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SECTION 1 

INTRODUCTION 
 
 
1.1 Project Description 
 
 Carolinas Cement Company LLC (CCC) is proposing to construct a modern Portland 

cement manufacturing facility at the site of an existing cement storage terminal operated by 

Roanoke Cement Company near Castle Hayne, North Carolina.  The plant will include a multi-

stage preheater-precalciner kiln with an in-line raw mill, alkali bypass, coal mill, and clinker 

cooler venting through the main stack.  Production is expected to be 6000 tons per day (tons/day) 

and 2,190,000 tons per year (tons/yr) of clinker and approximately 2,400,000 tons/yr of cement.  

Fuels may include coal, petroleum coke, fuel oil, biomass fuels, and natural gas.  The raw 

materials for clinker production may include limestone/marl, clay, quarry spoils, bauxite, slag, 

fly ash/bottom ash, sand, and/or mill scale.  Synthetic gypsum or natural gypsum and limestone 

will be milled with the clinker to produce cement.  Associated processes will include mining, 

crushing, blending, grinding, material handling and storage for raw materials, fuels, clinker, and 

finished cement.  Cement will be shipped by rail and truck.  The project will also include a diesel 

emergency generator set.   

 

1.2 Cement Manufacturing 
 

Portland cement is used in almost all construction applications including homes, public 

buildings, roads, industrial plants, dams, bridges, and many other structures.  Therefore, the 

quality of Portland cement must meet very demanding standards.  The manufacture of a high 

quality Portland cement begins with the use of a high quality calcium carbonate material (i.e., 

marl or limestone) and the production of a high quality cement clinker.   

In the Portland cement manufacturing process, raw materials such as limestone, marl, 

clay, sand, and iron ore are heated to their fusion temperature, typically 1,400º to 1,500ºC 

(2,550º to 2,750ºF), in a refractory lined kiln by burning various fuels such as coal, coke, and 

other fuels mentioned above.  Burning an appropriately proportioned mixture of raw materials at 
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a suitable temperature produces hard fused nodules called "clinker," which are cooled and then 

mixed with calcium sulfate (gypsum) and limestone and ground to a desired fineness. Different 

types of cements are produced by using appropriate kiln feed composition, blending the clinker 

with the desired amount of gypsum and limestone, and grinding the product mixture to 

appropriate fineness.  Manufacture of cements of all types involves the same basic high 

temperature fusion, clinkering and fine grinding process.   

There are four primary types of refractory lined kilns used in the Portland cement 

industry: long wet kilns, long dry kilns, preheater kilns, and preheater/precalciner kilns. The long 

wet, long dry, and most preheater kilns have only one fuel combustion zone, whereas the newer 

preheater kilns with a riser duct and the preheater/precalciner kilns have two or more fuel 

combustion zones.  These newer designs of dry pyroprocessing systems increase the overall 

energy efficiency of the cement plant.  The energy efficiency of the cement making process is 

important as it determines the amount of heat input needed to produce a unit quantity of cement 

clinker.  A high thermal efficiency leads to less consumption of heat and fuel, with 

correspondingly lower emissions.   

 

1.3 Control Technology Requirements 
 
 As discussed in Section 2.4 of the Regulatory Analysis Report, under the Prevention of 

Significant Deterioration (PSD) rules applicable to this project, Best Available Control 

Technology (BACT) must be used to control emissions of the following pollutants:  particulate 

matter (PM); PM less than 10 microns in diameter (PM10); PM less than 2.5 microns in diameter 

(PM2.5); sulfur dioxide (SO2), nitrogen oxides (NOx); carbon monoxide (CO); and volatile 

organic compounds (VOC).   

 BACT is defined as an emission limitation, including a visible emission standard, based 

on the maximum degree of reduction of each pollutant subject to Prevention of Significant 

Deterioration (PSD) review which the North Carolina Department of Environment and Natural 

Resources (DENR) Division of Air Quality (DAQ) on a case-by-case basis, taking into account 

energy, environmental, and economic impacts, and other costs, determines is achievable through 

application of production processes and available methods, systems, and techniques (including 

fuel cleaning or treatment or innovative fuel combustion techniques) for control of such 

pollutant.  If the DAQ determines that technological or economic limitations on the application 
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of measurement methodology to a particular part of a source or facility would make the 

imposition of an emission standard infeasible, a design, equipment, work practice, operational 

standard or combination thereof, may be prescribed instead to satisfy the requirement for the 

application of BACT.  Such standard shall, to the degree possible, set forth the emissions 

reductions achievable by implementation of such design, equipment, work practice or operation.  

Each BACT determination shall include applicable test methods or shall provide for determining 

compliance with the standard(s) by means that achieve equivalent results.   

The EPA has consistently interpreted the statutory and regulatory BACT definitions as 

containing two core requirements that the agency believes must be met by any BACT 

determination. First, the BACT analysis must include consideration of the most stringent 

available technologies, i.e., those which provide the "maximum degree of emissions reduction." 

Second, any decision to require a lesser degree of emissions reduction must be justified by an 

objective analysis of "energy, environmental, and economic impacts" contained in the record of 

the permit decision.   

The minimum control efficiency to be considered in a BACT analysis must result in an 

emission rate less than or equal to any applicable new source performance standards (NSPS) 

emission rate or National Emission Standards for Hazardous Air Pollutants  (NESHAP).  The 

applicable NSPS/NESHAP represents the maximum allowable emission limits from the source.   

On September 9, 2010, EPA promulgated major changes to the NSPS for Portland 

Cement (PC) plants (Subpart F) which apply to this project.  Previously, the PC NSPS regulated 

only PM.  The final NSPS changes significantly reduce the PM emission limits for the new kiln 

and clinker cooler.  In addition, the cement kiln is subject to new limits for NOx and SO2 

emissions.  CCC must comply with the emission limits resulting from final NSPS or NESHAP 

rules; therefore the previously proposed BACT limits have been adjusted accordingly.   

In the BACT analysis, the most effective technically feasible controls were evaluated 

based on an analysis of energy, environmental, and economic impacts.  As part of the analysis, 

several control options for potential reductions in criteria pollutant emissions were identified.  

The control options were identified by:   

(1) Researching the RACT/BACT/LAER Clearinghouse  
(2) Drawing from previous engineering experience 

 (3) Surveying available literature including background documents for NSPS and 
NESHAP standards 
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 (4) Review of PSD permits for Portland cement plants.   

 

 In addition to the BACT analysis, this report also describes the control technologies 

selected to control additional NESHAP-regulated hazardous air pollutants (HAPs).  On 

September 9, 2010, the EPA promulgated major revisions to the NESHAP for Portland Cement 

plants (40 CFR Part 63, Subpart LLL).   The final revisions substantially tightened the emission 

limits for PM and mercury emitted by new kilns.  The PM limits are identical to those issued 

under the NSPS.  Emission limits for total hydrocarbons (THC) were increased.  New limits 

were set for hydrogen chloride (HCl) emissions from major sources only.  CCC will control and 

limit HCl and other HAP emissions such that they will be classified an area source under 40 CFR 

Part 63.  Plant-wide emissions will not exceed 10 tons/yr for any single HAP or 25 tons/yr for 

any combination of HAPs.   
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SECTION 2 

BACT ANALYSIS FOR PM 
 
 
2.1 Sources of PM  
 
 PM, PM10, and PM2.5 (hereafter referred to as PM but also applies to each particulate 

fraction) at a cement plant is emitted from process sources (i.e., kilns, coolers, mills, transfer 

points) and fugitive dust sources (i.e., paved roads, unpaved roads, and quarrying operations).  

PM includes both filterable and condensable components.  All PM sources include filterable 

emissions.  Condensables are emitted as an additional component of combustion source (e.g., 

kiln) emissions at a cement plant.  All condensables fall into the PM2.5 category.   

Process sources of PM from the proposed project include:   
 
(1) Raw material handling and storage 
(2) Solid fuel handling and storage 
(3) Raw material milling and blending  
(4) Pyroprocessing (kiln and clinker cooler) 
(5) Clinker and gypsum handling and storage 
(6) Cement finish grinding 
(7) Cement handling and loadout.   

Fugitive sources of PM from the proposed project include: 

(1) Quarrying operations (drilling, blasting, marl ripping, and truck loading) 
(2) Truck and loader traffic on unpaved roads 
(3) Truck traffic on paved roads 
(4) Material transfer points 
(5) Wind erosion from storage piles.   
 

2.2 Identification of Control Options for PM  
 

The first step in the BACT determination for PM is the identification of available control 

technologies.  This section reviews the available PM control technologies that apply to the 

proposed project.  In preparing this section, a review of EPA's emission standard determination 

methods for the Portland cement industry was made.  EPA evaluated several types of control 

technologies in developing the particulate matter NSPS and NESHAP for Portland cement 
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plants.  In establishing and promulgating the particulate matter NSPS and NESHAP emission 

limits, EPA focused on fabric filter and electrostatic precipitator (ESP) technologies as a basis 

for control of PM from kilns and clinker coolers.  EPA's evaluation of raw material processing 

(including crushers, mills, and transfer points) was limited to measures needed to ensure opacity 

levels of 10 percent or less.  No specific control technologies were evaluated by the EPA for 

these processes.  Furthermore, no evaluation was made by the EPA for fugitive dust PM 

emissions.   

This BACT determination will focus its evaluation on fabric filter and ESP control 

technologies for the kilns and clinker coolers.  A larger range of control options will be reviewed 

for material handling and fugitive emission activities.   

2.2.1 Fabric Filter Systems 

Fabric filter (baghouse) systems consist of a structure containing tubular bags made of a 

woven fabric.  A baghouse removes PM from the flue gas by drawing the dust laden air through 

a bank of filter tubes suspended in a housing.  Filterable PM is collected on the upstream side of 

the fabric.  Dust on the bags is periodically removed, collected in a hopper, and reintroduced to 

the process.   

Filterable PM removal efficiencies of 99 to greater than 99.9 percent are typical for 

baghouses at varying operational conditions.  The typical air-to-cloth ratio of a standard 

baghouse ranges from approximately 1.2:1 to 2:1 for reverse air, and from 3:1 to 4:1 or more for 

pulse-jet systems.  The bags in baghouses used in the Portland cement industry are made from a 

variety of materials including Nomex®, Gore-tex®, polyester, Teflon®, and fiberglass.  

Membrane filter bags for the main stack baghouse provide slightly better performance than 

traditional fabric types but at a higher capital and slightly higher operating cost (due to greater 

pressure drop).   

The technical feasibility of using baghouses is primarily dependent on exhaust gas 

temperatures and moisture content.  Gas temperatures must be less than 260°C (500°F) to 

preclude damage to most bags.  For the application of baghouse systems on cement kilns, this 

condition is usually achieved by cooling exhaust gases prior to passing them through the 

baghouse.  Moisture contents must also be minimized to avoid condensation and possible 

blinding of the bags.   
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Cooling gases from cement kilns can be accomplished in a variety of ways.  At plants 

using preheater/precalciner systems, kiln exhaust gases are often ducted to an in-line raw mill (or 

raw material dryer) to dry the raw feed material, and used to preheat combustion air for the kiln. 

When exhaust gases are not ducted to the raw mill (either by design or when the in-line raw mill 

is offline), water sprays and/or bleed-in air is needed.  These procedures increase the moisture 

content of exhaust gases entering the baghouse.  When either approach is used, the temperature 

of gases entering the baghouse must be maintained above the dew point of the gas to prevent 

condensation, which leads to blinding of the filter bags.   

The primary advantages of baghouses include: high removal efficiencies for filterable 

PM, simplicity in their operation, reliability, and the ease of maintenance, as compartments 

within the baghouse system can be isolated for repairs without shutting down the entire system.   

The primary disadvantages of baghouses include the need for relatively high pressure 

drops (necessitating high energy consumption), limitation of temperatures to less than 260ºC 

(500ºF), and the relatively high maintenance requirements (frequent replacement of bags).  

Baghouses are generally not effective in removing condensable PM emissions.   

2.2.2 Electrostatic Precipitator (ESP) Systems 

ESP systems include both dry and wet types.  Cleaning of exhaust gases using ESPs 

involves three steps: (a) passing the suspended particles through a direct current corona to charge 

them electrically, (b) collecting the charged particles on a grounded plate, and (c) removing the 

collected particulate from the plate by a mechanical process (i.e., rapping) for dry types and by 

water flushing for wet types.  ESPs are used primarily for filterable PM control.  Wet ESPs may 

also have limited effectiveness in reducing condensable PM through condensation onto liquid-

covered plate surfaces inside the wet ESP.   

The specific collection area (SCA) is the parameter used to ensure proper design control 

efficiency of an ESP.  The SCA is defined as the ratio of the total plate area to the gas flow rate.  

As the SCA of an ESP increases, collection efficiency improves. The high resistivity of particles 

in exhaust gases from preheater/precalciner kilns requires that they be conditioned prior to 

entering the ESP.   

The primary advantages of using a dry-type ESP for PM control are the high filterable 

PM collection efficiency, low pressure drop, relatively low operating costs, and its ability to 
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operate effectively at relatively high temperature and flow rates.  The advantage of using a wet-

type ESP would be the ability to reduce condensables (which may be negated if a scrubber is 

also used to control emissions of other pollutants.   

 The primary disadvantages to using an ESP are the high resistivity of the PM in cement 

process exhaust gases (especially from preheater/precalciner kilns), its sensitivity to fluctuations 

in exhaust gas conditions, and the high initial capital cost.  The relatively large space 

requirements make using ESPs infeasible for sources other than kilns and clinker coolers.  Dry-

type ESPs are generally not effective in removing condensable PM emissions.  Wet-type ESPs 

have not been used on cement kilns; as a primary collection device, the wet collected dust cannot 

be easily recycled back into the kiln system as it is with dry collection systems.  Wet ESPs are 

not suited for use in processes which are highly variable because they are very sensitive to 

fluctuations in gas stream conditions (such as the large variation in cement kiln exhaust 

conditions with in-line raw mill operating mode).   

2.2.3 Wet Scrubbing Systems 

Wet scrubbers remove PM from exhaust gases by capturing the particles in/on liquid 

droplets and separating the droplets from the gas stream.  Both filterable and condensable PM 

can be removed.  Condensable PM is removed due to reduction of gas stream temperature and 

liquid-to-gas contact.  Wet scrubbers can be grouped into the following major categories:   

(1) Venturi scrubbers  
(2) Mechanically aided scrubbers 
(3) Pump aided scrubbers 
(4) Wetted filter-type scrubbers 
(5) Tray or sieve-type scrubbers.   

 
The differences between these scrubbers are the manner in which the liquid is introduced 

to the gas stream, the methods which the particles are captured by the liquid droplets, and the 

manner in which the liquid droplets are removed. As primary control devices, wet scrubbers are 

capable of removing 80 to 99 percent of the PM from exhaust gas streams when properly 

designed and operated.  Wet scrubbers used for acid gas removal and following baghouses will 

have a much lower filterable PM removal efficiency.   

The primary advantages of a wet scrubber include its ease of maintenance and known 

technology with specific design parameters for specific applications.  Both filterable and 
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condensable PM can be removed.  The primary disadvantages of a wet scrubber are their lower 

PM control efficiencies, a requirement to treat and/or dispose of effluent if not recyclable into the 

process, and the possibility of solids buildup at the wet-dry interface.  An additional 

disadvantage for this project is the water supply requirement to operate these systems.   

2.2.4 Condensers 

 Condensable PM emissions from the kiln system in theory could be controlled by rapid 

cooling of the gas stream and collection of the condensed materials (condensate). However, the 

condensed materials in this case would consist mostly of fine inorganic solid particles. Use of a 

refrigerated condenser for this purpose would be technically and practically infeasible for 

multiple reasons including the large gas volume (surface area requirement), low volume of 

condensable liquids, and “sticky” nature of the collected solids that would tend to build up and 

foul the condensation surfaces, rendering them ineffective.  Condensers are also not effective in 

reducing filterable PM emissions and would not be appropriate for use on other cement process 

operations.   

2.2.5 Cyclone Collectors and Inertial Separator Systems 

 Cyclone collectors and inertial separators provide a low cost, low maintenance method of 

removing larger diameter filterable PM (> 30 µm) from gas streams.  On their own, they are not 

usually sufficient to meet BACT or NSPS emission standards, but they serve well as precleaners 

for other more efficient control devices and as dry product recovery devices.  Condensables are 

not removed.   

Cyclone systems consist of one or more conically shaped vessels in which the gas stream 

follows a circular motion prior to outlet (typically near the top of the cone).  Particles enter the 

cyclone suspended in the gas stream, which is forced into a vortex by the shape of the cyclone. 

The inertia of the particles resists the change in direction of the gas and they move outward 

under the influence of centrifugal force until they strike the walls of the cyclone.  At this point, 

the particles are caught in a thin laminar layer of air next to the cyclone wall and are carried 

downward by gravity where they are collected in hoppers.  Cyclones are capable of removing in 

excess of 90 percent of the larger diameter (> 30 µm) PM.  However, their efficiency decreases 



 10 

significantly for small diameter (< 30 µm) PM.  The overall average control efficiency ranges 

from 50 to 95 percent based on a range of particle sizes in the gas stream.   

Cyclones vary in dimensions and inlet and outlet conditions. Collection efficiency is a 

function of (a) size of particles in the gas stream, (b) particle density, (c) inlet gas velocity, (d) 

dimensions of the cyclone, and (e) smoothness of the cyclone wall. In the cement industry 

cyclone type collection systems are typically used for product recovery or as pre-collection 

systems in combination with baghouses or ESPs.   

2.2.6 Water Sprays, Enclosures and Other PM Control Systems 

Filterable PM controls in use for a variety of material handling processes and fugitive 

dust sources at Portland cement plants and quarries include water sprays and enclosures for 

crushers and conveyor transfer points, wind screens and enclosures for storage piles, watering 

and chemical stabilizers (emulsions) used on unpaved roads, and flushing and vacuum sweeping 

on paved roads.  The efficiencies for these controls range from 50 to 97 percent individually, but 

in some instances, combining controls can achieve higher overall control levels.   

 Many of the efficiencies assigned to these types of control measures are based on 

empirical models that take into account the quantity of water used, the frequency of application, 

the time between applications, and the meteorological conditions present at the time of 

application.  In addition, the natural high moisture content of certain raw materials may make the 

use of water sprays or other control measures unnecessary.   

 

2.3 Elimination of Technically Infeasible Options for PM 
 

The second step in the BACT determination for PM is to eliminate any technically 

infeasible control technologies.  Each available control technology is considered, and those that 

are infeasible based on physical, chemical, and engineering principles are eliminated.   

2.3.1 Fabric Filter Systems 

Fabric filter (baghouse) systems have been proven to be technically feasible control 

technologies for filterable PM emissions from preheater/precalciner kilns, clinker coolers, and 

other process sources.  Therefore, this technology must be considered further for these types of 

sources.   
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2.3.2 ESP Systems 

Dry-type ESP control systems have been proven to be technically feasible control 

technologies for preheater/precalciner kilns and clinker coolers in the past.  Therefore, this 

technology must be considered further for these types of sources.  Wet-type ESPs have not been 

used on cement kiln systems and are considered to be technically infeasible for this application 

as previously discussed.   

Because of the large space requirements necessary for ESP systems, they are technically 

infeasible for other process sources (finish mills, transfer points, etc.).  Further, ducting 

emissions from other process sources to a single ESP system would also be technically infeasible 

due to the area of coverage and variation of gas stream conditions that would result.   

2.3.3 Wet Scrubbing Systems 

Wet scrubbing systems are not considered technically feasible as stand-alone PM control 

technologies for preheater/precalciner kilns and clinker coolers because wet scrubbing systems 

are not capable of reducing filterable PM emissions from these sources to levels that meet the 

NSPS emission levels.   

Wet scrubbers have been proven to be a technically feasible control option for process 

sources in other industries.  Therefore, this technology must be considered further for these types 

of sources.   

2.3.4 Condensers 

 Condensers are not considered technically feasible for use on cement kilns or other 

process sources at cement plants as previously discussed.   

2.3.5 Cyclone Collector and Inertial Separator Systems 

Cyclone collector and inertial separator systems can be used to control filterable PM 

emitted from preheater/precalciner kiln systems and clinker coolers.  However, because these 

systems are not capable of reducing particulate matter emissions from these sources to levels that 

meet the NSPS emission levels, these control options are considered technically infeasible for 

preheater/precalciner kilns and clinker coolers, unless combined with another control technology.   



 12 

Cyclone collector and inertial separator systems have been proven to be technically 

feasible control options for process sources.  Therefore, these technologies must be considered 

further for these types of sources.   

2.3.6 Water Sprays, Enclosures, and Other PM Control Options 

Water sprays, enclosures, and other PM control systems cannot be used to control PM 

emitted from preheater/precalciner kiln systems and clinker coolers because these systems are 

not capable of reducing PM emissions from these sources to levels that meet the NSPS emission 

levels.  Therefore, they are considered a technically infeasible option for preheater/precalciner 

kilns and clinker coolers.  In addition, water sprays cannot be used on sources handling hot 

clinker or cement due to obvious problems with product damage/solidification and equipment 

pluggage.   

Water sprays, enclosures, and other PM control systems have been proven to be 

technically feasible control options for other process and fugitive dust sources.  Therefore, these 

technologies must be considered further for these types of sources.   

 

2.4 Ranking of Technically Feasible PM Control Options 
 

The third step in the BACT determination for PM is to rank the technically feasible 

control technologies by control effectiveness.  The control efficiencies listed are typical values 

for the indicated technology.   

2.4.1 Preheater/Precalciner Kiln and Clinker Cooler System 

Any technology that is considered technically feasible for controlling PM emissions from 

the preheater/precalciner kiln and clinker cooler system must be capable of reducing PM to 

levels below the NSPS and NESHAP standards.  The new standard for both regulations is 0.01 

lb/ton clinker or an alternate standard equivalent to approximately 0.0008 gr/dscf when kiln and 

clinker cooler exhausts are combined (such as the CCC system).  The limits are for filterable PM 

based on a 30-day rolling average.  According to EPA, these standards can be met using a 

baghouse with membrane bags.  It is questionable whether a dry-type ESP could consistently 

comply with the new standards.   
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CCC has choosen a fabric filter with membrane bags as BACT.  Because CCC has 

selected the maximum control level possible for this system, a fabric filter is the only control 

option considered for these sources.   

2.4.2 Other Process Sources 

The control technologies that are technically feasible for controlling PM emissions from 

other process sources are ranked in Table 1 (in order of descending efficiency).  The control 

efficiencies listed are typical values for the indicated technology.   

 

TABLE 1.  RANKING OF TECHNICALLY FEASIBLE CONTROL OPTIONS NON-
FUGITIVE PROCESS SOURCES - PM 

Control Technology Control Efficiency 
Fabric Filter Baghouses 99-99.9+% 
Wet Scrubbers 80-99% 
Cyclones and Inertial Separators 50-95% 
Water Sprays, Partial Enclosures, and Other 
PM Control Methods 

50-90+% 

No Control 0% 
 

 

2.4.3 Fugitive Dust Sources 

The control technologies that are technically feasible for controlling PM emissions from 

fugitive dust sources are discussed in the following subsections.  Fugitive dust sources emit 

filterable PM only.   

2.4.3.1 Quarrying Operations 

 Quarrying operations include drilling, blasting, ripping, and loading of limestone rock 

and marl into loaders for transport to the primary crusher hopper.  The control technologies that 

are technically feasible for controlling PM emissions from quarrying operations include 

baghouses or water applications to drilling equipment, and best management practices for 

blasting and material loading.  It should be noted that the quarry materials at the CCC plant are 

naturally wet (typically > 15% moisture) and as such additional controls may not be very 

effective or necessary.   
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2.4.3.2 Paved Roads 

The control technologies that are technically feasible for controlling PM emissions from 

paved roads include watering (flushing with water), vacuum sweeping, or a combination of these 

methods.  Primary roadways into and throughout the cement plant will be paved.  All paved 

roadways will remain paved throughout the life of the project.   

The use of water flushing followed by vacuum sweeping provides an estimated control 

efficiency of between 46 to 96 percent.  Individually, water flushing and vacuum sweeping have 

control efficiencies of less than 70 percent.  Because of the volume of traffic on most paved plant 

roads, the efficiency of water flushing in addition to sweeping is essentially the same as 

sweeping alone, as determined by the formulas in Table 2.     

 Table 2 summarizes the rankings for control options for paved roads.   
 

TABLE 2.  RANKING OF TECHNICALLY FEASIBLE CONTROL OPTIONS PAVED 
ROADS - PM10 

Operation Control Technology Control Efficiency Source/Notes 
Paved Roads Water Flushing & Vacuum 

Sweeping 
96-0.2363V* Air Pollution Engineering 

Manual Chpt. 4, p 146, 
Paved Surface Cleaning 

 Water Flushing 69-0.231V* Air Pollution Engineering 
Manual- Chpt. 4, p 146, 
Paved Surface Cleaning 

 Vacuum Sweeping  46-58 Air Pollution Engineering 
Manual- Chpt. 4, p 146, 
Paved Surface Cleaning 

 No Control 0% Assumes all Federal and 
State regulations could be 
met.  

*Where V = number of vehicle passes since application.   
 
 

2.4.3.3 Unpaved Roads  

 The control technologies that are technically feasible for controlling PM emissions from 

unpaved roads include paving, watering, and application of chemical dust suppressants.  Due to 

the constant changes in quarrying activities, travel routes in a quarry are routinely changing.  

Therefore, paving roads in an active quarry is technically infeasible.  The roads within the quarry 
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area will remain unpaved.  Vehicle traffic on these roads will be limited to haul trucks and 

loaders carrying limestone to the primary crusher and vehicles transporting overburden.   

PM emissions from unpaved roads can be controlled by watering or chemical dust 

suppression methods.  Studies have shown that on heavily traveled unpaved roads, chemical 

suppression methods are as effective as watering at regular intervals.   

