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NOx Control Measures

There are 222 NOx control measures included in this report

Summary:

Control Measure Name:
Abbreviation:
Description:

Class:

Pollutant:
Equipment Life:
Control Technology:
Source Group:
Sectors:

Months:

Catalytic Ceramic Filter; Glass Manufacturing - Flat
CATCFGMFT

Application: Filter tubes have nanobits of proprietary catalyst are embedded throughout
the filter walls. The system can achieve excellent NOx removal using liquid ammonia
that is injected upstream of the filters, reacting with NOx at the catalyst to form nitrogen
gas and water vapor.

This control applies to general glass manufacturing operations classified under SCC
30501403

Known

NOX

20.0 years

Catalytic Ceramic Filter
Glass Manufacturing - Flat
ptnonipm

All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX NOX
Locale:
Effective Date: N/A N/A
Cost Year: 2013 2013
CPT: $997 $1,045
Ref Yr CPT: $997 $1,045
Control Efficiency: 95.0 95.0
Min Emis: 365.0 0.0
Max Emis: N/A 365.0
Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.05000000074505806 0.05000000074505806
Discount Rate: N/A N/A
Cap Ann Ratio: 4.6 4.6
Incrememental CPT: N/A N/A

Details:

Applied to large source types

Applied to small source types

Existing Measure:

Existing NEI Dev: 0 0
Pollutant: NOX NOX
Locale:




Effective Date: N/A N/A
Cost Year: 2013 2013

CPT: $997 $1,045

Ref Yr CPT: $997 $1,045
Control Efficiency: 95.0 95.0
Min Emis: 365.0 0.0

Max Emis: N/A 365.0

Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton

Capital Rec Fac: 0.05000000074505806 0.05000000074505806

Discount Rate: N/A N/A
Cap Ann Ratio: 4.6 4.6
Incrememental CPT: N/A N/A

Details:

Applied to large source types

Applied to small source types

Existing Measure:

Existing NEI Dev: 0 0
Cost Equations:
N/A
Affected SCCs:
Code Description
30501403 Industrial Processes; Mineral Products; Glass Manufacture; Flat Glass: Melting Furnace
References:

» Confidential Vendor Quote

Other information:




Summary:

Control Measure Name:
Abbreviation:
Description:

Class:

Pollutant:

Equipment Life:
Control Technology:
Source Group:
Sectors:

Months:

Air to Fuel Ratio Controller; Lean Burn ICE - NG
NAFRCICENG

N/A

Known

NOX

10.0 years

Air to Fuel Ratio Controller

Lean Burn ICE - NG

ptnonipm

All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX
Locale:
Effective Date: N/A
Cost Year: 2001
CPT: $200
Ref Yr CPT: $255
Control Efficiency: 80.0
Min Emis: 0.0
Max Emis: 365.0
Rule Effectiveness: 100.0
Rule Penetration: 100.0
Equation Type: cpton
Capital Rec Fac: 0.14000000059604645
Discount Rate: 7.0
Cap Ann Ratio: 7.023
Incrememental CPT: N/A
Details:
Existing Measure:
Existing NEI Dev: 0
Pollutant: NOX
Locale:
Effective Date: N/A
Cost Year: 2001
CPT: $200
Ref Yr CPT: $255
Control Efficiency: 80.0
Min Emis: 0.0
Max Emis: 365.0
Rule Effectiveness: 100.0
Rule Penetration: 100.0




Equation Type: cpton
Capital Rec Fac: 0.14000000059604645
Discount Rate: 7.0
Cap Ann Ratio: 7.023
Incrememental CPT: N/A
Details:
Existing Measure:
Existing NEI Dev: 0

Cost Equations:

Name: Type 2
Description:

Inventory Fields:

Non-EGU NOx

design_capacity, design_capacity_unit_numerator, design_capacity unit_denominator

Formula: Annual Cost = Annual Cost Multiplier x (Boiler Capacity [in MMBtu/hr]) ~ Exponent + Base
Capital Coat = Capital Cost Multiplier x (Boiler Capacity [in MMBtu/hr]) ~ Exponent + Base
Variable Name Value
Pollutant NOX
Cost Year 2001

Capital Cost Multiplier

511.194322944106

Capital Cost Exponent

1.0

Annual Cost Multiplier

72.7863370563914

Annual Cost Exponent 1.0
Incremental Capital Cost Multiplier
Incremental Capital Cost Exponent
Incremental Annual Cost Multiplier
Incremental Annual Cost Exponent
Capital Cost Base 4354.5
Annual Cost Base 619.99
Incremental Capital Cost Base
Incremental Annual Cost Base

Affected SCCs:

Code Description

20200256 Internal Combustion Engines; Industrial; Natural Gas; 4-cycle Clean Burn
20200255 Internal Combustion Engines; Industrial; Natural Gas; 2-cycle Clean Burn
20200254 Internal Combustion Engines; Industrial; Natural Gas; 4-cycle Lean Burn
20200252 Internal Combustion Engines; Industrial; Natural Gas; 2-cycle Lean Burn




References:

» CARB 2001. Determination of Reasonably Available Control Technology and Best Available
Retrofit Control Technology for Stationary Spark-Ignited Internal Combustion Engines. California
Environmental Protection Agency, Air Resources Board, Stationary Source Division, Emissions
Assessment Branch, Process Evaluation Section. November 2001.

Other information:




Summary:

Control Measure Name:
Abbreviation:
Description:

Class:

Pollutant:
Equipment Life:
Control Technology:
Source Group:
Sectors:

Months:

Adjust Air to Fuel Ratio; Internal Combustion Engines - Gas

NAFRICGS

Application: This control is the use of air/fuel ratio adjustment to reduce NOx

emissions.

This control applies to gasoline powered internal combustion engines with uncontrolled
NOXx emissions greater than 10 tons per year.

Known

NOX

15.0 years

Adjust Air to Fuel Ratio

Internal Combustion Engines - Gas
ptnonipm

All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX NOX
Locale:

Effective Date: N/A N/A
Cost Year: 1990 1990

CPT: $1,570 $380

Ref Yr CPT: $2,514 $609
Control Efficiency: 20.0 20.0
Min Emis: N/A 365.0

Max Emis: 365.0 N/A
Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.10000000149011612 0.10000000149011612

Discount Rate: N/A N/A
Cap Ann Ratio: 2.8 15
Incrememental CPT: N/A N/A

Details:

Applied to small source types

Applied to large source types

Existing Measure:

Existing NEI Dev: 0 0

Pollutant: NOX NOX
Locale:

Effective Date: N/A N/A
Cost Year: 1990 1990
CPT: $1,570 $380
Ref Yr CPT: $2,514 $609
Control Efficiency: 20.0 20.0
Min Emis: N/A 365.0
Max Emis: 365.0 N/A
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Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.10000000149011612 0.10000000149011612
Discount Rate: N/A N/A
Cap Ann Ratio: 2.8 15
Incrememental CPT: N/A N/A
Details: Applied to small source types Applied to large source types
Existing Measure:
Existing NEI Dev: 0 0
Cost Equations:
N/A
Affected SCCs:
Code Description
2310021351 Industrial Processes; Oil and Gas Exploration and Production; On-Shore Gas Production; Lateral
Compressors 4 Cycle Rich Burn
2310021302 Industrial Processes; Oil and Gas Exploration and Production; On-Shore Gas Production; Natural
Gas Fired 4Cycle Rich Burn Compressor Engines 50 To 499 HP
2310021301 Industrial Processes; Oil and Gas Exploration and Production; On-Shore Gas Production; Natural
Gas Fired 4Cycle Rich Burn Compressor Engines <50 HP
2310021251 Industrial Processes; Oil and Gas Exploration and Production; On-Shore Gas Production; Lateral
Compressors 4 Cycle Lean Burn
2310021202 Industrial Processes; Oil and Gas Exploration and Production; On-Shore Gas Production; Natural
Gas Fired 4Cycle Lean Burn Compressor Engines 50 To 499 HP
2310021102 Industrial Processes; Oil and Gas Exploration and Production; On-Shore Gas Production; Natural
Gas Fired 2Cycle Lean Burn Compressor Engines 50 To 499 HP
20400404 Internal Combustion Engines; Engine Testing; Reciprocating Engine; Process Gas
20300802 Internal Combustion Engines; Commercial/Institutional; Landfill Gas; Reciprocating
20300707 Internal Combustion Engines; Commercial/Institutional; Digester Gas; Reciprocating: Exhaust
20300702 Internal Combustion Engines; Commercial/Institutional; Digester Gas; Reciprocating: POTW
Digester Gas
20300204 Internal Combustion Engines; Commercial/Institutional; Natural Gas; Reciprocating: Cogeneration
20300201 Internal Combustion Engines; Commercial/Institutional; Natural Gas; Reciprocating
20200712 Internal Combustion Engines; Industrial; Process Gas; Reciprocating: Exhaust
20200702 Internal Combustion Engines; Industrial; Process Gas; Reciprocating Engine
20200256 Internal Combustion Engines; Industrial; Natural Gas; 4-cycle Clean Burn
20200255 Internal Combustion Engines; Industrial; Natural Gas; 2-cycle Clean Burn
20200254 Internal Combustion Engines; Industrial; Natural Gas; 4-cycle Lean Burn
20200253 Internal Combustion Engines; Industrial; Natural Gas; 4-cycle Rich Burn
20200252 Internal Combustion Engines; Industrial; Natural Gas; 2-cycle Lean Burn

1"




20200204 Internal Combustion Engines; Industrial; Natural Gas; Reciprocating: Cogeneration

20200202 Internal Combustion Engines; Industrial; Natural Gas; Reciprocating

20100205 Internal Combustion Engines; Electric Generation; Natural Gas; Reciprocating: Crankcase Blowby
20100202 Internal Combustion Engines; Electric Generation; Natural Gas; Reciprocating

References:

* EPA, 1993: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions
from Stationary Reciprocating Internal Combustion Engines," EPA,-453/R-93-032, Research
Triangle Park, NC, July 1993.

* Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of
Air Quality Planning and Standards, Innovative Strategies and Economics Group, Research
Triangle Park, September 1998.

Other information:

ADMIN_PCT: 0%

CE_TEXT: 20% from uncontrolled

CHEM_PCT: 0%

COST_BASIS: Sources are distinguished by power (Pechan, 1998).

Engines less than 4,000 horsepower were considered small engines.

Capital and annual cost information was obtained from model engine data in the Alternative
Control Techniques (ACT) document (EPA, 1993). A capital cost to annual cost ratio of 2.8
was developed to estimate default capital and operating and maintenance costs. From these
determinations, default cost effectiveness values were assigned. A discount rate of 7 percent
and a capacity factor of 65 percent are assumed, along with an equipment life of 15 years
(EPA, 1993).

In general, the incremental default cost is used for sources where there are existing controls
(RACT baseline), with efficiencies less than or equal to 25% (Pechan, 2001).

COST_BASIS: Sources are distinguished by power (Pechan, 1998).
Engines less than 4,000 horsepower were considered large engines.

Capital and annual cost information was obtained from model engine data in the Alternative
Control Techniques (ACT) document (EPA, 1993). A capital cost to annual cost ratio of 1.5
was developed to estimate default capital and operating and maintenance costs. From these
determinations, default cost effectiveness values were assigned. A discount rate of 7 percent
and a capacity factor of 65 percent are assumed, along with an equipment life of 15 years
(EPA, 1993).

In general, the incremental default cost is used for sources where there are existing controls
(RACT baseline), with efficiencies less than or equal to 25% (Pechan, 2001).

CPTON_TEXT: The default cost effectiveness value is $1,570 per ton NOx reduced from both uncontrolled
and RACT (19903%).

CPTON_TEXT: The default cost effectiveness value is $380 per ton NOx reduced from both uncontrolled and
RACT (1990%).

CTRL_EFF_T: 20%
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ELEC_PCT:

0%

ELEC_RT: $0.06/kWh
FUEL_PCT: 0%
HG_CE_T: 20%
INSRNC_PCT: 0%
MNTLBR_PCT: 0%
MNTLBR_RT: $0/hr
MNTMTL_PCT: 0%
NG_RT: $4.13/cf
NOX: Co*
OMATL_PCT: 0%
OPLBR_PCT: 11.57%
OPLBR_RT: $26.23/hr
OTHR_PCT: 68.54%
OVRHD_PCT: 0%
PROPTX_PCT: 0%
RPLMTL_PCT: 0%
RULE: Not Applicable
SPVLBR_PCT: 0%
STEAM_PCT: 0%
TDIR_PCT: 0%
TINDIR_PCT: 14.93%
UTIL_PCT: 4.94%

WSTDSP_PCT:

0%
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Summary:

Control Measure Name:
Abbreviation:
Description:

NAFRIICGS

emissions.

Adjust Air to Fuel Ratio and Ignition Retard; Internal Combustion Engines - Gas

Application: This control is the use of air/fuel and ignition retard to reduce NOx

This control applies to gasoline powered internal combustion engines with uncontrolled
NOXx emissions greater than 10 tons per year.

Class: Known

Pollutant:  NOX
Equipment Life:  15.0 years
Control Technology:
Source Group:
Sectors:
Months:

ptnonipm
All Months

Adjust Air to Fuel Ratio and Ignition Retard
Internal Combustion Engines - Gas

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX NOX
Locale:
Effective Date: N/A N/A
Cost Year: 1990 1990
CPT: $460 $1,440
Ref Yr CPT: $737 $2,306
Control Efficiency: 30.0 30.0
Min Emis: 365.0 N/A
Max Emis: N/A 365.0
Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.10000000149011612 0.10000000149011612
Discount Rate: N/A N/A
Cap Ann Ratio: 1.2 2.6
Incrememental CPT: 150.0 270.0

Details:

Applied to large source types

Applied to small source types

Existing Measure:

Existing NEI Dev: 0 0
Pollutant: NOX NOX
Locale:

Effective Date: N/A N/A
Cost Year: 1990 1990
CPT: $460 $1,440
Ref Yr CPT: $737 $2,306
Control Efficiency: 30.0 30.0
Min Emis: 365.0 N/A

Max Emis: N/A 365.0
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Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.10000000149011612 0.10000000149011612
Discount Rate: N/A N/A
Cap Ann Ratio: 1.2 2.6
Incrememental CPT: 150.0 270.0
Details: Applied to large source types Applied to small source types
Existing Measure:
Existing NEI Dev: 0 0
Cost Equations:
N/A
Affected SCCs:
Code Description
2310021351 Industrial Processes; Oil and Gas Exploration and Production; On-Shore Gas Production; Lateral
Compressors 4 Cycle Rich Burn
2310021302 Industrial Processes; Oil and Gas Exploration and Production; On-Shore Gas Production; Natural
Gas Fired 4Cycle Rich Burn Compressor Engines 50 To 499 HP
2310021301 Industrial Processes; Oil and Gas Exploration and Production; On-Shore Gas Production; Natural
Gas Fired 4Cycle Rich Burn Compressor Engines <50 HP
2310021251 Industrial Processes; Oil and Gas Exploration and Production; On-Shore Gas Production; Lateral
Compressors 4 Cycle Lean Burn
2310021202 Industrial Processes; Oil and Gas Exploration and Production; On-Shore Gas Production; Natural
Gas Fired 4Cycle Lean Burn Compressor Engines 50 To 499 HP
2310021102 Industrial Processes; Oil and Gas Exploration and Production; On-Shore Gas Production; Natural
Gas Fired 2Cycle Lean Burn Compressor Engines 50 To 499 HP
20400404 Internal Combustion Engines; Engine Testing; Reciprocating Engine; Process Gas
20300802 Internal Combustion Engines; Commercial/Institutional; Landfill Gas; Reciprocating
20300707 Internal Combustion Engines; Commercial/Institutional; Digester Gas; Reciprocating: Exhaust
20300702 Internal Combustion Engines; Commercial/Institutional; Digester Gas; Reciprocating: POTW
Digester Gas
20300204 Internal Combustion Engines; Commercial/Institutional; Natural Gas; Reciprocating: Cogeneration
20300201 Internal Combustion Engines; Commercial/Institutional; Natural Gas; Reciprocating
20200712 Internal Combustion Engines; Industrial; Process Gas; Reciprocating: Exhaust
20200702 Internal Combustion Engines; Industrial; Process Gas; Reciprocating Engine
20200256 Internal Combustion Engines; Industrial; Natural Gas; 4-cycle Clean Burn
20200255 Internal Combustion Engines; Industrial; Natural Gas; 2-cycle Clean Burn
20200254 Internal Combustion Engines; Industrial; Natural Gas; 4-cycle Lean Burn
20200253 Internal Combustion Engines; Industrial; Natural Gas; 4-cycle Rich Burn
20200252 Internal Combustion Engines; Industrial; Natural Gas; 2-cycle Lean Burn
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20200204 Internal Combustion Engines; Industrial; Natural Gas; Reciprocating: Cogeneration

20200202 Internal Combustion Engines; Industrial; Natural Gas; Reciprocating

20100205 Internal Combustion Engines; Electric Generation; Natural Gas; Reciprocating: Crankcase Blowby
20100202 Internal Combustion Engines; Electric Generation; Natural Gas; Reciprocating

References:

e Pechan, 2006: E.H. Pechan and Associates, Inc., "AirControINET Control Measure
Documentation Report", May 2006.

Other information:

ADMIN_PCT: 0%

CE_TEXT: 30% from uncontrolled

CHEM_PCT: 0%

COST_BASIS: Sources are distinguished by power (Pechan, 1998).

Engines less than 4,000 horsepower were considered small engines.

Capital and annual cost information was obtained from model engine data in the Alternative
Control Techniques (ACT) document (EPA, 1993). A capital cost to annual cost ratio of 2.6
was developed to estimate default capital and operating and maintenance costs. From these
determinations, default cost effectiveness values were assigned. A discount rate of 7 percent
and a capacity factor of 65 percent are assumed, along with an equipment life of 15 years
(EPA, 1993).

In general, the incremental default cost is used for sources where there are existing controls
(RACT baseline), with efficiencies less than or equal to 25% (Pechan, 2001).

COST_BASIS: Sources are distinguished by power (Pechan, 1998).
Engines less than 4,000 horsepower were considered large engines.

Capital and annual cost information was obtained from model engine data in the Alternative
Control Techniques (ACT) document (EPA, 1993). A capital cost to annual cost ratio of 1.2
was developed to estimate default capital and operating and maintenance costs. From these
determinations, default cost effectiveness values were assigned. A discount rate of 7 percent
and a capacity factor of 65 percent are assumed, along with an equipment life of 15 years
(EPA, 1993).

In general, the incremental default cost is used for sources where there are existing controls
(RACT baseline), with efficiencies less than or equal to 25% (Pechan, 2001).

CPTON_H: $460/ton

CPTON_H: $1440/ton

CPTON_L: $150/ton

CPTON_L: $270/ton

CPTON_TEXT: The default cost effectiveness values are $460 per ton NOx reduced from uncontrolled and
$150 per ton NOx reduced from RACT (1990%).

CPTON_TEXT: The default cost effectiveness values are $1,440 per ton NOx reduced from uncontrolled and
$270 per ton NOx reduced from RACT (1990%).

CTRL_EFF_T: 30%

ELEC_PCT: 0%
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ELEC_RT: $0.06/kWh
FUEL_PCT: 0%
HG_CE_T: 30%
INSRNC_PCT: 0%
MNTLBR_PCT: 0%
MNTLBR_RT: $0/hr
MNTMTL_PCT: 0%
NG_RT: $4.13/cf
NOX: Co*
OMATL_PCT: 0%
OPLBR_PCT: 9.33%
OPLBR_RT: $26.23/hr
OTHR_PCT: 75.54%
OVRHD_PCT: 0%
PROPTX_PCT: 0%
RPLMTL_PCT: 0%
RULE: Not Applicable
SPVLBR_PCT: 0%
STEAM_PCT: 0%
TDIR_PCT: 0%
TINDIR_PCT: 11.85%
UTIL_PCT: 3.27%

WSTDSP_PCT:

0%
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Summary:

Control Measure Name: Flue Gas Recirculation; ICI Boilers - Distillate Oil
Abbreviation: NBFIBDO

Description:  Application: Gas from the boiler, economizer or air heater outlet is reintroduced to the
furnace by fans and flues. Flue Gas Recirculation (FGR) is feasible as long as there is
no minimum operational temperature/oxygen requirement for the boiler. Flue gas
recirculation would lower the temperature range and oxygen levels in the boiler. Should
there be a requirement for a minimum temperature or oxygen level (or both) from the
boiler (for other processes at the facility) then FGR may not be feasible. Those
requirements would need to be assessed on a source-by-source basis. In addition,
FGR is generally implemented in conjunction with low NOx burners. FGR may also
affect fan capacity, furnace pressure, burner pressure drop, and turndown stability. If
these are critical parameters for processes associated with the boiler then FGR may be

infeasible (MACTEC 2005).

Class: Known
Pollutant:  NOX
Equipment Life:  15.0 years

Control Technology:

Flue Gas Recirculation

Source Group: ICI Boilers - Distillate Qil
Sectors:  ptnonipm
Months:  All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX
Locale:

Effective Date: N/A
Cost Year: 2008

CPT: $11,100

Ref Yr CPT: $11,959
Control Efficiency: 40.0
Min Emis: 25.0
Max Emis: N/A
Rule Effectiveness: 100.0
Rule Penetration: 100.0

Equation Type:

Capital Rec Fac:

0.12999999523162842

Discount Rate: 10.0
Cap Ann Ratio: N/A
Incrememental CPT: N/A
Details:
Existing Measure:
Existing NEI Dev: 0
Pollutant: NOX
Locale:
Effective Date: N/A
Cost Year: 2008
CPT: $11,100
Ref Yr CPT: $11,959
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Control Efficiency:

40.0

Min Emis: 25.0

Max Emis: N/A

Rule Effectiveness: 100.0
Rule Penetration: 100.0

Equation Type:

Capital Rec Fac:

0.12999999523162842

Discount Rate: 10.0
Cap Ann Ratio: N/A
Incrememental CPT: N/A
Details:
Existing Measure:
Existing NEI Dev: 0
Cost Equations:
Name: Type 13
Description: ICI Boiler Cost Equations
Inventory Fields: design_capacity, design_capacity _unit_numerator, design_capacity unit_denominator,

stack flow_rate, stack velocity, stack diameter

Formula: Capital Cost = varl*inputl®var2+var3*inputl”var4

O&M Cost = vars5+var6*inputl”®var7+var8*input1*var9+varl0*input3+varl1*input2

where

inputl = boiler size in MMBtu/hr

input2 = boiler emissions in ton/yr
input3 = boiler exhaust flowrate in ft3/sec
varl = Capital cost size multiplier No.1
var2 = Capital cost exponent No. 1
var3 = Capital cost size multiplier No.2
vard = Capital cost exponent No. 2
var5 = O&M known costs

varé = O&M cost size multiplier No.1
var7 = O&M cost size exponent No. 1
var8 = O&M cost size multiplier No. 2
var9 = O&M cost size exponent No. 2
varl0 = O&M cost flowrate multiplier
varll = O&M cost emissions multiplier

Variable Name Value
Pollutant NOX
Cost Year 2008
Capital Cost Size Multiplier No. 1 86330.02
Capital Cost Exponent No. 1 0.22
Capital Cost Size Multiplier No. 2 0.0
Capital Cost Exponent No. 2 0.0
O&M Known Costs 225238.9
O&M Cost Size Multiplier No. 1 3453.2
O&M Cost Exponent No. 1 0.22
O&M Cost Size Multiplier No. 2 0.0
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O&M Cost Exponent No. 2 0.0

O&M Flowrate Multiplier 19.3

O&M Emissions Multiplier 0.0

Affected SCCs:

Code Description

10300504 External Combustion Boilers; Commercial/Institutional; Distillate Oil; Grade 4 Oil

10300503 External Combustion Boilers; Commercial/Institutional; Distillate Oil; < 10 Million BTU/hr **

10300502 External Combustion Boilers; Commercial/lnstitutional; Distillate Oil; 10-100 Million BTU/hr **

10300501 External Combustion Boilers; Commercial/Institutional; Distillate Oil - Grades 1 and 2; Boiler

10200505 External Combustion Boilers; Industrial; Distillate Oil; Cogeneration

10200504 External Combustion Boilers; Industrial; Distillate Oil; Grade 4 Oil

10200503 External Combustion Boilers; Industrial; Distillate Oil; < 10 Million BTU/hr **

10200502 External Combustion Boilers; Industrial; Distillate Oil; 10-100 Million BTU/hr **

10200501 External Combustion Boilers; Industrial; Distillate Oil - Grades 1 and 2; Boiler
References:

» Bodnarik, Andy. September 29, 2011. Personal Communication with Andy Bodnarik of Ozone
Transport Commission to Bryan Lange of ERG.

