (SOx) emissions
in the most economical way, and in most cases, avoiding add-on pollution

control equipment,

The CFB advantage is particularly highlighted in repowering projects. SOx
and particulate emissions can offen be cut by over 90% and NOx emissions
by over 50%. Carbon dioxide emissions are often cut by 25% or more due to
the dramatic improvements in boiler and plant efficiency when older
equipment is replaced. For the lowest emissions, our supercritical, once-
through-unit {OTU) CFB technology can reduce all these emissions another
5-10%, due to its ability to further increase overall plant efficiency.




FUEL FLEXIBILITY

Qur CFB units are capable of firing nearly all
solid fuels - including waste products that
otherwise would have been land-filled - while
maintaining the lowest levels of emissions, and
the highest equipment reliability and efficiency.
Qur fuel experience is unmatched as proven by
our copability to design units for even the lowest-
quality fuels. Qur CFBs give plant owners the
flexibility to source fuel from a number of
suppliers ond industries, improving their fuel
supply security while taking advantage of fuel
prices and market condifions.

Cur CFB Fuel Experience
{% of operating FW CFB capacity utilizing
these tuels as primary fugl)

Coals 66%
Cthers 3%
Lignite 4%
Biomass 9%
Petcoke 18%

RELIABLITY

Qur simple yet advanced CFB designs con
achieve the highest plant availability, proven
by over twenty million hours of operational
experience, even ofter years of operation,
Preventative condition meniforing, expert
mointenance, and rapid-response repair work -
all supplied by our service teams - help ensure
maximum reliability - yeor after yeor.

Our long-term operations and maintenance
support (O&MS) agreements and our innovative
SmartBoiler™ system (an expanding set of
intelligent analysis ond optimization tools for
enhancing plant operation and maintenance)
are available to increase your plant’s availability
even further.
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QUR LARGE-SCALE SUPERCRITICAL ONCE-THROUGH CFB
DESIGN OFFERED UP TO 800 MWe UNIT SIZES

~ UTILITY CFBe

WHATESTARTEDIOEEFASYAYSOLUTION]EORIHARDETOZBURNIEUELS!
HASIBEGOMEJAYMAINSTREAMICOMBUSTIONITEGHNOLOGYFAVAILABLE{IN]
EVERYDARGERJUNITHS I ZESQTODAYRW EJO ERERIIW OIS TATEYOFTHEYART,




Electronic Filing - Received, Clerk's Office, Septemb

UTILITY CFBs

GOING SUPERCRITICAL
We have taken the next major step forward in edvancing our CFB
technology by offering our latest generation of supercrifical once-

er 30, 2008

through steam generation technology, which incorporates Siemens’
BENSON vertical-tube evaporator technology for units above 300
MWe. This allows us to offer our utility clients all of the benefits of
CFB combustion technology, together with the high efficiency of
supercritical steam technology. This technology can improve overall
plant efficiency by 5-10% compared to conventional natural
circulation steam technology, which translates directly into a 5-10%
reduction in the plant’s air and ash emissions as well as its fuel and
water needs. When we say a reduction in air emissions, we mean all
air emissions like SOx, NOx, mercury and particulates as well os
greenhouse gases, like carbon dioxide.

As with our conventional natural circulation CFBs, these highly
efficient supercritical units will be equally at home with hard-to-burn
fuels, as well as common utility coals. We have developed

a medular design approach allowing us to offer units up 1o 800
MWe in steam capacity.

CFB VALUE FOR UTILITIES

Qur utility customers have turned to CFBs due to the value they see
in our fechnology: fuel flexibility, low emissions, and reliability. Many
ore seeing value in petroleum coke, lignite, waste coal, and biomass
from both an economic and environmental aspect. Cur technology
can reliably and cleanly burn these fuels as primary fuels or in
combination with other fuels over the life of the plant, giving power
generators the flexibility to alter their fuel strategies and to take

advantage of fuel morket opportunities and changes in
environmental regulation.

Our Uility Fuel Experience
{% of operating W il
these fueis os primary fuel

y capacity vtilizing

Coals 67%
Oil Shale 3%
Lignite 6%
Biomass 6%
Pet Coke 18%




Integrated steam- or
water-cooled solid
separators for compact
unit design and reduced
thermal stress

Integrated water-cooled
salids return leg for
compact design and
low meintenance

Reliable front and rear
wall low maintenance
gravity fuel feed system

Superheat and reheat
surface located in INTREX™
fluidized bed heat exchanger
for efficient heat transfer
and madmum coll life

Robust ash removal and
cocling system

Low maintenance, highly
effective wing-wall
surfoce for superheat

or evaporative duty

iy /Long-life, thin-walled cooled

refractory used in lower
fumace and sclid separator
system for low mointenance
and rapid starts

Multi-staged combustion
air for reduced furnace
NOx formation

In-furnace start-up burners
for reliable, ropid start-ups

Proven arrow-head nozles
for reliable operation, low
maintenance and excellent
solids mixing

OUR LARGE-SCALE COMPACT SEPARATOR CFB DESIGN

OFFERED UP TO 800 MWe UNIT SIZES

GDsiomar s -BOT Elkfrowma T TUrow, 5 A
¥o003k2004
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Low maintenance
highly effective wing-
wall surface for
superheat or
evaporative duty

Multi-stoged
combustion air for
reduced furnace
NOx formation

Reliable front and
rear wall low
maintenance gravity
fuel feed system

v i g

In-furnace start-up
burners for reliable,
rapid start-ups

Economical on.
demand limestone
prep system

Office, September 30, 2008

Steam- or water-cooled

T 3 < i o -Wl_ﬂ'h- i

Reliable high-capacity
flvidized bed ash cooler

cyclone solid separators
ond cross-over ducts for
low maintenance and
reduced thermal stress

Efficient steam-side
bypass reheat
temperature confrol

Modular series back-pass
for reduced field erection

Long-life thin-walled
cooled refractory used in
lower furnace, cyclones
and ¢ross-over ducts for
low maintenance and
rapid stars

Proven reliable solids
return loop seal

Compact regenerative
air heoter

Proven arrow head nozzles
for reliable operation, low
maintenance and excellent
solids mixing

OUR MEDIUM-SCALE CYCLONE CFB DESIGN
OFFERED AT A NOMINAL 300 MWe UNIT SIZE
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Qur history of developing innovotive combustion
technologies for industry began with our bubbling
fluidized bed (BFB) steam generators, from which
we have developed our odvanced robust CFB
technology for a diverse range of industrial fuels
and energy needs. We are now a leading supplier
of industrial CFB technology, supplying over

210 units, with unit sizes up to 150 MWe, for
industrial applications.

PROVEN EXPERIENCE

The solutions we have provided have been as
diverse as our clients’ needs. The CFB we supplied
to a Swedish paper mill to convert their waste
bark and sludge into useful steam needed by the
mill, as well as the 20 petcoke-fired steam
generators we delivered to Sinopec in Ching,
demonstrate our ability to customize units to meet
clignts’ needs. Qur industriol boiler designs have
been proven and advanced based on 30 years of
operating experience.

WIDEST FUEL EXPERIENCE

Multi-fuel firing is particularly important in
industrial appfications, where utilizing on-site waste
has a high value. Fuel flexibility is a key factor in
unlocking the value of these waste streams since
both their quality and volumes can vary on a daily
basis. Our CFB technology has proven itself over
the widest range of industrial fuels.

Our Industrial Fuel Experience
(% of operating industrial FW CFB capacity uiilizing
these fuels as primary fuel}

Coals 63%
Peat 3%
Biomass 13%
Pet Coke 21%
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Integrated water-cooled solid
separaior and retum leg for
compoct design and elimination
of furece-to-separator
expansion joints

Ly

Lang-lite thin-walled cooled
refractory used in lower
fumace and solid separator
systerm for low maintenance
ond ropid starts

Sloped superheat and
reheat section for

reduced ash build-up

Passive ash collecfion
design for reduced catolyst
and bock-pess fouling

Split economizer for

SCR catalyst for
applications
requiting the lowest

NOx emissions

optimum SCR
performance

Superheat and reheat
surface can be located
in INTREX™ fluidized
bed heat exchanger for
efficient heat transfer
and maximum coil life

Robust step-grid to
handle the most
difficult fuels

Reliable low-

mainienance
gravity fuel
feed system

Tubutar air heater
for compact design
and ro air leakage

WE OFFER INNOVATIVE AND PROVEN DESIGN FEATURES
IN GUR INDUSTRIAL CFB UNITS

0
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OUR ROBUST STEPPED
FLUIDIZING GRID FOR THE
MOST CHALLENGING FUELS Nozzles made from super

tough nickel dlloy and
can be easily replaced

Peck and valley grid
contour allows debris
to flow unobstructed
toward drain chutes Nozzles direct oir at
lateral angle resulting

in excellent bed mixing
while moving debris
toward drain chutes

Water-cooled floar
structure and drain
chutes for long life

HIGHLY RELIABLE
Industry relies on high availability: day in, day out, year round.
Our CFBs have a proven track record of being highly reliable.

Qur CFBs have excellent load-following capabilities, enabling
them to accommodate rapid swings in process steam
requirements. Their wide turn-down range means that our units
con adapt to temporary or seasonal changes in steam or district
heat needs, operating at very low loads of nomeplate capacity.

To achieve the highest reliability, we offer SmartBoiler™ to oll
CFB plant owners and operotors. SmartBoiler™is an intelligent
operation and service support tool for monitoring, diagnosing,
analyzing ond optimizing steam generation and power plant
operation. SmartBoiler™ combines our experience and
expertise in fluidized bed combustion with advanced
information technology.
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A GREEN TECHNOLOGY GREEN FUELS
Concern about global warming is a key Biofuels include natural materials and waste produced by
factor for developing and implementing various industrial or other processes, and include;
energy solutions today.

* Material from foresiry * Pulp and popermaoking waste
Use of biomass in power generation can operations * Fost-growing energy crops
contribute significantly to reducing emissions - thinnings * Agricultural waste
of carbon dioxide - a greenhouse gos. The - harvesting waste * Industrial waste and municipal
fuel flexibility of our CFB techology allows i btork refuse-derived fuel (RDF)

- stumps

them to utilize a wide range of renewable

and waste fuels and fuel mixes, helping our * Wood processing waste

. 260
world reach a goal of reduced greenhouse offeuts
I - sawdust e
gas emissions.
- demolition wood
*Based an a 150
Our CFBs can also divert waste headed for MWe coal plant with
. . . . bolance fuel being
land-fills and instead convert this waste into biomass
voluable steam and electricity to support our 240 .
growing energy needs. 96 | .
: b % Biomass
0% 25%  100% Fired
Avoided CO2 Emissions*
(Ktons/yr}
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Entire hot loop is refroctory-lined
to handle the most corrosive fuels
while maintaining long unit life

Long-life, thin-walled cooled
refractory for low meintenance
and rapid sterts

Integrajed water-cooled solids separator and
return teg for compact design and elimination
of furnace-to-separator expansion joints

Bottom ash screening
and recycling system to
minimize bed make-up

need

Relioble stoker-fuel
feed system

Coail-less bock-pass in weld
overfay enclosure to cool gas
through most corresive phase

Vertical economizer
section for compaci
unit design

Eosily replaceable pendant
superheaters with spring
hammer cleaning system

Superhent surface located in
INTREX™ fiuid bed heat
exchanger for efficient heat

Robust step-grid to
handle the most
difficult fuels

transter and maximum coil life

Hot cyclones capture ash
for reduced economizer
fouling

OUR WASTE-TO-ENERGY CFB UNIT DESIGNED
TO FIRE REFUSE-DERIVED FUEL {RDF)

14

B
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Our Renewoble CFB Fuel Experience
{% of operating FW renewable capacity firing
these fuels os primary fuel)

Material from forestry operations and

pulp and papermaking 55%

Industrial waste and municipal

refuse-derived fuel 14%

Agricultural waste 10%

Pulp & papermaking waste 14%

Wood processing woste 7%

RENEWABLE
ENERGY CFBs

OPTIMIZED FOR RDF

Efficient woste recycling and handling, designed to remove
reusable fractions and inert matericls, is key to producing a refuse-
derived fuel (RDF} stream that can be burned efficiently and sofely
to generate electricity, steam or heat. A waste-to-enargy {WTE}
power plant bosed on this concept can achieve a net cycle
efficiency of above 28%, substantially higher than conventional
incineration plants, resulting in lower emissions and higher energy
output per ton of woste destroyed.

BECOMING MORE GREEN

Co-firing renewable fuels in a CFB plant originally designed for
ceal is an excellent, cost-effective option for helping our
environment. in most cases, our operating cool-fired CFBs can
co-fire biomass or waste fuels by simply adding o biomass fuel
handling and feeding system, and modifying boiler

operating procedures.

September 30, 2008
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WEHAVEISOLDJANDIDELIVEREDIOURICEBSIOLCLIENTSTAROUNDITHEWORLD)
SPANNINGTAWIDE[SPECTRUMIOBIEUELSTANDIAPELICATIONSYOURICOMPLETE
LISTYISIQUITEILORIGTAND]ISTAVAILABLE{BY{SIMPLY{CONTACTING,
ANYJONEOROURFACCOUNTIREPRESENTATIVESABELOW]ISTAISAMPLINGIOR,

PROJEGTSISHOWINGYTHERVERSATILITYFANDWALUE[OF OURIGEBITECHNOLO GY:

<

CEBSTINJUTILITYFAPPLIGATIONS
Ocder |Start-Up . Steam Primary Secondary
_Data Dale Fhem Plant . MWe . Fuel oo v s Puel
Harbin Power Engineering ]
2004 2009 Company, Ltd, {HPE) Cam Pha Vietnem 2x 160 | Waste Anthrecite Slurry
2006 2009 Bechtel/TXU Sandow Gen USA 2x N5 Texas Lignite
Petralaum inois 6,

2006 2009 | Shaw Group/CLECO Pawer LLC Rodemacher USA 2x 330 Coke PRE, Lignite
2005 2009 PKE — Elekirownio Lagisza Logisza Poland 460 Bituminous Coal Caal Slurry {option)
2003 2007 PLN Lobuhan Angin Sibolga Labwhen Indenesia 22100 Coal

200t | 2005 AS Narva Elektrijoamad Balii Estoria 2% 100 Oil Shale

2000 2004 AS Marva Elekkrijoamad Eesti Estenia 2 x 100 Qil Shale

2000 | 2003-4 BOT Elekir.o whio Turow S.A. Turow Polond 3x 262 | Polish Brown Coal

Units 4, 5, 6

1999 2003 EC Chorzow Elche Sp. 2.0.0. Elcho Poland 2x113 Bituminous Coal

1997 2001 JEA Northside (Gen. Station Northside UsSA 2x 300 Petroleumn Coke Bituminous Coal
1994 2000 Bay Shore Power Company Bay Shore usa 180 Petroleum Coke
1994.6 | e | BOT E'el’j:i‘::’?j"z"r"f“ SA Toraw Poland 3x235 | Polish Brown Coul

1995 1999 CoCo Mop Ta Phut Thailend 2x 110 Coal

1994 1998 | National Power Supply Co., Lid. Tha Toom Thailead 2x 150 Anthracite 8it Coal, Rice Husk, Bork
1992 | 1996 CM'EC/NEH“’;E[I*‘B’"“°' Power Meijiang PRC 100 Coul

Colver fower Project, Inter -
1991 1995 Power/AhICon Pins Colver USA 100 Bituminous Gob
1991 | 1995 | Fetm 5"911:‘::;?3 Ud. Qulun Toppila Finland 100 Peat Coal
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CFBs IN INDUSTRAL APPLICATIONS

