BEST AVAILABLE CONTROL TECHNOLOGY DETERMINATION (BACT)


Florida Crushed Stone Company

Brooksville Plant

PSD-FL-351

Air Permit 0530021-009-AC

Hernando County

1. BACKGROUND

This permit authorizes Florida Crushed Stone Company to construct a dry process, preheater/precalciner kiln system to be located at 10311 Cement Plant Road, Hernando County.  The UTM coordinates are: Zone 17; 360.00 km E and 3162.5 km N.  The nearest distance of this site from the Chassahowitzka Class I PSD area is 20 kilometers.

The existing facility is an integrated facility that includes a Portland cement manufacturing plant, a power plant and a coal yard.  The power boiler is a coal fired unit that is allowed to generate a net delivered 150 MW.  The cement kiln I, in-line kiln/raw mill and clinker cooler I share a common baghouse fabric filter system (for particulate matter emissions control) and stack with the power plant.  Dry limestone injection is used to control SO2 emissions from the power boiler, which is then collected in the common baghouse fabric filter system.  Waste heat from the kiln is used to provide heat to the raw mill and the kiln preheater, which is used to drive off moisture from the materials used for making clinker.  All of the materials handling activities are controlled by fabric filter baghouse control systems, except for the Clinker Receiving/Handling System and the coal yard activities.  For the Clinker Receiving/Handling System, the fugitive particulate matter emissions generated from the transfer of clinker from the receiving hopper to the belt conveyor are controlled using a Johnson-Marsh Dust Suppressant system, which uses a non-ionic wetting agent to enhance the wettability of the clinker.  Water sprays or chemical wetting agents and stabilizers are used at the coal receiving area, the coal storage area, and the coal transfer system to control fugitive particulate matter emissions and minimize visible emission.  All fly ash handling systems (including transfer and silo storage) are totally enclosed and vented (including pneumatic system exhaust) through fabric filters.  

This project is for a new cement manufacturing line (line 2) at the existing facility. New emissions units for the project will include a raw mill system, a dry process preheater/precalciner kiln system, clinker handling system, finish grinding operations, two cement loadout silos, and coal handling and grinding operations.  Line 2 will have a capacity of 206.3 tons per hour of material fed (dry basis) to the preheater, 125 tons per hour of clinker production, and 138 tons per hour of Portland cement production.  The annual rates for the proposed system are not based on the maximum allowable rates for feed material and clinker production.  This project is subject to Prevention of Significant Deterioration (PSD) Review and a Best Available Control Technology (BACT) determination for NOx, PM, PM10, SO2, CO, and VOC.  The plant will be installing Selective Non-catalytic Reduction (SNCR) technology to control NOx emissions from the new line.  NOx emissions limit from the kiln will be 1.95 lbs of NOx per ton of clinker (243.8 lb/hour).  Emissions limits for PM, PM10, SO2, CO, and VOC are 0.23 pounds of PM per ton of clinker (28.8 lb/hr), 0.20 pounds of PM10 per ton of clinker (25.0 lb/hr), 0.23 pounds of SO2 per ton of clinker (28.8 lb/hr), 3.60 pounds of CO per ton of clinker (450 lb/hr), and 0.12 pounds of VOC per ton of clinker (15 lb/hr), respectively.  Mercury emissions will be limited to 122 lbs per year from the new line, and visible emissions from the line will be limited to 10% opacity.  Daily and annual rates are 1,686,300 tons per year (4,620 tons/day) of material fed to the preheater (dry basis), 1,022,000 tons per year (2,800 tons/day) of clinker production, and 1,208,880 tons per year (3,312 tons/day) of Portland cement production.  Fuels allowed to be used in the pyroprocessing system are natural gas, distillate fuel oil, on specification used oil, coal, petroleum coke, propane, flyash, and tire derived fuels.  The plant will also include a coal processing operation that will crush coal and petroleum coke and will have an annual processing capacity of 131,400 tons of coal and petroleum coke.  The new raw material and handling storage shall not process more than 225 tons per hour of raw material (1,971,000 tons per year) in any consecutive 12-month period. 

This facility is classified as a Major or Title V Source of air pollution because emissions of at least one regulated air pollutant, such as particulate matter (PM/PM10), sulfur dioxide (SO2), nitrogen oxides (NOx), carbon monoxide (CO), or volatile organic compounds (VOC) exceeds 100 tons per year (TPY).  This facility is within an industry included in the list of the 28 Major Facility Categories per Table 62-212.400-1, F.A.C.  Because emissions are greater than 100 TPY for at least one criteria pollutant, the facility is also a Major Facility with respect to Rule 62-212.400, Prevention of Significant Deterioration (PSD).

The applicant stated that this facility is a major source of hazardous air pollutants (HAPs).
Emissions units addressed by this permitting action are:

	Emissions Unit

ID No.
	Facility ID  No.
	Emissions unit Description

	044
	2K-06
	Kiln #2, Pre-Heater, Pre-Calciner, Clinker Cooler, Air Heater 

	045
	2E-22
	Filter Dust

	046
	2F-04
	Raw Meal Transport

	047
	2H-05
	Kiln Feed Transport

	048
	2L-01
	Clinker Transport

	049
	2:-14
	Gypsum Bin

	050
	2L-05
	Clinker Storage

	051
	2M-04
	Finish Mill Collecting Bin

	052
	2N-01
	Finish Mill

	053
	2N-03
	Air Slide

	054
	2N-04
	Bucket Elevator

	055
	2N-06
	High Efficiency Seperator

	056
	2N-26
	Cement Cooler

	057
	2P-01
	Cement Transport

	058
	2Q-28
	Cement Loadout Bin

	059
	2Q-31
	Cement Loadout Bin

	060
	2S-15
	Coal Mill

	061
	2S-20
	Pulverized Coal Bin


This facility is classified as a Major or Title V Source of air pollution because emissions of at least one regulated air pollutant, such as particulate matter (PM/PM10), sulfur dioxide (SO2), nitrogen oxides (NOx), carbon monoxide (CO), or volatile organic compounds (VOC) will exceed 100 tons per year (TPY).

This facility is within an industry included in the list of the 28 Major Facility Categories per Table 62- 212.400-1, F.A.C. Because emissions will be greater than 100 TPY for at least one criteria pollutant, the facility is also a Major Facility with respect to Rule 62-212.400, Prevention of Significant Deterioration (PSD). 