* MACTEC Engineering and Consulting, Inc. March 30, 2005. Midwest Regional Planning
Organization - Boiler Best Available Retrofit Technology Engineering Analysis

» US EPA. Coal Utility Environmental Cost, CUECost Model Version 1.0.
http://www.epa.gov/ttn/catc/products.html#software  (accessed November 18, 2011).

» Ozone Transport Commission & Lake Michigan Air Directors Consortium. May 25, 2010. Draft -
Evaluation of Control Options for Industrial, Commercial and Institutional Boilers, Technical
Support Document.

* Northeast States for Coordinated Air Use Management. November 2008 (revised January 2009).
Applicability and Feasibility of NOx, SO2, and PM Emissions Control Technologies for Industrial,
Commercial, and Institutional Boilers.

Other information:
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Summary:

Control Measure Name: Flue Gas Recirculation; ICI Boilers - LPG
Abbreviation: NBFIBLP

Description:  Application: Gas from the boiler, economizer or air heater outlet is reintroduced to the
furnace by fans and flues. Flue Gas Recirculation (FGR) is feasible as long as there is
no minimum operational temperature/oxygen requirement for the boiler. Flue gas
recirculation would lower the temperature range and oxygen levels in the boiler. Should
there be a requirement for a minimum temperature or oxygen level (or both) from the
boiler (for other processes at the facility) then FGR may not be feasible. Those
requirements would need to be assessed on a source-by-source basis. In addition,
FGR is generally implemented in conjunction with low NOx burners. FGR may also
affect fan capacity, furnace pressure, burner pressure drop, and turndown stability. If
these are critical parameters for processes associated with the boiler then FGR may be

infeasible (MACTEC 2005).

Class: Known
Pollutant:  NOX
Equipment Life:  15.0 years

Control Technology:

Flue Gas Recirculation

Source Group: ICI Boilers - LPG
Sectors:  ptnonipm
Months:  All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX
Locale:

Effective Date: N/A
Cost Year: 2008

CPT: $11,100

Ref Yr CPT: $11,959
Control Efficiency: 40.0
Min Emis: 25.0
Max Emis: N/A
Rule Effectiveness: 100.0
Rule Penetration: 100.0

Equation Type:

Capital Rec Fac:

0.12999999523162842

Discount Rate: 10.0
Cap Ann Ratio: N/A
Incrememental CPT: N/A
Details:
Existing Measure:
Existing NEI Dev: 0
Pollutant: NOX
Locale:
Effective Date: N/A
Cost Year: 2008
CPT: $11,100
Ref Yr CPT: $11,959
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Control Efficiency:

40.0

Min Emis: 25.0

Max Emis: N/A

Rule Effectiveness: 100.0
Rule Penetration: 100.0

Equation Type:

Capital Rec Fac:

0.12999999523162842

Discount Rate: 10.0
Cap Ann Ratio: N/A
Incrememental CPT: N/A
Details:
Existing Measure:
Existing NEI Dev: 0
Cost Equations:
Name: Type 13
Description: ICI Boiler Cost Equations
Inventory Fields: design_capacity, design_capacity _unit_numerator, design_capacity unit_denominator,

stack flow_rate, stack velocity, stack diameter

Formula: Capital Cost = varl*inputl®var2+var3*inputl”var4

O&M Cost = vars5+var6*inputl”®var7+var8*input1*var9+varl0*input3+varl1*input2

where

inputl = boiler size in MMBtu/hr

input2 = boiler emissions in ton/yr
input3 = boiler exhaust flowrate in ft3/sec
varl = Capital cost size multiplier No.1
var2 = Capital cost exponent No. 1
var3 = Capital cost size multiplier No.2
vard = Capital cost exponent No. 2
var5 = O&M known costs

varé = O&M cost size multiplier No.1
var7 = O&M cost size exponent No. 1
var8 = O&M cost size multiplier No. 2
var9 = O&M cost size exponent No. 2
varl0 = O&M cost flowrate multiplier
varll = O&M cost emissions multiplier

Variable Name Value
Pollutant NOX
Cost Year 2008
Capital Cost Size Multiplier No. 1 86330.02
Capital Cost Exponent No. 1 0.22
Capital Cost Size Multiplier No. 2 0.0
Capital Cost Exponent No. 2 0.0
O&M Known Costs 225238.9
O&M Cost Size Multiplier No. 1 3453.2
O&M Cost Exponent No. 1 0.22
O&M Cost Size Multiplier No. 2 0.0
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O&M Cost Exponent No. 2 0.0

O&M Flowrate Multiplier 19.3

O&M Emissions Multiplier 0.0

Affected SCCs:

Code Description
10301002 External Combustion Boilers; Commercial/Institutional; Liquified Petroleum Gas (LPG); Propane
10301001 External Combustion Boilers; Commercial/Institutional; Liquified Petroleum Gas (LPG); Butane
10201002 External Combustion Boilers; Industrial; Liquified Petroleum Gas (LPG); Propane
10201001 External Combustion Boilers; Industrial; Liquified Petroleum Gas (LPG); Butane
References:

» Bodnarik, Andy. September 29, 2011. Personal Communication with Andy Bodnarik of Ozone
Transport Commission to Bryan Lange of ERG.

* MACTEC Engineering and Consulting, Inc. March 30, 2005. Midwest Regional Planning
Organization - Boiler Best Available Retrofit Technology Engineering Analysis

» US EPA. Coal Utility Environmental Cost, CUECost Model Version 1.0.
http://www.epa.gov/ttn/catc/products.html#software  (accessed November 18, 2011).

» Ozone Transport Commission & Lake Michigan Air Directors Consortium. May 25, 2010. Draft -
Evaluation of Control Options for Industrial, Commercial and Institutional Boilers, Technical
Support Document.

» Northeast States for Coordinated Air Use Management. November 2008 (revised January 2009).
Applicability and Feasibility of NOx, SO2, and PM Emissions Control Technologies for Industrial,
Commercial, and Institutional Boilers.

Other information:
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Summary:

Control Measure Name: Flue Gas Recirculation; ICI Boilers - Natural Gas
Abbreviation: NBFIBNG

Description:  Application: Gas from the boiler, economizer or air heater outlet is reintroduced to the
furnace by fans and flues. Flue Gas Recirculation (FGR) is feasible as long as there is
no minimum operational temperature/oxygen requirement for the boiler. Flue gas
recirculation would lower the temperature range and oxygen levels in the boiler. Should
there be a requirement for a minimum temperature or oxygen level (or both) from the
boiler (for other processes at the facility) then FGR may not be feasible. Those
requirements would need to be assessed on a source-by-source basis. In addition,
FGR is generally implemented in conjunction with low NOx burners. FGR may also
affect fan capacity, furnace pressure, burner pressure drop, and turndown stability. If
these are critical parameters for processes associated with the boiler then FGR may be

infeasible (MACTEC 2005).

Class: Known
Pollutant:  NOX
Equipment Life:  15.0 years

Control Technology:

Flue Gas Recirculation

Source Group: ICI Boilers - Natural Gas
Sectors:  ptnonipm
Months:  All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX
Locale:

Effective Date: N/A
Cost Year: 2008

CPT: $11,100

Ref Yr CPT: $11,959
Control Efficiency: 40.0
Min Emis: 25.0
Max Emis: N/A
Rule Effectiveness: 100.0
Rule Penetration: 100.0

Equation Type:

Capital Rec Fac:

0.12999999523162842

Discount Rate: 10.0
Cap Ann Ratio: N/A
Incrememental CPT: N/A
Details:
Existing Measure:
Existing NEI Dev: 0
Pollutant: NOX
Locale:
Effective Date: N/A
Cost Year: 2008
CPT: $11,100
Ref Yr CPT: $11,959
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Control Efficiency:

40.0

Min Emis: 25.0

Max Emis: N/A

Rule Effectiveness: 100.0
Rule Penetration: 100.0

Equation Type:

Capital Rec Fac:

0.12999999523162842

Discount Rate: 10.0
Cap Ann Ratio: N/A
Incrememental CPT: N/A
Details:
Existing Measure:
Existing NEI Dev: 0
Cost Equations:
Name: Type 13
Description: ICI Boiler Cost Equations
Inventory Fields: design_capacity, design_capacity _unit_numerator, design_capacity unit_denominator,

stack flow_rate, stack velocity, stack diameter

Formula: Capital Cost = varl*inputl®var2+var3*inputl”var4

O&M Cost = vars5+var6*inputl”®var7+var8*input1*var9+varl0*input3+varl1*input2

where

inputl = boiler size in MMBtu/hr

input2 = boiler emissions in ton/yr
input3 = boiler exhaust flowrate in ft3/sec
varl = Capital cost size multiplier No.1
var2 = Capital cost exponent No. 1
var3 = Capital cost size multiplier No.2
vard = Capital cost exponent No. 2
var5 = O&M known costs

varé = O&M cost size multiplier No.1
var7 = O&M cost size exponent No. 1
var8 = O&M cost size multiplier No. 2
var9 = O&M cost size exponent No. 2
varl0 = O&M cost flowrate multiplier
varll = O&M cost emissions multiplier

Variable Name Value
Pollutant NOX
Cost Year 2008
Capital Cost Size Multiplier No. 1 86330.02
Capital Cost Exponent No. 1 0.22
Capital Cost Size Multiplier No. 2 0.0
Capital Cost Exponent No. 2 0.0
O&M Known Costs 225238.9
O&M Cost Size Multiplier No. 1 3453.2
O&M Cost Exponent No. 1 0.22
O&M Cost Size Multiplier No. 2 0.0
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O&M Cost Exponent No. 2 0.0

O&M Flowrate Multiplier 19.3

O&M Emissions Multiplier 0.0

Affected SCCs:

Code Description

10300603 External Combustion Boilers; Commercial/Institutional; Natural Gas; < 10 Million BTU/hr

10300602 External Combustion Boilers; Commercial/Institutional; Natural Gas; 10-100 Million BTU/hr

10300601 External Combustion Boilers; Commercial/Institutional; Natural Gas; > 100 Million BTU/hr

10201403 External Combustion Boilers; Industrial; CO Boiler; Distillate Oil

10201401 External Combustion Boilers; Industrial; CO Boiler; Natural Gas

10200604 External Combustion Boilers; Industrial; Natural Gas; Cogeneration

10200603 External Combustion Boilers; Industrial; Natural Gas; < 10 Million BTU/hr

10200602 External Combustion Boilers; Industrial; Natural Gas; 10-100 Million BTU/hr

10200601 External Combustion Boilers; Industrial; Natural Gas; > 100 Million BTU/hr
References:

» Bodnarik, Andy. September 29, 2011. Personal Communication with Andy Bodnarik of Ozone
Transport Commission to Bryan Lange of ERG.

* MACTEC Engineering and Consulting, Inc. March 30, 2005. Midwest Regional Planning
Organization - Boiler Best Available Retrofit Technology Engineering Analysis

» US EPA. Coal Utility Environmental Cost, CUECost Model Version 1.0.
http://www.epa.gov/ttn/catc/products.html#software  (accessed November 18, 2011).

» Ozone Transport Commission & Lake Michigan Air Directors Consortium. May 25, 2010. Draft -
Evaluation of Control Options for Industrial, Commercial and Institutional Boilers, Technical
Support Document.

* Northeast States for Coordinated Air Use Management. November 2008 (revised January 2009).
Applicability and Feasibility of NOx, SO2, and PM Emissions Control Technologies for Industrial,
Commercial, and Institutional Boilers.

Other information:
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Summary:

Control Measure Name:
Abbreviation:
Description:

Class:

Pollutant:
Equipment Life:
Control Technology:
Source Group:
Sectors:

Months:

Flue Gas Recirculation; ICI Boilers - Process Gas
NBFIBPG

Application: Gas from the boiler, economizer or air heater outlet is reintroduced to the
furnace by fans and flues. Flue Gas Recirculation (FGR) is feasible as long as there is
no minimum operational temperature/oxygen requirement for the boiler. Flue gas
recirculation would lower the temperature range and oxygen levels in the boiler. Should
there be a requirement for a minimum temperature or oxygen level (or both) from the
boiler (for other processes at the facility) then FGR may not be feasible. Those
requirements would need to be assessed on a source-by-source basis. In addition,
FGR is generally implemented in conjunction with low NOx burners. FGR may also
affect fan capacity, furnace pressure, burner pressure drop, and turndown stability. If
these are critical parameters for processes associated with the boiler then FGR may be

infeasible (MACTEC 2005).

Known
NOX

15.0 years

Flue Gas Recirculation
ICI Boilers - Process Gas

ptnonipm

All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX
Locale:

Effective Date: N/A
Cost Year: 2008

CPT: $11,100

Ref Yr CPT: $11,959
Control Efficiency: 40.0
Min Emis: 25.0
Max Emis: N/A
Rule Effectiveness: 100.0
Rule Penetration: 100.0

Equation Type:

Capital Rec Fac:

0.12999999523162842

Discount Rate: 10.0
Cap Ann Ratio: N/A
Incrememental CPT: N/A
Details:
Existing Measure:
Existing NEI Dev: 0
Pollutant: NOX
Locale:
Effective Date: N/A
Cost Year: 2008
CPT: $11,100
Ref Yr CPT: $11,959
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Control Efficiency:

40.0

Min Emis: 25.0

Max Emis: N/A

Rule Effectiveness: 100.0
Rule Penetration: 100.0

Equation Type:

Capital Rec Fac:

0.12999999523162842

Discount Rate: 10.0
Cap Ann Ratio: N/A
Incrememental CPT: N/A
Details:
Existing Measure:
Existing NEI Dev: 0
Cost Equations:
Name: Type 13
Description: ICI Boiler Cost Equations
Inventory Fields: design_capacity, design_capacity _unit_numerator, design_capacity unit_denominator,

stack flow_rate, stack velocity, stack diameter

Formula: Capital Cost = varl*inputl®var2+var3*inputl”var4

O&M Cost = vars5+var6*inputl”®var7+var8*input1*var9+varl0*input3+varl1*input2

where

inputl = boiler size in MMBtu/hr

input2 = boiler emissions in ton/yr
input3 = boiler exhaust flowrate in ft3/sec
varl = Capital cost size multiplier No.1
var2 = Capital cost exponent No. 1
var3 = Capital cost size multiplier No.2
vard = Capital cost exponent No. 2
var5 = O&M known costs

varé = O&M cost size multiplier No.1
var7 = O&M cost size exponent No. 1
var8 = O&M cost size multiplier No. 2
var9 = O&M cost size exponent No. 2
varl0 = O&M cost flowrate multiplier
varll = O&M cost emissions multiplier

Variable Name Value
Pollutant NOX
Cost Year 2008
Capital Cost Size Multiplier No. 1 86330.02
Capital Cost Exponent No. 1 0.22
Capital Cost Size Multiplier No. 2 0.0
Capital Cost Exponent No. 2 0.0
O&M Known Costs 225238.9
O&M Cost Size Multiplier No. 1 3453.2
O&M Cost Exponent No. 1 0.22
O&M Cost Size Multiplier No. 2 0.0
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O&M Cost Exponent No. 2 0.0

O&M Flowrate Multiplier 19.3

O&M Emissions Multiplier 0.0

Affected SCCs:

Code Description
10300799 External Combustion Boilers; Commercial/Institutional; Process Gas; Other Not Classified
10300701 Ex’g;arnal Combustion Boilers; Commercial/lnstitutional; Process Gas; POTW Digester Gas-fired
oiler
10201403 External Combustion Boilers; Industrial; CO Boiler; Distillate Oll
10201402 External Combustion Boilers; Industrial; CO Boiler; Process Gas
10200799 External Combustion Boilers; Industrial; Process Gas; Other: Specify in Comments
10200710 External Combustion Boilers; Industrial; Process Gas; Cogeneration
10200707 External Combustion Boilers; Industrial; Process Gas; Coke Oven Gas
10200704 External Combustion Boilers; Industrial; Process Gas; Blast Furnace Gas
10200701 External Combustion Boilers; Industrial; Process Gas; Petroleum Refinery Gas
References:

» Bodnarik, Andy. September 29, 2011. Personal Communication with Andy Bodnarik of Ozone
Transport Commission to Bryan Lange of ERG.

* MACTEC Engineering and Consulting, Inc. March 30, 2005. Midwest Regional Planning
Organization - Boiler Best Available Retrofit Technology Engineering Analysis

» US EPA. Coal Utility Environmental Cost, CUECost Model Version 1.0.
http://www.epa.gov/ttn/catc/products.html#software  (accessed November 18, 2011).

» Ozone Transport Commission & Lake Michigan Air Directors Consortium. May 25, 2010. Draft -
Evaluation of Control Options for Industrial, Commercial and Institutional Boilers, Technical
Support Document.

» Northeast States for Coordinated Air Use Management. November 2008 (revised January 2009).
Applicability and Feasibility of NOx, SO2, and PM Emissions Control Technologies for Industrial,
Commercial, and Institutional Boilers.

Other information:
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Summary:

Control Measure Name: Flue Gas Recirculation; ICI Boilers - Residual Oil
Abbreviation: NBFIBRO

Description:  Application: Gas from the boiler, economizer or air heater outlet is reintroduced to the
furnace by fans and flues. Flue Gas Recirculation (FGR) is feasible as long as there is
no minimum operational temperature/oxygen requirement for the boiler. Flue gas
recirculation would lower the temperature range and oxygen levels in the boiler. Should
there be a requirement for a minimum temperature or oxygen level (or both) from the
boiler (for other processes at the facility) then FGR may not be feasible. Those
requirements would need to be assessed on a source-by-source basis. In addition,
FGR is generally implemented in conjunction with low NOx burners. FGR may also
affect fan capacity, furnace pressure, burner pressure drop, and turndown stability. If
these are critical parameters for processes associated with the boiler then FGR may be

infeasible (MACTEC 2005).

Class: Known
Pollutant:  NOX
Equipment Life:  15.0 years

Control Technology:

Flue Gas Recirculation

Source Group: ICI Boilers - Residual Oil
Sectors:  ptnonipm
Months:  All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX
Locale:

Effective Date: N/A
Cost Year: 2008

CPT: $11,100

Ref Yr CPT: $11,959
Control Efficiency: 40.0
Min Emis: 25.0
Max Emis: N/A
Rule Effectiveness: 100.0
Rule Penetration: 100.0

Equation Type:

Capital Rec Fac:

0.12999999523162842

Discount Rate: 10.0
Cap Ann Ratio: N/A
Incrememental CPT: N/A
Details:
Existing Measure:
Existing NEI Dev: 0
Pollutant: NOX
Locale:
Effective Date: N/A
Cost Year: 2008
CPT: $11,100
Ref Yr CPT: $11,959
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Control Efficiency:

40.0

Min Emis: 25.0

Max Emis: N/A

Rule Effectiveness: 100.0
Rule Penetration: 100.0

Equation Type:

Capital Rec Fac:

0.12999999523162842

Discount Rate: 10.0
Cap Ann Ratio: N/A
Incrememental CPT: N/A
Details:
Existing Measure:
Existing NEI Dev: 0
Cost Equations:
Name: Type 13
Description: ICI Boiler Cost Equations
Inventory Fields: design_capacity, design_capacity _unit_numerator, design_capacity unit_denominator,

stack flow_rate, stack velocity, stack diameter

Formula: Capital Cost = varl*inputl®var2+var3*inputl”var4

O&M Cost = vars5+var6*inputl”®var7+var8*input1*var9+varl0*input3+varl1*input2

where

inputl = boiler size in MMBtu/hr

input2 = boiler emissions in ton/yr
input3 = boiler exhaust flowrate in ft3/sec
varl = Capital cost size multiplier No.1
var2 = Capital cost exponent No. 1
var3 = Capital cost size multiplier No.2
vard = Capital cost exponent No. 2
var5 = O&M known costs

varé = O&M cost size multiplier No.1
var7 = O&M cost size exponent No. 1
var8 = O&M cost size multiplier No. 2
var9 = O&M cost size exponent No. 2
varl0 = O&M cost flowrate multiplier
varll = O&M cost emissions multiplier

Variable Name Value
Pollutant NOX
Cost Year 2008
Capital Cost Size Multiplier No. 1 86330.02
Capital Cost Exponent No. 1 0.22
Capital Cost Size Multiplier No. 2 0.0
Capital Cost Exponent No. 2 0.0
O&M Known Costs 225238.9
O&M Cost Size Multiplier No. 1 3453.2
O&M Cost Exponent No. 1 0.22
O&M Cost Size Multiplier No. 2 0.0
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O&M Cost Exponent No. 2 0.0

O&M Flowrate Multiplier 19.3

O&M Emissions Multiplier 0.0

Affected SCCs:

Code Description
10300404 External Combustion Boilers; Commercial/Institutional; Residual Oil; Grade 5 Oil
10300402 External Combustion Boilers; Commercial/Institutional; Residual Oil; 10-100 Million BTU/hr **
10300401 External Combustion Boilers; Commercial/Institutional; Residual Oil - Grade 6; Boiler
10201404 External Combustion Boilers; Industrial; CO Boiler; Residual Oil
10201403 External Combustion Boilers; Industrial; CO Boiler; Distillate Oll
10200405 External Combustion Boilers; Industrial; Residual Oil; Cogeneration
10200404 External Combustion Boilers; Industrial; Residual Oil; Grade 5 Oil
10200403 External Combustion Boilers; Industrial; Residual Oil; < 10 Million BTU/hr
10200402 External Combustion Boilers; Industrial; Residual Oil; 10-100 Million BTU/hr
10200401 External Combustion Boilers; Industrial; Residual Oil; Grade 6 oil
References:

» Bodnarik, Andy. September 29, 2011. Personal Communication with Andy Bodnarik of Ozone
Transport Commission to Bryan Lange of ERG.

* MACTEC Engineering and Consulting, Inc. March 30, 2005. Midwest Regional Planning
Organization - Boiler Best Available Retrofit Technology Engineering Analysis

» US EPA. Coal Utility Environmental Cost, CUECost Model Version 1.0.
http://www.epa.gov/ttn/catc/products.html#software  (accessed November 18, 2011).

» Ozone Transport Commission & Lake Michigan Air Directors Consortium. May 25, 2010. Draft -
Evaluation of Control Options for Industrial, Commercial and Institutional Boilers, Technical
Support Document.

» Northeast States for Coordinated Air Use Management. November 2008 (revised January 2009).
Applicability and Feasibility of NOx, SO2, and PM Emissions Control Technologies for Industrial,
Commercial, and Institutional Boilers.

Other information:
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Summary:

Control Measure Name:
Abbreviation:
Description:

Class:

Pollutant:

Equipment Life:
Control Technology:
Source Group:
Sectors:

Months:

Biosolid Injection Technology; Cement Kilns
NBINTCEMK

Application: This control applies to cement kilns
Known

NOX

15.0 years

Biosolid Injection Technology

Cement Kilns

ptnonipm

All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX
Locale:
Effective Date: N/A
Cost Year: 1997
CPT: $310
Ref Yr CPT: $425
Control Efficiency: 23.0
Min Emis: N/A
Max Emis: N/A
Rule Effectiveness: 100.0
Rule Penetration: 100.0
Equation Type: cpton
Capital Rec Fac: 0.10000000149011612
Discount Rate: N/A
Cap Ann Ratio: 7.3
Incrememental CPT: N/A
Details: Applied to large source types
Existing Measure:
Existing NEI Dev: 0
Pollutant: NOX
Locale:
Effective Date: N/A
Cost Year: 1997
CPT: $310
Ref Yr CPT: $425
Control Efficiency: 23.0
Min Emis: N/A
Max Emis: N/A
Rule Effectiveness: 100.0
Rule Penetration: 100.0
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Equation Type: cpton

Capital Rec Fac: 0.10000000149011612
Discount Rate: N/A
Cap Ann Ratio: 7.3
Incrememental CPT: N/A
Details: Applied to large source types

Existing Measure:

Existing NEI Dev: 0
Cost Equations:
N/A
Affected SCCs:
Code Description
30500623 Industrial Processes; Mineral Products; Cement Manufacturing (Dry Process);
Preheater/Precalciner Kiln
30500622 Industrial Processes; Mineral Products; Cement Manufacturing (Dry Process); Preheater Kiln

References:

» "AirControINET Database, May 2006" Prepared for US EPA, OAQPS, RTP, NC 27711.
Prepared by Pechan & Associates, Inc., 5528-B Hempstead Way, Springfield, VA 22151. May
2006.