The use of chemical suppression (such as an emulsion) is expected to provide a 62-90+ 

percent control efficiency for the unpaved roads.  Watering (or natural surface moisture) 

provides control efficiencies ranging from 0 to 90+ percent, depending on the ability to maintain 

soil moisture content in the range of 2 to 8 percent.  As noted above, soil conditions in the quarry 

are naturally wet, therefore eliminating the need to water these roads under normal conditions.   

Table 3 summarizes the rankings for control options for unpaved roads:   

 

TABLE 3.  RANKING OF TECHNICALLY FEASIBLE CONTROL OPTIONS 
UNPAVED ROADS - PM10 

Operation Control Technology Control Efficiency Source/Notes 
Unpaved 
Roads 

Chemical 
stabilization 

62-90+%* Air Pollution Engineering Manual- 
Chpt. 4, Fig. 6, Chemical 
Stabilization of Unpaved Surfaces  

 Watering/natural 
moisture 

0-90+%* Air Pollution Engineering Manual - 
Chpt. 4, Fig. 5, Watering of 
Unpaved Roads  

 No Control 0% Assumes all Federal and State 
regulations could be met. 

*Depends on frequency of application.   
 
 
2.5 Evaluation of Technically Feasible PM Control Options 
 

The fourth step in a BACT determination for PM is to complete the analysis of the 

feasible control technologies and document the results.  The control technologies are evaluated 

on the basis of the most effective technology taking into account economic, energy, and 

environmental considerations.  The evaluation of the most effective control technologies for PM 

emissions for the proposed modification is presented below.   
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2.5.1 Preheater/Precalciner Kilns and Clinker Coolers 

Baghouses with membrane bags are the most effective control technology available for 

PM emissions from preheater/precalciner kilns and clinker coolers.  Because CCC has selected 

the maximum available technology to control PM emissions from the preheater/precalciner kiln 

and clinker cooler, no further evaluation is necessary.   

2.5.2 Other Process Sources 

Baghouses are the most effective PM control technology for the other process sources.  

Except for the quarry, raw material handling, and raw coal handling sources, CCC is proposing 

to use fabric filter baghouses on all process sources associated with the proposed project (e.g., 

closed conveying systems; clinker and cement silos; coal mill; finish mill; and cement loadout).  

Because CCC is choosing the most effective technology, no further evaluation is necessary.   

2.5.3 Fugitive Dust Sources 

CCC will incorporate best management practices to minimize fugitive dust emissions 

from drilling, blasting, stone removal, and loading operations.  Best management practices 

include wet suppression or fabric filters for drills and limiting drop heights between loaders and 

truck beds.  No other methods are available to control these sources. 

Vacuum sweeping and/or water flushing for paved roadways, and watering/natural 

surface moisture or chemical emulsions for unpaved roadways are the maximum feasible control 

methods for PM emissions from fugitive dust sources.  CCC has selected the maximum feasible 

methods available to control PM emissions from its fugitive dust sources. Therefore, no further 

evaluations are necessary.   

Materials from the quarry are naturally wet and no additional measures would reduce 

emissions from material handling and storage operations.  Emissions from crushers will be 

minimized by partial enclosure and natural or added moisture.  Other raw materials and fuels will 

be stored in bins or under roof to minimize surface drying and wind erosion.  These represent the 

top control option and no further evaluation is necessary.   

 

2.6 Review of Recent Permit Limits 

 Table 4 summarizes the PM permit determinations made for cement kilns and coolers 

since 2000.   
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2.7 Selection of BACT for PM 

 The BACT determination for PM emissions considers a comprehensive list of control 

options available for the criteria pollutant.  Energy, environmental, and economic factors are 

used as necessary to support the various BACT determinations.   

2.7.1 Process Sources 

CCC has selected the top option of baghouses designed to achieve at least 99.9 percent 

control efficiency for all process sources.  These will be used on the combined kiln/clinker cooler 

and other process sources as specified in Section 2.5.2.  PM BACT limits for the combined kiln 

and clinker cooler systems, including the alkali bypass and coal mill venting through the main 

kiln stack, are dictated by the new NESHAP rules at 40 CFR 63.1343.  These limits are much 

lower than any BACT limit previously established for any cement kiln.   

 The emission limits proposed as BACT are summarized in Section 6 and discussed in 

more detail in the Regulatory Analysis Report.  
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TABLE 4.  SUMMARY OF PM BACT DETERMINATIONS FOR CEMENT KILNS AND COOLERS SINCE 2000 
 

Company 
 

Location 
New/ 
Mod 

Permit 
Date 

Technology 
Applied 

In 
Operation 

 
Kiln Limit 

 
Units 

Cooler 
Limit 

 
Units 

 
Test Method 

American 
Cement 

Sumter Co., 
FL 

N 2/06 FF N PM/PM10 – 
0.09 

Lb/ton 
KF 

Included in 
kiln limit 

 M5 

GCC Dacotah Rapid City, 
SD 

N 4/10/03 FF Y PM – 0.01 gr/dscf PM-0.01 gr/dscf M5 

Florida Rock 
Industries – 
Kiln 2 

Newberry, FL N 7/22/05 ESP’s N PM – 0.136 
PM10 – 
0.118 

Lb/ton 
KF 
lb/ton 
KF 

PM – 0.06 
 
PM10 – 0.05 

lb/ton 
KF 
lb/ton 
KF 

M5 
M5, PM = 
PM10 

GCC Rio 
Grande 

Pueblo, CO N 3/5/04 FF’s N PM – 0.01 gr/dscf PM – 0.01 gr/dscf Not specified 

Giant Cement Harleyville, 
SC 

N 5/29/03 No PSD 
BACT Limit 

Y PM – 0.3 lb/ton 
KF 

PM – 0.1 lb/ton 
KF 

M5 

Holcim Holly Hill, 
SC 

N 12/22/99 No PSD 
BACT Limit 

Y PM – 0.3 lb/ton 
KF 

PM – 0.1 lb/ton 
KF 

M5 

Holcim Lee Island, 
MO 

N 6/8/04 FF’s N PM10 – 0.28 lb/ton 
clinker 

PM10 – 0.07 lb/ton 
clinker 

Not specified 

Lafarge – Kiln 
1 

Harleyville, 
SC 

M 8/18/06 FF Y PM – 0.15 lb/ton 
KF 

0.06 lb/ton 
KF 

M5 

Lafarge – Kiln 
2 

Harleyville, 
SC 

N 8/18/06 FF N PM – 0.2 lb/ton 
KF 

Included in 
kiln limit – 
cooler not 
separately 
vented 

 M5 

Lehigh 
Portland 
Cement 
 

Mason City, 
IA 

M 12/1/03 ESP’s Y PM – 0.516 lb/ton 
clinker 

PM – 0.015 gr/dscf M5 (incl. 
condensibles) 

Sumter Cement Sumter Co., 
FL 

N 2/6/06 FF N PM/PM10 – 
0.09 

lb/ton 
KF 

Included in 
kiln limit – 
cooler not 
separately 
vented 

 M5 
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Suwannee 
American 
Cement – Kiln 
1 

Branford, FL N 6/1/00 FF’s Y PM – 0.13 
 
PM10 – 0.11 

lb/ton 
KF 
lb/ton 
KF 

PM – 0.07 
 
PM10 – 0.06 

lb/ton 
KF 
lb/ton 
KF 

M5 
None 
specified 

Suwannee 
American 
Cement – Kiln 
2 

Branford, FL N 2/15/06 FF N PM – 0.1 
 
PM10 – 0.1 

lb/ton 
KF 
lb/ton 
KF 

Included in 
kiln limit – 
cooler not 
separately 
vented 

 M5 

Rinker/Florida 
Crushed Stone 
– Kiln 2 

Brooksville, 
FL 

N 5/29/03 FF N PM – 0.136 
 
PM10 – 0.118 

lb/ton 
KF 
lb/ton 
KF 

Included in 
kiln limit – 
cooler not 
separately 
vented 

 M5 
M5, PM = 
PM10 

Continental 
Cement 

Hannibal, 
MO 

N 7/24/07 FF Y PM10-0.516 lb/ton 
clinker 

PM10 - 0.01 gr/dscf Not specified 

Lonestar 
Industries 
(Buzzi Unicem) 

Maryneal, TX M 4/10/09 FF N PM10 – 0.007 gr/dscf Not 
specified 

 Not specified 

Drake Cement Yavapai, AZ N 4/12/06 FF Under 
Const. 

PM10 – 0.01 gr/dscf PM10 – 
0.005 

gr/dscf Not specified 

CEMEX – Kiln 
6 

Clinchfield, 
GA 

M 1/27/10 FF N PM – 0.153 
 
PM10 – 0.129 

lb/ton 
clinker 
lb/ton 
clinker 

Included in 
kiln limit – 
cooler not 
separately 
vented 

 M5 
 
M201/201A, 
M202 

Arizona 
Portland 
Cement 

Rillito, AZ M 12/16/08 FF Unk PM10 – 0.008 gr/dscf PM10 – 
0.005 

gr/dscf Not specified 

Houston 
American 
Cement 

Houston 
County, GA 

N 6/19/07 FF N PM – 0.153 
 
PM10 – 0.129 

lb/ton 
clinker 
lb/ton 
clinker 

Included in 
kiln limit – 
cooler not 
separately 
vented 

 M5 
 
M201/201A, 
M202 
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2.7.2 Fugitive Emissions from Unpaved Roads 

For new high-traffic roads at the cement plant, the top option (paving) was selected.  For 

other unpaved roads, CCC proposes to use watering, natural surface moisture, or chemical 

suppression as necessary to minimize fugitive emissions.  It is not practical to pave roads in the 

quarry due to the broad and changing area on which the trucks and front end loaders move.  

Also, watering in the quarry is not necessary under normal conditions because of natural surface 

moisture.   

2.7.3 Fugitive Dust from Paved Roads 

CCC proposes as BACT vacuum sweeping and/or water flushing at a frequency as 

necessary to minimize silt loading on paved road surfaces.   

2.7.4 Fugitive Dust from Quarrying Operations 

 CCC proposes as BACT utilizing best management practices for drilling, blasting, stone 

removal and truck loading operations.   

2.7.5 Fugitive Dust from Storage Piles 

All clinker storage will be fully enclosed.  Emissions from storage of limestone, marl, 

and other high moisture quarried raw materials are very low and do not need additional control 

measures.  Fugitive emissions from lower moisture raw materials and solid fuels will be 

minimized by storage under roof, in a partial enclosure, or behind wind screens.    
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SECTION 3 

BACT ANALYSIS FOR SO2 
 
 
3.1 Description of SO2 Reaction Processes 
 

The only sources of sulfur oxides (SOx) associated with the proposed project are the 

preheater/precalciner kiln system and the emergency diesel generator.  Sulfur oxides, mainly 

SO2, are generated from the sulfur compounds in the raw materials and, to a lesser extent, from 

sulfur in fuels used to fire the preheater/precalciner kiln system.  The sulfur content of the raw 

materials and fuels is expected to vary over time.  SO2 emissions from the emergency generator 

are very minor and are directly related to the diesel sulfur content.   

SO2 is both liberated and absorbed throughout the pyroprocessing system, starting at the 

raw mill, continuing through the preheating/precalcining and burning zones, and ending with 

clinker production according to the reactions listed in Table 5.  Sulfides from the raw material 

(limestone rock) are the predominant source of SO2.  A smaller quantity of SO2 is liberated from 

sulfates in fuel, and this SO2 is more readily absorbed into the kiln feed material and product 

(clinker) matrix.   

 

TABLE 5.  SO2 REACTION PROCESSES 

Process SO2 Formation SO2 Absorption 
Raw Mill Sulfides + O2 → Oxides + SO2 CaCO3 + SO2 → CaSO3 + CO2 
 Organic S + O2 → SO2  
Preheating zone Sulfides + O2 → Oxides + SO2 CaCO3 + SO2 → CaSO3 + CO2 
 Organic S + O2 → SO2  
Calcining zone Fuel S + O2 → SO2 CaO + SO2 → CaSO3  
 CaSO4 + C → CaO + SO2 + CO CaSO3 + ½ O2 → CaSO4  
Burning zone Fuel S + O2 → SO2 NaO + SO2 + ½ O2 → NaSO4  
 Sulfates → Oxides + SO2 + ½ O2 K2O + SO2 + ½ O2 → K2SO4 
  CaO + SO2 + ½ O2 → CaSO4 
 
 

The raw mill and preheater/precalciner use kiln exhaust gases to heat and partially calcine 

the raw feed before it enters the rotary kiln.  The counter flow of raw materials and exhaust gases 
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in the raw mill and preheater tower, in effect, act as an inherent dry scrubber to control SO2 

emissions creating CaSO3 and CaSO4, which either pass directly with the raw materials to the 

burning zone or are collected by the main baghouse and recirculated back into the raw material 

stream.  Depending on the process and the source and concentration of sulfur, SO2 absorption in 

preheater/precalciner kiln systems has been estimated to range from approximately 70 percent to 

more than 95 percent.   

 

3.2 Identification of SO2 Control Options 
 

This section reviews the available SO2 control technologies that were considered for the 

proposed project.   

A nationwide SO2 plant survey sponsored by the Portland Cement Association (PCA) 

reported that dry process kilns (including preheater/precalciner systems) emit approximately half 

as much SO2 per ton of clinker as wet process kilns.  In a dry process plant, much less heat input 

is needed to manufacture one ton of clinker versus a wet process kiln.  The increased energy 

efficiency of the dry process results in substantially lower fuel costs.  Because of this energy cost 

savings, the dry production process has become the predominant process in the Portland cement 

industry for new plants.   

SO2 emissions from preheater/precalciner kiln systems with in-line raw mills are 

controlled within the process itself (inherent dry scrubbing) by absorbing SO2 primarily with 

calcium carbonate (CaCO3) in the raw feed material.  The absorption takes place in the kiln, 

precalciner, preheater, and raw mill.  Additional methods of reducing SO2 include process 

modifications and add-on flue gas desulfurization systems.  The degree to which each of these 

methods affect SO2 reduction can vary considerably depending on several process parameters 

that will be discussed in the following sections.   

3.2.1 Inherent Dry Scrubbing 

Total potential SO2 emissions from a cement kiln include oxidization of sulfur during 

fuel combustion and raw feed preheating and calcination.  The emissions and projected control 

efficiency achieved by the inherent dry scrubbing of the preheater/precalciner kiln system can be 

roughly estimated using sulfur content and projected operating data.   
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Sulfur liberation and absorption processes take place in the rotary kiln, in the precalciner, 

and in the lower sections of the preheater tower.  Using raw material sulfur sampling and mix 

design data, CCC estimates that the worst-case uncontrolled SO2 emissions from the raw 

materials, prior to the preheater, will be 10.75 lb/ton clinker.  A portion of the SO2 from the kiln 

gases is absorbed into the kiln feed in the preheater tower.  The SO2 removal efficiency of the 

preheater has been estimated at 60 percent.  Therefore the SO2 emissions at the preheater exit are 

approximately 4.30 lb/ton clinker.  Appendix A contains a diagram illustrating the path of gas 

flow and uncontrolled SO2 emissions from the preheater to the main stack.   

A small portion of the preheater gases (approximately 7.8 percent) are diverted to the 

coal mill to aid in the coal drying process.  Subtracting the SO2 that is vented to the coal mill 

leaves 3.96 lb/ton clinker.  When the raw mill is not running (up to 20 percent of the time), these 

emissions are vented through the main stack to the atmosphere (assuming no add-on controls).  A 

small amount of SO2 absorption occurs in the coal mill system.  The coal mill exhaust, 

containing an estimated 0.25 lb SO2/ton clinker is also vented to the main stack.  Therefore the 

total untreated SO2 stack emissions when the raw mill is not running will be 3.96 + 0.25 = 4.22 

lb/ton clinker.   

Kiln gases pass through the raw grinding mill when it is running, where additional SO2 is 

absorbed into the raw material.  The SO2 removal efficiency of the raw mill has been estimated 

at 50 percent.  Therefore the SO2 emissions at the raw mill exit will be approximately 1.98 lb/ton 

clinker.  The untreated SO2 stack emissions at the stack will be 1.98 + 0.25 = 2.23 lb/ton clinker 

when the raw mill is on.  The raw mill is expected to run at least 80 percent of the time.  

Factoring in 20 percent mill-off time, the average long-term untreated SO2 stack emissions are 

estimated at 2.63 lb/ton clinker.   

It should be noted that fuel sulfur is neglected in the above estimates because the 

uncontrolled contribution is smaller, and more than 99 percent of the SO2 from fuels is typically 

absorbed into the process based on cement industry experience (refer to documentation 

submitted to the DAQ dated April 27, 2009 and May 27, 2009).  Effects of the alkali bypass are 

also neglected in this analysis, as impacts from the small amount of dust removal should be 

minor.  To evaluate total SO2 removal by the system, however, fuel sulfur inputs should be 

included.  The average sulfur input from fuels (as SO2) is estimated to be 3.84 lb/ton clinker.  

Therefore the total uncontrolled SO2 from raw materials and fuels is 10.75 + 3.84 = 14.59 lb/ton 
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clinker.  The average system removal efficiency based on the SO2 emission estimate is (14.59 – 

2.63) / 14.59 x 100 = 82.0 percent.   

The controlled SO2 is absorbed into the clinker matrix and kiln dust as calcium or alkali 

sulfates and eventually becomes part of the finished cement product.  The overall predicted SO2 

removal efficiency of this system is lower than some other preheater-precalciner kilns because of 

the higher levels of sulfur found in the onsite raw materials in combination with the conservative 

assumptions used.   

The above uncontrolled emissions and inherent SO2 removal efficiencies are best 

estimates based on the expected raw material chemistry, modern kiln design, and site specific 

conditions.  There are uncertainties associated with these estimates because variability in the raw 

materials is expected and because every kiln is different.  The 60 percent SO2 capture in the 

preheater and 50 percent SO2 capture in the raw mill are estimates based on manufacturers 

experience and existing data.  However, no specific guarantees of performance will be provided 

by the equipment vendors for inherent dry scrubbing.  In addition to inherent dry scrubbing, 

CCC recognizes the need for additional controls to ensure that SO2 emissions are reduced 

consistent with BACT and NSPS requirements.   

 

3.2.2 Process Modifications 

Process modifications that can affect SO2 emission levels include:   

1. A reduction of the sulfur content in the raw feed material 

2. Increasing the oxygen level in the kiln.   

3.2.2.1  Raw Feed Sulfur Reduction 

Switching from raw feed materials with high sulfur contents to those with low sulfur 

contents could reduce potential SO2 emissions.  Limestone always contains sulfates, and often 

contains sulfur-rich pyrite (FeS2).  Pyrite has been identified as the cause of high SO2 emissions 

at several plants throughout the US.  High pyrite limestone could be replaced either by pyrite-

free limestone or other calcium-rich products.  However, because of the huge volume of 

limestone used, it is not feasible to ship lower sulfur, cement-quality limestone from other 

locations.   
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Sulfur is also present in small quantities in other raw materials and fuels used in the 

cement making process.  Limiting the sulfur contents in these materials would have little effect 

on the reduction of potential SO2 emissions.   

 3.2.2.2  Increased Oxygen Levels 

Several studies have shown that increased oxygen levels at certain locations in the kiln 

system will reduce SO2 emissions.  It is theorized that the SO2 reacts with the increased oxygen 

to form SO3, which reacts better with the alkali dust from the raw materials, and is absorbed by 

the clinker or the dust cake on a fabric filter.  Advantages are the ease of implementing the 

technology.  Disadvantages include the impact on clinker formation, kiln stability, and increased 

NOx emissions.   

3.2.3 Flue Gas Desulfurization Systems 

The following general types of Flue Gas Desulfurization (FGD) systems are available 

that could provide control of SO2 emissions from Portland cement kilns:   

1. Wet scrubbing 
2. Wet absorbent addition 
3. Dry absorbent addition 
4. D-SOX cyclone 
5. Lime hydrator.   

3.2.3.1  Wet Scrubbing 

Wet scrubbing can be an effective add-on control technology for SO2 removal using an 

aqueous alkaline solution.  SO2 is removed from the exhaust gases by scrubbing because it can 

be readily neutralized by alkaline solution and is highly soluble in aqueous solutions.  Wet 

scrubbers have been shown to provide SO2 control in the range of 20 to 95 percent under various 

operating conditions.  Cyclonic spray towers generally achieve control efficiencies at the higher 

end of the range.  Wet scrubbing can also remove some particulate matter, VOCs, and acid gases.  

As applied to cement plants, the scrubber is located after the primary PM control device and 

minimal additional particulate is removed.  The solids in mist carryover from the scrubber can in 

some cases be greater than the inlet particulate loading from the fabric filter.  In theory, wet 

scrubbing produces a calcium sulfate (CaSO4) byproduct, typically referred to as synthetic 

gypsum.  However, in practice, not all cement plants that have used wet scrubbing have been 

successful in obtaining useable synthetic gypsum.  If the cement plant can reclaim the scrubber 
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sludge as synthetic gypsum and reincorporate it in the finish grinding process as synthetic 

gypsum, the overall environmental benefits associated with a wet scrubber can be considerable.   

Wet scrubbing increases the water demand for the plant and has the potential to introduce 

a new water pollution source.  Wastewater generated by the scrubber must be properly treated 

and disposed or recycled as appropriate.   

Application of a wet scrubber requires passing the exhaust gases through a particulate 

control device to reduce the dust load and recover product.  Next, the exhaust gas is cooled by 

spraying quench water or a slurried reagent (such as slaked lime or finely ground limestone) in 

an absorption chamber.  SO2 is scrubbed from the exhaust gas by the reaction with the slurried 

lime [Ca(OH)2] or limestone (calcium carbonate).  The Ca(OH)2 or calcium carbonate reacts 

with the SO2 to form synthetic gypsum (CaSO4 – 2H2O).  In theory, the synthetic gypsum 

precipitates into small crystals that are dewatered.  The dewatered synthetic gypsum can then be 

used to supplement purchased gypsum in the production of cement and represents a potential 

beneficial reuse of byproduct materials.  However, if the gypsum cannot be effectively 

crystallized, as has been the experienced by some cement plants utilizing wet scrubbing systems, 

the scrubber sludge must be disposed of at considerable cost.   

At the present time there have been only a small number of cement kilns in North 

America that have employed wet scrubbing technology for abatement of SO2.  There are, 

however, several kilns which have been issued permits to install wet scrubbers.  The following 

describes the operations of these plants.   

ESSROC, Nazareth, Pennsylvania – A wet scrubber was installed on a preheater kiln to 

reduce SO2 by 20 to 25 percent to comply with a State SO2 emission limit.  The scrubber was an 

early design with two units in parallel, and only had an availability of 65 percent of kiln 

operating hours.  Chronic fouling of demisters, piping, and nozzles occurred and the scrubbers 

were discontinued with conversion of the kiln to a precalciner design during an expansion 

project.   

Holcim, Midlothian, Texas – Scrubbers were installed on two kiln lines in an effort to 

increase production and avoid PSD permitting.  The units are a more advanced design and have 

removal efficiencies of between 70 to 90 percent.  Recent SO2 emissions are in the range of 2 to 

3 lb/ton clinker.   
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TXI, Midlothian, Texas – A scrubber was installed as part of an upgrade of the plant from 

wet kiln operation (4 units) to a new precalciner line.  The kiln system has high uncontrolled SO2 

and controlled emissions are limited to approximately 0.95 lb/ton clinker.  This scrubber is 

located between the kiln fabric filter and a regenerative thermal oxidizer (RTO) used for 

CO/VOC control.   

Holcim, Dundee, Michigan – Two scrubbers were installed on the two wet kilns for 

removal of SO2 prior to control of hydrocarbon emissions using an RTO.  The SO2 is converted 

to sulfur trioxide (SO3) in the RTO, causing corrosion and a visible condensing aerosol in the 

combustion process.  The plant installed the RTO to meet stack opacity and odor limitations and 

the scrubbers were required for the RTO to function properly.  The Dundee plant was closed 

down in 2009.   

 There are three other wet scrubbers that have been permitted at cement plants in the US 

as part of recent expansion projects.  These are located at the Holcim Portland Plant, Florence, 

Colorado; Lehigh Cement, Mason City, Iowa; and North Texas Cement, Whitewright, Texas.  

The North Texas Cement plant has not been constructed.   

Holcim, Florence, Colorado – The Portland Plant was modernized by replacing three wet 

kilns with a single preheater/precalciner kiln system in 2002.  A wet scrubber was installed to 

control SO2 emissions as part of the PSD avoidance permit.  The permit requires 80% SO2 

control efficiency and the emissions limit is equivalent to 1.08 lb/ton clinker.   

Lehigh, Mason City, Iowa – A PSD permit was issued in 2003 for construction of the 

currently operating cement plant including a wet scrubber system.  Controlled SO2 emissions are 

limited to approximately 1.0 lb/ton clinker as BACT.   

Environmental Impacts 

 Under worst-case conditions, the use of wet scrubbers could have adverse environmental 

impacts by generating solid waste requiring landfill disposal (if a usable synthetic gypsum 

cannot be produced), and require treatment and disposal of liquid blowdown containing 

dissolved solids (alkali salts), if the water cannot be recycled back into the process.  For CCC, 

the synthetic gypsum produced by a scrubber should be usable as a cement additive in the finish 

mills.  The scrubber would be designed such that blowdown is minimized and the water can be 

recovered and reused in other plant processes.  The fresh water requirement for a CCC scrubber 

is estimated to be 230 gal/min or less.   
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 Wet scrubbers produce an exhaust gas stream that is lower in temperature than otherwise 

would be the case.  Reheating of the gas stream could be necessary in some situations at some 

plants to reduce ambient impacts of other pollutants.  If it is necessary for the gas to be reheated, 

additional NOx and CO would be generated by the additional fuel combustion.  However, based 

on predictive modeling, reheating of the gas stream would not be required for a scrubber at CCC.   

