
 
 
 

 
 
 
 
 
 
 

CONTROL TECHNOLOGY ANALYSIS 
 
 
 
 
 
 
 
 

Prepared for 
 

Carolinas Cement Company LLC 
Castle Hayne, North Carolina Plant 

 
 
 
 
 
 

PN 050020.0051 
 
 
 
 
 

Prepared by 
 

Environmental Quality Management, Inc. 
Cedar Terrace Office Park, Suite 250 
3325 Durham-Chapel Hill Boulevard 

Durham, North Carolina  27707 
 
 
 

February 25, 2008 
(Revised April 8, 2008) 



ii 

 
 
 

CONTENTS 
 
 
Section               Page 
 
Tables............................................................................................................................................. iv 
 
1     Introduction.............................................................................................................................. 1 

1.1 Project Description ...................................................................................................... 1 
1.2 Cement Manufacturing and Control Technology Requirements ................................ 1 
1.3       Control Technology Requirements ..............................................................................2 

 
2     BACT Analysis for PM and PM10 ........................................................................................... 4 

2.1 Sources of PM/PM10.................................................................................................... 4 
2.2 Identification of Control Options for PM.................................................................... 4 
2.3 Elimination of Technically Infeasible Options for PM............................................... 8 
2.4 Ranking of Technically Feasible PM Control Options ............................................... 9 
2.5 Evaluation of Technically Feasible PM Control Options ......................................... 12 
2.6 Review of Recent Permit Limits ............................................................................... 15 
2.7 Selection of BACT for PM........................................................................................ 15 

 
3     BACT Analysis for SO2......................................................................................................... 19 

3.1 Description of SO2 Reaction Processes..................................................................... 19 
3.2 Identification of SO2 Control Options ...................................................................... 20 
3.3 Elimination of Technically Infeasible SO2 Control Options..................................... 28 
3.4 Ranking of Technically Feasible SO2 Control Options............................................. 31 
3.5 Evaluation of Technically Feasible SO2 Control Options......................................... 32 
3.6 Review of Recent Permit Limits ............................................................................... 32 
3.7 Selection of BACT for SO2 ....................................................................................... 34 

 
4     BACT/LAER Analysis for NOx............................................................................................. 35 

4.1 NOx Formation and Control Mechanisms ................................................................. 35 
4.2 Identification of NOx Control Options ...................................................................... 38 
4.3 Elimination of Technically Infeasible NOx Control Options .................................... 47 
4.4 Ranking of Technically Feasible NOx Control Options............................................ 49 
4.5 Evaluation of Technically Feasible NOx Control Options ........................................ 49 
4.6 Review of Recent Permit Limits ............................................................................... 49 
4.7 Selection of BACT for NOx ...................................................................................... 51 

 



iii 

CONTENTS (continued) 
 
 
Section               Page 
 
5     BACT Analysis for CO and VOC ......................................................................................... 52 

5.1 CO and VOC Formation Processes ........................................................................... 52 
5.2 Identification of CO/VOC Control Options .............................................................. 54 
5.3 Elimination of Technically Infeasible CO/VOC Control Options ............................ 56 
5.4 Ranking of Technically Feasible CO/VOC Control Options.................................... 58 
5.5 Evaluation of Technically Feasible CO/VOC Control Options ................................ 58 
5.6 Review of Kiln Permit Limits ................................................................................... 58 
5.7 Selection of BACT for CO and VOC........................................................................ 61 

 
6     Summary of Proposed BACT Emission Limits..................................................................... 62 
 
Appendices 
 
A     Cost Calculations for SO2 and NOx 

 
 

 
 
 

 



iv 

 

TABLES 
 
 
Number           Page 
 

1     Ranking of Technically Feasible Control Options Non-Fugitive Process Sources - PM... 10 

2     Ranking of Technically Feasible Control Options Paved Roads - PM10............................ 11 

3     Ranking of Technically Feasible Control Options Unpaved Roads - PM10 ....................... 12 

4     Summary of PM BACT Determinations for Cement Kilns and Coolers Since 2000......... 16 

5     SO2 Reaction Processes ...................................................................................................... 19 

6     Ranking of Technically Feasible Control Options Preheater/Precalciner Kiln             

System - SO2 ...................................................................................................................... 31 

