4.0. OVERVIEW OF POT’ENTIALLY APPLICABLE
CONTROL TECHNIQUES AND TECHNOLOGIES

Nitrogen oxides are formed by the oxidation of nitrogen during the fuel combustion
process. The formation of thermal NO, is a function of the flame temperature, flame turbulence,
the amount of nitrogen and oxygen available for the thermal reaction, and the gas phase
residence time at high temperature. To reduce the amount of thermal NO, formed, one or mcre
of these variables needs to be minimized. The formation of fuel and feed N Oy 15 not as well
understood as the thermal NOy formation. In general, however, the greater the concentration of
nitrogen in the fuel and feed, the greater the fuel NO, emissions. Therefore, reducing the amount

of fuel and feed-bound nitrogen should reduce the contribution of the fuel and feed NO.

The typical NOy emissions from a cement plant depend upon the type of the cement kiln
as shown in Table 4-1. For any given type of kiln, the amount of NO, formed is directly related
to the amount of energy consumed in the cement-making process. Thus, measures that improve
the energy efficiency of this process should reduce NO, emissions in terms of Ib of NO, /ton of
clinker. With the rising costs of energy and the very competitive cement market, greater atter tion
1s being paid to increasing overall energy efficiency, such as through reduction of overbuming of
clinker and improvement in gas-solids heat transfer. Continuous emissions monitoring of CO,
NO;, and O provide an indication of kiln conditions and also provide inpﬁts for process control.
Newer cement kiln designs are generally based on preheater/precalciner systems which provide
very efficient gas-solids contact and greater energy efficiency. NOj control approaches are
evaluated below under four categories:

High Temperature Emissions Controls,
Combustion Optimization,
Low Temperature Oxidation Emissions Controls, and

Process Modifications.

This section of the report uses the EPA 2000 Report as the baseline for evaluating current
control options for Ellis County kilns. The combustion and process optimization sections are
included, with editing, from this report and describe the essential controls that have been
considered and largely installed under the requirements of TAC Chapter 117. Additions to
sections for process modifications to improve energy efficiency through calciner modifications

and wet to dry conversions are discussed as site-specific options where applicable for Ellis



County Kilns. The section on oxidation controls is entirely new and was not considered in EPA
2000. The sections on SCR and SNCR consider EPA 2000 background information, but are

written to reflect current status of these technologies and site-specific application to the Ellis

County kiln.



4.1. High Temperature Emissions Controls
4.1.1. Selective Catalytic Reduction (SCR)

SCR is a process that uses ammonia in the presence of a catalyst to selectively reduce
NO, emissions from exhaust gases. This technology is widely used for NO, abatement in other
industries, such as coal-fired power stations and waste incinerators. The SJCR' process has been-
used extensively throughout the world to achieve a 90 percent reduction in NO, emissions from
fossil fuel fired boilers. In the United States SCR technology has successfully been used for ¢as
turbines, internal combustion engines, and utility boilers. |
In SCR, anhydrous ammonia, usually diluted with air or éteani, or urea, is injected
through a grid system into hot flue gases that are then passed through a catalyst bed to carry out
NOy reduction reactions. The two principal reactions are: |
4 NH; + 4 NO +0;--- 4 Ny + 6 H;O and
4 NH; + 2 NO; +05--- 3 Ny + 6 H;O

The first reaction represents the predominant reaction since 90 to 95 percent of NO,
emissions i1 the flue gas are in the form of NO. | A number of materials have been used for
catalysts. Titanium dioxide (TiO;) and vanadium pentoxide (V,Os) mixtures are most
commonly used as cata]yéts due to their resistance to SOx poisoning. Zeolite-based catalyst
materials have also been developed capable of operating at higher temperatures than
conventional metal-based catalysts. The catalyst is typically supported on ceramic materials, ¢.g.,
alumina in a honeycomb monolithic form. The active ingredients of the base metal (titania-
vanadia) and zeolite catalysts often make up the bulk of the substrate material. The catalyst
shape and reactor design vary depending upon the manufacturer.

The optimum temperature for the catalytic reactions depends upon the specific catalyst
used and is usually in the range between 300 to 450°C (570 to 840°F). Without pre-heater anc/or
pre-calciner systems this temperature range may be higher than typical cement kiln flue gas
temperatures, especially in plants using heat recovery systems or baghouses for particulate
collection. But it may be possible to reheat the exhaust using heat recovery systems. Of

particular relevance, then, is the ability to use SCR at wet kilns.



Ammonia is typically injected to produce a NH3: NOy molar ratio of 1.05-1.1:1 to
achieve NOy conversion of 80 to 90 percent with an ammonia "slip" of about 10 ppm of un-
reacted ammonia in the gases leaving the reactor. The NOy destruction efficiency depends upon
the temperature, NHj: NO, molar ratio, and the flue gas residence time (or the space velocity)
used in the catalyst bed. The SCR reactor system can be designed for a desired NO reduction
using appropriate reagent ratio, catalyst bed volume, and operating conditions. In general, thz
catalysts may be fouled or deactivated by the particulates present in the flue gas. In the case of
cement plants, the presence of alkalis and lime, as well as sulfur dioxide, in the exhaust gases is
also of concern. Recent developments,however, have led to sulfur tolerant SCR catalysts. In
addition, soot blowers may be used to prevent dust accumulation on SCR catalysts.

In the cement industry, basically two SCR systems are being considered: low dust
exhaust gas and high dust exhaust gas treatment. Low dust exhaust gas syétems require
reheating of the exhaust gases after de-dﬁsting, resulting in additional cost. High dust systeras
are considered preferable for technical and economical reasons.

SCR may only be available as an applicable technology for dry kilns with preheat, as is
described later herein. There are currently no installations of SCR units in any United States
cement plants, however, a full-scale unit has been operating in Germany for over three years
with SCR. As set forth in greater detail below, selective catalytic reduction has been installed
and successfully operated at this one cement plant in Germany and SCR is now commonly used
to control NOy emissions from coal-fired power plants. This technology achieves NO, emission
reductions in the range of 80 to 90 percent or higher.

The experience of the German cement plant may be sufficient to demonstrate that the
concerns regarding catalyst poisoning and fouling have been addressed with the development of
a special catalyst specifically designed for the cement industry. In a typical design of a dry kiln
with preheat, the SCR system could be located downstream of the pre-heater cyclones, prior to
the roller mill. The process exhaust temperature at the outlet of the pre-heater cyclones would be

approximately 320°C (608°F), which is ideal for a SCR system.
Potential Advantages of SCR.

The potential advantages of SCR are as follows:



» SCR can potentially provide a high degree of NO, removal. Presently, guarantez
levels on SCR systems being provided in the power industry are in the 90% to 94%.
range. Even on difficult applications such as coal-fired power plants, which have
very dusty flue gases, NO, control efficiencies of 90%+ are being guaranteed by
vendors and being achieved.

