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1.0   INTRODUCTION

This study was conducted to explore potential NOx emissions reduction strategies for cement kilns in Ellis County.  This project included assessing existing NOx control technologies as well as new technologies that have not been previously considered by TCEQ.  This project evaluated the general performance and cost of applicable NOx control technologies for the cement kilns present in Ellis County and further evaluated the application of these control technologies to the site-specific requirements of the kilns and raw materials present in Ellis County.


This study was initiated in order to fulfill obligations in the Dallas/Fort Worth Litigation Settlement Agreement. TCEQ, in consultation with the Plaintiffs, EPA, and Intervenor the Portland Cement Association, developed the scope of work and selected Eastern Research Group (ERG) and a panel of experts (the ERG Team) to perform this cement kiln NOx control technologies study.  This study evaluated the applicability of existing control technologies and the potential availability of new air pollution control technologies for cement kilns located in the Dallas/Ft Worth ozone nonattainment area.  This report evaluates and establishes type of controls that may be technically applied to the three nonattainment area cement plants with specific evaluations of applicability to the 10 cement kilns located at the three plants.  This report focuses largely on three active types of control technology: SCR, SNCR and NOx Oxidation.  This focus in based on the need to evaluate technologies that go beyond current requirements of TAC Chapter 117.   Economics of these control technologies are also investigated and reported. 


The intent of this study was to establish impartial parameters for the determination of applicable controls.  Controls were included to the extent that they were technically feasible.  Control costs and cost effectiveness values, in terms of cost per ton of NOx controlled, were then assigned to all technically feasible controls.  The ERG Team has not applied value judgments or assessed the economic viability of technically feasible controls.  The ERG Team has not excluded control technology on the basis of cost.  This study puts forward technically viable NOx control technologies and evaluates their cost effectiveness for specific application to Ellis County cement kilns with the intent of allowing TCEQ and other interested parties to have sufficient information make control technology selections.


This report uses the USEPA report “NOx Control Technologies for the Cement Industry” of September 2000 (EPA 2000) as a baseline for the technical analysis and as boilerplate for describing the cement industry and applicable control technologies.  The ERG Team has reviewed and edited this text to reflect the Team’s understanding of the processes and control techniques.  As mentioned previously, this report looks at active control technologies beyond the combustion and process optimization techniques of TAC Chapter 117.   The EPA 2000 report evaluates Selective Catalytic Reduction (SCR) and Selective Non-catalytic Reduction (SNCR) for the cement industry.  This study takes this EPA 2000 information and updates it to the present.  In addition, this study conducts site-specific evaluations including control cost evaluations for the 10 Ellis County cement kilns.  This study focuses on application of SCR, SNCR and oxidation technologies including LoTOx to control oxides of nitrogen.  Energy improvements are also examined, including the replacement of the seven Ellis County wet kilns with two large, modern dry process units.

1.1.   EXECUTIVE SUMMARY

The tables presented below contain summaries of control technology evaluations conducted as part of this study.  The summaries below generally contain conservative costs and scenarios for the selected technologies.  For example, performance levels for selective catalytic reduction (SCR) and LoTox oxidation are conservatively estimated at 80-85%.  These technologies typically perform better than these levels in other industrial applications.  However, using a slightly lower performance value presents a more conservative evaluation of control costs allowing potentially difficulties in initial application of these technologies to Ellis County cement kilns.   

The tables include a column discussing the status of the control technology for the application.  This column uses the Top-Down BACT terms, available, transferable and innovative, to describe the status of the control technologies.   However, for the purposes of this presentation, available essentially means that the technology is commercially available and in use on the similar types of cement kilns.  Transferable means that the technology is commercially available an in use on similar process equipment and could reasonably be expected to work on they type of cement kiln.  Innovative describes technologies that have not been successfully applied to a type of cement kiln, but in the judgment of the ERG Team could be expected to work on the type of cement kiln if correctly optimized through experimental application. 

Using these definitions for control status, no control technology is available for wet kilns and only transferable or innovative controls are proposed.  Wet kilns use more energy and have higher emissions rates than dry kilns.  The only available wet kiln option evaluated in this study is conversion of the wet kilns to modern dry preheater/calciner units.  This is a high cost alternative with a cost of approximately  $11 per metric tonne (the metric tonne is the standard unit of measure for cement production and is used in this report) of clinker produced including consideration of substantial reductions fuel savings due to increased efficiency.  As the cost of alternative controls approaches this value, there is reasonably expected to be a point where the cost of control technologies may create a substantial incentive to replace the wet kilns.  This decision is complex and may require consideration of expanded production and use of alternative energy sources to be commercially justified.  Burden costs in $/tonne of clinker are provided to provide insight into the impacts of control costs on the cement plant’s cost of product.  The emissions reductions calculated in Tables 1-1 through 1-8  are based on operation of the control equipment for the entire year and not just during the Dallas/Ft. Worth ozone season.    