Energy Impacts 

 The static pressure drop through the wet scrubber and demister increases the electrical 

energy demand for the project and has an impact on energy usage at the site.  In addition, for 

some plants, if stack gases must be reheated for dispersion and corrosion prevention, this has a 

significant energy impact; however, it has been determined that reheating will not be required at 

CCC.   

Product Impacts 

 Under optimum conditions, the wet scrubber would have no adverse product impacts.  

There would be no process impact if the waste is disposed , but impacts are possible if synthetic 

gypsum is returned to the process.  Changes in process quality are difficult to predict prior to 

scrubber startup in that the quality of synthetic gypsum is site-specific.  Gypsum produced by a 

CCC scrubber should be usable as a cement additive.   

3.2.3.2 Wet Absorbent Addition 
 

Wet absorbent addition (WAA) to the process gas stream can reduce high levels of SO2 

emissions in dry cement kiln systems.  Lime and hydrated lime can be used for this purpose.  

Various types of wet absorbent systems have been used on dry kilns, with lime slurry addition 

being the most effective.   

Wet absorbent addition is limited to kiln systems where the lime slurry droplet can 

evaporate to dryness before entering the particulate control device.  This eliminates use on wet 

kilns where flue gas temperatures are too low for rapid evaporation and flue gas moisture is near 

moisture saturation levels.   

It should be noted that the limestone in the kiln feed and calcium oxide in kiln dust act as 

natural absorbents of some of the SO2 emissions produced from fuel combustion and pyritic 

sulfur in the feed.  Further, good burner design and proper operation of the kiln will chemically 
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absorb sulfur into the clinker.  Additional SO2 reduction can be achieved by absorbent addition 

into the process gas stream.   

With wet absorbent addition, calcium oxide (CaO) or calcium hydroxide [Ca(OH)2] 

slurry is injected into the process gas stream.  Solid particles of calcium sulfite (CaSO3) or 

calcium sulfate (CaSO4) are produced, which are removed from the gas stream along with excess 

reagent by a particulate matter control device.  The SO2 removal efficiency varies widely 

depending on the point of introduction into the process according to the temperature, degree of 

mixing, properties of the absorbent (size, surface area, etc.), and retention time.   

In a dry process cement kiln system, the gases contain a low concentration of water vapor 

at an elevated temperature and must be cooled and humidified prior to entering the baghouse or 

ESP.  Lime or calcium hydrate slurry can be introduced with the spray cooling water.  Flue gas 

temperatures are reduced through the heat absorbed as sensible heat from evaporation of water.  

These temperatures are defined by the system design, kiln heat balance, amount of air inleakage, 

and radiant and convective heat losses.  The conditions present are optimal for proper operation 

of the kiln.   

For lime slurry injection to succeed as an SO2 absorption control method several 

conditions must occur.  These include:   

1. Generation of spray droplets of sufficient surface area to adsorb SO2 (typically 
150 to 250 μm).   

2. Droplets exist for sufficient duration to allow absorption and reaction (typically 3 
to 5 s).   

3. Sufficient reagent present in the droplet to maintain excess absorbent during 
droplet life.   

4. Activity of hydrate particle in the droplet sufficient to replenish dissolved solids 
in the liquid as SO2 consumes reagent (i.e., particle size, reactivity, etc.).   

5. When used in conjunction with a dry particulate collection device, the droplet 
must evaporate to dryness prior to entering the device.   

 
An analysis of the heat balance for the dry process kiln determines if there is sufficient 

sensible heat available in the gas streams to allow evaporation of injected water containing 

hydrate slurry.   

Hydrate solids may be introduced in the conditioning water as suspended/dissolved 

solids.  Normal solids content in the water can be as high as 5 percent solids by weight using air 

atomizing spray nozzles.  The generation of small droplets and fine hydrate particle size allows 
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effective absorption of SO2 and reaction to form sulfates.  SO2 removal effectiveness can vary 

between 50 and 70 percent depending on residence time and hydrate surface area.   

The lower SO2 removal estimates have been documented in applications where the 

conditioning towers, duct arrangement, and particulate control devices are not adequate for 

injection of lime slurry.  The constraints of the system result in wet bottoms in the conditioning 

towers and build up on ducts and baghouse walls.  These conditions limit the hydrate slurry 

injection rates and the removal efficiency.   

The higher SO2 removal estimates have been documented at new greenfield installations 

in which optimum designs can be implemented.  In these designs larger conditioning towers and 

longer straight runs of ductwork are used along with control device gas distribution systems.   

The major issues in applying this type of control system to preheater/precalciner kiln 

system are the impacts on the thermal efficiency of the system and the effects moisture will have 

on the PM10 control system.   

The heat exchange processes that take place in the precalciner, preheater, and raw mill 

are critical to the overall thermal efficiency of the process.  Gases from the preheater are routed 

to the raw mill to aid in the grinding and drying process.  If the WAA system is installed prior to 

the raw mill, the reduction in gas temperatures from the spray drying process would decrease the 

ability of the gases to dry the materials in the raw mill.  To adjust for the temperature decrease, 

additional heat energy would be necessary in the raw mill.  The additional heat input requirement 

at CCC would result in increased fuel burning requirements with associated increases in energy, 

cost, and emissions of other pollutants.   

If the WAA system were installed after the raw mill, it is unlikely that the system could 

sufficiently dry the gases prior to exhausting them to the baghouse.  Therefore, additional heat 

energy would again be necessary to ensure that the added moisture in the exhaust gases did not 

condense in the baghouse.   

A hybrid system is also possible to optimize the SO2 reduction effects of a WAA system.  

In this hybrid system, wet lime slurry is injected into the conditioning/spray tower to reduce SO2 

emissions when the raw mill is not operating.  When the raw mill is operating, wet lime is 

introduced into the raw mill, enhancing SO2 adsorption as this material is ground with the raw 

material while kiln gases pass through the mill.   
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Environmental Impacts 

 No adverse environmental impacts are expected from the use of wet absorption (hybrid 

system) at this location.  However, if gas reheating is used for a continuous spray tower system, 

additional products of combustion would be emitted through fuel burning.   

Energy Impacts 

 The change in energy required to implement wet slurry injection (hybrid system) is 

minimal and does not result in an adverse energy impact.  However, if gas reheating is used for a 

continuous spray tower system, additional energy would be required in the form of fuel burning 

and additional fan horsepower.   

Process Impacts 

 The injection of wet slurry is not expected to have significant process impacts except in 

applications with high uncontrolled SO2 emissions and high dosage rates, when excess sulfate 

could affect product quality.  The addition of Ca(OH)2 at the expected rates should not adversely 

affect cement quality.   

3.2.3.3 Dry Absorbent Addition 
 

Dry absorbent addition to the process gas stream or in an add-on control device (dry 

scrubber) can reduce high levels of SO2 emissions.  Lime, calcium hydrate, limestone, or soda 

ash could be used for this purpose.  Various types of dry absorbent systems have been used on 

wet and dry cement kilns, and one end-of-pipe dry scrubber has been installed on a kiln in 

Switzerland.   

It should be noted that the calcium oxide and limestone in the kiln feed acts as a natural 

absorbent of some of the SO2 emissions produced from fuel combustion and pyrite 

decomposition.  Further, good burner design and proper operations of the kiln will chemically 

bond sulfur into the clinker.  Additional SO2 reduction can be achieved by dry absorbent addition 

into the process gas stream.   

With absorbent addition, dry CaO or Ca(OH)2 is injected into the process gas stream.  

Solid particles of CaSO3 or CaSO4 are produced, which are removed from the gas stream along 

with excess reagent by a particulate matter control device in the process flow.  The SO2 removal 

efficiency varies widely depending on the point of introduction into the process according to the 

temperature, degree of mixing, and retention time.    
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The single known application of an add-on dry scrubber uses a venturi reactor column to 

produce a fluidized bed of dry slaked lime and raw meal.  As a result of contact between the 

exhaust gas and the absorbent, as well as the long residence time and low temperature 

characteristic of the system, SO2 is efficiently absorbed by this system.  An additional 

application injects Ca(OH)2 in the gas stream after the preheater first stage cyclone.    

The addition of dry absorbent to flue gas streams has been used at Roanoke Cement in 

Troutville, Virginia and at several other cement plants.  Effectiveness and cost are specific to 

each application and depend on gas stream conditions and residence time available for reaction.   

Typically the molar ratio (Ca/S) for absorption is on the order of 3 to 15 and requires 

approximately 2 seconds for completion.  Initial surface reactions occur in the first 0.1 s and the 

coating retards reaction with the bulk of the particle.  For increased effectiveness a very fine 

particle is required or a high Ca/S ratio.  Typical removal efficiency is between 20 and 50 

percent depending on gas stream conditions.   

For the process to be implemented, hydrate would be received by truck, pneumatically 

conveyed to a storage silo, and then injected through nozzles into the gas stream.  Complete and 

uniform distribution and mixing in the gas stream are necessary.  The best location for injection 

is at the preheater exhaust, which allows adequate residence time for reaction.   

Environmental Impacts 

 No adverse environmental impacts are expected from the use of dry absorption at this 

location.   

Energy Impacts 

 The change in energy required to implement dry adsorption is minimal and does not 

result in adverse energy impact.   

Process Impacts 

The injection of dry absorbent is not generally expected to have a significant process 

impact.  However, high injection rates of Ca(OH)2 can impact the calcium to silica ratio and 

upset the kiln chemistry.   

 

3.2.3.4  D-SOx Cyclone 

The D-SOx cyclone system is designed to use some of the free lime (CaO) that is created 

in the calciner to reduce SO2 emissions.  A portion of the calciner exit gas (about 5% for plants 
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with significant pyritic sulfur) is taken off of the calciner exit duct and goes up to a collection 

cyclone at the top of the preheater tower which separates most of the entrained dust from the gas.  

The captured dust is then fed to the cyclone exit duct where the pyritic sulfur is converted to 

SO2.  The free lime in the calciner dust absorbs some of the SO2 to give a 25 to 30 percent 

reduction.  This has been proven in two plants in the U.S. according to FLSmidth.  The exit gas 

from the D-SOx cyclone is returned to the outlet of the second stage preheater cyclone.  A natural 

draft is created in the system thereby eliminating the need for an extra fan.  Since no outside 

reagent is required, the system has much lower operating costs than the control systems based on 

purchased lime addition.   

 

3.2.3.5  Lime Hydrator 

An on-line lime hydrator system has been developed at a pilot test plant in Denmark.  

The system extracts calcined raw material from the bottom stage cyclone, hydrates the surface of 

the lime particles in a separate vessel, and returns the material to the top of the preheater where it 

is mixed with preheater feed to absorb SO2.  FLSmidth indicates that a 44 percent SO2 reduction 

could be expected with this system.  A relatively small amount of additional heat and energy are 

required for the system.  This system has advantages over wet lime injection systems in that the 

hydrated lime is made on-line, thus saving the costs of added lime, transportation, and storage.  

However, there have not yet been any full-scale commercial applications of this system.   

 

3.3 Elimination of Technically Infeasible SO2 Control Options 
 

The second step in the BACT analysis is to eliminate any technically infeasible control 

technologies.  Each control technology is considered and those that are infeasible based on 

physical, chemical, and engineering principles are eliminated.  In addition, technologies that 

cannot meet the required NSPS emission limit of 0.4 lb/ton clinker, 30-day rolling average, will 

be eliminated.   

3.3.1 Inherent Dry Scrubbing 

This technology has been demonstrated as technically feasible and is estimated to result 

in a potential SO2 absorption efficiency of 82 percent based on a sulfur balance (see Section 

3.2.1).  As an inherent process technology, the underlying reduction efficiency is not comparable 
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to other add-on SO2 control options.  Additional controls will be required to meet the NSPS 

emission limits.   

3.3.2 Process Modifications 

The technical feasibility of process modifications is dependent on several factors that 

cannot be directly quantified, and factors that impact the emissions of other pollutants.  The 

following subsections discuss the relative feasibility of the identified process modifications.   

3.3.2.1  Raw Material Sulfur Reduction 

The raw materials to be used by CCC have a medium sulfur content.  As noted above, a 

high percentage of the sulfur winds up in the clinker.  In order to produce cement with good 

rheological properties (workability and plastic shrinkage) and strength development, it is 

necessary to produce clinker with an acceptable SO3/alkali molar ratio.  The raw materials and 

coal to be used by CCC are adequate for this purpose; reducing sulfur content below current 

levels may be detrimental to clinker product quality.   

Absorption of fuel sulfur throughout the calciner, preheater, and raw mill is expected to 

be very high (exceeding 99%).  This has been demonstrated at another precalciner kiln (Roanoke 

Cement Company in Troutville, Virginia) where increasing the fuel sulfur content by 39 percent 

produced no increase in SO2 emissions (refer to documentation submitted to the DAQ dated 

April 27, 2009).  Based on the foregoing discussion, lowering fuel sulfur content would have 

little effect on emissions and may adversely affect product quality.  Because most of the raw 

materials are mined onsite and are required for cement clinker production, the sulfur content of 

these materials cannot effectively be reduced.  Consequently, this control technique is not 

considered a feasible option and is not considered further in this BACT analysis.   

3.3.2.2  Increased O2 Levels 

Cement kiln operators strive for an oxygen level in the kiln exhaust gases of 

approximately 3 percent (approximately 10 to 15% excess air) to guarantee the desired oxidizing 

conditions in the kiln burning zone.  Increasing oxygen levels in the kiln through the use of 

excess air alters the flame characteristics and adversely affects clinker quality.  Testing has 

shown that increasing or decreasing the oxygen level even one percent can result in a clinker 

product that does not meet industry standards.   
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Because of the potential adverse impact to clinker quality resulting from increasing O2 

levels to reduce SOx emissions, this technology is not considered a feasible option and is not 

considered further in this BACT analysis.   

3.3.3 Flue Gas Desulfurization Systems 

 Five different FGD systems were evaluated for technical feasibility.  The additional 

control efficiency of a FGD system may be difficult to quantify because of the inherent 

scrubbing efficiency of the preheater/precalciner kiln system.   

3.3.3.1  Wet Scrubbing 

There are several disadvantages to a wet lime scrubbing system.  A wet scrubber would 

require up to 230 gallons of water per minute and the water would be vaporized and emitted as a 

steam/condensation plume from the stack.  The gypsum  byproduct from the wet scrubber could 

require treatment and disposal, only if it does not meet quality standards for use as a cement 

additive.     

Because a scrubber would be located downstream of the PM control devices, aerosols 

from the scrubber could be emitted from the kiln stack.  These aerosols could increase the PM 

loading from the source and build up on equipment used in the exhaust gas processing system 

(ID fans, etc.).  These impacts would be minimized in CCC’s case by use of the alkali bypass 

and multiple high efficiency dust collectors ahead of the scrubber.   

Because this technology has been employed in other cement plants, it is considered 

technically feasible and will be reviewed further.   

3.3.3.2  Dry Absorbent Addition (DAA) 

Because this has been employed in other cement plants, this technology is considered 

technically feasible and will be reviewed further.   

3.3.3.3  Wet Absorbent Addition (WAA) 

Because WAA has been employed at several cement plants, this technology is considered 

technically feasible and will be reviewed further.   
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3.3.3.4  D-SOX Cyclone 

This technology has been employed at two cement plants in the U.S., is considered 

technically feasible, and will be reviewed further.   

3.3.3.4  Lime Hydrator 

This technology has been proposed by FLSmidth but a full-scale commercial system has 

not yet been employed at a cement plant.  However, the technology is considered technically 

feasible and will be reviewed further.   

 

3.4 Ranking of Technically Feasible SO2 Control Options 
 

The third step in the BACT analysis is to rank remaining SO2 control technologies by 

control effectiveness.  All of the technologies determined to be technically feasible are added to 

the base case condition of inherent dry scrubbing.  The SO2 control technologies determined to 

be technically feasible are a wet scrubbing system, WAA, and DAA.   

Because the coal mill will use preheater gases for coal grinding and drying, a portion of 

the gases would not be treated by a WAA system.  For WAA, a hybrid system is being evaluated 

that would add wet lime to the raw mill during mill-on operating conditions and to the 

conditioning tower during mill-off conditions (approximately 20% of the time).   

Table 6 shows the ranking and the estimated control efficiency of each control option.   

 

TABLE 6.  RANKING OF TECHNICALLY FEASIBLE CONTROL OPTIONS 
PREHEATER/PRECALCINER KILN SYSTEM - SO2 

Control Technology Control Efficiency1 
Wet Scrubbing System (Post-baghouse) 85-90 
DAA (Preheater Gases) 50 
WAA (Conditioning Tower/Raw Mill) 55 
D-SOX Cyclone (Preheater Gases) 30 
Lime Hydrator (Preheater Gases) 44 
Inherent Dry Scrubbing (Base Case) NA 
1The optimum control efficiency listed is at the control point only; this is in  
  addition to the control provided by inherent dry scrubbing.   
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3.5 Evaluation of Technically Feasible SO2 Control Options 
 

The fourth step in a BACT analysis for SO2 is to complete the analysis of the applicable 

control technologies and document the results.  The control technologies are evaluated on the 

basis of economic, energy, and environmental considerations.   

The D-SOX cyclone and the lime hydrator can be eliminated from further consideration at 

this point because their SO2 removal efficiencies are lower than the top three available options 

and these technologies cannot meet the NSPS limit of 0.4 lb/ton clinker.  DAA and WAA have 

higher removal efficiencies and also cannot meet the NSPS limit alone but could theoretically be 

used in addition to wet scrubbing to further reduce SO2 emissions.  Table 7 presents a summary 

of the impact analysis for each of the above control options.  Because DAA and WAA have 

almost identical removal efficiencies but WAA has lower cost, the combination of wet scrubbing 

and WAA has been evaluated.  The detailed cost calculations for all options are presented in 

Appendix B.   

 

TABLE 7.  SUMMARY OF IMPACT ANALYSIS FOR SO2 
 
 

Method 

System 
removal, 

% 

SO2 
Removed, 

tons/yr 

Capital 
Costs, 
MM$ 

Annualized 
Cost, 1000 $ 

Cost 
Effectiveness 

$/ton SO2 

Impacts 
Environ-
mental 

 
Product 

 
Energy 

Wet 
Scrubbing1 85 2,443 35.8 8,151 3,337 Yes No Yes 

Dry Absorbent 
 50 1,440 1.8 3,803 2,641 No No No 

Wet 
Absorbent2 50 1,435 3.0 1,965 1,370 No No No 

Wet Scrubbing 
+ WAA 92 2,661 38.7 10,068 8,7923 Yes No Yes 
1Costs are shown for wet scrubbing alone.   
2System removal is lower than in Table 6 because coal mill gases are not controlled by WAA.   
3Incremental cost effectiveness for the combination of WAA followed by wet scrubbing.   
 
 
3.6 Review of Recent Permit Limits 
 

Table 8 summarizes the SO2 permit determinations made for cement kilns since 2000.   
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TABLE 8.  SUMMARY OF RECENT SO2 PERMIT DETERMINATIONS FOR CEMENT KILNS (2000-PRESENT) 
 

Company 
 

 
Location 

 
Kiln Type Permit 

Date Technology Applied Removal 
(%) 

In 
Operation 
(Yes/No) 

Limit 
(lb/ton 
clinker) 

Rejected Technology 
and $/Ton 

Lafarge – Kiln 1 Harleyville, SC PC (mod) 8/18/06 Process (inherent dry 
scrubbing) 94 Yes 0.90 – 30 day 

1.6 – 24 h 

WS – 27,300 
DAA – 8.480 

WAA – 42.600 

Lafarge – Kiln 2 Harleyville, SC PC (new) 8/18/06 Process (inherent dry 
scrubbing) 94 No 0.90 – 30 day 

1.6 – 24 h 

WS – 25,900 
DAA – 7,340 

WAA – 33,400 
Suwannee American 
Cement – Kiln 2 Branford, FL PC (new) 2/15/06 Process & hydrated lime 

injection for mill off 4 No 0.27 – 24 h WS - $86,900           
DAA - $7,271 

Sumter Cement Sumter Co., Fl PC (new) 2/6/06 Low S  materials  No 0.2 – 24 h  

American Cement Sumter Co., FL PC (new) 2/06 Low S. materials  No 0.20 – 24 h WS 

Florida Rock Industries – 
Kiln 2 Newberry, FL PC (new) 7/22/05 Process (inherent dry 

scrubbing) NA No 0.28 – 24 h WS - $20,453 

Rinker/Florida Crushed 
Stone – Kiln 2 Brooksville, FL PC (new) 7/6/05 Process (inherent dry 

scrubbing) NA No 0.23 – 24 h 
  

Holcim Lee Island, MO PC (new) 06/08/04 Lime spray drying - mill off 93 No 1.26 WS - $13,225 

GCC Rio Grande Pueblo, CO PC (new) 3/5/04 Process; low S coal NA No 1.99  

Lehigh Portland Cement Mason City, IA PC (mod) 12/11/03 Wet Scrubbing 90 Yes 1.01   

GCC Dacotah Rapid City, SD PC (mod) 04/10/03 Process (inherent dry 
scrubbing) NA Yes 2.16 Fuel or raw mix S limits 

Holcim Theodore, AL PC (mod) 02/04/03 Limit not based on BACT NA Yes 0.13   

CEMEX Demopolis, AL PC (mod) 09/13/02 Low S coal NA Yes 1.14 WS - $10,327 

Suwannee American 
Cement – Kiln 1 Branford, FL PC (new) 06/01/00 Process (inherent dry 

scrubbing) NA Yes 0.27 – 24 h WS - $29,700           
DAA - $7,400 

Monarch Cement Humboldt, KS 2PC 
(mod) 01/27/00 Process (inherent dry 

scrubbing) NA Yes 1.10 WS - $10,345    
Lo S Fuel, WAA, DAA 

Lafarge Davenport, IA PC    
(mod) 11/09/99 Process (inherent dry 

scrubbing) NA Yes 7.62   

North Texas Cement Whitewright, TX PC (new) 03/04/99 Wet Scrubbing 85 No2 2.75   

Continental Cement Hannibla, MO PC (New) 7/24/07 Lime spray drying-mill off 50-90 Yes 1.93 WS - > $6,800 

CEMEX – Kiln 6 Clinchfield, GA PC (new) 1/27/10 Hydrated lime injection Unk No 1.0  

Arizona Portland Cement Rillito, AZ PC (mod) 12/16/08 Unspecified Unk No 0.16  

Houston American 
Cement Houston Co., GA PC (new) 6/19/07 Hydrated lime injection Unk No 1.0  

PC = Precalciner  NA = Not applicable WS = Wet scrubber S = Sulfur DAA = Dry absorbent addition  WAA = Wet absorbent addition 
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3.7 Selection of BACT for SO2 
 

CCC proposes as BACT for SO2 from the kiln system the inherently low-emitting 

process coupled with a wet scrubber.  The use of in-process wet absorbent addition ahead of the 

wet scrubber can be rejected on a cost basis, as the incremental cost exceeds $8,700 per ton of 

SO2 removed.   

The requested BACT emission limit for the kiln system is 0.4 lb/ton of clinker, 30-day 

rolling average as measured by Continuous Emission Monitor (CEM), consistent with the NSPS 

limit.   

For the emergency diesel generator set, CCC proposes a fuel sulfur limit consistent with 

the NSPS Subpart IIII Standards of Performance for Stationary Compression Ignition Internal 

Combustion Engines.   
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SECTION 4 

BACT ANALYSIS FOR NOX 
 
 
 The only sources of NOx emissions associated with the proposed project are the 

preheater/precalciner kiln system and the emergency diesel generator set.   

 

4.1 NOx Formation and Control Mechanisms 
 

NOx is formed as a result of reactions occurring during combustion of fuels in the main 

kiln and precalciner vessel of a traditional preheater/precalciner cement kiln.  NOx is produced 

through three mechanisms during combustion 1) fuel NOx, 2) thermal NOx, and 3) “prompt” 

NOx.   

Fuel NOx is the NOx that is formed by the oxidation of nitrogen and nitrogen complexes 

in fuel.  In general, approximately 60 percent of fuel nitrogen is converted to NOx.  The resulting 

emissions are primarily affected by the nitrogen content of fuel and excess O2 in the flame.  

Nitrogen in the kiln feed may also contribute to NOx formation although to a much smaller 

extent.   

Thermal NOx is the most significant NOx mechanism in kiln combustion.  The rate of 

conversion is controlled by both excess O2 in the flame and the temperature of the flame.  In 

general, NOx levels increase with higher flame temperatures that are typical in the kiln burning 

zone.   

“Prompt NOx” is a term applied to the formation of NOx in the flame surface during 

luminous oxidation.  The formation is instantaneous and does not depend on flame temperature 

or excess air.  This formation may be considered the baseline NOx level that is present during 

combustion and is relatively small compared to the other two mechanisms.   

Thermal NOx formation can be expressed by two important reactions of the extended 

Zeldovich mechanism:   

)(2 slowNNONO +→+  
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)(2 fastONOON +→+  

 

At high temperature and excess O2, a higher concentration of O radicals (or H radicals) is 

present and therefore NOx forms more rapidly.  At lower temperatures, an equilibrium reaction 

of NO with O2 further results in NO2 formation.  Fuel NOx is formed by the reaction of nitrogen 

in the fuel with available oxygen.   

In a precalciner kiln, fuel combustion occurs at two locations and each follows a separate 

mechanism in the formation of NOx (i.e., thermal NOx dominates in the kiln burning zone and 

fuel NOx dominates in the precalciner).  For this reason, the effects of process operation on final 

NOx levels are complex and do not necessarily conform to conventional understanding of 

combustion as defined through steam generation technology.  Experience with various cement 

kilns also has shown that actual NOx emissions are highly site specific.   