SCR is an add-on or end-of-pipe control technology. For dry kilns with preheat,
the SCR system would be located downstream of the cement kiln and pre-heater
furnace and cyclones and hence it would not interfere with or affect the cement
manufacturmg process. This would be a big advantage over the Selective Non-

Catalytic Reductlon (SNCR) plocess which must be carried out in process
conditions.

e SCR can use urea (CO(NH,),) rather than ammonia as the reducing agent. Tc
use urea, a conversion system is required. In a typical conversion system, urea is
mixed with water and then heated. The process converts the urea to gaseous
ammonia, which is then injected into the flue gas. This system is commonly used
where there are safety concerns arising from the transport and storage of ammonia.

SCR at Coal-Fired Power Plants

Prior to 2001, there were appl'oxiliiately 12 coal-fired power planté in the United States
utilizing SCR for NO, control. Accord‘inU to thé Electric Power Research Institute, there are
now about 200 coal-fired power plants (totahnv 100,000 megawatts of gene1at1no capac1ty) on-
hine utilizing SCR control. Most of the plants on which SCR has been installed are designed for,
and have been achieving, 80% to 90% control of NOx.

One possible problem mentioned with respect to utilizing SCR in cement plants is the
technical feasibility of installing SCR in an environment where dust from the kiln could poison
the catalyst, making SCR technically infeasible. On coal-fired power plants, the SCR catalyst is
usually installed downstream of the boiler (between the economizer and the air pre-heater) prior
to the particulate control device. As a result, the catalyst is subject to the full dust loading from
coal combustion, just as it would be at a cement plant. Typically, coal contains 6% to 20% ash
on a dry basis. The high dust, high temperature characteristics of coal plant emissions thus arz
similar to those of cement kiln exhaust gases. The experience of the power industry with SCR

on coal-fired power plants suggests that the catalyst poisoning and fouling concerns may be

manageable.



SCR Experience in Cement Kilns.

Differences in the nature of the cement kiln and coal fired power plant processes, th:
chemical composition of the ash and other factors mean that the success of SCR in controlling
NO, emissions from coal-fired power plants is not definitive evidence that the technology can be
successfully applied at a cement plant. Among other things, dust from cement kilns is high in
calcium, relative to coal dust, and calcium deactivates most conventional SCR catalysts. - A’so,
the grain loading of cement kilns is likely to be different from that of coal-fired power plants,
placing different stresses on the control device. As discussed in gre'ater detail below, howeer,
the recent successful use of SCR at a German cement plant demonstrates that these and other
1ssues may have been resolved and that SCR is, under certain cbnditions, a technically feasible
alternative for significantly reducing NO, emissions from cement kilns.

The Solnhofer Portland-Zemetwerke AG cement planf in southern Germany located
between Munich and Nuremburg has been in successful operation with SCR since 2001. Lurgi,
the engineering company who supplied the SCR system, addressed the problem of catalyst
deactivation discussed above (caused by the high calcium content of cement plant ash) by
developing a catalyst specifically for the cement industry. The catalyst can use ammonia o1 urea
as areagent. If urea is used, a conversion unit is used to convert the urea to ammonia prior to
injection in the SCR systehn. These units, which are quite common, avoid the need to store
ammonia on-site for use as a reagent.

As of the beginning of 2005, there was no evidence of catalyst poisoning or deactivation.
The problem of fouling from the heavy dust loading has proven to be quite manageable with
regular maintenance (i.e., cleaning of the catalyst with a vacuum cleaning system).

The SCR system is achieving NO, emission reductions far in excess of those achievable
using SNCR. Prior to installation of SCR, the Solnhofer plant, with SNCR, was achieving NO,
emissions of 700 to 800 mg/ Nm® (equivalent {0 2.8 10 3.2 Tb/ton of clinker). With SCR, tke
plant has been achieving approximately 200 mg of NO/Nm? (0.8 Ib/ton of clinker). Based on an
uncontrolled NO, emission rate of 1050 mg/Nm® (4.2 Ib/ton of clinker), the emission rate
corresponds to a NO, control efficiency of 80%. It has been indicated, however, that the SCR
system was capable of achieving a lower NO, emission rate (they are not using all of their t-eds),
but that they were operating at 200mg/Nm” since German law only required a NOy emission

limit of 500mg/Nm”.



4.1.1.1 Site Specific Application of SCR to Ellis County Cement Kilns

SCR offers the possibility of significant NOx reduction the plants in Ellis County. Asan
“add on” technology, which can achieve 90% or greater NO, reduction, with demonstrated
performance at hundreds of coal fired power plants, SCR is a viable technology that is availeble

to both for dry and wet kilns. The economics of SCR are greatly influenced by the temperatire

of the flue gas at the point of installation.

The technology has been available at only one cement plant, the Solnhofer Portland -
Zemetwerke AG dl‘il kiln plant in Southern Germany, now in its fourth year of operation with
SCR. While there are, at this time, no operating units in the U.S., the German experience leads
one to assess the possibility that SCR can make a sigiliﬁc%l11t impact on NOy reduction in Ellis.

County. In fact, the Midwest Regional Planning Organization has recently concluded that SCR

is a reasonably available technology for controlling NOj at cement plants (1 ),

4.1.1.2 Applicability of SCR to Cement Kilns and Areas of Concern

Before examining site-specific data, it is important to first examine the areas of concem
with respect to SCR, many of which have been raised in the literature (see, for example, 2,3,4,5).
This is necessary to see whether the data from the coal fired plants and from the one cement
plant, is sufficient to attempt to make even qualified statements with respect to existing facilities,
even though some analyses now suggest that the German data indicates that these problems v/il]
not exist for the cement industry in the U.S. (see, for example, reference 6). These concemns are
delineated and discussed here. They include: catalyst deactivation due to catalyst poisoning;
catalyst plugging and fouling due to high dust loading and deposits; reduction in NO, contro]

efficiency due to high sulfur levels; temperature related factors leading to lower NO, removal



efficiencies; NOy concentration variability and ammonia slip; and undesirable by-product

formation in the SCR causing adverse affects on downstream equipment.

Catalytic Deactivation Due o Catalyst Poisoning

Poisoning occurs when the contaminants in the gas being treated react with the catalyst,
resulting in catalyst deactivation. It has been argued that the SCR catalyst in a cement plant will
be subject to poisoning; principally from sodium (Na), potassium (K), and arsenic trioxide
(Aszog).VPho‘sphor_ous, chromium and leaq-qo_ﬁl,pOunds, can also poisonsan:SCR catalyst, but
since these are expected to be present in lower concentrations at cenient kilns, they are of lesser
concern. However, the typical concentration of soditim oxide (Na,;0) in the particulate mattar
(PM) of certain coal-fired plants is greater than dovible the concentrations of Na;Oin'the PM of
the average cement plant, and the maximum concentration of Na;O can be significantly greater
than the maximum expected concentration of Na,O in the PM of the average cement plant.
Similarly, the concentration of As;O; in the flue gas of the typical coal fired plant is well atove
the concentration of As;Os in the expected flue gas from the average cement plant. Regarding the
availability of catalyst poisons, an additional argument deals with the solubility of Na and K. in
the fly ash and the form of the fly-ash particles.

