
Control Measure:  Aggregate Kilns-NOx, Measure # 68 
Category:  Area & Point 
Author:  Ron Friesen  
 
 
DESCRIPTION 
 
Lightweight aggregate is a type of coarse aggregate that is used in the production of lightweight 
concrete products such as concrete block, structural concrete and pavement.  The production of 
lightweight aggregate includes mining or quarrying the raw material (clay, shale or slate), 
crushing the material and then feeding the material to a rotary kiln.  Most plants use rotary kilns 
although some use traveling grates that are also used to heat the raw material. 
 
 
ANALYSIS 
 
Control Technology or Method of Control  
 
The NOx emitted from this industry is from the combustion in the rotary kilns.  Emissions will 
depend on the method of firing.  As with Cement and Lime Kilns, firing can be with coal, natural 
gas and sometimes material classified as hazardous waste. 
 
Similar to Cement Kilns, there are several options for the control of NOx from Aggregate Kilns.  
These options include the use of Low NOx Burners (LNB), Mid-Kiln Firing (MKF), Selective 
Catalytic Reduction (SCR) and Selected Non-Catalytic Reduction (SNCR).  Each of these 
methods has been demonstrated to significantly reduce NOx emissions.   
 
Low NOx Burners (LNB) are designed to “stage” combustion so that two combustion zones are 
created, one fuel-rich combustion and one at a lower temperature.  Staging techniques are usually 
used by LNB to supply excess air to cool the combustion process or to reduce available oxygen 
in the flame zone.  
 
Mid-Kiln Firing (MKF) is another staged combustion technique.  In this process, solid fuel is fed 
into the calcining zone of the rotating kiln using a specially designed feed injection system.  
MKF allows part of the fuel to be burned at a calcinating temperature that is much lower than the 
normal burning temperature. 
 
Selective catalytic reduction (SCR) is the process of using ammonia in the presence of a catalyst 
to selectively reduce NOx emissions from exhausts gases.  The SCR process has been used 
extensively for gas turbines, internal combustion engines and fossil fuel-fired utility boilers but 
has also been used in kilns. In this system, anhydrous ammonia, usually diluted with air or steam, 
is injected through a catalyst bed to carry out NOx reduction reactions.  A number of catalyst 
materials have been used, such as titanium dioxide, vanadium pentoxide and zeolite-based 
materials.  The catalyst is typically supported on ceramic materials, e.g., alumina in a 
honeycomb monolith form.  The optimum temperature for the catalyst reactions depends upon 
the specific catalysts used, but occur in the range from 570 to 840 oF (300 to 450 oC).  This can 
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be higher than typical cement kiln flue gas temperatures especially in plants that use heat 
recovery systems, or use a bag house for particulate collection.  Because catalysts can be fouled 
by particulates, the presence of alkalis, lime and sulfur dioxide in the exhaust gases are of 
concern.   
 
SNCR technology relies on the reduction of NOx in exhaust gases by injecting ammonia or urea 
without the use of a catalyst.  This approach avoids problems related to catalyst fouling, but 
requires injection of reagents in the kiln at a temperature “window” of 1600 to 2000 oF (870 to 
1090 oC).  At these temperatures, the urea decomposes to produce ammonia, which is 
responsible for NOx reductions.  To achieve full effectiveness, SNCR systems must operate in a 
section of the kiln with the proper temperature and residence time.  At lower temperatures, the 
NOx reduction reactions become too slow resulting in too much un-reacted ammonia, which is 
usually referred to as ammonia slip when discharged to the atmosphere.  The effective 
temperature window range can be lowered to about 1300 oF (700 oC) by the addition of hydrogen 
along with the reducing agent.  Several other reagents can also shift the temperature window.   
 
 
Emissions Affected 
 
The SIC code for this category is 3295.  To our knowledge, there are currently no Source 
Classification Codes for this industry. 
 
 
Emissions Reductions 
 
Emissions reductions of 50 to 80 percent have been achieved in kilns using SCR technology and 
SNCR technology respectively.  Based in the 2002 Emissions Inventory for Point Sources, we 
were unable to identify any Aggregate Kilns.  However, in a personal conversation with Karen 
Hill of the TCEQ staff1, we understand that there may be sources in this category.  If this is the 
case, we will work with the TCEQ staff to determine the sources of emissions and evaluate the 
potential reductions from this category. 
 
 
Cost-effectiveness 
 
The cost-effectiveness numbers for this measure are from the Alternative Control Techniques 
(ACT) document by EPA for cement kilns.2  Based on the EPA document plus information 
developed by Pechan3 provides us with the cost-effectiveness of each technology as shown in 
Table 1 below. 
 

                                            
1 Personal conversation with Karen Hill of TCEQ on October 27, 2005. 
2 Alternative Control Techniques Document-NOx Emissions from Cement Manufacturing, US EPA, EPA-453/R-94-
004, March 1994. 
3 AirControlNET, Documentation Report, v. 3.2, E.H. Pechan & Associates, Inc., September 2003. 
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Table 1.  Cost-effectiveness of control technologies for aggregate kilns. 
NOx Control Technology Cost-Effectiveness (dollars per ton) 

LNB 560 
MKF 460 
SCR 3,370 

SNCR 850 
 
 
COMMENTS  
 
Most cement kiln owners and operators have chosen SNCR technology as the preferred method 
to reduce NOx emissions from kilns.  This is due primarily to the lower capital cost of SNCR 
when compared to SCR.  Accordingly, we expect aggregate kiln owners to use the same 
technology.  It should also be noted that control efficiencies greater that 50 percent have been 
achieved using SNCR in cement kilns.  For example, in one case of a precalciner kiln, over 80 
per cent NOx reduction was achieved.4    
 
In addition to aggregate kilns, there are several other categories where kilns are used in the 
process to manufacture products for market.  These include Clay and Fly Ash and Ceramic 
Products manufacturing.  It is suggested that these categories also be investigated to determine 
the potential for reducing NOx emissions. 
 
 
SUMMARY OF RESULTS: NOx 
 

Expected 
Emissions 
Reduction 

Measure # Name Description Affected Sources  

Affected 
Emissions 

(tpd) %. tpd 

Est. Cost 
Effectiveness

($/ton) 
68 Aggregate 

Kilns 
Control of 
NOx from 
Aggregate 

Kilns 

Unknown Unknown 50 Unknown 850 

 
 
REFERENCES 
 
(See footnotes) 

                                            
4 Status Report on NOx Controls for Gas Turbines, Cement Kilns, Industrial Boilers, Internal Combustion Engines, 
Technologies & Cost Effectiveness, Northeast State for Coordinated Air Use Management (NESCAUM), December 
2000. 
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Control Measure:  Architectural and Industrial Maintenance (AIM) Coatings,  
Short List Measure # 21 
Category:  Area & Point 
Author:  W. Sylte, Sierra Nevada Air 
 
 
DESCRIPTION 
 
Adopt more stringent VOC content limits for architectural and industrial maintenance (AIM) 
coatings than required by EPA (Federal Part 59 limits).  Regulated coatings include common 
exterior and interior flats and enamels, and also many specialty coatings, including shellacs and 
varnishes.  Several options are available based on rules in other states, including California, and 
the STAPPA/ALAPCO and Ozone Transport Commission (OTC) model rules.  The measure 
would apply to anyone who supplies, sells, offers for sale, or manufacturers any architectural 
coating for use within the 9-county DFW ozone nonattainment area.  Since applying stricter 
VOC limits on coatings in only one area of the state would impose a difficult compliance burden 
on manufacturers, distributors and retailers, it might be advisable to apply the measure statewide. 
 