The proposed project is subject to the provisions of Rule 62-212.400, F.A.C., Prevention of Significant Deterioration (PSD), because it will be a major modification to an existing facility with a potential emissions increase greater than the PSD significance levels for NOx, PM, PM10, SO2, CO, and VOC.  This review consisted of a determination of Best Available Control Technology (BACT) and an analysis of the air quality impact of the increased emissions.

The proposed project is subject to preconstruction review requirements under the provisions of Chapter 403, Florida Statutes, and Chapters 62-4, 62-204, 62-210, 62-212, 62-214, 62-296, and 62-297 of the Florida Administrative Code (F.A.C.).  This facility is located in an area designated, in accordance with Rule 62-204.340, F.A.C., as attainment for the criteria pollutants ozone, carbon monoxide, sulfur dioxide, and nitrogen dioxide, and designated as unclassifiable for PM10.

The applicant stated that this facility is a major source of hazardous air pollutants (HAPs).

The emissions units included in this project are subject to regulation under the New Source Performance Standards, 40 CFR 60 Subpart A, General Provisions, Subpart F, Standards of Performance for Portland Cement Plants, Subpart Y Standards of Performance for Coal Preparation Plants, and Subpart OOO, Standards of Performance for Nonmetallic Mineral Processing Plants.  Some of these emissions units are also subject to 40 CFR 63 Subpart LLL, National Emission Standards for Hazardous Air Pollutants from the Portland Cement Manufacturing Industry (40 CFR 63.1340 – 63.1359), and 40 CFR 63 Subpart A.  These emissions units are also subject to the requirements of the state rules as indicated in this permit, particularly Rule 62-212.400, F.A.C., Prevention of Significant Deterioration.  Some emissions units are subject to Rule 62-296.701, F.A.C., Portland Cement Plants.  Additionally the permit references the test methods of 40 CFR 60, Appendix A, Test Methods; 40 CFR 63, Appendix A, Test Methods; 40 CFR 51, Appendix M, Recommended Test Methods for State Implementation Plans; 40 CFR 61, Appendix B, Test Methods.

Particulate matter emissions from the in-line kiln/raw mill and from the clinker cooler will be controlled by a baghouse.  Particulate matter emissions from other sources will be controlled by baghouses.  Sulfur dioxide emissions are inherently limited by the process (Alkali/Sulfur Balance).  NOx emissions will be controlled by multi-stage combustion and/or Selective Non-Catalytic Reduction (SNCR).  Carbon monoxide and VOC emissions will be limited by combustion control.
The total annual air pollutant potential emissions in tons per year from the major modification of the existing facility will be:

	Pollutant


	PSD Significance

Levels 1 (tpy)
	Maximum 

Emissions (tpy)
	Subject to 

PSD Review?

	PM/ PM10
	25/15
	256.4
	Yes

	SO2
	40
	122.7
	Yes

	NOx
	40
	1126.2
	Yes

	CO
	100
	2133.6
	Yes

	VOC (Ozone)
	40
	105.3
	Yes


1 Florida Administrative Code 212.400-2.

Maximum emissions of mercury will be 122 pounds per year. Mercury emissions are below the 200 lb per year threshold and will not subject to PSD review.  Control of mercury emissions will result from limiting the mass of mercury introduced into the pyroprocessing system from the preheater feed and fuels.  Dioxin emissions will be controlled by limiting the temperature of the inlet of the baghouse for the in-line kiln/raw mill pursuant to federal NESHAP regulation.  Dioxin is not subject to PSD review.  Emissions of PM and PM10 from the unenclosed conveying equipment are expected to be insignificant because of inherent moisture and moisture applied to comply with the reasonable precautions for control of unconfined particulate matter emissions.

2. RELEVANT PERMIT PROCESSING DATES OF THE BACT APPLICATION

	12/20/2004
	Received permit application, report and fee

	12/28/2004
	Received email from EPA dated 12/09/2004; No comments

	01/19/2005
	Sent Request for Additional Information 

	03/07/2005
	Received Response for Additional Information

	04/06/2005
	Application Complete


3. REVIEWERS
James K. Pennington, P.E., Bobby Bull, Engineering Specialist II, and Cleve Holladay, Engineer IV (modeling), prepared the BACT determination.

4. DETAILED PROCESS DESCRIPTION

The Department has a substantial body of information on Portland cement manufacturing and the applicant submitted a very detailed description of the process options with special emphasis on the types of raw materials that are readily available in the area of concern.

Portland cement is a fine powder, usually gray in color, which consists of a mixture of dicalcium silicate, tricalcium silicate, tricalcium aluminate, and tetracalcium aluminoferrate, and small amounts of magnesium oxide, sodium, potassium and sulfur, to which one or more forms of calcium sulfate (gypsum) have been added.  About 95% of the cement production in the U.S. is Portland cement.  Masonry cement represents the balance of the domestic cement production.

There are several cement manufacturing processes including wet, dry, dry preheater and dry preheater/precalciner processes.  These processes all produce Portland cement from raw materials through pyroprocessing.  Each type of process has different characteristics for equipment design, method of operation, and fuel consumption.  In the wet and dry processes, all of the pyroprocessing and fuel combustion occurs in the kiln, with the primary difference being that with the wet process, the raw materials are blended and introduced into the kiln as a slurry.
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 Figure 1: Diagram of Dry Process Cement Kiln with Preheater and Staged Air Calciner

The preheater and preheater/precalciner processes as shown in Figure 1are also dry processes, but in these processes thermal efficiency and production capacity have been improved by adding process vessels arranged vertically before the kiln, wherein the hot gases pass counter to the material flow, effecting heat transfer through the intimate contact between the two streams.  The improved heat transfer allows the kiln length to be reduced.  This arrangement also allows the hot gases from the preheater tower to be used to dry raw materials in the raw mill.  In the preheater/precalciner process, fuel combustion is divided between the kiln and a preheater vessel below the preheater tower.  This arrangement provides for greater thermal efficiency than the preheater process.  A relatively new innovation is the use of a separate line combustion chamber for the preheater burner, so called because it is installed to the side (separate) of the material flow through the precalciner region.  Because of its lower fuel requirements and greater efficiency, most new Portland cement plants use the dry preheater/precalciner process.  The applicant proposed to use the dry preheater/precalciner process, with a separate line combustion chamber for the calciner burner, in an in-line arrangement with the raw mill.