Fr I —y

nwha International

2007 2008 . Yoosu Scuth Korea 3x100 Coal
Corparation
China Retrochemical Corp. " .
2006 2008 - SNOPED Tanjin Gompany Tianjin China 3x100 Fetroleum Coke Coal
2006 | 2008 | Vbtorantim Metais Niquel SA m&ww Brazil 50 Fetroleum Coke Coal, Eucalyptus
2008 2008 Deven JSCo Devnya Bulgaria 100 Fetroleurn Coke Hard Coal
2004 | 2008 Abalco SA Aumar alumina Brazit 2 x60 Coal Petroleum Coke
nery
China Retrochemical Corp. . .
2008 2008 SINOREG Qingdao China 2x75 Fetroleum Coke
Guangzhou .
2003 2007 SNOFEC Fetrochermical China 2x115 Coke
N . ! Forest Residue, RDF,
2003 2007 Tornion Voima Oy Tomio Finland 45 Feat CO Gas, Coat
2002 2007 Thai Cane Faper Ltd. Frachinburi Thailand 35 Coal Mill Sudge, Faper Reject
“ien Foong Yu Paper . . Aub-Bituminous Coal,
2002 ‘2007 Manufacturing Co., Ltd, Yangzhau Cl'jma‘ 50 Bituminous Coal Tires, Sudge
2004 2006 Com Ruducts Infl, Inc Amo USA 100 Bituminous Coal
2002 | 2006 | United RP ﬁj‘gg"f’ Co.ld | pumpanga | ,Fhilippines | 35 Coal Mill Sudge, Paper Reject
2001-2 | 2005-6 | Maoming Fetrochemical Corp. Maoming FRC 2 %100 Coke and Coal Qil Shale
2001 | 2005- [ ., -Zhenhai Refinery Zhenhai P OPFRCT | -3x100 | Cokeand Coal
1997 2001 Majarenergi AB KW Vasterfis F5 Sweden 58 Wood Residues Peat, Coat
! <] aim AB
Order| Start-Up - Steam Frimary. Secondary
patcHloaie | AT Counlty MWE Frel Fuiel
2007 2010 Kaukaan Vbima Qy Kaukas Finland 125 Bomass Feat
. Lo HVCBio- N .
2006 | 2008 | VY Huiswilcentrale Noord- | ieeniate, | Netheands 28 | Demolition Weod
Halland (HVC-NHY i e
.- - . kmaar P
2003 2007 Lomellina Energia Srl. tlomellina Italy 17 RDF
e | |Bundersforse Biomases Kraftwerk . bt L o .
2002 20?6 GmbH & Co KG Smmesing .Ma 23 Forest Chips
Frokon Nord Energiesysteme BMHKW
2004 2006 GmbH Emdichheim Germany 20 Recycfed WWhod
. BMHEW :
2003 | 2008 | Froken Nord Encgiessteme .| g cate. Gemany 20 Recyded Wood
GmbH ! ]
. Hamburg
Harpen Energie Contracting BMHIW .
2003 2005 CmbH Bergkamen Germany 20 Racyded Wbod Forest Residue
BMHKW
2002 2005 MW Energie AG Konigswuster Germany 20 Recycled VWood
hausen
Bio Sudge, Sediment
2001 2005 Sora Enso Kvamsweden AB Kvamsweden Sweden 36 Bark Sudge, Bituminous Coal
Frokon Nord Energiesysterme BMHKW
2002 2004 | - . GmbH . thenl_:urg Gerrany 20 Recycled Wood
" KW Lugnvik . Feat, Bark, VWbod Dust,
1998 2002 Eimtioaft AB & stersund Sweden 45 VWhod Resdues Recycled Wbod
1998 2002 Vattenfall SCA Munksund Swveden 25 Bark Wood Residues, Faper Reject
1986 2000 Lomellina Energla Srl. tometlina Italy 15 ROF
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CONTACT US

CHINA

Units 12 to 26, 6th Foor - Tower A

Beijing COFCO Raz

No. 8 Janguomennei Sreet

Beijing, Reoples Fepublic of China 100005
T +86 {0) 106526 3480/81

8th Roor, UC Tower, 500 Fushan Road
Fudong New Area, Shanghai, China 200122
T +86 {0)21 5058 2266

FINLAND
Metstinneidonkuja 8
R-02130 Espoo, Rnfand
T +358(0)10 393 11

Relanderinkatu 2, 78201 Varkaus
P Q. Box 201, 78201 Varkaus
T +358{)10393 11

GERMANY
Burggrafenstrasse A
40545 Dusseldorf, Germany
T +49(0)211 5502 4700

POILAND

Aleja Jana Pama Il 15
00-828 Warsaw, Roland
T +48 (0)22697 6870

ul, Staszica 31, 41-200 Sosnowdec, Foland
T +48 (0)32 368 1300

Website: www.fwec.com

SPAIN

Calle Gabriel Garcia Marquez, 2
28230 Las Rozs - Madrid, Spain
T +34 (0)91 336 2500

SWEDEN

Lindévagen 75, 602 28 Normktping
P O. Box 6071, 600 06 Norrképing
T +46(0)11 285 330

THAILAND

9th Reoor, Maneeya Building
518/5 Roenchit Road
Lumpini, Fathurmwan
Bangkok 10330, Thailard
T +66(D)2652 0760

USA

Rermyville Corporate Park,
Clinton, New Jersay

T +1(1)908 730 4000

9780 Mt. Pyramid Court, Suite 260
Englewood, CO 80112-7060
T +1(1)303 784 4880

{* Rinted on acid free and environmental chlorine

free paper containing 50% recyded content
including 25% post consumer waste.
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" INTERNATION

NOx Emissions on a 500 M Wi
Cyclone-Fired Boiler

C. Giesmann, K. Stuckmeyer

\
'/REACTION

ENGINEERING
INTERNATIONAL ‘ = i \
M. Cremer, A. Chiodo, B. Adams J. Boyle
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Project Team

>AmerenUE Sioux Plant — Host

» REI - Project Lead

> FuelTech — RRI and NOxOut SNCR
equipment supply and testing

» EPRI - Field support and
continuous NH; monitoring (UC-
Riverside)
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AmerenUFE’s Sioux

> Two Units -500 MW
each

Supercritical

10 cyclone barrels

85% PRB blend with
Illinois bituminous

» FGR and GT for steam temperature control

» Fine grind crushers

> First application of OFA on cyclone in unit 2 in 1997
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» ALTA Modeling

- Cyclone barrel model (barrel
impacts of staging, coal blend)

- Lower furnace model (OFA, RRI)
— Upper furnace model (SNCR)

Cyclone Barrel
Model
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> Interlaced OFA arrangement combined with GT
provides good mixing under deeply staged conditions
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Significant improvement to NOx reduction predicted with
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Sioux Unit 1

> Installation of 8 new RRI ports
— 6 on front and rear walls
— 2 on the side walls

» Installation of 14 new SNCR ports
-9 through existing GT ports
-5 through upper front wall
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> Test Plan

— RRI only tests
— SNCR only tests
— Combined RRI+SNCR tests

» Parametric Testing Conditions

- 480 MW, 80/20 blend (10 days)

— 530-540 MW, 100% Ill. #6 (2.5 days)
- 530 MW, 60/40 blend (0.5 days)

- 425 MW, 80/20 blend (1 day)

» Continuous Tests — 3 days 24 hrs/day
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mam| Overall Results
‘ ALTA in Sioux 1

Controlled
Coal Baseline Controlled NOx NOx NH3
Blend Load NOx w/OFA (w/RRI+SNCR) (w/SNCR) 50% Urea slip

(PRB/Bit) (MWq) (Ib/Mbtu) (Ib/Mbtu) (Ib/Mbtu) (aph) (ppmv)

80/20 480 0.24-0.25 0.12 650 orless <5
80/20 480 0.20-0.21 0.12 550 orless <5
80/20 425 0.230 0.156 210

60/40 530 0.26 0.15 790 <2
0/100 535 0.25 0.185 610 <10
0/100 535 0.25 0.165 360 <10

*Values for the 80/20 blend represent averages for several tests, while values
for the 0/100 and 60/40 blends represent single test results
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ALTA in Sioux

> 0.12 Ib/MBtu with 80/20 blend
— As low as 0.15 Ib/MBtu with RRI alone
— 90% NOx reduction from uncontrolled baseline

» Decreased RRI performance with increasing
Ill. 6 blends

— 0.165 |b/MBtu with ALTA
— Initial NOx/staging level dependence

> ALTA test results consistent with model
predictions

» Sioux is proceeding with engineering for
commercial ALTA systems in both units
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PURPOSE

To comply with federal, state, and local acid rain and ozone non-attainment rules, both regulators
and regulated industry seek nitrogen oxide (NO,) controls which offer the greatest reliability and
effectiveness at the least cost. One such NOy control technology is selective non-catalytic reduction
(SNCR). Although SNCR will not be universally applicable, or aiways the most cost effective control
strategy, in many cases it will meet the dual requirements of high performance and low cost, and so should
be considered by affected sources and permitting authorities. To date, SNCR technology has been installed
on 32 units in the power generation industry and on more than 250 industrial units (see Appendix 1 for a
partial installation list).

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

ICAC is the nonprofit national association of companies which supply stationary source air pollution
monitoring and control systems, equipment, and services. Its members include suppliers of SNCR systems,
and of competing NO, control technologies.

A4 INSIITUTE OF Selective Non-Catalytic Reduction (SNCR) for Controlling NO, Emissions
12 i o Page 1
s COMPANIES
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EXECUTIVE SUMMARY

Selective non-catalytic reduction (SNCR) is a chemical process for removing nitrogen oxides (NO,)
from flue ms. In the SNCR process, a reagent, typically urea or anhydrous gaseous ammonia, is injected
into the hot flue gas, and reacts with the NO,, converting it to nitrogen gas and water vapor. No catalyst is
required for this process. Instead, it 1s driven ly the hgh temperatures normally found in combustion
sources.

SNCR performance depends on factors specific to each source, including flue gas temperature,
available residence time for the reagent and flue gas to mix and react, amount of reagent injected, reagent
distribution, uncontrolled NQO, level, and CQ and O, concentrations. However, reductions in emissions of
30-75% are common, Using appropriately designed SNCR systems, these levels of control are not
accompanied by excessive emissions of unreacted ammonia (ammonia slip}) or of other pollutants,
particularly using recent design upgrades demonstrated on commercial systerns. Further, SNCR. does not
generate any solid or liquid wastes.

SNCR also may be combined with a selective catalytic reduction (SCR) system or with gas rebum
technologies to provide deeper emissions reductions for moderate capital investment. A combined
SNCR/SCR systerns uses substantially less catalyst (typically installed “in-duct”) than a conventional SCR,
allowing higher overall NO, reduction than SNCR alone and lower ammonia slip, but with a relatively small
increase in capital cost.

SNCR is a proven and reliable technology. SNCR was first applied commercially in 1974, and
significant advances in understanding the chemistry of the SNCR process since then have led to improved
NO, removal capabilities as well as better ammonia slip control. As a result, approximately 300 SNCR
systems have been installed worldwide. Applications include utility and industrial boilers, process heaters,
municipal waste combustors, and other combustion sources.

SNCR is not a capitakintensive technology. Low capital costs, ranging from $5-15/kWe on power
generation units, make SNCR particularly suitable for use on lower capacity factor units, on units with short
remaining service lives and for seasonal control. SNCR also is well suited for NO, “trimming” and for use
in combination with other NO, reduction technologies. SNCR can provide 10-25 % reductions in power
generation boiler NO, emissions ©r total costs below 1 mill’/kWh. Removal cost effectiveness values for
SNCR center around $1000 per ton of NO, removed.

The performance and cost of SNCR make this technology attractive for export, including to
developing and former Communist countnes.

A INSYITLAE OF Selective Non-Catalytic Reduction (SNCR) for Controlling NO, Emissions
i wag{'j A _ Page 2
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SELECTIVE NON-CATALYTIC REDUCTION (SNCR)} FOR CONTROLLING NO,
EMISSIONS

What is SNCR?

Selective non-catalytic reduction (SNCR) is a chemical process that changes nitrogen
oxides (NO,) into molecular nitrogen (N;), carbon dioxide (CO;) (if urea is used), and water
vapor. A reducing agent, typically anhydrous gaseous ammonia or liquid urea, is injected into the
combustion/process gases. At suitably high temperatures (1,600 - 2,100 F)1', the desired
chemical reactions occur. Other chemicals can also be added to improve performance, reduce
equipment maintenance, and expand the temperature window within which SNCR is effective.

Conceptually, the SNCR process is quite simple. A gaseous or aqueous reagent of a selected
nitrogenous compound is injected into, and mixed with, the hot flue gas in the proper temperature range. The
reagent then, without a catalyst, reacts with the NOy in the gas stream, converting it to harmless nitrogen
gas, carbon dioxide gas (if urea is injected), and water vapor. SNCR is “selective” in that the reagent reacts
primarily with NO,,. A schematic depicting the SNCR process is shown in Figure 1.7

Uraa or Ammonia Injaction
Temperaturae Range
1-6“ - 2'100 "F ——

Combustion Zone —»

Figure 1

No solid or liquid wastes are created in the SNCR process.
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While either urea or ammonia can be used as the reagent, for most commercial SNCR systems,
urea has become the prevalent reagent used. Urea is injected as an aqueous sohution while ammonia is
typically injected in either its gaseous or anhydrous form using carrier air as a dilutive and support medium.

The principal components of the SNCR system are the reagent storage and injection system, which
includes tanks, pumps, injectors, and associated controls, and often NO, continuous emissions rnonitors,
Given the simplicity of these components, installation of SNCR is easy relative to the installation of other
NO, control technologies. SNCR retrofits typically do not require extended source shutdowns.

How much NO, can SNCR remove?

While SNCR performance is specific to each unique application, NO, reduction levels
ranging from 30% to more than 75% have been reported.

Temperature, residence time, reagent injection rate, reagent distribution in the flue gas, uncontrolied
NOx level, and CO and O, concentrations are important in determining the effectiveness of SNCR.” In
general, if NO, and reagent are in contact at the proper temperature for a long enough time, then SNCR will
be successful at reducing the NO, level.

SNCR is most effective within a specified temperature range or window. A typical removal
effectiveness curve, as a function of temperature within this window, is shown in Figure 2. At temperatures
below the window, reaction rates are extremely low, so that little or no NO; reduction occurs. As the
temperature within the window increases, the NOy removal efficiency increases because reaction rates
increase with temperature. Residence time typically & the limiting factor for NO, reduction in this range,
At the platean, reaction rates are optimal for NO, reduction. A temperature variation in this range will have
only a small effect on NOy reduction. '

Typical SNCR Temperature Window
100

80 -

60 [~

40—

% NOx Remnoval

20

| | | | |
0
1000 1200 1400 1600 1800 2000 2200

Temperature, Degrees F

Figure 2

A further increase in temperature beyond the plateau decreases NO, reduction. On the right side of
the curve, the oxidation of reagent becomes a significant path and competes with the NO, reduction
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reactions for the reagent. Although the eﬂiciency is less than the optimum, operation on the right side is
practiced and recommended to minimize byproduct emissions. On the left side of the curve, there is also
greater potential for ammonia slip for a given NOy removal and residence time.

The effective temperature window becomes wider as the residence time increases, thus improving
the removal efficiency characteristics of the process. Long residence times (>0.3 second) at optimum
temperatures promote high NO, reductions even with less than optimum mixing.

Normal stoichiometric ratio (NSR) is the term used to describe the N/NO molar ratio of the reagent
injected to the uncontrolled NOx concentrations. In general, one mole of ammonia species will react with one
mole of NO in the reduction reaction. If one mole of anhydrous ammonia is injected for each mole of NO,
in the flue gas, the NSR is one, as one mole of ammonia will react with one mole of NO,. If one mole of
urea is injected into the flue gas for each mole of NO,, the NSR is two. This is because one mole of urea
contains two ammonia radicals and will react with two moles of NQ,.” For both reagents, the higher the
NSR, the greater the NO, reduction. Increasing NSR beyond a certain point, however, will have a
diminishing effect on NOy reduction with a resultant increase in ammonia slip and reagent cost.

Is SNCR a new technology?
No. Commercial installations using SNCR have been in existence for more than 20 years.

The first commercial application of SNCR was in Japan in 1974.* This installation used anhydrous
ammonia. At about the same time, the anhydrous ammonia injection process was patented in the U.S. by
Exxon Research and Engineering Co. This process is commonly known as the Thermai DeNG, process.

Fundamentat thermodynamic and knetic studies of the NOy-urea reaction occurred during 1976-
1981 under the direction of the Electric Power Research Institute (EPRI). Patents granted to EPRI for this
process were licensed to Fuel Tech which, with its implementors and sub-licensees, has marketed the urea-
based NOxOUTR process with improvements to the original patents.