* "Naess_conversion.xIs" spreadsheet provided by Darryl Weatherhead
(Weatherhead.Darryl@epamail.epa.gov) via email to Alison Eyth (eyth@unc.gov) 04-Jun-2007

Other information:

ADMIN_PCT: 0%

CE_TEXT: 23% from uncontrolled
CHEM_PCT: 0%

COST_BASIS: Capital cost to annual ratio is 7.3
CPTON_TEXT: The cost effectiveness is $310 per ton of NOx reduction (1997$).
CTRL_EFF_T: 23%

ELEC_PCT: 0%

ELEC_RT: $0/kWh

FUEL_PCT: 0%

INSRNC_PCT: 0%

MNTLBR_PCT: 0%

MNTLBR_RT: $0/hr

34



MNTMTL_PCT:

0%

NG_RT:

$0/cf

NOX:

Co*

OMATL_PCT:

0%

OPLBR_PCT:

0%

OPLBR_RT:

$0/hr

OTHR_PCT:

0%

OVRHD_PCT:

0%

PROPTX_PCT:

0%

RPLMTL_PCT:

0%

RULE:

Not Applicable

SPVLBR_PCT:

0%

STEAM_PCT:

0%

TDIR_PCT:

0%

TINDIR_PCT:

0%

UTIL_PCT:

0%

WSTDSP_PCT:

0%
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Summary:

Control Measure Name:
Abbreviation:
Description:

Class:

Pollutant:
Equipment Life:
Control Technology:
Source Group:
Sectors:

Months:

Catalytic Combustion; Gas Turbine - Natural Gas
NCATCGTNG

Application: This control is the use of catalytic combustion to reduce NOx emissions.
Catalytic combustors reduce the amount of NOx created by oxidizing fuel at lower
temperatures (and without a flame) than in conventional combustors. Catalytic
combustion uses a catalytic bed to oxidize a lean air fuel mixture within a combustor
instead of burning with a flame. The fuel and air mixture oxidizes at lower temperatures
than in a conventional combustor, producing less NOx.

Currently installed only on a few 1.4 MW combustion turbines, and commercially
available for turbines rated up to 10 MW (CT-1).

Emerging

NOX

15.0 years

Catalytic Combustion

Gas Turbines - Natural Gas
ptnonipm

All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX NOX NOX
Locale:
Effective Date: N/A N/A N/A
Cost Year: 1999 1999 1999
CPT: $920 $670 $370
Ref Yr CPT: $1,229 $895 $494
Control Efficiency: 98.0 98.0 98.0
Min Emis: 0.0 365.0 365.0
Max Emis: 365.0 N/A N/A
Rule Effectiveness: 100.0 100.0 100.0
Rule Penetration: 100.0 100.0 100.0
Equation Type: cpton cpton cpton
Capital Rec Fac: | 0.10999999940395355 0.10999999940395355 0.10999999940395355
Discount Rate: N/A N/A N/A
Cap Ann Ratio: 1.7 1.2 0.7
Incrememental CPT: 4760.0 2580.0 2200.0

Details:

Applied to small source
types (3 to 26 MW),
uncontrolled emissions

Applied to small source
types (3 to 26 MW),
uncontrolled emissions

Applied to large source
types (~170 MW)

<365 tpy. >365 tpy.
Existing Measure:
Existing NEI Dev: 0 0 0
Pollutant: NOX NOX NOX
Locale:
Effective Date: N/A N/A N/A
Cost Year: 1999 1999 1999
CPT: $920 $670 $370
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Ref Yr CPT: $1,229 $895 $494
Control Efficiency: 98.0 98.0 98.0
Min Emis: 0.0 365.0 365.0
Max Emis: 365.0 N/A N/A
Rule Effectiveness: 100.0 100.0 100.0
Rule Penetration: 100.0 100.0 100.0
Equation Type: cpton cpton cpton
Capital Rec Fac: | 0.10999999940395355 0.10999999940395355 0.10999999940395355
Discount Rate: N/A N/A N/A
Cap Ann Ratio: 1.7 1.2 0.7
Incrememental CPT: 4760.0 2580.0 2200.0

Details:

Applied to small source
types (3 to 26 MW),
uncontrolled emissions
<365 tpy.

Applied to small source
types (3 to 26 MW),
uncontrolled emissions
>365 tpy.

Applied to large source
types (~170 MW)

Existing Measure:

Existing NEI Dev:

Cost Equations:

Name: Type 2
Description:

Inventory Fields:

Non-EGU NOx

design_capacity, design_capacity_unit_numerator, design_capacity unit_denominator

Formula: Annual Cost = Annual Cost Multiplier x (Boiler Capacity [in MMBtu/hr]) ~ Exponent + Base

Capital Coat = Capital Cost Multiplier x (Boiler Capacity [in MMBtu/hr]) ~ Exponent + Base
Variable Name Value

Pollutant NOX

Cost Year 1999

Capital Cost Multiplier 20668.0

Capital Cost Exponent 0.57

Annual Cost Multiplier 4254.2

Annual Cost Exponent 0.82

Incremental Capital Cost Multiplier 0.0

Incremental Capital Cost Exponent 1.0

Incremental Annual Cost Multiplier 743.22

Incremental Annual Cost Exponent 1.0

Capital Cost Base

Annual Cost Base

Incremental Capital Cost Base

Incremental Annual Cost Base 54105.0
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Affected SCCs:

Code Description
50100420 Waste Disposal; Solid Waste Disposal - Government; Landfill Dump; Waste Gas Recovery: Gas
Turbines

20400304 Internal Combustion Engines; Engine Testing; Turbine; Landfill Gas

20400301 Internal Combustion Engines; Engine Testing; Turbine; Natural Gas

20300809 Internal Combustion Engines; Commercial/Institutional; Landfill Gas; Turbine: Exhaust
20300801 Internal Combustion Engines; Commercial/Institutional; Landfill Gas; Turbine

20300709 Internal Combustion Engines; Commercial/Institutional; Digester Gas; Turbine: Exhaust
20300701 Internal Combustion Engines; Commercial/Institutional; Digester Gas; Turbine

20300209 Internal Combustion Engines; Commercial/Institutional; Natural Gas; Turbine: Exhaust
20300203 Internal Combustion Engines; Commercial/Institutional; Natural Gas; Turbine: Cogeneration
20300202 Internal Combustion Engines; Commercial/Institutional; Natural Gas; Turbine

20200714 Internal Combustion Engines; Industrial; Process Gas; Turbine: Exhaust

20200705 Internal Combustion Engines; Industrial; Process Gas; Refinery Gas: Turbine

20200701 Internal Combustion Engines; Industrial; Process Gas; Turbine

20200209 Internal Combustion Engines; Industrial; Natural Gas; Turbine: Exhaust

20200203 Internal Combustion Engines; Industrial; Natural Gas; Turbine: Cogeneration

20200201 Internal Combustion Engines; Industrial; Natural Gas; Turbine
References:

» Bay Area Air Quality Management District, 2010. Preliminary Determination of Compliance.
Marsh Landing Generating Station. March 2010. Available at:
http://www.energy.ca.gov/sitingcases/marshlanding/documents/other/2010-03-

24 Bay Area_ AQMD_PDOC.pdf

* Onsite Sycom Energy Corporation, 1999. “Cost Analysis of NOx Control Alternatives for
Stationary Gas Turbines.” Prepared for U.S. Department of Energy. Environmental Programs
Chicago Operations Office. November 5, 1999. Available at:
https://www1.eere.energy.gov/manufacturing/distributedenergy/pdfs/gas_turbines_nox_cost_ana
lysis.pdf

Other information:
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Summary:

Control Measure Name:
Abbreviation:
Description:

Cullet Preheat; Glass Manufacturing - Container

NCLPTGMCN

Application: This control is the use of cullet preheat technologies to reduce NOx
emissions from glass manufacturing operations.

This control is applicable to container glass manufacturing operations classified under

305010402.

Class: Emerging

Pollutant:  NOX

Equipment Life:  10.0 years
Control Technology:
Source Group:
Sectors:
Months:

ptnonipm
All Months

Cullet Preheat
Glass Manufacturing - Container

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX NOX
Locale:
Effective Date: N/A N/A
Cost Year: 2002 2002
CPT: $5,000 $5,000
Ref Yr CPT: $6,287 $6,287
Control Efficiency: 5.0 5.0
Min Emis: 365.0 0.0
Max Emis: N/A 365.0
Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.14000000059604645 0.14000000059604645
Discount Rate: N/A N/A
Cap Ann Ratio: 4.5 4.5
Incrememental CPT: N/A N/A

Details:

Applied to large source types

Applied to small source types

Existing Measure:

Existing NEI Dev: 0 0
Pollutant: NOX NOX
Locale:

Effective Date: N/A N/A
Cost Year: 2002 2002
CPT: $5,000 $5,000
Ref Yr CPT: $6,287 $6,287

Control Efficiency: 5.0 5.0

Min Emis: 365.0 0.0

Max Emis: N/A 365.0
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Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.14000000059604645 0.14000000059604645
Discount Rate: N/A N/A
Cap Ann Ratio: 4.5 4.5
Incrememental CPT: N/A N/A

Details:

Applied to large source types

Applied to small source types

Existing Measure:

Existing NEI Dev: 0 0
Cost Equations:
N/A
Affected SCCs:
Code Description
30501402 Industrial Processes; Mineral Products; Glass Manufacture; Container Glass: Melting Furnace
References:

* Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of
Air Quality Planning and Standards, Innovative Strategies and Economics Group, Research
Triangle Park, September 1998.

* EPA, 1994: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions
from Glass Manufacturing,” EPA,-453/R-94-037, Research Triangle Park, NC, June 1994.

» Oxygen Enriched Air Staging a Cost-effective Method For Reducing NOx Emissions. Industrial

Technologies. April 2002. Available at:

http://www1.eere.energy.gov/manufacturing/resources/glass/pdfs/airstaging.pdf

Other information:

ADMIN_PCT: 0%

CE_TEXT: 25% from uncontrolled

CHEM_PCT: 0%

COST_BASIS: The basis of the costs are model plant data contained in the Alternative Control Techniques

(ACT) document (EPA, 1994). Capital and annual cost information was obtained from
control-specific cost data based on tons of glass produced. O&M costs were back calculated

from annual costs.

From these determinations, default cost per ton values were assigned

along with a capital to annual cost ratio of 4.5 (Pechan, 1998). A discount rate of 10 percent
and a capacity factor of 65 percent are assumed, along with an equipment lifetime of 10 years

(EPA, 1994).
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CPTON_TEXT: The default cost effectiveness value used in AirControIlNET is $940 per ton NOx reduced from
both uncontrolled and RACT (1990%).

CTRL_EFF_T: 25%
ELEC_PCT: 0%
ELEC_RT: $0/kWh
FUEL_PCT: 0%
HG CE_T: 25%
INSRNC_PCT: 0%
MNTLBR_PCT: 0%
MNTLBR_RT: $0/hr
MNTMTL_PCT: 0%
NG_RT: $0/cf
NOX: Co*
OMATL_PCT: 0%
OPLBR_PCT: 0%
OPLBR_RT: $0/hr
OTHR_PCT: 0%
OVRHD_PCT: 0%
PROPTX_PCT: 0%
RPLMTL_PCT: 0%
RULE: Not Applicable
SPVLBR_PCT: 0%
STEAM_PCT: 0%
TDIR_PCT: 0%
TINDIR_PCT: 0%
UTIL_PCT: 0%

WSTDSP_PCT: 0%
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Summary:

Control Measure Name:
Abbreviation:
Description:

Class:

Pollutant:
Equipment Life:
Control Technology:

Cullet Preheat; Glass Manufacturing - Pressed

NCUPHGMPD

Application: This control is the use of cullet preheat technologies to reduce NOx

emissions from glass manufacturing operations.

This control is applicable to pressed glass manufacturing operations classified under

305010404.
Emerging
NOX

10.0 years
Cullet Preheat

Source Group:
Sectors:
Months:

ptnonipm
All Months

Glass Manufacturing - Pressed

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX NOX
Locale:
Effective Date: N/A N/A
Cost Year: 2002 2002
CPT: $5,000 $5,000
Ref Yr CPT: $6,287 $6,287
Control Efficiency: 5.0 5.0
Min Emis: 365.0 0.0
Max Emis: N/A 365.0
Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.14000000059604645 0.14000000059604645
Discount Rate: N/A N/A
Cap Ann Ratio: 4.5 4.5
Incrememental CPT: N/A N/A

Details:

Applied to large source types

Applied to small source types

Existing Measure:

Existing NEI Dev: 0 0
Pollutant: NOX NOX
Locale:

Effective Date: N/A N/A
Cost Year: 2002 2002
CPT: $5,000 $5,000
Ref Yr CPT: $6,287 $6,287

Control Efficiency: 5.0 5.0

Min Emis: 365.0 0.0

Max Emis: N/A 365.0
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Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.14000000059604645 0.14000000059604645
Discount Rate: N/A N/A
Cap Ann Ratio: 4.5 4.5
Incrememental CPT: N/A N/A
Details: Applied to large source types Applied to small source types
Existing Measure:
Existing NEI Dev: 0 0
Cost Equations:
N/A
Affected SCCs:
Code Description
30501404 Industrial Processes; Mineral Products; Glass Manufacture; Pressed and Blown Glass: Melting
Furnace

References:

* Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of
Air Quality Planning and Standards, Innovative Strategies and Economics Group, Research
Triangle Park, September 1998.

* EPA, 1994: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions
from Glass Manufacturing," EPA,-453/R-94-037, Research Triangle Park, NC, June 1994.

» Oxygen Enriched Air Staging a Cost-effective Method For Reducing NOx Emissions. Industrial
Technologies. April 2002. Available at:
http://wwwl.eere.energy.gov/manufacturing/resources/glass/pdfs/airstaging.pdf

Other information:

ADMIN_PCT: 0%

CE_TEXT: 25% from uncontrolled

CHEM_PCT: 0%

COST_BASIS: The basis of the costs are model plant data contained in the Alternative Control Techniques

(ACT) document (EPA, 1994). Capital and annual cost information is obtained from control-
specific cost data based on tons of glass produced. O&M costs were back calculated from
annual costs. From these determinations, default cost per ton values were assigned along
with a capital to annual cost ratio of 4.5 (Pechan, 1998). A discount rate of 10 percent and a
capacity factor of 65 percent are assumed, along with an equipment lifetime of 10 years (EPA,
1994).
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CPTON_TEXT: The default cost effectiveness value used in AirControIlNET is $810 per ton NOx reduced from
both uncontrolled and RACT (1990%).

CTRL_EFF_T: 25%
ELEC_PCT: 0%
ELEC_RT: $0/kWh
FUEL_PCT: 0%
HG CE_T: 25%
INSRNC_PCT: 0%
MNTLBR_PCT: 0%
MNTLBR_RT: $0/hr
MNTMTL_PCT: 0%
NG_RT: $0/cf
NOX: Co*
OMATL_PCT: 0%
OPLBR_PCT: 0%
OPLBR_RT: $0/hr
OTHR_PCT: 0%
OVRHD_PCT: 0%
PROPTX_PCT: 0%
RPLMTL_PCT: 0%
RULE: Not Applicable
SPVLBR_PCT: 0%
STEAM_PCT: 0%
TDIR_PCT: 0%
TINDIR_PCT: 0%
UTIL_PCT: 0%

WSTDSP_PCT: 0%
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Summary:

Control Measure Name:
Abbreviation:
Description:

Class:

Pollutant:
Equipment Life:
Control Technology:
Source Group:
Sectors:

Months:

Dry Low NOx Combustion; Gas Turbines - Natural Gas
NDLNCGTNG

Application: This control is the use of low NOx burner (LNB) technology to reduce NOx
emissions. LNBs reduce the amount of NOx created from reaction between fuel
nitrogen and oxygen by lowering the temperature of one combustion zone and reducing
the amount of oxygen available in another.

This control applies to large (83.3 MW to 161 MW) natural gas fired turbines with
uncontrolled NOx emissions greater than 10 tons per year.

Discussion: LNBs are designed to "stage" combustion so that two combustion
Known

NOX

15.0 years

Dry Low NOx Combustion

Gas Turbines - Natural Gas

ptnonipm

All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX NOX
Locale:

Effective Date: N/A N/A
Cost Year: 1999 1999

CPT: $300 $130

Ref Yr CPT: $401 $174
Control Efficiency: 84.0 84.0
Min Emis: 0.0 365.0

Max Emis: 365.0 N/A
Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.10999999940395355 0.10999999940395355

Discount Rate: N/A N/A
Cap Ann Ratio: 5.0 7.4
Incrememental CPT: 540.0 140.0

Details:

Applied to small source types

Applied to large source types

Existing Measure:

Existing NEI Dev: 0 0

Pollutant: NOX NOX
Locale:

Effective Date: N/A N/A
Cost Year: 1999 1999
CPT: $300 $130
Ref Yr CPT: $401 $174
Control Efficiency: 84.0 84.0
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Min Emis: 0.0 365.0
Max Emis: 365.0 N/A
Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.10999999940395355 0.10999999940395355
Discount Rate: N/A N/A
Cap Ann Ratio: 5.0 7.4
Incrememental CPT: 540.0 140.0
Details: Applied to small source types Applied to large source types
Existing Measure:
Existing NEI Dev: 0 0

Cost Equations:

Name: Type 2

Description: Non-EGU NOx

Inventory Fields:

design_capacity, design_capacity_unit_numerator, design_capacity unit_denominator

Formula: Annual Cost = Annual Cost Multiplier x (Boiler Capacity [in MMBtu/hr]) ~ Exponent + Base

Capital Coat = Capital Cost Multiplier x (Boiler Capacity [in MMBtu/hr]) ~ Exponent + Base
Variable Name Value

Pollutant NOX

Cost Year 1999

Capital Cost Multiplier 2860.6

Capital Cost Exponent 1.0

Annual Cost Multiplier 584.5

Annual Cost Exponent 0.96

Incremental Capital Cost Multiplier

Incremental Capital Cost Exponent

Incremental Annual Cost Multiplier

Incremental Annual Cost Exponent

Capital Cost Base 25427.0

Annual Cost Base

Incremental Capital Cost Base

Incremental Annual Cost Base

Affected SCCs:

Code Description
50100420 Waste Disposal; Solid Waste Disposal - Government; Landfill Dump; Waste Gas Recovery: Gas
Turbines
20400304 Internal Combustion Engines; Engine Testing; Turbine; Landfill Gas
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20400301 Internal Combustion Engines; Engine Testing; Turbine; Natural Gas

20300809 Internal Combustion Engines; Commercial/Institutional; Landfill Gas; Turbine: Exhaust
20300801 Internal Combustion Engines; Commercial/Institutional; Landfill Gas; Turbine
20300709 Internal Combustion Engines; Commercial/Institutional; Digester Gas; Turbine: Exhaust
20300701 Internal Combustion Engines; Commercial/Institutional; Digester Gas; Turbine
20300209 Internal Combustion Engines; Commercial/Institutional; Natural Gas; Turbine: Exhaust
20300203 Internal Combustion Engines; Commercial/Institutional; Natural Gas; Turbine: Cogeneration
20300202 Internal Combustion Engines; Commercial/Institutional; Natural Gas; Turbine
20200714 Internal Combustion Engines; Industrial; Process Gas; Turbine: Exhaust

20200705 Internal Combustion Engines; Industrial; Process Gas; Refinery Gas: Turbine
20200701 Internal Combustion Engines; Industrial; Process Gas; Turbine

20200209 Internal Combustion Engines; Industrial; Natural Gas; Turbine: Exhaust

20200203 Internal Combustion Engines; Industrial; Natural Gas; Turbine: Cogeneration

20200201 Internal Combustion Engines; Industrial; Natural Gas; Turbine
References:

* Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of
Air Quality Planning and Standards, Innovative Strategies and Economics Group, Research
Triangle Park, September 1998.

* EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and
Standards, "EPA Air Pollution Control Cost Manual,” 6th ed., EPA/452/B-02-001, Research
Triangle Park, NC, January 2002.

* EPA, 1993: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions
from Stationary Gas Turbines," EPA,-453/R-93-007, Research Triangle Park, NC, January
1993.

» Onsite Sycom Energy Corporation, 1999. “Cost Analysis of NOx Control Alternatives for
Stationary Gas Turbines.” Prepared for U.S. Department of Energy. Environmental Programs
Chicago Operations Office. November 5, 1999. Available at:
https://www1.eere.energy.gov/manufacturing/distributedenergy/pdfs/gas_turbines_nox_cost_ana
lysis.pdf

» Resource Dynamics Corporation, 2001. “Assessment of Distributed Generation Technology
Applications.” Prepared for Maine Public Utilities Commission. February 2001. Available at:
http://www.distributed-generation.com/Library/Maine.pdf

Other information:

ADMIN_PCT: 0%
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CE_TEXT

84% from uncontrolled

CHEM_PCT:

0%

COST_BASIS:

Sources are distinguished by the following (Pechan, 1998).
Small source = 3.3 MW to 34.4 MW

Costs for stationary source NOx control are based on an analysis of EPA's NOx State
Implementation Plan (SIP) Call (Pechan, 1998). Capital and annual cost information was
obtained from the Alternative Control Techniques Document (EPA, 1993). From this analysis,
default cost per ton values are assigned along with a capital to annual costs ratio of 9.1. A
discount rate of 10 percent and a capacity factor of 65 percent are assumed, along with an
equipment life of 15 years (EPA, 1993).

In general, the incremental default cost is used for sources where there are existing controls
(RACT baseline), with efficiencies less than or equal to 76% (Pechan, 2001).

O&M Cost Components: There are no O&M costs associated with dry low NOx combustors.

COST_BASIS:

Sources are distinguished by the following (Pechan, 1998).

Large source = greater than 83.3 MW and less than 161 MW

Where information was available in the Alternative Control Techniques (ACT) document (EPA,
1993), capacity-based equations are used to calculate costs. A discount rate of 10 percent
and a capacity factor of 65 percent are assumed, along with an equipment life of 15 years
(EPA, 1993).

In general, the incremental default cost is used for sources where there are existing controls
(RACT baseline), with efficiencies less than or equal to 76% (Pechan, 2001).

The following equations, based primarily on information in the Air Pollution Cost Manual (EPA,
2002), are used for large NOx sources as defined above:

From Uncontrolled:

Capital Cost = 71,281.1 * Capacity (MMBtu/hr)*0.505
Annual Cost = 7,826.3 * Capacity (MMBtu/hr)*0.505

From RACT Baseline:

Capital Cost = 71,281.1 * Capacity (MMBtu/hr)*0.505
Annual Cost = 7,826.3 * Capacity (MMBtu/hr)*0.505

Note: All costs are in 1990 dollars.

O&M Cost Components: There are no O&M costs associated with dry low NOx combustors.

CPTON_H:

$140/ton

CPTON_H:

$540/ton

CPTON_L:

$490/ton

CPTON_L:

$100/ton

CPTON_TEXT:

When capacity is available and within the applicable range of 0 to 2,000 MMBTU/hr the cost
equations are used to calculate cost effectiveness. The default cost effectiveness value, used
when capacity information is not available, is $100 per ton NOx reduced from uncontrolled and
$140 per ton NOx reduced from RACT (19903$).

CPTON_TEXT:

The default cost effectiveness values are $490 per ton NOx reduced from uncontrolled and
$540 per ton NOx reduced from RACT (19903$).

CTRL_EFF_T:

84%

CTRL_EFF_T:

50%

ELEC_PCT

0%

ELEC_RT

$0/kWh

FUEL_PCT:

0%
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HG_CE_T:

84%

HG_CE_T:

50%

INSRNC_PCT:

0%

MNTLBR_PCT:

0%

MNTLBR_RT:

$0/hr

MNTMTL_PCT:

0%

NG_RT:

$0/cf

NOX:

Co*

OMATL_PCT:

0%

OPLBR_PCT:

0%

OPLBR_RT:

$0/hr

OTHR_PCT:

0%

OVRHD_PCT:

0%

PROPTX_PCT:

0%

RPLMTL_PCT:

0%

RULE:

Not Applicable

SPVLBR_PCT:

0%

STEAM_PCT:

0%

TDIR_PCT:

0%

TINDIR_PCT:

0%

UTIL_PCT:

0%

WSTDSP_PCT:

0%
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Summary:

Control Measure Name:
Abbreviation:
Description:

Class:

Pollutant:
Equipment Life:
Control Technology:
Source Group:
Sectors:

Months:

OXY-Firing; Glass Manufacturing - General
NDOXYFGMG

Application: This control is the use of OXY-firing in glass manufacturing furnaces to
reduce NOx emissions. Oxygen enrichment refers to the substitution of oxygen for
nitrogen in the combustion air used to burn the fuel in a glass furnace. Oxygen
enrichment above 90 percent is sometimes called "oxy-firing."