 
ANALYSIS 
 
Control Technology or Method of Control 
 
Manufacturers will need to reformulate some coatings to lower the VOC content to specified 
limits and still achieve appropriate applicability characteristics.  In Option 1, Texas would apply 
the VOC content limits in the OTC and STAPPA/ALAPCO model rules.  Option 2 would apply 
more stringent limits on some categories, based on South Coast Air Quality Management District 
(SCAQMD Rule 1113 as amended in 2004. 
 
 
Emissions Affected 
 
Texas ASC categories 2401001000 and 2401100000, with estimated 2009 VOC emissions of 
31.8 and 0.9 tons per day respectively in the 9-county Dallas/Fort Worth ozone nonattainment 
area. 
 
 
Emissions Reductions 
 
The EPA rule is currently in effect.  It applies to over 40 categories of coatings and was 
estimated to reduce VOC emissions about 20% from uncontrolled levels.1  Option 1 would 
produce an additional 21%-31% reduction, or 37-45% from uncontrolled levels.2  Option 2 has 

                                                 
1  “Midwest Regional Planning Organization (RTO), Identification and Evaluation of Candidate Control Measures”, 
Prepared for The Lake Michigan Air Directors Consortium, April 14, 2005, Table A.14, p. A-10. 
2  RTO as cited and “Control Measure Development Support Analysis of Ozone Transport Commission Model 
Rules”, Prepared for the Ozone Transport Commission, March 31, 2001. p.15. 
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the potential of an additional 13% reduction beyond Option 1.3  Assuming 100% of the coatings 
in the ASC categories listed above are in compliance with the current federal rule and would be 
subject to this measure, and using the conservative end of the reduction range, Option 1 would 
have a control factor of 0.21 and produce VOC reductions of 6.7 tons per day in 2009.  Option 2 
would have a control factor of .38 and has the potential to reduce 2009 VOC emissions by 12.5 
tons per day. 
 
 
Cost-effectiveness 
 
The cost-effectiveness of Option 1 was reported to be $6,400 per ton of VOC reduced.3  Since 
the limits in the model rule have been applicable in California since January of 2003, paint 
manufacturers have already made their investment in reformulation and testing.  The actual cost-
effectiveness in Texas should be lower than it was in California.  Option 2 had an estimated 
control cost of $20,000 per ton when adopted by the SCAQMD.3  As is the case with Option 1, 
research and investment has been made in a number of the categories in an effort to comply and 
therefore the actual cost-effectiveness in Texas could be lower. 
 
 
COMMENTS 
 
Despite being more stringent overall, the model rule (Option 1) regulates fewer categories than 
the existing national rule and contains fewer compliance options.  The model rule was developed 
largely from California’s data and regulatory experience. Since climatic conditions in Texas and 
California differ, some of the limits may have to be adjusted for Texas.  Option 2, imposing the 
more stringent limits in the 2004 SCAQMD rule, is technology forcing in some cases.  The 
SCAQMD is tracking the industry’s progress and reporting to its governing board.  It is possible 
that some coatings may not be able to achieve the technology forcing limits by 2009. 
 
 
SUMMARY OF RESULTS: VOC 
 

Expected Emissions 
Reduction 

Measure # Name Description 
Affected 
Sources  

Affected 
Emissions 

(tpd) % tpd 

Est. Cost 
Effectiveness

($/ton) 
41 Architectural 

& Industrial 
Coatings 

Require low 
VOC coatings

Over 40 
categories of 
coatings in 9-
county area 

32.7 21-38% 6.7-12.5 $6,400-
$20,000 

 
 

                                                 
3  RTO as cited. 
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Control Measure:  Brick Kilns-NOx, Measure # 69 
Category:  Area & Point 
Author:  Ron Friesen 
 
 
DESCRIPTION 
 
This category includes the brick and structural clay products industry and consists of facilities 
that manufacture structural brick from clay, shale, or a combination of the two.  In addition to 
these products, other facilities that manufacture structural clay products, such as clay pipe, adobe 
brick, chimney pipe, flue liners, drain tiles, roofing tiles, and sewer tiles.  The manufacture of 
brick and structural clay products involves mining, grinding, screening and blending of the raw 
materials followed by forming, cutting or shaping, drying, firing, cooling, storage and shipping 
of the final product. 
 
Prior to firing the shaped and formed product in the kiln, the products are loaded into a dryer.  
Dryers are typically heated to about 400 0F using waste heat from the cooling zone of the kiln.  
Products from the Dryer enter the kiln.  The most common type of kiln used for firing brick is 
the tunnel kiln, although other types of kilns are used such as an intermittent or periodic kiln.  A 
periodic kiln consists of a single firing chamber and is capable of firing only one loading of 
bricks at a time.  A typical tunnel kiln ranges from about 340 feet to 500 ft in length and includes 
a preheat zone, a firing zone, and a cooling zone.  The firing zone typically is maintained at a 
maximum temperature of about 2000 0F1.  The process also includes flashing where small 
amounts of fuel are sometimes introduced to create a color to the surface of the bricks.  After 
firing, the bricks enter a cooling zone where they are cooled to near ambient temperatures before 
leaving the kiln.   
 
Natural gas is the most common fuel used for firing, however some kilns are fired by coal or 
sawdust.  Some plants use fuel oil as a backup fuel, however, most natural gas-fired plants that 
have backup fuels use vaporized propane.  Overall, the entire drying, firing and cooling process 
takes between 20 and 50 hours. 
 
 
ANALYSIS 
 
Control Technology or Method of Control 
 
Combustion products, including NOx are emitted from brick kilns and some brick dryers.  Brick 
dryers that are heated with waste heat from the kiln cooling zone are not a source of emissions 
because combustions gases are not vented to the cooling zone, however some dryers have 
supplemental gas burners that produce a small amount of NOx.  Gaseous emissions including 
NOx are typically not controlled using add-on control devices. 
 

                                            
1 Brick and Structural Clay Product Manufacturing, Final Report, Emission Factor Determination for AP-42, Section 
11.3, EPA Contract 68-D2-0159, August 1997. 
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Although natural gas combustion is considered cleaner than coal, NOx emissions can be 
significant.  According to the EPA Compilation of Air Pollutant Emission Factors, NOx 
emissions when firing natural gas are 0.35 lb/ton of fired bricks produced.  This is contrasted by 
a factor of 0.51 lbs/ton of fired bricks produced when firing with coal.2

  
Gaseous emissions from brick dryers and kilns typically are not controlled using add-on control 
devices.  The exception is the use of dry limestone scrubbers to control hydrogen fluoride (HF) 
as well as wet scrubbers, which also can control SO2 emissions.  For the control of NOx 
emissions, combustion modifications and process modifications are typically used.  These 
modifications generally address changes in the burner and flame to reduce NOx emissions.  
While such modifications have been widely used on industrial boilers and utility boilers, the 
conditions of these boilers differ substantially from those found in brick kilns.  The primary 
difference is in the higher temperatures in brick kilns (2000 0F vs. 500 to 1000 0F in boilers).  
Also, brick kilns have higher excess air levels and different combustion chambers.  These all 
contribute to higher levels of NOx than boilers firing the same fuel at the same rate.   Many 
typical techniques such as flue gas recirculation, reduced air preheat and derating have 
limitations due to the higher temperature required.  Also, there are tradeoffs, with such 
techniques between NOx and overall energy efficiency.  One technique used in the glass 
manufacturing industry is the use of modified burners or Low-NOx burners (LNB)3.  Glass 
manufacturing is similar to brick manufacturing in that temperatures in the range of 2000 to 2500 
0F are required in the manufacturing process.  The LNB are used to stage the combustion process 
in distinct zones to minimize the peak flame temperature and corresponding oxygen 
concentration thus minimizing NOx formation.  NOx reductions between 30 and 50 percent over 
older design burners are possible.4

 
Depending on the age and condition of the facility, NOx emissions can also be reduced by 
improving brick drying before firing thereby reducing fuel requirements, stopping air leaks and 
controlling the kiln opening size to allow better control of air flow and direction and of course, 
switching the natural gas fuel or propane if the facility is burning coal or sawdust.  Finally, new 
kiln designs such as the vertical shaft brick kiln can significantly decrease emissions through 
improved combustion airflow efficiency. 
 