7     Summary of Impact Analysis for SO2 ................................................................................ 32 

8     Summary of Recent SO2 Permit Determinations for Cement Kilns (2000-Present) .......... 33 

9     Ranking of Technically Feasible Control Options Preheater/Precalciner Kiln           

Systems - NOx .................................................................................................................... 49 

10   Summary of Impact Analysis for NOx................................................................................ 49 

11   Summary of Recent NOx Permit Determinations for Cement Kilns (2000-Present).......... 50 

12   Summary of Recent CO Permit Determinations for Cement Kilns (2000-Present) ........... 59 

13   Summary of Recent VOC Permit Determinations for Cement Kilns (2000-Present) ........ 60 

14   Proposed BACT Limits....................................................................................................... 62 

 

 
 
 

 



 1 

 
 
 

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, 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 2,310,000 tons/yr of cement.  Fuels may include coal, 

petroleum coke, fuel oil, and natural gas.  The raw materials for clinker production may include 

limestone/marl, clay, quarry spoils, bauxite, fly ash/bottom ash, sand, and/or mill scale.  

Synthetic gypsum or natural gypsum 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,  

truck and/or barge.  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 

natural gas.  Burning an appropriately proportioned mixture of raw materials at a suitable 

temperature produces hard fused nodules called "clinker," which are cooled and then mixed with 
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calcium sulfate (gypsum) 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 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); 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) 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 DENR determines 

that technological or economic limitations on the application 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 
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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.   

In this 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 
 (4) Review of PSD permits for Portland cement plants.   
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SECTION 2 

BACT ANALYSIS FOR PM AND PM 10 
 
 
2.1 Sources of PM/PM10  
 
 PM and PM10 (hereafter referred to as PM but also applies to the PM10 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).   

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 (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 

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 on raw material processing 
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(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 for these processes.  

Furthermore, no evaluation was made 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.  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.   

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 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.   

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 the 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.   

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.   
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The primary advantages of baghouses include: high removal efficiencies, 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).   

2.2.2 Electrostatic Precipitator (ESP) Systems 

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).   

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 an ESP for PM control are the high PM collection 

efficiency, low pressure drop, relatively low operating costs, and its ability to operate effectively 

at relatively high temperature and flow rates.   

 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.   

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.  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 
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(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. Wet scrubbers are capable of removing 80 to 

99 percent of the PM from exhaust gas streams when properly designed and operated.   

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

technology with specific design parameters for specific applications. The primary disadvantages 

of a wet scrubber are their lower PM control efficiencies, a requirement to treat and/or dispose of 

effluent, 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 Cyclone Collectors and Inertial Separator Systems 

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

removing larger diameter 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.   

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 

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.   
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2.2.5 Water Sprays, Enclosures and Other PM Control Systems 

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

at Portland cement plants include water sprays and enclosures for 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 preheater/precalciner kilns, clinker coolers, and other process sources.  

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

2.3.2 ESP Systems 

ESP control systems have been proven to be technically feasible control technologies for 

preheater/precalciner kilns and clinker coolers.  Therefore, this technology must be considered 

further for these types of sources.   

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.   
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2.3.3 Wet Scrubbing Systems 

Wet scrubbing systems are not considered technically feasible PM control technologies 

for preheater/precalciner kilns and clinker coolers because wet scrubbing systems are not capable 

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

2.3.4 Cyclone Collector and Inertial Separator Systems 

Cyclone collector and inertial separator systems can be used to control 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.   

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.   

2.3.5 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.   

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 in a top-down manner.  The control efficiencies 

listed are typical values for the indicated technology.   



 10 

2.4.1 Preheater/Precalciner Kiln and Clinker Cooler System 

Two technologies are considered to be technically feasible for controlling PM emissions 

from the preheater/precalciner kiln and clinker cooler system to levels below the NSPS or 

NESHAP standards.  The maximum control efficiency for a fabric filter baghouse system on a 

PH/PC kiln system is in excess of 99.9 percent.  The maximum control efficiency for an ESP 

system on a PH/PC kiln system is also in excess of 99.9 percent.  Because the two technologies 

have similar control efficiencies and because they are both the maximum control technology 

options available, CCC has the option to choose either technology as BACT.  Because CCC has 

selected a fabric filter, representing 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 O PTIONS 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:   

2.4.3.1 Quarrying Operations 

 Quarrying operations include ripping and loading of limestone rock and marl into loaders 

for transport to the primary crusher hopper.  The control technologies that are technically 



 11 

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.   