Discussion: The basic rationale for oxy-firing is improved efficiency, i.e., more of the
theoretical heat of combustion is transferred to the glass melt and is not lost in the flue
gas. Many other co

Emerging

NOX

10.0 years

OXY-Firing

Glass Manufacturing - General
ptnonipm

All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX
Locale:
Effective Date: N/A
Cost Year: 1999
CPT: $4,277
Ref Yr CPT: $5,712
Control Efficiency: 85.0
Min Emis: N/A
Max Emis: N/A
Rule Effectiveness: 100.0
Rule Penetration: 100.0
Equation Type: cpton
Capital Rec Fac: N/A
Discount Rate: N/A
Cap Ann Ratio: N/A
Incrememental CPT: N/A
Details:
Existing Measure:
Existing NEI Dev: 0
Pollutant: NOX
Locale:
Effective Date: N/A
Cost Year: 1999
CPT: $4,277
Ref Yr CPT: $5,712
Control Efficiency: 85.0
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Min Emis: N/A
Max Emis: N/A
Rule Effectiveness: 100.0
Rule Penetration: 100.0
Equation Type: cpton
Capital Rec Fac: N/A
Discount Rate: N/A
Cap Ann Ratio: N/A
Incrememental CPT: N/A
Details:
Existing Measure:
Existing NEI Dev: 0
Cost Equations:
N/A
Affected SCCs:
Code Description
30501401 Industrial Processes; Mineral Products; Glass Manufacture; Furnace/General**

References:

* "Control Measure Cost Calculation SummaryforNonEGUpointNOxcontrolsozoneRIA.xIs"
spreadsheet provided by Larry Sorrels (Sorrels.Larry@epamail.epa.gov) via email to Alison Eyth
(eyth@unc.edu) 04-Sep-2007.

Other information:
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Summary:

Control Measure Name:  Selective Catalytic Reduction; In-Process; Bituminous Coal; Cement Kiln
Abbreviation: NDSCRBCCK

Description:  Application: This control is the selective catalytic reduction of NOx through add-on
controls. SCR controls are post-combustion control technologies based on the
chemical reduction of nitrogen oxides (NOx) into molecular nitrogen (N2) and water
vapor (H20). The SCR utilizes a catalyst to increase the NOx removal efficiency, which
allows the process to occur at lower temperatures.

This control applies to bituminous coal-fired cement kilns (SCC 39000201) with
uncontrolled NOx emissions greater than 10 tons per year.

Discussion: Like SNCR, SCR is based on the chemical reduction of the NOx molecule.
The primary difference between SNCR and SCR is that SCR uses a metal-based
catalyst to increase the rate of reaction (EPA, 2002). A nitrogen based reducing
reagent, such as ammonia or urea, is injected into the flue gas. The reagent reacts
selectively with the flue gas NOx within a specific temperature range and in the
presence of the catalyst and oxygen to reduce the NOx.

The use of a catalyst results in two advantages of the SCR process over SNCR, the
higher NOx reduction efficiency and the lower and broader temperature ranges.
However, the decrease in reaction temperature and increase in efficiency is
accompanied by a significant increase in capital and operating costs (EPA, 2002). The
cost increase is due to the large amount of catalyst required.

The SCR system can utilize either aqueous or anhydrous ammonia as the reagent.
Anhydrous ammonia is a gas at atmospheric pressure and normal temperatures. There
are safety issues with the use of anhydrous ammonia, as it must be transported and
stored under pressure (EPA, 2002). Agueous ammonia is generally transported and
stored at a concentration of 29.4% ammonia in water.

Today, catalyst formulations include single component, multi-component, or active
phase with a support structure. Most catalyst formulations contain additional
compounds or sup-ports, providing thermal and structural stability or to increase
surface area (EPA, 2002).

The rate of reaction determines the amount of NOx removed from the flue gas. The
important design and operational factors that affect the rate of reduction include:
reaction temperature range; residence time available in the optimum temperature
range; degree of mixing between the injected reagent and the combustion gases;
uncontrolled NOx concentration level; molar ratio of injected reagent to uncontrolled
NOx; ammonia slip; catalyst activity; catalyst selectivity; pressure drop across the
catalyst; catalyst pitch; catalyst deactivation; and catalyst management (EPA, 2001).

Class: Emerging
Pollutant:  NOX
Equipment Life:  15.0 years
Control Technology: Selective Catalytic Reduction
Source Group: In-Process; Bituminous Coal; Cement Kiln
Sectors:  ptnonipm
Months:  All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX
Locale:

Effective Date: N/A
Cost Year: 1999
CPT: $2,119
Ref Yr CPT: $2,830
Control Efficiency: 90.0

Min Emis: N/A

Max Emis: N/A
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Rule Effectiveness: 100.0

Rule Penetration: 100.0

Equation Type: cpton

Capital Rec Fac: N/A

Discount Rate: N/A

Cap Ann Ratio: N/A

Incrememental CPT: N/A
Details:

Existing Measure:

Existing NEI Dev: 0
Pollutant: NOX
Locale:
Effective Date: N/A
Cost Year: 1999
CPT: $2,119
Ref Yr CPT: $2,830
Control Efficiency: 90.0
Min Emis: N/A
Max Emis: N/A
Rule Effectiveness: 100.0
Rule Penetration: 100.0
Equation Type: cpton
Capital Rec Fac: N/A
Discount Rate: N/A
Cap Ann Ratio: N/A
Incrememental CPT: N/A
Details:

Existing Measure:

Existing NEI Dev: 0
Cost Equations:
N/A
Affected SCCs:
Code Description
39000201 Industrial Processes; In-process Fuel Use; Bituminous Coal; Cement Kiln/Dryer (Bituminous Coal)

References:

 "Control Measure Cost Calculation SummaryforNonEGUpointNOxcontrolsozoneRIA.xIs"
spreadsheet provided by Larry Sorrels (Sorrels.Larry@epamail.epa.gov) via email to Alison Eyth

(eyth@unc.edu) 04-Sep-2007. o



Other information:
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Summary:

Control Measure Name:  Selective Catalytic Reduction; In-Process Fuel Use;Bituminous Coal; Gen
Abbreviation: NDSCRBCGN

Description:  Application: This control is the selective catalytic reduction of NOx through add-on
controls. SCR controls are post-combustion control technologies based on the
chemical reduction of nitrogen oxides (NOx) into molecular nitrogen (N2) and water
vapor (H20). The SCR utilizes a catalyst to increase the NOx removal efficiency, which
allows the process to occur at lower temperatures.

This control applies to operations with general (in process) bituminous coal use and
uncontrolled NOx emissions greater than 10 tons per year. These sources are
classified under SCC 39000289.

Discussion: Selective Catalytic Reduction (SCR) has been widely applied to stationary
source, fossil fuel-fired, combustion units for emission control since the early 1970s.
SCR is typically implemented on units requiring a higher level of NOx control than
achievable by SNCR or other combustion controls (EPA, 2002).

Like SNCR, SCR is based on the chemical reduction of the NOx molecule. The primary
difference between SNCR and SCR is that SCR uses a metal-based catalyst to
increase the rate of reaction (EPA, 2002). A nitrogen based reducing reagent, such as
ammonia or urea, is injected into the flue gas. The reagent reacts selectively with the
flue gas NOx within a specific temperature range and in the presence of the catalyst
and oxygen to reduce the NOx.

The use of a catalyst results in two advantages of the SCR process over SNCR, the
higher NOx reduction efficiency and the lower and broader temperature ranges.
However, the decrease in reaction temperature and increase in efficiency is
accompanied by a significant increase in capital and operating costs (EPA, 2002). The
cost increase is due to the large amount of catalyst required.

The SCR system can utilize either aqueous or anhydrous ammonia as the reagent.
Anhydrous ammonia is a gas at atmospheric pressure and normal temperatures. There
are safety issues with the use of anhydrous ammonia, as it must be transported and
stored under pressure (EPA, 2002). Agueous ammonia is generally transported and
stored at a concentration of 29.4% ammonia in water.

Today, catalyst formulations include single component, multi-component, or active
phase with a support structure. Most catalyst formulations contain additional
compounds or sup-ports, providing thermal and structural stability or to increase
surface area (EPA, 2002).

The rate of reaction determines the amount of NOx removed from the flue gas. The
important design and operational factors that affect the rate of reduction include:
reaction temperature range; residence time available in the optimum temperature
range; degree of mixing between the injected reagent and the combustion gases;
uncontrolled NOx concentration level; molar ratio of injected reagent to uncontrolled
NOx; ammonia slip; catalyst activity; catalyst selectivity; pressure drop across the
catalyst; catalyst pitch; catalyst deactivation; and catalyst management (EPA, 2001).

Class: Emerging
Pollutant:  NOX
Equipment Life:  20.0 years
Control Technology: Selective Catalytic Reduction
Source Group: In-Process Fuel Use;Bituminous Coal; Gen
Sectors:  ptnonipm
Months:  All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX
Locale:
Effective Date: N/A
Cost Year: 1999
CPT: $3,027
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Ref Yr CPT: $4,043

Control Efficiency: 90.0
Min Emis: N/A
Max Emis: N/A
Rule Effectiveness: 100.0
Rule Penetration: 100.0
Equation Type: cpton
Capital Rec Fac: N/A
Discount Rate: N/A
Cap Ann Ratio: N/A
Incrememental CPT: N/A
Details:

Existing Measure:

Existing NEI Dev: 0
Pollutant: NOX
Locale:
Effective Date: N/A
Cost Year: 1999
CPT: $3,027
Ref Yr CPT: $4,043
Control Efficiency: 90.0
Min Emis: N/A
Max Emis: N/A
Rule Effectiveness: 100.0
Rule Penetration: 100.0
Equation Type: cpton
Capital Rec Fac: N/A
Discount Rate: N/A
Cap Ann Ratio: N/A
Incrememental CPT: N/A
Details:

Existing Measure:

Existing NEI Dev: 0
Cost Equations:
N/A
Affected SCCs:
Code Description
39000289 Industrial Processes; In-process Fuel Use; Bituminous Coal; General (Bituminous)
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References:

 "Control Measure Cost Calculation SummaryforNonEGUpointNOxcontrolsozoneRIA.xIs"
spreadsheet provided by Larry Sorrels (Sorrels.Larry@epamail.epa.gov) via email to Alison Eyth
(eyth@unc.edu) 04-Sep-2007.

Other information:
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Summary:

Control Measure Name:  Selective Catalytic Reduction; In-Process; Bituminous Coal; Lime Kiln
Abbreviation: NDSCRBCLK

Description:  Application: This control is the selective catalytic reduction of NOx through add-on
controls. SCR controls are post-combustion control technologies based on the
chemical reduction of nitrogen oxides (NOx) into molecular nitrogen (N2) and water
vapor (H20). The SCR utilizes a catalyst to increase the NOx removal efficiency, which
allows the process to occur at lower temperatures.

This control applies to bituminous coal-fired lime kilns (SCC 39000203) with
uncontrolled NOx emissions greater than 10 tons per year.

Discussion: Selective Catalytic Reduction (SCR) has been widely applied to stationary
source, fossil fuel-fired, combustion units for emission control since the early 1970s.
SCR is typically implemented on units requiring a higher level of NOx control than
achievable by SNCR or other combustion controls (EPA, 2002).

Like SNCR, SCR is based on the chemical reduction of the NOx molecule. The primary
difference between SNCR and SCR is that SCR uses a metal-based catalyst to
increase the rate of reaction (EPA, 2002). A nitrogen based reducing reagent, such as
ammonia or urea, is injected into the flue gas. The reagent reacts selectively with the
flue gas NOx within a specific temperature range and in the presence of the catalyst
and oxygen to reduce the NOx.

The use of a catalyst results in two advantages of the SCR process over SNCR, the
higher NOx reduction efficiency and the lower and broader temperature ranges.
However, the decrease in reaction temperature and increase in efficiency is
accompanied by a significant increase in capital and operating costs (EPA, 2002). The
cost increase is due to the large amount of catalyst required.

The SCR system can utilize either aqueous or anhydrous ammonia as the reagent.
Anhydrous ammonia is a gas at atmospheric pressure and normal temperatures. There
are safety issues with the use of anhydrous ammonia, as it must be transported and
stored under pressure (EPA, 2002). Agueous ammonia is generally transported and
stored at a concentration of 29.4% ammonia in water.

Today, catalyst formulations include single component, multi-component, or active
phase with a support structure. Most catalyst formulations contain additional
compounds or sup-ports, providing thermal and structural stability or to increase
surface area (EPA, 2002).

The rate of reaction determines the amount of NOx removed from the flue gas. The
important design and operational factors that affect the rate of reduction include:
reaction temperature range; residence time available in the optimum temperature
range; degree of mixing between the injected reagent and the combustion gases;
uncontrolled NOx concentration level; molar ratio of injected reagent to uncontrolled
NOXx; ammonia slip; catalyst activity; catalyst selectivity; pressure drop across the
catalyst; catalyst pitch; catalyst deactivation; and catalyst management (EPA, 2001).

Class: Emerging
Pollutant: NOX
Equipment Life:  15.0 years
Control Technology: Selective Catalytic Reduction
Source Group: In-Process; Bituminous Coal; Lime Kiln
Sectors:  ptnonipm
Months:  All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX
Locale:
Effective Date: N/A
Cost Year: 1999
CPT: $2,119
Ref Yr CPT: $2,830
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Control Efficiency: 90.0
Min Emis: N/A
Max Emis: N/A
Rule Effectiveness: 100.0
Rule Penetration: 100.0
Equation Type: cpton
Capital Rec Fac: N/A
Discount Rate: N/A
Cap Ann Ratio: N/A
Incrememental CPT: N/A
Details:
Existing Measure:
Existing NEI Dev: 0
Pollutant: NOX
Locale:
Effective Date: N/A
Cost Year: 1999
CPT: $2,119
Ref Yr CPT: $2,830
Control Efficiency: 90.0
Min Emis: N/A
Max Emis: N/A
Rule Effectiveness: 100.0
Rule Penetration: 100.0
Equation Type: cpton
Capital Rec Fac: N/A
Discount Rate: N/A
Cap Ann Ratio: N/A
Incrememental CPT: N/A
Details:
Existing Measure:
Existing NEI Dev: 0

Cost Equations:

N/A

Affected SCCs:

Code

Description

39000203

Industrial Processes; In-process Fuel Use; Bituminous Coal; Lime Kiln (Bituminous)
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* "Control Measure Cost Calculation SummaryforNonEGUpointNOxcontrolsozoneRIA.xIs"
spreadsheet provided by Larry Sorrels (Sorrels.Larry@epamail.epa.gov) via email to Alison Eyth
(eyth@unc.edu) 04-Sep-2007.

Other information:
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Summary:

Control Measure Name:  Selective Catalytic Reduction; Cement Manufacturing - Dry
Abbreviation: NDSCRCMDY

Description:  Application: This control is the selective catalytic reduction of NOx through add-on
controls. SCR controls are post-combustion control technologies based on the
chemical reduction of nitrogen oxides (NOx) into molecular nitrogen (N2) and water
vapor (H20). The SCR utilizes a catalyst to increase the NOx removal efficiency, which
allows the process to occur at lower temperatures.

This control applies to dry-process cement manufacturing (SCC 30500606) and Natural
Gas Cement Kilns (SCC 39000602) with uncontrolled NOx emissions greater than 10
tons per year.

Discussion: Selective Catalytic Reduction (SCR) has been widely applied to stationary
source, fossil fuel-fired, combustion units for emission control since the early 1970s.
SCR is typically implemented on units requiring a higher level of NOx control than
achievable by SNCR or other combustion controls (EPA, 2002).

Like SNCR, SCR is based on the chemical reduction of the NOx molecule. The primary
difference between SNCR and SCR is that SCR uses a metal-based catalyst to
increase the rate of reaction (EPA, 2002). A nitrogen based reducing reagent, such as
ammonia or urea, is injected into the flue gas. The reagent

reacts selectively with the flue gas NOx within a specific temperature range and in the
presence of

the catalyst and oxygen to reduce the NOx.

The use of a catalyst results in two advantages of the SCR process over SNCR, the
higher NOx reduction efficiency and the lower and broader temperature ranges.
However, the decrease in reaction temperature and increase in efficiency is
accompanied by a significant increase in capital and operating costs (EPA, 2002). The
cost increase is due to the large amount of catalyst required.

The SCR system can utilize either aqueous or anhydrous ammonia as the reagent.
Anhydrous ammonia is a gas at atmospheric pressure and normal temperatures. There
are safety issues with the use of anhydrous ammonia, as it must be transported and
stored under pressure (EPA, 2002). Agueous ammonia is generally transported and
stored at a concentration of 29.4% ammonia in water.

Today, catalyst formulations include single component, multi-component, or active
phase with a support structure. Most catalyst formulations contain additional
compounds or sup-ports, providing thermal and structural stability or to increase
surface area (EPA, 2002).

The rate of reaction determines the amount of NOx removed from the flue gas. The
important design and operational factors that affect the rate of reduction include:
reaction temperature range; residence time available in the optimum temperature
range; degree of mixing between the injected reagent and the combustion gases;
uncontrolled NOx concentration level; molar ratio of injected reagent to uncontrolled
NOx; ammonia slip; catalyst activity; catalyst selectivity; pressure drop across the
catalyst; catalyst pitch; catalyst deactivation; and catalyst management (EPA, 2001).

Class: Emerging
Pollutant:  NOX
Equipment Life:  15.0 years
Control Technology: Selective Catalytic Reduction
Source Group: Cement Manufacturing - Dry
Sectors:  ptnonipm
Months:  All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX
Locale:
Effective Date: N/A
Cost Year: 1999
CPT: $4,636
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Ref Yr CPT: $6,192

Control Efficiency: 90.0
Min Emis: N/A
Max Emis: N/A
Rule Effectiveness: 100.0
Rule Penetration: 100.0
Equation Type: cpton
Capital Rec Fac: N/A
Discount Rate: N/A
Cap Ann Ratio: N/A
Incrememental CPT: N/A
Details:

Existing Measure:

Existing NEI Dev: 0
Pollutant: NOX
Locale:
Effective Date: N/A
Cost Year: 1999
CPT: $4,636
Ref Yr CPT: $6,192
Control Efficiency: 90.0
Min Emis: N/A
Max Emis: N/A
Rule Effectiveness: 100.0
Rule Penetration: 100.0
Equation Type: cpton
Capital Rec Fac: N/A
Discount Rate: N/A
Cap Ann Ratio: N/A
Incrememental CPT: N/A
Details:

Existing Measure:

Existing NEI Dev: 0
Cost Equations:
N/A
Affected SCCs:
Code Description
39009602 The SCC entry is not found in the reference.scc table
30500606 Industrial Processes; Mineral Products; Cement Manufacturing (Dry Process); Long Kiln
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 "Control Measure Cost Calculation SummaryforNonEGUpointNOxcontrolsozoneRIA.xIs"
spreadsheet provided by Larry Sorrels (Sorrels.Larry@epamail.epa.gov) via email to Alison Eyth
(eyth@unc.edu) 04-Sep-2007.

Other information:
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Summary:

Control Measure Name:  Selective Catalytic Reduction; Cement Manufacturing - Wet
Abbreviation: NDSCRCMWT

Description:  Application: This control is the selective catalytic reduction of NOx through add-on
controls. SCR controls are post-combustion control technologies based on the
chemical reduction of nitrogen oxides (NOx) into molecular nitrogen (N2) and water
vapor (H20). The SCR utilizes a catalyst to increase the NOx removal efficiency, which
allows the process to occur at lower temperatures.

This control applies to large(>1 ton NOx per OSD) wet-process cement manufacturing
(SCC 30500706) with uncontrolled NOx emissions greater than 10 tons per year.

Discussion: Selective Catalytic Reduction (SCR) has been widely applied to stationary
source, fossil fuel-fired, combustion units for emission control since the early 1970s.
SCR is typically implemented on units requiring a higher level of NOx control than
achievable by SNCR or other combustion controls (EPA, 2002).

Like SNCR, SCR is based on the chemical reduction of the NOx molecule. The primary
difference between SNCR and SCR is that SCR uses a metal-based catalyst to
increase the rate of reaction (EPA, 2002). A nitrogen based reducing reagent, such as
ammonia or urea, is injected into the flue gas. The reagent

reacts selectively with the flue gas NOx within a specific temperature range and in the
presence of

the catalyst and oxygen to reduce the NOx.

The use of a catalyst results in two advantages of the SCR process over SNCR, the
higher NOx reduction efficiency and the lower and broader temperature ranges.
However, the decrease in reaction temperature and increase in efficiency is
accompanied by a significant increase in capital and operating costs (EPA, 2002). The
cost increase is due to the large amount of catalyst required.

The SCR system can utilize either aqueous or anhydrous ammonia as the reagent.
Anhydrous ammonia is a gas at atmospheric pressure and normal temperatures. There
are safety issues with the use of anhydrous ammonia, as it must be transported and
stored under pressure (EPA, 2002). Agueous ammonia is generally transported and
stored at a concentration of 29.4% ammonia in water.

Today, catalyst formulations include single component, multi-component, or active
phase with a support structure. Most catalyst formulations contain additional
compounds or sup-ports, providing thermal and structural stability or to increase
surface area (EPA, 2002).

The rate of reaction determines the amount of NOx removed from the flue gas. The
important design and operational factors that affect the rate of reduction include:
reaction temperature range; residence time available in the optimum temperature
range; degree of mixing between the injected reagent and the combustion gases;
uncontrolled NOx concentration level; molar ratio of injected reagent to uncontrolled
NOx; ammonia slip; catalyst activity; catalyst selectivity; pressure drop across the
catalyst; catalyst pitch; catalyst deactivation; and catalyst management (EPA, 2001).

Class: Emerging
Pollutant:  NOX
Equipment Life:  15.0 years
Control Technology: Selective Catalytic Reduction
Source Group: Cement Manufacturing - Wet
Sectors:  ptnonipm
Months:  All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX
Locale:
Effective Date: N/A
Cost Year: 1999
CPT: $3,962
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Ref Yr CPT: $5,291
Control Efficiency: 90.0
Min Emis: N/A
Max Emis: N/A
Rule Effectiveness: 100.0
Rule Penetration: 100.0
Equation Type: cpton
Capital Rec Fac: N/A
Discount Rate: N/A
Cap Ann Ratio: N/A
Incrememental CPT: N/A
Details:
Existing Measure:
Existing NEI Dev: 0
Pollutant: NOX
Locale:
Effective Date: N/A
Cost Year: 1999
CPT: $3,962
Ref Yr CPT: $5,291
Control Efficiency: 90.0
Min Emis: N/A
Max Emis: N/A
Rule Effectiveness: 100.0
Rule Penetration: 100.0
Equation Type: cpton
Capital Rec Fac: N/A
Discount Rate: N/A
Cap Ann Ratio: N/A
Incrememental CPT: N/A
Details:
Existing Measure:
Existing NEI Dev: 0
Cost Equations:
N/A
Affected SCCs:
Code Description
30500706 Industrial Processes; Mineral Products; Cement Manufacturing (Wet Process); Kilns
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References:

 "Control Measure Cost Calculation SummaryforNonEGUpointNOxcontrolsozoneRIA.xIs"
spreadsheet provided by Larry Sorrels (Sorrels.Larry@epamail.epa.gov) via email to Alison Eyth
(eyth@unc.edu) 04-Sep-2007.

Other information:

ADMIN_PCT: 14.09%

CE_TEXT: 90% from uncontrolled

CHEM_PCT: 18.01%

COST_BASIS: Sources are distinguished by NOx emission levels (Pechan, 1998).
Large source = emission levels greater than 1 ton per ozone season day
Efficiencies for stationary source NOXx control were updated for a 2020 base year based on
analysis performed by the EPA for the Regulatory Impact Analysis of the Proposed Revisions
to the National Ambient Air Quality Standards for Ground-Level Ozone (EPA, 2007).-4 Default
cost per ton was increased by 11.4% to account for a change in -ASCR efficiency from 80% to
90%.-& This cost in 1990% was then converted to 1999%$ by applying a growth factor of 1.235
(Sorrels, 2007).
O&M Cost Components: The O&M cost breakdown is estimated using the detailed information
in the EC/R report Tables 6-3, 6-13 and 6-14. The breakdown was obtained using the
average costs for furnaces having capacities of 113 and 180 MMBTU per hour. A capacity
factor of 0.913 is used in estimating the O&M cost breakdown.
Operating labor: $22.12/hr
Maintenance labor: $24.33/hr
Fuel (natural gas): $3.42/MMBTU (ECR, 2000)

CPTON_TEXT: The cost effectiveness values (for both small and large sources) used in AirControIlNET are
$3,962 per ton NOx reduced from both uncontrolled and RACT baselines (1999$).