The most commonly used kiln fuels are coal, natural gas, and oil.  Supplementary fuels such as petroleum coke, used tires, used oil and various kinds of wastes are burned at many plants.  The applicant proposed to fire coal, petroleum coke, natural gas, distillate fuel oil, propane, and when available, used tires and flyash.  The applicant will not fire or introduce hazardous wastes, petroleum contaminated soil or materials, used oil, other solid fuels, or solid wastes other than tires.  Used tires may be fed into the kiln feed end at up to 15% of heat input not to exceed 58.5 million BTU per hour heat input.

The production of Portland cement is generally a four-step process:  raw materials acquisition and handling, kiln feed preparation for pyroprocessing, pyroprocessing, and finished cement grinding.  The chemical reactions and physical processes that constitute the transformation from raw materials to cement are quite complex, both chemically and physically.  The heart of the Portland cement manufacturing process is the pyroprocessing system which includes the rotary kiln and preheater/precalciner as shown in Figure 1.
Pyroprocessing may be divided into four stages, depending on location and temperature of the materials in the system:  evaporation of uncombined water from raw materials; dehydration of combined water to form oxides of silicon, aluminum, and iron; calcination (liberation of carbon dioxide); reaction and sintering of the oxides in the kiln to form cement clinker.

Generally the entire process may be summarized as follows.  Raw materials, predominantly limestone, but also including sand, clay, iron ore, and coal ash, will be crushed and then blended and milled in the raw mill.  The resulting material will be conveyed to the pyroprocessing system in the top stage of the preheater.  It will exit the preheater/precalciner and enter the kiln at the elevated end (feed end).  The rotation of the kiln causes the solid materials to be slowly transported downward from the front end (discharge end).  Fuel will be supplied to the precalciner combustion chamber, optionally at the feed end of the kiln, and at the lower or discharge end of the kiln.  The hot, gaseous combustion products will move countercurrent to the material flow, thereby transferring heat to solids in the kiln and preheater/precalciner, and to the raw mill.

The clinker will enter the clinker cooler as shown in Figure 1 where it will be cooled by ambient air.  This cooling or quenching serves to “freeze” the clinker, halting the formation chemistry.  Hot air from the clinker cooler will be recovered and returned to the pyroprocessing system as combustion air and will also be supplied to the coal mill for drying the coal and petroleum coke.  The cooled clinker will be stored in silos before being mixed with gypsum and limestone and ground in a ball mill in the finish milling operation to produce Portland cement.  The Portland cement will be stored in silos and loaded in bulk into tanker trailers or in bags which will be palletized.  
The process for this plant is discussed in more detail below.

Limestone will be mined primarily below the water table.  The overburden, consisting of sand and clay, will be removed from the limestone surface and stockpiled in the vicinity of the crusher.  The crusher will be portable, and will be relocated periodically in accordance with the mining plan.  The overburden (sand and clay) and the limestone will be fed into the crusher with front end loaders or other material handling devices in the ratios dictated by the target chemical composition of the desired raw mix.  The quarry mix will be delivered to a covered storage hall by a conveyor belt system and by haul trucks.  The quarry mix will have a moisture content of 10-20%.  The storage hall will have space devoted to storage of the other raw materials which include but are not limited to:  mill scale, feldspar and flyash.  The other raw materials will be transported to the facility by truck.

Fugitive emissions from raw material handling and conveying will be minimized by inherent moisture and by the application of water for suppression of unconfined emissions of particulate matter.  Paved and unpaved roads will be sprayed by a water truck and water sprays.  Paved roads will be cleaned by vacuum sweeper truck as required to prevent accumulations of unconfined particulate matter and emissions of such.  Material stockpiles at the plant will be covered to limit particulate matter emissions generated by wind erosion.

The quarry mix and other raw materials will be conveyed to the raw mill feed bin.  Raw materials will be fed from the raw mill feed bin to the raw mill.  The raw mill will grind and mix the raw materials, and dry the raw materials with the hot gases from the pyroprocessing system.  Emissions from the raw mill (and in-line kiln) will be controlled by a baghouse.  The baghouse catches and the raw mill product will be conveyed to the homogenization silo.  Other enclosed emission sources will be controlled by baghouses (fabric filters) as well.  The captured dust will be recycled into the process unless otherwise authorized by the Department.
The kiln feed from the homogenization silo will be conveyed to the preheater by means of an airlift.  The feed will enter the top stage of the preheater or, during wet material conditions, drop into the next lower stage of the preheater as shown in Figure 1 to increase the gas temperature to the raw mill.  Gases from the pyroprocessing system will flow counter to the material direction to the raw mill and the baghouse.

Coal, petroleum coke, and flyash will be burned in the precalciner separate line combustion chamber near the inlet to the kiln as well as at the main burner at the discharge end of the kiln.  The plant will also burn tires at the transition from the preheater to the kiln feed end.  Combustion air for the precalciner will be provided through a tertiary air duct from the clinker cooler.

The pyroprocessing system will transform the raw meal from the homogenization silo into clinker.  This amount of clinker will produce 138 tons of Portland cement per hour.

After discharge from the kiln, the clinker will be cooled with ambient air in a reciprocating grate cooler.  The exhaust gases from the cooler will be cleaned by an baghouse operating under negative pressure from an ID fan.  The cleaned gases will be exhausted through a stack that is shared with the coal mill.  A portion of the clinker cooler gases will be ducted to the coal mill to dry the coal.  These gases will then exhaust through the coal mill fabric filter (baghouse) into the common stack with the cooler exhaust.  A portion of the clinker cooler gases will be ducted to the precalciner and the precalciner combustion chamber. 

The clinker will be conveyed to the clinker silos.  The clinker will be withdrawn from the silos by vibrating feeders, and discharged onto the finish mill feed belt.  Enclosed clinker handling operations and storage silos will be controlled with baghouses.

Gypsum and limestone will be received by truck and stored under cover in stockpiles.  Each material will be transferred by a front end loader to feed hoppers, and conveyed to the finish mill.  The finish mill can produce up to 138 tons per hour of Portland cement.

All enclosed sources associated with the finish milling operation will be controlled with baghouses.  Fugitive emissions from gypsum and limestone handling and conveying associated with the finish milling operation will be minimized by inherent moisture and by the application of water for suppression of unconfined emissions of particulate matter.

Finished Portland cement will be stored in concrete silos.  Portland cement will be withdrawn from the silos and loaded into tanker trailers for bulk shipment or into bags which will be cleaned and palletized for shipment.  Finished Portland cement will be transported by truck or rail. 