4.1.1 Fuel Effects 

Fuel type has an effect on NOx emissions.  For example, data from combustion 

simulations and field trials indicate combustion of coal produces significantly lower NOx than 

natural gas combustion in a main kiln burner.  In general, substituting fuels with higher Btu 

content will reduce NOx emissions in part because fuel efficiency is increased and less total fuel 

is consumed.   

The use of alternative fuels such as tires and plastics can reduce NOx emissions when 

fired at intermediate locations within the kiln system.  This concept is further discussed in 

Sections 4.2.6 (Mid-Kiln Firing) and 4.2.7 (Staged Combustion).   

4.1.2 Main Kiln Firing 

In the rotary kiln section, the purpose of combustion is to increase material temperature 

to a level that will allow calcined meal to become viscous (liquid) and form calcium silicates.  

The temperature required for “burning” depends on cement type and meal properties and is in 

excess of 1400ºC (2550°F).  Some meal types require a higher flame temperature than others to 

achieve the material temperature required to initiate fusion.   

Cement kilns are distinct from conventional combustion sources such as steam generation 

in that the combustion chamber is a confined space that is refractory lined.  This radiates energy 
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back into the flame, thereby increasing the flame temperature.  At given excess air levels, a 

confined flame will usually produce higher NOx emissions than an open flame such as a boiler 

fire box.   

NOx levels from kiln firing are also strongly related to fuel type, flame shape, and peak 

flame temperature.  At higher peak flame temperatures, more thermal NOx is formed.  Flame 

shape is also related to the percentage of primary air used in combustion in the kiln.  High levels 

of primary air increase NOx formation by providing excess O2 in the hottest portion of the flame.  

Experience has indicated that a long flame and low primary air volume can minimize NOx 

formation in the main kiln.  However, in order to obtain high quality clinker with the best 

microstructure, a relatively short, strong, and steady flame is necessary.  In addition, too long of 

a flame may also cause kiln rings and lead to incomplete fuel combustion.   

4.1.3 Precalciner Firing 

A secondary firing zone is the precalciner vessel.  Fuel is introduced and burned in situ 

with the preheated raw meal.  Under these conditions, heat released by fuel oxidation is extracted 

by meal decarbonization.  The efficient use and transfer of energy reduces the peak temperature 

in the vessel.  Normal temperatures are between 900º and 980ºC (1650° and 1800°F).  This lower 

temperature and operation at reduced excess air levels reduces the formation of NOx.  Thermal 

NOx is small and fuel NOx predominates.   

NOx formed in the main kiln combustion passes through the precalciner and the gases are 

cooled slowly in the preheater cyclones.  NOx formation is an endothermic process and as gases 

cool, NOx tends to revert to N2 and O2.  This decomposition process is rapid at elevated 

temperatures but decreases at temperatures below approximately 700ºC (1300°F).  In effect, if 

the flue gases can be slowly cooled to 700°C over an extended period, a progressive decrease in 

NOx concentration occurs.  This process occurs in the preheater after other combustion radicals 

(OH-, H+, O-, etc.) have been eliminated.   
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4.2 Identification of NOx Control Options 

4.2.1 Selective Non-Catalytic Reduction 

Selective non-catalytic reduction (SNCR) involves the injection of an ammonia-

containing solution into the preheater tower to reduce NOx within the optimum temperature 

range of 870° to 1090°C (1600º to 2000ºF).  Because the optimum temperature range must be 

present for a sufficient time period to allow the reaction to occur, SNCR is only a viable 

technology on some preheater or precalciner kiln designs.  The ammonia-containing solution 

may be supplied in the form of anhydrous ammonia, aqueous ammonia, or urea.    

SNCR involves the following primary reactions:   
 

OHNHOHNH 223 +→+  
 

2 23
2

2 2NH O NH H O+ → +−  
 

NH H NH H3 2 2+ → ++  
 
Following NH2 formation by any of the above mechanisms, reduction of NO occurs:   
 

NH NO N H O2 2 2+ → +  
 
 At temperatures lower than 870°C, reaction rates are slow, and there is potential for 

significant amounts of ammonia to exit or “slip” through the system.  This ammonia slip may 

result in a detached visible plume at the main stack, as the ammonia will combine with sulfates 

and chlorides in the exhaust gases to form inorganic condensable salts.  The condensable salts 

can become a significant source of condensable PM emissions that cannot be controlled with a 

baghouse or ESP.  Ammonium sulfate aerosols would be a concern under upcoming programs to 

deal with PM2.5 and regional haze.  In addition, there may be health and safety issues with on-site 

ammonia generation.   

At temperatures within the optimal temperature range, the above reactions proceed at 

normal rates.  However, as noted in the literature as well as by vendors, a minimum of 5 ppm 

ammonia slip may still occur as a side effect of the SNCR process.   

At temperatures above 1090°C, the necessary reactions do not occur.  In this case, the 

ammonia or urea reagent will oxidize and result in even greater NOx emissions.  In addition, 

SNCR secondary reactions can form a precipitate, resulting in preheater fouling and kiln upset.  
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Ammonia reagent may react with sulfur in kiln gases to form ammonium sulfate.  Ammonium 

sulfate in the preheater can create a solids buildup.  Ammonium sulfate in the kiln dust recycle 

stream may adversely affect the kiln operation.   

The optimal temperature window for application of the SNCR process occurs somewhere 

in the preheater system.  Fluctuations in the temperature at various points in the preheater are 

common during normal cement kiln operation.  Therefore, selecting one zone for SNCR 

application in the preheater cannot reliably assure consistent results.  Alternatively, selecting 

multiple zones of injection creates significantly increased complexity to an already complex 

chemical process.   

SNCR has been employed at a significant number of European cement plants for NOx 

reduction and recently at several new cement plants in the U.S.  The European systems include 

two precalciner plants (Sweden) and at least 17 preheater plants primarily in Germany.  The 

principal vendor has been Polysius.  In Europe the chemical of choice for ammonia reagent is 

photowater.  Photowater is a waste produced during development of film, which contains 

approximately 5.0 percent ammonia and is classified as a hazardous waste in the U.S.  The 

availability and classification of the waste make it a low cost alternative to other ammonia or 

urea reagents for NOx control in Europe.   

Full-scale SNCR systems have now been installed on multiple preheater-precalciner 

plants in the U.S.  The reagent used in these systems is ammonia water or urea solution.   

The requirements for SNCR include an optimum temperature range (i.e., 870° to 1090°C) 

and the presence of an oxidizing atmosphere.  At the low flue gas temperature the reaction rate is 

slow and ineffective.  Ammonia introduced will not react and will be lost as gas.  Some of the 

ammonia will react with SO2 in the conditioning tower forming ammonium sulfate (NH4)2SO4 

which is a submicron aerosol.  This aerosol may form a visible emission at the stack.   

Because the raw materials at the plant site contain naturally occurring carbon (i.e., 

bitumen and kerogens), pyrolysis of organics occurs in the preheater tower producing CO.  This 

results in a reducing atmosphere.  The current control practice is to limit oxygen at the calciner 

exit to reduce NOx.  SNCR requires an oxidizing atmosphere and the two conditions are opposed 

in theory.  CO is expected to increase as NOx is reduced.   

In addition, ammonia emitted as gas in the plume will react with SO2 or HCl in the 

condensed water vapor plume forming a highly visible plume under certain weather conditions.  
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A similar plume has been noted at Glens Falls, New York; Permanente, California; Redding, 

California; Ravena, New York; Midlothian, Texas; Mississauga, Ontario; Edmonton, Alberta; 

and Exshaw, Alberta as result of naturally occurring ammonia in the kiln feed.  Ammonia 

emissions can be minimized by preventing excess ammonia input and by wet scrubbing.   

Direct mixing of urea with feed would not be effective in system designs where the feed 

is injected into the gas stream at the inlet of the first stage preheater for meal preheating.  At this 

location flue gas temperatures are too low for the reaction to affect NOx but sufficiently high to 

decompose the urea to ammonia, CO2, and water vapor.   

SNCR will be investigated as an additional NOx control option.  The kiln will also 

employ indirect firing and low NOx burners and staged combustion calciner design.    

4.2.2 Selective Catalytic Reduction 

Selective catalytic reduction (SCR) is a process that uses ammonia in the presence of a 

catalyst to reduce NOx.  The catalyst is typically vanadium pentoxide, zeolite, or titanium 

dioxide.  The SCR process has been proven to reduce NOx emissions from combustion sources 

such as incinerators and boilers used in electric power generation plants.  No full-scale 

application of SCR on a Portland cement plant exists anywhere in North America but there has 

been one long-term pilot project (Kirchdorf, Austria) and three industrial applications 

(Solnhofen, Germany, Monselice, Italy, and Sarche di Calavino, Italy) in Europe.  The Solnhofen 

and Monselice kilns are small preheater kilns with relatively high uncontrolled NOx levels (up to 

1800 mg/Nm3 at Monselice).  The Sarche di Calavino kiln is a small semi-dry type kiln (no 

operating experience is yet available).  The Monselice kiln has high ammonia and low sulfur in 

the feed and has experienced very high ammonia slip (120 mg/Nm3).  The Kirchdorf system 

operated in 1996-1998 on only a slipstream (approximately 10%) of the kiln gases. 

In the SCR process, the NOx-containing exhaust gas is injected with anhydrous ammonia 

and passed through a catalyst bed to initiate the catalytic reaction.  As the catalytic reaction is 

completed, NOx is reduced to nitrogen and water.  The critical temperature range required for the 

completion of this reaction is 300° to 450°C, which is higher than the typical cement kiln ESP or 

fabric filter inlet gas temperature.   

Technical application of SCR requires the catalyst to be placed either 1) after the 

preheater tower and before the PM control device (dirty side) or 2) after the particulate control 
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device (clean side).  Placement at the preheater tower satisfies the temperature requirements, but 

subjects the catalyst to the recirculating dust load and potential fouling.  Location at the fabric 

filter exit requires reheating of the gases to the required temperature for catalyst activation.   

Dirty Side 

The most prohibitive disadvantage of the SCR process in this location is fouling of the 

SCR catalyst.  The high dust loading and recirculating sulfate and ammonium species in cement 

kiln gases are likely to plug the catalyst and render it ineffective.  Minor impurities in the gas 

stream, such as compounds or salts of sulfur, arsenic, calcium, and alkalis, may deactivate the 

catalyst very rapidly, strongly affecting the efficiency and system availability as well as 

increasing the waste catalyst disposal volume.   

Continual fouling of the SCR catalyst would render it inoperative as a NOx control 

option.  Ammonia injected to an SCR system with a fouled catalyst would pass unreacted 

through the system (i.e., ammonia slip).  The unreacted ammonia would combine with sulfates 

and chlorides in the exit gases, forming inorganic condensable salts, which result in a detached 

visible plume and a significant increase in condensable PM10 emissions.  In addition, SCR on 

power plants has been shown to convert SO2 to SO3 as a secondary reaction.  SO3 will react with 

CaO between preheater stages forming gypsum (CaSO4), which can plug the tower and cause 

kiln shutdown.   

Two options for dirty side application exist:  1) after the preheater tower and before the 

raw mill; or 2) after the raw mill and before the particulate control device.  Gases exiting the 

preheater tower are within the optimal temperature range for SCR catalyst activation.  However, 

the dust loading along with the recirculating feed in this region is very high and would render the 

catalyst useless in a very short timeframe.  Gases exiting the raw mill system are much cooler 

(100º to 120ºC) and would require supplemental reheat prior to the SCR catalyst followed by gas 

cooling to protect the baghouse.  The reheat of gases from the raw mill system would be cost 

prohibitive (see discussion on Clean Side applications).   

Clean Side 

 Installation of the catalyst after the pollution control device reduces the potential for 

fouling from meal/recirculating dust load, but requires significant reheating of the gas stream to 

obtain the required catalyst temperature.  This can be more significant if combined with wet 

scrubbing prior to the NOx control.  SO2 removal may be required to prevent conversion of SO2 
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to SO3 in the catalyst bed which would increase SO3 emissions if the NOx control were the last 

system in the gas train.  In addition, reheating of the gas stream results in increased emissions of 

CO, VOC, and other pollutants and significant additional cost.   

 It should be noted that no full-scale clean side SCR systems exist on a cement kiln.  The 

three full-scale SCR systems that have been operated in Europe are dirty side applications.  The 

SCR system at Solnhofen is not currently operating.   

 An additional concern to clean side applications is the formation of SO3 (H2SO4).  SCR 

catalysts have been shown to convert SO2 to SO3.  SO3 readily combines with water vapor to 

form H2SO4 (sulfuric acid mist), or with ammonia or chlorides to form aerosol particulates.  

These pollutants are highly visible and would not meet opacity limits.  Installation of a wet gas 

scrubbing system would not be effective in removing H2SO4 aerosols (i.e., 0.5 micron) and the 

cost would be prohibitive.   

The optimum temperature for reaction is 300° to 450°C.  In the presence of the catalyst, 

the NOx is reduced to N2 by reaction with ammonia.  For the reaction to occur the ammonia must 

be present in excess molar ratio.  Typical usage in utility applications is 1.05 - 1.10 to 1.0 

(NH3/NOx).  The excess ammonia required produces “ammonia slip” of between 10 and 15 ppm 

in the flue gases.   

Recent studies of the use of SCR at major utilities have indicated that some SO2 present 

in the flue gases is oxidized to SO3 during the process.  The rate of conversion can increase SO3 

by 15 to 100 ppm depending on catalyst composition, temperature, and SO2 concentration.  It has 

also been noted that the catalyst life is greatly reduced by the presence of SO3 in the gas stream.  

The slippage of ammonia and formation of SO3 has resulted in an intense visible plume as 

ammonia reacts with SO2 in the flue gases and when SO3 condenses forming acid aerosols 

(H2SO4 • 2H2O).   

Using technology transfer, it has been suggested that heat recovery could be used to 

reduce the high cost of reheating the gas stream for a clean side SCR application on a cement 

kiln (additional heating would still be required to raise the exhaust temperature to an optimum 

level for SCR performance).  Both regenerative and recuperative systems could be available for 

this purpose.  These systems have been proposed for applications such as industrial boilers in 

which the residual PM passing the final control device is fly ash.  In these cases the deposits 

which may occur on the heat exchange surface can be removed by air on steam blowers.   
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In a cement kiln, the CaCO3 and CaO in the PM react with the SO3 formed in the SCR 

bed producing CaSO4 · 2H2O which is a hard crystalline deposit.  Allowing the deposits to build 

up would reduce the heat recovery, increase the fuel burning requirement, and reduce the 

efficiency of the system.  The PM which would be deposited on the heat exchanger surfaces in a 

cement kiln application could not be removed without outage of the equipment and 

hydroblasting.  This would be a serious recurring, if not continuous, maintenance problem.   

An RTO with multiple heat exchanger units has been installed at TXI in Middlothian, 

Texas, for CO and VOC control.  This unit has experienced, severe heat exchanger fouling 

requiring continuous cleaning (off-line), which resulted in the Texas agency allowing the unit to 

be repermitted for use only during ozone season due to high maintenance costs and down time.  

Thus, SCR with heat recovery is not considered technically feasible and will not be evaluated 

further.   

EPA’s Alternative Control Techniques (ACT) Document Update NOx Emissions from 

New Cement Kilns dated November 2007, while acknowledging that there are no installations of 

SCR technology in cement plants in the United States, concludes that SCR technology is 

technically feasible based on technology transfer from utility boiler and gas turbine applications.  

The ACT document indicates a NOx conversion rate of 80 to 90 percent for SCR is possible, 

however, this removal efficiency is unproven in preheater-precalciner cement kilns.   

The application of SCR on cement kilns is fundamentally different than utility boilers due 

to their differences in gas composition, dust loading, and chemistry, which accounts for the 

preference for SNCR rather than SCR in cement kilns in both the US and abroad.  Because of 

operational problems and the ability of SNCR to achieve the target NOx level of 500 mg/Nm3, 

the SCR system at the Solnhofen plant has been replaced by SNCR.  The most serious issues yet 

to be resolved with SCR in cement kilns are catalyst life, poisoning of the catalyst, fouling of the 

bed, system resistance, ability to correctly inject ammonia at proper molar ratio under non-steady 

state conditions, and creation of detached plume.   

4.2.3 Regenerative Selective Catalytic Reduction 

 SCR with heat recovery, or regenerative SCR (RSCR), has been employed for control of 

NOx emissions for industrial scale utility boilers burning biomass fuels.  Use of a SCR for 

biomass fuels before the boiler economizer (typical for coal-fired system) has not been possible 
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due to catalyst failure from alkali salts in the ash.  Babcock Power, Inc. has developed a RSCR 

system which places the SCR after the primary particulate control device and uses regenerative 

heat recovery to reduce the thermal heat penalty to raise the gases to catalyst activation 

temperature.  Assuming technology transfer, this system is evaluated for potential application to 

CCC’s proposed preheater-precalciner cement kiln.   

 As applied to utility boilers, the RSCR used a three-bed ceramic heat exchanger system 

to raise the flue gases from 350ºF to 450ºF before entering a combustion chamber where natural 

gas is used to raise the gases to 470ºF prior to entering the catalysis bed.  Ammonia solution is 

injected prior to the catalyst at a molar ratio of 1.33 to 1 of which approximately 20 percent is 

lost as ammonia slip.1  As designed, the NOx control effectiveness is in the range of 60 to 80 

percent.   

 Technical issues involving technology transfer for this application include catalyst failure 

(poisoning and fouling), ammonia slip forming submicron aerosols, and formation of acid gases 

(SO3).   

Catalyst Poisoning – The catalysts used for the SCR reaction are mixtures of vanadium 

pentoxide (V205), tungsten trioxide (WO3), and molybdenum trioxide (MoO3).  The catalyst 

formulation is adapted to the process conditions to yield highest efficiency with low acid gas 

formation.  Each SCR catalyst can be poisoned (i.e., deactivated) by exposure to alkali salts 

[potassium (K), sodium (Na)] and phosphorus, lead, chromium and zinc.  Once deactivated the 

catalyst must be removed and chemically cleaned off site.  Normal life of catalyst when used for 

coal-fired utilities is 3 to 5 years, but is reduced to 1 year when applied to biomass fired boilers 

where alkali is a component of the ash.   

 When used on cement plants, a major portion of the particulate passing the kiln fabric 

filter is alkali salts (KCl, NaCl, Na2SO4, K2SO4).  These are soluble salts and will significantly 

reduce catalyst life unless removed prior to the RSCR unit.   

Fouling – Catalyst fouling is a known mechanism for catalyst bed deactivation.  Cement kiln 

dust is physically different than fly ash and has a higher potential for fouling.  Alkali salts, 

particularly KCl, are sticky below 450ºF and have a tendency to agglomerate, fouling catalyst 

pore sites.   

Masking – The reaction by acid gases (SO2, SO3) in the gas stream with CaO particulate forms 

gypsum (CaSO4) which masks the catalyst pores and reduces the efficiency.  In addition, at the 
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lower activation temperature 450º to 570ºF, acid gases react with ammonium forming ammonia 

sulfate (NH4)2SO4, which masks the active sites.   

 The use of RSCR for a cement kiln clean side would reduce the fuel cost of applying 

SCR technology, but the application is unproven on cement kilns and the life of the catalyst a 

concern.  Particulate dust passing the fabric filter can poison the catalyst and create 

fouling/masking conditions.  This greatly reduces the effectiveness of the technology (bed 

deactivation) and increases the operating cost.   

RTO Fouling 

 The formation of SO3 in the catalyst bed reacts with CaO and NH3, forming species 

which foul the ceramic heat recovery surfaces reducing heat recovery efficiency and increasing 

pressure loss.  These deposits are hard and difficult to remove requiring hydroblasting.  

Experience with the only operating RTO at TXI, Midlothian, Texas indicates chronic fouling 

with continuous cleaning cycles to maintain operation.  Having to provide spare catalyst beds for 

off-line cleaning would increase capital cost significantly.   

Environmental Impacts 

 There are several potential adverse environmental impacts of applying RSCR on a 

cement kiln.  These include conversion of SO2 to SO3, ammonia slip resulting in PM2.5 aerosols, 

and formation of a visible plume.   

SO3 Formation 

 SCR catalysts, due to the use of vanadium pentoxide (V2O5) as the major active metal, 

oxidize SO2 to SO3 during the process of reducing NOx.3  Minimum formation of SO3 with 

formulated catalyst (V2O5 + WO3) is estimated to be about 1 percent of SO2.  SO3 is a strong 

anhydrous acid gas which reacts with water vapor, forming sulfuric acid gas (H2SO4).  However, 

the use of wet scrubbing prior to the RSCR would help minimize the formation of SO3 and 

H2SO4.   

PM2.5 Formation (Primary) – Submicron aerosols are formed from reactions of sulfuric acid 

(H2SO4) and ammonia introduced to reduce NOx.  Ammonia slip is estimated to be about 20 

percent.  If a complete reaction with available H2SO4 occurs, this reaction forms a submicron 

visible plume which will exist after moisture dissipation in the kiln stack plume.  Wet scrubbing 

would help suppress this reaction by removing ammonia prior to the RSCR.   
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Ammonia Slip – The design molar ratio used for RSCR for biomass boilers is 1.33 to 1.  Up to 

20 percent of the injected ammonia is lost as ammonia slip.  Excess ammonia would react with 

SO3 formed in the RSCR forming primary PM2.5 aerosols (i.e., ammonium sulfate and 

ammonium bisulfate).  The balance of the ammonia will react over time in the atmosphere 

forming ammonium sulfate and ammonium chloride aerosols.  These species predominate in 

regional haze and visibility impairment.  Again, the use of wet scrubbing prior to the RSCR 

would minimize these potential problems.   

4.2.4 Indirect Firing and Low NOx Burners 

Indirect firing systems (a low NOx technology) can be used on the precalciner and rotary 

kiln burner systems.  This technology functions by grinding the fuel and collecting the 

pulverized fuel with a fabric filter and receiving bin.  The fuel is then fired using a dense phase 

conveying system that limits the volume of air necessary to transport fuel to the burner.  This 

design reduces primary air injected with fuel.   

The indirect-firing process allows the flame to be fuel rich, which reduces the oxygen 

available for NOx formation.  In some cases it can also result in higher flame temperatures 

because the heat release occurs with less combustion gases (i.e., excess air).   

Low NOx burners in general are not as effective when used on the rotary kiln section of a 

preheater-precalciner kiln system because gases containing the thermal NOx formed in the main 

kiln section are gradually cooled as they move through the system resulting in NOx reduction (as 

previously discussed), and subsequently the gases pass through the precalciner burning zone and 

preheater cyclones where they are further reduced.  NOx contained in the alkali bypass gases, 

however, would not be subject to this reduction.   

The indirect-firing process allows the flame to be fuel rich, which reduces the oxygen 

available for NOx formation.  In some cases it can also result in higher flame temperatures 

because the heat release occurs with less combustion gases (i.e., excess air).   

Indirect firing with a low NOx burner attempts to create two combustion zones, primary 

and secondary, at the end of the main burner pipe.  In the high-temperature primary zone, 

combustion is initiated in a fuel-rich environment in the presence of a less than stoichiometric 

oxygen level.  The submolar level of oxygen at the primary combustion site minimizes NOx 
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formation.  The presence of CO in this portion of the flame also chemically reduces some of the 

NOx that is formed.   

In the secondary zone, combustion is completed in an oxygen-rich environment.  The 

temperature in the secondary zone is much lower than in the first; therefore, lower NOx 

formation is achieved as combustion is completed.   

Indirect-firing and a low-NOx main kiln burner will be used on the CCC kiln.  The 

emission levels achieved with indirect firing are defined by the burnability of the mix, amount of 

conveying air required, and design of the burner.  In kiln systems where the mix is difficult to 

burn (crystalline silica, quartz, high lime/silica ratio, etc.) or where high excess air is required, 

the NOx levels are generally higher and this technology is more effective in such situations.  In 

general, the expected NOx reduction ranges from 0 to 30 percent from baseline levels at the same 

mix design and excess air levels.   

4.2.5 Semi-Direct Firing and Low NOx Burners 

Semi-direct firing practice involves the separation of pulverized fuel from the mill sweep 

air using a cyclone separator.  The fuel is placed in a small feeder bin from which it is metered to 

the kiln burner pipe.  The exhaust gases of the cyclone are used to transport the fuel from the bin 

discharge.  Advantages in the design are that a portion of the sweep air can be returned to the 

mill or exhausted to the atmosphere and that minor variations in fuel delivery rate are eliminated.  

The major advantage for NOx abatement is that the volume of primary air can be marginally 

reduced (i.e., 20 to 25% of combustion air).  The system is similar to mill recirculation but can 

include partial sweep air discharge.  The level of NOx reduction would be less than that provided 

by indirect firing and low NOx burners.   

4.2.6 Mill Air Recirculation 

A method to reduce primary air usage involves returning a portion of the coal mill sweep 

air (30 to 50%) to the coal mill inlet.  By returning sweep air, the volume of air used to convey 

pulverized fuel to the burner pipe is reduced.  The amount of the return air possible depends on 

the mill grinding rate (i.e., percent of utilization), volatile content of fuel, moisture in the fuel, 

grindability of the fuel, and the final conveying air temperature achieved.  The reduction in 

primary air allows the use of low NOx burner technology that further reduces NOx formation.   
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The use of mill air recirculation can achieve primary combustion air between 15 and 25 

percent but is highly variable.  Kilns operating with a hard burning mix do not typically achieve 

high NOx reductions.  Also, recirculation is not possible for fuels containing high free moisture 

(i.e., fuels stored outdoors exposed to weather).  The level of NOx reduction would be less than 

that provided by indirect firing and low NOx burners.   

4.2.7 Mid-Kiln Firing 

Mid-kiln firing (MKF) is a potential NOx reduction technology that involves injecting 

solid fuel into the calcining zone of a rotating long kiln using a specially designed feed injection 

mechanism.  The technology is applicable to conventional wet process and long dry kilns.  The 

fuel used is generally whole tires, although containerized waste fuels have also been used at 

some plants.  Fuel is injected near the mid-point of the kiln, once per kiln revolution, using a 

system consisting of a “feed fork,” pivoting doors, and a drop tube extending through the kiln 

wall.   