1.1.1. Control Alternatives for Holcim Inc.

Holcim operates two modern dry preheat precalcination kilns each with an annual production capability of slightly over one million tons per year of clinker.  Holcim has recently completed testing of SNCR on these kilns.  SNCR performed reasonably well on Holcim #1, but additional optimization may improve performance.

Holcim #1

Holcim’s Line #1 began operation in 1987.  While essentially a modern design, typical of units built in the 1980’s, and may be a candidate for a reconstructed preheater precalcination tower to a larger, more energy efficient design (see Section 4.4.5 of the report).  This reconstruction could also allow for improved staging of combustion, lower NOx generation and improved integration with controls such as SNCR or an oxidation control technology.  Without modification, Holcim #1 will likely achieve somewhat lower control performance than Holcim #2 or TXI #5 based on application of similar technologies.  However, in spite of it’s older generation of design, Holcim #1 is currently performing nearly as well as Holcim #2.  Neither Holcim #1 nor Holcim #2 is currently performing as well as TXI #5 in terms of energy efficiency or NOx emissions rates.


	Table 1-1 Summary of Technologies for Holcim #1 – Full Year Control

	Control Technology
	Control Technology Status
	Emissions Rate  before control  tpy
	Emissions Rate   before control  lbsNOx/tonne
	Percent Control 
	Emissions Reduction from Control  

tpy
	Controlled Emission Rate lbsNOx/tonne
	Cost Effectiveness $/ton NOx
	Burden Cost $/tonne clinker

	SCR
	Available
	2,222
	3.76
	85%
	1,888.7 
	0.56
	$1,700
	$2.70 

	LoTOx
	Transferable
	2,222
	3.76
	85%
	1,888.7 
	0.56
	$2,200
	$3.50 

	SNCR
	Available
	2,222
	3.76
	50%
	1,111
	1.9
	$1,400
	$1.30

	Calciner Upgrade
	Available
	2,222
	3.76
	40%
	888.8
	2.2
	$2,795
	 $2.70


40% for new low-NOx calciner based on literature.

Cost effectiveness for calciner upgrade calculated by ratio of burden costs using SCR data.

Holcim #2

Holcim’s Line #2 began operation in 1999.  Holcim #2 is a modern design, but emits substantially more NOx than TXI #5 that was built only two years later.  There may be process or combustion optimization options for Holcim #2 that can lower NOx prior to control.  Holcim has recently completed testing of SNCR on these kilns.  SNCR did not perform as well as would be expected on Holcim #2 and additional optimization should improve performance.  

	Table 1-2 Summary of Technologies for Holcim #2 – Full Year Control

	Control Technology
	Control Technology Status
	Emissions Rate  before control  tpy
	Emissions Rate   before control  lbsNOx/tonne
	Percent Control 
	Emissions Reduction from Control  

tpy
	Controlled Emission Rate lbsNOx/tonne
	Cost Effectiveness $/ton NOx
	Burden Cost $/tonne clinker

	SCR
	Available
	1,778
	3.01
	85%
	1,511.3 
	0.45
	$1,700
	$2.20 

	LoTOx
	Transferable
	1,778
	3.01
	85%
	1,511.3 
	0.45
	$2,100
	$2.80 

	SNCR
	Available
	1,778
	3.01
	50%
	889
	1.5
	$1,600
	$1.20


1.1.2. Control Alternatives for TXI Cement

TXI operates five kilns, one modern dry preheat precalcination kiln and four 1960’s era wet kilns.  Two of the wet kilns are operated full time and two are operated as backup units about 15% of the time.

TXI #1 and #4

TXI #1 began operation in 1960 and TXI #4 began operation in 1972.  These are wet kilns that use the old process of making cement from wet slurry.  This makes high quality cement but uses substantially more energy to make cement.  Both energy use and NOx emissions rates are substantially higher for wet kilns than for dry process kilns.   Because the kilns are of similar size and used in a similar manner, one estimate has been created to represent both TXI #1 and TXI #4.  Cost and control estimates are based on averaging the operation of these kilns; a similar approach has been used for TXI #2 and #3.  A control option for replacement of the wet kilns at TXI with a new large dry kiln of equal capacity to the old wet kilns is also presented.  The model for wet to dry conversion contains a calculation for fuel savings that is not entirely accurate for TXI because of the use of waste fuels in the wet kilns.  However, to the extent that a new, larger dry kiln would continue to utilize a similar amount of waste fuels, the savings in fuel expressed as coal would still provide an accurate view of a potential fuel savings.  The models for TXI #1 and #4 presume that mid-kiln firing will be applied as required under the current SIP and that this will achieve a 30% reduction in NOx emissions.  This 30% assumption is based on evaluation of literature and other installations and is not intended to predict the actual ability of TXI to reduce emissions through mid-kiln firing.
 Assuming mid-kiln firing reduces the emissions rate from current actual rates and decreases control cost effectiveness.  As less NOx is available for control, the cost per ton controlled is increased.  However, as mid-kiln firing is already required under Texas regulations, this was deemed the proper starting place for control analysis.  The analyses for TXI #1 and #4 presented below are based on an average for the two kiln and values presented below, such as emissions reductions, should be doubled to account for both kilns.