It is argued that in cement pre-heater pre-calciner kilns, materials such as sodium and
potassium compounds may be present in relatively elevated concentrations on the surfaces of
particles in “water soluble” form that can contact the surface of the SCR catalyst bed and
thereby provide an opportunity to poison the V,0s “active ingredient” in the SCR bed.

| Conversely, it is argued, in coal-fired boilers, the sodium and potassium are, to a major
ektent, trapped within a glass-like fly-ash particle. It is widely known however that fly-ash
particles from coal-fired boilers are in the form of tiny spheres (cenospheres) and that dring
the combustion of the coal, the particles are actually liquid and the spheres are formed as tiny
bubbles by evolved gases trying to escape. Boilers are designed to cool the molten parti:les
to a solid state such that they can be easily removed from boiler tubes. However, depending
on the temperature of the {ly ash and its chemical composition, some of the fly ash will
deposit in various sections of the boiler. The deposits that form at the back-end of the boiler

| (on the economizer and air heater) are called “low-temperature deposits”. Low temperaiure

deposits are usually characterized by low pH (highly acidic); many contain hydrated sals,

¥



and for most bitwminous coals are water-soluble. Therefore, coal-fired boilers do have fly-
ash deposits in the economizer section of the boiler that are water-soluble. However,
deactivation has not been found to occur. In addition, SCR systems have been installed on

oil-fired boilers despite the relatively higher levels of water-soluble alkaline metals founc in

the fly ash from such boilers.

Catalyst Pluggine and Fowling Due To High Dust Loading and Depositing of “‘Sticky” Materials

Catalyst plugging and fouling involves the accumulation of dust that blocks access to the
pores of the catalyst. It is argued that high dust loadings could plug or foul the SCR catalyst
beds. However, the Solnhofen SCR 'system has operated at a dust loading of 80 g/Nm1>, a
relatively high dust loading. The level of NOy removal shows that hi gh dust loading can be
managed to avoid catalyst plugging and fouling while‘maiﬁtaining high levels of control.
Related to the plugging and fouling issues,l it is argﬁed that “sticky deposits” in the pre-heate:-
exhaust gas could foul and plug the SCR catalyst. Sﬁeciﬁ'cally, certain cement kiln operations

“could be prone to producing sticky deposits at ekactly the temperature ran ges in which SCR
systems operaté. Sticky deposits are a widespread probl'eni occurring throu ghouf the world o1
cement kiln induced draft (I.D.) fans. In many plants it is an extremely hard, layered, brick-like
build-up that is associated with impingement of particulvate at high velocity against the rotating
parts of the fan impeller. | 7 |

While the presence of alkali in the cement kiln system 1s a factor in the build-up, the
mechanical aspect (namely, impact velocity) is more critical to the formation of build—up. The
recommendation for avoiding build-up is to select a fan that minimizes the gas/dust velocity at
the inlet of the fan rotor. Alternatives include usin g double inlet fans or using larger diameter,
lower RPM (revolutions per minute) fans. Sticky deposits or build—up developing on other perts
of the cement kiln system are not common. Thus, the sticky deposit problem appears to be
related solely to the I.D. fan and is due to the high impact velocity of the dust particles mostly on
the fan. This problem should not affect an SCR catalyst that is subject to comparatively low gas
velocities in comparison to an 1.D. fan.

For instance, gas velocities through an SCR system are typically less than 6.2 meters per
second (1220 ft./min.), whereas peripheral gas speed at the kiln I.D. fan rotor inlet is

approximately 15,000 ft./min. Possible problems relating to thermal sintering and catalyst



erosion have been addressed by advances in catalyst technology and proper system design. The
problem of thermal sintering has been avoided by the incorporation of tungsten in the catalyst
formulation and also by providing a bypass around the SCR system so that the catalyst is not
exposed to high temperature excursions. Hardening the leading edge of the catalyst and also
arranging the catalyst bed so that the airflow is parallel to the catalyst cluﬁl.llels have addressed

catalyst erosion.

Reduction in NOy Control Efficiency Due to High Sulfur Levels

In general, operational histories of SCR installations at coal fired plants and the one cement
plant indicates that NOy reductions are being achieved in a reliable manner. The reason that
many of the older units are not achieving NOy removals greater than 80% is that the plants were
not designed to achieve such high removal efficiencies. Great advances in the application of SCR
technology have taken place. Present day SCR systems are typically achieving NOy reducticn
efficiencies of 90% or greater, It is argued that when only a low NOy reduction is required, the
catalyst manufacturer can use a catalyst with a lower vanadium oxide content which will recuce
the oxidation of SO, to SO and thereby avoid the potential for CaSO, masking. However, t1e
Solnhofen SCR system is achieving a high degree of NOy control.

It is argued that high SO; concentrations could lead to catalyst deactivation and other se:ious
problems relating to SO, oxidation. A high SO; concentration (10 -20 ppmv) when coupled with
the high calcium level in the cement kiln flue gas could purportedly cause deactivation of the
SCR catalyst due to the masking effect of calcium sulfate (CaSQ,). In addition, any SO; that
does not react with the calcium could react with any unused NHj to form ammonium sulfate
(AS) or ammonium bisulfate (ABS) that could cause fouling of downstream equipment. Sulfur in
the raw mix can be in several forms, namely: calcium sulfate, magnesium sulfate, and sulfices
such as pyrites or organically bound sulfur. Only the volatile sulfur compounds (namely: the
sulfides and organically bound sulfur) are oxidized and released in the pre-heater as SO,. With
respect to these concerns, the success of SCR systems at a number of coal-fired boilers show that
SCR systems can be designed for high calcium and high sulfur flue gases and the SCR catalyst
suppliers have indicated that CaSO4 formation does not pose a major concern, as they asser! that
the SO; generated in the process is captured by the large amount of free lime in the gas stream.

- SO, oxidation by the catalyst will then have no negative impact on the amount of SO3 form:d

0



and subsequently captured. There is also concern regarding the possible formation of
ammonium salts, which can form in SCR systems at temperatures below 580 to 590 F.

However, this problem can be avoided by ehsuring that the SCR inlet temperature is always

600F or greater.

Temperature Related Factors Leading to Lower NOy Removal Efficiencies

Several temperature-related factors have been identified as important to successful operation
of an SCR system. These are: (1) an acceptable normal operating temperature; (2) an even
temperature distribution; and (3) avoiding temperature extremes (which may lead to catalyst
deactivation or sintering). Low temperatures can lead to lower NO, reduction efficiencies andl/or
higher catalyst activity (leading to possible SO, oxidation) and to possible ABS/AS formation in
the catalyst pores. Concemns regarding a slightly lower than desirable inlet temperature,
however, can be resolved by installing equipment to ensure a desired temperature of 600° F cr
greater going into the SCR system. Such control systems are cbiﬁmonly used on boiler air supply
systems and economizer bypass ducts. Note that the SCR reactor should also have an
automatically activated bypass duct around the SCR 1'éacf01', so that in the event of hi gh
temperature fluctuations (greater than approximately 800° F), automatically controlled dampers
would send the hot flue gasto a reactor bypass d'uct, thu‘s preveﬁti‘ng aﬁy'damage to the SCR
catalyst. Therefore, temperature issues, whether involVing normal operating temperatures or

temperature fluctuations, should be correctable with simple process reconfigurations.