Another form of mid-kiln firing has been used for certain preheater and 

preheater/precalciner kiln systems.  Whole tires are introduced into the riser duct using a 

specially designed feed mechanism (drop chute with air lock).  This creates an additional 

secondary firing zone in which the solid fuel is burned in contact with the partially calcined 

meal.  Combustion is initiated in the riser duct (located midway between the calciner and rotary 

kiln sections of the kiln system) and is completed within the rotary kiln section in a reducing 

atmosphere away from the elevated temperatures of the main kiln burner.  NOx formation is 

inherently lower in this area, and NOx formation may be further reduced due to improvements in 

fuel efficiency and the shifting of fuel burning requirements (e.g., less fuel must be burned at the 

main kiln burner).   

MKF is a staged combustion technology that allows part of the fuel to be burned at a 

material calcination temperature of 600° to 900°C, which is much lower than the clinker burning 

temperature of 1200° to 1480°C, thus reducing the potential for thermal NOx formation.  By 

adding fuel in the main flame at mid-kiln, MKF changes both the flame temperature and flame 

length.  These changes may reduce thermal NOx formation by burning part of the fuel at a lower 

temperature and by creating reducing conditions at the solid waste injection point that may 

destroy some of the NOx formed upstream in the kiln burning zone.  MKF may also produce 
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additional fuel NOx depending upon the nitrogen content of the fuel.  The additional fuel NOx, 

however, is typically insignificant relative to thermal NOx formation.  The discontinuous fuel 

feed from MKF can also result in increased CO.  To control CO emissions, the kiln may require 

an increase in combustion air, which can decrease production capacity.   

Test data showing NOx reduction levels for long dry and wet kilns were compiled for the 

EPA in the report “NOx Control Technology for the Cement Industry” (EC/R Inc., 2000).  Tests 

conducted on three wet process kilns using MKF technology showed an average reduction in 

NOx emissions of 40 percent, with a range from 28 to 59 percent.   

MKF in the form of riser duct firing is applicable at CCC.  The general concerns in 

applying this combustion practice include community acceptance of tire burning; reduced sulfur 

retention in the clinker, and potential product quality impacts.  These issues have been 

successfully managed at many cement plants such that they pose no significant adverse impacts 

on current or future operations.  Because an adequate supply of tires is uncertain in the area, 

MKF is not planned at the current time.   

4.2.8 Staged Combustion (SC)/Calciner Modification 

SC is a combustion technology that is currently used with preheater/precalciner kilns to 

reduce NOx generation by all major kiln vendors.  Multi-staged combustion (MSC) which 

includes the use of two or more low NOx burning zones, is supplied by two or more vendors as 

NOx control technology on modern preheater/precalciner cement kilns.  MSC is also considered 

a common technology as it has been used for many years throughout the cement industry.  

Another form of SC combines high temperature combustion and reburning without staging air or 

fuel in the calciner.  This technology creates one high temperature reducing zone by injection of 

all of the calciner fuel into one reducing zone at the bottom of the calciner.  The reducing zone is 

followed immediately by an oxidizing zone where all the tertiary air is introduced into the 

calciner.  Splitting of feed or staged feed is used to control the temperatures and help in creating 

and controlling the high temperature reducing zone.  However, this form of staged combustion 

does not utilize splitting of tertiary air to stage air flow.   

 Staged combustion takes place in and around the precalciner and is accomplished in 

several ways depending on the system design.  The purpose of staged combustion is to burn fuel 

in two stages, i.e., primary and secondary.  Staged air combustion suppresses the formation of 
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NOx by operating under fuel-rich, reducing conditions (less than stoichiometric oxygen) in the 

flame or primary zone where most of the NOx is potentially formed.  This zone is followed by 

oxygen-rich conditions in a downstream, secondary zone where CO is oxidized at a lower 

temperature with minimal NOx formation.   

 To delineate the NOx control mechanisms of SC, the combustion chemistry of NOx 

formation by virtue of fuel nitrogen should be examined.  Fuels introduced to the primary 

combustion zone undergo a pyrolysis that liberates nitrogen originally bound in the fuel.  

Nitrogen-bearing products that are gaseous will again pyrolize to form HCN and NHi radicals.  

With NO and oxygen radicals (OX) already present in the gas stream, the NHi will react as such:   

 

NHi  + OX → NO + … 
 

NHi + NO → N2 + … 
 

Because the primary stage of SC is a high-temperature (1150° to 1200°C) reducing environment 

where CO is prevalent and oxygen radicals are relatively scarce, NHi radicals can scavenge 

oxygen from NO as shown in the second equation.  This phenomenon is the basis for successful 

NOx reduction in SC kilns.   

 Research and actual emission monitoring on preheater/precalciner cement kilns have 

shown that SC technology applied to the area of the precalciner works to effectively lower NOx 

emissions per unit clinker produced.  Although potential disadvantages to SC may exist, 

experience has shown that when included as part of the kiln system design, it will produce a 

reduction in NOx emissions with minimal process problems.  The SC control option is capable of 

reducing NOx emissions by 10 to 50 percent, depending on the site-specific kiln operating 

parameters (i.e., kiln feed burnability).   

 SC can have limitations under specific conditions which affect the potential NOx control 

effectiveness.  In kiln systems employing a mix that has a high sulfur to alkali molar ratio, the 

volatility of sulfur is increased due to the strong reducing conditions in SC and the relatively low 

O2 content in the system.  This causes severe preheater plugging.  The required conditions for 

optimum SC operation (low excess oxygen), conflict with preventing sulfur deposition.  In order 

to operate the preheater a higher oxygen content at the calciner exit can be required.  These 
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problems have been documented in Europe and U.S. facilities.  A high S/alkali molar feed ratio 

prevents the achievement of maximum NOx reduction using SC.   

 

4.3 Elimination of Technically Infeasible NOx Control Options 

The second step in the BACT analysis for NOx is to eliminate any technically infeasible 

or undemonstrated control technologies.  Each control technology was considered and those that 

were infeasible based on physical, chemical, and engineering principles or undemonstrated in the 

Portland cement industry were eliminated.   

Indirect firing, a low-NOx main kiln burner, a SC calciner, and SNCR will be used.  

These are technically feasible options for NOx control.  The feasibility of the other NOx control 

options are discussed below.   

4.3.1 SCR 

Because of the serious operational problems concerning catalyst plugging and 

deactivation and the fact that no cement kilns anywhere in the world that have applied SCR in a 

dirty side application have been successful in operating SCR on a sustained long-term basis, the 

application of SCR to dirty side kiln gases is not considered technically feasible.  Although clean 

side applications have not been installed in cement kilns in either the US or Europe, SCR is 

theoretically applicable for this case and will be evaluated further in this report.   

4.3.2 RSCR 

 RSCR is an unproven technology with respect to cement kilns and considerable 

uncertainty exists with respect to the technical applicability issues previously discussed.  

However, assuming high efficiency PM controls and a wet scrubber are installed to remove PM, 

ammonia, and acid gases ahead of the unit, RSCR is theoretically applicable.  Therefore this 

technology will be further evaluated.   

4.3.3 Semi-Direct Firing and Low NOx Burners 

Semi-direct firing would not reduce NOx emissions below the base-case design.  

Therefore it is not applicable and will not be evaluated further.   
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4.3.4 Mill Air Recirculation 

This technology applies to coal/coke direct-fired kilns not currently using a fuel-rich 

primary combustion technology.  Because the CCC kiln will be indirect-fired, this technology is 

not applicable.   

4.3.5 Mid-Kiln (Riser Duct) Firing 

The CCC kiln system may be designed to employ this technology as a future option, 

however, MKF is not expected to reduce emissions below the levels achieved by other selected 

NOx control technologies.  Therefore, no further evaluation of MKF will be conducted.   

4.3.6 Staged Combustion (SC)/Calciner Modification 

SC will be employed on the CCC kiln.  No further evaluation is needed for the new kiln.    

 

4.4 Ranking of Technically Feasible NOx Control Options 
 

The third step in the BACT analysis is to rank remaining NOx control technologies by 

control effectiveness.  The remaining NOx control technologies evaluated are SNCR, SCR (clean 

side), RSCR, and a combination of indirect firing, low-NOx main kiln burner, and SC.  Table 9 

shows the ranking and the estimated control efficiency.   

 

TABLE 9.  RANKING OF TECHNICALLY FEASIBLE CONTROL OPTIONS 
PREHEATER/PRECALCINER KILN SYSTEMS – NOX 

Control Technology Control Efficiency Notes 
SCR (clean side) 60% 1.16 lb/ton clinker 
RSCR 60% 1.16 lb/ton clinker 
SNCR 46% 1.5 lb/ton clinker 
Indirect firing, low-NOx main burner, 
SC 

NA Base Case = 2.8 lb/ton clinker  

 
 
4.5 Evaluation of Technically Feasible NOx Control Options 
 

The fourth step in a BACT analysis for NOx is to complete the analysis of the applicable 

control technologies and to document the results.  The feasible control technologies are evaluated 

on the basis of economic, energy, and environmental considerations.   
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Table 10 presents a summary of the impact of the technically feasible control options.  

The detailed cost calculations are presented in Appendix C.   

 

TABLE 10.  SUMMARY OF IMPACT ANALYSIS FOR NOx 
 
 

Method 

 
% 

removal 

NOx, 
removed 
tons/yr 

Capital 
Costs, 
MM$ 

 
Annualized 
Cost MM$ 

Cost 
Effectiveness 

$/ton NOx 

Impacts 
 

Environmental 
 

Product 
 

Energy 
SNCR 46 1,423 2.71 1.85 1,298 Yes No No 
SCR1 75 2,299 4.60 37.1 16,152 Yes No Yes 
RSCR2 75 2,299 25.6 11.5 5,007 Yes No Yes 
1Clean side without heat recovery.   
2Clean side with heat recovery.   
 
4.6 Review of Recent Permit Limits 

 Table 11 summarizes the NOx BACT determinations made for cement kilns since 2000.   
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TABLE 11.  SUMMARY OF RECENT NOX PERMIT DETERMINATIONS FOR CEMENT KILNS (2000-PRESENT) 

Company Location 
Kiln 
Type Permit Date Technology Applied Removal In 

Operation Limit Rejected Technology 

        and $/Ton (%) (Yes/No) (lb/ton clinker) and $/Ton 

Drake Cement Drake, AZ PC (new) 4/12/06 Lo NOx, MSC, SNCR NA No 2.3 first 6 months, 1.95 
thereafter2  

Lafarge – Kiln 1 Harleyville, SC PC (mod) 8/18/06 Lo NOx, MSC, SNCR 29% 
(SNCR) Yes 2.652 

(3.5 for 1st year)  

Lafarge – Kiln 2 Harleyville, SC PC (new) 8/18/06 Lo NOx, MSC, SNCR 29% 
(SNCR) No 1.952 

(3.0 for 1st year)  

Suwannee American Cement - 
Kiln 2 Branford, FL PC (new) 2/15/06 Lo NOx,  MSC, SNCR 20% 

(SNCR) No 1.952 
2.4 for first 6 months SCR - $21,600 

Sumter Cement Sumter Co., FL PC (new) 2/6/06 Lo NOx, MSC, SNCR  No 1.952 
(3.0 for 1st year) SCR – 10,200 

American Cement Sumter Co., FL PC (new) 2/06 Lo-NOx, MSC, SNCR  No 1.952 
(3.0 for 1st year)   

Florida Rock Industries – Kiln 2 Newberry, FL PC(new) 7/22/05 Lo NOx, MSC, SNCR  No 1.952 
2.4 for first 6 months SCR 

Rinker/Florida Crushed Stone - 
Kiln 2 Brooksville, FL PC(new) 7/6/05 Lo NOx, MSC, SNCR 28% 

(SNCR) No 1.952  
2.4 for first 6 months SCR - $16,712 

Holcim Lee Island, MO PC (new) 06/08/04 Lo NOx, MSC  1 30 No 3.00 (year 1 & 2)  2.80 
(after year 2) SCR 

GCC Rio Grande Pueblo, CO PC (new) 3/5/04 Low NOx, MSC NA Yes 2.32  
Lehigh Portland Cement Mason City, IA PC (mod) 12/11/03 Lo NOx, SNCR NA Yes 2.85   

GCC Dacotah Rapid City, SD PC (mod) 04/10/03 Lo NOx, MSC NA Yes 5.52 (not BACT) FGR, MKF, Lo NOx, 
TDF, SCR, SNCR 

Holcim Theodore, AL PC (mod) 02/04/03 Limit not based on BACT NA Yes 3.33 (not BACT)   

Holcim (Devil's Slide) Morgan, UT PC (mod) 11/20/02 Lo NOx, MSC NA Yes 4.55 (not BACT) FGR, Lo NOx, staged 
combustion, SNCR, SCR 

Suwannee American Cement - 
Kiln 1 Branford, FL PC (mod) 4/01 MSC, SNCR NA Yes 2.9 – 24 h 

2.42  

Monarch Cement Humboldt, KS 2PC 
(mod) 01/27/00 Good combustion practices NA Yes 4.21 FGR, Lo NOx, staged 

combustion, SNCR, SCR 
Holcim Holly Hill, SC PC (new) 12/22/99 Lo NOx, MSC NA Yes 4.33   
Lafarge Davenport, IA PC (mod) 11/09/99     Yes 4.00   
North Texas Cement Whitewright, TX PC (new) 03/04/99 Lo NOx, MSC NA No 3.87 SNCR 

Continental Cement Hannibal, MO PC (new) 7/24/07 Lo NOx, MSC NA Yes Not specified (not 
BACT)  

CEMEX – Kiln 6 Clinchfield, GA PC (new) 1/27/10 SCC, SNCR, LNB, Indirect 
Firing NA No 1.95  

Houston American Cement Houston Co, GA PC (new) 6/19/07 SCC, SNCR, LNB, Indirect 
Firing NA No 1.95  

Notes:            
1.  SNCR required as Innovative Control Technology after year 2 – 1.8 lb/ton summer season limit.           2.  Rolling 30-day average. 
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4.7 Selection of BACT for NOx 
 

CCC proposes as BACT the use of indirect firing, low-NOx burners, SC, and SNCR.  The 

use of SCR and RSCR can be rejected on a cost basis, which exceed $16,000 and $5,000 per ton 

of NOx removed, respectively.  It should be noted that EPA rejected SCR as the basis for its final 

NSPS rules for NOx control.   

The requested emission limit is 1.5 lb/ton of clinker, 30-day rolling average, as measured 

by CEM.  This averaging time is appropriate to account for the variability in NOx emissions from 

cement kilns and is consistent with the new NSPS for cement kilns.  This emission limit is 

equivalent to the lowest NOx emission level established as BACT in the U.S. for cement kilns.   

For the new diesel emergency generator set, CCC proposes to install a unit that complies 

with the NOx emission standards given in NSPS Subpart IIII.   
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SECTION 5 

BACT ANALYSIS FOR CO AND VOC 
 
 
 The only sources of CO and VOC associated with the project are the 

preheater/precalciner kiln system and the new emergency diesel generator set.   

 

5.1 CO and VOC Formation Processes 
 
 CO and VOC emissions from cement kiln pyroprocessing systems generally occur from 

two separate and distinct processes in the system:  1) products of incomplete combustion of fuel 

and 2) decomposition of organic material in the kiln feed.  Each CO and VOC formation process 

occurs under uniquely different conditions and is defined by the process technology and feed 

materials.   

5.1.1 CO and VOC from Kiln Feed 

 For the purpose of this discussion, the pyroprocessing technology is confined to the 

preheater/precalciner design.  In this design, raw meal is introduced to the exhaust gas stream 

from the preheater and preheated through a series of cyclones (stages) in a countercurrent flow 

design.  In the process of heating, organic materials naturally occurring in the feed (kerogen and 

bitumin) are progressively heated and they begin to thermally degrade.  The heating at relatively 

low temperature and at a low oxygen  atmosphere results in complex organic molecules to be 

cracked, recombined, and re-ordered until the species are reduced to short-chain VOC’s, CO, 

and/or carbon dioxide (CO2).  During the pyrolytic process, a significant fraction of the organic 

carbon is fully oxidized to CO2.   

 Depending on the nature of the organics present in the feed materials, the location of the 

thermal decomposition in the preheater varies along with the degree of complete oxidation.  The 

presence of light hydrocarbon species in the meal typically results in VOC and condensible 

hydrocarbons in the kiln preheater gases, but the CO concentrations are low.  Conversely, 
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complex hydrocarbons generally produce CO during decomposition, but low concentrations of 

VOC.   

 Depending on the geological deposit of the feed materials, the composition and 

concentration of organic materials in the kiln feed (meal) may vary significantly.  The spatial 

distribution within the deposit is both lateral and vertical, and cannot be mitigated by selective 

mining or material substitution.  The level of contaminants in the kiln feed is unique to each site 

and results in site-specific CO and VOC emission rates.   

 The rate of conversion of meal carbon to CO2 is influenced by the temperature profile of 

the preheater, the organic content of the kiln feed, and the composition of the organics in the kiln 

feed.  Recent studies do not indicate that the oxygen content of the flue gases influences the CO 

emission rate.  Papers published in Zement-Kalk-Gips also support the same conclusion.  The 

temperature of the preheater stages is defined by the kiln and mix designs (C3S, silica, etc.) and 

cannot be modified sufficiently to complete oxidation of CO and VOC in the preheater.   

5.1.2 CO and VOC from Incomplete Combustion 

 CO and VOC may also be produced as a product of incomplete combustion of fuel in the 

precalciner vessel.  Modern precalciners burn fuel in suspension with meal.  The precalciner 

vessel is designed to decarbonize (or calcine) the raw feed simultaneously with the combustion 

of fuel in suspension.  This design allows use of liquid, gaseous, and solid fuels over a range of 

heat values and qualities (ash, moisture, etc.).  Because of the continuous generation of thermal 

energy (combustion) and consumption of thermal energy due to the decarbonization, the 

temperatures are stabilized and the thermal variation is minimized.  This process results in 

reduced thermal NOx and promotes de-NOx of kiln gases entering the precalciner.  With this 

design, however, it is impossible to eliminate all CO that is normally associated with fuel 

combustion in a conventional combustion device such as a boiler.  Typical CO concentrations 

after the precalciner and lowest preheater cyclone exit are between 250 and 1500 ppm and VOC 

is low (i.e., 5 to 10 ppm).   

 The MSC design for NOx control generates a reducing atmosphere zone to enhance NOx 

reduction.  CO generation will also be increased in this zone.  The design functions in a similar 

manner to SC in boilers.  Theoretically, CO is not directly involved in the chemical reactions to 
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reduce NOx.  An oxygen deficiency zone is needed to create more NHi radicals to reduce NOx.  

CO is the result of this reducing atmosphere.   

 

5.2 Identification of CO/VOC Control Options 
 

This section reviews the available CO/VOC control technologies that were considered for 

the CCC Cement Plant.   

5.2.1 Thermal Oxidation 

Thermal oxidation is performed with devices that use a flame, sometimes combined 

within an enclosed chamber, to convert CO and VOC to carbon dioxide (CO2).  Thermal 

oxidizers operate most effectively at temperatures between 1,200º to 2,000ºF, with a residence 

time of 0.2 to 2.0 seconds.  By raising the temperature, the residence time for complete 

combustion can be reduced and vice versa.  However, temperature is the more important process 

variable.   

Two types of thermal oxidizers are commonly used in industrial plants.  The most 

common thermal oxidizer is an afterburner.  Afterburners can be either direct-fired with no heat 

recovery, or with recuperative heat recovery.  A second type of thermal oxidizer is a regenerative 

thermal oxidizer (RTO).  A regenerative thermal oxidizer operates in an enclosed chamber and 

recovers up to 85 percent of the heat energy input.  For the purposes of this analysis, a 

regenerative thermal oxidizer was evaluated.   

There are no cement plants currently operating using direct-fired afterburner or a 

recuperative type afterburner.  Afterburners are not desirable for cement kiln applications 

because of limited residence time resulting in poor CO combustion efficiency, an increase in 

NOx emissions, and significant additional fuel burning requirements.  There are, however, two 

plants which have employed an RTO.  These are at TXI, Midlothian, Texas and Holcim, Inc., 

Dundee, Michigan.  The TXI operation is a precalciner and the Dundee operation involves two 

wet process kilns.   

TXI, Midlothian, Texas 

The system was installed during a plant expansion and was used to reduce CO and VOC 

emissions below a de minimus increase and therefore avoid PSD review.  No BACT analysis 

was conducted and the Texas Commission on Environmental Quality (TCEQ) does not consider 
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the use of an RTO as BACT under State or Federal requirements.  The unit has experienced 

significant operational difficulties including higher than anticipated heat exchanger fouling and 

pressure drop.  This has increased afterburner fuel costs and decreased kiln capacity.  It is also 

important that the plant operates a fabric filter for primary particulate control and a sulfur 

dioxide (SO2) scrubber for SO2 removal prior to the RTO.    

Holcim, Dundee, Michigan 

Historically the Dundee kilns have emitted condensable hydrocarbons, which formed 

visible plumes and an objectionable odor.  In an effort to control these problems, the plant 

installed an RTO.  The design was modified from the TXI configuration to include an open type 

(checker) heat exchanger that was expected to have less potential for fouling.  The unit has been 

effective in control of visible emissions (VE) and odor but has experienced poor heat recovery, 

high fuel costs, and significant maintenance problems.  In some cases under high hydrocarbon 

loads, the unit has experienced over temperature due to uncontrolled self-fueling.  The units were 

installed to replace existing carbon injection systems for hydrocarbons and did not go through 

PSD or a BACT analysis.  As a result of the failure of the mechanical system, they have been 

decommissioned.   

5.2.2 Catalytic Oxidation 

 Catalytic oxidation is performed with devices that use a flame within an enclosed 

chamber to convert CO and VOC to CO2.  Catalytic oxidizers operate effectively at lower 

temperatures than thermal oxidizers (between 600º to 900ºF) because of the use of catalysts to 

drive the reaction.  The catalysts (typically platinum based) are placed on an alumina pellet or 

honeycomb support and the exhaust gases pass over or through the catalyst within the enclosed 

chamber.  The temperature in the oxidizer is maintained either by the exothermic reaction or with 

supplemental fuel firing.   

 The presence of particulate matter in an exhaust gas stream inhibits the operation of the 

unit and creates problems with catalyst poisoning.   

 Advantages of a catalytic oxidizer over a thermal oxidizer include:   

 1. Lower fuel requirements 
 2. Lower operating temperatures 
 3. Little or no insulation required 
 4. Reduced fire hazards 
 5. Reduced flashback problems.   
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 Disadvantages of this system include:   
 
 1. Initial capital cost is higher 
 2. Catalyst poisoning (fouling) is possible 
 3. PM10 must be removed first 
 4. Disposal of spent catalyst, which may be hazardous.   
 
 No catalytic oxidation units are currently being used on any cement kilns in the U.S. or 

abroad.   

5.2.3 Excess Air 

 Excess air introduced into the combustion zones tends to reduce the amount of CO and 

VOC formed by oxidizing them to CO2.  This reaction is limited to areas in the combustion zone 

where the CO concentration is greater than 50 ppm.  The advantages of the use of excess air are 

the ease of implementing the technology and the potential for lower SO2 emissions.  The major 

disadvantage is that increasing excess air in the combustion zone increases NOx formation and 

can adversely affect clinker quality.   

5.2.4 Good Combustion Practices 

 Because CO and VOC formation can result from incomplete combustion of fuels and the 

oxidation of uncombusted carbon in those fuels, the better the combustion practices, the lower 

the CO and VOC formation.  Good combustion practices require the following elements:   

 1. Proper mixing 

 2. High temperature.   

Good combustion practice is the inherently lowest emitting method of controlling CO and VOC 

emissions from combustion sources.   

 

5.3 Elimination of Technically Infeasible CO/VOC Control Options 
 
 The second step in the BACT analysis for CO and VOC is to eliminate any technically 

infeasible or undemonstrated control technologies.  Each control technology is considered and 

those that are infeasible based on physical, chemical, and engineering principles or are 

undemonstrated in the Portland cement industry were eliminated.   
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5.3.1 Thermal Oxidation 

 Because PM present in the uncleaned flue gases would routinely plug and foul thermal 

oxidation equipment, a thermal oxidation unit would have to be placed downstream of the 

baghouse to be technically feasible.  Placing the oxidizer at this location would require 

supplemental fuel firing to maintain the optimal operating temperature range of 1,200º to 

2,000ºF.  The additional fuel firing would result in an undesirable increase in NOx emissions, 

thus negating the NOx control technology employed upstream.  Although it appears to be 

technically feasible to install a regenerative thermal oxidization unit downstream of the 

preheater/precalciner system baghouse from a theoretical standpoint, in practice these systems 

have failed to perform successfully.  Therefore, the use of thermal oxidation (RTO) is considered 

to be infeasible from a practical standpoint and will not be considered further in this BACT 

analysis.   

5.3.2 Catalytic Oxidation 

 PM present in Portland cement kiln flue gases poisons the catalysts used in catalytic 

oxidation units and would routinely plug and foul catalytic oxidation equipment.  The presence 

of PM in the catalytic oxidation unit will result in poor CO/CO2 conversion and an increase in 

operational interruptions.  Therefore, the use of a catalytic oxidation unit is an infeasible option 

and is not considered further in this BACT analysis.   

 In addition to the technical issues, two environmental issues result from the catalytic 

oxidation control option.  Spent catalyst is often classified as a “hazardous waste.”  Disposal of a 

hazardous waste represents a significant environmental concern.   

5.3.3 Excess Air 

As outlined in the NOx BACT determination (Section 4), excess air results in an 

alteration of the flame characteristics in the kiln and precalciner.  This change in the flame will 

have a detrimental affect on the clinker quality.  Therefore, the use of excess air is not a 

technically feasible control alternative and will not be considered further in this BACT analysis.   