All enclosed sources associated with the Portland cement handling operation will be controlled with baghouses.

Coal and petroleum coke will be received by railcar.  The bucket elevator will discharge onto a belt and then to a bin.  Coal and petroleum coke will be metered from the bin to a vertical mill, for milling and drying with hot gases from the clinker cooler.  The milled fuels will be stored in a pulverized fuel storage bin for pneumatic conveyance to the main burner and precalciner burner.

All enclosed sources associated with the coal and petroleum coke handling and milling operation will be controlled with baghouses.  Fugitive emissions from coal and petroleum coke handling and conveying will be minimized by inherent moisture and by the application of water for suppression of unconfined fugitive emissions of particulate matter.

5. BACT DETERMINATION REQUESTED BY THE APPLICANT
The following table of emissions estimates was submitted by the applicant for BACT evaluation.
REGULATED AIR POLLUTANTS SIGNIFICANT EMISSION RATES

	  Pollutant
	Significant Emission Rate

(Tons/Year)
	Modification Emission Rate

(Tons/Year)

	
	
	
	PSD ?

	Carbon monoxide
	100
	2133.6
	YES

	Nitrogen oxides  
	40
	1126.2
	YES

	Sulfur dioxide 
	40
	122.7
	YES

	Ozone
	40 VOC
	105.3 VOC
	YES

	Particulate matter
	25/15
	256.4
	YES

	Sulfuric acid mist
	7
	5.1
	NO

	Lead
	0.6 (1200 lbs)
	0.375 (750 lb)
	NO

	Mercury
	0.1 (200 lbs)
	0.0751 (150.2 lb)
	NO


Reference: Table 62-212.400-2, F.A.C.

The applicant proposed BACT for the PSD pollutants that triggered PSD as follows.  
Particulate Matter (PM and PM10 )
Control equipment (baghouses) was proposed for particulate matter (PM) and particulate matter smaller than 10 microns (PM10) emitted from point sources.  The use of wet suppression, paving of roadways, street sweeping, and enclosing stockpiles to reduce wind erosion was proposed to control particulate matter from fugitive sources.  
Sulfur Dioxide (SO2 )

The facility proposed Alkali/Sulfur Balance in the process for SO2 control.
Nitrogen Oxides (NOx)
Selective Non-catalytic reduction (SNCR) was proposed for NOx control with multi-stage combustion as needed to supplement the controls.  SNCR alone could be used or in conjunction with multi-stage combustion for maximum operational flexibility.  The applicant considered other possible control methods, and rejected Selective Catalytic Reduction (SCR) as BACT for this project.  

Carbon Monoxide (CO)
Process control, process design, and combustion unit design were proposed for CO.

Volatile Organic Compounds (VOC)
Clean raw materials and combustion control were proposed for VOC.
6. BACT DETERMINATION PROCEDURE

Rule 62-212.400(6)(a), F.A.C., requires that in making the BACT determination, the Department shall give consideration to:

1. Any Environmental Protection Agency determination of BACT pursuant to Section 169 of the Clean Air Act, and any emission limitation contained in 40 CFR Part 60 (Standards of Performance for New Stationary Sources), 40 CFR Part 61 (National Emission Standards for Hazardous Air Pollutants), or 40 CFR 63 (National Emissions Standards for Hazardous Air Pollutants).

2. All scientific, engineering, and technical material and other information available to the Department.

3. The emission limiting standards or BACT determination of any other state.

4. The social and economic impact of the application of such technology.

The EPA currently directs that BACT should be determined using the "top-down" approach.  In this approach, available control technologies are ranked in order of control effectiveness for the emissions unit under review.  The most stringent alternative is evaluated first.  That alternative is selected as BACT unless the alternative is found to not be achievable based on technical considerations or energy, environmental or economic impacts.  If this alternative is eliminated for these reasons, the next most stringent alternative is considered.  This top-down approach is continued until BACT is determined.  In general EPA has identified five key steps in the top-down BACT process: Identify alternative control technologies; eliminate technically infeasible options; rank remaining control technologies by control effectiveness; evaluate most effective controls; and select BACT.

BACT evaluation should be performed for each emissions source and pollutant under consideration.  All of the combustion emissions from the plant are associated with the in-line kiln/raw mill.  BACT for particulate matter can be treated separately for the in-line kiln/raw mill, clinker cooler, the enclosed material handling processes and the unenclosed conveyors.

The Department may consider the control or reduction of "non-regulated" air pollutants when determining the BACT limit for regulated pollutants, and will weigh control of non-regulated air pollutants favorably when considering control technologies for regulated pollutants.  The Department will also favorably consider control technologies that utilize pollution prevention strategies.  These approaches are consistent with EPA’s consideration of environmental impacts.

The EPA has determined that a BACT determination shall not result in a selection of a control technology which would not meet any applicable emission limitation under 40 CFR Part 60 (Standards of Performance for New Stationary Sources) or 40 CFR Part 61 (National Emission Standards for Hazardous Air Pollutants) or 40 CFR Part 63 (National Emission Standards for Hazardous Air Pollutants).  This project is subject to such standards as described above.

7. BACT POLLUTANT ANALYSIS AND DEPARTMENT’S DETERMINATION
For this project the PSD pollutants of concern are PM, PM10, SO2, NOx, CO and VOC.  The total annual air pollutant potential emissions in tons per year from the major modification of the existing facility will be:

	Pollutant


	PSD Significance

Levels 1
	Maximum 

Emissions
	Subject to 

PSD Review?

	PM/ PM10
	25/15
	256.4
	Yes

	SO2
	40
	122.7
	Yes

	NOx
	40
	1126.2
	Yes

	CO
	100
	2133.6
	Yes

	VOC (Ozone)
	40
	105.3
	Yes


1 Florida Administrative Code 62-212.400-2.

The applicant proposed control strategies for these pollutants for the emission sources at this facility.  The applicant’s proposal and the Department’s BACT for each pollutant and source is discussed below.

 Nitrogen Oxides (NOx) 2
Nitrogen oxides (NOx) emissions from a modern dry process Portland cement plant kiln are the result of fuel combustion in the main kiln burner and the precalciner burner.  These emissions can be reduced by minimizing fuel combustion; or conversely, by increasing the thermal efficiency of the kiln system.  The most fuel-efficient Portland cement plants are the dry-process plants with a precalciner and preheater.  Approximately 40 percent of the fuel utilized in these plants is fired in the kiln to create a clinkering condition while the remainder is fired in the precalciner to preheat the raw meal as it passes through the preheater and to calcine the limestone in the raw meal.  