CTRL_EFF_T: 80%

ELEC_PCT: 0%

ELEC_RT: $0/kWh

FUEL_PCT: 29.09%

HG_CE_T: 90%

INSRNC_PCT: 7.05%

MNTLBR_PCT: 0.57%

MNTLBR_RT: $24.33/hr

MNTMTL_PCT: 0.57%

NG_RT: $3.42/cf

NH3: X

NOX: Co*

OMATL_PCT: 0%

OPLBR_PCT: 1.42%

OPLBR_RT: $22.12/hr

OTHR_PCT: 0%
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OVRHD_PCT: 0.17%
PROPTX_PCT: 7.05%
RPLMTL_PCT: 20.3%

RULE: Not Applicable
SPVLBR_PCT: 0.21%
STEAM_PCT: 0%
TDIR_PCT: 70.16%
TINDIR_PCT: 29.84%
UTIL_PCT: 0%

WSTDSP_PCT:

0%

67



Summary:

Control Measure Name:  Selective Catalytic Reduction; Taconite Iron Ore Processing - Induration - Coal or Gas
Abbreviation: NDSCRFEP

Description:  Application: This control is the selective catalytic reduction of NOx through add-on
controls. SCR controls are post-combustion control technologies based on the
chemical reduction of nitrogen oxides (NOx) into molecular nitrogen (N2) and water
vapor (H20). The SCR utilizes a catalyst to increase the NOx removal efficiency, which
allows the process to occur at lower temperatures.

Discussion: Selective Catalytic Reduction (SCR) has been widely applied to stationary
source, fossil fuel-fired, combustion units for emission control since the early 1970s.
SCR is typically implemented on units requiring a higher level of NOx control than
achievable by SNCR or other combustion controls (EPA, 2002).

Like SNCR, SCR is based on the chemical reduction of the NOx molecule. The primary
difference between SNCR and SCR is that SCR uses a metal-based catalyst to
increase the rate of reaction (EPA, 2002). A nitrogen based reducing reagent, such as
ammonia or urea, is injected into the flue gas. The reagent

reacts selectively with the flue gas NOx within a specific temperature range and in the
presence of

the catalyst and oxygen to reduce the NOx.

The use of a catalyst results in two advantages of the SCR process over SNCR, the
higher NOx reduction efficiency and the lower and broader temperature ranges.
However, the decrease in reaction temperature and increase in efficiency is
accompanied by a significant increase in capital and operating costs (EPA, 2002). The
cost increase is due to the large amount of catalyst required.

The SCR system can utilize either aqueous or anhydrous ammonia as the reagent.
Anhydrous ammonia is a gas at atmospheric pressure and normal temperatures. There
are safety issues with the use of anhydrous ammonia, as it must be transported and
stored under pressure (EPA, 2002). Agueous ammonia is generally transported and
stored at a concentration of 29.4% ammonia in water.

Today, catalyst formulations include single component, multi-component, or active
phase with a support structure. Most catalyst formulations contain additional
compounds or sup-ports, providing thermal and structural stability or to increase
surface area (EPA, 2002).

The rate of reaction determines the amount of NOx removed from the flue gas. The
important design and operational factors that affect the rate of reduction include:
reaction temperature range; residence time available in the optimum temperature
range; degree of mixing between the injected reagent and the combustion gases;
uncontrolled NOx concentration level; molar ratio of injected reagent to uncontrolled
NOx; ammonia slip; catalyst activity; catalyst selectivity; pressure drop across the
catalyst; catalyst pitch; catalyst deactivation; and catalyst management (EPA, 2001).

Class: Known
Pollutant:  NOX
Equipment Life:  N/A years
Control Technology: Selective Catalytic Reduction
Source Group: Taconite Iron Ore Processing - Induration - Coal or Gas
Sectors:  ptnonipm
Months:  All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX
Locale:
Effective Date: N/A
Cost Year: 1999
CPT: $5,269
Ref Yr CPT: $7,037
Control Efficiency: 90.0
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Min Emis: N/A

Max Emis: N/A

Rule Effectiveness: 100.0

Rule Penetration: 100.0

Equation Type: cpton

Capital Rec Fac: N/A

Discount Rate: N/A

Cap Ann Ratio: N/A

Incrememental CPT: N/A
Details:

Existing Measure:

Existing NEI Dev: 0
Pollutant: NOX
Locale:
Effective Date: N/A
Cost Year: 1999
CPT: $5,269
Ref Yr CPT: $7,037
Control Efficiency: 90.0
Min Emis: N/A
Max Emis: N/A
Rule Effectiveness: 100.0
Rule Penetration: 100.0
Equation Type: cpton
Capital Rec Fac: N/A
Discount Rate: N/A
Cap Ann Ratio: N/A
Incrememental CPT: N/A
Details:

Existing Measure:

Existing NEI Dev: 0
Cost Equations:
N/A
Affected SCCs:
Code Description
30302359 Industrial Processes; Primary Metal Production; Taconite Iron Ore Processing; Induration:
Grate/Kiln, Coal-fired, Acid Pellets
30302352 Industrial Processes; Primary Metal Production; Taconite Iron Ore Processing; Induration:

Grate/Kiln, Gas-fired, Flux Pellets
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30302351 Industrial Processes; Primary Metal Production; Taconite Iron Ore Processing; Induration:
Grate/Kiln, Gas-fired, Acid Pellets

References:

 "Control Measure Cost Calculation SummaryforNonEGUpointNOxcontrolsozoneRIA.xIs"
spreadsheet provided by Larry Sorrels (Sorrels.Larry@epamail.epa.gov) via email to Alison Eyth
(eyth@unc.edu) 04-Sep-2007.

Other information:
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Summary:

Control Measure Name:  Selective Catalytic Reduction; Fluid Cat Cracking Units; Cracking Unit
Abbreviation: NDSCRFFCCU

Description:  Application: This control is the selective catalytic reduction of NOx through add-on
controls. SCR controls are post-combustion control technologies based on the
chemical reduction of nitrogen oxides (NOx) into molecular nitrogen (N2) and water
vapor (H20). The SCR utilizes a catalyst to increase the NOx removal efficiency, which
allows the process to occur at lower temperatures.

This control is applicable to fluid catalytic cracking units with uncontrolled NOx
emissions greater than 10 tons per year.

Discussion: Selective Catalytic Reduction (SCR) has been widely applied to stationary
source, fossil fuel-fired, combustion units for emission control since the early 1970s.
SCR is typically implemented on units requiring a higher level of NOx control than
achievable by SNCR or other combustion controls (EPA, 2002).

Like SNCR, SCR is based on the chemical reduction of the NOx molecule. The primary
difference between SNCR and SCR is that SCR uses a metal-based catalyst to
increase the rate of reaction (EPA, 2002). A nitrogen based reducing reagent, such as
ammonia or urea, is injected into the flue gas. The reagent reacts selectively with the
flue gas NOx within a specific temperature range and in the presence of the catalyst
and oxygen to reduce the NOx.

The use of a catalyst results in two advantages of the SCR process over SNCR, the
higher NOx reduction efficiency and the lower and broader temperature ranges.
However, the decrease in reaction temperature and increase in efficiency is
accompanied by a significant increase in capital and operating costs (EPA, 2002). The
cost increase is due to the large amount of catalyst required.

The SCR system can utilize either aqueous or anhydrous ammonia as the reagent.
Anhydrous ammonia is a gas at atmospheric pressure and normal temperatures. There
are safety issues with the use of anhydrous ammonia, as it must be transported and
stored under pressure (EPA, 2002). Agueous ammonia is generally transported and
stored at a concentration of 29.4% ammonia in water.

Today, catalyst formulations include single component, multi-component, or active
phase with a support structure. Most catalyst formulations contain additional
compounds or sup-ports, providing thermal and structural stability or to increase
surface area (EPA, 2002).

The rate of reaction determines the amount of NOx removed from the flue gas. The
important design and operational factors that affect the rate of reduction include:
reaction temperature range; residence time available in the optimum temperature
range; degree of mixing between the injected reagent and the combustion gases;
uncontrolled NOx concentration level; molar ratio of injected reagent to uncontrolled
NOXx; ammonia slip; catalyst activity; catalyst selectivity; pressure drop across the
catalyst; catalyst pitch; catalyst deactivation; and catalyst management (EPA, 2001).

Class: Emerging
Pollutant: NOX
Equipment Life:  15.0 years
Control Technology: Selective Catalytic Reduction
Source Group:  Fluid Cat Cracking Units; Cracking Unit
Sectors:  ptnonipm
Months:  All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX
Locale:
Effective Date: N/A
Cost Year: 1999
CPT: $3,457
Ref Yr CPT: $4,617
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Control Efficiency: 90.0
Min Emis: N/A
Max Emis: N/A
Rule Effectiveness: 100.0
Rule Penetration: 100.0
Equation Type: cpton
Capital Rec Fac: N/A
Discount Rate: N/A
Cap Ann Ratio: N/A
Incrememental CPT: N/A
Details:
Existing Measure:
Existing NEI Dev: 0
Pollutant: NOX
Locale:
Effective Date: N/A
Cost Year: 1999
CPT: $3,457
Ref Yr CPT: $4,617
Control Efficiency: 90.0
Min Emis: N/A
Max Emis: N/A
Rule Effectiveness: 100.0
Rule Penetration: 100.0
Equation Type: cpton
Capital Rec Fac: N/A
Discount Rate: N/A
Cap Ann Ratio: N/A
Incrememental CPT: N/A
Details:
Existing Measure:
Existing NEI Dev: 0
Cost Equations:
N/A
Affected SCCs:
Code Description
30600201 Industrial Processes; Petroleum Industry; Catalytic Cracking Units; Fluid Catalytic Cracking Unit
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* "Control Measure Cost Calculation SummaryforNonEGUpointNOxcontrolsozoneRIA.xIs"
spreadsheet provided by Larry Sorrels (Sorrels.Larry@epamail.epa.gov) via email to Alison Eyth
(eyth@unc.edu) 04-Sep-2007.

Other information:
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Summary:

Control Measure Name:  Selective Catalytic Reduction; In-Process; Process Gas; Coke Oven Gas
Abbreviation: NDSCRFPGCO

Description:  Application: This control is the selective catalytic reduction of NOx through add-on
controls. SCR controls are post-combustion control technologies based on the
chemical reduction of nitrogen oxides (NOx) into molecular nitrogen (N2) and water
vapor (H20). The SCR utilizes a catalyst to increase the NOx removal efficiency, which
allows the process to occur at lower temperatures.

Applies to process gas fired ICI boilers with NOx emissions greater than 10 tons per
year.

Discussion: Selective Catalytic Reduction (SCR) has been widely applied to stationary
source, fossil fuel-fired, combustion units for emission control since the early 1970s.
SCR is typically implemented on units requiring a higher level of NOx control than
achievable by SNCR or other combustion controls (EPA, 2002).

Like SNCR, SCR is based on the chemical reduction of the NOx molecule. The primary
difference between SNCR and SCR is that SCR uses a metal-based catalyst to
increase the rate of reaction (EPA, 2002). A nitrogen based reducing reagent, such as
ammonia or urea, is injected into the flue gas. The reagent reacts selectively with the
flue gas NOx within a specific temperature range and in the presence of the catalyst
and oxygen to reduce the NOx.

The use of a catalyst results in two advantages of the SCR process over SNCR, the
higher NOx reduction efficiency and the lower and broader temperature ranges.
However, the decrease in reaction temperature and increase in efficiency is
accompanied by a significant increase in capital and operating costs (EPA, 2002). The
cost increase is due to the large amount of catalyst required.

The SCR system can utilize either aqueous or anhydrous ammonia as the reagent.
Anhydrous ammonia is a gas at atmospheric pressure and normal temperatures. There
are safety issues with the use of anhydrous ammonia, as it must be transported and
stored under pressure (EPA, 2002). Agueous ammonia is generally transported and
stored at a concentration of 29.4% ammonia in water.

Today, catalyst formulations include single component, multi-component, or active
phase with a support structure. Most catalyst formulations contain additional
compounds or sup-ports, providing thermal and structural stability or to increase
surface area (EPA, 2002).

The rate of reaction determines the amount of NOx removed from the flue gas. The
important design and operational factors that affect the rate of reduction include:
reaction temperature range; residence time available in the optimum temperature
range; degree of mixing between the injected reagent and the combustion gases;
uncontrolled NOx concentration level; molar ratio of injected reagent to uncontrolled
NOXx; ammonia slip; catalyst activity; catalyst selectivity; pressure drop across the
catalyst; catalyst pitch; catalyst deactivation; and catalyst management (EPA, 2001).

Class: Emerging
Pollutant: NOX
Equipment Life:  15.0 years
Control Technology: Selective Catalytic Reduction
Source Group: In-Process; Process Gas; Coke Oven Gas
Sectors:  ptnonipm
Months:  All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX
Locale:
Effective Date: N/A
Cost Year: 1999
CPT: $6,371
Ref Yr CPT: $8,509
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Control Efficiency: 90.0
Min Emis: N/A
Max Emis: N/A
Rule Effectiveness: 100.0
Rule Penetration: 100.0
Equation Type: cpton
Capital Rec Fac: N/A
Discount Rate: N/A
Cap Ann Ratio: N/A
Incrememental CPT: N/A
Details:
Existing Measure:
Existing NEI Dev: 0
Pollutant: NOX
Locale:
Effective Date: N/A
Cost Year: 1999
CPT: $6,371
Ref Yr CPT: $8,509
Control Efficiency: 90.0
Min Emis: N/A
Max Emis: N/A
Rule Effectiveness: 100.0
Rule Penetration: 100.0
Equation Type: cpton
Capital Rec Fac: N/A
Discount Rate: N/A
Cap Ann Ratio: N/A
Incrememental CPT: N/A
Details:
Existing Measure:
Existing NEI Dev: 0

Cost Equations:

N/A

Affected SCCs:

Code

Description

39000701

Industrial Processes; In-process Fuel Use; Process Gas; Coke Oven or Blast Furnace
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References:

* "Control Measure Cost Calculation SummaryforNonEGUpointNOxcontrolsozoneRIA.xIs"
spreadsheet provided by Larry Sorrels (Sorrels.Larry@epamail.epa.gov) via email to Alison Eyth
(eyth@unc.edu) 04-Sep-2007.

Other information:
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Summary:

Control Measure Name:  Selective Catalytic Reduction; ICI Boilers - Coal/FBC
Abbreviation: NDSCRIBCF

Description:  Application: This control is the selective catalytic reduction of NOx through add-on
controls. SCR controls are post-combustion control technologies based on the
chemical reduction of nitrogen oxides (NOx) into molecular nitrogen (N2) and water
vapor (H20). The SCR utilizes a catalyst to increase the NOx removal efficiency, which
allows the process to occur at lower temperatures.

Discussion: Selective Catalytic Reduction (SCR) has been widely applied to stationary
source, fossil fuel-fired, combustion units for emission control since the early 1970s.
SCR is typically implemented on units requiring a higher level of NOx control than
achievable by SNCR or other combustion controls (EPA, 2002).

Like SNCR, SCR is based on the chemical reduction of the NOx molecule. The primary
difference between SNCR and SCR is that SCR uses a metal-based catalyst to
increase the rate of reaction (EPA, 2002). A nitrogen based reducing reagent, such as
ammonia or urea, is injected into the flue gas. The reagent reacts selectively with the
flue gas NOx within a specific temperature range and in the presence of the catalyst
and oxygen to reduce the NOx.

The use of a catalyst results in two advantages of the SCR process over SNCR, the
higher NOx reduction efficiency and the lower and broader temperature ranges.
However, the decrease in reaction temperature and increase in efficiency is
accompanied by a significant increase in capital and operating costs (EPA, 2002). The
cost increase is due to the large amount of catalyst required.

The SCR system can utilize either aqueous or anhydrous ammonia as the reagent.
Anhydrous ammonia is a gas at atmospheric pressure and normal temperatures. There
are safety issues with the use of anhydrous ammonia, as it must be transported and
stored under pressure (EPA, 2002). Agueous ammonia is generally transported and
stored at a concentration of 29.4% ammonia in water.

Today, catalyst formulations include single component, multi-component, or active
phase with a support structure. Most catalyst formulations contain additional
compounds or sup-ports, providing thermal and structural stability or to increase
surface area (EPA, 2002).

The rate of reaction determines the amount of NOx removed from the flue gas. The
important design and operational factors that affect the rate of reduction include:
reaction temperature range; residence time available in the optimum temperature
range; degree of mixing between the injected reagent and the combustion gases;
uncontrolled NOx concentration level; molar ratio of injected reagent to uncontrolled
NOXx; ammonia slip; catalyst activity; catalyst selectivity; pressure drop across the
catalyst; catalyst pitch; catalyst deactivation; and catalyst management (EPA, 2001).

A SCR will impose an energy impact on the host boiler. The losses attributable to this
technology include: compressor, reactor pressure loss, and steam i.e., sootblowing
(NESCAUM 2009).

Class: Known
Pollutant:  NOX
Equipment Life:  15.0 years
Control Technology: Selective Catalytic Reduction
Source Group: ICI Boilers - Coal/FBC
Sectors:  ptnonipm
Months:  All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX
Locale:

Effective Date: N/A
Cost Year: 2008
CPT: $2,250
Ref Yr CPT: $2,424
Control Efficiency: 80.0
Min Emis: 25.0

Max Emis: N/A
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Rule Effectiveness:

100.0

Rule Penetration:

100.0

Equation Type:

Capital Rec Fac:

0.12999999523162842

Discount Rate: 10.0
Cap Ann Ratio: N/A
Incrememental CPT: N/A
Details:
Existing Measure:
Existing NEI Dev: 0
Pollutant: NOX
Locale:
Effective Date: N/A
Cost Year: 2008
CPT: $2,250
Ref Yr CPT: $2,424
Control Efficiency: 80.0
Min Emis: 25.0
Max Emis: N/A
Rule Effectiveness: 100.0
Rule Penetration: 100.0

Equation Type:

Capital Rec Fac:

0.12999999523162842

Discount Rate: 10.0
Cap Ann Ratio: N/A
Incrememental CPT: N/A
Details:
Existing Measure:
Existing NEI Dev: 0
Cost Equations:
Name: Type 13
Description: ICI Boiler Cost Equations
Inventory Fields: design_capacity, design_capacity_unit_numerator, design_capacity unit_denominator,

stack flow_rate, stack velocity, stack diameter
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Formula: Capital Cost = varl*inputl®var2+var3*inputl”vard

O&M Cost = var5+var6*inputl®var7+var8*inputl*var9+varl0*input3+varl1*input2

where

inputl = boiler size in MMBtu/hr

input2 = boiler emissions in ton/yr

input3 = boiler exhaust flowrate in ft3/sec

varl = Capital cost size multiplier No.1

var2 = Capital cost exponent No. 1

var3 = Capital cost size multiplier No.2

var4 = Capital cost exponent No. 2

var5 = O&M known costs

varé = O&M cost size multiplier No.1

var7 = O&M cost size exponent No. 1

var8 = O&M cost size multiplier No. 2

var9 = O&M cost size exponent No. 2

varl0 = O&M cost flowrate multiplier

varll = O&M cost emissions multiplier

Variable Name Value

Pollutant NOX
Cost Year 2008
Capital Cost Size Multiplier No. 1 41040.93
Capital Cost Exponent No. 1 0.59
Capital Cost Size Multiplier No. 2 0.0
Capital Cost Exponent No. 2 0.0
O&M Known Costs 471911.2
O&M Cost Size Multiplier No. 1 1641.64
O&M Cost Exponent No. 1 0.59
O&M Cost Size Multiplier No. 2 0.0
O&M Cost Exponent No. 2 0.0
O&M Flowrate Multiplier 43.96
O&M Emissions Multiplier 139.54

Affected SCCs:

Code Description
10300216 External Combustion Boilers; Commercial/Institutional; Bituminous Coal; Pulverized Coal: Dry
Bottom (Tangential)
10200217 External Combustion Boilers; Industrial; Bituminous Coal; Atmospheric Fluidized Bed Combustion:
Bubbling Bed
References:

» Bodnarik, Andy. September 29, 2011. Personal Communication with Andy Bodnarik of Ozone
Transport Commission to Bryan Lange of ERG.
* MACTEC Engineering and Consulting, Inc. March 30, 2005. Midwest Regional Planning

Organization

- Boiler Best Available Retrofit Technology Engineering Analysis

» US EPA. Coal Utility Environmental Cost, CUECost Model Version 1.0.

http://www.epa.gov/ttn/catc/products.html#software

(accessed November 18, 2011).
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» Ozone Transport Commission & Lake Michigan Air Directors Consortium. May 25, 2010. Draft -
Evaluation of Control Options for Industrial, Commercial and Institutional Boilers, Technical
Support Document.

» Northeast States for Coordinated Air Use Management. November 2008 (revised January 2009).
Applicability and Feasibility of NOx, SO2, and PM Emissions Control Technologies for Industrial,
Commercial, and Institutional Boilers.

Other information:
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Summary:

Control Measure Name:  Selective Catalytic Reduction; ICI Boilers - Coal/Stoker
Abbreviation: NDSCRIBCS

Description:  Application: This control is the selective catalytic reduction of NOx through add-on
controls. SCR controls are post-combustion control technologies based on the
chemical reduction of nitrogen oxides (NOx) into molecular nitrogen (N2) and water
vapor (H20). The SCR utilizes a catalyst to increase the NOx removal efficiency, which
allows the process to occur at lower temperatures.

Discussion: Selective Catalytic Reduction (SCR) has been widely applied to stationary
source, fossil fuel-fired, combustion units for emission control since the early 1970s.
SCR is typically implemented on units requiring a higher level of NOx control than
achievable by SNCR or other combustion controls (EPA, 2002).

Like SNCR, SCR is based on the chemical reduction of the NOx molecule. The primary
difference between SNCR and SCR is that SCR uses a metal-based catalyst to
increase the rate of reaction (EPA, 2002). A nitrogen based reducing reagent, such as
ammonia or urea, is injected into the flue gas. The reagent reacts selectively with the
flue gas NOx within a specific temperature range and in the presence of the catalyst
and oxygen to reduce the NOx.

The use of a catalyst results in two advantages of the SCR process over SNCR, the
higher NOx reduction efficiency and the lower and broader temperature ranges.
However, the decrease in reaction temperature and increase in efficiency is
accompanied by a significant increase in capital and operating costs (EPA, 2002). The
cost increase is due to the large amount of catalyst required.

The SCR system can utilize either aqueous or anhydrous ammonia as the reagent.
Anhydrous ammonia is a gas at atmospheric pressure and normal temperatures. There
are safety issues with the use of anhydrous ammonia, as it must be transported and
stored under pressure (EPA, 2002). Agueous ammonia is generally transported and
stored at a concentration of 29.4% ammonia in water.

Today, catalyst formulations include single component, multi-component, or active
phase with a support structure. Most catalyst formulations contain additional
compounds or sup-ports, providing thermal and structural stability or to increase
surface area (EPA, 2002).

The rate of reaction determines the amount of NOx removed from the flue gas. The
important design and operational factors that affect the rate of reduction include:
reaction temperature range; residence time available in the optimum temperature
range; degree of mixing between the injected reagent and the combustion gases;
uncontrolled NOx concentration level; molar ratio of injected reagent to uncontrolled
NOXx; ammonia slip; catalyst activity; catalyst selectivity; pressure drop across the
catalyst; catalyst pitch; catalyst deactivation; and catalyst management (EPA, 2001).

A SCR will impose an energy impact on the host boiler. The losses attributable to this
technology include: compressor, reactor pressure loss, and steam i.e., sootblowing
(NESCAUM 2009).