In addition to the technical argument, the effectiveness of this control method is limited 

by the carbonation process equilibrium and the CO and VOC concentration.  Adding excess air 

to either the kiln or precalciner combustion zones would result in an increase in NOx and PM10 
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emissions from the system.  Creating more NOx and PM10 to reduce CO and VOC emissions 

does not represent a viable environmental benefit.   

5.3.4 Good Combustion Practices 

This is a technically feasible option and will be further considered in the BACT analysis.   
 
5.4 Ranking of Technically Feasible CO/VOC Control Options 
 

The third step in the BACT analysis for CO/VOC is to rank remaining control 

technologies by control effectiveness.  The only control technology option that is considered 

technically feasible is good combustion practices.   

 

5.5 Evaluation of Technically Feasible CO/VOC Control Options 
 

The fourth step in a BACT analysis for CO and VOC is to complete the analysis of the 

feasible control technologies and document the results.  The feasible control technologies are 

evaluated on the basis of economic, environmental, and energy considerations.  The only 

technically and practically feasible option appears to be good combustion practices.  There are 

no significant negative environmental, product, or energy impacts associated with this 

technology.   

 

5.6 Review of Kiln Permit Limits 
 
 A review of plants identified in the BACT/LAER Clearinghouse indicated that the 

documentation is incomplete and that several facilities have been constructed under the Federal 

PSD program or State-only BACT requirements.  Considering the incompleteness of the data, a 

State-by-State review of recently permitted precalciner facilities was conducted.  Tables 12 and 

13 summarize recent permit determinations for CO and VOC.   

 The range of CO emissions for good combustion practice is site-specific and is between 

1.56 and 10.6 lb/ton of clinker.  The range of VOC emissions for good combustion practices is 

also site-specific and ranges between 0.12 and 5.31 lb/ton of clinker.   

The one plant identified as using post-control technology is TXI Operations, Midlothian, 

Texas, which listed an RTO for CO and VOC abatement.  Post-control was voluntarily 

implemented to avoid PSD review during plant expansion.  The uncontrolled CO emission rate  
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TABLE 12.  SUMMARY OF RECENT CO PERMIT DETERMINATIONS FOR CEMENT KILNS (2000-PRESENT) 

Company Location Kiln Type Permit Date Technology Applied Removal In 
Operation Limit Rejected Technology 

        and $/Ton (%) (Yes/No) (lb/ton clinker) and $/Ton 
Lafarge – Kiln 1 Harleyville, SC PC (mod) 8/18/06 GC NA Yes 10.51  
Lafarge – Kiln 2 Harleyville, SC PC (new) 8/18/06 GC NA No 6.81  
Suwannee American Cement - 
Kiln 2 Branford, FL PC (new) 2/15/06 GC NA No 2.901 RTO 

Sumter Cement Sumter Co., FL PC (new) 2/6/06 GC NA No  
2.91 RTO 

American Cement Sumter Co., FL PC (new) 2/06 GC NA No 2.91 RTO  
Florida Rock Industries – Kiln 2 Newberry, FL PC (new) 7/22/05 GC NA No 3.6 – 24 h RTO 
Rinker/Florida Crushed Stone – 
Kiln 2 Brooksville, FL PC (new) 7/6/05 GC NA No 3.6 – 24 h RTO 

Holcim Lee Island, MO PC (new) 06/08/04 GC NA No 6.01  
GCC Rio Grande Pueblo, CO PC (new) 3/5/04 GC NA Yes 2.11  
Lehigh Portland Cement Mason City, IA PC (mod) 12/11/03 GC NA Yes 3.7 – 3 h RTO - $5900 
Roanoke Cement Co. Troutville, VA PC (mod) 6/12/03 GC NA Yes 3.0 – 24 h RTO 
GCC Dacotah Rapid City, SD PC (mod) 04/10/03 GC NA Yes 4.88  
Holcim Theodore, AL PC (mod) 02/04/03 GC NA Yes 10.6 – annual  
Holcim (Devil's Slide) Morgan, UT PC (mod) 11/20/02 GC NA Yes 4.56  
Suwannee American Cement - 
Kiln 1 Branford, FL PC (new) 06/01/00 GC NA Yes 3.60 – 3 h RTO 

Monarch Cement Humboldt, KS 2PC (mod) 01/27/00 GC NA Yes 3.7 – annual RTO - $2713 
Holcim Holly Hill, SC PC (new) 12/22/99 GC NA Yes 6.8  
Lafarge Davenport, IA PC (mod) 11/09/99 GC   Yes 1.64  
North Texas Cement Whitewright, TX PC (new) 03/04/99 GC NA No 2.91 RTO 

TXI Midlothian, TX PC (mod) 11/98 RTO (Based on PSD 
avoidance, not BACT) 75 Yes 1.56  

Titan America Medley, FL PC (new) 12/02/05 GC NA Yes 2.0 RTO 
Continental Cement Hannibal, MO PC (new) 7/24/07 GC NA Yes 3.6 RTO > $5600 
Drake Cement Drake, AZ PC (new) 4/12/06 GC NA No 3.6 RTO 
CEMEX – Kiln 6 Clinchfield, GA PC (new) 1/27/10 GC NA No 2.9  
Houston American Cement Houston Co, GA PC (new) 6/19/07 GC NA No 2.9  
Notes:     GC – Good combustion          RTO – Regenerative Thermal Oxidizer          130-day rolling average     
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TABLE 13.  SUMMARY OF RECENT VOC PERMIT DETERMINATIONS FOR CEMENT KILNS (2000-PRESENT) 

Company Location Kiln Type Permit Date Technology Applied Removal In 
Operation Limit Rejected Technology 

        and $/Ton (%) (Yes/No) (lb/ton clinker) and $/Ton 
Lafarge – Kiln 1 Harleyville, SC PC (mod) 8/18/06 GC  Yes 0.55 – 3 h  
Lafarge – Kiln 2 Harleyville, SC PC (new) 8/18/06 GC  No 0.55 – 3 h  
Suwannee American Cement - 
Kiln 2 Branford, FL PC (new) 2/15/06 GC  No 0.121 RTO 

Sumter Cement Sumter Co., FL PC (new) 2/6/06 GC  No 0.1151 RTO 
American Cement Sumter Co., FL PC (new) 2/06 GC  No 0.121 RTO 
Florida Rock Industries – Kiln 2 Newberry, FL PC (new) 7/22/05 GC  No 0.121 RTO 
Rinker/Florida Crushed Stone - 
Kiln 2 Brooksville, FL PC (new) 7/6/05 GC  No 0.121  

Holcim Lee Island, MO PC (new) 06/08/04 GC  No 0.332  
GCC Rio Grande Pueblo, CO PC (new) 3/5/04 GC  Yes No limit  
Lehigh Portland Cement Mason City, IA PC (mod) 12/11/03 GC  Yes No limit  
GCC Dacotah Rapid City, SD PC (mod) 04/10/03 GC  Yes No limit  
Holcim Theodore, AL PC (mod) 02/04/03 GC  Yes 2.35 (not BACT)  
Holcim (Devil's Slide) Morgan, UT PC (mod) 11/20/02 GC  Yes 0.33  
Suwannee American Cement - 
Kiln 1 Branford, FL PC (new) 06/01/00 GC  Yes 0.191  

Monarch Cement Humboldt, KS 2PC (mod) 01/27/00 GC  Yes   
Holcim Holly Hill, SC PC (new) 12/22/99 GC  Yes 0.27 – 3 h  
Lafarge Davenport, IA PC (mod) 11/09/99 GC  Yes   
North Texas Cement Whitewright, TX PC (new) 03/04/99 GC  No 5.31  

TXI Midlothian, TX PC (mod) 11/98 RTO (Based on PSD 
avoidance, not BACT) 85 Yes 0.34  

Continental Cement Hannibal, MO PC (new) 7/24/07 GC  Yes 0.12 RTO >$58,000 
CEMEX – Kiln 6 Clinchfield, GA PC (new) 4/12/06 Raw Material Selection  No 0.5  
Houston American Cement Houston Co, GA PC (new) 6/19/07 Raw Material Selection  No 0.5  
Notes:            
130-day block average.                                          230-day rolling average. 
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was estimated to be 6.8 lb/ton.  No estimate of the uncontrolled VOC emission rate is available.  This 

unit has experienced significant technical difficulties in maintaining continuous operation of the RTO.   

 An RTO was installed at Holcim Dundee, Michigan for odor and visible emission (con-

(condensable hydrocarbon) control but has been discontinued due to high maintenance and system 

failure.  This system was installed on two wet cement kilns.   

 
5.7 Selection of BACT for CO and VOC 
 

The addition of an RTO to reduce CO and VOC can be rejected on the basis of practical 

applicability.  CCC proposes as BACT the use of good combustion practices for these pollutants.  The 

requested BACT emission limits are:  CO – 2.80 lb/ton clinker and VOC – 0.16 lb/ton clinker.  

Compliance with both emission limits will be determined by CEMS on a 30-day rolling average basis.   

For the new diesel emergency generator set, CCC proposes to install a unit that complies with 

the emission standards for CO and hydrocarbons (HC) given in NSPS Subpart IIII.   
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SECTION 6 

SUMMARY OF PROPOSED BACT EMISSION LIMITS 
 
 
 The proposed BACT controls and limits are summarized in Table 14.   

 

TABLE 14.  PROPOSED BACT LIMITS 

Pollutant Operation Emission Limit VE, % Control 
Particulate Matter 
(PM, PM10, PM2.5) 

Kiln/raw mill/clinker 
cooler/coal mill 
/bypass (main stack) 

0.0145 lb/ton clinker1,2, 30-day 
rolling average 

NA Baghouse w/ 
membrane filters 

Finish mills and 
other process 
sources 

0.01 gr/scf 10 Baghouse 

Sulfur Dioxide (SO2) Kiln system (main 
stack) 

0.4 lb/ton clinker, 30-day rolling 
average  

NA 
 

Wet scrubber 

Nitrogen Oxides 
(NOx) 

Kiln system (main 
stack) 

1.5 lb/ton clinker, 30-day rolling 
average 
 

NA 
 

Low-NOx burner, 
indirect firing, SC, 
SNCR 

Carbon Monoxide 
(CO) 

Kiln system (main 
stack) 

2.80 lb/ton clinker, 30-day 
rolling average 

NA 
 

Good combustion 

Volatile Organic 
Compounds 

Kiln system (main 
stack) 

0.16 lb/ton clinker, 30-day 
rolling average 

NA Good combustion 

1Filterable PM only – see discussion in Regulatory Analysis Report, Section 3 
2Proposed BACT limit is equivalent to the NESHAP limit at 40 CFR 63.1343(b)(2) 
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SECTION 7 

CONTROL TECHNOLOGIES FOR NESHAP POLLUTANTS 
 
 
 This section describes the technologies selected to control NESHAP-regulated pollutants 

emitted by the cement kiln system.  These pollutants are not subject to PSD/BACT (with the exception 

of PM) but must be controlled as necessary to ensure that applicable regulatory limits are not 

exceeded.  On September 9, 2010, the EPA promulgated major revisions to the NESHAP for Portland 

cement plants (Subpart LLL).   The final regulations set new emission limits for PM, mercury, and 

THC for all new cement kilns.  New limits were set for HCl emissions from major sources only.  

Existing limits for dioxin/furan (D/F) emissions for all cement kilns were maintained.  CCC will be an 

area source of HAPs, however, controls necessary to ensure that HCl emissions remain under 10 

tons/yr are discussed in this section.  PM is subject to BACT and controls are discussed in Section 2.   

 

7.1 HCL 
 
 HCl gas is formed within the cement kiln system when small amounts of chlorine compounds 

from fuels and raw materials are liberated during the combustion process.  As with SO2, much of the 

HCl is believed to be absorbed back into the process in the calcium-rich environment of the preheater 

tower and raw mill.  The resulting chloride compounds are largely incorporated into the cement kiln 

dust (CKD).  HCl is also reduced in the presence of ammonia, which will be introduced to the kiln 

exhaust by the SNCR system.  For these reasons, “uncontrolled” HCl emissions should be low but are 

difficult to predict prior to testing.  HCl in the kiln exhaust gases passing through the last baghouse 

will be controlled by the wet scrubber.  EPA’s recent Portland Cement NESHAP impacts analysis 

assumes that 99.9 percent HCl removal efficiency is achievable using wet scrubbing.   

The proposed permit limit for HCl is 9.5 tons per year.  Using the Portland Cement Association 

(PCA) emission factor for HCl, the uncontrolled emissions are estimated at 31.4 tons per year.  

Therefore an average of 70 percent control efficiency is required, which is readily achievable.  To 

demonstrate compliance, HCl emissions (along with other HAPs) will be tested following startup of 

the new kiln.   

 
7.2 Mercury 
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 Mercury is introduced to the kiln system as a naturally occurring element and trace component 

of virtually all raw materials and fuels.  Most of the mercury comes from the onsite quarried raw 

materials.  Therefore limiting mercury inputs to the kiln system is generally not feasible or effective as 

a control strategy.   

The mercury can form different species during combustion within the kiln system, resulting in 

either elemental mercury or non-elemental mercury (oxidized, or ionic, mercury in various forms).  It 

is not possible to predict the relative amounts of the different mercury forms emitted by kiln systems, 

as these have been seen to vary widely between different cement plants.   

Mercury can be removed from cement kiln exhaust using either 1) wet scrubbing or 2) 

activated carbon injection (ACI) followed by a polishing baghouse.  Wet scrubbing removes oxidized 

forms of mercury that are soluble, but does not remove vapor-phase elemental mercury.  Wet 

scrubbing will be used on the kiln system primarily for SO2 and acid gas removal, and will have the 

added effectiveness of controlling the remaining oxidized mercury in the gas stream not captured by 

the ACI system.   

ACI systems using powdered activated carbon have been successfully used for mercury 

removal on coal-fired boilers.  Mercury is absorbed into the activated carbon so that it can be collected 

with PM in solid form.  As applied to cement kiln systems, the activated carbon must be injected 

downstream from the main PM control device(s) and collected in a separate polishing baghouse.  The 

separate baghouse is necessary because the post-ACI dust contains the collected mercury and cannot 

be recycled back into the kiln system as is normally the case.   

For CCC, mercury will be removed using ACI with the polishing baghouse followed by wet 

scrubbing.  Optimum carbon injection rates will be determined following kiln startup.  EPA’s recent 

Portland Cement NESHAP impacts analysis indicates that up to 90 percent mercury removal efficiency 

is achievable using ACI with a polishing baghouse and up to 80 percent removal is achievable using 

wet scrubbing, however, these removal efficiencies are not additive.  Use of both control technologies 

should ensure compliance with the NESHAP emission limit for mercury (21 pounds/million tons of 

clinker, 30-day rolling average), which will be determined by CEM.   

 
7.3 THC 
 

THC emissions are closely related to VOC emissions but have different measurement and 

averaging criteria.    The proposed BACT for VOC is good combustion practices.  Good combustion 
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practices will also be used to limit THC emissions.  THC emissions are limited by the NESHAP to 24 

ppmdv in kiln exhaust gases and will be continuously monitored by CEM.  The NESHAP also 

provides an alternative emission limit for total organic HAPs of 9 ppmdv.  Either of these limits should 

be readily achievable for the CCC kiln without add-on air pollution controls.  In addition, use of the 

ACI system may result in removal of an unknown quantity of THC from the kiln exhaust gases.  

EPA’s recent Portland Cement NESHAP impacts analysis assumes that 50 percent THC removal 

efficiency is achievable using ACI and a polishing baghouse.  Actual controlled emissions will be 

determined after kiln startup.   

 

7.4 Dioxin/Furan 
 
 D/F emission limits have long been established for all new and existing cement kilns, and the 

new NESHAP rules do not change these limits.  D/F will be limited by good combustion practices 

without the need for add-on control devices.   Compliance will be determined by periodic testing in 

accordance with the NESHAP requirements.   

 
7.5 Summary of Controls for NESHAP Pollutants 
 
 Table 15 summarizes the control methods selected to control emissions of various NESHAP-

regulated pollutants from the kiln system.  Detailed emission limits are provided in Section 3.1 of the 

Regulatory Analysis report.   

 

TABLE 15.  CONTROLS FOR OTHER POLLUTANTS 

Pollutant Control Technology Expected Removal Efficiency 

HCl Wet scrubber 70-95% 

Mercury ACI w/ polishing baghouse 
Wet scrubber 80-90% 

THC & Organic HAPs Good combustion practices 
ACI w/ polishing baghouse 10-50% 

Dioxin/Furan Good combustion practices NA 
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Parameter Inherent Control Wet Scrubber Wet Lime Dry Lime Combined WS Incremental Units
Base Case (1) (WS) (2) Injection (3) Injection (4) + Wet Lime (5) Cost (6)

SO2 Emis Factor, Mill On 2.23 0.34 1.20 1.12 0.18 lb/ton clinker
SO2 Emis Factor, Mill Off 4.22 0.64 1.80 2.11 0.27 lb/ton clinker
Average SO2 Emis Factor 2.63 0.40 1.32 1.32 0.20 lb/ton clinker
Meets 0.40 lb/ton Limit? No Yes No No Yes

SO2 Base Case 2880.4 2880.4 2880.4 2880.4 2880.4 tons/yr
SO2 Removed 0.0 2442.6 1435.0 1440.2 2660.7 218.1 tons/yr
SO2 Final Emissions 2880.4 437.8 1445.4 1440.2 219.7 tons/yr

Average Control Efficiency 0% 85% 50% 50% 92% 8% %

Capital Cost N/A $35,755,631 $2,979,600 $1,833,600 $38,735,231 $
Direct Operating Cost N/A $2,948,800 $1,509,465 $3,512,259 $4,410,510 $/yr
Indirect Operating Cost N/A $5,202,019 $455,746 $290,729 $5,657,765 $/yr
Total Annualized Cost N/A $8,150,819 $1,965,211 $3,802,988 $10,068,275 $1,917,456 $/yr

Control Cost Effectiveness N/A $3,337 $1,370 $2,641 N/A $8,792 $/ton SO2

Cost, Product Basis N/A $3.72 $0.90 $1.74 $4.60 $/ton clinker

Clinker Production = 2,190,000 ton/yr

Notes:  1 Base case SO2 emissions without add-on controls
2 Cost for wet scrubber (EPA cost estimate scaled up for CCC production).  
3 Wet lime injection used in conditioning tower when the raw mill is off and in the raw mill when it is on.  

Equipment cost from Envirocare.  
4 Dry lime injection used in preheater tower.  Assume 4:1 molar ratio.  Equipment cost from Envirocare.  
5 Combination of wet lime injection into conditioning tower or raw mill, followed by wet scrubber.  
6 Incremental effects of adding wet lime injection system in addition to the wet scrubber.  

CASTLE HAYNE PLANT
SUMMARY OF SO2 CONTROL OPTIONS

Control Technology

CCC-SO2-BACT 12-10.xls OPTIONS 1 OF 17
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PRODUCTION 5,443 MT/D 6,000 ST/D
250 ST/HR

365.0 Days/yr 365.0 Days/yr
1,986,755 Tonnes/yr 2,190,000 ST/YR

PLANT CAPACITY 100.0 %

SO2 FACTOR MILL-ON 1.01 Kg/Tonne 2.23 LB/TON
SO2 FACTOR MILL-OFF 1.91 Kg/Tonne 4.22 LB/TON
AVERAGE SO2 1.19 Kg/Tonne 2.63 LB/TON
RAW MILL SO2 REMOVAL 50.0 % 50.0 %
ADD-ON CONTROL FACTOR 0 % 0 %

SO2 EMISSIONS UNCONTROLLED

RAW MILL-ON 1775.50 Tonnes/yr 1957.14 TON/YR
253.35 Kg/HR 558.54 LB/HR

RAW MILL-OFF 837.58 Tonnes/yr 923.27 TON/YR
478.07 Kg/HR 1053.96 LB/HR

ANNUAL SO2 2613.08 Tonnes/yr 2880.40 TON/YR

OPERATING HOURS 8,760 HRS/YR At Potential Capacity
MILL-ON 7,008 HRS/YR 80%
MILL-OFF 1,752 HRS/YR 20%

100%

CASTLE HAYNE PLANT
KILN DESIGN DATA

CCC-SO2-BACT 12-10.xls CURRENT 2 OF 17
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SO2 EMISSION ESTIMATES (lb/ton clinker)

Notes
Uncontrolled

so2 lb/ston 10.75 100% Uncontrolled SO2 before preheater
preheater exit 4.30 0.60 60% preheater capture
stack % 40 40% SO2 passing preheater

coal mill diversion 0.34 7.83% gases to coal mill
coal mill exit 0.25 0.25 25% coal mill circuit capture

so2 passing (mill off) 3.96

mill on 1.98 0.50 50% raw mill capture
50% SO2 passing mill

total so2, mill on 2.23 raw mill + coal mill
total so2, mill off 4.22 mill off + coal mill

stack % 24.47 24% of raw material SO2 goes to stack

30-day average 2.63 0.8 mill-on 80% raw mill in operation
0.2 mill-off 20% raw mill down

CONTROL OPTIONS

Dry lime injection 0.50 loss 50% Control
Location: Preheater

so2 mill down 2.11
so2 mill-in 1.12

30-day average 1.32 Does not meet NSPS limit

Wet lime injection (Hybrid) 0.50 loss 50% Control

so2 mill down 1.80 Location: Conditoning Tower
so2 mill-in 1.20 Location: Raw Mill

30-day average 1.32 Does not meet NSPS limit

Wet lime injection (CT only) 0.45 loss 55% Control

so2 mill down 1.80 Location: Conditoning Tower
so2 mill-in 1.02 Location: Conditoning Tower

30-day average 1.18 Does not meet NSPS limit

CCC-SO2-BACT 12-10.xls Control Options 3 OF 17
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D-SOx cyclone 0.70 loss 30% Control
Location: Preheater

so2 mill down 2.95
so2 mill-in 1.56

30-day average 1.84 Does not meet NSPS limit

Lime hydrator 0.56 loss 44% Control
Location: Preheater

so2 mill down 2.36
so2 mill-in 1.25

30-day average 1.47 Does not meet NSPS limit

Wet scrubber 0.15 loss 85% Control
Location: Stack

so2 mill down 0.64
so2 mill-in 0.34

30-day average 0.40

CCC-SO2-BACT 12-10.xls Control Options 4 OF 17
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OPERATION 8760 HR/YR
MILL ON 7008 HR/YR
MILL OFF 1752 HR/YR

PRODUCTION 5,443 TONNES/DAY
226.80 TONNES/HR

SO2 UNCONTROLLED 2.15 KG/TONNE
PREHEATER EXIT 487.62 KG/HR
PREHEATER EXIT 1075.0 LB/HR 4.30 LB/TON

COAL MILL GASES
CM INLET 82.9 LB/HR 0.33 LB/TON

SO2 REMOVED 25.0 %
20.71 LB/HR

SO2 COAL MILL EXHAUST 62.14 LB/HR 0.25 LB/TON

CONDITIONING TOWER (MILL-OFF)
CT INLET 992.1 LB/HR 3.97 LB/TON

15.50 MOLES SO2

SO2 REMOVED 61.0 % AVE
274.51 KG/HR
605.18 LB/HR

SO2 MILL MILL-OFF 386.92 LB/HR 1.55 LB/TON

LIME INJECTION RATE 2.5 Ca(OH)2 / SO2 molar ratio
38.8 MOLES Ca(OH)2
2868 LB/HR Ca(OH)2 2512 T/YR

GYPSUM FORMATION 1287 LB/HR
LIME REACTED 708 LB/HR
UNREACTED LIME -669 LB/HR

LOADING TO CYCLONE 618 LB/HR

CYCLONE REMOVAL 100 %
COLLECTED DUST 618.0 LB/HR
WASTE DUST 0 T/YR RETURNED TO PROCESS

WATER RATE 117.07 GPM
976.37 LB/MIN
443.21 L/MIN
58,582 LB/HR

12,306,494 GAL/YR

WET LIME INJECTION SYSTEM
LIME SLURRY TO CT (MILL-OFF) & RAW MILL (MILL-ON)

CCC-SO2-BACT 12-10.xls WETCa(OH)2 (Hybrid) 5 OF 17
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TOTAL SLURRY 61,450 LB/HR

SLURRY SOLIDS 4.67 %
PARTICLE SIZE 25 um

RAW MILL (MILL-ON)
MILL INLET 992.1 LB/HR 3.97 LB/TON

15.50 MOLES SO2

SO2 REMOVED 76.0 % AVE
342.01 KG/HR
754.00 LB/HR

SO2 MILL MILL-ON 238.11 LB/HR 0.95 LB/TON

LIME INJECTION RATE 1.5 Ca(OH)2 / SO2 molar ratio
23 MOLES Ca(OH)2

1721 LB/HR Ca(OH)2 6029 T/YR

TOTAL LIME USED 8541 T/YR
LOADS 342
TRUCKS/DAY 0.9

SO2 ANNUAL EMISSIONS
COAL MILL 272.2 T/YR
STACK MILL-ON 834.3 T/YR
STACK MILL-OFF 338.9 T/YR
TOTAL 1445.4 T/YR 1.32 LB/TON

UNCONTROLLED 2880.4 T/YR 2.63 LB/TON

SO2 REMOVED 1435.0 T/YR 49.8 %

CCC-SO2-BACT 12-10.xls WETCa(OH)2 (Hybrid) 6 OF 17
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COST ESTIMATE
SPRAY DRYING IN CT & RAW MILL ADDITION (LIME SLURRY ABSORBENT)