There are three reported mechanisms involved in the formation of NOx: “prompt” NOx, fuel NOx, and thermal NOx.  “Prompt” NOx is NOx formed instantaneously at the flame surface during luminous oxidation.  This NOx is independent of flame temperature and excess air.  The formation of this NOx and the resulting concentration in the gases exhausted from the kiln can be considered as the baseline NOx emissions resulting from the two combustion processes.
The fuel NOx is the NOx formed by the oxidation of nitrogen in the fuel.  Approximately 60 percent of the fuel nitrogen is converted to NOx depending upon available oxygen in the flame and the temperature profile of the flame.  

The thermal NOx is the most significant source of NOx in cement kilns.  This NOx is formed through a reaction between atmospheric nitrogen and oxygen.  The rate of formation is a function of both available oxygen in the flame and the temperature of the flame.  In general, thermal NOx levels increase sharply above a flame temperature of approximately 1600°F.  

The combustion characteristics of various fuels affect the formation of both fuel NOx and thermal NOx.  Additionally, the firing location (the main kiln burner or the precalciner burner) affects NOx formation as a result of differing heat release requirements.  
2Reference e-mail from Alvaro Linero to Jim Pennington on March 25, 2005

Natural gas when fired in the main kiln burner has been shown to generate approximately twice the amount of NOx per ton of clinker as coal or oil.  This is not intuitive as the adiabatic flame temperatures of coal and oil is higher than for natural gas and both coal and oil have more fuel nitrogen than natural gas.  Additionally, coal and oil are generally fired with a higher volume of combustion air which increases the availability of oxygen, and hence the potential for NOx formation.  There are other factors associated with coal and oil burning, however, that more than offset the factors leading to higher NOx formation with these fuels.  These factors include the flame shape, the luminescence of the flame, and higher levels of carbon monoxide (CO), and various radicals that tend to counter the formation of NOx.

The use of petroleum coke in either the kiln burner or precalciner appears to increase NOx emissions even though the nitrogen content of petroleum coke is lower than coal and it burns with a lower flame temperature.  Petroleum coke cannot be burned alone, however, as it does not provide enough volatile matter.

The applicant proposed that NOx emissions at this facility will be controlled through Non-Selective Catalytic Reduction (SNCR), in conjunction with Multi-Stage Combustion, as well as the plant design and operation.  The applicant considered other possible control methods, and rejected Selective Catalytic Reduction (SCR) as BACT for this project.  The SCR technology is currently being used by only one location in Europe at the Solnhofer Portland Zementwerke AG Plant in Solnhofer, Germany.  The facility performed a pilot study, and incorporated the SCR technology in 1999.  However, there has been no pilot study conducted in the United States, and there have been no indications that a pilot plant will be constructed to test SCR by any Portland cement facilities in the United States.

The applicant proposed SNCR to further reduce NOx emissions.  The SNCR will operate in conjunction with the multi-stage combustion (including reducing conditions at the precalciner as needed).  The applicant proposed SNCR with multi-stage combustion as needed to achieve a NOx emission rate of 1.95 pounds of NOx per ton of clinker (30 day rolling average).  The most recent permitting practice has been to issue a limit with a 30-day averaging time rather than a higher limit with a shorter averaging period.
The lowest emission rate in a final permit in the state of Florida is the Suwannee American Cement (SAC) kiln No. 1 that has a limit of 2.4 lb/ton clinker (30 day rolling average) and is actively meeting that limit.  The SAC plant relies on staged combustion in the calciner (SCC) in a reducing atmosphere.  They recently trial tested and subsequently installed an ammonia-based selective non-catalytic reduction (SNCR) system that they can use as needed to control NOx.

The most recent permit issued outside of the state of Florida is for the Holcim Lee Island Plant that will have the largest cement kiln in the United States.  The project was approved by the State of Missouri with a limit of 2.4 lb/ton of clinker (30 day rolling average).  This limit will be met by a combination of SCC and SNCR.

Recent testing conducted at Titan America in Medley, Florida indicated that it is possible to achieve 2.0 lb/ton of clinker (30 day rolling average) by a version of SCC with raw meal catalysis in a high temperature reducing atmosphere.  Titan has advised the Department that they plan to apply to increase their annual hours of operation while complying with a limit of 2.1 lb/ton of clinker (30 day rolling average).

Both Suwannee American Cement (SAC) and Florida Rock Industries (FRI) conducted SNCR tests on their existing kilns and demonstrated that this emissions limit can be achieved using SNCR alone or by a combination of SCC and SNCR.  In contrast to previous concerns by the cement industry in the United States, no visible secondary plume was observed.  The reason is that raw materials in Florida are generally low in sulfur and chlorides and the potential to form ammoniated particulate compounds and the associated secondary plume is minimal.

The Department reviewed the applicant’s discussion on SCR and rejects the cost estimates.  The BACT emission limit can be achieved with SCR or SNCR.  Some additional time would be needed to conduct tests to determine the correct catalyst formulation for SCR.  The Department does not consider SCR necessary to achieve a BACT level of control in Florida.  Substantial sulfur present in the raw materials would make SCR a better choice than SNCR to avoid secondary plume formation, but this is not the case in Florida.
The only known commercial SCR system at a cement plant is at the Solnhofer Portland Cement Plant in Germany.  The unit is efficient at NOX control and helps reduce raw material ammonia, SO2 and VOC emissions.  These conditions (high raw material ammonia, VOC, sulfur) do not exist in Florida thus SNCR is entirely satisfactory as BACT.

The difference in the two technologies can be appreciated by the following pictures.  SNCR requires some fairly simple equipment, whereas SCR (the equipment alongside the preheater tower) has a much larger footprint with structural considerations.
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SNCR.  Aqueous Ammonia, Compressed Air, One of Four Ports at existing duct, Injector(s)
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SCR.  Substantial Structure for Catalyst Layers.

The Department agrees with the applicant that SNCR is BACT for NOx for this project.  Based on SNCR testing conducted at the FRI facility near Newberry and at the SAC facility near Branford, the facility should be able to meet 1.95 pounds of NOx per ton of clinker (30 day rolling average) as proposed by the applicant.
The applicant requested a higher limit for NOx for one year after startup, and the Department agrees that such a trial period is reasonable.  However, a shorter duration is mandated.  During the first 180 operating days after startup, the kiln shall not exceed a NOx limit of 2.40 lb/ton clinker (30 day rolling average).
The Department has determined that 1.95 lb NOX/ton of clinker is BACT and has reasonable assurance that this value can be met by SNCR or a combination of SCC and SNCR.  The proposed kiln design is consistent with this conclusion.  This BACT determination is the most stringent in the country.