Class: Known
Pollutant:  NOX
Equipment Life:  15.0 years
Control Technology: Selective Catalytic Reduction
Source Group: ICI Boilers - Coal/Stoker
Sectors:  ptnonipm
Months:  All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX
Locale:

Effective Date: N/A
Cost Year: 2008
CPT: $2,250
Ref Yr CPT: $2,424
Control Efficiency: 80.0
Min Emis: 25.0

Max Emis: N/A
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Rule Effectiveness:

100.0

Rule Penetration:

100.0

Equation Type:

Capital Rec Fac:

0.12999999523162842

Discount Rate: 10.0
Cap Ann Ratio: N/A
Incrememental CPT: N/A
Details:
Existing Measure:
Existing NEI Dev: 0
Pollutant: NOX
Locale:
Effective Date: N/A
Cost Year: 2008
CPT: $2,250
Ref Yr CPT: $2,424
Control Efficiency: 80.0
Min Emis: 25.0
Max Emis: N/A
Rule Effectiveness: 100.0
Rule Penetration: 100.0

Equation Type:

Capital Rec Fac:

0.12999999523162842

Discount Rate: 10.0
Cap Ann Ratio: N/A
Incrememental CPT: N/A
Details:
Existing Measure:
Existing NEI Dev: 0
Cost Equations:
Name: Type 13
Description: ICI Boiler Cost Equations
Inventory Fields: design_capacity, design_capacity_unit_numerator, design_capacity unit_denominator,

stack flow_rate, stack velocity, stack diameter
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Formula: Capital Cost = varl*inputl®var2+var3*inputl”vard
O&M Cost = var5+var6*inputl®var7+var8*inputl*var9+varl0*input3+varl1*input2

where

inputl = boiler size in MMBtu/hr
input2 = boiler emissions in ton/yr
input3 = boiler exhaust flowrate in ft3/sec
varl = Capital cost size multiplier No.1
var2 = Capital cost exponent No. 1
var3 = Capital cost size multiplier No.2
var4 = Capital cost exponent No. 2
var5 = O&M known costs

varé = O&M cost size multiplier No.1
var7 = O&M cost size exponent No. 1
var8 = O&M cost size multiplier No. 2
var9 = O&M cost size exponent No. 2
varl0 = O&M cost flowrate multiplier
varll = O&M cost emissions multiplier

Variable Name Value
Pollutant NOX
Cost Year 2008
Capital Cost Size Multiplier No. 1 41040.93
Capital Cost Exponent No. 1 0.59
Capital Cost Size Multiplier No. 2 0.0
Capital Cost Exponent No. 2 0.0
O&M Known Costs 471911.2
O&M Cost Size Multiplier No. 1 1641.64
O&M Cost Exponent No. 1 0.59
O&M Cost Size Multiplier No. 2 0.0
O&M Cost Exponent No. 2 0.0
O&M Flowrate Multiplier 43.96
O&M Emissions Multiplier 139.54
Affected SCCs:
Code Description
10300209 External Combustion Boilers; Commercial/Institutional; Bituminous Coal; Spreader Stoker
10300207 External Combustion Boilers; Commercial/lnstitutional; Bituminous Coal; Overfeed Stoker
10200205 External Combustion Boilers; Industrial; Bituminous Coal; Overfeed Stoker
10200204 External Combustion Boilers; Industrial; Bituminous Coal; Spreader Stoker
10200104 External Combustion Boilers; Industrial; Anthracite Coal; Traveling Grate (Overfeed) Stoker

References:

» Bodnarik, Andy. September 29, 2011. Personal Communication with Andy Bodnarik of Ozone
Transport Commission to Bryan Lange of ERG.
* MACTEC Engineering and Consulting, Inc. March 30, 2005. Midwest Regional Planning

Organization - Boiler Best Available Retrofit Technology Engineering Analysis
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» US EPA. Coal Utility Environmental Cost, CUECost Model Version 1.0.
http://www.epa.gov/ttn/catc/products.html#software  (accessed November 18, 2011).

» Ozone Transport Commission & Lake Michigan Air Directors Consortium. May 25, 2010. Draft -
Evaluation of Control Options for Industrial, Commercial and Institutional Boilers, Technical
Support Document.

» Northeast States for Coordinated Air Use Management. November 2008 (revised January 2009).
Applicability and Feasibility of NOx, SO2, and PM Emissions Control Technologies for Industrial,
Commercial, and Institutional Boilers.

Other information:
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Summary:

Control Measure Name:  Selective Catalytic Reduction; ICI Boilers - LPG
Abbreviation: NDSCRIBLP

Description:  Application: This control is the selective catalytic reduction of NOx through add-on
controls. SCR controls are post-combustion control technologies based on the
chemical reduction of nitrogen oxides (NOx) into molecular nitrogen (N2) and water
vapor (H20). The SCR utilizes a catalyst to increase the NOx removal efficiency, which
allows the process to occur at lower temperatures.

Discussion: Selective Catalytic Reduction (SCR) has been widely applied to stationary
source, fossil fuel-fired, combustion units for emission control since the early 1970s.
SCR is typically implemented on units requiring a higher level of NOx control than
achievable by SNCR or other combustion controls (EPA, 2002).

Like SNCR, SCR is based on the chemical reduction of the NOx molecule. The primary
difference between SNCR and SCR is that SCR uses a metal-based catalyst to
increase the rate of reaction (EPA, 2002). A nitrogen based reducing reagent, such as
ammonia or urea, is injected into the flue gas. The reagent reacts selectively with the
flue gas NOx within a specific temperature range and in the presence of the catalyst
and oxygen to reduce the NOx.

The use of a catalyst results in two advantages of the SCR process over SNCR, the
higher NOx reduction efficiency and the lower and broader temperature ranges.
However, the decrease in reaction temperature and increase in efficiency is
accompanied by a significant increase in capital and operating costs (EPA, 2002). The
cost increase is due to the large amount of catalyst required.

The SCR system can utilize either aqueous or anhydrous ammonia as the reagent.
Anhydrous ammonia is a gas at atmospheric pressure and normal temperatures. There
are safety issues with the use of anhydrous ammonia, as it must be transported and
stored under pressure (EPA, 2002). Agueous ammonia is generally transported and
stored at a concentration of 29.4% ammonia in water.

Today, catalyst formulations include single component, multi-component, or active
phase with a support structure. Most catalyst formulations contain additional
compounds or sup-ports, providing thermal and structural stability or to increase
surface area (EPA, 2002).

The rate of reaction determines the amount of NOx removed from the flue gas. The
important design and operational factors that affect the rate of reduction include:
reaction temperature range; residence time available in the optimum temperature
range; degree of mixing between the injected reagent and the combustion gases;
uncontrolled NOx concentration level; molar ratio of injected reagent to uncontrolled
NOXx; ammonia slip; catalyst activity; catalyst selectivity; pressure drop across the
catalyst; catalyst pitch; catalyst deactivation; and catalyst management (EPA, 2001).

A SCR will impose an energy impact on the host boiler. The losses attributable to this
technology include: compressor, reactor pressure loss, and steam i.e., sootblowing
(NESCAUM 2009).

Class: Known
Pollutant:  NOX
Equipment Life:  15.0 years
Control Technology: Selective Catalytic Reduction
Source Group: ICI Boilers - LPG
Sectors:  ptnonipm
Months:  All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX
Locale:

Effective Date: N/A
Cost Year: 2008
CPT: $2,250
Ref Yr CPT: $2,424
Control Efficiency: 80.0
Min Emis: 25.0

Max Emis: N/A
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Rule Effectiveness:

100.0

Rule Penetration:

100.0

Equation Type:

Capital Rec Fac:

0.12999999523162842

Discount Rate: 10.0
Cap Ann Ratio: N/A
Incrememental CPT: N/A
Details:
Existing Measure:
Existing NEI Dev: 0
Pollutant: NOX
Locale:
Effective Date: N/A
Cost Year: 2008
CPT: $2,250
Ref Yr CPT: $2,424
Control Efficiency: 80.0
Min Emis: 25.0
Max Emis: N/A
Rule Effectiveness: 100.0
Rule Penetration: 100.0

Equation Type:

Capital Rec Fac:

0.12999999523162842

Discount Rate: 10.0
Cap Ann Ratio: N/A
Incrememental CPT: N/A
Details:
Existing Measure:
Existing NEI Dev: 0
Cost Equations:
Name: Type 13
Description: ICI Boiler Cost Equations
Inventory Fields: design_capacity, design_capacity_unit_numerator, design_capacity unit_denominator,

stack flow_rate, stack velocity, stack diameter
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Formula: Capital Cost = varl*inputl®var2+var3*inputl”vard

O&M Cost = var5+var6*inputl®var7+var8*inputl*var9+varl0*input3+varl1*input2

where

inputl = boiler size in MMBtu/hr

input2 = boiler emissions in ton/yr

input3 = boiler exhaust flowrate in ft3/sec

varl = Capital cost size multiplier No.1

var2 = Capital cost exponent No. 1

var3 = Capital cost size multiplier No.2

var4 = Capital cost exponent No. 2

var5 = O&M known costs

varé = O&M cost size multiplier No.1

var7 = O&M cost size exponent No. 1

var8 = O&M cost size multiplier No. 2

var9 = O&M cost size exponent No. 2

varl0 = O&M cost flowrate multiplier

varll = O&M cost emissions multiplier

Variable Name Value

Pollutant NOX
Cost Year 2008
Capital Cost Size Multiplier No. 1 41040.93
Capital Cost Exponent No. 1 0.59
Capital Cost Size Multiplier No. 2 0.0
Capital Cost Exponent No. 2 0.0
O&M Known Costs 471911.2
O&M Cost Size Multiplier No. 1 1641.64
O&M Cost Exponent No. 1 0.59
O&M Cost Size Multiplier No. 2 0.0
O&M Cost Exponent No. 2 0.0
O&M Flowrate Multiplier 43.96
O&M Emissions Multiplier 139.54

Affected SCCs:

Code Description
10201002 External Combustion Boilers; Industrial; Liquified Petroleum Gas (LPG); Propane
References:

» Bodnarik, Andy. September 29, 2011. Personal Communication with Andy Bodnarik of Ozone
Transport Commission to Bryan Lange of ERG.

* MACTEC Engineering and Consulting, Inc. March 30, 2005. Midwest Regional Planning
Organization - Boiler Best Available Retrofit Technology Engineering Analysis

» US EPA. Coal Utility Environmental Cost, CUECost Model Version 1.0.
http://www.epa.gov/ttn/catc/products.html#software  (accessed November 18, 2011).

» Ozone Transport Commission & Lake Michigan Air Directors Consortium. May 25, 2010. Draft -
Evaluation of Control Options for Industrial, Commercial and Institutional Boilers, Technical
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Support Document.

» Northeast States for Coordinated Air Use Management. November 2008 (revised January 2009).
Applicability and Feasibility of NOx, SO2, and PM Emissions Control Technologies for Industrial,
Commercial, and Institutional Boilers.

Other information:
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Summary:

Control Measure Name:  Selective Catalytic Reduction; ICI Boilers - Process Gas
Abbreviation: NDSCRIBPG

Description:  Application: This control is the selective catalytic reduction of NOx through add-on
controls. SCR controls are post-combustion control technologies based on the
chemical reduction of nitrogen oxides (NOx) into molecular nitrogen (N2) and water
vapor (H20). The SCR utilizes a catalyst to increase the NOx removal efficiency, which
allows the process to occur at lower temperatures.

Discussion: Selective Catalytic Reduction (SCR) has been widely applied to stationary
source, fossil fuel-fired, combustion units for emission control since the early 1970s.
SCR is typically implemented on units requiring a higher level of NOx control than
achievable by SNCR or other combustion controls (EPA, 2002).

Like SNCR, SCR is based on the chemical reduction of the NOx molecule. The primary
difference between SNCR and SCR is that SCR uses a metal-based catalyst to
increase the rate of reaction (EPA, 2002). A nitrogen based reducing reagent, such as
ammonia or urea, is injected into the flue gas. The reagent reacts selectively with the
flue gas NOx within a specific temperature range and in the presence of the catalyst
and oxygen to reduce the NOx.

The use of a catalyst results in two advantages of the SCR process over SNCR, the
higher NOx reduction efficiency and the lower and broader temperature ranges.
However, the decrease in reaction temperature and increase in efficiency is
accompanied by a significant increase in capital and operating costs (EPA, 2002). The
cost increase is due to the large amount of catalyst required.

The SCR system can utilize either aqueous or anhydrous ammonia as the reagent.
Anhydrous ammonia is a gas at atmospheric pressure and normal temperatures. There
are safety issues with the use of anhydrous ammonia, as it must be transported and
stored under pressure (EPA, 2002). Agueous ammonia is generally transported and
stored at a concentration of 29.4% ammonia in water.

Today, catalyst formulations include single component, multi-component, or active
phase with a support structure. Most catalyst formulations contain additional
compounds or sup-ports, providing thermal and structural stability or to increase
surface area (EPA, 2002).

The rate of reaction determines the amount of NOx removed from the flue gas. The
important design and operational factors that affect the rate of reduction include:
reaction temperature range; residence time available in the optimum temperature
range; degree of mixing between the injected reagent and the combustion gases;
uncontrolled NOx concentration level; molar ratio of injected reagent to uncontrolled
NOXx; ammonia slip; catalyst activity; catalyst selectivity; pressure drop across the
catalyst; catalyst pitch; catalyst deactivation; and catalyst management (EPA, 2001).

A SCR will impose an energy impact on the host boiler. The losses attributable to this
technology include: compressor, reactor pressure loss, and steam i.e., sootblowing
(NESCAUM 2009).

Class: Known
Pollutant:  NOX
Equipment Life:  15.0 years
Control Technology: Selective Catalytic Reduction
Source Group: ICI Boilers - Process Gas
Sectors:  ptnonipm
Months:  All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX
Locale:

Effective Date: N/A
Cost Year: 2008
CPT: $2,250
Ref Yr CPT: $2,424
Control Efficiency: 80.0
Min Emis: 25.0

Max Emis: N/A
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Rule Effectiveness:

100.0

Rule Penetration:

100.0

Equation Type:

Capital Rec Fac:

0.12999999523162842

Discount Rate: 10.0
Cap Ann Ratio: N/A
Incrememental CPT: N/A
Details:
Existing Measure:
Existing NEI Dev: 0
Pollutant: NOX
Locale:
Effective Date: N/A
Cost Year: 2008
CPT: $2,250
Ref Yr CPT: $2,424
Control Efficiency: 80.0
Min Emis: 25.0
Max Emis: N/A
Rule Effectiveness: 100.0
Rule Penetration: 100.0

Equation Type:

Capital Rec Fac:

0.12999999523162842

Discount Rate: 10.0
Cap Ann Ratio: N/A
Incrememental CPT: N/A
Details:
Existing Measure:
Existing NEI Dev: 0
Cost Equations:
Name: Type 13
Description: ICI Boiler Cost Equations
Inventory Fields: design_capacity, design_capacity_unit_numerator, design_capacity unit_denominator,

stack flow_rate, stack velocity, stack diameter
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Formula: Capital Cost = varl*inputl®var2+var3*inputl”vard

O&M Cost = var5+var6*inputl®var7+var8*inputl*var9+varl0*input3+varl1*input2

where

inputl = boiler size in MMBtu/hr
input2 = boiler emissions in ton/yr

input3 = boiler exhaust flowrate in ft3/sec

varl = Capital cost size multiplier No.1
var2 = Capital cost exponent No. 1
var3 = Capital cost size multiplier No.2
var4 = Capital cost exponent No. 2
var5 = O&M known costs

varé = O&M cost size multiplier No.1
var7 = O&M cost size exponent No. 1
var8 = O&M cost size multiplier No. 2
var9 = O&M cost size exponent No. 2
varl0 = O&M cost flowrate multiplier
varll = O&M cost emissions multiplier

Variable Name Value
Pollutant NOX
Cost Year 2008
Capital Cost Size Multiplier No. 1 41040.93
Capital Cost Exponent No. 1 0.59
Capital Cost Size Multiplier No. 2 0.0
Capital Cost Exponent No. 2 0.0
O&M Known Costs 471911.2
O&M Cost Size Multiplier No. 1 1641.64
O&M Cost Exponent No. 1 0.59
O&M Cost Size Multiplier No. 2 0.0
O&M Cost Exponent No. 2 0.0
O&M Flowrate Multiplier 43.96
O&M Emissions Multiplier 139.54
Affected SCCs:
Code Description
10300799 External Combustion Boilers; Commercial/lnstitutional; Process Gas; Other Not Classified
10300701 Ex’g;arnal Combustion Boilers; Commercial/Institutional; Process Gas; POTW Digester Gas-fired
oiler
10210079 The SCC entry is not found in the reference.scc table
10201402 External Combustion Boilers; Industrial; CO Boiler; Process Gas
10200710 External Combustion Boilers; Industrial; Process Gas; Cogeneration
10200707 External Combustion Boilers; Industrial; Process Gas; Coke Oven Gas
10200704 External Combustion Boilers; Industrial; Process Gas; Blast Furnace Gas
10200701 External Combustion Boilers; Industrial; Process Gas; Petroleum Refinery Gas
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Summary:

Control Measure Name:  Selective Catalytic Reduction; Indust. Incinerators
Abbreviation: NDSCRIDIN

Description:  Application: This control is the selective catalytic reduction of NOx through add-on
controls. SCR controls are post-combustion control technologies based on the
chemical reduction of nitrogen oxides (NOx) into molecular nitrogen (N2) and water
vapor (H20). The SCR utilizes a catalyst to increase the NOx removal efficiency, which
allows the process to occur at lower temperatures.

This control applies to industrial incinerators IC boilers with uncontrolled NOx emissions
greater than 10 tons per year.

Discussion: Selective Catalytic Reduction (SCR) has been widely applied to stationary
source, fossil fuel-fired, combustion units for emission control since the early 1970s.
SCR is typically implemented on units requiring a higher level of NOx control than
achievable by SNCR or other combustion controls (EPA, 2002).

Like SNCR, SCR is based on the chemical reduction of the NOx molecule. The primary
difference between SNCR and SCR is that SCR uses a metal-based catalyst to
increase the rate of reaction (EPA, 2002). A nitrogen based reducing reagent, such as
ammonia or urea, is injected into the flue gas. The reagent reacts selectively with the
flue gas NOx within a specific temperature range and in the presence of the catalyst
and oxygen to reduce the NOx.

The use of a catalyst results in two advantages of the SCR process over SNCR, the
higher NOx reduction efficiency and the lower and broader temperature ranges.
However, the decrease in reaction temperature and increase in efficiency is
accompanied by a significant increase in capital and operating costs (EPA, 2002). The
cost increase is due to the large amount of catalyst required.

The SCR system can utilize either aqueous or anhydrous ammonia as the reagent.
Anhydrous ammonia is a gas at atmospheric pressure and normal temperatures. There
are safety issues with the use of anhydrous ammonia, as it must be transported and
stored under pressure (EPA, 2002). Agueous ammonia is generally transported and
stored at a concentration of 29.4% ammonia in water.

Today, catalyst formulations include single component, multi-component, or active
phase with a support structure. Most catalyst formulations contain additional
compounds or sup-ports, providing thermal and structural stability or to increase
surface area (EPA, 2002).

The rate of reaction determines the amount of NOx removed from the flue gas. The
important design and operational factors that affect the rate of reduction include:
reaction temperature range; residence time available in the optimum temperature
range; degree of mixing between the injected reagent and the combustion gases;
uncontrolled NOx concentration level; molar ratio of injected reagent to uncontrolled
NOXx; ammonia slip; catalyst activity; catalyst selectivity; pressure drop across the
catalyst; catalyst pitch; catalyst deactivation; and catalyst management (EPA, 2001).

Class: Emerging
Pollutant: NOX
Equipment Life:  20.0 years
Control Technology: Selective Catalytic Reduction
Source Group: Indust. Incinerators
Sectors:  ptnonipm
Months:  All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX
Locale:
Effective Date: N/A
Cost Year: 1999
CPT: $3,109
Ref Yr CPT: $4,152
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Control Efficiency: 90.0
Min Emis: N/A
Max Emis: N/A
Rule Effectiveness: 100.0
Rule Penetration: 100.0
Equation Type: cpton
Capital Rec Fac: N/A
Discount Rate: N/A
Cap Ann Ratio: N/A
Incrememental CPT: N/A
Details:
Existing Measure:
Existing NEI Dev: 0
Pollutant: NOX
Locale:
Effective Date: N/A
Cost Year: 1999
CPT: $3,109
Ref Yr CPT: $4,152
Control Efficiency: 90.0
Min Emis: N/A
Max Emis: N/A
Rule Effectiveness: 100.0
Rule Penetration: 100.0
Equation Type: cpton
Capital Rec Fac: N/A
Discount Rate: N/A
Cap Ann Ratio: N/A
Incrememental CPT: N/A
Details:
Existing Measure:
Existing NEI Dev: 0
Cost Equations:
N/A
Affected SCCs:
Code Description
39990013 Industrial Processes; Miscellaneous Manufacturing Industries; Miscellaneous Manufacturing
Industries; Natural Gas: Incinerators
30590013 Industrial Processes; Mineral Products; Fuel Fired Equipment; Natural Gas: Incinerators
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30190014 Industrial Processes; Chemical Manufacturing; Fuel Fired Equipment; Process Gas: Incinerators

30190013 Industrial Processes; Chemical Manufacturing; Fuel Fired Equipment; Natural Gas: Incinerators

References:

 "Control Measure Cost Calculation SummaryforNonEGUpointNOxcontrolsozoneRIA.xIs"
spreadsheet provided by Larry Sorrels (Sorrels.Larry@epamail.epa.gov) via email to Alison Eyth
(eyth@unc.edu) 04-Sep-2007.

Other information:
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Summary:

Control Measure Name:  Selective Catalytic Reduction; Iron & Steel Mills - Annealing
Abbreviation: NDSCRISAN

Description:  Application: This control is the selective catalytic reduction of NOx through add-on
controls. SCR controls are post-combustion control technologies based on the
chemical reduction of nitrogen oxides (NOx) into molecular nitrogen (N2) and water
vapor (H20). The SCR utilizes a catalyst to increase the NOx removal efficiency, which
allows the process to occur at lower temperatures.

Applies to iron and steel annealing operations with NOx emissions greater than 10 tons
per year.

Discussion: Selective Catalytic Reduction (SCR) has been widely applied to stationary
source, fossil fuel-fired, combustion units for emission control since the early 1970s.
SCR is typically implemented on units requiring a higher level of NOx control than
achievable by SNCR or other combustion controls (EPA, 2002).

Like SNCR, SCR is based on the chemical reduction of the NOx molecule. The primary
difference between SNCR and SCR is that SCR uses a metal-based catalyst to
increase the rate of reaction (EPA, 2002). A nitrogen based reducing reagent, such as
ammonia or urea, is injected into the flue gas. The reagent reacts selectively with the
flue gas NOx within a specific temperature range and in the presence of the catalyst
and oxygen to reduce the NOx.

The use of a catalyst results in two advantages of the SCR process over SNCR, the
higher NOx reduction efficiency and the lower and broader temperature ranges.
However, the decrease in reaction temperature and increase in efficiency is
accompanied by a significant increase in capital and operating costs (EPA, 2002). The
cost increase is due to the large amount of catalyst required.

The SCR system can utilize either aqueous or anhydrous ammonia as the reagent.
Anhydrous ammonia is a gas at atmospheric pressure and normal temperatures. There
are safety issues with the use of anhydrous ammonia, as it must be transported and
stored under pressure (EPA, 2002). Agueous ammonia is generally transported and
stored at a concentration of 29.4% ammonia in water.

Today, catalyst formulations include single component, multi-component, or active
phase with a support structure. Most catalyst formulations contain additional
compounds or sup-ports, providing thermal and structural stability or to increase
surface area (EPA, 2002).

The rate of reaction determines the amount of NOx removed from the flue gas. The
important design and operational factors that affect the rate of reduction include:
reaction temperature range; residence time available in the optimum temperature
range; degree of mixing between the injected reagent and the combustion gases;
uncontrolled NOx concentration level; molar ratio of injected reagent to uncontrolled
NOXx; ammonia slip; catalyst activity; catalyst selectivity; pressure drop across the
catalyst; catalyst pitch; catalyst deactivation; and catalyst management (EPA, 2001).

Class: Emerging
Pollutant: NOX
Equipment Life:  10.0 years
Control Technology: Selective Catalytic Reduction
Source Group: Iron & Steel Mills - Annealing
Sectors:  ptnonipm
Months:  All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX
Locale:
Effective Date: N/A
Cost Year: 1999
CPT: $5,269
Ref Yr CPT: $7,037
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Control Efficiency: 90.0
Min Emis: N/A
Max Emis: N/A
Rule Effectiveness: 100.0
Rule Penetration: 100.0
Equation Type: cpton
Capital Rec Fac: N/A
Discount Rate: N/A
Cap Ann Ratio: N/A
Incrememental CPT: N/A
Details:
Existing Measure:
Existing NEI Dev: 0
Pollutant: NOX
Locale:
Effective Date: N/A
Cost Year: 1999
CPT: $5,269
Ref Yr CPT: $7,037
Control Efficiency: 90.0
Min Emis: N/A
Max Emis: N/A
Rule Effectiveness: 100.0
Rule Penetration: 100.0
Equation Type: cpton
Capital Rec Fac: N/A
Discount Rate: N/A
Cap Ann Ratio: N/A
Incrememental CPT: N/A
Details:
Existing Measure:
Existing NEI Dev: 0
Cost Equations:
N/A
Affected SCCs:
Code Description
30300934 Industrial Processes; Primary Metal Production; Steel Manufacturing (See 3-03-015 for Integrated
Iron & Steel MACT); Heat Treating Furnaces: Annealing
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 "Control Measure Cost Calculation SummaryforNonEGUpointNOxcontrolsozoneRIA.xIs"
spreadsheet provided by Larry Sorrels (Sorrels.Larry@epamail.epa.gov) via email to Alison Eyth
(eyth@unc.edu) 04-Sep-2007.
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Summary:

Control Measure Name:  Selective Catalytic Reduction; Nitric Acid Manufacturing
Abbreviation: NDSCRNAMF

Description:  Application: This control is the selective catalytic reduction of NOx through add-on
controls. SCR controls are post-combustion control technologies based on the
chemical reduction of nitrogen oxides (NOx) into molecular nitrogen (N2) and water
vapor (H20). The SCR utilizes a catalyst to increase the NOx removal efficiency, which
allows the process to occur at lower temperatures.