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 O PTIONS 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.   
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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 

area will remain unpaved.  Vehicle traffic on these roads will be limited to 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 O PTIONS 
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 top-down 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, 
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and environmental considerations.  The evaluation of the most effective control technologies for 

PM emissions for the proposed modification is presented below.   

2.5.1 Preheater/Precalciner Kilns and Clinker Coolers 

Baghouses 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 PM10 emissions from the preheater/precalciner kiln and 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 stone removal and loading operations.  Best management practices include 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.  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.   
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2.6 Review of Recent Permit Limits 

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

since 2000.   

 

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 kiln, clinker cooler, and 

other sources as specified in Section 2.5.2.   

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

more detail in Regulatory Analysis Report.   

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 

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 stone removal and truck 

loading operations.   

 

 



16 

TABLE 4.  SUMMARY OF PM BACT DETERMINATIONS FOR CEM ENT 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) 
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Company 

 
Location 

New/ 
Mod 

Permit 
Date 

Technology 
Applied 

In 
Operation 

 
Kiln Limit 

 
Units 

Cooler 
Limit 

 
Units 

 
Test Method 

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 

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 
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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 both from the sulfur compounds in the raw materials and 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 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.   

 

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 calcine the raw 

feed before it enters the kiln.  The counter flow of raw materials and exhaust gases in the raw 

mill and preheater and precalciner, 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 
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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 SOx 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 projected control efficiency 

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

estimated using projected operating data.  These data include measurements of the sulfur 

entering the system as SO3 in the raw feed and fuel, and projected stack emissions.   

The proposed preheater/precalciner kiln system is designed to receive 3.38 million tons 

of virgin kiln feed (dry basis) annually, at an average estimated SO3 concentration of 

approximately 0.5 percent by weight.  The maximum coal (as 100% fuel) throughput will be 
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approximately 263,000 tons/yr with a typical sulfur content of 0.8 percent.  The sulfur in the raw 

materials and fuel is converted to a potential SO2 mass quantity basis by using the following 

equations:   

2
3

2 480,13
0.80

0.64
005.0000,380,3 SOtons

SOlb

SOlbs
materialrawtons =××  

 

2
2 208,4

0.32

0.64
008.0000,263 SOtons

Slb

SOlbs
coaltons =××  

 

The projected annual SO2 emissions from the preheater/precalciner kiln system are 1084 

tons.  Therefore, the estimated annual average control efficiency is:   

 

efficiencycontrol
SOtons

SOtons
%9.93100*

688,17

1084
1

2

2 =







−  

 

 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.  This estimated control 

efficiency constitutes the base case for the analysis of additional SO2 control options.   

 Variations in fuel sulfur content are expected to have very little if any impact on SO2 

emissions as previously demonstrated by stack testing and experience at other cement plants.  

Thus, reporting the above calculation using a fuel sulfur content between 0.5 and 3.0 percent, the 

estimated control efficiency ranges from 93.3 to 96.3 percent.   

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 
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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.   

Sulfur is also present 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 and PM10 emissions.   

3.2.3 Flue Gas Desulfurization Systems 

Three types of Flue Gas Desulfurization (FGD) systems exist that could provide control 

of SO2 emissions from Portland cement kilns:   

1. Wet scrubbing 
2. Wet absorbent addition 
3. Dry absorbent addition.   

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 90 percent under various 

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

end of the range.  Wet scrubbing can also remove particulate matter, some 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 
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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 

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 introduces a new water 

pollution source.  Wastewater generated by the scrubber must be properly treated and disposed 

of.   

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 permits to install wet scrubbers.  The following describes the 

operations of four 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 
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removal efficiencies of between 70 to 90 percent.  Availability of the units is approximately 90 

percent of kiln run time.   

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.  No data are available on the performance 

but it is expected that it is similar to the Holcim experience.  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.   