Sulfur Dioxide (SO2) 2
Sulfur dioxide is generated from volatilization and subsequent oxidation of sulfur compounds in the raw materials within the preheater and precalciner regions, and by oxidation of sulfur compounds in the fuel during combustion.  Sulfur dioxide at this facility will be generated through these mechanisms.  The sulfur content of both raw materials and fuels varies based on the raw materials and fuels available at a given location, and consequently sulfur dioxide emissions vary with these factors.  As is typical of conditions in Florida, the limestone, which is the principal raw material, will be low in sulfur compounds.  Sulfur compounds present in the other raw materials such as the iron sources, which represent a small proportion of the total raw materials, will most significantly contribute to sulfur dioxide emissions.

Most of the sulfur dioxide formed subsequently reacts with alkaline compounds present in the pyroprocessing environment to form alkali sulfates, which become incorporated in the cement clinker.  The amount of sulfur dioxide released in the flue gases will vary with the amount of excess alkali available for absorption.  The pyroprocessing system is very alkaline, and will be quite effective at removing sulfur dioxide formed from fuel sulfur.  A significant proportion of sulfur dioxide from sulfur in raw materials will be removed through intimate contact with the incoming alkaline raw materials which flow counter to the gas flow.  Further contact is achieved in the raw mill where the flue gases are used to dry incoming material feed.

The applicant proposes to limit sulfur dioxide emissions through alkali/sulfur balance.  This will be accomplished by taking advantage of the alkaline environment in the kiln, preheater/precalciner, and raw mill to effect substantial removal of sulfur dioxide.  Ultimately, the sulfur is incorporated into the clinker, thus minimizing the amount emitted to the atmosphere.  The applicant proposed a sulfur dioxide limit of 0.23 pounds per ton of clinker produced (30 day rolling average).
The applicant provided information comparing the use of a wet scrubber and semi-dry scrubber to alkali/sulfur balance, and the use of both controls simultaneously to estimate sulfur dioxide emissions.  The applicant rejected the use of the wet scrubber and semi-dry scrubber to reduce SO2 based on the cost effectiveness analysis.

Whereas the most recent permitting practice throughout the country has been to issue a limit with a relatively long averaging time, the practice in Florida has been to use short averaging times for SO2.  

The lowest SO2 emission rate in a permit in the state of Florida is at the applicant’s existing Kiln No. 1 that has a limit of 0.16 lb SO2/ton clinker on a 24-hour basis and is actively meeting that limit.  The FRI plant relies on:

1. Inherently low sulfur in the raw material to avoid SO2 emissions from the preheater.

2. Scrubbing of fuel sulfur by finely divided lime in the calciner.

The recent Holcim Lee Island permit was issued with an SO2 limit of 1.26 lb SO2/ton of clinker on a 30-day basis relying basically on the same principles of control.

Testing at Florida preheater/calciner cement kilns usually indicates emissions less than 0.05 lb SO2/ton of clinker.

The Department considers the “Top” technology to be very low sulfur in the raw materials in combination with scrubbing of fuel sulfur by finely divided lime in the calciner.  For areas where there are occasional pockets of sulfur laden materials that can not be avoided, then this technology could be augmented by injection of hydrated lime or other methods of control into the preheater, lime mist into the conditioning tower, or pneumatic conveyance of lime from the calciner to the upper preheater.  

Usually even these additional measures are not needed when such raw material pockets are encountered with the raw mill in operation.  Additional measures are needed when the raw mill is down to insure BACT level control.  Hydrated lime injection into the preheater is practiced at Suwannee American Cement when these conditions occur.

A wet scrubber and semi-dry scrubber is not a consideration in Florida because of the efficacy of the described measures in achieving such low emissions.  They are suitable when the measures described do not achieve BACT.  A wet scrubber is not the “Top” technology for kilns in Florida, but can easily be the top technology where pyritic sulfur is prevalent such as in Texas, South Carolina, and New York (if not Missouri).  The Department rejects the submitted cost analysis but does not require a new one.

FCS proposed a BACT limit of 0.23 lb/ton of clinker on a 30-day basis.  
The Department does not believe that burning of petroleum coke will cause additional SO2 emissions compared with coal because of the virtually complete scrubbing that occurs in the calciner.  Also the raw material characteristics are not likely to change such that SO2 is emitted from the preheater.  If fly ash from the power industry has high sulfur content, it can be injected directly into the calciner where it too can be scrubbed.  

The Department believes that process control is the appropriate technology for control of sulfur dioxide emissions for this project and is BACT.  The Department considered imposing limitations on the sulfur content of the fuels and the raw materials used, but determined that such limits are not required due to the inherent low sulfur of the raw materials.  Fuel sulfur is largely irrelevant because of the substantial exposure and contact between sulfur dioxide formed from fuel sulfur and the alkaline materials.  Sulfur limits on the raw materials are not needed because the primary raw material, limestone, will be naturally low in sulfur.  The other raw materials will be obtained by the applicant, which will acquire materials with regard to the alkali available in the process for control of sulfur dioxide formed from volatilization and oxidation of sulfur compounds in these materials.  The Department will require hydrated lime injection or other methods of control as needed to reduce emissions.  The Department will require a continuous emission monitor system for sulfur dioxide, which will offer a continuous demonstration of compliance with the emission limit, as well as process control data for the plant operators.  The use of a CEM system ensures that process control will be effective, and eliminates the need for a limit on sulfur in raw materials.
Process control will allow for sulfur dioxide emissions to be minimized by maintaining a sufficient alkaline environment in the pyroprocessing system and by intimate contact between raw materials and exhaust gases.  The sulfur dioxide that would result from fuel sulfur, as well as that resulting from volatilization and oxidation of sulfur from raw materials, will be controlled in this manner.  Hydrated lime injection and other methods of control will be used to reduce SO2 emissions as needed. 
The BACT sulfur dioxide emission limit for this plant shall be 0.23 pounds/ton of clinker produced, and 28.8 pounds per hour, based on a rolling 24-hour averaging time.  The Department has determined that 0.23lb SO2/ton of clinker on a 24-hour basis is the “Top BACT” and has reasonable assurance that this value can be met by the measures described above.  The proposed Kiln 2 design is consistent with this conclusion.  
Particulate Matter (PM and PM10)2
Particulate matter results from the various physical and chemical processes at a cement manufacturing plant such as: quarrying and crushing, material transfer and storage, grinding and blending, clinker production, finish grinding, and packaging and loading.  As is typical of cement plants, the largest emission source of particulate matter at this facility will be the pyroprocessing system that includes the inline kiln/raw mill and clinker cooler.  At this facility, all cement kiln dust (CKD) captured in the in-line kiln/raw mill baghouse will be returned to the pyroprocessing system as raw material.  Emissions from enclosed fuel and material handling and storage operations represent another significant source of emissions at this facility.  Unenclosed sources represent the smallest sources of emissions, given the use of proper controls.  The limestone will primarily be mined below the water table and have an average moisture of 10-20%.  The quarrying activities and associated crushing and transport will involve moist or wet raw materials with negligible unconfined emissions. 