 
Emissions Affected 
 
These facilities are classified under SIC code 3251, brick and structural clay.  Facilities that 
manufacture structural clay products, such as clay pipe, adobe brick, chimney pipe, flue liners, 
drain tiles, roofing tiles, and sewer tiles are classified under SIC code 3259, structural clay 
products, not classified elsewhere.  The primary emissions from this category are the tunnel and 
periodic kilns which are classified as SCC codes 30500311 and 30500314, Mineral Products, 
Brick Manufacturing Tunnel Kilns Gas Fired and Periodic Kilns Gas Fired.  Based on the 2002 

                                            
2 Compilation of Air Pollutant Emission Factors, US EPA, AP-42, January 1995, Revised August 1997. 
3,4, 5 Alternative Control Techniques Document, NOx Emissions from Glass Manufacturing, US EPA, Report No. 
EPA-453/R-94-037, June 1994. 
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Emissions Inventory, one tunnel kiln is located in Denton County and the other in Parker 
County.  A Periodic Kiln is also located in Parker County. 
 
 
Emissions Reductions 
 
Based on the 2002 nine county emissions inventory, the total NOx emissions from brick kilns is 
110 tons per year (0.3 tpd).  The emission inventory for this category are from two tunnel kilns 
and one periodic kiln as well as dryers and associated materials storage.  Based on an emissions 
reduction of 50 per cent, the potential NOx reductions from this category are 47.9 tons (0.13 
tpd). 
 
 
Cost-effectiveness 
 
As indicated in the discussion above, data were not available for controlling NOx emissions from 
Brick Kilns, however, due to the similarity of combustion in the glass manufacturing industry, 
we have identified Low-NOx burners as a potential strategy for reducing NOx from Brick Kilns. 
The cost effectiveness for retrofitting LNB on glass melting furnaces ranges from $790 to $1,920 
per ton of NOx removed5.  The ranges reflect the plant size with a 250 tons/day of production 
resulting in the highest cost-effectiveness.  Pechan reports the cost-effectiveness for glass 
container manufacturing to be $1,690 per ton of NOx removed.6  We have not identified cost-
effectiveness for other measures such as improvements in the process design and operation to 
reduce fuel requirements and improve combustion airflow efficiency. 
 
 
COMMENTS 
 
We were unable to find any brick manufacturing facilities in the U.S. that have used the control 
techniques identified in this control measure.  In reviewing a few permits that have been granted 
throughout the country, we found one case where emissions of NOx were limited to less than 50 
tons per year as enforceable permit condition.  In this case, no specific NOx control requirements 
were imposed.7  In this case, the facility permit (Title V, Facility Wide Permit) required the 
permittee to maintain records, including the number of bricks produced and the report this data to 
verify compliance with the permit conditions and limits. 
 
 

                                            
 
6 AirControlNET, Documentation Report, E.H. Pechan & Associates, Inc., September 2003.   
7 State of New York, ENB Region 4 Completed Applications, P & M Brick LLC, March 5, 2003. 
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SUMMARY OF RESULTS: NOx 
 

Expected 
Emissions 
Reduction 

Measure # Name Description Affected Sources 

Affected 
Emissions 

(tpd) % tpd 

Est. Cost 
Effectiveness

($/ton) 
69 Brick Kilns Control of 

NOx from 
Brick Kilns 

1 kiln located in 
Denton and 2 

Kilns located in 
Parker County 

0.3 50 0.13 790 to 1,920

 
 
REFERENCES 
 
(see footnotes) 
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Control Measure:  Cold Cleaning Regulations, Short List Measure # 48 
Category:  Area & Point 
Author:  Darcy J. Anderson 
 
 
DESCRIPTION 
 
Require use of low-VOC solvent for batch cold cleaning degreasing machines to clean 
contaminants from parts, products, tools, machinery, and equipment.  Degreasing uses a solvent 
to remove grease, oil, or dirt from the surface of a part prior to surface coating or welding.  
Adopt the Chicago/Metro East cold cleaning regulations in all counties. 
 
 
ANALYSIS 
 
Control Technology or Method of Control 
 
Apply limits on the volatility of cleaning solvents that can be used – vapor pressure maximum of 
1 mmHg at 68° F. 
 
 
Emissions Affected 
 
Texas ASC category and 2009 estimated VOC emissions (tons per day TPD):  2415300000  
Solvent utilization, degreasing, all industries; cold cleaning total, all solvents.  Total estimated 
2009 VOC emissions of 1.88 TPD in the 9-county Dallas/Fort Worth ozone nonattainment area.   
 
 
Emissions Reductions 
 
The Federal Title III Maximum Achievable Control Technology (MACT) for Open Top 
Degreasing, which applies to individual batch vapor, in-line vapor, in-line cold, and batch cold 
solvent cleaning machines, promulgated in 1994, was estimated to reduce VOC emissions 
overall by 31% from uncontrolled levels.1  The Chicago / Metro East requirements are estimated 
to reduce VOC emissions by 38% - 65% from 2002 levels by the Midwest RPO.2  Assuming 
100% of the industries in the ASC category listed above are in compliance with the current 
federal rule and would be subject to this measure, and using the conservative end of the 
reduction range (38%), adoption of this control measure would result in VOC emission 
reductions of 0.71 tons per day in 2009. 
 
 

                                                 
1  “AirControlNET, Documentation Report, v. 3.2,” E.H. Pechan & Associates, Inc., September 2003, p. III-1109. 
2  “Midwest Regional Planning Organization (RPO), Regional Air Quality Planning, Evaluation of Candidate 
Control Measures,” Final Report prepared for The Lake Michigan Air Directors Consortium (LADCO), February 9, 
2005, Table A.13, p. A-9. 
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Cost-effectiveness 
 
The cost-effectiveness of the MACT requirements was reported to be a SAVINGS of $69 per ton 
of VOC reduced.1  The control cost listed by the Midwest RPO is $1400 per ton of VOC 
reduced.2  Since the Chicago/Metro East regulations have been adopted by other areas, 
manufacturers have already made their investment in reformulation and testing.  The actual cost-
effectiveness in Texas should be lower than the estimate by the Midwest RPO. 
 
 
COMMENTS 
 
The 5 LADCO states have adopted requirements with varying geographic and size applicability 
criteria. 
 