Applies to nitric acid manufacturing operations with NOx emissions greater than 10 tons
per year.

Discussion: Selective Catalytic Reduction (SCR) has been widely applied to stationary
source, fossil fuel-fired, combustion units for emission control since the early 1970s.
SCR is typically implemented on units requiring a higher level of NOx control than
achievable by SNCR or other combustion controls (EPA, 2002).

Like SNCR, SCR is based on the chemical reduction of the NOx molecule. The primary
difference between SNCR and SCR is that SCR uses a metal-based catalyst to
increase the rate of reaction (EPA, 2002). A nitrogen based reducing reagent, such as
ammonia or urea, is injected into the flue gas. The reagent reacts selectively with the
flue gas NOx within a specific temperature range and in the presence of the catalyst
and oxygen to reduce the NOx.

The use of a catalyst results in two advantages of the SCR process over SNCR, the
higher NOx reduction efficiency and the lower and broader temperature ranges.
However, the decrease in reaction temperature and increase in efficiency is
accompanied by a significant increase in capital and operating costs (EPA, 2002). The
cost increase is due to the large amount of catalyst required.

The SCR system can utilize either aqueous or anhydrous ammonia as the reagent.
Anhydrous ammonia is a gas at atmospheric pressure and normal temperatures. There
are safety issues with the use of anhydrous ammonia, as it must be transported and
stored under pressure (EPA, 2002). Agueous ammonia is generally transported and
stored at a concentration of 29.4% ammonia in water.

Today, catalyst formulations include single component, multi-component, or active
phase with a support structure. Most catalyst formulations contain additional
compounds or sup-ports, providing thermal and structural stability or to increase
surface area (EPA, 2002).

The rate of reaction determines the amount of NOx removed from the flue gas. The
important design and operational factors that affect the rate of reduction include:
reaction temperature range; residence time available in the optimum temperature
range; degree of mixing between the injected reagent and the combustion gases;
uncontrolled NOx concentration level; molar ratio of injected reagent to uncontrolled
NOXx; ammonia slip; catalyst activity; catalyst selectivity; pressure drop across the
catalyst; catalyst pitch; catalyst deactivation; and catalyst management (EPA, 2001).

Class: Emerging
Pollutant: NOX
Equipment Life:  10.0 years
Control Technology: Selective Catalytic Reduction
Source Group:  Nitric Acid Manufacturing
Sectors:  ptnonipm
Months:  All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX
Locale:
Effective Date: N/A
Cost Year: 1999
CPT: $812
Ref Yr CPT: $1,084
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Control Efficiency: 90.0
Min Emis: N/A
Max Emis: N/A
Rule Effectiveness: 100.0
Rule Penetration: 100.0
Equation Type: cpton
Capital Rec Fac: N/A
Discount Rate: N/A
Cap Ann Ratio: N/A
Incrememental CPT: N/A
Details:
Existing Measure:
Existing NEI Dev: 0
Pollutant: NOX
Locale:
Effective Date: N/A
Cost Year: 1999
CPT: $812
Ref Yr CPT: $1,084
Control Efficiency: 90.0
Min Emis: N/A
Max Emis: N/A
Rule Effectiveness: 100.0
Rule Penetration: 100.0
Equation Type: cpton
Capital Rec Fac: N/A
Discount Rate: N/A
Cap Ann Ratio: N/A
Incrememental CPT: N/A
Details:
Existing Measure:
Existing NEI Dev: 0
Cost Equations:
N/A
Affected SCCs:
Code Description
30101302 Industrial Processes; Chemical Manufacturing; Nitric Acid; Absorber Tail Gas (Post-1970 Facilities)
30101301 Industrial Processes; Chemical Manufacturing; Nitric Acid; Absorber Tail Gas (Pre-1970 Facilities)

100




References:

 "Control Measure Cost Calculation SummaryforNonEGUpointNOxcontrolsozoneRIA.xIs"
spreadsheet provided by Larry Sorrels (Sorrels.Larry@epamail.epa.gov) via email to Alison Eyth
(eyth@unc.edu) 04-Sep-2007.
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Summary:

Control Measure Name:  Selective Catalytic Reduction; Pulp and Paper - Natural Gas - Incinerators
Abbreviation: NDSCRPPNG

Description:  Application: This control is the selective catalytic reduction of NOx through add-on
controls. SCR controls are post-combustion control technologies based on the
chemical reduction of nitrogen oxides (NOx) into molecular nitrogen (N2) and water
vapor (H20). The SCR utilizes a catalyst to increase the NOx removal efficiency, which
allows the process to occur at lower temperatures.

Discussion: Selective Catalytic Reduction (SCR) has been widely applied to stationary
source, fossil fuel-fired, combustion units for emission control since the early 1970s.
SCR is typically implemented on units requiring a higher level of NOx control than
achievable by SNCR or other combustion controls (EPA, 2002).

Like SNCR, SCR is based on the chemical reduction of the NOx molecule. The primary
difference between SNCR and SCR is that SCR uses a metal-based catalyst to
increase the rate of reaction (EPA, 2002). A nitrogen based reducing reagent, such as
ammonia or urea, is injected into the flue gas. The reagent

reacts selectively with the flue gas NOx within a specific temperature range and in the
presence of

the catalyst and oxygen to reduce the NOx.

The use of a catalyst results in two advantages of the SCR process over SNCR, the
higher NOx reduction efficiency and the lower and broader temperature ranges.
However, the decrease in reaction temperature and increase in efficiency is
accompanied by a significant increase in capital and operating costs (EPA, 2002). The
cost increase is due to the large amount of catalyst required.

The SCR system can utilize either aqueous or anhydrous ammonia as the reagent.
Anhydrous ammonia is a gas at atmospheric pressure and normal temperatures. There
are safety issues with the use of anhydrous ammonia, as it must be transported and
stored under pressure (EPA, 2002). Agueous ammonia is generally transported and
stored at a concentration of 29.4% ammonia in water.

Today, catalyst formulations include single component, multi-component, or active
phase with a support structure. Most catalyst formulations contain additional
compounds or sup-ports, providing thermal and structural stability or to increase
surface area (EPA, 2002).

The rate of reaction determines the amount of NOx removed from the flue gas. The
important design and operational factors that affect the rate of reduction include:
reaction temperature range; residence time available in the optimum temperature
range; degree of mixing between the injected reagent and the combustion gases;
uncontrolled NOx concentration level; molar ratio of injected reagent to uncontrolled
NOx; ammonia slip; catalyst activity; catalyst selectivity; pressure drop across the
catalyst; catalyst pitch; catalyst deactivation; and catalyst management (EPA, 2001).

Class: Emerging
Pollutant:  NOX
Equipment Life:  N/A years
Control Technology: Selective Catalytic Reduction
Source Group: Pulp and Paper - Natural Gas - Incinerators
Sectors:  ptnonipm
Months:  All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX
Locale:
Effective Date: N/A
Cost Year: 1999
CPT: $3,109
Ref Yr CPT: $4,152
Control Efficiency: 90.0
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Min Emis: N/A
Max Emis: N/A
Rule Effectiveness: 100.0
Rule Penetration: 100.0
Equation Type: cpton
Capital Rec Fac: N/A
Discount Rate: N/A
Cap Ann Ratio: N/A
Incrememental CPT: N/A
Details:
Existing Measure:
Existing NEI Dev: 0
Pollutant: NOX
Locale:
Effective Date: N/A
Cost Year: 1999
CPT: $3,109
Ref Yr CPT: $4,152
Control Efficiency: 90.0
Min Emis: N/A
Max Emis: N/A
Rule Effectiveness: 100.0
Rule Penetration: 100.0
Equation Type: cpton
Capital Rec Fac: N/A
Discount Rate: N/A
Cap Ann Ratio: N/A
Incrememental CPT: N/A
Details:
Existing Measure:
Existing NEI Dev: 0
Cost Equations:
N/A
Affected SCCs:
Code Description
30790013 Industrial Processes; Pulp and Paper and Wood Products; Fuel Fired Equipment; Natural Gas:
Incinerators
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* "Control Measure Cost Calculation SummaryforNonEGUpointNOxcontrolsozoneRIA.xIs"
spreadsheet provided by Larry Sorrels (Sorrels.Larry@epamail.epa.gov) via email to Alison Eyth
(eyth@unc.edu) 04-Sep-2007.

Other information:

104



Summary:

Control Measure Name:  Selective Catalytic Reduction; Solid Waste Disp;Gov;Other Incin;Sludge
Abbreviation: NDSCRSWIN

Description:  Application: This control is the reduction of NOx emission through selective non-
catalytic reduction add-on controls. SNCR controls are post-combustion control
technologies based on the chemical reduction of nitrogen oxides (NOXx) into molecular
nitrogen (N2) and water vapor (H20).

This control applies to solid waste disposal operations (classified under SCC
50100506) with uncontrolled NOx emissions greater than 10 tons per year.

Discussion: SNCR is the reduction of NOx in flue gas to N2 and water vapor. This
reduction is done with a nitrogen based reducing reagent, such as ammonia or urea.
The reagent can react with a number of flue gas components. However, the NOx
reduction reaction is favored for a specific temperature range and in the presence of
oxygen (EPA, 2002).

Both ammonia and urea are used as reagents. The cost of the reagent represents a
large part of the annual costs of an SNCR system. Ammonia is generally less
expensive than urea. However, the choice of reagent is also based on physical
properties and operational considerations (EPA, 2002).

Ammonia can be utilized in either aqueous or anhydrous form. Anhydrous ammonia is
a gas at atmospheric pressure and normal temperatures. There are safety issues with
the use of anhydrous ammonia, as it must be transported and stored under pressure
(EPA, 2002). Aqueous ammonia is generally transported and stored at a concentration
of 29.4% ammonia in water.

Urea based systems have several advantages, including several safety aspects. Urea
is a nontoxic, less volatile liquid that can be stored and handled more safely than
ammonia. Urea solution droplets can penetrate farther into the flue gas when injected
into the boiler, enhancing mixing (EPA, 2002). Because of these advantages, urea is
more commonly used than ammonia in large boiler applications.

The rate of reaction determines the amount of NOx removed from the flue gas. The
important design and operational factors that affect the rate of reduction include:

Reaction temperature range;

Residence time available in the optimum temperature range;

Degree of mixing between the injected reagent and the combustion gases
Uncontrolled NOx concentration level,

Molar ratio of injected reagent to uncontrolled NOx ; and

Ammonia slip.

Class: Emerging
Pollutant:  NOX
Equipment Life:  20.0 years
Control Technology: Selective Catalytic Reduction
Source Group:  Solid Waste Disp;Gov;Other Incin;Sludge
Sectors:  ptnonipm
Months:  All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX
Locale:

Effective Date: N/A
Cost Year: 1999
CPT: $3,109
Ref Yr CPT: $4,152
Control Efficiency: 90.0

Min Emis: N/A

Max Emis: N/A
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Rule Effectiveness: 100.0

Rule Penetration: 100.0

Equation Type: cpton

Capital Rec Fac: N/A

Discount Rate: N/A

Cap Ann Ratio: N/A

Incrememental CPT: N/A
Details:

Existing Measure:

Existing NEI Dev: 0
Pollutant: NOX
Locale:
Effective Date: N/A
Cost Year: 1999
CPT: $3,109
Ref Yr CPT: $4,152
Control Efficiency: 90.0
Min Emis: N/A
Max Emis: N/A
Rule Effectiveness: 100.0
Rule Penetration: 100.0
Equation Type: cpton
Capital Rec Fac: N/A
Discount Rate: N/A
Cap Ann Ratio: N/A
Incrememental CPT: N/A
Details:

Existing Measure:

Existing NEI Dev: 0
Cost Equations:
N/A
Affected SCCs:
Code Description
50300506 Waste Disposal; Solid Waste Disposal - Industrial; Incineration; Sludge
50300104 Waste Disposal; Solid Waste Disposal - Industrial; Incineration; Conical Design (Tee Pee)
Municipal Refuse
50300102 Waste Disposal; Solid Waste Disposal - Industrial; Incineration; Single Chamber
50300101 Waste Disposal; Solid Waste Disposal - Industrial; Incineration; Multiple Chamber
50200506 Waste Disposal; Solid Waste Disposal - Commercial/Institutional; Incineration: Special Purpose;

Sludge
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50100506 Waste Disposal; Solid Waste Disposal - Government; Other Incineration; Sludge
50100102 Waste Disposal; Solid Waste Disposal - Government; Municipal Incineration; Mass Burn: Single
Chamber
50100101 Waste Disposal; Solid Waste Disposal - Government; Municipal Incineration; Starved Air: Multiple
Chamber
References:

 "Control Measure Cost Calculation SummaryforNonEGUpointNOxcontrolsozoneRIA.xIs"

spreadsheet provided by Larry Sorrels (Sorrels.Larry@epamail.epa.gov) via email to Alison Eyth
(eyth@unc.edu) 04-Sep-2007.

Other information:
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Summary:

Control Measure Name:  Selective Catalytic Reduction; In-Process Fuel Use; Natural Gas; Gen
Abbreviation: NDSCRUNGGN

Description:  Application: This control is the selective catalytic reduction of NOx through add-on
controls. SCR controls are post-combustion control technologies based on the
chemical reduction of nitrogen oxides (NOx) into molecular nitrogen (N2) and water
vapor (H20). The SCR utilizes a catalyst to increase the NOx removal efficiency, which
allows the process to occur at lower temperatures.

This control is applicable to operations with in-process natural gas usage and
uncontrolled NOx emissions greater than 10 tons per year.

Discussion: Selective Catalytic Reduction (SCR) has been widely applied to stationary
source, fossil fuel-fired, combustion units for emission control since the early 1970s.
SCR is typically implemented on units requiring a higher level of NOx control than
achievable by SNCR or other combustion controls (EPA, 2002).

Like SNCR, SCR is based on the chemical reduction of the NOx molecule. The primary
difference between SNCR and SCR is that SCR uses a metal-based catalyst to
increase the rate of reaction (EPA, 2002). A nitrogen based reducing reagent, such as
ammonia or urea, is injected into the flue gas. The reagent reacts selectively with the
flue gas NOx within a specific temperature range and in the presence of the catalyst
and oxygen to reduce the NOx.

The use of a catalyst results in two advantages of the SCR process over SNCR, the
higher NOx reduction efficiency and the lower and broader temperature ranges.
However, the decrease in reaction temperature and increase in efficiency is
accompanied by a significant increase in capital and operating costs (EPA, 2002). The
cost increase is due to the large amount of catalyst required.

The SCR system can utilize either aqueous or anhydrous ammonia as the reagent.
Anhydrous ammonia is a gas at atmospheric pressure and normal temperatures. There
are safety issues with the use of anhydrous ammonia, as it must be transported and
stored under pressure (EPA, 2002). Agueous ammonia is generally transported and
stored at a concentration of 29.4% ammonia in water.

Today, catalyst formulations include single component, multi-component, or active
phase with a support structure. Most catalyst formulations contain additional
compounds or sup-ports, providing thermal and structural stability or to increase
surface area (EPA, 2002).

The rate of reaction determines the amount of NOx removed from the flue gas. The
important design and operational factors that affect the rate of reduction include:
reaction temperature range; residence time available in the optimum temperature
range; degree of mixing between the injected reagent and the combustion gases;
uncontrolled NOx concentration level; molar ratio of injected reagent to uncontrolled
NOXx; ammonia slip; catalyst activity; catalyst selectivity; pressure drop across the
catalyst; catalyst pitch; catalyst deactivation; and catalyst management (EPA, 2001).

Class: Emerging
Pollutant: NOX
Equipment Life:  15.0 years
Control Technology: Selective Catalytic Reduction
Source Group: In-Process Fuel Use; Natural Gas; Gen
Sectors:  ptnonipm
Months:  All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX
Locale:
Effective Date: N/A
Cost Year: 1999
CPT: $4,953
Ref Yr CPT: $6,615
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Control Efficiency: 90.0
Min Emis: N/A
Max Emis: N/A
Rule Effectiveness: 100.0
Rule Penetration: 100.0
Equation Type: cpton
Capital Rec Fac: N/A
Discount Rate: N/A
Cap Ann Ratio: N/A
Incrememental CPT: N/A
Details:
Existing Measure:
Existing NEI Dev: 0
Pollutant: NOX
Locale:
Effective Date: N/A
Cost Year: 1999
CPT: $4,953
Ref Yr CPT: $6,615
Control Efficiency: 90.0
Min Emis: N/A
Max Emis: N/A
Rule Effectiveness: 100.0
Rule Penetration: 100.0
Equation Type: cpton
Capital Rec Fac: N/A
Discount Rate: N/A
Cap Ann Ratio: N/A
Incrememental CPT: N/A
Details:
Existing Measure:
Existing NEI Dev: 0

Cost Equations:

N/A

Affected SCCs:

Code

Description

39000689 Industrial Processes; In-process Fuel Use; Natural Gas; General
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References:

* "Control Measure Cost Calculation SummaryforNonEGUpointNOxcontrolsozoneRIA.xIs"
spreadsheet provided by Larry Sorrels (Sorrels.Larry@epamail.epa.gov) via email to Alison Eyth
(eyth@unc.edu) 04-Sep-2007.

Other information:
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Summary:

Control Measure Name:  Selective Catalytic Reduction; In-Process; Process Gas; Coke Oven Gas2
Abbreviation: NDSCRUPGCO

Description:  Application: This control is the selective catalytic reduction of NOx through add-on
controls. SCR controls are post-combustion control technologies based on the chemical
reduction of nitrogen oxides (NOXx) into molecular nitrogen (N2) and water vapor (H20).
The SCR utilizes a catalyst to increase the NOx removal efficiency, which allows the
process to occur at lower temperatures.

This control is applicable to operations with in-process process gas usage from Coke
Oven Gas.

Discussion: Selective Catalytic Reduction (SCR) has been widely applied to stationary
source, fossil fuel-fired, combustion units for emission control since the early 1970s.
SCR is typically implemented on units requiring a higher level of NOx control than
achievable by SNCR or other combustion controls (EPA, 2002).

Like SNCR, SCR is based on the chemical reduction of the NOx molecule. The primary
difference between SNCR and SCR is that SCR uses a metal-based catalyst to
increase the rate of reaction (EPA, 2002). A nitrogen based reducing reagent, such as
ammonia or urea, is injected into the flue gas. The reagent reacts selectively with the
flue gas NOx within a specific temperature range and in the presence of the catalyst
and oxygen to reduce the NOx.

The use of a catalyst results in two advantages of the SCR process over SNCR, the
higher NOx reduction efficiency and the lower and broader temperature ranges.
However, the decrease in reaction temperature and increase in efficiency is
accompanied by a significant increase in capital and operating costs (EPA, 2002). The
cost increase is due to the large amount of catalyst required.

The SCR system can utilize either aqueous or anhydrous ammonia as the reagent.
Anhydrous ammonia is a gas at atmospheric pressure and normal temperatures. There
are safety issues with the use of anhydrous ammonia, as it must be transported and
stored under pressure (EPA, 2002). Agueous ammonia is generally transported and
stored at a concentration of 29.4% ammonia in water.

Today, catalyst formulations include single component, multi-component, or active
phase with a support structure. Most catalyst formulations contain additional
compounds or sup-ports, providing thermal and structural stability or to increase
surface area (EPA, 2002).

The rate of reaction determines the amount of NOx removed from the flue gas. The
important design and operational factors that affect the rate of reduction include:
reaction temperature range; residence time available in the optimum temperature
range; degree of mixing between the injected reagent and the combustion gases;
uncontrolled NOx concentration level; molar ratio of injected reagent to uncontrolled
NOXx; ammonia slip; catalyst activity; catalyst selectivity; pressure drop across the
catalyst; catalyst pitch; catalyst deactivation; and catalyst management (EPA, 2001).

Class: Emerging
Pollutant: NOX
Equipment Life:  15.0 years
Control Technology: Selective Catalytic Reduction
Source Group: In-Process; Process Gas; Coke Oven Gas2
Sectors:  ptnonipm
Months:  All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX
Locale:
Effective Date: N/A
Cost Year: 1999
CPT: $4,953
Ref Yr CPT: $6,615
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Control Efficiency: 90.0

Min Emis: N/A

Max Emis: N/A

Rule Effectiveness: 100.0

Rule Penetration: 100.0

Equation Type: cpton

Capital Rec Fac: N/A

Discount Rate: N/A

Cap Ann Ratio: N/A

Incrememental CPT: N/A
Details:

Existing Measure:

Existing NEI Dev: 0
Pollutant: NOX
Locale:
Effective Date: N/A
Cost Year: 1999
CPT: $4,953
Ref Yr CPT: $6,615
Control Efficiency: 90.0
Min Emis: N/A
Max Emis: N/A
Rule Effectiveness: 100.0
Rule Penetration: 100.0
Equation Type: cpton
Capital Rec Fac: N/A
Discount Rate: N/A
Cap Ann Ratio: N/A
Incrememental CPT: N/A
Details:

Existing Measure:

Existing NEI Dev: 0
Cost Equations:
N/A
Affected SCCs:
Code Description
39000789 Industrial Processes; In-process Fuel Use; Process Gas; Coke Oven Gas
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References:

* "Control Measure Cost Calculation SummaryforNonEGUpointNOxcontrolsozoneRIA.xIs"
spreadsheet provided by Larry Sorrels (Sorrels.Larry@epamail.epa.gov) via email to Alison Eyth
(eyth@unc.edu) 04-Sep-2007.

Other information:
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Summary:

Control Measure Name:  Selective Catalytic Reduction; In-Process Fuel Use; Residual Oil; Gen
Abbreviation: NDSCRUROGN

Description:  Application: This control is the selective catalytic reduction of NOx through add-on
controls. SCR controls are post-combustion control technologies based on the
chemical reduction of nitrogen oxides (NOx) into molecular nitrogen (N2) and water
vapor (H20). The SCR utilizes a catalyst to increase the NOx removal efficiency, which
allows the process to occur at lower temperatures.

This control is applicable to operations with in-process residual oil usage and
uncontrolled NOx emissions greater than 10 tons per year.

Discussion: Selective Catalytic Reduction (SCR) has been widely applied to stationary
source, fossil fuel-fired, combustion units for emission control since the early 1970s.
SCR is typically implemented on units requiring a higher level of NOx control than
achievable by SNCR or other combustion controls (EPA, 2002).

Like SNCR, SCR is based on the chemical reduction of the NOx molecule. The primary
difference between SNCR and SCR is that SCR uses a metal-based catalyst to
increase the rate of reaction (EPA, 2002). A nitrogen based reducing reagent, such as
ammonia or urea, is injected into the flue gas. The reagent reacts selectively with the
flue gas NOx within a specific temperature range and in the presence of the catalyst
and oxygen to reduce the NOx.

The use of a catalyst results in two advantages of the SCR process over SNCR, the
higher NOx reduction efficiency and the lower and broader temperature ranges.
However, the decrease in reaction temperature and increase in efficiency is
accompanied by a significant increase in capital and operating costs (EPA, 2002). The
cost increase is due to the large amount of catalyst required.

The SCR system can utilize either aqueous or anhydrous ammonia as the reagent.
Anhydrous ammonia is a gas at atmospheric pressure and normal temperatures. There
are safety issues with the use of anhydrous ammonia, as it must be transported and
stored under pressure (EPA, 2002). Agueous ammonia is generally transported and
stored at a concentration of 29.4% ammonia in water.

Today, catalyst formulations include single component, multi-component, or active
phase with a support structure. Most catalyst formulations contain additional
compounds or sup-ports, providing thermal and structural stability or to increase
surface area (EPA, 2002).

The rate of reaction determines the amount of NOx removed from the flue gas. The
important design and operational factors that affect the rate of reduction include:
reaction temperature range; residence time available in the optimum temperature
range; degree of mixing between the injected reagent and the combustion gases;
uncontrolled NOx concentration level; molar ratio of injected reagent to uncontrolled
NOXx; ammonia slip; catalyst activity; catalyst selectivity; pressure drop across the
catalyst; catalyst pitch; catalyst deactivation; and catalyst management (EPA, 2001).