	Table 1-3 Summary of Technologies for TXI #1 & #4 – Full Year Control

	Control Technology
	Control Technology Status
	Emissions Rate  before control  tpy
	Emissions Rate   before control  lbsNOx/tonne
	Percent Control 
	Emissions Reduction from Control  

tpy
	Controlled Emission Rate lbsNOx/tonne
	Cost Effectiveness $/ton NOx
	Burden Cost $/tonne clinker

	SCR
	Transferable
	838
	5.67
	85%
	712.3 
	0.85
	$5,000
	$12.00 

	LoTOX
	Transferable
	838
	5.67
	85%
	712.3
	0.85
	$2,800
	$6.80 

	SNCR
	Innovative
	838
	5.67
	35%
	293.3
	3.7
	$2,100
	$2.10

	Wet to Dry 
	Available
	1,802
	5.67
	65%
	1,171.3
	2.0
	$6,700
	 $11.00

	Large 3 Kiln SCR
	Transferable
	1,802
	5.67
	85%
	1,531.7
	0.85
	$5,400
	$8.00


SCR includes the cost of installing and operating RTO’s to reheat gas after ESPs.

Wet to dry conversion analysis based on one large kiln to replace exiting capacity. 

TXI #2 and #3

TXI #2 began operation in 1963 and TXI #3 began operation in 1967.  Similar to TXI #1 and #4, these are wet kilns that use the old process of making cement from wet slurry.  Because the kilns are of similar size and used in a similar manner, one estimate has been created to represent both TXI #2 and TXI #3.  Cost and control estimates are based on averaging the operation of these kilns.   Although the kilns are physically similar to TXI #1 and #4, they are used as backup units.  As backup units, these kilns have a low utilization rate (averaging 15% for the two kilns in 2004); the low utilization rate will show poor economics of control, as the fixed costs will be averaged over very small NOx reductions.  The control option for replacement of the wet kilns at TXI with a new large dry kiln of equal capacity to the old wet kilns is and option for all four kilns and has identical economics and environmental benefits as described above for TXI #1 and #4.   Also, as with TXI #1 and #4, mid-kiln firing is assumed as the starting place for this analysis as this is already required the Texas regulations.  The analyses for TXI #2 and #3 presented below are based on an average for the two kiln and values presented below, such as emissions reductions, should be doubled to account for both kilns.

	Table 1-4 Summary of Technologies for TXI #2 & #3 – Full Year Control

	Control Technology
	Control Technology Status
	Emissions Rate  before control  tpy
	Emissions Rate   before control  lbsNOx/tonne
	Percent Control 
	Emissions Reduction from Control  

tpy
	Controlled Emission Rate lbsNOx/tonne
	Cost Effectiveness $/ton NOx
	Burden Cost $/tonne clinker

	SCR
	Transferable
	85
	3.4
	85%
	72.3
	0.51
	$60,000
	$13.00 

	LoTOx
	Transferable
	85
	3.4
	85%
	72.3
	0.51
	$8,000
	$11.50

	SNCR
	Innovative
	85
	3.4
	35%
	30
	2.2
	$11,000
	$6.50

	Wet to Dry 
	Available
	1,802
	5.67
	65%
	1,171.3
	2.0
	$6,700
	 $11.00

	Large 3 Kiln SCR
	Transferable
	1,802
	5.67
	85%
	1,531.7
	0.85
	$5,400
	$8.00


SCR includes the cost of installing and operating RTO’s to reheat gas after ESPs.

Wet to dry conversion analysis based on one large kiln to replace exiting capacity. 

TXI #5

TXI #5 began operation in 2001 and is the largest and most efficient kiln line in the study area.  It is fuel efficient and intrinsically low in NOx emissions.   The low NOx emissions rate is a function of the design and may also be partly the result of the chemistry of the feed materials (see discussion of chemistry in the main report) that may be causing reduction of NOx.  Because of the relatively low NOx concentrations in the offgas, the expected NOx removal efficiencies are lower for TXI #5 than for other kilns.  For example, both European and US experience with SNCR indicates that removal is less efficient at lower NOx concentration and that practical removal is currently understood to be limited to about 200 mg/m3 or 100 ppm.  For this reason, TXI #5 is modeled for 35% control for SNCR compared to 50% for the Holcim kilns.  