 
SUMMARY OF RESULTS: VOC 
 

Expected 
Emissions 
Reduction 

Measure # Name Description Affected Sources) 

Affected 
Emissions 

(tpd) % tpd 

Est. Cost 
Effectiveness

($/ton) 
48 Cold 

Cleaning 
Regulations 

Require low 
VOC solvent 

Degreasing, cold 
cleaning (all 

industries; 9 county)

1.88 38% 0.71 < 1,400 

 
 
 
REFERENCES 
 
(see footnotes) 
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Control Measure:  Commercial and Consumer Products Requirements, Short List Measure # 33 
& 37 
Category: Area & Point  
Author:  Ron Friesen and Darcy J. Anderson 
 
 
DESCRIPTION 
 
Adopt commercial and consumer products requirements, which are already in effect in California 
for Phase I and Phase 2 limits as well as Mid-Term I and Mid-Term II limits.  Reductions in 
VOC emissions are achieved by reformulation of the products.  “Consumer product” means a 
chemically formulated product used by household and institutional consumers.  The SCC / ASC 
categories affected are under solvent utilization, consumer and commercial.  The measure would 
apply to anyone who supplies, sells, offers for sale, or manufacturers any of the commercial and 
consumer products covered under the SCC / ASC categories for use within the 9-county DFW 
nonattainment area.  Since applying stricter VOC limits in only one area of the state would 
impose a difficult compliance burden on manufacturers and sellers, it might be advisable to 
apply the measure statewide.  
 
 
ANALYSIS 
 
Control Technology or Method of Control 
 
Manufacturers will only be allowed to sell reformulated commercial and consumer products that 
meet lower VOC emissions limits set by the California Air Resources Board (CARB). 
 
 
Emissions Affected 
 
Texas ASC categories and 2002 estimated VOC emissions (tons per day TPD): 
2460100000     12.0 TPD  All Personal Care Products 
2460200000       7.9 TPD  All Household Products 
2460400000       5.1 TPD  All Automotive Aftermarket Products 
2460500000     13.5 TPD  All Coatings and Related Products 
2460600000      2.0  TPD  All Adhesives and Sealants 
2460800000      3.7  TPD  All FIFRA Related Products 
2460900000      4.3  TPD  Miscellaneous Products (Not Otherwise Covered) 
 
Total estimated 2002 VOC emissions of 48.5 tons per day in the 9-county Dallas/Fort Worth 
ozone nonattainment area. 
 
 
Emissions Reductions 
 
The Federal Consumer and Commercial Products rule 40CFR Part 59, which applies to 40% of 
all products and is now in effect, was estimated to reduce VOC emissions overall by 8% from 
uncontrolled levels (20% reduction for products covered by rule, only 40% of all products are 
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covered by the rule).1  The CARB 2003 SIP requirements are estimated to reduce VOC 
emissions overall by a total of 30.9% from uncontrolled emissions by the Midwest RPO, and an 
overall total of 37% in the California SIP.2  Assuming 100% of the products in the ASC 
categories listed above are in compliance with the current federal rule and would be subject to 
this measure, and using the conservative end of the reduction range (30.9% - 8% = 22.9%), 
adoption of this control measure would result in VOC emission reductions of 11.1 tons per day 
(based on 2002 emission inventory; a somewhat larger value would be expected for 2009 given 
current population growth trends in the DFW nonattainment area). 
 
 
Cost Effectiveness 
 
The cost-effectiveness of the CARB 2003 SIP requirements was reported to be $4,800 per ton of 
VOC reduced.1  Since the SIP limits have been applicable in California since 2003, and have 
been adopted by other area; manufacturers have already made their investment in reformulation 
and testing.  The actual cost-effectiveness in Texas should be lower than it was in California. 
 
 
COMMENTS 
 
The CARB has been regulating consumer and commercial products since 1989, when it adopted 
a regulation to reduce VOC emissions from antiperspirants and deodorants.  In the early 1990s, 
amendments to the consumer products rule (referred to as the Phase I and Phase II amendments) 
required emission reductions for 26 additional consumer products.  In 1995, CARB adopted an 
aerosol coatings regulation, which required emissions reductions from 35 categories of aerosol 
paints and related coatings products.  In 1997 and 2000, the regulations were amended again to 
include the so-called “mid-term” measures, so that the current regulations contain nearly 200 
emission limits affecting 82 categories of consumer products, plus limits for 35 categories of 
aerosol coatings. 
 
 
SUMMARY OF RESULTS:  VOC 
 

Expected 
Emissions 
Reduction 

Measure # Name Description Affected Sources 

Affected 
Emissions 

(tpd) % tpd 

Est. Cost 
Effectiveness

($/ton) 
33 & 37 Commercial 

and 
Consumer 
Products 

Requirements 

Reformulate 
coatings and 

related products; 
adhesives and 
sealants; and 

misc. 

Manufacturers of 
commercial and 

consumer products 
(all manufacturers; 9 

county) 

48.5 22.9% 11.1 4800 

 
 

                                                 
1 “Midwest Regional Planning Organization (RPO), Regional Air Quality Planning, Evaluation of Candidate Control 
Measures,” Final Report prepared for The Lake Michigan Air Directors Consortium, February 9, 2005, Table 1, p.2. 
2 “Proposed 2003 State and Federal Strategy of the California State Implementation Plan, Revised, Section3: 
Consumer Products, Vapor Recovery, and Pesticides” released August 25, 2003. 
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Control Measure:  Gasoline Dispenser Hoses, Measure # 109 
Category:  Area & Point 
Author: W. Sylte, Sierra Nevada Air  
 
 
DESCRIPTION 
 
This measure deals with reducing VOC emissions from permeation through gasoline refueling 
hoses.  Permeation occurs from gasoline evaporative control systems on motor vehicles, from 
portable gasoline containers, small engine components, and from gasoline refueling systems.   
Emissions from permeation are expected to increase as the average ethanol content of gasoline 
increases fuel permeability. 
 
Permeation is a diffusion process whereby fuel molecules migrate through the elastomeric 
materials (rubber and plastic parts) that make up the vehicle’s fuel and fuel vapor systems.  Stage 
2 gasoline fuel hoses are currently required to meet the UL 330 standard.  In order to protect 
water quality, marine fueling station hoses are required to meet a more stringent standard, SAE 
J1527.  This control measure would require Stage 2 fueling hoses in DFW to meet the more 
stringent marine refueling standard.  The California air Resources Board (CARB) initially 
estimated that the change would reduce permeation emissions by 57%.1  Subsequently, CARB 
conducted tests on in-use gasoline refueling hoses and found that their rate of permeation was 
less than expected; that is the actual in-use hoses exceeded the performance expected based on 
the UL330 standard.2  This finding means the rate of improvement when switching to marine 
standard hoses may be less than the 57% difference between the two standards. 
 
 
ANALYSIS 
 
Control Technology or Method of Control 
 
Hoses would be manufactured to stricter standards to physically reduce the amount of fuel lost 
through permeation.  Implementation and enforcement could occur through California’s vapor 
recovery system certification program, which is used in many states with Stage 2 requirements.  
The new standard would be phased-in, starting with new installations and completed over a 
several year period. 
 
 
Emissions Affected 
 
We estimate that fuel hose permeation produces 0.11 tons per day of VOC in the 9-county DFW 
8-hour ozone nonattainment area.  This estimate is based on CARB’s California-wide emissions 
calculations, extrapolated to the DFW area.  Since gasoline specifications, oxygenate content and 
temperatures in DFW may differ from California, actual VOC emissions may be somewhat 
higher or lower. 
                                                 
1  California Air Resources Board Presentation, November 13, 2003, http://www.arb.ca.gov/vapor/archive.htm#y04. 
2  Personal communication between William Sylte of Sierra Nevada Air and Jim Watson of CARB, November 2, 2005. 
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Emissions Reductions 
 
As noted, a change to the new hose standard could reduce permeation emissions from vehicle 
refueling by 57%, though the actual result may be less.  Applying this control factor to the VOC 
emissions estimate provided above, this measure would reduce VOC emissions by 0.063 tons per 
day. 
 