Is SNCR commercially demonstrated?

SNCR systems are in commercial operation in the United States, as well as in Europe and
Asia.

SNCR is a fully commercial NO, reduction technology, with successful application of the urea- and
amionia-based processes at approximately 300 installations worldwide (see Appendix 1 and 2), covering a
wide array of stationary combustion units firing an equally large number of fuels.

In the U.S., commercial installations or full-scale demonstrations include virtually every boiler
configuration and fuel type, as well as other major NO, emitting process units, such as cement kilns and
incinerators. Urea-based SNCR has been applied commercially to sources ranging in size from a 60
MMBtu/hr (gross heat input) paper mill sludge incinerator to a 640 MWe pulverized coal-fueled, wall-fired
electric utility boiler. The longest running commercial urea-based SNCR system in the U.S. was installed in
early 1988 on a 614 MMBtu/hr CO boiler in a Southern California oil refinery. This SNCR system reduces
NO, emissions 65% from a baseline of 90 ppm.
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Industrial boilers, process units, municipal and hazardons waste combustors, and power boilers make
up the largest share of commercial SNCR installations in the U.S. This distribution is determined more by
NO, control regulations than by SNCR process limitations. Examples of commercial installations include:

e Two 75 MWe pulverized coal tangentially fired power boilers in California equipped with low NO,
bumners and overfire air required the installation of SNCR to meet a 165 ppm permit limit

* SNCR systems installed on the coalbuming, wall-fired New England Power Company’s Salem
Harbor Station Units 1, 2 (84 MWe each) and 3 (156 MWe) in 1993, together with LNBs, can
reduce NO, emissions 50-75 % from a baseline of (.85-1.12 Ih/MMBtu.

e Commercial SNCR systems retrofit on 320 MWe wet-bottom, twin furnace boilers in New Jersey
provide 30-35% NO, reductions.’

» Commercial SNCR systems retrofit on cyclone-fired boilers in New Jersey reduce NO, emissions
by 35-40%.

e SNCR is achieving compliance with RACT limits at coalfired boilers in Massachusetts’ and
Delaware.?

* An SNCR system installed on a circulating fluidized bed boiler designed to produce 350,000 Ib/hr of
steam can reduce NO, emissions from a baseline of 0.2-0.35 Ib/MMBtu to below 0.15 Ib/MMBtu

over a load range of 40-100%.°
¢ Among significant demonstrations in the U.S.:

¢ An SNCR system on a 600 MW coalfired boiler reduced NO, by 30 % across the load range while
maintainging ammonia slip near 5 ppm. The unit experienced very few operational difficulties.®

e SNCR, in conjunction with combustion tempering, is achieving NO, reductions of nearly 60 % on a
244 MWe gas-fueld cyclone boiler.""

¢ SNCR, in conjunction with bumer optimizations, reduced NOx on coal over 70 % on coal fired
boilers.'?

¢ SNCR provided an 80+ % reduction from uncontrolled emissions of 3.5-6.0 b NOy per ton of
clinker in 2 demonstration at a West Coast cement kiln.

s A SNCR system in combination with a2 modified reburn process is meeting 0.2 1o/MMBtu on a 600
MW boiler firing Powder River Basin coal.

SNCR also has been commercially installed and demonstrated in Asia. For example, an SNCR
system installed on a 331 MMBtwhr pulverized coalfired industrial boiler in Kaohsuing, Taiwan, in 1992
reduced NOy, emissions from this front-fired boiler from 300 to 120 ppm.
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In addition, SNCR has been commercially installed throughout Europe. Installations include coal
fueled district heating plant boilers, electric utility boilers, municipal waste incinerators, and many package
boilers.

In Germany, commercial SNCR systems installed on municipal waste incinerators in Hamm, Herten,
and Frankfurt reduce NO, emissions 40-75 % from baselines of 160-185 ppm. SNCR also has been
installed on more than 20 heavy oil-fired Standardkessel package boilers.

In Sweden, a commercial SNCR. system on a 275 MMBtw/hr coal-fueled, stoker-fired boiler at the
Linkoping P1 district heating plant reduces NO, emissions 65 % from a baseline of 300-350 ppm. At the
Nykoping demonstration on a 135 MMBtw/hr coatfueled circulating fluidized-bed boiler, SNCR achieves a
70 % NO, reduction from a 120-130 ppm baseline. Demonstrations of SNCR, in addition to municipal waste
incinerators and wood- and coal-fueled district heating plant boilers, included a pulp and paper mill kraft
recovery boiler, where a 60 % reduction from uncontrolled emissions of 60 ppm was attained. *

To meet new environmental demands in Eastern Europe, SNCR systems were instailed 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 geometry,
and uncontrolled NO, level, and operating modes which make them especially well-suited for
cost-effective reduction of NO, by SNCR.

Certain applications are technically well-suited for the use of SNCR. These include combustion
sources with exit temperatures in the 1550-1950 °F range and residence times of one second or more,
examples of which are many municipal waste combustors, sludge incinerators, CO boilers, and circulating
fluidized bed boilers. Furnaces or boilers with high NO, levels or which are not suited to combustion
controls, e.g., cyclone-type or other wet bottom boilers and stokers and grate-fired systems, also are good
candidates for SNCR.

Other applications are well-suited to the use of SNCR for economic reasons. For these applications,
controls with reduced capital cost, even at the expense of somewhat higher operating costs, may be the least
expensive to operate. Applications meeting these criteria include units with lower capacity factors, such as
peaking and cycling boilers, units requiring limited control, e.g., additional “trim” beyond combustion control
or seasonal control.

How much does SNCR cost?

The capital cost of a selective non-catalytic reduction system is among the lowest of all
NO; reduction methods. Recent innovations in the control of reagent injection make SNCR
operating costs also among the lowest of all NO, reduction methods.

SNCR is an operating expense-driven technology, so that the absolute cost of applying SNCR varies
directly with the NO, reduction requirements.
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Typical SNCR capital costs (including instalation) for utility applications are $5-15/kW, vendor
scope, which cormresponds to a maximum of $20/kW if balance-of-plant capital requirements are included.
For example, the total capital requirement for the commercial installation of SNCR at New England
Electric’s Salem Harbor Station {three pulverized coak-fired boilers) was $15kW. ' Similarly, total capital
requirements for Public Service Electric and Gas® Mercer Station Unit 2 and B.L. England Station Unit 1
were $10.6/kW and $15/kW, respectively. '° Southern California Edison reported an even lower capital
requirement of $3/kW for installing “urea injection” on 20 units totaling 5600 MW'®.

In the industrial sector, SNCR capital costs have been on the order of $900/MMBt/hr (equivalent
to $9/kWe on . electric utility boiler) for CO boilers, industrial power boilers, and waste heat boilers.
Waste-to-energy plants and process heaters typically require $1,500/MMBtwhr (equivalent to $15/kWe).

For similar type sources, the installed capital cost per wit of output (e.g., $/kWe) decreases as the
source size increases, i.e., due to economy of scale, total capital outlay increases less than linearly with
increasing boiler capacity.

Given such low capital requirements, most of the cost of using SNCR will be operating expense. A
typical breakdown of annual costs for utilities will be 25 % for capital recovery and 75 % for operating
expense. For industrial sources, annual costs will be 15-35 % for capital recovery and 65-85 % for
operating expense. For an operating expense-driven technology, little cost will be incurred if the source is
not operating, and cost effectiveness (the cost per ton of NO, removed) will be relatively insensitive to
capacity factor or duty cycle. This makes SNCR attractive for seasonal control of NOx emissions. (For
capitakintensive technologies, cost effectiveness becomes worse with decreasing capacity factor.)

Demonstrated cost-effectiveness values for SNCR are low, ranging from $400 to $2,000 per ton of
NO, removed, depending upon site-specific factors. For example, the cost effectiveness of SNCR at New
England Electric's Salem Harbor Station unit 2 is $670/ton.!” The wide range exists because of differeing
conditions found across different facilities, even with in the same industry. For utility boilers alone, cost
effectiveness varies with factors such as uncontrolled NO; level, required emission reduction, unit size,
capacity factor (or duty cycle), heat rate (or thermal efficiency), degree of retrofit difficulty, and economic
life of the unt.

Of primary interest to electric utilities is the cost of pollution controls per unit of electricity
generated, expressed on a busbar basis (mills/kWh). For SNCR, the busbar cost varies directly with the
amount of NO, to be removed. Costs range from less than 1.0 mill/kWh for “trim reduction” on a coal-fired
unit or RACT-level reduction on an oil-fired unit, to 3.5 millskWh for a 75 % reduction on a unit with
uncontrolled emissions greater than 1 1b NO,/MMBtu. A commercial installation of urea-based SNCR on a
New England Electric unit has a busbar cost of 2.7 mills/kWh, and a cost effectiveness of approximately
$1,000/ton. (To convert the busbar costs of SNCR to a cost increment relative to fuel price, 0.5-3.5
mills’kWh is roughly equivalent to $0.05-30.35/MMBtu.)

Innovations in SNCR control systems and continued system optimization during operation have
reduced reagent usage at commercial installations, thus decreasing operating costs further. At one coal
fired utility boiler, a control upgrade, including continuous ammonia and temperature monitors, improved
control hardware and software, and additional injector pressure controls, allow over a 50 % decrease in
reagent 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 the reagent dominates SNCR
operating cost, such large reductions in reagent use translate to significant reductions in operating cost.

INSFTTUTE OF Selective Non-Catalytic Reduction (SNCR) for Controlling NO, Emissions
CiFaN
Page 8

m{; 2
] COMPANIES
Smndimoiisioly

-



Electronic Filing - Received, Clerk's Office, September 30, 2008

‘What about ammeonia slip?

Ammonia slip, or emissions of ammonia 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 problems, including:

¢ Formation of ammonium bisulfate or other ammonium salts which can plug or corrode the air
heater and other downstream components;
¢« Ammonia absorption on fly ash, which may make disposal or reuse of the ash difficult;

s Formation of a white ammonium chloride plume above the stack; and,

* Detection of an ammonia odor around the plant.

Ammonia slip is controlled by careful injection of reagent into regions of the furnace or other
sources where proper conditions (temperature, residence time, and NO, concentration) for the SNCR
reaction exist. If the reagent reacts in a region where the temperature is too low for the NO,-reducing
reaction to occur in the available residence time, then some unreacted ammonia will be emitted. Further, if
reagent & injected in such a way that some regions of the furnace are over treated, 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.

The difficulty in controlling ammonia slip will vary from application to application. At many
commercial installations, particularly in electric utilities, units have operated with ammonia slip levels of
equial to or less than 5 ppm upstream of the air heater to meet the requirements of owners or permitting
authorities. This is a far more stringent criterion than stack emissions. In any case, ammonia concentrations
at ground level will be well below thresholds for both odor and toxicity.

Control system upgrades and process optimization after installation can lower slip below guaranteed
tevels. Thus, at a commercial SNCR system on a coakfired boiler, improved controls have lowered
ammonia slip from 10-15 ppm to below 5 ppm, and have reduced ammonia on the fly-ash by half.

Use of an SCR downstream of a SNCR also optimizes the integration to ammonia -sensitive units.

Does SNCR have other limitations?

As de all poliution control technologies, SNCR has limitations which must be understood
in order to use it properly to optimize the control of NO, emissions.

High temperature and critical NO, concentration. As temperature increases, the “critical” or
equilibrium NOy concentration at a given oxygen concentration increases. At high enough temperatures, any
reduction of NO, to below the critical level by SNCR or other means will be counteracted by the rapid
oxidation of nitrogen to re-form NO,. For this reason, at sufficiently high temperatures and baseline NOy
levels below the critical concentration, injection of ammonia or urea into the flue gas will result in increased
NO, levels. If, however, the bascline NO, concentration is above the critical level, NO, reduction will
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result. For typical coal and oil-fired steam boilers, critical NOy levels are 70-90 ppm (ca. 0.1 Ib/MMBtu) in
the upper furnace. .

High furnace carbon monoxide concentration. High CO concentrations can shift the
temperature window of the SNCR process. When CO concentrations in the region of reagent injection are
above 300 ppm, the critical NO, level and SNCR. reaction rate will increase above what they would have
been had little CO been present, as if the temperature were slightly higher. Therefore, in some furnaces
with high CO levels, it is preferable to inject reagent at lower temperatures to effect good NO; control.

Carbon monoxide emissions. In a well-controlled urea-based SNCR system, the carbon
contained in the urea is fully oxidized to carbon dioxide. Normally, steps taken to control ammonia slip
impose sufficient restrictions on reaction temperature to prevent substantial emissions of CO.

Nitrous oxide (N,O) emissions. Nitrous oxide is a by-product of the SNCR process, with urea-
based systems typically producing more nitrous oxide than ammonia -based systems. At most, about 10 % of
the NO, reduced in urea-based SNCR is converted to nitrous oxide. With proper control, the nitrous oxide
production rate may be limited to significantly lower levels. Nitrous oxide contributes to neither ground level
ozone nor acid rain formation, and biogenic sources dominate the atmospheric budget of N,O.

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

Misconception: As boiler size increases, SNCR efficiency decreases. As long as reagent
can be distributed, there is no technical limitation to the size of boilers on which SNCR will be effective.
This misconception arose in part from the earliest experiences at large utility boilers in California. These
boilers were equipped with low NQO, combustion systems, had high furnace exit gas temperatures, and very
rapid cooling of the gases in the boiler convective regions. Low baseline NOy levels resulting from these
natural gas-fired boilers and rapid cooling led to low NOy control efficiencies and high ammonia slips using
SNCR. Increased technical knowledge and experience have allowed better delineation of the limitations of
the SNCR process, which since then has been used to achieve over 60 % NOy reductions on some electric

utility boilets.

The commercial development of retractable multi-nozzle lances as well as advances in feed-forward
controls has extended the applicability of urea-based SNCR technology. These advances enable delivery of
reagent across the boiler, as has been demonstrated both in the U.S. and abroad. Recently, three utility units
(each with a different type of combustion system) with capacity in excess of 600 MW each have
successfully implemented the SNCR. technology. The combustion systems for these units include opposed
wall-, cell- and turbo-fired technologies.

Misconception: SNCR cannot be used on boilers equipped with low NO, combustion
controls. SNCR has been installed commercially on boilers equipped with low NO, bumers, overfire air,
and flue gas recirculation, and has been shown to operate effectively with all of these technologies.”

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

Can SNCR be used in combination with selective catalytic reduction (SCR)?

Hybrid SNCR-SCR systems have been demonstrated at a number of utility plants, and are
being commercially installed to meet post-RACT NO, limits.

SNCR may be combined with selective catalytic reduction (SCR). While achievable NO,
reductions using SNCR normally are limited 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 NO, removal. The quantity of catalyst required in a hybrid system is reduced from that in an
SCR-only application, so that the hybrid system will have lower capital requirements. This hybrid approach
has been demonstrated in several full-scale utility applications.

For example, at two gas-fired utility boilers in Southern California, hybrid systems gave emissions
reductions of 72-91%.%' At a wet bottom coakfired boiler in New Jersey, a hybrid system reduced NQ,
emissions by up to 98%. A utility in Pennsylvania is installing a full-scale SCR/SNCR hybrid system on an
148 MW coalfired boiler. A SNCR system currently operating at that boiler reduces emissions from 0.78
Ib/MMBtu to 0.45 Ib/MMBtu. With the installation of in-duct SCR catalyst, the utility expects to further
reduce NO, emissions to below 0.35 Ib/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 technelogies for
controlling NO, and other air pollutants.

SNCR Combination with Gas Reburn. Reburning under fuelrich conditions converts NO to
reduced nitrogen-containing compounds. During burnout, which occurs at lower temperatures than normal
combustion, a substantia] fraction of these compounds 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, rebum and SNCR may be combined to achieve NO, reductions of over 70 %, and a full-
scale demonstration with the electric utilities is underway. Recently, Fuel Lean Gas Rebum (FLGR) has
reached commercial status and in combination with SNCR is known as Amine Enhanced Fuel Lean Gas
RebungAE-FLGR). The first full-scale installation of this combined technology is achieving 60% NO,
control.