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

part of current expansion projects.  These are at Lehigh Cement, Mason City, Iowa, and North 

Texas Cement, Whitewright, Texas.  The Texas Cement plant was never constructed, but Lehigh 

is in operation.   

Environmental Impacts 

 The use of wet scrubbers can have an adverse environmental impact 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).   

 In addition, saturation of the gas stream results in evaporation of large quantities of fresh 

water that has an impact on the supply in the area.   

Energy Impacts 

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

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

the need to reheat stack gases for dispersion and corrosion prevention has a significant energy 

impact.   

Product Impacts 

 The wet scrubber does not have an adverse process impact if the waste is landfilled, but 

can have an impact if synthetic gypsum is returned to the process.  Changes in process quality 

cannot be predicted until after scrubber startup in that the quality of synthetic gypsum is site 

specific.   
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3.2.3.2 Wet Absorbent Addition 
 

Wet absorbent addition 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 

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).   
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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 

effective absorption of SO2 and reaction to form sulfates.  SO2 removal effectiveness can vary 

between 50 and 90 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.   

Environmental Impacts 

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

location.   

Energy Impacts 

 The change in energy required to implement wet slurry injection is minimal and does not 

result in an adverse energy impact.   
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Process Impacts 

 The injection of wet slurry is not expected to have significant process impact in that it 

would be used mainly during mill-down periods, and the addition of Ca(OH)2 will not affect 

cement quality significantly.   

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.    

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 new cement plants.  Effectiveness and cost are specific 

to each application and depend on the gas stream conditions and residence time available for 

reaction.   
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Typically the molar ratio (Ca/S) for absorption is on the order of 3.0 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 expected to have a significant process impact 

because in general it would be used mainly during mill-down periods and the addition of 

Ca(OH)2 will not affect cement quality significantly.   

 

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.   

3.3.1 Inherent Dry Scrubbing 

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

in a potential SO2 emission reduction efficiency in the range of 93.3 to 96.3 percent based on a 

sulfur balance (see calculation in Section 3.2.1).  As an inherent process technology, these 

underlying reduction efficiencies are not comparable to other add-on SO2 control options.   
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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 low to 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 (approximately 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.  Based on the foregoing discussion, lowering 

raw material sulfur content (especially fuels) would have little effect on emissions and would 

adversely affect product quality.  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.   

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.   
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3.3.3 Flue Gas Desulfurization Systems 

 Three 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 500 gallons of water per minute.  A large amount of the water would be vaporized 

and emitted as a steam plume from the stack.  The steam plume that would occur would be 

visually unappealing to neighbors in the area.  The sludge from the wet scrubber would require 

treatment and disposal.   

Because a scrubber would be located downstream of the PM10 control device, aerosols 

from the scrubber could be emitted from the kiln stack.  These aerosols would increase the PM10 

loading from the source, and would tend to build up on equipment used in the exhaust gas 

processing system (ID fans, etc.).  Nonetheless, this technology may be 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) 

There are no known applications of a full-scale WAA control system in the Portland 

cement industry.  To meet California regulations, one Portland cement plant has experimented 

with a pilot scale lime spray drying system to reduce SO2 emission levels.  The pilot study 

showed an additional removal efficiency (beyond the inherent scrubbing efficiency of the kiln 

system) of only 24 percent during normal operating conditions.   

The major problems 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 process that takes 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 
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the raw mill to aid in the grinding and drying process.  If the WAA system were 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.   

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.   

 

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 (applied after the baghouse with supplemental 

firing of the exhaust gas), WAA, and DAA.   

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

gases would not be treated by a WAA or DAA system.   

For WAA the efficiency during mill-on conditions would be very low because of the high 

temperature and low residence time at the point of injection (between the preheater and the raw 

mill).  Because the raw mill itself scrubs out SO2, the use of this technology would have little 

benefit during mill-on conditions.  During mill off conditions (approximately 10% of the time), 

water is injected to lower the gas temperature prior to the baghouse.  At these lower 

temperatures, this technology is more effective as shown in Table 6.   