 
Cost-effectiveness 
 
The California Air Resources Board initially estimated the cost-effectiveness of the measure at 
$10,920 per ton of VOC reduced3 however several manufacturers have recently reported that 
they could meet the marine standard at lower cost.  Nevertheless, the reduced emissions 
reductions indicated by the hose test results leave the current estimate of cost-effectiveness in the 
$14,000-$16,000 range.1 

 
 
COMMENTS 
 
The potential benefits of this measure will increase if the average ethanol content of gasoline is 
increased in the ozone nonattainment area. 
 
 
SUMMARY OF RESULTS:  VOC   
 

Expected 
Emissions 
Reduction 

Measure # Name Description Affected Sources 

Affected 
Emissions 

(tpd) % tpd 

Est. Cost 
Effectiveness 

($/ton) 
109 Fuel Hose 

Permeation 
Replace 

hoses with 
marine 
hoses 

Gasoline refueling, 
Stage II; 9 county) 

0.11 Up to 
57% 

.063 $14,000 to    
$16,000 

 
 
REFERENCES 
 
(see footnotes) 
 
 

                                                 
3  California Air Resources Board Workshop Handout, November 13, 2003, http://www.arb.ca.gov/vapor/emred_nov03.xls. 
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Control Measure:  Glycol Dehydrators, Measure # 141 
Category:  Area & Point 
Author: W. Sylte, Sierra Nevada Air  
 
 
DESCRIPTION 
 
This measure addresses the control of VOC emissions from glycol dehydrators.  Among the 
VOC emitted are Hazardous Air Pollutants (HAP), including benzene.  In addition, these devices 
emit methane, a greenhouse gas. The function of the glycol dehydration system is to remove 
water vapor from a natural gas stream to prevent corrosion and hydrate formation (mineral 
deposit) in pipelines.  A variant of the liquid desiccant, glycol is used to remove the water vapor 
from the natural gas.  Glycol dehydration systems are typically steel towers, ranging from 12 to 
48 inches in diameter, and range in height anywhere from 12 to 32 feet.  
 
These units were first regulated nationally by the 1999 “Oil and Gas MACT, 40 CFR Part 63, 
National Emission Standards for Hazardous Air Pollutants: Oil and Natural Gas Production and 
Natural Gas Transmission and Storage; Final Rule.  The final standards for oil and natural gas 
production facilities require that the owner or operator of a major source of HAP reduce HAP 
emissions from glycol dehydration units (among other sources) through the application of air 
emission control equipment.  In July of 2005, EPA proposed a supplemental rule that would 
control glycol dehydrators at minor sources. In addition, glycol dehydrators have been controlled 
by several California air districts, including the Ventura County APCD (1992) and the San 
Joaquin Valley APCD (2002). 
 
 
ANALYSIS 
 
Control Technology or Method of Control 
 
There are several emission control options that can reduce emissions by 90-95%: 1) the 
installation of a collection and control device, 2) piping the vented emissions to an incineration 
device and 3) collecting the vented emissions back to the system as additional fuel feed stock.  
Natural Gas STAR Program, a voluntary partnership between EPA and the oil and natural gas 
industry, reports that glycol dehydrators can be replaced altogether solid desiccant dehydrators 
that reduce methane, VOC, and HAP emissions by 99 percent and also reduce operating and 
maintenance costs. 1

 
 
Emissions Affected 
 
Ozone season emissions from SCC31000227are estimated to be 0.46 tons per day (930 lbs/day) 
in the 9-county, 8-hour ozone nonattainment area, according to the 2002 inventory.  There also 
may be sources in the Area source inventory but emissions data specific to glycol dehydrators 

                                                 
1  The Natural Gas STAR Program, http://www.epa.gov/gasstar/pdf/lessons/ll_desde.pdf. 

M:\_Projects\302\S I P\Control Strategy Comparison\8-HR SIP Control Strategy Catalog Development\Quantitative Review\ENVIRON Quantifications\Revised White Papers 112205\Area & 
Point\Glycol Dehydrators-141.mm2.doc 

http://www.epa.gov/gasstar/pdf/lessons/ll_desde.pdf


were not available for 2009 for either inventory.  We do not have sufficient information to know 
whether the 2002 estimate reflects compliance by major sources with the MACT. 
 
 
Emissions Reductions 
 
Potential emissions reductions cannot be quantified with existing information.  To quantify 
emissions reductions, it would be necessary to have 2009 emissions in sufficient detail to 
identify existing equipment located at major sources and therefore would already be controlled 
under the 1999 “Oil & Gas” MACT, and also equipment located at minor sources that could be 
controlled by 90%+ by the proposed supplemental EPA rule or, by a Texas rule similar to those 
in effect in California. 
 
 
Cost-effectiveness 
 
The cost effectiveness of 90-95% control from uncontrolled levels is approximately $280 to 
$570/ton of VOC reduced.2  The fact that both HAP and green house gases are also reduced, 
enhances the cost-benefit ratio.  EPA sources claim that replacing the glycol dehydrators with 
desiccant dehydrators can save money, largely due to the value of recovered product and reduced 
maintenance costs.1
 
 
COMMENTS 
 
There is substantial uncertainty associated with this measure at this time.  We do not have 
sufficient information on specific sources and equipment to know how much benefit has been 
derived from the 1999 MACT, or how much additional benefit will be gained if EPA’s proposed 
supplemental MACT is finalized as proposed and affected sources comply. 
 
 
SUMMARY OF RESULTS: VOC 
 

Expected 
Emissions 
Reduction 

Measure # Name Description Affected Sources 

Affected 
Emissions 

(tpd) % tpd 

Est. Cost 
Effectiveness

($/ton) 
41 Glycol 

Dehydrators 
Control or 

recycle vented 
VOC 

Natural gas 
production (all 9 

counties) 

0.47 Up to 
95% 

unknown $280-$570 

 
 
REFERENCES 
 
(see footnotes) 

                                                 
2  San Joaquin Valley APCD Staff Report on Rule 4408, Appendix C, December 19, 2002, p.4. 
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Control Measure:  Industrial, Commercial and Institutional (ICI) Boilers-NOx, Measure # 7 
Category:  Area & Point 
Author:  Ron Friesen 
 
 
DESCRIPTION 
 
This measure addresses combustion of fuel (primarily natural gas) from boilers used to process 
steam and heat as well as heat for residential and commercial space.  This measure addresses 
medium and large size boilers with capacities of medium size boilers ranging from 40 to 80 
MMBtu/hr and large size boilers above 80 MMBtu/hr.  Process heaters are direct-fired heaters 
used primarily in the petroleum refining and petrochemical industries. 
 
 
ANALYSIS 
 
Control Technology or Method of Control 
 
The control methods described in this measure address the ability of the boilers to achieve an 80 
per cent emissions reduction in the four County Dallas-Fort Worth (DFW) and the other five 
counties of Ellis, Johnson, Kaufman, Parker and Rockwell.  It should be noted that the control 
techniques and corresponding NOx emission levels presented in this measure might not be 
applicable to every ICI boiler application.  The furnace design, method of fuel firing, condition 
of existing equipment, operating duty cycle, site conditions, and other site-specific factions must 
be taken into account to properly evaluate the applicability of each control technique.  
 
While numerous techniques are available for the control of NOx from ICI boilers, we have 
focused on Selective Catalytic Reduction (SCR) techniques and Selective Non-Catalytic 
Reduction (SNCR) techniques due to the emission limits that are required by this measure.   
 