NO, Concentration Variability and NH3 Slip

It has been argued that unlike a coal-boiler SCR application, an SCR system applied to a
cement kiln will be faced with highly variable inlet NOy loadings and that elevated NHj slip
levels are possible, which, coupled with possibly higher sulfur oxide levels, 1‘epreéent a serious
risk. However, in an SCR system, the injected NH3 is adsorbed onto the surface of the catalyst.
Thus, there 1s a reservoir of unused NHj on the surface of the catalyst that is available to handle
sudden peaks in inlet NO, concentrations and thereby enable SCR systems to control fluctuating
levels of NO,. SCR systems do not have to overfeed ammonia to handle surges in inlet NO,

concentration and so tend to have very low NHj slip levels.



Coal-fired boilers have been operating SCR systems successfully for years despite
considerable NO, fluctuations in their flue gases. SCR suppliers typically guarantee a NHj s ip
of no more than 2 ppmv for any coal-fired boiler SCR application. In addition, the Solnhofen -
plant is a cement kiln with all of the inherent variability and iﬂas nevertheless been achieving a
high degree of NO, control with a Jow ammonia slip level. Data at Solnhofen indicates that the
SCR inlet NO, concentration varies considerably, from less than 1000 mg/Nm’ to 2030 mg/Nm’
while the outlet NOy concentration varies from approximately 300 to 726 mg/Nm®, but mair tains
an average outlet NO, concentration of less than 500 mg/Nm3. At these variable conditions,

however, NHj; slip has been maintained in the 1-2 ppmv range.

Undesirable Byproduct Formation in the SCR Causing Adverse Effects on

Downstream Equipment

Concerns have been raised regarding the generation and release of SO3 that could cause
corrosion of downstream equipment, or that the SO3 may react with unused NHj to form
ammonium salts (ABS and AS), which could plug or corrode downstream equipment. In ad lition
it is argued that ammonium salts could increase condensable particulate matter levels, making it
difficult for a facility to meet its particulate matter emission limit. In SCR systems w1th SO,

NH; and moisture present, ammonium salts will form at temperatures below 580-590° F. The
best way to prevent their formation is to continuously control the SCR inlet temperature suc h
that it is always 600° F or greater. Regarding the possible release of SO;, catalyst manufact wers
report that the SOs gas is totally captured by conversion to particulate calcium sulfates and
sulfites as it is contacted by free lime upstream, within, and downstream of the SCR catalyst.
Thus, the formation of undesirable byproducts should be inherently controlled by the free lime in

the system and can be further controlled by controlling the SCR inlet temperature.
4.1.1.3 General Conclusions

The experience of coal-fired power plants and the one cement plant with SCR offers the:
following lessons. First the success of coal-fired power plants shows that catalyst deactiv ition
from q]kah poisoning is not expected to be a significant problem for cement kiln applicatio 1s.

Second, Lhe success of SCR systems on a number of coal-fired boilers reveals that even whzn

A0



addltlonal NO,\ assoc1ated \mth gas re- heat 1f 1equued has not been added as the level of

addmonal NO would be below lO tons pel ye'u and 85% of that would be 1e1110\;ed










i

T
fik et
it SR

ETRNARR

g
L i o

AA



Table 4-1.2 Summary of Modeling Results for SCR on Ellis County Kilns — Perfcrmance
Results

Emissions Emissions  Controlled Controlled Control
Control Rate tpy Rate tpy Emissions Emission Rate Efficiency  Reduction
E\XSUJlé Umt Technology before after (a) Rate ppm Ib/tonne clinker Yo ipy

“%-(,, 14 s

a) NOx emission rate after SCR does not reflect SCR eﬂ”cmncy lcductlon due to adjustment by the ozone season faclor of
0.671 (NO' eduction is modeled to occur only during the oz

c) Alarge smoleSCR wasmodelcd for thcAsh Glove and TXI wet kilns with the capacity of 3 wet kilns.
d) Models assume mid-kiln firing installed at TX! as required under current SIP

Table 4-1.2 Summary of Modeling Results for SCR on Ellis County Kilns — Economic
Results

- Cost Energy Emissions
Control Effectiveness  Penalty or  Penalty or Durden Cost
Existing Unit Technology Capital Cost ~ Annual Cost ~ $/ton NOx . Benefit Benefit = §/tonne clinker

.
5
i

a) increased fan power due to pressure drop across cqtalyst bed included i in the models
b) " increase in NOx from gas reheat occurs, but is-controlled by the SCR "




4.1.2 Selective Noncatalytic Reduction (SNCR)

This control technique relies on the reduction of NOx in exhaust gases by ammonia or
urea, without using any catalyst, with the same reactions as in the case of the SCR process.
Because of low capital and maintenance costs associated with this technology vis-a-vis other
end-of-pipe technologies like SCR and oxidative methods, it is likely to command attention in
the near future within the industry. This approach combines a low initial capital cost and avoids
the problem related to catalyst fouling and replacement associated with SCR technology. S:NCR
haquires injection of the reagents in the kiln at a temperature between 870 to 1,090°C (1,60¢ to
2,000°F). In principle, any of a number of nitrogen compounds may be used as SNCR reag:nts
(e.g., cyanuric acid, pyridine, and ammonium acetate) However, for reasons of cost, safety,
simplicity, and by-product formation, ammonia and ‘uréa have been used in most ‘6f the SNCR
applications. The selection of reagents is process and temperature specific. At higher
temperatures, urea decomposes to produce ammonia, which is responsible for NOx reducticn. In
cement kiln applications, ammonia typically has performed best as the reducing reagent.

Because no catalyst is used to increase the reaction rate, the temperature window is
critical for conducting this reaction. At higher temperatures, the rate of a competing reaction for
the direct oxidation of ammonia which actually forms additional NOx becomes significant. At
lower temperatures, the rates of NOx reduction readtions become too slow resulting in too rauch
unreacted ammonia being released to the atmosphele (i.e., ammonia shp) The effective
temperature window range can be 10we1 ed to about 700°C (1, 300°F) by the addition of hyd: ogen
along with the reducing agent.” Addluon of hydlogen can plomote SCNR reactions (enhanced
SNCR), but high levels of sulfur ox1des may 111t61f§16 with this reaction. Nalco Fuel Tech, the
producer of the SNCR technology NOxOUT®, has also introduced NOxOUT® PLUS which is
said to broaden the operating temperature window and to reduce ammonia slip and CO and NO;
formation.

In a conventional long kiln, the appropriate temperature window is in the middle of a
kiln. Because of the rotating nature of a long kiln, continuous injection of ammonia- or ureu-
based reagents has presently not been considered possible. The technology developed for mid-
kiln firing of containerized solid fuels allows injection of a certain amount of material once

during the kiln revolution. Injection of solid ammonium or urea salts in this manner has not been
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used because of the rapid decomposition of such salts. Therefore, SNCR technology has not been
applicable to date for long dry or wet kilns. However, Tuel Tech Inc. is currently evaluating iry
dust or pellet injection methods for direct injection into kilns.> The possibility ofin_jection of
ammonia or solid urea inside automobile tires that are injected into the kiln has still to be
cvaluated. With the known ability of mixing air fans to induce turbulence in the system, mi» ing
combustion gases containing NOx with ammonia, either generated from Urea or from ammonium
salts, may also offer possibilities. Chain gas temperatures generally are in the range of 1500-
1600°F (815-871°C). The mid-kiln injection systems are usually down kiln somewhat from this
point, which means that they will be higher than this in gas temperature. There 1s a good
possibility that the correct temperature range can be achieved if mixing is induced and -
volatilization or decomposition of the urea can be delayed by inserting it in a solid form in a
carrier such as a tire. This option needs to be explored. ‘It will clearly be necessary to mix the
NOx with the reagent before the latter has an opportunity for decomposition. Inducing
turbulence 1s presently conceived as a key element in this strategy.