	Table 1-5 Summary of Technologies for TXI #5 – Full Year Control

	Control Technology
	Control Technology Status
	Emissions Rate  before control  tpy
	Emissions Rate   before control  lbsNOx/tonne
	Percent Control 
	Emissions Reduction from Control  

tpy
	Controlled Emission Rate lbsNOx/tonne
	Cost Effectiveness $/ton NOx
	Burden Cost $/tonne clinker

	SCR
	Available
	1,710
	1.50
	80%
	1,368 
	0.30
	$1,800
	$1.10 

	LoTOx
	Transferable
	1,710
	1.50
	80%
	1,368
	0.30
	$2,400
	$1.40 

	SNCR
	Available
	1,710
	1.50
	35%
	598.5
	1.0
	$2,300
	$0.60


1.1.3. Control Alternatives for Ash Grove Cement

ASH GROVE #1, #2 and #3

Ash Grove operates three wet kilns that began operation in 1966, 1969 and 1972.  Similar to the wet kilns at TXI, these are wet kilns that use the older process of making cement from wet slurry.  This makes high quality cement but uses substantially more energy to make cement.  Both energy use and NOx emissions rates are substantially higher for wet kilns that for dry process kilns.  The Ash Grove kilns are currently complying with the SIP requirement for mid-kiln firing.  The NOx emissions rate at Ash Grove from mid-kiln firing of tires appears to be substantially lower than at TXI where the mid-kiln firing project has been delayed by permit issues.  

Because the Ash Grove kilns are of similar size and used in a similar manner, separate discussions are not provided for each kiln.  Slight differences in flow rates and emissions rates are modeled and presented in the tables below.  Similar to the TXI presentation, a control option for replacement of the wet kilns at Ash Grove with a new large dry kiln of equal capacity to the old wet kilns is presented.  A single, large SCR is modeled that combines the emissions and flow of the three kilns into one large control unit is modeled to demonstrate the impact on control costs.  SCR is more cost effective at Ash Grove than at TXI due to higher gas temperatures and less required reheat of stack gas.

	Table 1-6 Summary of Technologies for Ash Grove #1 – Full Year Control

	Control Technology
	Control Technology Status
	Emissions Rate  before control  tpy
	Emissions Rate   before control  lbsNOx/tonne
	Percent Control 
	Emissions Reduction from Control  

tpy
	Controlled Emission Rate lbsNOx/tonne
	Cost Effectiveness $/ton NOx
	Burden Cost $/tonne clinker

	SCR
	Transferable
	702
	5.57
	85%
	596.7 
	0.84
	$5,200
	$12.00 

	LoTOx
	Transferable
	702
	5.57
	85%
	596.7
	0.84
	$2,900
	$7.00 

	SNCR
	Innovative
	702
	5.57
	35%
	245.7
	3.6
	$2,200
	$2.20

	Wet to Dry 
	Available
	2,205
	5.68
	65%
	1,433.3
	2.0
	$6,500
	 $11.00

	Large 3 Kiln SCR
	Transferable
	2,205
	5.83
	85%
	1,874.25
	0.88
	$4,200
	$10.00


SCR includes the cost of installing and operating RTO’s to reheat gas after ESPs.

Wet to dry conversion analysis based on one large kiln to replace 3 small.

	Table 1-7 Summary of Technologies for Ash Grove #2 – Full Year Control

	Control Technology
	Control Technology Status
	Emissions Rate  before control  tpy
	Emissions Rate   before control  lbsNOx//tonne
	Percent Control 
	Emissions Reduction from Control  

tpy
	Controlled Emission Rate lbNOx/tonne 
	Cost Effectiveness $/ton NOx
	Burden Cost $/tonne clinker

	SCR
	Transferable
	750
	5.95
	85%
	637.5 
	0.89
	$5,200
	$13.00 

	LoTOx
	Transferable
	750
	5.95
	85%
	637.5
	0.89
	$2,900
	$7.50 

	SNCR
	Innovative
	750
	5.95
	35%
	262.5
	3.9
	$2,200
	$2.30

	Wet to Dry 
	Available
	2,205
	5.68
	65%
	1,433.3
	2.0
	$6,500
	 $11.00

	Large 3 Kiln SCR
	Transferable
	2,205
	5.83
	85%
	1,874.25
	0.88
	$4,200
	$10.00


SCR includes the cost of installing and operating RTO’s to reheat gas after ESPs.

Wet to dry conversion analysis based on one large kiln to replace 3 small.