Common control devices for controlling emissions of particulate matter at cement plants are fabric filters (baghouses) and electrostatic precipitators (ESPs).  Baghouses and ESPs are generally considered equivalent for particulate control.  Both types of devices can achieve removal efficiencies of over 99%.  ESPs and baghouses are used extensively as control devices at cement plants.  ESPs are generally specified for kiln and clinker cooler exhaust gases because of their ability to operate effectively at varying temperatures, although baghouses are also used at some facilities for this purpose.  Both types of control equipment provide for the recovery and recycling of CKD back into the process stream.  ESPs offer the advantage of having no fabric filters that will wear and break and require routine replacement, while baghouses offer the advantage of providing for “passive” control in the event of an electrical power failure.  A review of the BACT/LAER Clearinghouse shows that baghouses and ESPs are widely used to control particulate matter from process emission units at cement plants.  Both offer an essentially equivalent level of control and are commonly accepted as BACT. Baghouses are also generally used to control particulate emissions from most other material processing operations at cement plants.

Common controls to limit particulate emissions from fugitive sources (such as roadways, stockpiles, and material processing and conveying equipment) include application of water for dust suppression, removal of dust, application of other dust suppressants, paving of roads and covering of stockpiles to reduce wind erosion.  These methods of controlling fugitive particulate matter emissions are generally considered to be BACT for most material handling operations and paved and unpaved roads.

The applicant proposed the following controls for PM and PM10.  Baghouses will be used to control particulate emissions from material storage buildings, enclosures, bins, silos, conveying equipment, kiln/raw mills and clinker coolers.  Particulate emissions from mill vents, air separator vents, material handling systems, bins, and silos will be controlled by baghouses.  Particulate emissions from milling, transfer points, and storage silos/bins are typically controlled by baghouses. 

The Department agrees with the applicant’s proposal, but has instituted additional limits for PM and PM10 of 0.13 (.23 lb/ton of clinker) and 0.11 (.20 lb/ton clinker) pounds per ton of dry preheater feed, and 28.8 and 25.0 lb/hr for the in-line kiln/raw mill and clinker cooler, respectively.  BACT is the use of a baghouse to control particulate matter emissions from the kiln. Visible emissions from these sources shall not exceed 10 percent opacity.  BACT for other enclosed emission sources will be control of particulate matter emissions using baghouses to meet respective PM and PM10 emission limits of 0.01 and 0.007 grains per dry standard cubic foot.  Visible emissions from these sources shall not exceed 5 percent opacity.  The department will require the applicant to install continuous opacity monitoring systems (COMS) on the kiln’s stack.

BACT for unenclosed sources is generally control of particulate matter emissions by inherent or applied moisture.  Unpaved roads will be sprayed with water to prevent unconfined particulate matter emissions.  Material and fuel storage piles will be stored under roof or in enclosed vessels.  Storage piles shall be shaped, compacted and oriented to minimize wind erosion.  Storage piles shall be wetted with devices located near such piles when visual inspection determines wetting is needed.  Paving of the manufacturing area and access roadways is required.  Sweeping of paved road will be required. 
Carbon Monoxide (CO) 2 
Carbon monoxide is a pollutant formed by the incomplete combustion of carbon in the fuels fired during pyroprocessing.  When insufficient oxygen is provided or poor combustion conditions occur, more CO and less CO2 is formed than under ideal conditions.  VOC is also a pollutant formed by the incomplete combustion of fuel.

Emissions of CO and VOC are controlled by utilization of proper combustion practices to maximize the oxidation of carbon to CO2 instead of CO, and by flue gas controls.  No add-on controls for CO or VOC have been demonstrated for cement plants.  CO and NOx generally show an inverse relationship in cement plants as in many combustion processes, so reduction of NOx results in higher CO emissions.  The applicant proposed combustion control as BACT for CO and VOC from this plant, and proposed emission limits of 4.0 and 0.19 pounds per ton of clinker produced for CO and VOC, respectively.

The most recent permitting practice throughout the country has been to issue a limit with a relatively short averaging time, but without a continuous emission monitoring.  Emission limits since 1995 at cement kilns in Florida that have actually been built have ranged from 1.77 (later re-permitted at 2.3) lb CO/ton of clinker at Titan America to 3.6 lb/ton at Florida Rock’s Kiln 1 and SAC.  For reference, previous permits for Florida Crushed Stone Kiln No. 2 (that was not constructed) had limits of 2.0 lb/ton.

The recent Holcim Lee permit in Missouri limited CO to 6 lb/ton of clinker as BACT.

The above mentioned plants rely on the following to reduce CO emissions:

1. Relatively low carbonaceous matter in the raw materials

2. Good combustion at the main kiln burner and calciner

3. Addition of tertiary air from the kiln hood and clinker cooler

4. Varying degrees of calciner sizes and duct lengths to complete burnout

The Titan America Cement Plant actually achieves approximately 0.5 lb CO/ton of clinker.  However that plant has an enormous calciner that provides a separate loop to promote maximum burnout.  Additionally the calciner’s size requires a taller preheater structure with excessive costs for each additional foot of height.

The lowest CO value in a permit (~ 0.37 lb/ton) is believed to be for the TXI Midlothian Plant.  A $17,500,000 regenerative thermal oxidation system (RTO) was installed to deal with inherently high carbonaceous matter in the raw material and to avoid PSD.  TXI is presently petitioning the Texas Environmental Quality Board to remove the RTOs.