SNCR Combinations for Control of Other Pollutants. Many sources must control flue gas
constituents other than NO,, such as SOj3, chlorides, heavy metals, and dioxins and furans. It has been
found that co-injection of a lime slurry with aqueous urea provides effective control of SO, and chlorides, in
addition to NO,.** With a reduction in chlorides, there is an associated reduction in dioxin and furan
emissions.”” In-furnace lime injection has also been shown to reduce emissions of heavy metals. Thus, the
combination of SNCR and lime injection has the potential for simultaneous control of NO,, SO,, HCI, heavy
metals, and dioxins and furans.

g
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SNCR and Wastewater Disposal. In many cases, the ability to discharge wastewater into local
streams, rivers, and sewers is restricted, with no discharge allowed in sensitive locations. As an accessory
pollution contrel program to SNCR using aqueous reagents, wastewater can be disposed of by injection into
a furnace or other combustion source with simultaneous control of NOy. The dilution or “motive” water
needed to inject urea reagent ranges from 100-500 % of the reagent flow. For larger sources, such as utility
plants where 500-1000 gallons per hour reagent could be used, typical dilution water use is 1000-5000 gallons
per hour or 20-85 gallons per minute, thus offering a significant opportunity for maintenance of plant water
balance or wastewater minimization.

How can 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 various 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 application of RACT controls will require greater NO, reductions from
sources within their borders. Many states presume that these reductions will be based on the addition of
post-combustion controls, including SNCR. In some cases, SNCR could be retrofit to units that already have
implemented combustion modifications. Where SNCR has been used to meet RACT limits, the reagent use
rate could be increased to meet new, lower limits,

Seasonal Controls for Ozone Attainment. In a seasonal approach, NO, reductions beyond
RACT would be required only during the “ozone season” (May through September) when exceedances
normmally occur. For example, the states of the northeast Ozone Transport Region have committed to a plan
calling for control of ozone precursors only during the May-September ozone season to help meet regional
ozone attainment goals. SNCR is particularly well-suited for seasonal control in that it may provide deep
reductions n NO, emissions, but incurs little cost 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 $0.30/MMBtu on a unit without
low-NQOy burners, expressed as a fuel cost adder relative to the “off” season.

Acid Rain Control. Under the acid rain provisions (Title I'V) of the Clean Air Act Amendments,
NOy limits for Group 2 coalfired utility boilers, which include cyclones, wet-bottom wall-fired boilers, cell-
burner-fired boilers, stoker-fired units, and roof-fired boilers were promulgated in 1996 based upon the
capabilities and costs of available control technologies.

SNCR. technology has been successfully installed on cell-, pulverized-coal wet bottom-, cyclone-,
and stoker-fired units as well as on circulating fluidized bed boilers.

Overcontrol. The low capital cost and ease of retrofit of SNCR suggest its use as an add-on to
other NO, control 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
trading emissions or emissions reductions is permitted. Trading provisions of the proposed NO, SIP Call
regulation, the Regional Clean Air Incentives Market (RECLAIM) instituted by the Caiifornia South Coast
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Air Quality Management District, the acid rain NOy rule, and proposed rules for generation of emissions
reduction credits all authorize strategies based on overcontrol.

In an overcontrol strategy, a second SNCR system may be used to provide insurance: If the
overcontrolled unit in the averaged group is forced out of service, the insurance system is available to
provide the requisite emissions reductions on a second unit. When the overcontrolled unit is in service, the
cost of the insurance SNCR system is limited to a relatively low capital charge. '

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

COMPANY/LOCATION UNIT TYPE SIZE FUEL NO, BASELINE REDUCTION
(1).(2) (MMBtu/hr) {ppm) (%) (3)

Wood-Fired IPP/Co-Gen Plants

ABB Okeelanta Grate-fired Stoker 660 Bagasse, Wood, 0.2-0.4 (4) 40-60
Okeelanta, FL Coal

ABB Osccola Grate-fired Stoker 660 Bagasse, Wood, 110-200 40-60
Osceola, FL Caal

Alternative Energy, Inc. Zurn Stoker 500 Wood 128 50
Ashland, ME

Altermative Energy, Inc. Zurn Stoker 500 Wood 128 50
Cadillac, MI

Alternative Encrgy, Inc. Zurn Stoker 500 Wood 128 50
Livermore Falls, ME

Black & Veatch ABB-CE Stoker 473 Wood 0.47 (4) 60
Genessee, MI

Black & Veatch Zurn Stoker 440 Biomass 150 60
Grayling, M1

Georgia Pacific Wellons 4-Cell 236 Mixed Wood 0.33 (4) 38
Brookneal, VA

Georgia Pacific Cell-fired 240 Bark/Dust 144.00 20
Mt. Hope, GA

1.P. Masonite B&W 242.5 Sludge/Wood 0.404 (4) 48
Towanda, PA Waste, Coal

Kenetech Energy Riley Stoker 225 Wood 210 47
Fitchburg, MA

LFC Grate-fired 190 Biomass, 170 35
Hillman, M] Tires

McMillan Blocdel EPI Fluid Bed 291,000 #/hr Wood Waste, 100 42
Clarion, PA Combustion steam Hog Fuel

Ridge Generating Zum Stoker 550 Wood 0.35(4) 57
Aubumdale, FL

Ryegate Power Station Riley Stoker 300 Wood 0.2-0.3(4) 30-50
ilg_e‘gate. vT

Sierra Pacific Cell-fired 2@130 Biomass 200 46-57
Lincoln, CA

Zachry Energy Riley Stoker 3@390 Wood 0.20 (4} 50
Hurt, VA

Utility Bollers

American Electric Power B&W 5347 Coal 0.57 (4) 30
Cardinal Station Unit #1 Universal Press.

Atlantic Electric (3 Cyclone 138 MWe Coal 1.31 (4) 31
units) Cyclone 160 MWe Coal 1.40 (4) 36
Mays Landing, NJ T-fired 160 MW3 #6 Oil 0.31 (4) 35
Carolina Power & Light Riley Front Wall- 2173 Coal 426 50 — AEFLGR
Asheville #1 Fired 25 - SNCR
(AEFLGR)

Cinergy Miami Fort Unit #6 Tangential Fired 1490 Coal 0.55 (4) 35
Northbend, OH C.E.

Delmarva Power T-fired 84 MWe Coal .54 (4) 30
Wilmington, DE

Eastern Utilities Titting T-Fired 410-11290 Coal, (il 0.49-0.89 (4) 28 - 60
Somerset, MA Boiler

First Energy Unit #3 T-fired CE with 1470 Emerald or 255 20-325
East Lake, OH Diviston Wall Powhatan Coal

First Energy Unit #2 FW Steam 1733 Coal 0.450 (4) 25-30
Sammis, OH Generator

GPU Genco Seward Station Tangential Fired 1457 Coal 0.78 (4) 55
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COMPANY/LOCATION UNIT TYPE SIZE FUEL NOQ, BASELINE REDUCTION
(1)(2) _{(MMBtu/hr) {ppm} (%) (3)

Seward, PA {Cascade) C.E.
Korean Electric Power Company Front & Rear 2474 Coal 0.654 (4) 40
Honam Station, Korea Wall-Fired
LILCO T-fired 185 MWe Qil 250 50
Port Jefferson, NY
(D)
LILCO T-fired 108 MWe #6 Oil 0.354 (4) 35-60
Port Jefferson, NY
{D)
Middletown Unit #3 Cyclone-Fired 2455 Gas 0.34 (4) 25
Middletown, CT
NEPCO Unit 1 Front-fired 84 MWe Coal 1.0£0.] (4) ~ 66 (5)
Salem Harbor, MA
NEPCQ Unit 2 Front-fired 84 MWe Coal 1.0£0.1 (4) ~ 66 (5)
Salem Harbor, MA
NEPCO Unit 3 Front-fired 156 MWe Coal 1.0£0.1 (4) ~ 66 (5)
Salem Harbor, MA
NYSEG Milliken (DOE) CE T-Fired, LNCFS 150 MWe Coal, Oil 0.37-0.4 (4) 30
Milliken, NY 1L
(D)
Northeast Utilities Norwalk Harbor Station CE Twin T-fired 172 MW Oil <{1.4 (4) <0.25(4)
Norwalk Harbor, CT 182 MW
Penelec Seward #15 CE T-fired 1147 Coal 0.78 (4) <0.45 (4)
Seward, PA
PSE&G of New Jersey Front Wall-Fired 2@320 MWe Pulverized 2(4) 5
Mercer Station Wet Bottom Twin Furnace Coal, Gas
(SNCR)
PSE&G Hudson Station, Unit #2 Foster Wheeler 6017 Coal 0.65 (4) 2,525.00
Jersey City, NJ Opposed Wall 6000 Natural Gas 0.35 (4)
PSE&G Mercer Station Unit 1 Front Wall-Fired 320 MW Pulv. Coal 1.4 (4) 60 -
Fumnace #11 & #12 Wet Bottom Twin Furnace
PSE&G Mercer Station Unit | Front Wali-Fired 320 MW Pulv. Coal 1.4 60
Fumace #21 & #22 Wet Bottom Twin Fumace
Pennsylvania Electric Company B& W Divided 1480 Coal 0.5 (4) 25
Comby Station Furnace
PSNH, Schiller (SNCR) Wall-Fired 80 MW 0Oil 0.40 (4) 50
WEPCO Valley Power Plt. Wall-fired 70 MWe Coal 725 60
Milwaukee, WI
(D)
Wisconsin Electric Power Company Riley Turbo 6260 Coal 0.45(4) 56
Pleasant Prarie Unit #1 {620 MWg)
(AEFLGR)
Tire Burners
Chewton Glen Enerpy Grate-fired 240.00 Shredded Tires 0.195 (4) 60
Oxford Energy Moving Grate 75 Tires 85 40
Modesto, CA Incinerator
o)
Oxford Energy Grate-fired 2@170 Tires 80 50
Sterling, CT
Pulp and Paper Industry i
Boise Cascade Hydrogate 385 Bark, 117-136 35
International Falls, MN Stoker (Gas
Energy Products of Idaho BFB 70.2 Paper/Landfill 0.587 (4) 60.5
Italy Sludge
Garden State Paper Front-fired 72 Paper 355 50
Garfield, NJ Ind. Boiler
Garden State Paper Front-fired 172 Fiber 374 50
Garfield, NJ Ind. Boiler Waste
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COMPANY/LOCATION UNIT TYPE SIZE FUEL NO, BASELINE REDUCTION
(1) {MMBtu/hr) (ppm) (%0} (3)

I.P. Masonite Towerpak Boiler 204 Wood Waste 0.404 (4) 53
Towandz, PA
Jefferson Smurfit CE Grate-Fired 540 Coal, Bark, Oil 0.55-0.70 {4) <(.45 (4)
Jacksonville, FL
Minergy Fox Valley B&W Cyclone 350 Paper Sludge, 0.8 (4) 62
Neenah, WI Natural Gas
P. H. Glatfelter Studge 60 Paper 570 50
Neenah, W1 Combustor Sludge
P. H. Glatfelter Shidge 60 Paper 570 50
Neenah, WI Combustor Sludpe
Potlach Wellons 4-Cell 242 Wood Waste 0.30 (4) 57
Bemidji, MN Boiler
S. D. Warren CE 900 Qil, Bark, 235 50
Skowhegan, ME Grate-fired Biomass
Sodma Skogsagamna Recovery 900 Black 60 60
Sweden Boiler Liquor
(D)
Refinery Process Units and Industrial Boilers
ARCO CQC Kiln Calciner Petroleumn 25 34
Los Angeles, CA HRSG Coke
(8]
Babcock and Wilcox BFB 821 Wood/Sludge 0.35(4) 62
Bowatcr, Calhoun, TN
Chambers Medical Waste, Incinerators (2 units}) Simonds 221 Medical and 0.48 (4) 67.8
Chambers County, TX Incinerator Municipal
Com Preducts Gasifier 262 Wood 163 20
North Carolina
MAPCO Pctrolecum Bottom-fired 177 Refinery Gas, 75 60
Memphis, TN Process Htr. NG
MAPCO Petroleum Bottom-fired 50 Refinery Gas, 63 50-75
Memphis, TN Process Hir. NG
Mobil Oil GT - HRSG 630 Refinery Gas 75 50
Pauisboro, NJ
Maohil Qit CO Boiler 614 Refinery Gas 90 65
Torrance, CA
Mobil Qil/Macchi Package Boiter 3@265 Vac. Tower
Yanbu, Saudi Arabia Bottoms,

Propane
Pennzoil CO Boiler CO,
Shreveport, LA Thermal Oxidizer Refinery Gas
Pennzeil CO Boiler 2431 Natural Gas & 0.27 (4) 74
Shreveport, LA Thermal Oxidizer Regen. Gas
Powerine Package Boiler 31-62 Refinery 105 60
Santa Fe Springs, CA Fuel Gas
Powerine CO Boiler 31-62 Refinery 105 o0
Santa Fe Springs, CA Fuet Gas
Shell Gil CO Boiler @22 Refinery Gas 230 65
Martinez, CA
Total Petroleum CO Boiler 247 Refinery and 1.2(4) 67
Alma, MI Natural Gas
UNOCAL CO Boder 400 Refinery Gas 140 68
Los Angeles, CA
D)
UNOCAL Caleiner Petroleum 45 53
Santa Maria, CA HRSG Coke
(I
Chemical Industry
BP Chemicals | AOGIncin. | 34 ] Waste | 330 ] 80+
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COMPANY/LOCATION UNIT TYPE SIZE FUEL NO, BASELINE REDUCTION
1),(2) {(MMBtu/hr) (ppm) (%) (3)
Green Lake, TX HRSG Gas
[(2)]
BP Chemicals 3 AQG Incin. 3199 Absorber Off Gas 238 50
units) HRSG 399 238 50
Green Lake, TX 238 150 50
{Ib flue gas/hr)
Formosa Plastics Front-fired 331 Coal 200 60
Kaohsiung, Taiwan
Miles, Inc. Carbon Furnace 16 Chemical 150 35
Kansas City, MO Afterburner Waste
North American Chemical Corp. T-fired 2@75 MWe Coal 200 40
Trona, CA
Coal-Fired Industrial and IPP Co-Generation Boilers
Cogentrix CE Stoker B8@28 MWe Coal 350 40
Richmond, VA
Far East Textiles Stork Boiler 190 Coal 550 @ 6% O, 50.00
Hsihpu, Taiwan
General Electric B&W Packaged 236 #6 Qil, Gas 0.28-0.31 (4) 40-60
Lynn, MA D-Type
)
Michigan State Univ. CFB 460 Coal 247 57
East Lansing, Ml
NFT GmbH Fire Tube Package | 5@10-20 MWc Heavy Oil 700-800 mg/Nm® 40-50
Boilers
Nykoping, Sweden CFB 135 Coal 120-130 70
Riley Ultrasystems 11 Riley Front-Fired 505 Pulverized Coal 0.33 (4) 50
Weldon, NC
Sonoco Foster-Wheeler/ 145 Coal 195 67.00
Huntsville, SC Pyropower CFB
Standardkessel, Germany Packaged Firctube 3@ Heavy Oil 700-800 mg/Nm? 40-50
10-20 MWe
Strakonice Wall Fired, Grate 2@36-40 Lignite, Brown 600 mg/Nm’ 50
Czech Republic Fired Coal
Tekniskaverken Stoker 275 Coal 300-350 65
Linkoping P1, Sweden
Tekniskaverken Stoker Wood 200 50
Linkoping P3, Sweden
(D}
Municipal Waste Combusters
American Ref-Fuel Riley Grate 2@4t4 RDF, MSW 300 50
Niagara Falls, NY
Balitimore/Resco/WAPC a3 Burning Grate 32s MSw 0.50 (4} 30
units) Stoker Fired
Baltimore, MD
City of Berlin Moving Grate MSW 160 6%
Berlin, Germany
D)
City of Berlin Zurn Stoker L67 MSW 275 75
Berlin, German
(D)
CRRA - Units 11 & 12 CEVU 40 326 RDF 0.52 (4} 40
Hartford, CT
De Canderas MWC MSW, RDF 250 @11% O, 60
Cremona, Italy
DB Riley, Central Wayne 3 Municipal Waste 115 MSW 0.47 (4) 30
units) Combustor 138 0.48 (4)
Dearborn, MI
Dong Bu (2 Municipal Waste 150 tpd MSW 0.59 (4) 63
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COMPANY/LOCATION UNIT TYPE SIZE FUEL NO, BASELINE REDUCTION