PLANT SIZE CAPACITY 2,190,000 TON/YR

FACTOR COST
CAPITAL COSTS

DIRECT COST
REAGENT SYSTEM LANCES,NOZZLES

VALVES,PUMPS
DUCTWORK
CYCLONE,BINS
ELECTRICAL
PIPING
MISCELLANEOUS EQUIPMENT

1,300,000
EQUIPMENT TOTAL 1,300,000
OTHER INSTRUMENTS 0.10 130,000

TAXES 0.05 65,000
FREIGHT 0.05 65,000

PEC TOTAL 1,560,000

INSTALLATION FOUNDATIONS 0.10 156,000
ERECTION 0.20 312,000
ELECTRICAL 0.05 78,000
DUCTING 0.10 156,000
INSULATION 0.05 78,000
SITE PREPARATION 0.10 156,000
TOTAL 936,000

DIRECT COSTS TOTAL 2,496,000

INDIRECT COSTS ENGINEERING/DESIGN 0.10 156,000
CONST/FIELD EXPENSE 0.05 78,000
CONTR.FEE 0.10 156,000
START-UP 0.02 31,200
PERFORMANCE TEST 0.01 15,600
CONTINGENCIES 0.03 46,800
TOTAL 483,600

RETROFIT PREMIUM (20% OF DIRECT & INDIRECT COST) 0.0

TOTAL CAPITAL COST 2,979,600

CCC-SO2-BACT 12-10.xls COST-WETLIME (Hybrid) 7 OF 17
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COST ESTIMATE
SPRAY DRYING IN CT & RAW MILL ADDITION (LIME SLURRY ABSORBENT)

OPERATING COST(DIRECT)

UTILITIES
TRANSFER PUMP 5.00 BHP
REAGENT PUMP 2.00 BHP
AGGITATOR MOTOR 10.00 BHP
BLOWER COMPRESSOR 100.00 BHP
CONNECTED LOAD 117.00 BHP
POWER 87.25 KWHr
HOURS OPERATED 8760 HRS
ELECTRICAL COST 0.0550 $/KWHr
ANNUAL COST 42,036 $/YR

REAGENT REAGENT USAGE 8,541           T/YR
COST 155.00 $/TON
ANNUAL COST 1,323,929 $/YR

WASTE DISPOSAL CKD 0 TON/YR
8.00 $/TON

COST 0 $/YR

WATER USAGE SUPPLY 12,306,494 GAL/YR
COST 0.00 $/MMGAL
ANNUAL COST 0 $/YR

MAINTENANCE LABOR & MATERIALS
REPLACEMENT PARTS 5% OF PEC 78,000 $/YR
MATERIALS 21000 $/YR

MAINTENANCE LABOR HR/YR 1000
COST $/HR 21.00
COST $/YR 21,000

LABOR LABOR HR/YR 1000
COST $/HR 19.00
COST $/YR 19,000

SUPERVISOR LABOR HR/YR 150
COST $/HR 30.00
COST $/YR 4,500

FUEL SAVINGS $/YR $0

TOTAL DIRECT OPERATING COST $/YR $1,509,465

CCC-SO2-BACT 12-10.xls COST-WETLIME (Hybrid) 8 OF 17
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COST ESTIMATE
SPRAY DRYING IN CT & RAW MILL ADDITION (LIME SLURRY ABSORBENT)

OPERATING COST(INDIRECT) OVERHEAD % 60.00
$/YR 26,700

PROPERTY TAX % 0.42
$/YR 12,514

INSURANCE % 1.00
$/YR 29,796

ADMINISTRATION % 2.00
$/YR 59,592

CAPITAL RECOVERY %-INTEREST 7.00
LIFE-YEARS 15.00
FACTOR 0.109795
$/YR 327,144

TOTAL INDIRECT OPERATING COST $/YR 455,746

TOTAL ANNUALIZED COST $/YR 1,965,211

ANNUAL EMISSIONS REDUCTION TON/YR 1434.96
% 49.82

COST BENEFIT $/TON 1,370

CCC-SO2-BACT 12-10.xls COST-WETLIME (Hybrid) 9 OF 17
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OPERATION 8760 HR/YR

PRODUCTION 5,443 TONNES/DAY
226.80 TONNES/HR

SO2 UNCONTROLLED 2.15 KG/TONNE
PREHEATER EXIT 487.62 KG/HR
PREHEATER EXIT 1075.0 LB/HR 4.30 LB/TON

16.8 MOLES SO2
ANNUAL (AVE) 4708.50 T/YR

TEMP
SO2 REMOVED 50.0 % AVE 304.0 C

100 % LOW CONCENTRATION ADJUSTMENT
50.0 % ANNUAL

ANNUAL (AVE) 2354.25 T/YR
NET SO2 2354.25 T/YR 2.15 LB/TON

COAL MILL 184.34 T/YR 7.83% 0.17 LB/TON
NET SO2 2169.91 T/YR 1.98 LB/TON

495.41 LB/HR

CONTROLLED SO2 MILL-IN 224.7 KG/HR PRE-MILL UNCONTROLLED 2880.4 T/YR
495.4 LB/HR PRE-MILL CONTROLLED 1440.2 T/YR
247.7 LB/HR POST-MILL REMOVED 1440.2 T/YR
868.0 T/YR POST-MILL

CONTROLLED SO2 MILL-OUT 495.4 LB/HR POST-MILL
434.0 T/YR POST-MILL

ANNUAL CONTROLLED SO2 1301.9 T/YR POST-MILL
COAL MILL 138.3 T/YR
TOTAL 1440.2 T/YR STACK

LIME INJECTION RATE 4 Ca(OH)2 / SO2 molar ratio
67 MOLES Ca(OH)2

4972 LB/HR Ca(OH)2

GYPSUM FORMATION 527 LB/HR
LIME REACTED 290 LB/HR
UNREACTED LIME -222 LB/HR

LOADING TO CYCLONE 304 LB/HR

CYCLONE REMOVAL 100 %
COLLECTED DUST 304.3 LB/HR

WASTE DUST 0 T/YR RETURNED TO PROCESS
LIME USED 21777 T/YR

946.8 LOADS/YR
TRUCKS 0.39 DAYS

DRY LIME INJECTION SYSTEM
(DRY SCRUBBING)

CCC-SO2-BACT 12-10.xls DRYCa(OH)2 10 OF 17
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COST ESTIMATE
DRY LIME INJECTION (DRY SCRUBBING)

PLANT SIZE CAPACITY 2,190,000 TON/YR

FACTOR COST
CAPITAL COSTS

DIRECT COST
DRY SYSTEM SILO/FILTER

BLOWERS
DUCTWORK
CYCLONE,BINS
ELECTRICAL
PIPING
MISCELLANEOUS EQUIPMENT

EQUIPMENT TOTAL 800,000
OTHER INSTRUMENTS 0.10 80,000

TAXES 0.05 40,000
FREIGHT 0.05 40,000

PEC TOTAL 960,000

INSTALLATION FOUNDATIONS 0.10 96,000
ERECTION 0.20 192,000
ELECTRICAL 0.05 48,000
DUCTING 0.10 96,000
INSULATION 0.05 48,000
SITE PREPARATION 0.10 96,000
TOTAL 576,000

DIRECT COSTS TOTAL 1,536,000

INDIRECT COSTS ENGINEERING/DESIGN 0.10 96,000
CONST/FIELD EXPENSE 0.05 48,000
CONTR.FEE 0.10 96,000
START-UP 0.02 19,200
PERFORMANCE TEST 0.01 9,600
CONTINGENCIES 0.03 28,800
TOTAL 297,600

RETROFIT PREMIUM (20% OF DIRECT & INDIRECT COST) 0.0

TOTAL CAPITAL COST 1,833,600

CCC-SO2-BACT 12-10.xls COST-DRYLIME 11 OF 17
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COST ESTIMATE
DRY LIME INJECTION (DRY SCRUBBING)

OPERATING COST(DIRECT)

UTILITIES BH FAN STATIC PRESSURE 8.00 IN H2O
FAN VOLUME 1000 ACFM
FAN POWER 15.00 BHP
FK PUMP STATIC PRESSURE 40.00 IN H2O
BLOWER VOLUME 500 ACFM
FAN POWER 50.00 BHP
CONNECTED LOAD 65.00 BHP
POWER 48.47 KWHr
HOURS OPERATED 8760 HRS
ELECTRICAL COST 0.0550 $/KWHr
ANNUAL COST 23,353 $/YR

REAGENT REAGENT USAGE 21,777          TON/YR
COST 155.00 $/TON
ANNUAL COST 3,375,406 $/YR

WASTE DISPOSAL CKD 0 TON/YR
0.00 $/TON

COST 0 $/YR

MAINTENANCE LABOR & MATERIALS
REPLACEMENT PARTS 5% OF PEC 48,000 $/YR
MATERIALS 21000 $/YR

MAINTENANCE LABOR HR/YR 1000
COST $/HR 21.00
COST $/YR 21,000

LABOR LABOR HR/YR 1000
COST $/HR 19.00
COST $/YR 19,000

SUPERVISOR LABOR HR/YR 150
COST $/HR 30.00
COST $/YR 4,500

FUEL SAVINGS $/YR $0

TOTAL DIRECT OPERATING COST $/YR $3,512,259
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COST ESTIMATE
DRY LIME INJECTION (DRY SCRUBBING)

OPERATING COST(INDIRECT) OVERHEAD % 60.00
$/YR 26,700

PROPERTY TAX % 0.42
$/YR 7,701

INSURANCE % 1.00
$/YR 18,336

ADMINISTRATION % 2.00
$/YR 36,672

CAPITAL RECOVERY %-INTEREST 7.00
LIFE-YEARS 15.00
FACTOR 0.109795
$/YR 201,319

TOTAL INDIRECT OPERATING COST $/YR 290,729

TOTAL ANNUALIZED COST $/YR 3,802,988

ANNUAL EMISSIONS REDUCTION TON/YR 1440.20
% 50.00

COST BENEFIT $/TON 2,641
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COST ESTIMATE
WET SCRUBBER

PLANT SIZE CURRENT  CAPACITY 2,190,000 TON/YR

FACTOR COST
CAPITAL COSTS

DIRECT COST
SCRUBBER COMPOMENTS SCRUBBER BODY

VALVES,PUMPS
DUCTWORK
CIVIL
ELECTRICAL
N.GAS SERVICE
ID FAN
SLUDGE TREATMENT
MISCELLANEOUS EQUIPMENT
STACK/REHEAT

EQUIPMENT TOTAL 11,918,544
OTHER INSTRUMENTS 0.10 1,191,854

TAXES 0.05 595,927
FREIGHT 0.05 595,927

PEC TOTAL 14,302,252

INSTALLATION FOUNDATIONS 0.12 1,716,270
ERECTION 0.60 8,581,351
ELECTRICAL 0.10 1,430,225
DUCTING 0.30 4,290,676
INSULATION 0.02 286,045
SITE PREPARATION 0.01 143,023
TOTAL 1.15 16,447,590

DIRECT COSTS TOTAL 30,749,842

INDIRECT COSTS ENGINEERING/DESIGN 0.20 2,860,450
CONST/FIELD EXPENSE 0.05 715,113
CONTR.FEE 0.05 715,113
START-UP 0.01 143,023
PERFORMANCE TEST 0.01 143,023
CONTINGENCIES 0.03 429,068
TOTAL 5,005,788

RETROFIT PREMIUM (20% OF DIRECT & INDIRECT COST) 0.0

TOTAL CAPITAL COST 35,755,631
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COST ESTIMATE
WET SCRUBBER

OPERATING COST(DIRECT)

UTILITIES ID FAN STATIC PRESSURE 8.00 IN H2O
FAN VOLUME 753242 ACFM
FAN POWER 1360.14 BHP
FAN STATIC PRESSURE 5.00 IN H2O
COMBUSTION FAN VOLUME 0 ACFM
FAN POWER 0.00 BHP
SATURATED GASES #REF! ACFM
GPM 75324.24 GPM
RECIRCULATION PUMPS(4) 3400 BHP
REAGENT PUMP 71.50 BHP
AGGITATOR MOTOR 185.00 BHP
PULSE PUMP 285.00 BHP
BLOWER COMPRESSOR 285.00 BHP
CONNECTED LOAD 5586.69 BHP
POWER 4166.00 KWHr
HOURS OPERATED 8760 HRS
ELECTRICAL COST 0.0550 $/KWHr
ANNUAL COST 2,007,177 $/YR

N.GAS(FLUE GAS REHEAT) 0.00 GJ/HR
COST 7.884 $/GJ
ANNUAL COST 0 $/YR

REAGENT REAGENT USAGE 3820.40 TON/YR
COST 25.00 $/TON
ANNUAL COST 95,510 $/YR

WASTE DISPOSAL GYPSUM 7729 TON/YR
0.00 $/TON

COST 0 $/YR

WATER TREATMENT DISCHARGE 0 M3/YR
COST 2.00 $/M3
ANNUAL COST 0 $/YR

MAINTENANCE LABOR & MATERIALS
REPLACEMENT PARTS 5% OF PEC 715,113 $/YR
MATERIALS 42000 $/YR

MAINTENANCE LABOR HR/YR 2000
COST $/HR 21.00
COST $/YR 42,000

LABOR LABOR HR/YR 2000
COST $/HR 19.00
COST $/YR 38,000

SUPERVISOR LABOR HR/YR 300
COST $/HR 30.00
COST $/YR 9,000

FUEL SAVINGS $/YR $0

TOTAL DIRECT OPERATING COST $/YR $2,948,800
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COST ESTIMATE
WET SCRUBBER

OPERATING COST(INDIRECT) OVERHEAD % 60.00
$/YR 53,400

PROPERTY TAX % 0.42
$/YR 150,174

INSURANCE % 1.00
$/YR 357,556

ADMINISTRATION % 2.00
$/YR 715,113

CAPITAL RECOVERY %-INTEREST 7.00
LIFE-YEARS 15.00
FACTOR 0.109795
$/YR 3,925,776

TOTAL INDIRECT OPERATING COST $/YR 5,202,019

TOTAL ANNUALIZED COST $/YR 8,150,819

ANNUAL EMISSIONS REDUCTION TON/YR 2442.62
% 84.80

COST BENEFIT $/TON 3,337
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POWER COST 0.055 $/KWH

PROPERTY TAX RATE 0.42 $/100 New Hanover
0.4200 %

CAPITAL RECOVERY RATE 7 %

LABOR COSTS

SUPERVISOR 30.00 $/HR
OPERATOR 25.00 $/HR
1ST CLASS MAINTENANCE 21.00 $/HR
1ST CLASS ELECTRICIAN 21.00 $/HR
1ST CLASS WELDER 21.00 $/HR
GENERAL LABOR 19.00 $/HR

NATURAL GAS 7.88 $/GJ 7.48 $/MMBTU PSNC

CKD DISPOSAL 7.27 $/TONNE 8.00 $/TON
GYPSUM WASTE DISPOSAL 0.00 $/TONNE 0.00 $/TON

MICROFINE LIME 140.91 $/TONNE 155 $/TON

LIMESTONE REAGENT 22.73 $/TONNE 25 $/TON

WATER COST 0.0000 $/M3 0 $/MM gal

WATER TREATMENT 2.0000 $/M3 7571 $/MM gal

PLANT COSTS
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Parameter Base Case SNCR SCR RSCR Units
(1) (2) (3,5) (4,5)

NOx Emission Factor 2.80 1.50 0.70 0.70 lb/ton clinker

NOx Base Case 3066.0 3066.0 3066.0 3066.0 tons/yr
NOx Removed 0.0 1423.5 2299.5 2299.5 tons/yr
NOx Final Emissions 3066.0 1642.5 766.5 766.5 tons/yr

Average Control Efficiency 0% 46% 75% 75% %

Capital Cost N/A $2,707,200 $4,598,000 $25,588,644 $
Direct Operating Cost N/A $1,351,656 $36,305,001 $7,654,186 $/yr
Indirect Operating Cost N/A $495,431 $837,623 $3,860,163 $/yr
Total Annualized Cost N/A $1,847,087 $37,142,624 $11,514,349 $/yr

Control Cost Effectiveness N/A $1,298 $16,152 $5,007 $/ton NOx

Cost, Product Basis N/A $0.84 $16.96 $5.26 $/ton clinker

Clinker Production = 2,190,000 ton/yr

Notes:  1 Uncontrolled NOx emissions
2 Selective Non-Catalytic Reduction
3 Selective Catalytic Reduction (without heat recovery)
4 Regenerative Selective Catalytic Reduction (with heat recovery)
5 Clean-side SCR & RSCR following wet scrubber

Control Technology

CASTLE HAYNE PLANT
SUMMARY OF NOx CONTROL OPTIONS

CCC-NOX-BACT 12-10.xls OPTIONS 1 OF 25
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PRODUCTION 5,443 MT/D 6,000 ST/D
365.0 Days/yr 365.0 Days/yr

1,986,755 Tonnes/yr 2,190,000 ST/YR
PLANT CAPACITY 100.0 %

NOX FACTOR (BASELINE) 1.27 Kg/Tonne 2.80 LB/TON
CONTROL FACTOR 0 % 0 %

NOX EMISSIONS UNCONTROLLED

ANNUAL NOX 2781.46 Tonnes/yr 3066.00 TON/YR
317.52 Kg/HR 700.00 LB/HR

OPERATING HOURS 8,760 HRS/YR AT 100% CAPACITY
MILL-ON 7,008 HRS/YR 80.00%
MILL-OFF 1,752 HRS/YR 20.00%

CASTLE HAYNE PLANT
KILN DESIGN DATA
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COST ESTIMATE
SNCR NOX CONTROL OPTION

FACTOR COST
CAPITAL COSTS

DIRECT COST
BASIC UREA UNIT 1,200,000
EQUIPMENT TOTAL 1,200,000
OTHER INSTRUMENTS 0.10 120,000

TAXES 0.05 60,000
FREIGHT 0.05 60,000
TOTAL 1,440,000

INSTALLATION FOUNDATIONS 0.10 144,000
ERECTION 0.20 288,000
ELECTRICAL 0.05 72,000
PIPING 0.10 144,000
INSULATION 0.05 72,000
SITE PREPARATION 0.10 144,000
TOTAL 0.60 864,000

DIRECT COSTS TOTAL 2,304,000

INDIRECT COSTS ENGINEERING/DESIGN 0.05 72,000
CONST/FIELD EXPENSE 0.05 72,000
CONTR.FEE 0.05 72,000
START-UP 0.02 28,800
PERFORMANCE TEST 0.01 14,400
CONTINGENCIES 0.10 144,000
TOTAL 403,200

RETROFIT PREMIUM (20% OF DIRECT & INDIRECT COST) 0

TOTAL CAPITAL COST 2,707,200
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COST ESTIMATE
SNCR NOX CONTROL OPTION

OPERATING COST(DIRECT)

UTILITIES PUMP PRESSURE 80.00 PSIG
LIQUOR DENSITY 11.00 LB/GAL

1.32 SG
0.0122 FT3/LB

PUMP VOLUME 20 GPM
13200 LB/HR

PUMP HORSEPOWER 124.00 BHP
CONNECTED LOAD 124.00 BHP
POWER 92.47 KWHr
HOURS OPERATED 8760 HRS
ELECTRICAL COST 0.0550 $/KWHr
ANNUAL COST 44,551 $/YR

NATURAL GAS 0.00 MMBTU/HR
COST 7.480 $/MMBTU
ANNUAL COST 0 $/YR

REAGENTS UTILIZATION 0.70
MOLAR RATIO 1.05
USAGE 4153 T/YR
UNIT COST 0.14 $/LB
COST $1,162,905

MAINTENANCE LABOR & MATERIALS
5% OF DIRECT CAPITAL COST 115,200 $/YR

MAINTENANCE LABOR HR/YR 500
COST $/HR 21.00
COST $/YR 10,500

OPERATOR LABOR HR/YR 500
COST $/HR 25.00
COST $/YR 12,500

SUPERVISOR LABOR HR/YR 200
COST $/HR 30.00
COST $/YR 6,000

TOTAL DIRECT OPERATING COST 1,351,656
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COST ESTIMATE
SNCR NOX CONTROL OPTION

OPERATING COST(INDIRECT) OVERHEAD % 60.00
$/YR 17,400

PROPERTY TAX % 0.42
$/YR 11,370

INSURANCE % 1.00
$/YR 27,072

ADMINISTRATION % 2.00
$/YR 54,144

CAPITAL RECOVERY %-INTEREST 7.00
LIFE-YEARS 10.00
FACTOR 0.142378
$/YR 385,444

TOTAL INDIRECT OPERATING COST 495,431

TOTAL ANNUAL COST $/YR $1,847,087

EXPECTED NOx(PRE-SNCR) LB/TON 2.80
T/YR 3066

EXPECTED NOx(POST-SNCR) LB/TON 1.50

REDUCTION T/YR 1,424
% 46

$/TON $1,298
$/TON-CLK $0.84

CCC-NOX-BACT 12-10.xls COST-SNCR 5 OF 25
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INPUTS FLUE GAS STREAM
LB/MIN KG/MIN LB/HR SCFM NM3/HR % PPM(WET) PPM(DRY)

CO 11.61 5.28 696.37 159.70 254.0 0.03 259.4 309.5
O2 6113.72 2778.96 366823.13 73670.31 117192.3 11.96
N2 27656.63 12571.20 1659397.89 380831.82 605814.6 61.85
SO2 0.56 0.25 33.52 3.37 5.4 0.00 5.5
NO 7.60 3.45 456.00 63.23 100.6 0.01 102.7
H2O 4661.88 2119.04 279712.63 99810.79 158775.7 16.21
CO2 6994.77 3179.44 419686.05 61204.22 97361.6 9.94
TOTAL(WET) 45446.76 20657.62 2726805.59 615743.43 979504.2 100.00
TOTAL(DRY) 40784.88 18538.58 2447092.96 515932.64 820728.5

INLET 689212.82 ACFM
1176731.88 AM3/HR

131.00 oF
55.00 C

BURNER COMBUSTION AIR

LB/MIN KG/MIN
DRY AIR 7127.0 3239.54

O2 1653.46 751.57 518.33 MMBTU/HR
N2 5473.52 2487.97 8.3 LB/1000BTU

H2O 77.77 35.35 7127.0 LB/MIN
WET AIR 7204.75 3274.89

MOISTURE 0.0109 lb/lb DA
0.0109 KG/KG DA

T= 70 oF
21 C

RH 50 %

LB/MIN KG/MIN LB/HR SCFM NM3/HR

O2 1653.46 751.57 99207.61 19930.54 31704.8
N2 5473.52 2487.97 328411.40 75315.68 119809.7
DRY GAS 7126.98 3239.54 427619.01 95246.23 151514.5
H2O 77.7667 35.35 4666.00 1664.99 2648.6
TOTAL 7204.75 3274.89 432285.02 96911.21 154163.1

HEAT BALANCE FOR REHEAT FLUE GASES (SCR)

COMBUSTION AIR
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HEAT BALANCE FOR REHEAT FLUE GASES (SCR)

TOTAL HEATER INPUTS
LB/MIN KG/MIN LB/HR SCFM NM3/HR %WET %DRY

CO 11.61 5.276 696.37 159.70 254.0 0.02 0.03
O2 7767.18 3530.536 466030.74 93600.86 148897.1 13.13 15.31
N2 33130.15 15059.161 1987809.29 456147.50 725624.3 64.01 74.63
SO2 0.56 0.254 33.52 3.37 5.4 0.00 0.00
NO 7.60 3.455 456.00 63.23 100.6 0.01 0.01
CO2 6994.77 3179.440 419686.05 61204.22 97361.6 8.59 10.01
TOTAL 47911.87 21778.121 2874711.98 611178.87 972243.1
H2O 4739.64 2154.384 284378.63 101475.78 161424.3 14.24
TOTAL 52651.51 23932.505 3159090.61 712654.64 1133667.4 100.00 100.00

HHV FUELS
CO 4339 BTU/LB

0.0101 GJ/KG
N.G. 22077 BTU/LB

0.0512 GJ/KG

AUXILIARY FUEL RATE
N.G. 391.30 LB/MIN

177.86 KG/MIN
HEAT INPUTS

CO 37,770 BTU/MIN 0.44 %
0.040 GJ/MIN

3,021,564 BTU/HR
3.1847 GJ/HR

N.G. 8,638,768 BTU/MIN 99.56 %
9.105 GJ/HR

518,326,075 BTU/HR
546.316 GJ/HR

TOTAL 8,676,537 BTU/MIN
9.145 GJ/HR

521,347,639 BTU/HR
549.500 GJ/HR
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HEAT BALANCE FOR REHEAT FLUE GASES (SCR)

FUEL ANALYSIS
CO % N.G.%

C 42.85 69.12
H 0.00 23.20
O 57.15 1.58
N 0.00 5.76
S 0.00 0.34
TOTAL 100.00 100.00

LB/MIN KG/MIN LB/MIN KG/MIN LB/MIN KG/MIN
C-CO2 0.00 0 719.44 327.02 719.44 327.020
CO-CO2 4.96 2.26 0.00 0 4.96 2.255
H2-H2O 0.00 0 720.81 327.64 720.81 327.640
S-SO2 0.00 0 1.33 0.60 1.33 0.605
N-NO 0.00 0 51.50 23.41 51.50 23.410
NET 4.96 2.26 1493.09 678.68 1498.05 680.930
O2 BOUND 6.63 3.01 6.18 2.81 12.82 5.825
O2 EXCESS -1485.23 -675.105
COMBUSTION AIR 7767.18 3530.536
NET O2 EXCESS 6281.95 2855.431

CO REMOVAL 75.00 %

FLUE GASES NG INPUT TOTAL TOTAL
LB/MIN LB/MIN LB/MIN LB/MIN KG/MIN SCFM NM3/HR %DRY %WET PPM DRY

CO2 13.65 989.91 6994.77 7998.33 3635.61 70077.38 111476.8 11.64 9.72
CO 0.00 0.00 2.90 2.90 1.32 39.93 63.5 0.01 0.01 66.3
H2O 0.00 811.59 4739.64 5551.23 2523.29 118851.94 189065.7 16.49
N2 0.00 0.00 33130.15 33126.28 15057.40 456188.61 725689.7 75.77 63.28
O2 EXCESS 0.00 0.00 6281.95 6281.95 2855.43 75666.06 120367.1 12.57 10.50
SO2 0.00 2.66 0.56 3.22 1.46 19.38 30.8 0.00 0.00 32.2
NO 0.00 0.71 7.60 8.31 3.78 69.60 110.7 0.01 0.01 115.6
TOTAL 13.65 1804.87 51157.57 52972.22 24078.28 720912.90 100.00
TOTAL(DRY) 602060.96 100.00

TOTAL

FLOW

OXYGEN REQUIRED

FLUE GAS PRODUCTS

GASES N.G.