The SNCR process reduces NOx through a reaction between urea or ammonia and NOx in the 
furnace region (at temperatures of about 1600 0 F and 2200 0 F) to produce nitrogen and water.  
SNCR technology has been used on hundreds of industrial boilers firing a wide range of fuels.1  
The SCR process employs a similar reaction to SNCR, except that the reaction occurs at a much 
lower temperature (around 650 0 F to 700 0 F) and requires a catalyst.  At these temperatures, 
SCR is capable of achieving very high NOx reductions, sometimes in excess of 90 per cent.1   
Again, SCR has been used to control NOx emissions from hundreds of industrial boilers 
throughout the U.S. and other countries. 
 
 

                                            
1  Status Report on NOx Controls for Gas Turbines, Cement Kilns, Industrial Boilers, Internal Combustion Engines, 
Technologies & Cost Effectiveness, Northeast States for Coordinated Air Use Management (NESCAUM), 
December 2000. 
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Emissions Affected 
 
These ICI boilers fall under the SIC codes 10200601 and 10200602 for Commercial and 
Institutional boilers in two different size ranges (>100 MMBtu/hr and 10 to 100 MMBtu/hr).  ICI 
boilers that fall under SIC codes 10300601 and 10300602 fall into two different size ranges 
(>100 MMBtu/hr and 10 to 100 MMBtu/hr respectively).  Total emissions from medium and 
large size boilers in the 9 County are 562.9 tons per year (1.5 tpd). 
 
 
Emissions Reductions  
 
To evaluate the potential emissions reductions we have determined the percent control required 
by the current regulations in the Dallas-Fort Worth area and what additional reductions would be 
required to reach an 80 per cent control level.  We also determined the reductions that would be 
achieved by applying an 80 percent emission reduction in the other five counties.  Table 1.2  
shows the percent reductions that could be achieved beyond those required by current 
regulations. 
 
Table 1.  Percent reductions required by measure. 

Natural Gas-Fired Industrial Boilers  
Size Range 
MMBtu/hr 

Emission 
Reduction 

Required in 5 
County Area 

(per cent) 

Emission 
Reduction-

Expand Measure 
to DFW Area 

(per cent) 
 Medium Size  >40 - 80  80 17 
 Large Size >80 80 6 
  >100 80 6 
 
 
Based on the 2002 Emissions Inventory, the potential emissions reductions for medium and large  
boilers  is shown in Table 2. 
 
Table 2.  Potential emissions reductions.   

Natural Gas-Fired Industrial Boilers  
Size Range1

MMBtu/hr 

Emission 
Reduction-

Expand Measure 
to 5 County Area

(TPY) 

Emission 
Reduction-

Expand Measure 
to DFW Area 

(TPY) 
 Medium Size >40 - 80  51.76 68.62 
 Large Size >100 14.39 4.38 
Total   66.15 73.00 
1  For purpose of calculating emissions reductions, the emissions limits for 40 to 80 MMBtu/hr were  
applied to 2002 EI emissions from 10 to 100 MMBtu/hr. were applied to 2002 EI. 
 
 

                                            
2 Emission Factors from Compilation of Air Pollution Emission Factors, Volume 1, Stationary Point and Area 
Sources, Fifth Edition, January 1995, revised, July 1998. 
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Cost-effectiveness 
 
The cost effectiveness is based on a simplified costing methodology use by the U.S.EPA and 
identified in the Alternative Control Technique Guideline document for ICI Boilers.3  Based on 
our evaluation, the cost-effectiveness for the control techniques is shown in Table 3.  It is 
important to note that we did not calculate the incremental cost effectiveness of applying 
additional reductions to meet the 80 per cent requirement to the four county DFW area for 
medium size boilers (>40 MMBtu/hr) and large boilers (40 to 80 MMBtu/hr and > 80 
MMBtu/hr) due to the small additional reductions that would be achieved (see Table 1).  In 
addition, it was assumed that with the exception of the small boilers, these sources are already 
controlled to meet the DFW emissions limits for these sources and it would be impractical to 
apply additional controls to meet the more stringent limits of the HGB area. 
 
Table 3.  Cost-effectiveness of control measures. 

Industrial 
Boilers (Natural 
gas) 

Size Range 
MMBtu/hr 

Available 
Control 

Technology 

Emission 
Reduction 
Potential 
(per cent) 

Cost-Effectitveness1

($/ton of NOx 
Reduced) 

Medium Size >40 - 80 SCR 50 - 802 $4,830 to $6,8803

(Large Size >40 - 80 SNCR 50 - 702 $960 to $1,4503

  >100 SCR 50 - 802 $3,040 to $5,3503

1 Cost-effectiveness represented by ranges reflects the range of capacity factors for equipment, which is a factor of how much 
the unit is operated. 

2 Emission reductions from Alternative control Techniques (ACT) Document, NOx Emissions from 
Industrial/Commercial/Institutional (ICI) Boilers, March 1994 Table 5-12. 

3  Emission Factor from Alternative control Techniques (ACT) Document, NOx Emissions from 
Industrial/Commercial/Institutional (ICI) Boilers, March 1994 Table 6-6 and 6-7. 

4 Cost-Effectiveness based on range of cost-effectiveness for size range of 10 to 50 MMBtu/hr. 
 
 
COMMENTS 
 
As discussed above, the control techniques and corresponding NOx emission levels presented in 
this measure may not be applicable to every ICI boiler application.  The furnace design, method 
of fuel firing, condition of existing equipment, operating duty cycle, site conditions, and other 
site-specific factions must be taken into account to properly evaluate the applicability of each 
control technique.    
 
 

                                            
3 Alternative Control Techniques Document-NOx Emissions from Industrial/Commercial/Institutional (ICI) Boilers, 
EPA-453/R-94-022, March 1994. 
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SUMMARY OF RESUTLS: NOx 
 

Expected 
Emissions 
Reduction 

Measure # Name Description Affected Sources 

Affected 
Emissions 

(tpd) % tpd 

Est. Cost 
Effectiveness

($/ton) 
7 ICI Boilers Reduce NOx 

Emissions by 
80 Percent 

 1.5 25 0.38 960 to 6,880 

 
 
REFERENCES 
 
(see footnotes) 
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Control Measure:  Industrial, Commercial and Institutional (ICI) Boilers-NOx, Measure # 9 
Category:  Area & Point 
Author:  Ron Friesen  
 
 
DESCRIPTION 
 
This measure addresses combustion of fuel (primarily natural gas) from boilers used to process 
steam and heat as well as heat for residential and commercial space.  This measure addresses 
boilers with capacities from 0.4 to 1,500 MMBtu/hr.  Although coal, oil and natural gas are all 
fuels used in these applications, this measure focuses on natural gas since nearly all the boilers in 
the 2002 Emissions inventory used for this measure are fired on natural gas. 
 
 
ANALYSIS 
 
Control Technology or Method of Control 
 
The control methods described in this measure address the ability of the boilers to achieve 
emissions reductions that would be necessary by applying the levels required by the four County 
Dallas-Fort Worth (DFW) area to the other five counties of Ellis, Johnson, Kaufman, Parker and 
Rockwell where such boilers are not regulated.  This measure also investigates the emissions 
reductions that would be achieved if the levels required by the Houston-Galveston area were 
applied to the entire nine county area.  It should be noted that the control techniques and 
corresponding NOx emission levels presented in this measure may not be applicable to every ICI 
boiler application.  The furnace design, method of fuel firing, condition of existing equipment, 
operating duty cycle, site conditions, and other site-specific factions must be taken into account 
to properly evaluate the applicability of each control technique.  
 