TABLE 6.  RANKING OF TECHNICALLY FEASIBLE CONTROL O PTIONS 
PREHEATER/PRECALCINER KILN SYSTEM - SO 2 

Control Technology Control Efficiency1 
Wet Scrubbing System (Post-baghouse) 75 
DAA (Preheater Gases) 20 
WAA (Preheater Gases, mill off only) 50 
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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Table 6 shows the ranking and the estimated control efficiency at the control point.  As 

noted above, because kiln gases in the coal mill circuit are uncontrolled, the system removal 

efficiency is reduced as shown in Section 3.5.   

 
3.5 Evaluation of Technically Feasible SO2 Control Options 
 

The fourth step in a BACT analysis for SO2 is to complete the top-down analysis of the 

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

on the basis of economic, energy, and environmental considerations.   

Table 7 presents a summary of the impact analysis for each of the above control options.  

The detailed cost calculations are presented in Appendix A.   

 

TABLE 7.  SUMMARY OF IMPACT ANALYSIS FOR SO 2 

Impacts  
 

Method 

System 
removal, 

% 

SO2 
Removed, 

tons/yr 

Capital 
Costs, 
MM$ 

Annualized 
Cost, 1000 

$ 

Cost 
Effectiveness 

$/ton SO2 
 

Environmental 
 

Product 
 

Energy 
Wet 
Scrubbing1 

75 813 26.9 11,341 13,949 Yes No Yes 

Dry 
Absorbent2 

18 197 2.02 2,008 10,171 No No No 

Wet 
Absorbent3 

8.4 91 3.14 756 8,327 No No No 

1System removal is lower than in Table 6 because coal mill gases are not controlled by wet 
scrubber.   
2System removal is lower than in Table 6 because coal mill gases are not controlled by DAA.   
3System removal is lower than in Table 6 because coal mill gases are not controlled by WAA 
and control system operates during mill-off periods only.   
 
 
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 DETERMINATIO NS 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   

Notes:         
2.  May never be built       
PC = Precalciner  NA = Not applicable   WS = Wet scrubber  S = Sulfur 
DAA = Dry absorbent addition (Preheater gases, mill-off only) WAA = Wet absorbent addition (Preheater gases only) 
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3.7 Selection of BACT for SO2 
 

Each of the above add-on technologies can be rejected on a cost effectiveness basis.  

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

coupled with the use of low-sulfur raw materials.  The requested BACT emission limits are 0.99 

lb/ton of clinker, 30-day rolling average and 1.80 lb/ton of clinker, maximum 24-hour rolling 

average) as measured by Continuous Emission Monitor (CEM).   

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/LAER ANALYSIS FOR NO X 
 
 
 The only sources of NOx emissions associated with the proposed project are the 

preheater/precalciner kiln system and the new 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 t0 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 number of European cement plants for NOx reduction and 

has been proposed at several new cement plants in the U.S.  The European systems consist of 

two precalciner plants (Sweden) and 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.   

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.  

A similar plume has been noted at Glens Falls, New York; Permanente, California; Redding, 
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California; Ravena, New York; Midlothian, Texas; Mississauga, Ontario; Edmonton, Alberta; 

and Exshaw, Alberta as result of naturally occurring ammonia in the kiln feed.   

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 two industrial applications (Solnhofen, 

Germany, and Monselice, 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 Monselice kiln has high ammonia and low sulfur in the feed and has experienced very high 

ammonia slip (120 mg/Nm3).  The Kirchdorf system is operating 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 after the preheater 

tower or before the PM control device (dirty side) or after the particulate control 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.   
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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; 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 

to SO3 in the catalyst bed which would increase SO3 emission 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.   
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 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).   

EPA’s Alternative Control Techniques (ACT) Document for NOx Emissions from 

Cement Manufacturing dated March 1994 (pages 6-32, 6-36, and 6-37), 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 control efficiency of 80 percent for 

SCR, however, this assumed efficiency is unproven in cement kilns.  A draft update to the ACT 

document dated April 2007 does not contain such conclusions on the technical feasibility of 

SCR.   

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 
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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 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 

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.   
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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.   

4.2.4 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.   

4.2.5 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.   

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.   
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4.2.6 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 

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 
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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.   

4.2.7 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 

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 
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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 

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 
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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 and will be evaluated further in this report.   

4.3.2 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.   

4.3.3 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.   