{1).(2) {MMBtu/hr) (ppm) (Y (3)
units) Combustor
Kwang Myong, Korea
Emmenspitz Moving Grate 121 MSW 200 68
Zuchwil, Switzerland (D}
Emmenspitz Detroit Stoker 137.5 MSW 119 60
Zuchwil, Switzerland ()
Falls Township B&W Stoker 325(2) MSW 330 Max 50 Max
Falls Township, PA 285 Typ 40 Tpy
Fort Lewis MWC 60 tons/day MSW 230 @7% O, 65
Frankfurt Moving Grate 4@0660 MSW 170 70
Germany
Hamm Moving Grate 3@528 MSW 170 41
Germany
Herten Moving Grate 2@242 MSW 185 60
Germany
Kwang Myung Steinmuller MWC 2@58 MSW 200 63
Korca
Montenay Resource Recovery Facility Steinmuller MWC 2@260 0.385(4) 50
Montgomery, PA
New Hanover County Volund MWC 108 MswW 300 60
Wrightsville Beach, NC
North Andover, MA 351 750 tpd 300 32
Pincllas County/WAPC Municipal Waste 200 tpd MSW 0.53(4) 65

Combustor

Ravenna, [taly MWC 45,000 Nm*/hr MSW 400 62.5
Regional Waste Systems Units 1 & 2 Steinmaller 129 MSW 0.40 (4) 33
ME 43 - Design
Robbins Resource Recovery Facility Foster-Wheeler 2@309 0.39{4) 48.72
Robbins, IL CFB
SEMASS Riley Stoker 375 MSW 220 50
Rochester, MA
Seoul Metro Gov't Municipal Waste 62 MSW 100 - 150 50 - 67
Mok-Dong — Seoul, Korea Combustor
Tekniskaverken Moving Grate MSW
(Garstad
(%)
Process Units
Alcan (2 Decoater/ 30,000 1b Gas 90-130 50-80+
units) Afterburner cans/hour
Berea, KY
Allis Minerals Rotary Kiln 60 Paper Sludge 0.48 (4) 57
Qak Creek, W1 Incinerator
Fort Lewis MWC 64 tons/day MSW 230 @ 7 % O, 65
Rollins Environmentai Hazardous Waste 185 Chlorinated 60-250 35-50
Deer Park, TX Incinerator Chemical Waste,
(D) Soil
Industrial/Steel Industry
China Steel Units 7&8 CE VU40 156.8 Coal 0.568 (4) 429
Republic of China (Taiwan)
MHIA National Steel Direct Fired 479 Naturz!l Gas 0.3(4) 85
Portage, IN Furnace
{Cascade)
NKK Steel Engineering National Steel Cont. Galv. Line
Ecorse, MI
(SCR)
NKK Steel Engineering National Steel Radiant Tube 117 NMatural Gas 0.26 (4) 90
CGL #1 Furnace

(SCR)

5 INSTTTUTE OF
CLEAN

IAC
. o COMUANIFS
TR

Selective Non-Catalytic Reduction (SNCR) for Controlling NO, Emissions

Page 18




Electronic Filing - Received, Clerk's Office, September 30, 2008

COMPANY/LOCATION UNIT TYPE SIZE FUEL NQO, BASELINE REDUCTION
(1%:(2) (MMBtu/hr) {ppm) (%) (3)
Nucor Steel Prcheat Radiant 46.7 Natural Gas 032(4) 75.5
Hickman, Arkansas {SNCR & SCR) 14.6 0.46 (4) 78.9
Nucor Steel Preheat Radiant 50.8 Natural Gas 0.44 (4) 82
Hugor, 5C {SNCR & SCR} 20 0.31 (4) 89
Protec/US Steel, CGL #2 Radiant 76.8 Natural Gas 0.253 (4) 90
Leipsic, OH
{SCR)
Selas/BHP Cont. Galv. Line 29 Natural Gas 105 (4) 65
Ranchg Cucamonga, CA
WAPC Iron Dynamics Rotary Hearth 435 Natural Gas 0.374 (4) 30
Butler, IN
Cement Kilns
Ash Grove Cement Precalciner 160 tons solids/hr Coal, Gas 350-600 b/hr >80
Seattle, WA
(D)
Korean Cement Demonstration New Suspension Coal 1.27 {(4) 45
Dong Yang Cement, Korea Calciner
Taiwan Cement Cement Kiln/ 260 Coal 1.29 (4) 50
Units #3, #5, #6 Precalciner 697 Coal 1.58 (&) 45
658 Coal 0.92 (4) 25

Wulfrath Cement Cement Kiln 140 Lignite 1000 ng/Nm® 90
Germany 300
)]

(H All units listed are commercial installations, unless otherwise indicated. Commercizl includes units in the design and installation

phases.

(2) Company/Locations which are not named are requirements of Confidentiatity Agreements. (D) Denotes “Demonstration.”

(3) NO, Reduction values are not necessarily the limit of the technology. These values may be the guaranteed limits,

4) Ib/MMBtu

(5) Actual limit = 0.33 Ib/MMBty
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APPENDIX 2: Selected Applications of Ammonia-Based SNCR, by Industry

COMPANY/LOCATION UNIT TYPE SIZE FUEL NO, BASELINE REDUCTION

(1) (MMBtu/hr) {ppmy) (%) (2)
Stoker-Fired and Pulverized Coal-Fired Boilers
Atavista, VA Stoker Fired 2@380 Wood/Coal 321 50-65
Buena Vista Stoker Fired 2@385 Coal 324 54-66
Hopewell, VA Stoker Fired 2@385 Coal 324 54-60
KMW Pulverized Coal 2@450 Coal 600 83
Mainz, Germany
Modesto, CA Stoker Fired 2@204 Tires N/A 78
STEAG Pulverized Coal 4500 Coal 250 55
Herne, Germany
Showa Denko Pulverized Coal 1000 Coke 315 57
Oita, Japan
Coal-Fired Boilers T
Kraftwerke Mainz Cyclone 2@433 Coal 83 -
Wiesbaden/Deutsche Babcock Anlagen AG
Germany
Northeast Utilitics Cyclone Coal
Merrimack Station Unit 1
Bow, New Hampshirc
Rio Bravo Jasmin Circulating Fluid 391 Coal 80
Rio Bravo, CA Bed
Rio Bravo Poso Circulating Fluid 391 Coal 80
Rio Bravo, CA Bed
Stockton Cogen Circulating Fluid 620 Coal N/A
Stockton,CA Bed
Veba Krafiwerke A.G. Cyclone 730 Coal 38
Gelssenkirchen, Germany
Stoker-Fired Wood-Fueled Baoilers
Brawley, CA Stoker Fired 250 Wood 400 60
Burney, CA Stoker Fired 2@478 Wood 116 52
Long Beach, CA Stoker Fired 200 Wood 25 60
Sacramento, CA Stoker Fired 164 Wood 220 59
Shasta, CA Stoker Fired 3@9503 Wood 75-90 40-52
Susanville, CA Stoker Fired 500 Wood 130 58
Terra Bella, CA Stoker Fired 158 Wood 100 50
Tracy, CA Stoker Fired 275 Wood 310 75
Circulating Fluidized and Bubbling Bed Boilers
Chinese Station, CA Bubbling Bed 315 Wood 125 80
Chowilla, CA Bubbling Bed 152 Wood
Colmac, CA Fluidized Bed 590 total Coal

[2 units]

Combustion Power, CA Fluidized Bed Coal, Coke
El Nido, CA Bubbling Bed 175 Wood
Fresno, CA Fluidized Bed 350 Wood 120 76
Jasmine, CA Fluidized Bed 394 Coal 150 80
Madera, CA Bubbling Bed 384 Wood
Mendota, CA Fluidized Bed 349 Wood 120 g0
Poso, CA Fluidized Bed 394 Coal 150 80
Rocklin, CA Fluidized Bed 340 Wood 120 76
Stockton, CA Fluidized Bed 620 Coal
Woodland, CA Fluidized Bed 330 Wood 120 76
Municiple Solid Waste Incinerators
Commerce 300 (3) 200 60
Bremerhaven, Germany
Essex County 3@770 (3) 190 60
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COMPANY/LOCATION UNIT TYPE SIZE FUEL NO, BASELINE REDUCTION
(1 (MMBu/hr) {ppm} (%) (2)

Huntington, Long Island i@aso () 350 60
Long Beach, CA @470 (3) 200 70
Minneapolis 2@600 (3) 240 60
Munich, Germany 930 (3) 190 70
Spokane 2@A400 (3) 300 45
Stanisiaus County 2@400 (3) 200 67
Union County 3@480 (3) 350 70
Unit "M" 750 (3) 320 65
Vapor, Sludge, and Hazardous Waste Incinerators
Carson, CA 2@204 Shidge 350 65
Dcopwater, NJ 2@103 Shudge 265 77
(Gaviota, CA 20 Vapor 112 70
Germany Vapor
Gladstonc, Australia 57 Vapor 2000 91
Gas- and Qil-Fired Industrial Beilers
Champlin Petroleum Qil/Gas 65
Wilmington, CA
Chanselor-Western Qil 50 Crude 65
Santa Fe Springs, CA
Getty Oil Crude
California
Golden West Refinery 60 cO 75
Santa Fe Springs, CA
Mitsui Petrochemical 340 il 53
Japan
Mohawk Petroleum {2 units) 0ilfGas 60-70
Bakersfield, CA
Oxnard Refinery 8.5 Crude 30
Qxnard, CA
Santa Fe Energy 3@150 Crude
Santa Fe Springs, CA
Tonen 400 CO/Gas 50
Kawasaki, Japan
TSK 215 0iVGas 55
Kawasaki, Japan
TSK 574 QiliGas 65 j
Kawasaki, Japan
TSK 1135 Oil/Gas 57
Kawasaki, Japan
TSK 1135 Qil/Gas 55
Kawasaki, Japan
Glass Melting Furnaces
AGF Industries 125 Gas 61
Los Angeles, CA
LLOF Glass 200 Gas/Qil 51
Lathrop, CA
PPG Industries 150 Gas 60
Fresno, CA
SHOTT
Germany
Sierra Envr. & GAF 29 Gas 70
[rwindale, CA
Qil- and Gas-Fired Heaters
Champlin Petroleum 627 total Qil/Gas 50 to 60
Wilmington, CA [13 units]
Chevron Research 315 Gas 69

San Francisco, CA
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COMPANY/LOCATION UNIT TYPE SIZE FUEL NO, BASELINE REDUCTION
(1 (MMBtu/hr) {ppm) (%) (2)

Fletcher Qil and Refining 47 total Gas 45 to 65
Wilmington, CA [2 units]
Independant Valley Energy 165 total Gas 65to 75
Bakersfield, CA [4 vnits}
Kyokuto Petroleum 2@250 OiliGas 5110 53
Chiba, Japan
LOF Glass Giass Fumace 200 Gas/Qil 51
Stockton, CA
Mendota Biomass Circ. Fluid Bed 349 Wood 72
Mendota, CA
Mohawk Petroleum 349 total Qil/Gas 60 to 70
Bakersfield, CA [4 units]
Monsanto 23 Oil 43
Carson, CA
PPG Industries Glass Fumace 150 Gas 60
Fresno, CA
Rocklin Cire. Fluid Bed 340 Wood 16
Rocklin, CA
SHOTT Glass Fumace Gas
Germany
Sierra Envr. and GAF Glass Fumnace 29 Gas 70
Irwindale, CA
Tonen 515 and 190 Gas 63
Kawaski, Japan

m Al units listed are commercial installations, unless otherwise indicated. Commercial includes units in the design and installation

phases.
(2) NO, Reduction values are the guarantees.
(3) Tons/day.
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FUEL TECH NOxOUT® PROCESS EXPERIENCE LIST

Legend

¢ All units listed are commercial installations, unless otherwise
indicated.

¢ Commercial includes units i the design and installation phases.

¢ [D] Denotes "Demonstration”.

¢ % NOx Reduction and Ammomnia Ship values are not necessanly
the limit of the technology.

¢ These values may be the guaranteed or permitted lmuts
‘I structured to easily meet permit conditions.

¢ (CP) Denotes an agreement has been reached, however, the
"Contract 1s Pending”.