	Table 1-8 Summary of Technologies for Ash Grove #3 – Full Year Control

	Control Technology
	Control Technology Status
	Emissions Rate  before control  tpy
	Emissions Rate   before control  lbsNOx/tonne
	Percent Control 
	Emissions Reduction from Control  

tpy
	Controlled Emission Rate lbsNOx/tonne
	Cost Effectiveness $/ton NOx
	Burden Cost $/tonne clinker

	SCR
	Transferable
	764
	6.06
	85%
	649.4 
	0.91
	$5,500
	$14.00 

	LoTOx
	Transferable
	764
	6.06
	85%
	649.4
	0.91
	$3,000
	$7.90 

	SNCR
	Innovative
	764
	6.06
	35%
	267.4
	3.9
	$2,200
	$2.30

	Wet to Dry 
	Available
	2,205
	5.68
	65%
	1,433.3
	2.0
	$6,500
	 $11.00

	Large 3 Kiln SCR
	Transferable
	2,205
	5.83
	85%
	1,874.3
	0.88
	$4,200
	$10.00


SCR includes the cost of installing and operating RTO’s to reheat gas after ESPs.

Wet to dry conversion analysis based on one large kiln to replace 3 small.

1.1.4. Ozone Season Only Control Costs

The emissions reductions calculated in the tables below are based on operation of the control equipment during the Dallas/Ft. Worth ozone season unless otherwise noted.  For example, SCR is presumed to operate only during the ozone season in the modeling.  This results in a higher annualized cost effectiveness in dollars per ton of NOx controlled as less NOx is controlled on an annual basis.  Wet kiln to dry preheat/precalciner unit conversions provide benefit for the full year and are not seasonal measures.   Tables 1-9 through 1-16 are similar to Tables 1-1 through 1-8 except that adjustments have been made to represent seasonal operation.

Holcim Ozone Season Results

	Table 1-9 Summary of Technologies for Holcim #1 – Ozone Season Control

	Control Technology
	Control Technology Status
	Emissions Rate  before control  tpy
	Emissions Rate   before control  lbsNOx/tonne
	Percent Control 
	Emissions Reduction from Control  

tpy
	Controlled Emission Rate lbsNOx/tonne
	Cost Effectiveness $/ton NOx
	Burden Cost $/tonne clinker

	SCR
	Available
	2,222
	3.76
	85%
	1,267.3 
	0.56
	$1,950
	$2.00 

	LoTOx
	Transferable
	2,222
	3.76
	85%
	1,267.3 
	0.56
	$2,400
	$2.35 

	SNCR
	Available
	2,222
	3.76
	50%
	745.4
	1.9
	$1,500
	$1.00

	Calciner Upgrade
	Available
	2,222
	3.76
	40%
	888.8
	2.2
	$2,795
	 $2.70


Emissions reductions are for ozone season unless otherwise noted.

40% for new low-NOx calciner based on literature.

Cost effectiveness for calciner upgrade calculated by ratio of burden costs using SCR data. 

Calciner upgrade is not a seasonal ozone measure.

	Table 1-10 Summary of Technologies for Holcim #2 – Ozone Season Control

	Control Technology
	Control Technology Status
	Emissions Rate  before control  tpy
	Emissions Rate   before control  lbsNOx/tonne
	Percent Control 
	Emissions Reduction from Control  

tpy
	Controlled Emission Rate lbsNOx/tonne
	Cost Effectiveness $/ton NOx
	Burden Cost $/tonne clinker

	SCR
	Available
	1,778
	3.01
	85%
	1,014.0 
	0.45
	$2,000
	$1.70 

	LoTOx
	Transferable
	1,778
	3.01
	85%
	1,014.0 
	0.45
	$2,300
	$1.90 

	SNCR
	Available
	1,778
	3.01
	50%
	596.5
	1.5
	$1,700
	$0.90


Emissions reductions are for ozone season unless otherwise noted.

TXI Ozone Season Results

	Table 1-11 Summary of Technologies for TXI #1 & #4 – Ozone Season Only

	Control Technology
	Control Technology Status
	Emissions Rate  before control  tpy
	Emissions Rate   before control  lbsNOx/tonne
	Percent Control 
	Emissions Reduction from Control  

tpy
	Controlled Emission Rate lbsNOx/tonne
	Cost Effectiveness $/ton NOx
	Burden Cost $/tonne clinker

	SCR
	Transferable
	838
	5.67
	85%
	477.9 
	0.85
	$5,500
	$9.00 

	LoTOX
	Transferable
	838
	5.67
	85%
	477.9
	0.85
	$3,300
	$4.70 

	SNCR
	Innovative
	838
	5.67
	35%
	196.8
	3.7
	$2,400
	$1.60

	Wet to Dry 
	Available
	1,802
	5.67
	65%
	1,171.3
	2.0
	$6,700
	 $11.00

	Large 3 Kiln SCR
	Transferable
	1,802
	5.67
	85%
	1,027.7
	0.85
	$5,400
	$6.00


Emissions reductions are for ozone season unless otherwise noted.

SCR includes the cost of installing and operating RTO’s to reheat gas after ESPs.

Wet to dry conversion analysis based on one large kiln to replace exiting capacity, emissions reduction is full year. 