In preheater/precalciner type cement kilns, the temperatures at the cooler end of the
rotating kiln, in the riser duct, and in the lower section of the cyclone preheater tower are likely
to be in the temperature window appropriate for SNCR. Such kilns are therefore good candic ates
for application of SNCR technology.

The NOx reduction efficiency of SNCR depends upon the temperature, oxygen, carbon
monoxide, and residence time, as well as the ammonia and NOx concentrations in the flue gis.
Injection of ammonia at a NH3:3NOx proportion of 1 to ].Sbwill reduce NOx emissions between -
60 to 80 percent. Using a molar ratio of 0.5 will give NOx 1'eduﬂctions of approximately 40
percent.*” Work done by the German equipment supplier Polysius*® has shown that the optirium
temperature for reduction of NOx by ammonia is about 950°C (1,740°F), while for urea, the
temperature increases to about 1,000°C (1,830°F). Ammonia is a156 somewhat more ‘efﬁcient, as

shown in Figure 4-1.1. below.



Figure 4-1.1. Dependence of NOXx reduction on temperature for ammonia and urea.
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Actual SNCR results with ammonia (19% aqueous solution) at one US plant employing a

calciner are given in Table 4-1.3. It can be seen that the reduction was remarkably good,

considering that ammonia was never added at greater than a stoichiometric equivalent to NOx.

Due in part to the fact that no excess ammonia was introduced into the system, no ammonia slip

was demonstrated. The ammonia emissions were undetectable.

Table 4-1.3. Summary of Test Results for SNCR Test

NH,;:NO

00

Ib/hr Ib/hr
1 0.918 65.49% 325.47 112.31
2 0.533 36.71% 322.90 204.35
3 0.425 44.93% 345.52 190.27
4 0.331 16.90% 282.70 234.91
5 0.465 15.49% 290.18 245.25
6 0.286 12.95% 269.35 23447
7 0.534 45.06% 269.35 147.97
8 0.552 31.91% 281.71 191.81
| Long term | 0.368 47.78% 329.83 172.24
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These results were very good. Theienméi‘atﬁré ziﬁd"oxyge'ﬁ‘ concentrations were near y
optimum for the SNCR system. The carbon monoxide levels were somewhat higher than has
been considered optimum, but according to Brouwer et al.*’, CO may promote the reaction at the
lower end of the temperature range, because of the temperature increase due to the heat given off
by the reaction of CO with OH radicals. Among other SNCR tests recently performed, tests have
been carried out at a preheater plant and four calciner plants. Some of these tests were carried
out using ammonia, and others using urea. At the preheater plant, both ammonia and urea were
tested, injecting the reagents into the kiln riser duct. Ammonia proved to be considerably mcre
effective than urea, in keeping with the Polysius plot given above.

Despite these successes, the reagent consvumption'can be significantly higher with greater
ammonia slip in SNCR systems as compared to SCR systems. Operating experience has
identified several concerns with both ammonia and urea-based SNCR processes. The most
frequently reported is the buildup of ammonium bisulfite or bisulfate scale which is significat -
for sulfur-containing fuels. SNCR processes also appear to convert some NOx to NgO.Sj The rate
of N,O formation is a weak function of both the reactant and the NO concentration. However,
N,O formation seems to be inherently more prevalent in systems using urea than those using
ammonia.”™ -

The NOx destruction efficiency also depends upon the flue gas residence time in the
appropriate temperature window. Unlike an SCR system where the reaction temperature is
controlled in a dedicated reactor, an SNCR system relies on the existing gas temperature profile
to provide an adequate residence time for a desired NOx destruction. Maximum achievable NOx
reduction in a cement kiln may thus depend upon the gas temperature profile.

The SNCR process was denonstrated in Europe in a preheater type kiln. Both ammouia-
and urea-based reagents were investigated. The reagents were injected in the gas duct as shown
in Figure 4-1 2% With a molar ratio of reagent to NO; of 1:1, about 70 percent reduction in
NOx emissions was observed with ammonia-based reagent and about 35 percent NOx reduction
was obtained with urea.”” With this reagent ratio, there was no major increase in ammonia
emissions in exhaust gases over the background level of ammonia emissions generated by ki n
feed material. Greater NOx reductions were observed with more than stoichiometric amount of

reagent, although there was increasing ammonia 'slip' in the exhaust gases.
fo) o o o



Albert Scheuer, of the Research Institute of the Cement Industry in Diisseldorf, Gerraany,
reported on 148 SNCR trials carried out on five different kilns. Three kiln systems had cyclone
preheaters and two had grate preheaters. A 25% molar concentration of NH3 in water was the
main reagent tested, with some additional testing done with ammonium sulfate solutions and
with urea solutions. Scheuer reported that NO reductions with the NHs/water solution ranged
from 15% to 75% and that temperature appeared to be one of the main determinants of the
effectiveness of the reagent. Maximum NO reduction occurred at 980°C (1796°F). NH; escape
occurred when temperatures were less than 900°C (1652°F) and when the NO concentratior
fluctuated. NHg utilization decreased significantly with increasing NH3:NO molar ratio and with
decreasing NO concentration in the exhaust gases, indicating that SNCR appears to be a less
promising methodology at low NO emissions rates.' >

SNCR is presently being used in 18 cement kilns in Europe. Fifteen kilns are in
Germany, two are in Sweden, and one is in Switzerland. These kilns are either suspension
prebeater kilns or precalciner kilns. The most common reagent used is 25% ammonia water.
NOx reduction rates vary from 10 to 50 percent with NH3/NO, molar ratio of 0.5 to 0.9, NCx
emissions at these reductions are 2.4 to 3.8 Ib/ton of clinker. Two dry process cyclone
preheater/precalciner kilns in Sweden achieve 80 to 85 percent reduction (1.0 Ib/ton of clinker) at
a NH3/NO, molar ratio of 1.0 to 1.1." One reason for the remarkable results in these kilns is the
use of multiple injection points (12 in all) that ensure long enough retention time for the reaction
to take place. The oplimum temperature is said to be 900-1,100°C (1,650-2,010°F) in good
agreement with other authors. These results suggest that some SNCR tests may have been
carried out under lower-than-optimum temperatures.

F. L. Smidth and Company tested SNCR on a preheater/precalciner kiln? Ammonia was

injected into the lower cyclone of the preheater tower where temperatures are favorable for the
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a NH3/NO, molar ratio of 1.0 to 1.1." One reason for the remarkable results in these kilns it the
use of multiple injection points (12 in all) that ensure long enough retention time for the reaztion
to take place. The optimum temperature is said to be 900-1,100°C (1 ,650-2,010°F) in good
agreement with other authors. These results suggest that some SNCR tests may have been
carried out under lower-than-optimum températures.