CCC-NOX-BACT 12-10.xls RHEAT-SCR 8 OF 25



1/6/2011

HEAT BALANCE FOR REHEAT FLUE GASES (SCR)

MASS BALANCE 177.3 PPM NOX
LB/MIN KG/MIN

SOURCE GASES 45446.76 20657.61813
COMBUSTION AIR 7204.75 3274.886483
N.GAS 391.30 177.8644148
TOTAL 53042.81 24110.36903
COMBUSTION PRODUCTS 52972.22 24078.28157
DIFFERENCE 0.13 0.13 %

Cp-BTU/LB-oF Cp KJ/Kg-K T-oF LB/MIN KG/MIN h-BTU/MIN h KJ/MIN
N2 0.2474 0.066 131.00 27656.63 12571.19616 677495.07 643
O2 0.2153 0.057 131.00 6113.72 2778.963081 130318.13 124
CO 0.2050 0.055 131.00 11.61 5.275555654 235.58 0
CO2 0.2050 0.055 131.00 6994.77 3179.439749 141976.81 135
SO2 0.1311 0.035 131.00 0.56 0.253973351 7.25 0
NO 0.2050 0.055 131.00 7.60 3.454545455 154.26 0
H2O 1114.2 533.7913 131.00 4661.88 2119.03507 5194148.71 4928
TOTAL 45446.76 20657.61813 6,144,336 5830

Cp-BTU/LB-oF Cp KJ/Kg-K T-oF LB/MIN KG/MIN h-BTU/MIN h KJ/MIN
N2 0.2468 0.066 70.00 5473.52 2487.965158 51326.65 49
O2 0.2147 0.057 70.00 1653.46 751.5728082 13489.92 13
H2O 1086.3 520.5 70.00 77.77 35.34851704 84481.12 80
TOTAL 7204.75 3274.886483 149298 142

TOTAL GASES 6293634 5971

BTU/LB GJ/KG LB/MIN KG/MIN h-BTU/MIN h KJ/MIN
CO 4339.0 0.01 8.70 3.956666741 37770 36
NAT. GAS 22077 0.05 391.30 177.8644148 8638768 8196
FUEL TOTAL 8676537 8232

TOTAL 14,970,171
RADIATION LOSSES 2.00 299,403
NET ENTHALPY FLUE GASES 14,670,768

INPUT ENTHALPY PRIMARY AIR

INPUT ENTHALPY FLUE GASES
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HEAT BALANCE FOR REHEAT FLUE GASES (SCR)

Cp-BTU/LB-oF Cp KJ/Kg-K T-oF LB/MIN KG/MIN h-BTU/MIN h KJ/MIN % wt SCFM NM3/HR PPM(WET)
N2 0.2532 0.067 650.00 33126.28 15057.4 5182497 4917 62.54 456148.9 725626.5
O2 0.2205 0.059 650.00 6281.95 2855.4 856035 812 11.86 75697.5 120417.0
CO2 0.2289 0.061 650.00 7998.33 3635.6 1131446 1073 15.10 69985.4 111330.4
CO 0.2289 0.061 650.00 2.90 1.3 410 0 0.01 39.9 63.5 55.39
SO2 0.1741 0.046 650.00 3.22 1.5 346 0 0.01 19.4 30.9
NO 0.2289 0.061 650.00 2.08 0.9 294 0 0.00 17.3 27.5
H2O 1351.00 647.3 650.00 5551.23 2523.3 7499740 7116 10.48 118851.9 189065.7
TOTAL 52965.99 24075.4 14670768 13919 100 720760.3 1146561.5

NET DIFFERENCE 0

REHEAT  TEMPERATURE 650.0 oF NOX EF= 83.00 LB/MMFT3
343.3 OC NOX 0.71 LB/MIN

N.GAS USAGE 391.30 LB/MIN
N.GAS USAGE 177.86 KG/MIN CO EF= 61.00 LB/MMFT3
N.GAS USAGE 518.33 MMBTU/HR CO T/YR

546.32 GJ/HR
8506.55897 SCF/MIN SO2 EF= 0.60 LB/MMFT3

FLUE GAS OXYGEN 12.57 % SO2 T/YR

INLET FUEL CONCENTRATION 12.17 BTU/SCF SCR EFF= 75 %

DSCFM NM3/HR WSCFM NM3/HR ACFM AM3/HR
INLET 515933 820729 615743 979504 1294461 2209857
OUTLET 602061 957739 720913 1146804 1515556 2587302

STEAM ENTHALPY AT ATMOSHERIC PRESSURE

A0 A1 A2 C

H2O 4.563E-01 1.666E-05 2.232E-07 1.069E+03

FLUE GAS VOLUME SUMMARY @ COMBUSTOR

OUTPUT ENTHALPY

CCC-NOX-BACT 12-10.xls RHEAT-SCR 10 OF 25



1/6/2011

COST ESTIMATE
SCR NOX CONTROL OPTION

FACTOR COST
CAPITAL COSTS

DIRECT COST
BASIC SCR UNIT 2,000,000
EQUIPMENT TOTAL 2,000,000
OTHER INSTRUMENTS 100,000

TAXES 0.06 120,000
FREIGHT 0.10 200,000
TOTAL 2,420,000

INSTALLATION FOUNDATIONS 0.08 193,600
ERECTION 0.14 338,800
ELECTRICAL 0.10 242,000
PIPING 0.15 363,000
INSULATION 0.01 24,200
SITE PREPARATION 0.02 48,400
TOTAL 0.50 1,210,000

DIRECT COSTS TOTAL 3,630,000

INDIRECT COSTS ENGINEERING/DESIGN 0.10 242,000
CONST/FIELD EXPENSE 0.05 121,000
CONTR.FEE 0.03 72,600
START-UP 0.01 24,200
PERFORMANCE TEST 0.01 24,200
CONTINGENCIES 0.20 484,000
TOTAL 968,000

RETROFIT PREMIUM (N/A) 0

TOTAL CAPITAL COST 4,598,000
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COST ESTIMATE
SCR NOX CONTROL OPTION

OPERATING COST(DIRECT)

UTILITIES PUMP PRESSURE 80.00 PSIG
LIQUOR DENSITY 11.00 LB/GAL

1.32 SG
0.0122 FT3/LB

PUMP VOLUME 20 GPM
13200 LB/HR

PUMP HORSEPOWER 124.00 BHP
CONNECTED LOAD 124.00 BHP
POWER 92.47 KWHr
HOURS OPERATED 8760 HRS
ELECTRICAL COST 0.0550 $/KWHr
ANNUAL COST 44,551 $/YR

NATURAL GAS 518.33 MMBTU/HR
COST 7.480 $/MMBTU
ANNUAL COST 33,963,212 $/YR

REAGENTS UTILIZATION 1.00
MOLAR RATIO 1.05
USAGE 4696 T/YR
UNIT COST 0.14 $/LB
COST $1,314,977

MAINTENANCE LABOR & MATERIALS
15% OF DIRECT CAPITAL COST 689,700 $/YR

(INCLUDES CATALYST REPLACEMENT EVERY 3 YEARS)
MAINTENANCE LABOR HR/YR 1000

COST $/HR 21.00
COST $/YR 21,000

OPERATOR LABOR HR/YR 8760
COST $/HR 25.00
COST $/YR 219,000

SUPERVISOR LABOR HR/YR 1752
COST $/HR 30.00
COST $/YR 52,560

TOTAL DIRECT OPERATING COST 36,305,001
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COST ESTIMATE
SCR NOX CONTROL OPTION

OPERATING COST(INDIRECT) OVERHEAD % 60.00
$/YR 175,536

PROPERTY TAX % 0.42
$/YR 19,312

INSURANCE % 1.00
$/YR 45,980

ADMINISTRATION % 2.00
$/YR 91,960

CAPITAL RECOVERY %-INTEREST 7.00
LIFE-YEARS 15.00
FACTOR 0.109795
$/YR 504,836

TOTAL INDIRECT OPERATING COST 837,623

TOTAL ANNUAL COST $/YR $37,142,624

EXPECTED NOx(PRE-SCR) LB/TON 2.80
T/YR 3066

EXPECTED NOx(POST-SCR) LB/TON 0.700

REDUCTION T/YR 2,300
% 75

$/TON $16,152
$/TON-CLK $16.96
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INPUTS FLUE GAS STREAM
LB/MIN KG/MIN LB/HR SCFM NM3/HR % PPM(WET) PPM(DRY) h

CO 11.61 5.28 696.37 159.70 254.0 0.03 259.4 309.5
O2 6113.72 2778.96 366823.13 73670.31 117192.3 11.96
N2 27656.63 12571.20 1659397.89 380831.82 605814.6 61.85
SO2 0.56 0.25 33.52 3.37 5.4 0.00 5.5
NO 7.60 3.45 456.00 63.23 100.6 0.01 102.7
H2O 4661.88 2119.04 279712.63 99810.79 158775.7 16.21
CO2 6994.77 3179.44 419686.05 61204.22 97361.6 9.94
TOTAL(WET) 45446.76 20657.62 2726805.59 615743.43 979504.2 100.00 6,144,324
TOTAL(DRY) 40784.88 18538.58 2447092.96 515932.64 820728.5

INLET 1039067.04 ACFM
1774391.42 AM3/HR

REHEAT 300.00
431.00 oF TEMPERATURE AFTER RTO REHEAT
221.67 C

BURNER COMBUSTION AIR

LB/MIN KG/MIN
DRY AIR 668.1 303.69

O2 155.01 70.46 48.59 MMBTU/HR
N2 513.12 233.24 8.3 LB/1000BTU

H2O 7.29 3.31 668.1 LB/MIN
WET AIR 675.42 307.01

MOISTURE 0.0109 lb/lb DA
0.0109 KG/KG DA

T= 70 oF
21 C

RH 50 %

LB/MIN KG/MIN LB/HR SCFM NM3/HR

O2 155.01 70.46 9300.34 1868.41 2972.2
N2 513.12 233.24 30787.32 7060.56 11231.7
DRY GAS 668.13 303.69 40087.65 8928.97 14203.9
H2O 7.2903 3.31 437.42 156.09 248.3

HEAT BALANCE FOR REHEAT FLUE GASES (RSCR)

COMBUSTION AIR
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HEAT BALANCE FOR REHEAT FLUE GASES (RSCR)

TOTAL 675.42 307.01 40525.07 9085.06 14452.2

TOTAL HEATER INPUTS
LB/MIN KG/MIN LB/HR SCFM NM3/HR %WET %DRY

CO 11.61 5.276 696.37 159.70 254.0 0.03 0.03
O2 6268.72 2849.420 376123.46 75538.72 120164.5 12.09 14.39
N2 28169.75 12804.433 1690185.21 387892.37 617046.3 62.08 73.90
SO2 0.56 0.254 33.52 3.37 5.4 0.00 0.00
NO 7.60 3.455 456.00 63.23 100.6 0.01 0.01
CO2 6994.77 3179.440 419686.05 61204.22 97361.6 9.80 11.66
TOTAL 41453.01 18842.277 2487180.62 524861.61 834932.4
H2O 4669.17 2122.349 280150.05 99966.88 159024.0 16.00
TOTAL 46122.18 20964.626 2767330.66 624828.49 993956.4 100.00 100.00

HHV FUELS
CO 4339 BTU/LB

0.0101 GJ/KG
N.G. 22077 BTU/LB

0.0512 GJ/KG

AUXILIARY FUEL RATE
N.G. 36.68 LB/MIN

16.67 KG/MIN
HEAT INPUTS

CO 37,770 BTU/MIN 4.46 %
0.040 GJ/MIN

3,021,564 BTU/HR
3.1847 GJ/HR

N.G. 809,852 BTU/MIN 95.54 %
0.854 GJ/HR

48,591,092 BTU/HR
51.215 GJ/HR

TOTAL 847,621 BTU/MIN
0.893 GJ/HR

51,612,656 BTU/HR
54.400 GJ/HR
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HEAT BALANCE FOR REHEAT FLUE GASES (RSCR)

FUEL ANALYSIS
CO % N.G.%

C 42.85 69.12
H 0.00 23.20
O 57.15 1.58
N 0.00 5.76
S 0.00 0.34
TOTAL 100.00 100.00

LB/MIN KG/MIN LB/MIN KG/MIN LB/MIN KG/MIN
C-CO2 0.00 0 67.45 30.66 67.45 30.657
CO-CO2 4.96 2.26 0.00 0 4.96 2.255
H2-H2O 0.00 0 67.57 30.72 67.57 30.715
S-SO2 0.00 0 0.12 0.06 0.12 0.057
N-NO 0.00 0 4.83 2.19 4.83 2.195
NET 4.96 2.26 139.97 63.62 144.93 65.879
O2 BOUND 6.63 3.01 0.58 0.26 7.21 3.278
O2 EXCESS -137.72 -62.600
COMBUSTION AIR 6268.72 2849.420
NET O2 EXCESS 6131.00 2786.820

CO REMOVAL 75.00 %

FLUE GASES NG INPUT TOTAL TOTAL
LB/MIN LB/MIN LB/MIN LB/MIN KG/MIN SCFM NM3/HR %DRY %WET PPM DRY

CO2 13.65 92.80 6994.77 7101.22 3227.83 62217.33 98973.3 11.87 9.94
CO 0.00 0.00 2.90 2.90 1.32 39.93 63.5 0.01 0.01 76.2
H2O 0.00 76.08 4669.17 4745.25 2156.93 101595.83 161615.3 16.24
N2 0.00 0.00 28169.75 28166.18 12802.81 387882.04 617029.9 74.02 62.00
O2 EXCESS 0.00 0.00 6131.00 6131.00 2786.82 73847.95 117474.9 14.09 11.80
SO2 0.00 0.25 0.56 0.81 0.37 4.87 7.7 0.00 0.00 9.3
NO 0.00 0.07 7.60 7.67 3.48 64.24 102.2 0.01 0.01 122.6
TOTAL 13.65 169.20 45975.75 46155.03 20979.56 625652.18 100.00
TOTAL(DRY) 524056.36 100.00

GASES N.G. TOTAL

FLOW

OXYGEN REQUIRED

FLUE GAS PRODUCTS
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HEAT BALANCE FOR REHEAT FLUE GASES (RSCR)

MASS BALANCE 188.0 PPM NOX
LB/MIN KG/MIN

SOURCE GASES 45446.76 20657.61813
COMBUSTION AIR 675.42 307.008115
N.GAS 36.68 16.67411039
TOTAL 46158.86 20981.30036
COMBUSTION PRODUCTS 46155.03 20979.55757
DIFFERENCE 0.01 0.01 %

Cp-BTU/LB-oF Cp KJ/Kg-K T-oF LB/MIN KG/MIN h-BTU/MIN h KJ/MIN
N2 0.2507 0.067 431.00 27656.63 12571.19616 2766925.93 2625
O2 0.2183 0.058 431.00 6113.72 2778.963081 532539.69 505
CO 0.2188 0.058 431.00 11.61 5.275555654 1013.36 1
CO2 0.2188 0.058 431.00 6994.77 3179.439749 610724.16 579
SO2 0.1560 0.042 431.00 0.56 0.253973351 34.78 0
NO 0.2188 0.058 431.00 7.60 3.454545455 663.57 1
H2O 1251.1 599.3765 431.00 4661.88 2119.03507 5832336.69 5534
TOTAL 45446.76 20657.61813 9,744,238 9245

Cp-BTU/LB-oF Cp KJ/Kg-K T-oF LB/MIN KG/MIN h-BTU/MIN h KJ/MIN
N2 0.2468 0.066 70.00 513.12 233.2372427 4811.68 5
O2 0.2147 0.057 70.00 155.01 70.45708372 1264.63 1
H2O 1086.3 520.5 70.00 7.29 3.313788627 7919.78 8
TOTAL 675.42 307.008115 13996 13

TOTAL GASES 9758234 9258

BTU/LB GJ/KG LB/MIN KG/MIN h-BTU/MIN h KJ/MIN
CO 4339.0 0.01 8.70 3.956666741 37770 36
NAT. GAS 22077 0.05 36.68 16.67411039 809852 768
FUEL TOTAL 847621 804

REHEATED GAS ENTHALPY 9,546,117.15     BTU/MIN
REHEAT ENTHAPY 3,401,793.31     BTU/MIN
RSCR ENTHALPY 10,393,738.23   
STACK ENTHALPY 6,991,378.23     
CALCULATED STACK ENTHALPY 6,991,944.93     
DELTA 566.70               

INPUT ENTHALPY PRIMARY AIR

INPUT ENTHALPY FLUE GASES
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HEAT BALANCE FOR REHEAT FLUE GASES (RSCR)

TOTAL 10,605,855
RADIATION LOSSES 2.00 212,117
NET ENTHALPY FLUE GASES 10,393,738
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1/6/2011

HEAT BALANCE FOR REHEAT FLUE GASES (RSCR)

Cp-BTU/LB-oF Cp KJ/Kg-K T-oF LB/MIN KG/MIN h-BTU/MIN h KJ/MIN % wt SCFM NM3/HR PPM(WET)
N2 0.2512 0.067 470.00 28166.18 12802.8 3098630 2940 61.03 387848.2 616976.1
O2 0.2187 0.058 470.00 6131.00 2786.8 587293 557 13.29 73878.6 117523.6
CO2 0.2206 0.059 470.00 7101.22 3227.8 686202 651 15.39 62135.7 98843.4
CO 0.2206 0.059 470.00 2.90 1.3 280 0 0.01 39.9 63.5 63.83
SO2 0.1592 0.042 470.00 0.81 0.4 56 0 0.00 4.9 7.7
NO 0.2206 0.059 470.00 1.92 0.9 185 0 0.00 15.9 25.4
H2O 1268.87 607.9 470.00 4745.25 2156.9 6021091 5713 10.28 101595.8 161615.3
TOTAL 46149.28 20976.9 10393738 9861 100 625519.1 995055.0

NET DIFFERENCE 0

REHEAT  TEMPERATURE 470.0 oF NOX EF= 83.00 LB/MMFT3 CAT, ACTIVATION TEMPERAURE
243.3 OC NOX 0.07 LB/MIN

N.GAS USAGE 36.68 LB/MIN
N.GAS USAGE 16.67 KG/MIN CO EF= 61.00 LB/MMFT3
N.GAS USAGE 48.59 MMBTU/HR CO T/YR

51.22 GJ/HR
797.457453 SCF/MIN SO2 EF= 0.60 LB/MMFT3

FLUE GAS OXYGEN 14.09 % SO2 T/YR

INLET FUEL CONCENTRATION 1.36 BTU/SCF SCR EFF= 75 %

Cp-BTU/LB-oF Cp KJ/Kg-K T-oF LB/MIN KG/MIN h-BTU/MIN h KJ/MIN % wt SCFM NM3/HR PPM(WET)
N2 0.2481 0.066 192.50 28166.18 12802.8 1121632 1064 61.03 387848.2 616976.1
O2 0.2159 0.057 192.50 6131.00 2786.8 212471 202 13.29 73878.6 117523.6
CO2 0.2079 0.055 192.50 7101.22 3227.8 236896 225 15.39 62135.7 98843.4
CO 0.2079 0.055 192.50 2.90 1.3 97 0 0.01 39.9 63.5 63.83
SO2 0.1203 0.032 192.50 0.81 0.4 16 0 0.00 4.9 7.7
NO 0.2079 0.055 192.50 1.92 0.9 64 0 0.00 15.9 25.4
H2O 1142.24 547.2 192.50 4745.25 2156.9 5420202 5143 10.28 101595.8 161615.3
TOTAL 46149.28 20976.9 6991378 6633 100 625519.1 995055.0

FLUE GAS TEMPERATURE 192.50 F REHEAT= 300
DELTA= 566.70       

OUTPUT ENTHALPY

OUTPUT ENTHALPY
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1/6/2011

HEAT BALANCE FOR REHEAT FLUE GASES (RSCR)

DSCFM NM3/HR WSCFM NM3/HR ACFM AM3/HR
INLET 515933 820729 615743 979504 1084548 1851502
OUTLET 524056 833651 625652 995267 1102001 1881297

STEAM ENTHALPY AT ATMOSHERIC PRESSURE

A0 A1 A2 C

H2O 4.563E-01 1.666E-05 2.232E-07 1.069E+03

FLUE GAS VOLUME SUMMARY @ COMBUSTOR
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COST ESTIMATE
RSCR NOX CONTROL OPTION

FACTOR COST (HRE)
CAPITAL COSTS

DIRECT COST
BASIC SCR UNIT 13,442,731 5143578
EQUIPMENT TOTAL 13,442,731
OTHER INSTRUMENTS + AUX EQUIP 300,000

TAXES 0.06 806,564
FREIGHT 0.10 1,344,273
TOTAL 15,893,568 5297856

INSTALLATION FOUNDATIONS 0.08 1,271,485 423831
ERECTION 0.14 2,225,100 741704
ELECTRICAL 0.04 635,743 211915
PIPING 0.02 317,871 105958
INSULATION 0.01 158,936 52979
PAINTING 0.01 158,936 52000
TOTAL 0.30 4,768,070

DIRECT COSTS TOTAL 20,661,638

INDIRECT COSTS ENGINEERING/DESIGN 0.10 1,589,357 529789
CONST/FIELD EXPENSE 0.05 794,678 264894
CONTR.FEE 0.10 1,589,357 529789
START-UP 0.02 317,871 105958
PERFORMANCE TEST 0.01 158,936 52979
CONTINGENCIES 0.03 476,807 158937
TOTAL 4,927,006

RETROFIT PREMIUM (N/A) 0

TOTAL CAPITAL COST 25,588,644 8529596
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COST ESTIMATE
RSCR NOX CONTROL OPTION

OPERATING COST(DIRECT)

UTILITIES REAGENT PUMP PRESSURE 80.00 PSIG
LIQUOR DENSITY 11.00 LB/GAL

1.32 SG
0.0122 FT3/LB

PUMP VOLUME 14 GPM
9151 LB/HR

PUMP HORSEPOWER 85.97 BHP

ID FAN STATIC PRESSURE 14.00 IN H2O
FAN VOLUME 657724 ACFM
FAN POWER 2078.41 BHP

COMBUSTION AIR FAN 15.00 IN H2O
FAN VOLUME 9085 ACFM
FAN POWER 30.76 BHP

COMPRESSED AIR 25.00 BHP

CONNECTED LOAD 2220.13 BHP
POWER 1655.55 KWHr
HOURS OPERATED 8760 HRS
ELECTRICAL COST 0.0550 $/KWHr
ANNUAL COST 797,645 $/YR

NATURAL GAS 48.59 MMBTU/HR
COST 7.480 $/MMBTU
ANNUAL COST 3,183,922 $/YR

REAGENTS UTILIZATION 1.00
MOLAR RATIO (NH3/NOX) 1.05
USAGE 4696 T/YR
UNIT COST 0.14 $/LB
COST $1,314,977

CATALYST REPLACEMENT PURCHASED COST $2,022,000 674000
CHANGES/YR 0.5
ANNUAL COST 1,011,000

MAINTENANCE LABOR & MATERIALS
MATERIALS 5% OF DIRECT CAPITAL COST 1,033,082 $/YR

(EXCLUDES CATALYST REPLACEMENT)
MAINTENANCE LABOR HR/YR 1000

COST $/HR 21.00
COST $/YR 21,000
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COST ESTIMATE
RSCR NOX CONTROL OPTION

RTO CLEANING LABOR HR/YR 1000
COST $/HR 21.00
COST $/YR 21,000

OPERATOR LABOR HR/YR 8760
COST $/HR 25.00
COST $/YR 219,000

SUPERVISOR LABOR HR/YR 1752
COST $/HR 30.00
COST $/YR 52,560

TOTAL DIRECT OPERATING COST 7,654,186
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COST ESTIMATE
RSCR NOX CONTROL OPTION

OPERATING COST(INDIRECT) OVERHEAD % 60.00
$/YR 175,536

PROPERTY TAX % 0.42
$/YR 107,472

INSURANCE % 1.00
$/YR 255,886

ADMINISTRATION % 2.00
$/YR 511,773

CAPITAL RECOVERY %-INTEREST 7.00
LIFE-YEARS 15.00
FACTOR 0.109795
$/YR 2,809,496

TOTAL INDIRECT OPERATING COST 3,860,163

TOTAL ANNUAL COST $/YR $11,514,349

EXPECTED NOx(PRE-SCR) LB/TON 2.80 BASELINE
T/YR 3066

EXPECTED NOx(POST-SCR) LB/TON 0.700

REDUCTION IN NOX T/YR 2,300
% 75

$/TON $5,007
$/TON-CLK $5.26
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POWER COST 0.055 $/KWH

PROPERTY TAX RATE 0.42 $/100 New Hanover
0.4200 %

CAPITAL RECOVERY RATE 7 %

LABOR COSTS

SUPERVISOR 30.00 $/HR
OPERATOR 25.00 $/HR
1ST CLASS MAINTENANCE 21.00 $/HR
1ST CLASS ELECTRICIAN 21.00 $/HR
1ST CLASS WELDER 21.00 $/HR
GENERAL LABOR 19.00 $/HR

NATURAL GAS 7.88 $/GJ 7.48 $/MMBTU PSNC

PLANT COSTS
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