	Table 1-12 Summary of Technologies for TXI #2 & #3 – Ozone Season Only

	Control Technology
	Control Technology Status
	Emissions Rate  before control  tpy
	Emissions Rate   before control  lbsNOx/tonne
	Percent Control 
	Emissions Reduction from Control  

tpy
	Controlled Emission Rate lbsNOx/tonne
	Cost Effectiveness $/ton NOx
	Burden Cost $/tonne clinker

	SCR
	Transferable
	85
	3.4
	85%
	48
	0.51
	$90,000
	$13.00 

	LoTOx
	Transferable
	85
	3.4
	85%
	48
	0.51
	$11,000
	$10.50

	SNCR
	Innovative
	85
	3.4
	35%
	20
	2.2
	$13,000
	$5.00

	Wet to Dry 
	Available
	1,802
	5.67
	65%
	1,171.3
	2.0
	$6,700
	 $11.00

	Large 3 Kiln SCR
	Transferable
	1,802
	5.67
	85%
	1,027.7
	0.85
	$5,400
	$6.00


Emissions reductions are for ozone season unless otherwise noted.

SCR includes the cost of installing and operating RTO’s to reheat gas after ESPs.

Wet to dry conversion analysis based on one large kiln to replace exiting capacity, emissions reduction is full year. 

	  Table 1-13 Summary of Technologies for TXI #5 – Ozone Season Only

	Control Technology
	Control Technology Status
	Emissions Rate  before control  tpy
	Emissions Rate   before control  lbsNOx/tonne
	Percent Control 
	Emissions Reduction from Control  

tpy
	Controlled Emission Rate lbsNOx/tonne
	Cost Effectiveness $/ton NOx
	Burden Cost $/tonne clinker

	SCR
	Available
	1,710
	1.50
	80%
	918.0 
	0.30
	$2,200
	$0.90 

	LoTOx
	Transferable
	1,710
	1.50
	80%
	918.0
	0.30
	$2,600
	$0.90 

	SNCR
	Available
	1,710
	1.50
	35%
	401.6
	1.0
	$2,500
	$0.45


Emissions reductions are for ozone season unless otherwise noted.

Ash Grove Ozone Season Results

	Table 1-14 Summary of Technologies for Ash Grove #1 – Ozone Season Only

	Control Technology
	Control Technology Status
	Emissions Rate  before control  tpy
	Emissions Rate   before control  lbsNOx/tonne
	Percent Control 
	Emissions Reduction from Control  

tpy
	Controlled Emission Rate lbsNOx/tonne
	Cost Effectiveness $/ton NOx
	Burden Cost $/tonne clinker

	SCR
	Transferable
	702
	5.57
	85%
	400.4 
	0.84
	$6,400
	$9.10 

	LoTOx
	Transferable
	702
	5.57
	85%
	400.4
	0.84
	$3,400
	$5.00 

	SNCR
	Innovative
	702
	5.57
	35%
	164.9
	3.6
	$2,500
	$1.70

	Wet to Dry 
	Available
	2,205
	5.68
	65%
	1,433.3
	2.0
	$6,500
	 $11.00

	Large 3 Kiln SCR
	Transferable
	2,205
	5.83
	85%
	1,257.6
	0.88
	$5,100
	$7.60


SCR includes the cost of installing and operating RTO’s to reheat gas after ESPs.

Wet to dry conversion analysis based on one large kiln to replace 3 small, emissions reduction is full year.

	Table 1-15 Summary of Technologies for Ash Grove #2 – Ozone Season Only

	Control Technology
	Control Technology Status
	Emissions Rate  before control  tpy
	Emissions Rate   before control  lbsNOx/tonne
	Percent Control 
	Emissions Reduction from Control  

tpy
	Controlled Emission Rate lbsNOx/tonne
	Cost Effectiveness $/ton NOx
	Burden Cost $/tonne clinker

	SCR
	Transferable
	750
	5.95
	85%
	427.8 
	0.89
	$6,400
	$9.80 

	LoTOx
	Transferable
	750
	5.95
	85%
	427.8
	0.89
	$3,500
	$5.40 

	SNCR
	Innovative
	750
	5.95
	35%
	176.1
	3.9
	$2,400
	$1.70

	Wet to Dry 
	Available
	2,205
	5.68
	65%
	1,433.3
	2.0
	$6,500
	 $11.00

	Large 3 Kiln SCR
	Transferable
	2,205
	5.83
	85%
	1,257.6
	0.88
	$5,100
	$7.60


Emissions reductions are for ozone season unless otherwise noted.

SCR includes the cost of installing and operating RTO’s to reheat gas after ESPs.

Wet to dry conversion analysis based on one large kiln to replace 3 small, emissions reduction is full year.