F. L. Smidth and Company tested SNCR on a preheater/precalciner kiln Ammonia was
njected into the lower cyclone of the preheater tower where temperatures are favorable for he
reduction reactions to occur. NOx emissions reductions during this experiment averaged 40
percent, but NOx reductions of over 90 percent were obtained when the ammonia injection rate
was 10 to 20 percent in excess of stoichiometric. ,

In North America, SNCR has been tested on at least nine kilns. In some of the earlie-
work, NOxQUT® technology was tested under ten different operating conditions at a
preheater/precalciner kiln in Seattle, Washington during October 1993. NOx emissions were
effectively reduced from 3.5 t0 6.0 Ib NOx/ton of clinker to less than 1 Ib NOx/ton of clinker.*”
*8 Another test of NOxOUT® technolo gy was conducted dL{ring October 1998 in Davenport,
Iowa. This test found NOx reductions of 10 to 20 percent from a baseline of approximately 550
pounds NOx/hour, although higher levels of reduction are thought to be achievable when the
baseline is higher.” An evaluation of NOxOUT® teohnology was conducted in 1994 for a loag
dry kiln in Southern Cahfomla but the study concluded that apphcatlon of the NOXOUT3

technology at the subject kiln was technically infeasible.®® The details of this testing are not

known.

Biosolids Injection (BSI). The Mitsubishi Cement Corporation’s Cushenbury plant in
Luceme Valley, CA, uses biosolids injection tec'hno]ogJy (BSI) to achieve SNCR of NOx. Tle
BSI process was developed by the Cement Industry Environmental Consortium (CIEC). The
founding participants in the CIEC are Southdown, Inc., Riverside Céinent Company, Mitsub shi
Cement Cor poration, California Department of Commerce (now Trade & Commerce Agency),
and the San Bernardino County Air Pollution Control District (now Mojave Deselt Air Quality
Management District). This technology is covered under U.S. Patent No. S ,586,510 issued
December 24, 1996."

The basic principle is to utilize the naturally occurring ammonia content of dewaterec

biosolids as the reagent. The dewatered biosolids are obtained from wastewater treatment plants.



Since the biosolids are mechanically dewatered without heat input, the solids content varies
between 16 and 30 percent (moisture content of 84 to 70%). Depending on the moisture cor tent,
the net Btu content (after evaporating the moisture) of the biosolids varies between -750 and
+2200 Btu/lb. Since the biosolids heating value is relatively small, the net effect on kiln fuel
combustion is expected to be small.®'

The same conditions that affect NOx reduction performance in SNCR affect BSI
performance: temperature (927°C / 1,700°F is optimal), residence time (> 0.5 seconds is
desirable), inlet NOx concentration, inlet CO concentration, and NH3/NOx molar ratio. Anbther
key issue is mixing effectiveness, which affects the extent of contact and, hence, reaction
between NH3 and NOx. The BSI technology is applicable to preheater/precalciner kilns bec ause
the temperature window for BSI (927°C / 1700°F) occurs in a location where it is feasible to
inject biosolids.®!

The biosolids are injected into the mixing chamber where the flue gas stream leavin the
kiln and precalciner mix. The mixing chamber offers the benefits of good residence time in the
appropriate temperature window (927°C / 1700°F) and high mixing effectiveness.®’

At the Cushenbury plant, BSI underwent long-term testing and eventual adoption in 1994
and 1995. The kiln is fueled with coal (85 percént) and tires (15 percent). The plant began using
tire-derived fuel (TDF) in mid-1993, so it is difficult to isolate the effects of TDF or BSI on NOx
emissions. The company estimates that the use of TDF reduces NOx emissions from the kil by
30 to 40 percent.” Before the SNCR technology was adopted, the company estimated NOx
emissions averaged 2.4 pounds/ton of clinker; afterwards, the average fell to 1.2 Ib/ton of clinker,
a 50 percent reduction. The effects of BSI on CO emissions varies between a large increase and
no change at all, but in all cases it has remained below 500 ppm. BSI has not caused any
significant changes in either metal HAP or organic HAP emissions. Using the SNCR biosolids
technology, the kiln also reduced its fuel consumption by 5 percent_.(’l

NOxOUT®. An SNCR process using aqueous urea was developed by Electric Power
Research Institute (EPRI) and is now marketed by Nalco Fuel Tech, Inc., under the trade name
of NOxQUT™. In the urea reaction with NO, one mole of urea reacts with two moles of NO to
complete the reaction to nitrogen, carbon dioxide and water. Normalized Stoichiometric Ralio
(NSR) 1s used to express the reagent feed rate relative to the reaction stoichiometry. The NSR
takes into account the 2:1 mole ratio of the NO:urea reaction as the “normalized” ratio. If 50% of

the urea reacts to reduce NO to nitrogen, reduction of 100% NOx occurs at NSR=2; 80%
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window.™ One modification of the urea-based SNCR system is the addition of methanol
imjection downstream of the urea injection point to improve overall NOx removal, Nalco also
introduced an improved NOxOUT® PLUS, which is said to further broaden the operating

temperature window and to reduce ammonia slip and CO and NO, formation.

NOxOUT® was tested for one week in October of 1998 on the preheater/precalciner Liln

at the Lafarge-Davenport Plant. Operating conditions were unstable most of that week and only
five hours of testing produced results that could provide a reasonable indication of what may be
achievable with NOxOUT". The baseline NOx rate was approximately 350 1bs NOx/hour. Using
NOxOUT®, emission reductions of 10 to 20 percent were achieved.”® Operating conditions s1ch
as residence time, temperature, and the use of coal at this kiln were contrasted to conditions «t
the Ash Grove kiln that achieved greater reductions to explain why NOxOUT® may achieve
better results on some kilns than others.

Nalco also has conducted a number of demonstrations and commercial projects in
preheater/precalciner cement kilns. The fuels have included coal, and coal in combination with
No. 6 heavy fuel oil, waste oil, and/or tire chips. The clinker capacity on these kilns ranged f-om
approximately 1000 metric tons to 3200 metric tons per day. The results of two tests with

average NOx reductions of approximately 50%, were featured in a recent report (see Table 4-

1.4).2

Table 4-1.4. Emissions Reductions From Two Kilns Using NOxOUT®

Baseline NOx NOx Emissions with Percent
Emissions (ppm) NOxOUT® (ppm) Reduction (%)

Kiln A, Test 1 412 203 51




approximately 1000 metric tons to 3200 metric tons per day. The results of two tests with

average NOx reductions of approximately 50%, were featured in a recent report (see Table -
1.4.).°?
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Table 4-1.5. Summary of Modchngj > Results for SNCR on Ellis Coumy Kllns -
Per f01 mance Results

Emissions Emiss"io\ns' antrdl‘ledb Controlled Control

Control . Rate tpy Rate tpy. ;.. .. Bniissions Emission Rate: - Efficiency  Reduction
Rate ppm ~Ib/tonne clinker %

E\lstmg Unit, Technplogy befor “after (a ).

g) NOx emission rate after SNCR does not reflect SNCR efﬁcmncy reduction due to gdjustriient by the ozon€ seascn
factor ofO 671 (NOX leductlon is modeled fo occur only

odels assume mid-kiln firing installed at TXI as required under current SIP.