The Department considers 3.6 lb/ton of clinker to represent BACT due to the use of the SNCR unit to reduce NOx emissions.  This limit allows for consideration of the tendency of CO to increase when SNCR is used at cement plants to control NOX.  This has been documented during tests conducted at several European cement plants built by the proposed manufacturer of the applicant’s Kiln No. 2.  The use of a CEMS for CO will provide real time CO measurements.  The Department does not consider it cost-effective to construct an excessively large calciner or install RTOs to further control CO.  It is still possible that a longer loop between the final branch of tertiary air introduction to the lowest cyclone will be needed.

The Department will require that high carbon fly ash be injected directly into the calciner to avoid CO evolution in the preheater.

The Department agrees with the applicant in that BACT for CO  shall be combustion control.  The emission limit for CO shall be 3.6 pounds per ton of clinker produced, and 450.0 pounds per hour, based on a 24 hour average.  A CEMS will be required for CO.  The facility will also install process monitors for CO to provide for the use of CO as a short-term measure of the efficacy of combustion control.  

Volatile Organic Compounds (VOC) 3
The most recent permitting practice throughout the country has been to issue a limit with a 30-day averaging time using a VOC or total hydrocarbons (THC) continuous emission monitoring system (CEMS).  The 30 averaging time is consistent with the emissions standards of 40 CFR 63, subpart LLL.  
There are no VOC or THC limits for cement plants based on a New Source Performance Standard.  The National Emissions Standard for Hazardous Air Pollutants (NESHAP) at 40 CFR 63, Subpart LLL limits THC at “greenfield plants”.  The FRI Kiln No. 2 project is a new kiln at a “brownfield plant” because the first kiln was permitted prior to the June 1999 applicability date for Subpart LLL.

For reference the Subpart LLL requirement is 50 parts per million by volume, dry of Total Hydrocarbons (THC) at 7 percent oxygen (ppmvd @7% O2).  This value is the maximum achievable control technology (MACT).  Though not applicable to FRI, MACT serves as a reference for determinations of best available control technology (BACT).  VOC in cement plants is roughly the equivalent of THC minus the sum of methane and ethane.  The latter compounds comprise roughly 30 percent of THC.  Thus a VOC limit equal to Subpart LLL limit would be approximately 32 ppmvd @7% O2.  The value 32 ppmvd of VOC is roughly 0.32 lb VOC/ton of clinker.

Since 1995, BACT determinations in Florida have ranged from 0.085 to 0.12 lb VOC/ton.  The limit issued by the State of Missouri to the recently permitted Holcim Lee Island Plant is 0.33 lb/ton of clinker and is probably equivalent to the mentioned Subpart LLL THC limit.

The proposed FCS kiln and calciner are very effective in controlling VOC from combustion except when overly aggressive reducing conditions are employed to control NOX.  FCS will rely primarily on SNCR to control NOX and is not likely to produce much VOC from combustion.

Given good combustion, the “Top” control is limitation of organic matter in raw materials.  Limestone in Florida is low in organic matter.  However care is required when obtaining additives such as mill scale for iron ore to avoid oily substances.  FCS proposes a limit of 0.19 lb VOC/ton of clinker.  This is equal to approximately 62 tons per year.  By contrast, there are parts of the 
3Reference e-mail from Alvaro Linero to Jim Pennington on March 25, 2005

country (such as Michigan) where naturally occurring kerogen in limestone can cause emissions of thousands of tons of VOC and objectionable odor from cement plants.
The lowest VOC value in a permit (~ 0.026 lb/ton) is believed to be for the TXI Midlothian Plant.  A $17,500,000 regenerative thermal oxidation system (RTO) was installed to deal with inherently high carbonaceous and organic matter in the raw material and to avoid PSD.  TXI is presently petitioning the Texas Environmental Quality Board to remove the RTO system.

For reference, Holcim installed an RTO at the Dundee, Michigan plant to deal with the VOC and odor problem from that operation.  Holcim also installed an activated coke filter at their Siggenthal, Switzerland Plant to control emissions when using dried wastewater treatment sludge as a fuel.  The filter aided in VOC, CO, SO2 heavy metal, and ammonia control.  Sludge burning and pollution control was made viable through subsidization by the City of Zurich. 

The Department considers 0.12 lb/ton of clinker by low organic compounds in the raw materials to represent BACT based on previously submitted applications.  This value is about 1/3 of the recent Holcim Lee determination by the State of Missouri.  It is less than half the value issued for the Holcim Holly Hill project in South Carolina and is approximately equal to the 0.11 lb/ton limit proposed as lowest achievable emission rate (LAER) for the St. Lawrence Cement project in New York.

The emission limit for VOC shall be 0.12 pounds per ton of clinker produced, and 15.0 pounds per hour, based on a 30 day averaging time.  This averaging time is consistent with the NESHAP requirements.  The department will require the applicant to install a CEMS to measure total hydrocarbons emitted from the facility. 

Based on the information provided by the applicant, independent research and training of the reviewers and the informed good engineering judgment of the Department’s personnel, BACT for PM, PM10, SO2, NOx, CO and VOC for the emission sources at this facility is determined to be the control technologies and emission limits discussed above.

8. COMPLIANCE

The compliance methods are briefly summarized here.  Except for PM and PM10, compliance with the emission and process limitations for the in-line kiln/raw mill shall be demonstrated on a regular basis through a variety of continuous monitoring systems, and by record keeping for some production parameters.  Compliance with the visible emissions limitation for the clinker cooler shall be regularly demonstrated using COM system clinker cooler stack.  With the exception of waived stack tests for baghouses meeting a 5% opacity, annual emission tests will be required for all emission-limited pollutants, including visible emissions, from the in-line kiln/raw mill and the clinker cooler.  Tests conducted for the annual RATA can satisfy the annual test requirements for the in-line kiln/raw mill.  Initial compliance testing to demonstrate compliance with the emission limits for the three largest process sources controlled by baghouses will be required; thereafter, no subsequent tests will be required if these sources meet a visible emissions limit of 5% opacity.  Initial and annual tests for the other process sources controlled by baghouses is not required if these sources meet a visible emissions limit of 5% opacity.  The opacity limit for the clinker cooler is 10%.  
The Department will require that the data from continuous monitors for emissions be available to the Department.
� Diagram from Department website; http://www.dep.state.fl.us/Air/permitting/construction.htm
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