	Table 1-16 Summary of Technologies for Ash Grove #3 – Ozone Season Only

	Control Technology
	Control Technology Status
	Emissions Rate  before control  tpy
	Emissions Rate   before control  lbsNOx/tonne
	Percent Control 
	Emissions Reduction from Control  

tpy
	Controlled Emission Rate lbsNOx/tonne
	Cost Effectiveness $/ton NOx
	Burden Cost $/tonne clinker

	SCR
	Transferable
	764
	6.06
	85%
	435.7 
	0.91
	$6,740
	$10.50 

	LoTOx
	Transferable
	764
	6.06
	85%
	435.7


	0.91
	$3,700
	$5.70 

	SNCR
	Innovative
	764
	6.06
	35%
	179.4
	3.9
	$2,400
	$1.70

	Wet to Dry 
	Available
	2,205
	5.68
	65%
	1,433.3
	2.0
	$6,500
	 $11.00

	Large 3 Kiln SCR
	Transferable
	2,205
	5.83
	85%
	1,257.6
	0.88
	$5,100
	$7.60


Emissions reductions are for ozone season unless otherwise noted.

SCR includes the cost of installing and operating RTO’s to reheat gas after ESPs.

Wet to dry conversion analysis based on one large kiln to replace 3 small, emissions reduction is full year.

1.1.5. Summary of Performance and Cost Modeling Assumptions


The ERG Team used best engineering judgment in determining modeling parameters from the various data available.  The ERG Team relied primarily on permit materials and emissions statements submitted to the State of Texas as well as material supplied by the companies in establishing the modeling parameters used to estimate control performance, cost and cost effectiveness.  The ERG Team considered long term trends to derive estimated values for factors such as annual production capacity of clinker, which was adjusted by an assumed capacity factor that may be lower than current high operating levels.  Values for airflows and temperatures were not always available for the proposed control device locations and values were estimated based on temperature and moisture adjustments.  


Cost effectiveness is calculated for NOx reductions only.  A wet to dry kiln conversion, calciner upgrade or the addition of a scrubber will result in reduction of other pollutants.  As this study is performed to assess ozone control measures, these benefits have not been included in the cost benefit analyses.  A simple spray tower that would not effectively control SO2 is priced as part of the LoTOx analysis for wet kilns.  If a flue gas desulfurization (FGD) scrubber were added, the price would increase.  However, additional benefits for other pollutants controlled would also occur.  Additional, voluntary control of other pollutants would bring emissions credits that could be sold.  For example, adding FGD scrubbers to Ash Grove wet kilns could result in approximately 1,800 tons per year of SO2 emissions reduction per kiln and a wet kiln conversion would result in approximately 1,300 tons per year of SO2 reduction per kiln.  Both the oxides of nitrogen and sulfur are also precursors of fine particle formation.  Control technologies that remove these precursors would provide additional, unquantified benefits to regional air quality.  

1.1.5.1. Kiln replacement or upgrading


Both kiln replacement and upgrading were considered for modeling for the wet kilns. Replacement is the only option actually modeled because none of the wet kilns are large enough to be practically upgraded to a semi-wet system. Semi-wet systems do result have been shown to result in significant production increases and NOx decreases but fuels savings have proven to be limited.  Upgrading the preheater/calciner tower on Holcim #1 was also considered as an option.  This process line is somewhat older than Holcim #2 or TXI #5 and is the design is somewhat less energy efficient.  The cost values for wet to dry conversions and for upgrading the design of Holcim #1 as well as the energy improvements are taken primarily from Department of Energy reports.
1.1.5.2. SCR

The SCR cost model is a boiler cost model developed for use on coal-fired utility boilers.  The SCR model is developed from the OAQPS Cost Manual and has been applied to other processes such as refinery FCCUs with reasonable success.  

For the dry kilns, the model assumes that a location for SCR can be found where reheat of the process gas is not required.  This is a high dust assumption.  For the wet kilns, installation is assumed to be located after the dust collectors (low dust) and that reheat of the exhaust gas will be required.  The reheat cost model is based on the OAQPS cost model for regenerative thermal oxidizers with 70% heat recovery.


Although current assumptions for coal-fired power plants would predict 90% or better control for SCR, this assumption has been lowered to 85% for these model runs.  This was done to represent a conservative approach to the cost modeling that included consideration of potential problems in applying SCR such as higher variability of the gas stream comparing a utility boiler to a cement plant and lack of experience in achieving high levels of control using SCR in the cement industry.  Due to the lower emissions rates at TXI #5, the control efficiency was modeled at 80%.  This was based on the evaluation of the current relatively low concentrations of NOx in the TXI stack and uncertainty about SCR performance in a cement kiln at very low endpoint concentrations.   These control efficiencies are not intended to define the final performance of this technology, but to evaluate costs under conservative assumptions.