¢ Companies/Locations which are not named are requirements of
Confidentiality Agreements.
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} PRODECT . 2of SIZE NOx BASELINE |REDUCTION
EXDUSTRY Type | COUNTRY|  COMPANY/LOCATION  [ipo.| UNIFTYFE (MMBhut FUEL | MM -
. AEP - Southwestern Eleckric Povwer BE&W
Utility NOSOUT® | rcs  [orckey Station Unit1 1 | OpposedWad mm?; ha Coal 019 T/ MMBHn »
m] FaDsville, TX Fired
. NO=OUT AES-Greenddge .
Utility cascapps| USA |Unitd 1 T-Fired 107 MW Coal 0.23 b/ MMBt o
Dresdon, NY
ALS / Indianapolis Power and Light
Uititiry NO«OUT® | USA  [Hasding Street Station 2 CE T-Foed 110 MW each Coal 0.6 Ih/MMBta 50-20
Units 3 and §
AES ‘
Uiy NOxOUT* |  USA I'Bmvw Valley2,9,8, &3 4 Multple 125 MW Coal - .
Units Total
Monace, PA
LAllegheny Power
Uiliky NOOUT* | USA  [Hatfield's Pery Unit 5 H Cell-Fedt 350 MW Coal 0.35 Ib/MMBtus 1620
Musan Town, PA
ann NOOUT | (e et ¢
rility 51 &2 2 Cyclane 51034 PRBCoal | 0.25Ib/MMBta 50
+ RRI
Alton, MO
NOXQUT® +
Utlity R[II;]I UsA ,54 “’im""’&“ s Ut § 1 Crelone F10 MW PRECoal | 0.231b/MMBtu 5
Arnerican BElectric Povrer
NOWOUT® BawW 3347
Gtitity F USA  |Cardinal Station Unit $1 1 _ o Coal 0.571b/MMBtu 30
o] Brilbant, OH Unfrersal Press. 600 MW
[ Atentic Electrie Cyclons 138 Mwe Coal 131 b/ MMBta 313
Uttty NO<oUT* USA  |BL England Sttion 3 Cyclema 160 MWe Coal 1.40 o/ NOMBtu 35
Mays Landing, IN] T-Rired 160 Mrve #6501 031 Ib/MMBtu 35
789 mg/Nmm?
" Slevak  |Austrian Energy _ . Pulverized
Utisty NO=OUT® Republic [Vofany Station 1 Uility 1146 Coal ) :1;; f), 52
Uil 00Ut | usa  |CEnemy Miami Fort Unde 25 y | TempemislFired 1450 Coal 0.53 b/ MMBtu 5
ity NO«D Morthberd, OH CE
Daminion Gerwration
Uittty NOxOUT® USA  [Clover Stalion, Units £ & 2 2 CE T-Frred 46T MW each Coal 0.32 MMBtu 5
Clover, VA
~ Dominionf INFPCO Uit 1 . . . -
Utility NOXOUT® USA | e Hasbor, MA 1 Frant-Fired B MWe Conl 100+0.10 56
, NEPCO Unit 2 . . .
Uity NOWOUT* | UsA VA 1 Front.Fired 1 MWWe Coal 1002010 &6
[Damtnton/ NEPCO Unit 3 ‘ g it
Usility NOOUT™ | USA  [oy o o MA 1 Front-Fired 136 MWe Coal 1002010 &4
Trake
Gty NOOUT* | USA | Alen Staticn Umit 1 1 CF T-Fired ’7511{‘““3:" b Cost 022 Th/MMBHa 25
Belmont, NC
Dniks Energy
Utility NO=OUT" USA  |Allen Statign Uit 2 1 CE T-Fired ml-,i:?\{;vw b Coal 0.22 [b/ MMBtu TBD
Belmont, NC !
Dok Bnergy
2546 MMEtu,
Utility NO:OUT® | USA  |Allen Station Unit3 1 | CE Twwin Fommace 270 M /h Coat 022 Ib/MMBtu -3
Belmont, NC ‘
) ke Enexgy
Uttty nowour® | USA  jAllenUnmsaes 2 | CETwin Fomace Mm"“wm“ﬂ" Coul 0.221b/M2MBru 5
Belmont NC h
Evvergy
230 MMBm S hr
Utility NowouT* USA  [Buck Station Urits 3& 6 2 CET-Fired ! a2 W’:" Coal 0016/ MMBin 20
Saisbury, NC -
Lrakn Energy
Utilny NGROUT® |  USA  |Marshall Station Unit 5 1| cRtCame | WOIMEWA Col | 0267M/MMBr »
Terrell, NC .
Druke Energy
3367 MMBh
Utitsty NOxOUT® | USA  PMushall Station Units 1 & 2 2 CE §-Corner i s Coal 0245 Th/MMBhe 0
Teryall, NC :
Duke Energy MMB
Utility NOLOUT? USA  [Marshall Unit4 t T-Fired 720 MW Coal :fwﬁ’;,m’:‘ f:
Temrell, NC A
Dtk Enurgre
Uty NOXOUT* |  USA  |Riverbend Station Timits 4 & 3 2 CET-Fired /i Coal 0.251b/MMBtu 6D
lﬁuh';bmy, NE
Energy 1318 MMBtaf hr
Uttlity NO-OUT* | Usa verbend Station Units 6 & 7 2 CE T-Fired 15500V Coal 0.201b/MMBty TED
sibury, NC ;
T Dynegy NE Generation
Uity OO USA  |Durskammer Unit 4 1 T-Fired 209 M Coul 025 To/MMBtn »
o Newburgh, NY
n Philadelphia Electric Co. BEIV
Uity NOOUT* USA  |Cromby Station, Uit 1 1 | Divided Fucsce 1460 Coal 0.50Th/ MM 25
i Phoenbvitls, PA
L] 3
Uittty NOXOUT® | USA  |Eddystone Station Units 12 2 T-Fired 3 My Coal .25 15/ MMBta ~30%
Twin Fuonece 333 3y
Eddystomwe, PA
MW = MiosTe 1 Wrste Cambustar
b 11.01.2008 Fusl Tach NOrOUT" Frocan {Page 212
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PRODUCT *of SIZE NOx BASELINE | REDUCTION
INDUSTRY rype | COUNTRY|  COMPANY/LOCATION  (.-F | UNITTYPE (MME L PRt “
|First Energy
Uality NOWOUT® |  USA  |BastLake Unit3 1 CEsKamer | MBI Cot  [0310801/MMB| 20-325
Enst Lake, OR
. . First Buergy Baw
Usiliey NOxOUT USA  |EnstLake Unitd 1 " s 620 Mivg Coal 038 b/ MMBtu 25
East Lake, CH "
|First Enerpy .
Uity NOxOUT USA  [Sammis Uit 1 W JFB’. i ‘d" Wal 160 MW Coal 056 1b/ MMBla 3
}Sm.i.s, CH
Pirst Energy .
ey NOoUT* | Usa h:: Unit2 q | FWFromtiVall 180 MW Coal 0.38 b/ MMBta 5
is, OH Fired
First Energy .
Lihiey NOWUT* | USA  [Samos Urst3 1 Fw I;: g: Wall 180 MW Coal 0.35 Ib/MMEBtu 25
Sammic, OH
FFirst Enerey .
Uity NOMOUT® |  USA  |Sammis Unitd 1 m'::‘:‘d“ all 16007 Conl (38 [b/AMBla Ex
. %lnmﬂ!, QH
First Enerpy
Uittty NO:OUT* | USA  |Sammis Unnts 1 | BEW Wall Fred 500 MW Coal 0.45 b/ MMBtu 25
Savoneis, OH
) . First Enevgy ‘ , B&W ,
Utilsty NOwOUuT* USA Linité 1 Ui Pres H20 MWy Coal 033 1b/MMBtu 25
5 tx GH niversal 1
First Energy
N . o Baw
Utility NOsOUT* | usa S ng 7 1| Gareoad Press. &0 MWp Coal .98 1b/ MMBta L
Korean Ekclnc Powez Co. Fromt & Reas ~
Usility NOxOUT® |  Kores |Homam Stabiom, Unies1 &2 2 oD e 2474 Canl 0.454 Ib/MMBru &0
Korea
Northeast Utilities
Ukiiiny NONOUT* | USA  |Schifler Station Units 4,3 & 6 'y P";:":"'w SOMW each Cont 0,43 [b/MMBtu 50
Portzmeuth, NH et Fired
- SCR Reagent
L NORQUT Northerm Indisna Public Service ) )
Uklity ULTEA® UsA Schahfer Station £14 1 Cyclone-Fired SR MW Coal R;;;m
i | s : SCE. Reagent
Uity i\OxOUI “mﬁumfndxm:mlm&rm 1 Fired Y Coal et
ULTRA USA  \aailiy Statiom 25 Cpclome 0 ‘.:flq"”m Tbmﬂu
NOXOUT Nerthern ndisna Public Service SCR Reayent
Utitity ULTRA® A |eny ton 7 1 Cyelone 175 MW Coat Requirement N7A
Chesterton, IN 720 1b/be
N NOWOUT [Mexthern !.miusu Public Sarvice ) i SCR l.hlgtnt
Uity TRA USA  Michigan City Station #12 1 CycloneTFired 520 MW Coal Requirement
uL Michigan Clty, IN ‘ 1200 Ib/hr
- NRG/ Eastern Utilittes Tilting T-Fired . 089049
Uity NoOLT* [ USA | A 1 o 410-1120 Coal, Cil Ty MMBta 26- 60
INRG/ Northeast Utilices
Uiy NC:OUT* |  USA  [Middletown Untt3 1 CycloneFired 2455 MMBru/Tn Gas 034 b/ MMBtu %
. . NRG/Narthoust Utlities 172 Mg .
Utility NOXOUT® |  USA  [Norwak Marber Station, Unis 182 | 2 | CE Twm T-Fired 18230, oil <0490 <025
5. Nozwalk, CT Rolid-1
Fropvgy Carolinas
FLGR™+ Progress Erergy Rile Front 2173 MMBta/hr
Uittty USA  [Asheville Unit 1 1 ‘ : Coal 0.581b/MMBtu 50
NOWOUT* Skplerd, NC WaD-Fired 200 MY
[PSELG Mercex Station Thnit 1
ks FLGR™ Frout Wall-Fired 320 MW
Uttty woourt|  UA :‘“’“" L& F12 ! Wt Battom Toetss Prumace Pulv.Coal | 14016/MMBta %
Tenton, NF
PSE&G Mercer Station Unit 2
FLGR™ . Exont Wall-Fized 320 MI¥
vy wNosoure [ A bt ! et Bottam Twin Fumace Pobr.Coal | 230 Ib/MMBtn 0
Trentzm, NJ
Gty FLGR™ s e Station, Ut 92 y | FosterWheeler - Coal 0.63 T/ MMBtu 0
+SNOOUT” sz—’mﬁm s Cpposed Wall Natural Gas | 0.351b/MMEtu a0
[PSELC
. Faster Wheeler Coal Q.63 b MME 25
Utility NOxOUT" USA  [Hudson Station, Unit $2 ' 560 MWy .
Oppased Wall Natural Gas | 095 b/ MMBiu 25
Jersey City, NJ
! o | usa W] sm:;m Grar 82 | | FromtWanFued | 320 MWe Tuin PulvCoal | 2001b/MMBtu 35
Utility NOXO! k am, Unit Wet Battom Pumece Gas 0.60 Tb/ MMBts 0%
Trenton, Nf
Reliant Fnergy
Latity NOOUT® | 1ron  [havevile Uit 2 1 | FrontWallFired 177 MW Coal 0.55 [/ MMBiu Y
o] ville, PA
s NOWOUT Reliant Energy/Penelec Tangential Fired
iy cascape®| A Seward Uniris 1 CE sz Conl 0.78 b/ MMB 35
3 Reliant Energy/ Fenslec .
1 B A A{Hh .78 th/) o
Utitity NOXOUT UsA i i CE-T-Fired 1457 MMBru/br Coal 0.78 Ib/MME a5
) Rochester Gas & Electric ) 0.25. 042
Lititity NoxoUT Usa oo Lasts 14 4 CE T-Fired 263 MIV Total Coal 11/ MMBew 15-27.5