Table 4-1.6. Summa1y of Modelmg Results for SNCR on Elhs County Kilns ~ Ezonomic
Results |

— : Energy  Emissions
. Control 4 § Effectiyen Penalty or ~ Penalty or Burden Cost
Existing Unit-*+ Technology = Capital Cost: Amiiug N ! Beneﬁt Benefit  $/tonne clinker




4.2 Combustion Optimization

This section of the report is taken from the EPA 2000 Report and is included, with minor
editing by the ERG Team. This information is included to provide the Texas environmental
communities with the comprehensive background information necessary to understand the
parameters that dictate NOx control options at cement kilns. Combustion optimization is laigely
in place in the Ellis County kilns, with the exception of the TXI wet kilns that are awaiting
permits for mid-kiln firing to comply with the requirements of TAC Chapter 117.

Combustion optimization is generally applicable to all types of kilns and is an efficient
way to reduce the formation of thermal NOx. The combustion modifications discussed in this
section focus on staging the combustion to minimize combustion at the maximum temperatures.
This can be accomplished by modifying the way oxygen or fuel is provided for combustion. For
the purposes of this report, the level of emissions reduction contained in TAC Chapter 117 is the
level associated with combustion and process optimization. As such, the techniques below Lave
largely been already required and implemented at the Ellis County cement plants. However, the
differing performance of the kilns may indicate that more combustion and process optimizat on

could be implemented as part of the effort to reach higher NOx emissions reductions levels,

4.2.1 Staged Combustion of Air

Staging of combustion air allows combustion of fuel to proceed in two distinct zones In
the first zone, the initial combustion is conducted in a fuel-rich, oxygen-poor flame zone. Th s
zone provides the high temperatures necessary for completion of the clinkering reactions, bu: the
lack of available oxygen minimizes the formation of thermal and fuel NOx. The lack of
sufficient oxygen leads to only partial combustion of the fuel.

In the second, fuel-lean zone, additional (secondary) combustion air is added to comy lete
the combustion process. However, the temperature in this second zone is much lower than th 3
first zone because of mixing with the cooler secondary air, so the formation of NOx is minin ized
in spite of the excess available oxygen. This staged approach can be used for combustion of «ll
fossil fuels. Staged combustion is typically achieved by using only a part of the combustion ¢ir
(primary air) for fuel injection in the flame zone, with remaining secondary air being injectec in

the subsequent cooler zone.



For effective staging of combustion air to reduce NOx emissions, cement plants must
have indirect-fired kilns. In a direct-fired cement kiln, air used for conveying pulverized coal
from a coal mill, i.e., primary air, is typically 17 to 20 percent of the total combustion air. The
amount of primary air may be reduced by separating the coal mill air from coal. A cement kiln
using less than 10 percent of primary air is an indirect-fired kiln. Conversion of a direct-fired
kiln to an indirect-fired kiln involves adding particle separation equipment such as a cyclone or a
baghouse and a fan to provide the primary air used to transport the powdered coal from storige
to the kiln. An indirect-firing system increases overall energy efficiency by allowing a greater

proportion of hot clinker cooler air to be used as secondary combustion air.
4.2.2 Flue Gas Recirculation

In addition to changing the combustion air distribution, the oxygen content of the pr mary
air may be reduced to produce a fuel-rich combustion zone by recycling a portion of the flue gas
into the primary combustion zone."® The 1'ecycied flue gas may be premixed with the primary
combustion air or may be injected directly into the flame zone. Direct injection allows more
precise control of the amount and location of the flue gas recirculation (FGR). In order for FGR
to reduce NOx formation, recycled flue gas must enter the flame zone. The FGR also reduces the
peak flame temperature by heating the inert combustion products contained in the recycled lue
gas.

The use of FGR may not be a viable method of reducing NOx in a full-size cement kiln
burning zone. FGR’s effectiveness relies on cooling the flame and generating an oxygen-
deficient (reducing) atmosphere for combustion to reduce NOx formation, conditions that may
not be compatible with cement kiln operation. High flame temperature and an oxidizing
atmosphere are process requirements to produce a quality clinker product. A cement kiln diTers
from a utility boiler and other combustion devices because minimum temperatures and an
oxidizing atmosphere are required to initiate chemical reactions in a cement kiln in addition to
the providing the required heat (Btu/ton of clinker). Reduced flame temperatures and reducing
conditions in the burning zone of a cement kiln may not be compatible with the production >f
cement clinker.'?

Coupling a low-NOx step burner with flue gas recirculation has been shown to reduce

NOx emissions further in a cement kiln.'® The additional NOx reduction attributable to FGR was
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estimated to be about 15 to 38 percent depending upon the proportion of FGR used.'®

Incorporation of FGR in a cement kiln also results in somewhat increased power consumptiot

and reduced kiln output.
4.2.3 Low-NOx Burners

Some cement kiln burners, specifically marketed as low-NOx, burners, typically use < to
7 percent primary air''® and thus can be used only on indirect-fired kiln systems. Low-NOx -
burners can be installed on any type of kiln. Low-NOx burners are desi gned to reduce flame
turbulence, delay fuel/air mixing, and establish fuel-rich zones for initial combustion. The
longer, less intense flames resulting from the staged combustion lower flame temperatures and
reduce thermal NOx formation. Some of the burner designs produce a low pressure zone at the
burner center by injecting fuel at high velocities along the burner edges. Such a low pressure
zone, as shown in Figure 4-2,'" tends to recirculate hot combustion gas which is retrieved
through an internal reverse flow zone around the extension of the burner centerline. The
recirculated combustion gas is deficient in oxygen, thus prédﬁéing a similar effect as FGR.
Combustion of the fuel in the first stage thus takes place in an oxygell—deﬁbiellt zone before the
fuel 1s diluted in the seéondary air.v‘ Inétaﬂing such a burner reduces NOx emissions from the
kiln-burning zone by up to 30 percent. 17:19:20

Low-NOx burners have been used by the cement industry for 'twenty yearé.zl Many
suppliers offer low-NOx burers and most of these systems focus on lowering the NOx
formation in the calciner by air or fuel staging, by reburning, or by high temperature
combustion.’” Test data from several different low-NOx burners are now available. Thomsen
Jensen, and Schomburg reported on tests of a F.L. Smidth in-line calciner low-NOx system it a
preheater/precalciner kiln where different percentages of coal were added to the reduction zone
of the precalciner (the remaining coal was added to the oxidizing zone).”> When 100 percent of
the coal was added to the reduction zone of the precalciner, the NOx content at the preheater 2xit

was reduced by 44 percent relative to when zero coal was added (see Table 4-4.1).



Table 4-4.1. NOx emissions from a precalciner equipped

With a low-NOx burner

Percent coal added to reduction
zone” (Ib nox/ton of clinker)

Nox emissions” Ib
nox/ton of clinker)

Percent
reduction” (%)

0 28 -
50 1.9 31
100 1.6 44

B
C

* the remaining percentage of the coal was added to the oxidizing zone.
" emission measurements were taken at the preheater exit.
percent reductions are relative to emissions when zero percent of the coal was added; the original

measurements were in kg nox/ton of clinker to the hundredth place - the percent reductions were

calculated using the original measurements, which results in slightly different values than when Ib

nox/ton of clinker are used.