1.1.5.3.  SNCR

The SNCR cost model is also a boiler cost model developed for use on coal-fired utility boilers.  The SNCR model is derived from the OAQPS cost manual and EPA’s OTAG cost modeling.  It is has been simplified to obtain capital costs primarily on flow rates.  The ERG team attempted to verify the reasonableness of this model’s results for the Ellis County dry kilns.   The estimates for wet kilns are conjecture.  No accurate costing can be developed without an understanding of the ultimate design of the control system.  As SNCR experimentation as an innovative control options was deemed technically feasible, costs based on the dry kiln model were developed.  Reagent costs are a substantial part of the annualized cost of SNCR, so this rough cost estimate for wet kilns was still considered to be a valuable approximation.

As with the SCR control efficiencies, the cost models were run at conservative control efficiency values.  A value of 50% was used for the Holcim kilns and 35% was used for the TXI #5 and the wet kilns.  The control efficiency of 35% at TXI was consistent with the reported performance of a European application at approximately 100 ppm.  The value for wet kilns represented a reduced expectation for this experimental approach.

1.1.5.4. Oxidation Technologies

LoTOx

The LoTOx model is based on the OAQPS model for thermal oxidation.  Specific inputs to this model were developed with assistance from BOC and should produce results reasonably close to the current costs of their oxidation technology.  For the dry process kilns, no scrubbers were assumed to be required as the existing scrubbers were expected to be sufficient for removal of oxidation products from the process gas.  For the wet kilns, BOC provided approximate costs for installing LoTOx with spray towers.  BOC provided generalized costs and detailed costs on scrubber operating costs have not been developed. 

The same control efficiencies were used for LoTOx as for SCR.  Again, this was done to make the cost estimates conservative due to lack of application of these technologies to the cement industry.  BOC asserted that controls efficiencies of 95% and 98% could be obtained using this technology.  However, for this modeling effort, the same performance levels were modeled for LoTOx as for SCR.  As with the SCR modeling, this was not done as a reflection on the final performance capability of the technology, but rather to provide an equivalent and conservative basis for evaluating the cost of control.

The accuracy of OAQPS cost modeling approaches is typically within 30% or so for instances where parameters are accurately defined and the process well known.  This is a useful tool for comparing different technologies.  However, closely scrutinized vendor quotes should be the basis of any final comparison of technologies.  Minor differences in modeling results are likely to be the product of assumptions regarding cost of electricity or reagents.  For example, for Holcim #2, the cost of SCR was predicted to be $1,700 per ton of NOx and LoTOx was modeled at $2,100 per cost.   As discussed above, we may have slightly underestimated the control efficiency of SCR and LoTOx.  

A relatively small difference in the cost effectiveness for SCR and LoTOx should not be viewed as significant without understanding the contributing factors.  Reagent cost and control efficiency assumptions can account for these differences.  Reagent cost for ammonia is currently very volatile due to high natural gas costs.  A value of $500 per ton was used to reflect higher costs experienced in 2005, but not the currently higher short-term prices.  If current high prices persist, the cost difference between these two technologies would be negligible.  If LoTOx proves better at responding to fluctuations in NOx concentrations and achieves a higher level of control than SCR, this would also tend to push cost effectiveness of the two technologies closer together.  Differences of 20% in the cost effectiveness of two technologies should not a basis for selecting one technology over another.  If initial modeling results produce similar economic and performance values, both technologies should be considered for vendor pricing unless other factors dictate a clear preference for one over the other.  Other factors, such as a determination that reheat was needed for application of SCR to dry kilns would have a substantial impact and the two technologies would no longer appear equivalent in cost effectiveness.  

Other Oxidation Technologies

There are other oxidation technologies using hydrogen peroxide or other chemical reagents. Most of these technologies are new; relatively low temperature end-of-pipe control techniques.  As mentioned under the discussion for SCR above, the reagent cost for ammonia reagents is currently high.  Other oxidation technologies may allow use of lower cost reagents that may improve cost effectiveness for plants with existing wet scrubbers. There is one higher temperature hydrogen peroxide technology that may be able to be implemented inside an existing precalciner system, although it still requires a wet scrubber. At current hydrogen peroxide commodity prices, one of these alternative technologies may be more cost effective than ozone or ammonia based reagent alternatives. None of these technologies were found to have been used on a cement kiln or comparable system. Therefore, costing of these options was not attempted.  All of these systems should be considered innovative but should not be ruled out of consideration as a lower cost reagent would have a substantial impact on annual control costs.
Note on the conventions used in the Tables 1-1 through 1-16.





The metric tonne (1,000 kgs. or 2,205 lbs.) is used by the cement industry for measuring and reporting production.  Emissions are reported in short tons containing 2,000 lbs./ton.  This results in a 10% difference between the metric tonne and the short ton.  A controlled emissions rate of 1.1 lbs./tonne is equivalent to a controlled emissions rate of 1.0 lbs./ton.  Emissions reported in tpy are in short tons per year.
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