WA — hfuricipet Warte Cambuitor

{D} Denctss Demonrrion F1.0E 2008 Fut Toch NOxOUT® Process §age 3/13]
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. PRODUCT 2of SIZE NOx BASELINE |REDUCTION
INDUSTRY ypE | COUNTRY COMPANY/LOCATION [ o | uNITTYPR AOBtha FUEL « Ih/MMBta) “
” NO-OUT* Sar Miguel Electdc Cooperative ‘ Opposed _
Uititiey e USA gy ] Wl 490 MW Ligrite Coal | 0.178 Ib/MMBta b}
soritserT By 7 RHBAS e L MW T VAT IBF NIV Iy
Power TFired 1B MW Caal 0.46 1b/MMBta b
Utstity NOWOUT® [ USA g0 i 14 4 Towin Fumace 272 MW Coal B.40 1/ 0VBtu 25
Sy T . N i
’ NOOUT* Pawer * 2474 MMDBu/ i
Utitity e USA | et Unit § 1 Oppased Wall XM Conl 044 1h/MMBta b
= rrillm_ AL Fired
thern Company / Gulf Power
Uttty NowOUT? USA  |CristUnicd &5 2 TRired W Coul .36 1b/MMBtu 5
sacola, FL
] |Southern Company / Gulf Power
Utidity NOXOUT® USA  [Cuist, Unité 1 FWEC 320 MW Coal 035 1b/MMBta -5
[Pensacola, FL
Teruressee Valley Antherity
Utiliry NO=QUT® USA  [Johnsonville Urit 1 1 CE T-Fired 125 MW Coal 0.44-0.46 [/ MMBtu, 5
Waverdy, TN
Ternessee Valley Authorlty B&W Front
Utiliey NOsOUT® | USA  [ShawneeUmitl 1 Wil Fleod 145 MW Coal 0.43 b/ MMBtu »
Paducah, KY
Wisconsin Electric Power Co. 4260
Uolity FLGR™ USA  |Pleasarst Praivie Umt 11 1 Ritey Tarbo 30 MY Coal 0.431b/MMEta 0
Kerosha, W (620 Mg}
FLGR™ [Wisconsin Electric Power Co, 5260
Uglity +HNCOUT USA  |Pleasant Prairfe Unit €1 1 Riley Tuabo (620 MIVg) Coal 0.43 b/ MMiBtu 56
[12]] |Kenosha, WT )
NOxOUT* AK Stee]
Steel ot Usa IPumece No. 1 i Armesling Fornace 110 MMBto /T Natoral Gas 01215/ MMBtu 33-43
[Rockport, BN
[Chin Steel CE T-Eired 41D mg/Nm®
Stoel NO=O! abwan
urt | T [Unit 6 t w/CCOFA 55 Coal eN% o, 9
China Steel
Steel NO«OUT® | Tadwan |Unis7&8 2 CE VU 1%6.8 Coal 0568 Ib/MMBra 429
‘ajwran - Repablic of China
Demag Malimpiant 5.p.A. 1200 mp/Nm?
Steel NOKOUT® Maly L rioshe, Taly 1 Steel plant 6200 o118 0, 7o
NOOUT MHIA Naticnal Steel Diect Fired .
Steel Coscade® UsA Pringe, IN 1 E 7o NetoraiGas | 05016/MMB 85
INKK Stee] Engineering
Steel 5cR USA  [National Steel OGL £1 H R“”“":“h 17 Natural Gas | 026 1b/MMEBtu E]
Pentage, I Arnnealing Furnace
|NKK Steel Enginesring
Steel 5CR USA  [National Steet 1 Cont. Galv. Line 17 Natural Gas | 034 b/ MMEBiu %0
Frarse, M
NOxOUTS
[Nucor Steel, Reheatf 588 0.227 b/ MMBtu e
Steel Phus USA | v avefocdsvitle, BN t Radiznt 145 NamralGas | g gt i/MMBEG 7
Urea SCR
NOOUTE
[Nucor Steel, ) Prehest/ 167 0521b/MMBtn 74
Steel Flos YA i, AR ! Radiant 773 Natumal Gas | b/ MMBtu ]
Ures 5CR
NO<OUT®
Inwcor Stee), ) Preheat/ 08 0.4 ib/MMBtu 32
Steel rse | T [Hegesc. ' Radiant 20 Natamal Gas | 44 b oovrmin 39
|Protec/ US Steel, OGL #1 Radiant Tube
Steel SCR USA Laipeic, O 1 g ® Nataral Gas | 0.569 Ib/MMBm %0
Stae SR sa  [Protec/USSted, CGL#2 1 Radiant Tabe 765 Natars] Ges | 0.253 1b/MMBtu 90
Leipsic, OH Fumnace ) h
. Selas/BHP ! ,
Steel NOLOUT® UsSA p ca 1 Cont. Guh. Line » Nabaral Gas 105 &5
Steel NOxOUT™ Usa :‘L’iﬂh“'é’\?" Dynmics 1 Rotary Hearth 45 Natzal Gas | 0.374 Ib/MMEm %0
. ARCO CQC Kiln Pebrolenm
Reflnery NOWOUT" USA (1 ox Angeles, CA b | Caleiner HESG 51 Cobe 56 30
BP
; [
Refinery NO=OUT® USA | o, 01 1 €O Bodler 51§ Refinery Gas 3 22.35
BAFCO Petroleum Bottom-Fired Refinery Gas,
- = eTF
Rafinary NO=QUT* | USA Nfemmphis, T 1 Process Hir w7 Natural Gas [ bl
MAPCO Petroleurn EBottom-Fired Refinery Gas,
Refine 1 &3 -
g4 NoxouT* usA [Memphis, TI¥ Process Hix, » Natozal Gas. -7
Mobil Oil
Rafinery NOROUT™ USA oo 35 1 T - HRSG 630 Befivery Gas bt 50
MWL = Murdcine] Worm Comberar
11.01.2008 Fuel Toeh ROrOUT" Procass [Fage £712]
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PRODUCT : Fof SIZE NOx BASELINE |REDUCTION
INDUSTRY rypE | COUNTRY COMPANY/LOCATION | opef UNITTYPE (MMEBryt) FUEL * Iy MMBt) “
Refinery NO<OUT* USA i.":if_ﬂ ca 1 CO Boiler 514 Refinery Gns %0 65
Vacuum Tower]
Ssudi  [Mobil Oil/Mecchi
r
Refinery NOWUT® | S b Sovac Asalia 1 Package Batler @1263 Bottoma .40 b/ MMBi .
Propane
[Permzoil CO Boiler/ C0, Refinery
Refinery NO=OUT® WA [ LA 1| Tueremsl Onid Gas
Refnery | NOwouT® | Usa [Pl I v A 23 N;:‘:: Skl oorib/vedbn 74
Porverine ; Refinary Fael
Rafinery NOxOUT"® USA | ta FeSprmgs, CA 1 OO Boiler 31-62 G 105 80
) _ |Pasverine Refinary Fusl .
Refinery NOLT" USA o Fe ca 1 Package Bailer $1.62 G 105 40
Refinery NOOUF* |  UsA M"'h""_ ﬂ:i o 1 €O Boiler oy Refinery Gas 30 55
otal Petrolenm P . OO, Refinery -
Refinery NOxOUT® Usa Ima. M 1 CO Boiler 197 Gas 1.20 TofMMEBta &7
NO=OUT* OCAL Cakiner Petrolynm
Refinery (D} USA s Angeles, CA 1 HRSG Coke + 3
Refinery NOOUT® | oy |UNOCAL 1 €O Boiler w0 Refined Gins 140 P
1] Los Angeles, CA
PulpiPeper | NOWUT* | Usa  [Mebeockandiileax 1 BFE = Wood/Studge| 03516/ MMBr 52
NOOUT* Baize Cagcads .
Pulp & Paper o1 USA (o b, MN 1 |Hrdroprate Stoker k. Bark,Gas  [0:14-019Tb/MMBr|  25.33
CCT. €00 mpg/Nm?
PapkPaper | NOWOUT® | Ty [CT 1 | PaperSindge BEYL euso, »
Pulp & Paper | NOWUT® | Taly ﬁ:‘;‘? Products of idaha 1 FE 2 Fapee/ d"‘;_"“m 0.587 [b/MMSka 605
Garden State Paper, Unit #3 Fromt-Fired .
Polp & Paper | NOLOLT® USA e N 1 Ind Bofler 110 Piber Waste | 030 Ib/AMBo 50
Garden State Paper, Univ 4 Front-Fired ,
Pulp & Paper | NOxQUT" USA | e, N 1 g 172 Biber Waste | 020h/MMBta 3¢
[Tefteraom Smurfit ) ] 055.0.70
Pulp & Paper | NOxOUT® USA |1 iaomeitie, FL 1 CE Grate-Fired 340 Coul Bark. O 1ot 20-33
McBumey Corp.
Pulp& Paper | NOWOUT® | USA  [Koda Energy, LLC 1 | Biomas Cogen 231 Blomass :g i:::mm‘ 2
Shakopee, MOV
Minergy Fox Valley P Shod
Pulp&Papmr | NOWOUT® |  USA  |AggregatePlant 1 | BEWCyelore 350 — 0 Gi" 0.301b/MMBtu &
Neemah, W1
Pulp & Faper | NOWOUT® | USA :;:ﬁi‘:‘v';“‘ 1 | Sudge Combmator ) Paper Shodge 570 0
Potlateh Welloms. .
Pulp & Paper | NOXOUT* USA Besids, M 1 Ol B B2 Wood Waste |  0.30Th/MMBtu 50
5. D. Wamen - 4], Bark,
Pulp & Paper | NOXOUT® USA began, ME 1 CE Grate-Fired 200 B 0.30 Ih/ MMBtu *®
Pulp&Paper | NOXOUT® | Usa  [ohemecedy Inematiomal 1
NOLOUTS Sodra Skogsagama & mg/Nm*
Pulp & Paper o Sweden Srceden 1 Recovery Bailer 900 Black Lignor 29% 0, 50
TempleInland B&W Grate-Fired Bak
Pulp & Paper | NOXOUT® USA g 1 548 Natural Gas | 92 T/ ¥MBt 40
N _—
Pulp&Faper | NOsOUT* | USA “1 by "MD““] Tse ! (Lobamill} 824 1 B & W Cyelone 550 Coal 119 T/ MMBt 50
. Alean Decoater/  [30,000 Tbs of abnminum|
90-130 .80
Process Linit NOxOUT® UsA 5 Ky 2 cxrs /e Gas 50-50+
. Alb Minersls Rotury Kibn
Process Unit | NOWOUT® USA (G Corek W1 1 Envcinoratar &0 Paper Studge | 048 15/ MMBt: 57
MG = W] Wares Conmbermnr
0 11012008 Fusl Tach NOWCUT® Proeass {Fags 5/12)
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PRODUCT 2ot SIZE NOx BASELINE | REDUCTION
INDUSTRY pr | COUNTRY COMPANY/LOCATION | mo|  UNITTYPE {MMBtuhe) FUEL | MMBts) -
Chambers Madieat Waste Simand
Procem Unit | NO<OUT® USA  [Incinerator 2 S 2 ";’f“";ﬂd 045 Ib/MMBta 678
Chambers County, T "
. Dow Chemiral Rotary Kitn .
ProcessUnlt | NO<OUT® USA  hfidiend, MO 1 v/ Ao 143 Haz Waste 720- 740 40-53
Eb Lilly Haz Waste
ProcessUnit | NO<OUT* USA | agette, I 1 Inetneater 30 Haz Waste 0 o
Chlstinated
NOOUTE Rallins Environmmental Her Waste
Process Unit USA " 1 163 Chemical 60- 250 35- 50
{D} Deer Park, TX incinsrater Waste, Soil
Process Unit SCR Tatwan  [Shinkang Synihetic Fiber 3 | Engine Generator 57 MW each 26 Puel 011 1;:;1;?; 85
MWC NOOUT" | Swedsn [Hnlisteharomer 1
Mwe NOxOUT® USA  [Wheelabrator 2 Incinesator 851 /730 TPD MSW 300 2
West Millbury, MA
. . |AGEA M5W . . 400 mg/Nm?
1y 1 Incinen 1-3¢/b
MWC NONOUT* L A Ay Ty atox 1 e11% 0, 50
. ] Alstom Powrer Daneco 400 mp/Ne®*
MWC NO<oUT" Ttaly iaa, Haly 1 Incinezator 2-8t/b 1% 0, 50
. 204 mg/Nm*
MwWC SNCR R ;": :”"’ 1 Incinerater W9yh Process Gas e11% 0, &
i 025"
| Ambriente 5.p.A4. - L3 g Bm
MIWC NOLOLT* by o . oy 1 Incinerator 2-Ti/h e11%0, 0
. |[Ambient= 5.p.A. 500 mg/Nm®
MWC NOLOUT* oy e, Taly 1 Ineinerator 1-124/h an1% 0, 60
- Ambient= 5.p.A. 500 mg/Nm*
box -
MWC SNCR Tealy S cartin, Tady 1 l'nri?.!n 3-7t/h €11k 0, 40
American Ref-Fusl
MWC NOOUT® | USA  [(CF) Hempatead 3 | Degsbelabeeck 20 ?a}g"fo 044 (B/MBtw Pl
[Long Esland, NY
. Raf-Fuel ,
MWC NOxOUT® USA ok o 2 Riley Grate el RDF, MSW 300 50
)
0 me/Nm
MWE NOWOUT* | Imiy  fArsdldoAme 1 Rp— My MSW ans o, %
iy ayye
Aster, RSU. Cremona 400 mg/Nm®
MWe NO=OUT* Haly 7 inea, Tty 1 Incinerator 1-8i/h €% 0, 50
Baltimoref Reaco /WAFC Burning Grata '
MWC NO=OUT® UsA o | MD 3 ek Fired 33 MSW 0.301b/MMBta 30
MWC HOWOUT® | e [Bevens 1 Towcer 150 Mive Hewyog | 20Z5me/Na’ | o
i) oy enso,
L
MWC NO<OUT® | Germany |Bremen, Germumy 3 Gaate Fired 15 ¢/h ”;?;”;&“ 33
]
1
MWC NOLOUT® | Germany |Bremen, Germary 1 Grate Fixed M t/h 55::;3;2&!! »
Mwe Noout® | o B G 1 GrateFired 151/m 350 me./Men' 45
m 113 0,
b3
CCT. 400 mp/No'
Mwe NOOUT® Taly irasen, Ttaly t Biomass 40000 0114 0, &0
b
5 CCT. _ B8 mg/Nen' -
M NOWQUE® | Maly el g ! Biomass 93000 enso, m
, CCT. 400 mg/Nm®
MWC NO<OUT® Wy | i Taly 1 Bismass 40000 @115 0, 60
CAECEM - 400 mg/Nm”
Mwe NOOUT® | Murtiniqoe |p oo Martinique t Incinerator -7 G150, n
. NO=OUT* Crty of Beslin .
MWC Germumy 1 M Grate M5V 160 &
m] *  |Bexlin, Germany o
MWC NOOUT® | oy | O of Berlin 1 Zurs Stoker 167 MW w 73
m Y |Beslin, Germany
MWC = Munkipsl Wans Comblsse
1101209 Fuel Tach NCROUT™ Procase [Fage /73]
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PRODUCT #aof SIZE NOx BASELINE | REDUCTION
INDUSTRY Type | COUNTRY COMPANY / LOCATION unrrs| UNITTYPE (MM B FUEL tppm, * Tb/MMBtw) %
Oty of Harrisburg 2%7 TPD
MWC NO-OUT® USA  [Harristburg WTE Farility 3 Grate-Fired 160 MMBrohe MSW 300 ppove 58
Harristurg, PA )
R (3114 200 mp/ N
MWE h * c 1
NOD£OUT Spain Gaate Fired 30 t/k an% 0, 30
" Compagnia Fnergetica Bellunese 800 mg/Nm’
MWE NOXOLT? haly Castellavazzo, Tialy 1 8/h e, 5
Connecticat Resource Recovery
MWe NOKOUT® USA  |Auwrity - Unit 13 1 CEVU40 325 RDF, Coal (033.0521b/MMBru| 35.40
Huxtford, CT
Covanta Ensrgy Zam
MWC NOwOUT” USA  |Babylon Msivy 2 142 MW 330 3366
oy Grata-Fired
Covanta 36 TFD
MIWC NO=OUT* USA  [Les County WIE 1 Grate-Fired MEW 350 ppme ]
Fort Myess, FL 265 MMBta/he
Covanta
Mwe NO=OUT* USA  |Wame County 2 Grute-Fired 210 TFD MW 230 ppmv %
Oxfard, NJ
Mwe NOvQUT* |  UsA cmm! o U:rh k1 2 CE VU4 26 RDF 0.521b/MMBta @
. . [Cyclervad UK g, Sty 500 mg/Nm*
MWC NOWOUT* UK | by, E 1 Inciprrater 1-7t/h MSTY € 114 O; 40
. DB Riley, Central Wayna Moanicipal Wasta s 0.47 1b/ ¥MBiua
MWC NOoUY' | USA  Ip o T 3 Combuster 138 MW 048 Ib/MMEBtu 50
Da Canderas Municipal Waste .
%
MWC NOLOUT* Ialy | e, Taly 1 - MSW/RDF 20811% 0, 60
Canch ) 700 mg/Nm®
MWe NOxOUT® Reomblic | D722 Vitkavics 1| Wal! Pired Boiler 362 Oil/ Mazut &% 0, 36
Bu Steirmaller
MWC NOOUT® Korea |°%% 2 | Incinerator Grate- /1 MW o] 75
Ansan Proj Fired
. Dong Bn -| Municipal Waste "
MWC NOXOUT® |  Korea Keerg Myang 2 Combrstor 150 TPD MEW 0.5 63
. " Ecomspanse 350 mngm“
MW NOWOUT Ttaly s ol oty 1 Incinerator 52000 Niw™f ke 1% 0, 45
. ROOUTSE Eoumenspite .
MWC | SttEelend 7 o Sewrtoertand 1 Datroit Stoker 1375 MW 110 60
. NOOUTE Frunenspitz Moving Grate
MWC o |Swtmeland | Switcerland 1 Incimeratos 121 MsSW 200 &
- Falls Townzhip 330 Mux 5% Max
.‘ \r A
MWC NOOUT® | usa | oA 1 B&W Stokes @35 MW 26 Typ % Typ
s |Fort Lewis Munictpal Waste
MWC NOOUT*® USA ot Tawis, WA 1 Combustor 60 tons/day Mt BOETRO, 65
Prankfurt 170o0g/ Nm'"
MWC NOxQUT* | Germmany Germung 4 Moving Grate a&0 MSWY @118 0, ¥/l
’ . GEA () ) 550 mg/Nm®
MWC NOxOUT Ealy (P, Italy 1 Encirverator 1-734h 611% 0, 43
. ‘ Finidized Bad Pulp & Paper | 100-600mg/Nm®
MWC NOWOUT® | Gertuny [Hatnd) Schwedt 1 Incinerator 130 Waste e 118 0, 30-66
. . Hamnn . Flmg/ N
MWC NOWOUT™ | Germumy | ” 3 Maving Grate 328 M5W 2115 0, 4
[Hammon Research Cottrell Ttalia 400 mp/No?
MWC NOxOUT® Taly L lago, ftaly 1 Incineratos 93000 81140, 55
. |Hamon Research Cattrel Tiakis 450 mg/Nm?
MWC NOOUT® | France o F 1 Encinerator B.80t/h a11% 0, 3
. I'Hmm 3 ' 185mg/? ™
MWC NOOUT" | Germany A ; 2 Moving Grate 12 MEW 21% 0, 60
r B
MWC NOOUT* | Germany [Homitex 1 Irctrerabor 125 Wood 730 ms%’hsm 43
|
)
MWC NOWOUT* | Taiwan [Kaetung 2 Stetmuller 12 = 24; l;.sx/z:n s
MWC = Murftps! Wass Cambwzior
1012008 Fuel Tach ROxOUTT Pracass {#ge 7/12)
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PRODUCT #of SIZE NOx BASELINE | REDUCTION
INDUSTRY ype | COUNTRY COMPANY/LOCATION | b|  UNITTYFE (MMBtoh FUEL | ® Iy/MMBro} o
MWe NOOUT" | Hores [FwensMyung 2 | Steimmuiler MWC 38 SV 20 63
Secul, Korea
. . [Lerwiek 350 mg/Nm®
MWC NOLOUT® uk } Tslands, UK 1 Incinerator 1-24/h M5W @N%D, 45
LIPORII €50 cag/Nen®
MWC NO:OUT® | Portagal |p o, Pothagal 1 Incinerator 2-2364/h €11 0, 36
L]
MWE NOWOUT® | Gemuny |Meusehwitz 1 Incinerator 2 Sudge el ";2’ N 56
. NOKOUT® Montenay Pacific Power . Steinomller
MWC o) USA [ ek CA 1 Conte Fiverd 172 MMEin /b MW 250 ppen &0
Montenay Resource Recovery
MWwe NOxOUT* USA  [Pasilly 1| Steinmuller MWC 2) 260 0333 1b/MMBrn 30
Maontgomery, PA
Mantenay, Units 1.4
MWC NO<OUT® usa | County, - 4 Zurn N2/ 63 TPD RDF 170 - 250 14946
New Hanover County . " . y
MWC NOxOUT® B [ ghsvile Deach, NC. 1 Vohund MWC 1% MSW 300 0
. . Nuova Romano Bolriceo Sp A, . 400 mg/ Nm*
MWC NOxOUT" Ty |y - Tealy 1 Bicmars 35000 21180, 50
" _ [Pmelles County/WAFC Mmictpal Waste r
MWC NOXOUT* USA L BL 3 Combustor 430 MW 0.576 I/ MM Bta B
L]
3 350 mg /N
Mwe NOOUT* | Inly ;‘:;D enoestration 1 Incinerator I MEW %o, i
y 043°
. . Pyemg Chun Munietpal Waste m
Mwe NOOUT® | Kores g Chon City, K 1 Combrasior 2007FD) MSW 0.53Tb/MMBta 45
. RS, Amrerzo | 460 mg/Nea?
MWC Noout | may [ A 1 Incinesatos 1-83uh €11% O; ud
RSY. Cremona 500 g /Nen"
MWC NOROUT® Tly | Tty 1 Incinerator 1-8t/h €11% 0, ]
" - Baverna Mmnicipal Waste 3 MEW
MWC NO=OUT* Italy aly 1 Combustor £3,000 Nen¥fhy 00 623
" Bagianal Waste Systams 3%
Mwe NOxQUT® USA  |SF Uit ] &2 2 Steinmalley 120 MSW N P
Mbios B R s
MWC NOxOUT® usA bbiom TL ey Fasitity |y P CFB @309 039 b/ MMBta ®B72
. NOOUT® i 200-250 g/ N
MWC o Geroany  [RWE 1 TFired 150 Mie Brown Coal 1% 0, 50
L3
MWC NOWGUT* | Germany [rWE- 2 1 T-Fired 75 MWa Browm Coud 1”;’:;%:‘"" &
- Savarmah Enargy Systems Municipsl Waste v
MWC NOOUT* UsA GA 2 Combustos 118 MGV 071 b/ MMEtn bu
SEMASS
MWC NO=OUT* USA |2 hester, MA 1 Riley Stoker 37 MEW e 30
. Secml Metre Gov't . 62 100-150mpg/INm®
MwC NOWOUT® | e [ ol Kores 1 MWC 150 TPD M euNO; ad
Mwe NOxOUT* | Pranse PLIRAD ' Incineratar 2-44n 300 mp /N 35
N La Rochelle, France SUNG,
lstLa ) 380 mg/Nm®
MWC NOXOUT” | Pranee B 1 Encinerator 1-4&Z-6t/h B 1% 0, 50
. T (.
[Eartec Nigs spA Waste Incinerator . 3 330 my/ N
MWe UeaSCR | Famee PO E 1 SR 63,371 Nm /h @11% 0y 8
[Siztec Nigd spA Waste Incénsrator 5 L0 mg/Nm®
MWC 1Frea SCR France e  France 1 SCR 77000 N fh @ 11% O, 87
X STVOM 330 mg/Nm*
MWC SNCR Frasce  |\Vo F 1 Incinerator 2.8¢/h 115 0, 45
. SMITOM . 330 mg/Nm®
Mwe SNCR | Framor [ e Pé], France 1 Incinerates 2-54/b €118 0, s
MUWC = Municipa? Warra Combustor
10120056 Fusl Tech NOxOUT® Frocary {#sga R12]
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IXDUSTRY m.?&i“ COUNTRY|  COMPANY/LOCATION ufv;;s UNTT TYFE m:!f: - FUEL [:;i ,Bl‘:;ﬂﬂf:l‘i) nmu::non
MWC N o,a[g;.rm Sweden  [Sydlraft t | PCFromtFired 500 Coal 65: _ﬁi’g:‘" 80
MWC ng{r@ Sweden g‘::’;’::";:d’:n 1 | MovingGrate MSW
MWC NOoUT* | Dy mﬁ:‘;"“ Ecologra 1 Tneineratos 1.875/h ‘52 ;’;ﬁl" g;s 60
Mwe NOWOUT® | Ty I:I“;‘::"n":l;‘*“ Ecologia 1 Inctnezator 16 /b "‘g ‘1"15,‘”;:“ 60
MWE NOOUT® |  Ttaly Tﬁ:’:m‘;‘“ spA 1 Incivezator 1.8t/ "5: ;’g’c‘“‘ 6
MWC NoouT* | T [ fimice 2 Wall-Fired @0 Lignite 311 ppvd 57