While numerous techniques are available for the control of NOx from ICI boilers, we have 
focused on Selective Catalytic Reduction (SCR) techniques and Selective Non-Catalytic 
Reduction (SNCR) techniques due to the emission limits required by this measure.   
 
The SNCR process reduces NOx through a reaction between urea or ammonia and NOx in the 
furnace region (at temperatures of about 1600 0 F and 2200 0 F) to produce nitrogen and water.  
SNCR technology has been used on hundreds of industrial boilers firing a wide range of fuels.1  
The SCR process employs a similar reaction to SNCR, except that the reaction occurs at a much 
lower temperature (around 650 0 F to 700 0 F) and requires a catalyst.  At these temperatures, 
SCR is capable of achieving very high NOx reductions, sometimes in excess of 90 per cent.1   
Again, SCR has been used to control NOx emissions from hundreds of industrial boilers 
throughout the U.S. and other countries. 

                                            
1  Status Report on NOx Controls for Gas Turbines, Cement Kilns, Industrial Boilers, Internal Combustion Engines, 
Technologies & Cost Effectiveness, Northeast States for Coordinated Air Use Management (NESCAUM), 
December 2000. 
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Emissions Affected 
 
These ICI boilers fall under the SIC codes 10200601, 10200602 and 10200603 for Commercial 
and Institutional boilers in three different size ranges (>100 MMBtu/hr, 10 to 100 MMBtu/hr, 
and  < 10 MMBtu/hr respectively) and SIC codes 10300601, 10300602 and 10300603 for 
Industrial boilers in three different size ranges (>100 MMBtu/hr, 10 to 100 MMBtu/hr, and  < 10 
MMBtu/hr respectively).  The total NOx emissions from this category in the DFW area are 640 
tons per year (1.8 tpd).  In the 5 County are the total NOx emissions are 89 tons per year (0.24 
tpd).  
 
 
Emissions Reductions 
 
To evaluate the potential emissions reductions we have determined the percent control required 
by the current regulations that are applicable in the Houston-Galveston Area as well as the 
Dallas-Fort Worth area.  We also determined the reductions that would be achieved by extending 
these emission limits to the other counties.  Table 1.2  shows the percent reductions that could be 
achieved beyond those required by current regulations. 
 
 
Table 1.  Percent reductions required by measure. 

Industrial Boilers 
 (Natural Gas)1

Size Range 
MMBtu/hr 

Emission 
Reduction 

Required by 
DFW Regulation

(per cent) 

Emission Reduction 
Required by HGB 

Regulation 
(per cent) 

Additional Emission 
Reduction if HGB 
Limits Applied to 

DFW Counties 
(per cent) 

Small Size <40 0 63 63
Medium Size >40 - 80  63 69 6
 Medium to large 
Size >80 74 78 4
 Large Size >100 74 85 12
1 Boiler categories are identified by the size ranges contained in current regulations 
 
 
Based on the 2002 Emissions Inventory, the emissions for each of the boiler categories is shown 
in Table 2. 
 

                                            
2 Emission Factors from Compilation of Air Pollution Emission Factors, Volume 1, Stationary Point and Area 
Sources, Fifth Edition, January, 1995, revised, July 1998. 
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Table 2.  Potential emissions reductions.    

Natural Gas-Fired 
Industrial Boilers 

Size Range1

MMBtu/hr 

Emission 
Reductions-

Expand DFW to 
5 County Area 

(TPY) 

Emission 
Reduction-Expand 
HGB to DFW Area 

(TPY) 

Emission 
Reduction-Expand 
HGB to 5 County 

Area 
Small Size <40 0.00 118.43 4.20
 Medium Size >40 - 80  40.76 17.30 44.64
 Large Size >100 13.36 8.75 15.29
Total   54.12 144.48 64.13
1  For purpose of calculating emissions reductions, the emissions limits for <40 MMBtu/hr were applied to 2002 EI. 
 
 
Cost-effectiveness 
 
The cost effectiveness is based on a simplified costing methodology use by the U.S.EPA and 
identified in the Alternative Control Technique Guideline document for ICI Boilers.3  Based on 
our evaluation, the cost-effectiveness for each of the control techniques is shown in Table 3.  It is 
important to note that we did not calculate the incremental cost effectiveness of applying 
additional limits of the HGB to the four county DFW area for medium size boilers and large 
boilers due to the small additional reductions that would be achieved (see Table 1).  In addition, 
it was assumed that with the exception of the small boilers, these sources are already controlled 
to meet the DFW emissions limits for these sources and it would be impractical to apply 
additional controls to meet the more stringent limits of the HGB area. 
 
Table 3.  Cost-effectiveness of control measures. 

Natural Gas-Fired 
Industrial Boilers  

Size Range 
MMBtu/hr 

Available 
Control 

Technology 

Emission Reduction 
Potential 
(per cent) 

Cost-Effectitveness1

($/ton of NOx 
Reduced) 

 
Small Size <40 SCR 50 - 802 $4,830 to $10,0903,4

 Medium Size >40 - 80  SCR 50 - 802 $4,830 to $6,8803

 Medium Size >40 - 80  SNCR 50 - 702 $960 to $1,4503

 Large Size >100 SCR 50 - 802 $3,040 to $5,3503

1 Cost-effectiveness represented by ranges reflects the range of capacity factors for equipment, which is a factor of how much 
the unit is operated. 

2 Emission reductions from Alternative control Techniques (ACT) Document, NOx Emissions from 
Industrial/Commercial/Institutional (ICI) Boilers, March 1994 Table 5-12. 

3  Emission Factor from Alternative control Techniques (ACT) Document, NOx Emissions from 
Industrial/Commercial/Institutional (ICI) Boilers, March 1994 Table 6-6 and 6-7. 

4 Cost-Effectiveness based on range of cost-effectiveness for size range of 10 to 50 MMBtu/hr. 
 
 

                                            
3 Alternative Control Techniques Document-NOx Emissions from Industrial/Commercial/Institutional (ICI) Boilers, 
EPA-453/R-94-022, March 1994. 
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COMMENTS 
 
As discussed above, the control techniques and corresponding NOx emission levels presented in 
this measure may not be applicable to every ICI boiler application.  The furnace design, method 
of fuel firing, condition of existing equipment, operating duty cycle, site conditions, and other 
site-specific factions must be taken into account to properly evaluate the applicability of each 
control technique.  In addition, boilers with heat input capacities less than 10 MMBtu/hr are 
generally classified as commercial/institutional units and are use in a wide variety of applications 
such as wholesale and retail trade, office buildings, airports etc.  As a result these boilers are 
often pre-packaged boilers and may not amenable to retrofit of the types of controls discussed in 
this measure. 
 