Steinbif, Bauer, and Breidenstein reported emissions changes for five kilns before ind

after the installation of Pyro-Jet low-NOx burners (see Table 4-4.2.).' The emission reductions

ranged from 15 to 33 percent. Information on kiln-type was not provided.

Table 4-4.2. NOx Emissions Before And After Installation
Of Pyro-Jet Low-NOx Burners

Before Installation After Installation Percent
Kiln (ppm) (ppm) Reduction (%)
A 970 650 33
B not given not given 30
C 650 460 29
D 900 730 19
E not given not given 15

There are two new data sources on emissions reductions from the use of Rotaflam® low-
NOx burners. The Pillard Combustion Equipment and Control Systems published data on four
kilns, comparing NOx emissions with a 3 channel burner to emissions when a Rotaflam® burner

was used (see Table 4-4.3.)* The emission reductions ranged from 23 to 47 percent. Inforriation

on kiln-type was not provided.




Table 4-4.3. NOx Emissions With 3. Channel And
Rotaflam® Low-NOx Burners

: Percent
With 3 Channel With Rotaflam® Reduction
Kiln Burner (ppm) Burner (ppm) (%)
A 774 , 409 47
B 865 664 23
C 484 ’ 350 28
D 487 » 336 31

Emissions data are also available before and after a Rotaflam® low-NOx bumer was

installed on a long-wet kiln (see Table 4-4.4.).** The avél'age emissions decreased 14 percen.

Table 4-4.4. Emissions Before And After Installation
Of A Rotaflam@ijner On A Wet Kiln

Average Emissions(lb Percent Reduction®
Year NOx/ton of clinker) ‘ (%)
1990 277 -
1992° 288 -
1993 : 269 -
1994 275 -
1995 239 - 14
Rotaflam® installed) '

* Percent reduction is relative to the 1990, 1992-1994 average NOx emissions, 277.25 Ib NOx/h-.
® 1991 data were not provided. - ' R ' '

The Fuller Company low NOx In-Line Calciner was installed in an RMC Lonestar kiin
which reported 30-40 percent reductions in the amount of theﬁnally formed NOx after
installation.”

In January 2000, the PCA and PCA provided results of a survey of cement facilities
- where the respondents indicated 14% of the operating U.S. kilns (22 kilns) have already installed
a low-NOx bumner (81% of the facilities representing 81% of the operating U.S. kilns responc ed

to the survey). The remaining 139 kilns that are represented by the survey have not installed 1ow-

2627
NOx burners.”°



4.2.4 Staged Combustion of Fuel

In conventional long (wet or dry) rotary kilns, all heat required for the cement-mak ng
process is supplied in the primary kiln burning zone, where the combustion occurs at the hottest
temperature in the kiln. In the cement-making process, the preheating and calcination of th raw
materials requires a large amount of heat but are typically at a teinperature of 600 to 900 °C
(1,100 to 1,650 °F) which is much lower than the kiln’s clinker-burning temperature 0f 1,200 to
1480 °C (2,200 to 2,700 °F).28 In the secondary combustion method, part of the fuel is burned at
a much lower temperature in a secoﬁdary firing zone to complete the preheating and calcination

of the raw materials.
4.2.5 Preheater/Precalciner and Tire Derived Fuel

This concept of a secondary firing zone is the basis of the preheater/precalciner cerient
kiln design. Almost all new cement kilns have a preheater/precalciner-type designs. In the
preheater kilns, the primary emphasis is on efficient heat recovery from kiln exhaust gases (see
Figure 4-4.1 ).2? However, up to 15 to 20 percent of the fuel may be fired in the riser duct in
preheater desi gns.” |

Precalciner systems typically employ a tower of four-stage cyclones for efficient gas-
solids contact which improves the energy efficiency of the overall process (see Figure 4-42)%

In a typical precalciner kiln almost 40 to 50 percent of the fuel is burned at a lower (calcination)

temperature which reduces the thermal NOy formation considerably.
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Figure -2, Schematic of preheater.”® Figure §-3, Schematic of precalciner.

Fn

Figure 4-4.1.. Schematic of Preheater.? Figure 4-4.2. Schematic of precalciner®

Tire-derived fuel can also be added to the feed end of a preheat’er or precalciner kiln. The
Mitsubishi Cement Company’s Cushenbury Plant in Lucerne Valley, CA began using whole
waste tires as a fuel supplement in 1993. The waste tires are delivered in enclosed container -
trucks and dumped into the plaﬁt’s automated handling systern. A live bottom hopper and
singulator place the waste tires on a conveyor system. This conveyor system transports the ti-es
to the feed end of the kiln and drops the tire into an airlock system that allows the waste tire 0
fall onto the feed plate inside the kiln at a rate of five to six tires per minute.

Currently, 8,000 to 9,000 tires are burned per day, totaling about 13 percent of the fuel.
Tires have a fuel content of approximately 14,000 Btu/Ib and a sulfur content that is roughly the
same as the coal that would be used. The steel belting in the waste tires supplements the iron
requirements and approximately 2 percent of the iron in the final product comes from the tires.
The addition of waste tires reduces NO, emissions from the kiln by 30 to 40 percent, and there is

. . : 30,3132
no significant change in toxic, hydrocarbon, or metal emissions. *"



4.2.6 Low- NO, Precalciners

Most of the major cement kiln suppliers are now offering “low NO,” precalciner des gns
for new kilns. These designs typical]y inject a portion of the fuel into the feed end of the kilr,
countercurrent to the exhaust gas flow, as illustrated in Figure 5-4 (where is this?).”® This fuel is
burned in a substoichiometric O, environment to create a strongly reducing atmosphere

(relatively high concentrations of CO) by following the simplified reactions:

NO + C - N + CcoO
and

NO + coO - N + CO,

This reducing atmosphere inhibits the formation of fuel NOy and destroys a portion of the NOx
formed in the kiln burning zone. In some designs, additional fuel is then added, again with
insufficient O, for complete combustion, to create another reducing zone. Several precalciner
kilns in the US have recently been retrofitted with these “low NO,” precalciners and prelim: nary
information indicates a noticeable reduction in NOy per ton of clinker. 1> Up to 46 percent
reduction of NO, emissions have been reported without causing excessive coating difficultics in
the kiln.”?

Nitrogen present in the fuel may also participate in the reduction of NOy. The prima-y
NO, formation mechanism in the secondary firing is the fuel NO, formation which depends upon
the nitrogen content of the fuel used. In order for the above reactions to proceed at reasonatle
rates thé temperature in the reduction zone should be maintained between 1000 and 1200°C
(1830 to 2190°F). These temperatures may lead to coating difficulties, particularly if the fucl
used is coal with high ash content.™

It is not possible to use “staged combustion” on preheater kilns that are firing fuel ir the
riser since in staged combustion it is necessary to add the fuel in an oxygen deficient atmosohere
and then supply additional combustion air to fully combust the fuel. Preheater kilns do not have
tertiary air ducts to supply the additional combustion air. The air for combustion of the seccndary
fuel must come through the kiln, which precludes introducing the secondary fuel into an

atmosphere with insufficient oxygen for complete combustion."

anamang 66