4.3.4 Mid-Kiln (Riser Duct) Firing 

The CCC kiln system will be designed to employ this technology as an 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.   

4.3.5 Staged Combustion (SC)/Calciner Modification 

SC will be employed on the CCC kiln.  No further evaluation is needed for the new kiln.    
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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) 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 O PTIONS 
PREHEATER/PRECALCINER KILN SYSTEMS – NO X 

Control Technology Control Efficiency Notes 
SCR (clean side) 60% 1.16 lb/ton clinker 
SNCR 30% 1.95 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 top-down 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.   

CCC is proposing to employ indirect firing, low NOx burners, SC, and SNCR.  Therefore, 

the evaluation was limited to the incremental effectiveness of installing SCR rather than SNCR.  

Table 10 presents a summary of the impact of the technically feasible control options.  The 

detailed cost calculations are presented in Appendix A.   

 

TABLE 10.  SUMMARY OF IMPACT ANALYSIS FOR NO x 
Impacts  

 
Method 

 
% 

removal* 

NOx, 
removed 
tons/yr 

Capital 
Costs, 
MM$ 

 
Annualized 
Cost MM$ 

Cost 
Effectiveness 

$/ton NOx 
 

Environmental 
 

Product 
 

Energy 
SNCR 30 931 2.71 2.04 2,191 Yes No No 
SCR 60 1,840 4.60 29.7 16,139 Yes No Yes 

 
 
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 NO X PERMIT DETERMINATIONS FOR CEMENT KILNS (2000-PRESE NT) 

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) 
Draft Lo NOx, MSC, SNCR NA No 

2.3 first 6 months, 1.95 
thereafter2 (1.2 beyond 

BACT) 
 

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 

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.  Use 

of SCR can be rejected on a cost basis, which exceeds $16,000 per ton of NOx removed.  The 

requested emission limit is 1.95 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 EPA’s NOx State Implementation Plan (SIP) call guidance for 

cement kilns.  This emission limit is equivalent to the lowest emission level currently 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 top-down 

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 DETERMINATIO NS 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  No 2.901 RTO 

Sumter Cement Sumter Co., FL 
PC 

(new) 
2/6/06 GC  No 

 
2.91 

RTO 

American Cement Sumter Co., FL 
PC    

(new) 
2/06 GC  No 2.91 RTO  

Florida Rock Industries – Kiln 2 Newberry, FL 
PC   

(new) 
7/22/05 GC  No 3.6 – 24 h RTO 

Rinker/Florida Crushed Stone – 
Kiln 2 

Brooksville, FL 
PC 

(new) 
7/6/05 GC  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 

(nod) 
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 75 Yes 1.56  

Notes:     GC – Good combustion          RTO – Regenerative Thermal Oxidizer          130-day rolling average     
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TABLE 13.  SUMMARY OF RECENT VOC PERMIT DETERMINATI ONS 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 85 Yes 0.34  

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 Kiln/raw mill/clinker 

cooler/coal mill 
Finish mills and 
other process 
sources 

0.14 lb/ton dry preheater feed* 
 
0.01 gr/scf 
 

10 
 

10 
 

Baghouse 
 
Baghouse 

Sulfur Dioxide (SO2) Kiln/raw mill (main 
stack) 
 

0.99 lb/ton clinker, 30-day 
rolling average 
1.80 lb/ton clinker, 24-h rolling 
average 

NA 
 

NA 

Process 
 
Process 

Nitrogen Oxides 
(NOx) 

Kiln/raw mill (main 
stack) 

1.95 lb/ton clinker, 30-day 
rolling average 
 

NA 
 

Low-NOx burner, 
indirect firing, SC, 
SNCR 

Carbon Monoxide 
(CO) 

Kiln/raw mill (main 
stack) 

2.80 lb/ton clinker, 30-day 
rolling average 

NA 
 

Good combustion 

Volatile Organic 
Compounds 

 Kiln/raw mill (main 
stack) 

0.16 lb/ton clinker, 30-day 
rolling average 

NA Good combustion 

*Filterable PM only – see discussion in Regulatory Analysis Report, Section 3.   
 
  

 



 

 
 
 
 
 
 
 
 
 
 

APPENDIX A 

COST CALCULATIONS FOR SO 2 AND NOX 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 

 