Republc
Miwe NOOUT* | Mty Bruna‘;;l;i.ﬂn. Iiaky : Incinerator 2-3t/h 40;;5;1;?.‘ 5
MWC NOROUT* Flalv Ei;.‘;t'dy 1 Incinerator 2-5i/h ‘";‘;‘g’;:" 50
e | oot | T [ s | e | | mmee |
MWC NOWOUT® | Gemuany |Ulm 1 ﬂ:;:;bm'fm Shudge
MWC NOXOUT® R::H“k ttkrcice f | FremtWallFed 50 Hard Coal m;:;if‘;‘:" 50
MWC NO<OUT® usa nﬁm"g‘“‘ ty/WAPC 3 M“’C‘::‘i'i;:’“ 55 MW 0.50 Ib,/ MMBtu 30
MW nNovout* | usa :mﬂ:; an 3 Incinerator 351/ 750 TPD M 300 2
Mwe NOOUT* | Usa F;Lu.h:l;::::::dﬂ 3 Incinexstor 3517 FOTPD MEY s00 Er)
MIWC NOLOUT® | UsA :’?‘“""““’érm 3 Grate-Fired 21 MW 300 50
MWC NOOUT® | tma m":‘f\“ RESCO F Incnerator 331 / 750 TPD MW 00 2
MwC NOOUT® | usa mr“w’: 2 Incinerator 110/ 250 TPD MSW 300 2
Mwe NowouT® | UsA 2;:::‘:1 2 Incterator 109/ ZOTPD METY 300 2
MWC NowoUT* | UsA m::rn 4 Incineratoz 108 7 230 TFD MW 306 £
MIe NOwOUT® | USA ;:,';’;"::;:’mm 2 Tertnerater 351 7 G TPD MSW 300 ©
MWe NO:OUT® | Germany [Wilrifk Germany 2 Grate Fired 96¢/h ’5;:;5;’;?' 50
MWC NONQUT? | Switzerland [Wintertbus (£) ¥ | Studpe Incineratar 83 Shidge 200-300 mp/ Nm* 6078
MWC NOXOUT® | Taiwan [Yilan 2 Stebrculler 42 Mo 2"‘“;‘18;%“““ 5
MKC No,;g;:m Horea :‘,‘;:‘fcﬂa 1 | Package Boites saTPH eson Mﬂ}:sé:fm’ 1647

FP/CoGen | NOXOUT® |  USA ‘;fm“ 1 | GestePiredStokes &0 Tagesse Woodlo 10020 To/MMBR| 4040

FP/CoGen | NOwOUT* |  UsA m 1 | Grate-Fired Stoker 0 E““é::f“""' 0400201/ MMB|  40- 80

PP/ Co-Gen NOxOUT® | Puerto Rico A'E}m Preerto Rico I CFB 230 MiVe Conl 0.13 16/ MDdBtu n

BP/CoGen | NOWOUT* | USA m*‘:ma‘m Tes. 1 Zum Stoker %4 Wood 0.301b/MMBta 56
riosdiicitinnaiohattasnd 101,700 Furel Twch WO OUT® Process (Fege 112]

2] Doratas Damanriration



Electronic Fifine APRBRASr -SRI a0 iper RRRISTYCr 30, 2008

PRODUCT i tof SIZE NOx BASELINE | REDUCTION
INDUSTRY Tvpe | COUNTRY|  COMPANY/IOCATION | b.| wwiTTYPE AMMBrovh) FUEL | IbAMB) -
[PP/CoGen | NOWOUT* | USA 2’:;1“;‘“:1&‘“”' tnc. 1 Zum Staker =00 Weed 0.30 1b/MMBtu 50
Alternative Enerpy, Inc.
[FP/CoGen | NOLOUT® | USA  [Nextheast Empirs 1 Zum Stoker 500 VWood 0.30 b/ MMBta 50
‘Livermore Falls, ME
1Black & Veatch
BP/CaGen | NOWOUT® | Usa s 1 | ABBCEStoke 3 Wood 047 I/ MMBtu )
PP/CoGen | NOWOUT® | Usa [Dck&Veddh 1 Zarm Stoker o Biowass | 0.261b/MMBia 0
[Grayling, M
FP/CoGem | NOwOUT® | usa [oomee 1 | Pront Wall Fred 315 Conl 360 1/ MMBru 33-40
* [Narrows, VA b
Chewton Glen Energy
PP/CoGem | NOXOUT® | USA 2 o0 A 1 Grate-Fired 20 Shredded Tires| 0195 Th/MMBta 0
. Cogentrix . .
PP/Colen | NOXOUT* | UsA [o78°00 3 CE Stoker 5} 25 MW Coal %0 w
NOxQUT 5CR Rengent
PP/CoGen | ULTRA* | USA hﬁ,"“‘“!"’ce“‘“":‘b:ﬂf‘“‘: 1 HRSG 100 MW Gas Requirement
o1 a5 al 100 Lbfhe
IPP/CoGen | NOXOUT* | Tatwm ;"]E‘“ Textfles 1 Stokes Boller 90 Coal 5308 6% O, 50
. Fibromimm, LLC Poultry &
IFP/CoGen | NOXOUT® USA (o o MN 1 GrateFired BU2 MMBha/hr Natorl Gas | 03210/ MMBta 0
. IFT GmbH Fire Tube s
[FP/Co-Gen | NOXOUT® | Germany G v 5 Phg, Bedlens 10 - 20 MWe Heawy Of | 700-800mg/ N 4050
LT | Getveral Flactrie B&EW D" Type -
IFP/Co-Gen ”°"m°l L v 1 Php. Bell 35 860, Gas |028-031 b/MMBra|  40- 60
b 'Grorgia Pacific r . ¢
IPP/CoGen | NOXOUT UsA A t Wellor &-Cell B Mived Wood | 033 b/MMBtu Y]
IPP/CoGen [ NOwOUT® | USA A Pasific 1 Cell-fired 240 Bask/Dust | 0.231b/MMBhs »
byt Hope, WV 23 1b/2
PP/ Co-Gen. Urea SCR Turkey |Haznon Resesrch CottrelE italia 7 Diesel 5CR
NOxQUT* Honey Lake Povrer
PR/ Co-Gen s USA [ A 1 Stoker-Fred 450 Wood 021 o/ MMB 5
IPP/CoGen | NOROUT® | Kore Kumbho Petrochemical i CFB % Pulv. Coal s 5%
! [LP. Masonite } Sludge/Wood
v Usa 1 BawW 04D,
IPP/CoGm | NOxOUT* roets PA 0 Waste, Coal /MMBt %
PP/CoGem | nowour® | wsa [N Energy 1 Riley Stker s Wood 0.251b/MMBt rr
itchburg, MA - §
ICC Unitx1-5 550 Palv. Coat 710 33
PPrCoGen NOROUT* Korea et Hant & Powrer Station 3 Fromt Wall.Fired 330 Pulv. Coul 700 33
Kares 30 Pulv. Coat 710 "
FP/CoGem | NoOUT | USA oo i Grato-Fired 190 Wood 022 Tb/ MMBH e
MeMillan Bloedel ] EP1 Fiuid Fed Wood Wastz/
100
PP/CoGen | NOXOUT* | UsA [ 00 t Comtaniter x» Heg Fusl “
Michigan State Urdv., Unit 84 I
[FF/CoGm | NOWOUT® Usa Fm Tarsing, M1 1 CrB 460 Coal n? 57
ichigen Steta Univ., Units 1.3 3z
IPP/CoGen | NOMOUT' | USa gen - 3 | wallFired Botter 0 Coal  |038040Db/MMBra| 5438
t Langing, Ml o0
[Nykopits, Units 1.3 120-130mp/Nm*
IPP/CoGen | NOOUT® | Sweden 3 CFB 135 Coal 1% C, 70
(Cwford Enexgy . .
IPP/CoGen ”°‘§m° USA  [Medssto #2, p | Mevms S';:" %0 Tires 013 Th/MMBtu a0
(] Wesley, CA Inctnes
PP/CoGen | NOwoUT* | usa | Odord Energy 1 GieateFired @170 Tires 0.15(b/MMBtw 50
Sterting, CT
., SCR Reagent
NOXOUT Peetless Mumafactusing :
IPP/ Co-Gen GLIRA® Usa WLATE - Bostan, MA 2 HESG 13w Gas Requirement
2815 b/Er
MWC — Wurisipe) Warts Cambustor
. ¥1.05.2008 Fual Toch H0OUT* Process [F2gs 10/12]
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PRODUCT , #of SIZE NOx BASELINE |REDUCTION
INDUSTRY rypr | | COUNTRY COMPANY/IOCATION  |,om | UNITTYPE (MMBthe) FUEL | " Ib/MMBta) o
Ridge Genarating -
IFP/CoGen | NOSOUT* | USA | S, o FL 1 Fum Stoker 550 Wood 0.33 Iv/MMBte 57
Riley Ultrasystems T Riley
IPP/CoGen | NOOUT® USA (v itom NG b | FromtFires Bofler 508 Pulv.Coal | 0331b/MMBtu 50
Ryegate Power Station
IPP/Cotien | NO~OUT® USA  |pepate, VT 1 Riley $toker 300 Wood 0.20 b/ MMBtu 30
Sierra Pacific
IPP/CoGen | NOxOUT* USA  |Bohennis Plant 1 Cell-Fired 21130 Blomass 042 15/ MMBtu %0
Lircoln, CA
[Solvay Chemirals
IPP/CoGen | NOXOUT* UsA  [Unis1k2 2 Stoker 155 MMBtu/br Coal DASIb/MMBty as
‘Grean River, (Y'Y
. Scnoca Fw/
WP/CoGen | NOXOUT® | UsA [T oo 1 Wy L) Coal 193 67
Standardioessal Fire Tube
IFP/CaGen | NOSOUT® | Germamy (2 ; * n pkl:u “1 10 - 20 MWe Heary Ol | 700500 mpg/Nm® 40.50
High Front Wali- o
PP/CoGen | NoxoUT | S [spukmrica 2 | Faed & Low Grate %40 Ligrite Brown| o mp vt 50
Republic Ficed Coal
Tekniskaverken N
[FP/Co-Gen NOxOUTY | Sweden |Linkaping Pl 1 Stoker 7] Coal 65
81% 0,
[Srweden
eknbskaverken 3
Fricatem | NOOUT" | o lriopins P 1 Staker Wood Smes o 50
D] [Svveden A=
[Trigen Cinergy Front Wall Wood Wi
iPP/CaGen | NOxOUT® USA Lo Baml, MO 1 oo Fioed AL ond Waste | 024 Tb/MMBia 3%
NO<OUT® U 5. Sagar Corp.
PP/ Co-Gen ieR WA | g 1 Grate-Fized 885 Bagusie 028 b/ MMBta 50
BP/CoGe | NOOUT® | g, [Ultrasystems 1 crB 30 Wood 150 70
o |Frexno, CA
SCR Reagent
PPrCoGen | NOOUT" | ima of CA - Irvine 1 Co-Gen Unit MW NetomlGas | Requirement NfA
ULTRA , CA
11 Ibfbx
7P/ NOWKQUT* usa  [Yankee Evergy 1 CFB 190 Weod Waste |010-018 Tb/MMBta|  40-73
Co-Gem ©1 Dinuba, CA
IFP/CoGen | NOxOUT® USA z“‘m:v’ Af‘"“ 1 Riley Stokey (3)390 Woed 020 b/ MMBhy *
308,757 [nfha Thoe Gas Abtorber rg L]
Clvemicnt NO:OUT* | USA u’"’r_ ‘h"“l;x 3 ‘A‘(;fmm" 395,757 b/ Floe G ofp =8 =
238,241 To/hr Thoe Gz Gas 150 30
. NO<OUT® Chemeals AOG Inain.
Wi
Chemical ol USA Lake, T 1 HESG H aste Gas 330 80+
Chencal NOXOUT® | Tatwen | Bast Tentile 1 Front-Fired Coal 0
Chemizat | NOOUT* | Tatwamn P:"""‘”‘m““" 1 Fromt-Plred 1 Coal 500 &0
. |Formunsa Plastics 300 mp/Nm"
Cheznical NooUT* | Tatwan [T chsteng 1 Fremt-Fired 531 Coal @11% 0 60
" [hiles, Inc. Carbon Furmnace Chemica]
Chemic, 16 130
il NOWOUT® | USA | cowy Mo 1 Aftertumer Waste »
Chemsest | NOwOUT* | Usa [ Americam Chem. Corp. 1 T-Fized @ TIMve Coul 0 10
|Trons, CA
NOXOUT® Ash Grove Cement ) Cement Kitn/ 160 tons
Cemnent Kiln ) USA (o wa t Pea Calitrme sclidefh Coal, Gas 330 . 6008 /by >80
. Cenres, Inc_ _ Coal &
CementKiln | NOxOUT® Usa ™ 1 | PreCalcningKiln | 317 MMBru/hr et Cobe 370 ppmd. 40
Korenn Cement
Comentiin | NOOUT | ke IDamg Yang Cement, | NewSuspension Coal 127 T/ MMBtn o
e} - Caldser
Korea
NOROUT? Portband Cement Cement Kiln/ Coal G .
Cement Kitn e L oy 1 et 368 oal,Gas  [093133 b/MMBru|  25-35
1
CometKin | NOxQUT® Plant Name & Location Confidential 180 mg/Nm 4
S1K 0,
AW = Municiasd \Uaste Combustar

{D] Dsnoze: Deronrration
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PRODLUCT fof SIZE NOx BASELINFE |(REDUCTION
INDUSTRY TYPE COUNTRY COMPANY fLOQCATION UNITS UNIT TYFE (MMB ) FUEL fppm, ” I MMBtu) a
o e 260 Coal 17 50
Cernent Kiln NO<OUT® Taiwmm :Jnits 321 &‘ib 3 CP:& N &7 Coal 158 £3
, *2, Calciner &9 Caoal 0352 25
- NOxOUT" Wulfrath Cement - 1000 mp/Nan*
Cement Kiln o Germany G 1 Cemumt Kiln 140 Lignite 500 %0
Total # of Units] 424
WHE = Munkie Warte Combugtor
11012006 Fual Tach NEROUT Frocws [Pags F3/12]
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