 
SUMMARY OF RESUTLS: NOx 
 

Expected 
Emissions 
Reduction 

Measure # Name Description Affected Sources 

Affected 
Emissions 

(tpd) % tpd 

Est. Cost 
Effectiveness

($/ton) 
9 ICI Boilers Control of NOx 

from Industrial, 
Commercial and
Institutional (ICI)

Boilers 

Expand DFW to  
5 County area 

 

0.24 70-ave. 0.15 960 to 6,880

9 ICI Boilers Control of NOx 
from Industrial, 

Commercial and
Institutional (ICI)

Boilers 

Expand HGB 
Controls to  

9 County area 

2.0 70-ave. 0.40 960 to 
10,090 

 
 
REFERENCES  
 
(see footnotes) 
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Control Measure:  Lime Kilns-NOx, Measure # 70 
Category:  Area & Point 
Author:  Ron Friesen 
 
 
DESCRIPTION 
 
Lime is a generic term that covers a class of calcium-based, manufactured, alkaline products. 
These products are derived from controlled heating of select, natural limestone to very high 
temperatures.  The product lime is produced by the calcinations of limestone.  Limestone 
deposits are prevalent throughout the country but only a small portion is pure enough for 
industrial lime manufacturing.  Lime can also be produced from aragonite, chalk, coral, marble 
and seashells.  Lime products are used in many applications including soil-stabilization, as a 
chemical in the iron and steel making process, to add bond strength to masonry mortar, water and 
wastewater treatment and as a product for flue gas desulfurization in power plants and other 
large SO  emitting facilities. 2
 
The basic processes in the production of lime are 1) quarrying raw limestone, 2) preparing 
limestone for the kilns by crushing and sizing, 3) calcining limestone, 4) processing the lime 
further by hydrating, and 5) miscellaneous transfer, storage and handling operations. The key 
part of the process is the kiln where the limestone is calcined.  Most kilns are rotary kilns, which 
are long, cylindrical, slightly inclined refractory furnaces through which the limestone and hot 
combustion gases pass countercurrently.  Rotary kilns can be fired with natural gas, oil and coal.  
A second type of kiln is the vertical or shaft kiln.  This kiln is an upright heavy steel cylinder 
lined with refractory material.  The lime is charged at the top and is calcined as it descends 
slowly to discharge at the bottom of the kiln.   
 
Combustion products including NOx are produced in the kilns.  Uncontrolled emissions from 
kilns range from 3.1 lb/ton of lime produced for a coal-fired rotary kiln to 3.5 lb/ton of lime 
produced from a gas-fired rotary kiln.1

 
 
ANALYSIS 
 
Control Technology or Method of Control 
 
Similar to Cement Kilns, there are several options for the control of NOx from Lime Kilns.  
These options include the use of Low NOx Burners (LNB), Mid-Kiln Firing (MKF), Selective 
Catalytic Reduction (SCR) and Selected Non-Catalytic Reduction (SNCR).  Each of these 
methods have been demonstrated to significantly reduce NOx emissions.   
 
Low NOx Burners (LNB) are designed to “stage” combustion so that two combustion zones are 
created, one fuel-rich combustion and one at a lower temperature.  Staging techniques are usually 
used by LNB to supply excess air to cool the combustion process or to reduce available oxygen 
in the flame zone.  
                                            
1 Compilation of Air Pollutant Emission Factors, US EPA, AP-42, January 1995, Revised February 1998. 
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Mid-Kiln Firing (MKF) is another staged combustion technique.  In this process, solid fuel is fed 
into the calcining zone of the rotating kiln using a specially designed feed injection system.  
MKF allows part of the fuel to be burned at a calcinating temperature that is much lower than the 
normal burning temperature. 
 
Selective catalytic reduction (SCR) is the process of using ammonia in the presence of a catalyst 
to selectively reduce NOx emissions from exhausts gases.  The SCR process has been used 
extensively for gas turbines, internal combustion engines and fossil fuel-fired utility boilers but 
has also been used in kilns. In this system, anhydrous ammonia, usually diluted with air or steam, 
is injected through a catalyst bed to carry out NOx reduction reactions.  A number of catalyst 
materials have been used, such as titanium dioxide, vanadium pentoxide and zeolite-based 
materials.  The catalyst is typically supported on ceramic materials, e.g., alumina in a 
honeycomb monolith form.  The optimum temperature for the catalyst reactions depends upon 
the specific catalysts used, but occur in the range from 570 to 840 oF (300 to 450 oC).  This can 
be higher than typical cement kiln flue gas temperatures especially in plants that use heat 
recovery systems, or use a bag house for particulate collection.  Because catalysts can be fouled 
by particulates, the presence of alkalis, lime and sulfur dioxide in the exhaust gases are of 
concern.   
 
SNCR technology relies on the reduction of NOx in exhaust gases by injecting ammonia or urea 
without the use of a catalyst.  This approach avoids problems related to catalyst fouling, but 
requires injection of reagents in the kiln at a temperature “window” of 1600 to 2000 oF (870 to 
1090 oC).  At these temperatures, the urea decomposes to produce ammonia, which is 
responsible for NOx reductions.  To achieve full effectiveness, SNCR systems must operate in a 
section of the kiln with the proper temperature and residence time.  At lower temperatures, the 
NOx reduction reactions become too slow resulting in too much un-reacted ammonia, which is 
usually referred to as ammonia slip when discharged to the atmosphere.  The effective 
temperature window range can be lowered to about 1300 oF (700 oC) by the addition of hydrogen 
along with the reducing agent.  Several other reagents can also shift the temperature window.   
 
 
Emissions Affected 
 
The SIC Code for lime manufacturing is 3274.  The SCC code is 3-05-016, Mineral Products, 
Lime Mfg, Calcining, Rotary Kiln.  The NOx emissions from this rotary kiln are 1,018 tons per 
year (2.8 tpd).   
 
 
Emissions Reductions 
 
Based on the 2002 emissions inventory used for this project, there is only one lime kiln in the 
nine county Dallas Fort-Worth nonattainment area.  The potential emissions reductions that can 
be achieved for each technology are shown in Table. 1 below.  Note that all reductions represent 
the reductions from an uncontrolled level. 
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Table 1.  Emissions reductions from lime kilns. 

NOx Control Technology 
Per Cent Emissions 

Reductions1
Annual Emissions 
Reductions (t/yr) 

LNB 30 305 
MKF 30 305 
SCR 80 814 

SNCR 50 510 
1  Per cent reductions from AirControlNET, Documentation Report, E.H. Pechan & Associates, Inc., September 2003.    
 
 
Cost-effectiveness 
 
The cost-effectiveness is from the Alternative Control Techniques (ACT) document by EPA for 
cement kilns.2 Based on the EPA ACT document and information developed by Pechan3, the 
cost-effectiveness of the different types of technology is shown in Table 2 below. 
 
Table 2.  Cost-effectiveness of control technologies for lime kilns. 

NOx Control Technology 
Annual Emissions 
Reductions (t/yr) 

Cost-Effectiveness        
(dollars per ton) 

LNB 305 560 
MKF 305 460 
SCR 814 3,370 

SNCR 510 850 
 
 
COMMENTS 
 
It appears that most cement kiln owners and operators have chosen SNCR technology as the 
preferred method to reduce NOx emissions from kilns.  This is due primarily to the lower capital 
cost of SNCR when compared to SCR.  Accordingly, we expect Lime kiln owners to use the 
same technology.  It should be noted that control efficiencies greater that 50 percent have been 
achieved using SNCR in cement kilns.  For example, in one case of a precalciner kiln, over 80 
per cent NOx reduction was achieved.4    
 
 

                                            
2 Alternative Control Techniques Document-NOx Emissions from Cement Manufacturing, US EPA, EPA-453/R-94-
004, March 1994. 
3 AirControlNET, Documentation Report, v. 3.2, E.H. Pechan & Associates, Inc., September 2003. 
4 Status Report on NOx Controls for Gas Turbines, Cement Kilns, Industrial Boilers, Internal Combustion Engines, 
Technologies & Cost Effectiveness, Northeast State for Coordinated Air Use Management (NESCAUM), December 
2000. 
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