Class: Emerging
Pollutant: NOX
Equipment Life:  15.0 years
Control Technology: Selective Catalytic Reduction
Source Group: In-Process Fuel Use; Residual Oil; Gen
Sectors:  ptnonipm
Months:  All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX
Locale:
Effective Date: N/A
Cost Year: 1999
CPT: $4,458
Ref Yr CPT: $5,954
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Control Efficiency: 90.0
Min Emis: N/A
Max Emis: N/A
Rule Effectiveness: 100.0
Rule Penetration: 100.0
Equation Type: cpton
Capital Rec Fac: N/A
Discount Rate: N/A
Cap Ann Ratio: N/A
Incrememental CPT: N/A
Details:
Existing Measure:
Existing NEI Dev: 0
Pollutant: NOX
Locale:
Effective Date: N/A
Cost Year: 1999
CPT: $4,458
Ref Yr CPT: $5,954
Control Efficiency: 90.0
Min Emis: N/A
Max Emis: N/A
Rule Effectiveness: 100.0
Rule Penetration: 100.0
Equation Type: cpton
Capital Rec Fac: N/A
Discount Rate: N/A
Cap Ann Ratio: N/A
Incrememental CPT: N/A
Details:
Existing Measure:
Existing NEI Dev: 0

Cost Equations:

N/A

Affected SCCs:

Code

Description

39000489 Industrial Processes; In-process Fuel Use; Residual Oil; General
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References:

* "Control Measure Cost Calculation SummaryforNonEGUpointNOxcontrolsozoneRIA.xIs"
spreadsheet provided by Larry Sorrels (Sorrels.Larry@epamail.epa.gov) via email to Alison Eyth
(eyth@unc.edu) 04-Sep-2007.

Other information:
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Summary:

Control Measure Name:
Abbreviation:
Description:

Class:

Pollutant:
Equipment Life:
Control Technology:
Source Group:
Sectors:

Months:

Electric Boost; Glass Manufacturing - Container

NELBOGMCN

Application: This control is the use of electric boost technologies to reduce NOx

emissions from glass manufacturing operations.

This control applies to container glass manufacturing operations classified under SCC

30501402.

Discussion: The 250 tons per day plant is assumed to be representative of container

glass plants (Pechan, 1998).
Known

NOX

10.0 years

Electric Boost

Glass Manufacturing - Container
ptnonipm

All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX NOX
Locale:

Effective Date: N/A N/A
Cost Year: 1990 1990

CPT: $7,150 $7,150

Ref Yr CPT: $11,450 $11,450
Control Efficiency: 10.0 10.0
Min Emis: 365.0 0.0

Max Emis: N/A 365.0

Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton

Capital Rec Fac: 0.14000000059604645 0.14000000059604645

Discount Rate: N/A N/A
Cap Ann Ratio: N/A N/A
Incrememental CPT: N/A N/A

Details:

Applied to large source types

Applied to small source types

Existing Measure:

Existing NEI Dev: 0 0
Pollutant: NOX NOX
Locale:
Effective Date: N/A N/A
Cost Year: 1990 1990
CPT: $7,150 $7,150
Ref Yr CPT: $11,450 $11,450
Control Efficiency: 10.0 10.0

117




Min Emis: 365.0 0.0
Max Emis: N/A 365.0
Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.14000000059604645 0.14000000059604645
Discount Rate: N/A N/A
Cap Ann Ratio: N/A N/A
Incrememental CPT: N/A N/A
Details: Applied to large source types Applied to small source types
Existing Measure:
Existing NEI Dev: 0 0
Cost Equations:
N/A
Affected SCCs:
Code Description
30501402 Industrial Processes; Mineral Products; Glass Manufacture; Container Glass: Melting Furnace

References:

* Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of
Air Quality Planning and Standards, Innovative Strategies and Economics Group, Research
Triangle Park, September 1998.

* EPA, 1994: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions
from Glass Manufacturing,"” EPA,-453/R-94-037, Research Triangle Park, NC, June 1994.

Other information:

ADMIN_PCT: 0%

CE_TEXT: 10% from uncontrolled

CHEM_PCT: 0%

COST_BASIS: The basis of the costs are model plant data contained in the Alternative Control Techniques

(ACT) document (EPA, 1994). Capital, and annual cost information that was obtained from
control-specific cost data based on tons of glass produced. O&M costs were back calculated
from annual costs. From these determinations, default cost per ton values were assigned
along with a capital to annual cost ratio of 4.5. A discount rate of 10 percent and a capacity
factor of 65 percent are assumed, along with an equipment lifetime of 10 years (EPA, 1994).

CPTON_TEXT: The default cost effectiveness value used in AirControlNET is $7,150 per ton NOx reduced
from both uncontrolled and RACT (1990%).
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CTRL_EFF_T:

10%

ELEC_PCT:

0%

ELEC_RT:

$0/kWh

FUEL_PCT:

0%

HG_CE_T:

10%

INSRNC_PCT:

0%

MNTLBR_PCT:

0%

MNTLBR_RT:

$0/hr

MNTMTL_PCT:

0%

NG_RT:

$0/cf

NOX:

Co*

OMATL_PCT:

0%

OPLBR_PCT:

0%

OPLBR_RT:

$0/hr

OTHR_PCT:

0%

OVRHD_PCT:

0%

PROPTX_PCT:

0%

RPLMTL_PCT:

0%

RULE:

Not Applicable

SPVLBR_PCT:

0%

STEAM_PCT:

0%

TDIR_PCT:

0%

TINDIR_PCT:

0%

UTIL_PCT:

0%

WSTDSP_PCT:

0%
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Summary:

Control Measure Name:
Abbreviation:
Description:

Class:

Pollutant:
Equipment Life:
Control Technology:
Source Group:
Sectors:

Months:

Electric Boost; Glass Manufacturing - Flat
NELBOGMFT

Application: This control is the use of electric boost technologies to reduce NOx

emissions from glass manufacturing operations.

This control applies to flat glass manufacturing operations classified under SCC

30501403.

Discussion: The 500 tons per day plant is assumed to be representative of flat glass

plants (Pechan, 1998).
Known

NOX

10.0 years

Electric Boost

Glass Manufacturing - Flat
ptnonipm

All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX NOX
Locale:
Effective Date: N/A N/A
Cost Year: 1990 1990
CPT: $2,320 $2,320
Ref Yr CPT: $3,715 $3,715
Control Efficiency: 10.0 10.0
Min Emis: 365.0 0.0
Max Emis: N/A 365.0
Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.14000000059604645 0.14000000059604645
Discount Rate: N/A N/A
Cap Ann Ratio: N/A N/A
Incrememental CPT: N/A N/A

Details:

Applied to large source types

Applied to small source types

Existing Measure:

Existing NEI Dev: 0 0
Pollutant: NOX NOX
Locale:

Effective Date: N/A N/A
Cost Year: 1990 1990
CPT: $2,320 $2,320
Ref Yr CPT: $3,715 $3,715
Control Efficiency: 10.0 10.0
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Min Emis: 365.0 0.0
Max Emis: N/A 365.0
Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.14000000059604645 0.14000000059604645
Discount Rate: N/A N/A
Cap Ann Ratio: N/A N/A
Incrememental CPT: N/A N/A
Details: Applied to large source types Applied to small source types
Existing Measure:
Existing NEI Dev: 0 0
Cost Equations:
N/A
Affected SCCs:
Code Description
30501403 Industrial Processes; Mineral Products; Glass Manufacture; Flat Glass: Melting Furnace

References:

* Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of
Air Quality Planning and Standards, Innovative Strategies and Economics Group, Research
Triangle Park, September 1998.

* EPA, 1994: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions
from Glass Manufacturing,"” EPA,-453/R-94-037, Research Triangle Park, NC, June 1994.

Other information:

ADMIN_PCT: 0%

CE_TEXT: 10% from uncontrolled

CHEM_PCT: 0%

COST_BASIS: The basis of the costs are model plant data contained in the Alternative Control Techniques

(ACT) document (EPA, 1994). Capital and annual cost information that was obtained from
control-specific cost data based on tons of glass produced. O&M costs were back calculated
from annual costs. From these determinations, default cost per ton values were assigned
along with a capital to annual cost ratio of 4.5. A discount rate of 10 percent and a capacity
factor of 65 percent are assumed, along with an equipment lifetime of 10 years (EPA, 1994).

CPTON_TEXT: The default cost effectiveness value used in AirControlNET is $2,320 per ton NOx reduced
from both uncontrolled and RACT (1990%).
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CTRL_EFF_T:

10%

ELEC_PCT:

0%

ELEC_RT:

$0/kWh

FUEL_PCT:

0%

HG_CE_T:

10%

INSRNC_PCT:

0%

MNTLBR_PCT:

0%

MNTLBR_RT:

$0/hr

MNTMTL_PCT:

0%

NG_RT:

$0/cf

NOX:

Co*

OMATL_PCT:

0%

OPLBR_PCT:

0%

OPLBR_RT:

$0/hr

OTHR_PCT:

0%

OVRHD_PCT:

0%

PROPTX_PCT:

0%

RPLMTL_PCT:

0%

RULE:

Not Applicable

SPVLBR_PCT:

0%

STEAM_PCT:

0%

TDIR_PCT:

0%

TINDIR_PCT:

0%

UTIL_PCT:

0%

WSTDSP_PCT:

0%
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Summary:

Control Measure Name:
Abbreviation:
Description:

Electric Boost; Glass Manufacturing - General
NELBOGMGN

Application: This control is the use of electric boost technologies to reduce NOx
emissions from glass manufacturing operations.

This control applies to general glass manufacturing operations classified under SCC

30501401.

Class: Known

Pollutant:  NOX

Equipment Life:  10.0 years
Control Technology:
Source Group:
Sectors:
Months:

ptnonipm
All Months

Electric Boost
Glass Manufacturing - Container

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX NOX
Locale:
Effective Date: N/A N/A
Cost Year: 2002 2002
CPT: $7,100 $7,100
Ref Yr CPT: $8,928 $8,928
Control Efficiency: 30.0 30.0
Min Emis: 365.0 0.0
Max Emis: N/A 365.0
Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.14000000059604645 0.14000000059604645
Discount Rate: N/A N/A
Cap Ann Ratio: N/A N/A
Incrememental CPT: N/A N/A

Details:

Applied to large source types

Applied to small source types

Existing Measure:

Existing NEI Dev: 0 0
Pollutant: NOX NOX
Locale:

Effective Date: N/A N/A
Cost Year: 2002 2002
CPT: $7,100 $7,100
Ref Yr CPT: $8,928 $8,928
Control Efficiency: 30.0 30.0

Min Emis: 365.0 0.0

Max Emis: N/A 365.0
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Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.14000000059604645 0.14000000059604645
Discount Rate: N/A N/A
Cap Ann Ratio: N/A N/A
Incrememental CPT: N/A N/A
Details: Applied to large source types Applied to small source types
Existing Measure:
Existing NEI Dev: 0 0
Cost Equations:
N/A
Affected SCCs:
Code Description
30501401 Industrial Processes; Mineral Products; Glass Manufacture; Furnace/General**
References:

» Oxygen Enriched Air Staging a Cost-effective Method For Reducing NOx Emissions. Industrial
Technologies. April 2002. Available at:
http://www1.eere.energy.gov/manufacturing/resources/glass/pdfs/airstaging.pdf

Other information:
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Summary:

Control Measure Name:
Abbreviation:
Description:

Class:

Pollutant:
Equipment Life:
Control Technology:
Source Group:
Sectors:

Months:

Electric Boost; Glass Manufacturing - Pressed

NELBOGMPD

Application: This control is the use of electric boost technologies to reduce NOx

emissions from glass manufacturing operations.

This control applies to pressed glass manufacturing operations classified under SCC

30501403.

Discussion: The 50 tons per day plant is assumed to be representative of pressed glass

plants (Pechan, 1998).

Known

NOX

10.0 years

Electric Boost

Glass Manufacturing - Pressed
ptnonipm

All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX NOX
Locale:
Effective Date: N/A N/A
Cost Year: 1990 1990
CPT: $8,760 $2,320
Ref Yr CPT: $14,028 $3,715
Control Efficiency: 10.0 10.0
Min Emis: 365.0 0.0
Max Emis: N/A 365.0
Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.14000000059604645 0.14000000059604645
Discount Rate: N/A N/A
Cap Ann Ratio: N/A N/A
Incrememental CPT: N/A 8760.0

Details:

Applied to large source types

Applied to small source types

Existing Measure:

Existing NEI Dev: 0 0
Pollutant: NOX NOX
Locale:

Effective Date: N/A N/A
Cost Year: 1990 1990
CPT: $8,760 $2,320
Ref Yr CPT: $14,028 $3,715
Control Efficiency: 10.0 10.0
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Min Emis: 365.0 0.0
Max Emis: N/A 365.0
Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.14000000059604645 0.14000000059604645
Discount Rate: N/A N/A
Cap Ann Ratio: N/A N/A
Incrememental CPT: N/A 8760.0
Details: Applied to large source types Applied to small source types
Existing Measure:
Existing NEI Dev: 0 0
Cost Equations:
N/A
Affected SCCs:
Code Description
30501403 Industrial Processes; Mineral Products; Glass Manufacture; Flat Glass: Melting Furnace

References:

* Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of
Air Quality Planning and Standards, Innovative Strategies and Economics Group, Research
Triangle Park, September 1998.

* EPA, 1994: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions
from Glass Manufacturing,"” EPA,-453/R-94-037, Research Triangle Park, NC, June 1994.

Other information:

ADMIN_PCT: 0%

CE_TEXT: 10% from uncontrolled

CHEM_PCT: 0%

COST_BASIS: The basis of the costs are model plant data contained in the Alternative Control Techniques

(ACT) document (EPA, 1994). Capital, and annual cost information that was obtained from
control-specific cost data based on tons of glass produced. O&M costs were back calculated
from annual costs. From these determinations, default cost per ton values were assigned
along with a capital to annual cost ratio of 4.5. A discount rate of 10 percent and a capacity
factor of 65 percent are assumed, along with an equipment lifetime of 10 years (EPA, 1994).

CPTON_TEXT: The default cost effectiveness value used in AirControINET is $8,760 per ton NOx reduced
from both uncontrolled and RACT (1990%).
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CTRL_EFF_T:

10%

ELEC_PCT:

0%

ELEC_RT:

$0/kWh

FUEL_PCT:

0%

HG_CE_T:

10%

INSRNC_PCT:

0%

MNTLBR_PCT:

0%

MNTLBR_RT:

$0/hr

MNTMTL_PCT:

0%

NG_RT:

$0/cf

NOX:

Co*

OMATL_PCT:

0%

OPLBR_PCT:

0%

OPLBR_RT:

$0/hr

OTHR_PCT:

0%

OVRHD_PCT:

0%

PROPTX_PCT:

0%

RPLMTL_PCT:

0%

RULE:

Not Applicable

SPVLBR_PCT:

0%

STEAM_PCT:

0%

TDIR_PCT:

0%

TINDIR_PCT:

0%

UTIL_PCT:

0%

WSTDSP_PCT:

0%
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Summary:

Control Measure Name:

Abbreviation:
Description:

Class:

Pollutant:
Equipment Life:
Control Technology:
Source Group:
Sectors:

Months:

EMx and Dry Low NOx Combustion; Gas Turbines - Natural Gas
NEMXDGTNG

Application: This control is the use of EMx in combination with dry low NOx combustion.
EMx is a post-combustion catalytic oxidation and absorption technology that uses a
two- stage catalyst/absorber system for the control of NOx as well as CO, VOC, and
optionally SOx. A coated catalyst oxidizes NO to NO2, CO to CO2, and VOC to CO2
and water. The NO2 is then absorbed onto the catalyst surface where it is chemically
converted to and stored as potassium nitrates and nitrites. A proprietary regeneration
gas is periodically passed through the catalyst to desorb the NO2 from the catalyst and
reduce it to elemental nitrogen (N2). EMx has been successfully demonstrated on
several small combustion turbine projects up to 45 MW. The manufacturer has claimed
that EMx can be effectively scaled up to larger turbines (CT-1).

Cost estimates for DLN combustion in 2008 dollars are not available. Thus, the total
system cost in this analysis in 2008 dollars was developed from 1999 cost estimates for
DLN combustion that were escalated to 2008 dollars and added to the available 2008
estimate for the EMx system.

Emerging
NOX
15.0 years

EMx and Dry Low NOx Combustion

Gas Turbines - Natural Gas

ptnonipm
All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX
Locale:
Effective Date: N/A
Cost Year: 2008
CPT: $2,040
Ref Yr CPT: $2,198
Control Efficiency: 99.0
Min Emis: 365.0
Max Emis: N/A
Rule Effectiveness: 100.0
Rule Penetration: 100.0
Equation Type: cpton
Capital Rec Fac: 0.10999999940395355
Discount Rate: N/A
Cap Ann Ratio: 4.1
Incrememental CPT: 12370.0

Details:

Applied to large source types (50 to 180 MW); DLN
costs estimated in 1999 dollars were escalated to
2008 dollars using the CEPCI, except parts and
repair costs were assumed to be the same in 2008
as in 1999.

Existing Measure:

Existing NEI Dev:
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Pollutant: NOX
Locale:
Effective Date: N/A
Cost Year: 2008
CPT: $2,040
Ref Yr CPT: $2,198
Control Efficiency: 99.0
Min Emis: 365.0
Max Emis: N/A
Rule Effectiveness: 100.0
Rule Penetration: 100.0
Equation Type: cpton
Capital Rec Fac: 0.10999999940395355
Discount Rate: N/A
Cap Ann Ratio: 4.1
Incrememental CPT: 12370.0

Details:

Applied to large source types (50 to 180 MW); DLN
costs estimated in 1999 dollars were escalated to
2008 dollars using the CEPCI, except parts and
repair costs were assumed to be the same in 2008
as in 1999.

Existing Measure:

Existing NEI Dev:

Cost Equations:

Name: Type 2

Description: Non-EGU NOx

Inventory Fields:

design_capacity, design_capacity _unit_numerator, design_capacity_unit_denominator

Formula: Annual Cost = Annual Cost Multiplier x (Boiler Capacity [in MMBtu/hr]) ~ Exponent + Base

Capital Coat = Capital Cost Multiplier x (Boiler Capacity [in MMBtu/hr]) ~ Exponent + Base
Variable Name Value

Pollutant NOX

Cost Year 2008

Capital Cost Multiplier 126892.0

Capital Cost Exponent 0.74

Annual Cost Multiplier 20041.0

Annual Cost Exponent 0.8

Incremental Capital Cost Multiplier 156349.0

Incremental Capital Cost Exponent 0.68

Incremental Annual Cost Multiplier 17252.0

Incremental Annual Cost Exponent 0.8

Capital Cost Base
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Annual Cost Base

Incremental Capital Cost Base

Incremental Annual Cost Base

Affected SCCs:

Code Description
50100420 Waste Disposal; Solid Waste Disposal - Government; Landfill Dump; Waste Gas Recovery: Gas
Turbines

20400304 Internal Combustion Engines; Engine Testing; Turbine; Landfill Gas

20400301 Internal Combustion Engines; Engine Testing; Turbine; Natural Gas

20300809 Internal Combustion Engines; Commercial/Institutional; Landfill Gas; Turbine: Exhaust
20300801 Internal Combustion Engines; Commercial/Institutional; Landfill Gas; Turbine

20300709 Internal Combustion Engines; Commercial/Institutional; Digester Gas; Turbine: Exhaust
20300701 Internal Combustion Engines; Commercial/Institutional; Digester Gas; Turbine

20300209 Internal Combustion Engines; Commercial/Institutional; Natural Gas; Turbine: Exhaust
20300203 Internal Combustion Engines; Commercial/Institutional; Natural Gas; Turbine: Cogeneration
20300202 Internal Combustion Engines; Commercial/Institutional; Natural Gas; Turbine

20200714 Internal Combustion Engines; Industrial; Process Gas; Turbine: Exhaust

20200705 Internal Combustion Engines; Industrial; Process Gas; Refinery Gas: Turbine

20200701 Internal Combustion Engines; Industrial; Process Gas; Turbine

20200209 Internal Combustion Engines; Industrial; Natural Gas; Turbine: Exhaust

20200203 Internal Combustion Engines; Industrial; Natural Gas; Turbine: Cogeneration

20200201 Internal Combustion Engines; Industrial; Natural Gas; Turbine
References:

* Bay Area Air Quality Management District, 2010. Preliminary Determination of Compliance.
Marsh Landing Generating Station. March 2010. Available at:
http://www.energy.ca.gov/sitingcases/marshlanding/documents/other/2010-03-

24 Bay Area AQMD_PDOC.pdf

* Onsite Sycom Energy Corporation, 1999. “Cost Analysis of NOx Control Alternatives for
Stationary Gas Turbines.” Prepared for U.S. Department of Energy. Environmental Programs
Chicago Operations Office. November 5, 1999. Available at:
https://www1.eere.energy.gov/manufacturing/distributedenergy/pdfs/gas_turbines_nox_cost_ana
lysis.pdf

» EmeraChem Power, 2008. Attachment in email from Jeff Valmus, EmeraChem Power, to
Weyman Lee, BAAQMD. Request for EMx Cost Information. September 8, 2008. Available at:
http://mww.baagmd.gov/~/media/Files/Engineering/Public%20Notices/2010/18404/Footnotes/EM
x%20BACT%20economic%20analysis%20f inal09072008.ashx
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» CH2MHIill, 2002. Walnut Energy Center Application for Certification. Prepared for California
Energy Commission. November 2002. Available at:
www.energy.ca.gov/sitingcases/turlock/documents/applicant_files/volume_2/App_08.01E_Eval_
Control.pdf.

* CARB, 2004. California Environmental Protection Agency. Air Resources Board. Report to the
Legislature. Gas-Fired Power Plant NOx Emission Controls and Related Environmental Impacts.
Stationary Source Division. May 2004. Available at:
http://www.arb.ca.gov/research/apr/reports/I2069.pdf

Other information:
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Summary:

Control Measure Name:
Abbreviation:
Description:

Class:

Pollutant:
Equipment Life:
Control Technology:
Source Group:
Sectors:

Months:

EMx and Water Injection; Gas Turbines - Natural Gas

NEMXWGTNG

Application: This control is the use of EMx in combination with water injection.

Cost estimates for water injection in 2008 dollars are not available. Thus, the total
system cost in this analysis in 2008 dollars was developed from 1999 cost estimates for
water injection that were escalated to 2008 dollars and added to the available 2008

estimate for the EMx system.
Emerging

NOX

15.0 years

EMx and Water Injection
Gas Turbines - Natural Gas
ptnonipm

All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX
Locale:
Effective Date: N/A
Cost Year: 2008
CPT: $2,960
Ref Yr CPT: $3,189
Control Efficiency: 99.0
Min Emis: 365.0
Max Emis: N/A
Rule Effectiveness: 100.0
Rule Penetration: 100.0
Equation Type: cpton
Capital Rec Fac: 0.10999999940395355
Discount Rate: N/A
Cap Ann Ratio: 2.9
Incrememental CPT: 7120.0

Details:

Applied to large source types (50 to 180 MW); WI
costs estimated using the same procedure as for
NSCRWGTNG applied to large sources.

Existing Measure:

Existing NEI Dev: 0
Pollutant: NOX
Locale:

Effective Date: N/A
Cost Year: 2008
CPT: $2,960
Ref Yr CPT: $3,189
Control Efficiency: 99.0
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Min Emis: 365.0
Max Emis: N/A
Rule Effectiveness: 100.0
Rule Penetration: 100.0
Equation Type: cpton
Capital Rec Fac: 0.10999999940395355
Discount Rate: N/A
Cap Ann Ratio: 2.9
Incrememental CPT: 7120.0

Details:

Applied to large source types (50 to 180 MW); WI
costs estimated using the same procedure as for
NSCRWGTNG applied to large sources.

Existing Measure:

Existing NEI Dev:

Cost Equations:

Name: Type 2
Description:

Inventory Fields:

Non-EGU NOx

design_capacity, design_capacity_unit_numerator, design_capacity_unit_denominator

Formula: Annual Cost = Annual Cost Multiplier x (Boiler Capacity [in MMBtu/hr]) ~ Exponent + Base

Capital Coat = Capital Cost Multiplier x (Boiler Capacity [in MMBtu/hr]) ~ Exponent + Base
Variable Name Value

Pollutant NOX

Cost Year 2008

Capital Cost Multiplier 196928.0

Capital Cost Exponent 0.68

Annual Cost Multiplier 18747.0

Annual Cost Exponent 0.86

Incremental Capital Cost Multiplier 156349.0

Incremental Capital Cost Exponent 0.68

Incremental Annual Cost Multiplier 17252.0

Incremental Annual Cost Exponent 0.8

Capital Cost Base

Annual Cost Base

Incremental Capital Cost Base

Incremental Annual Cost Base

Affected SCCs:

Code

Description

50100420

Turbines

Waste Disposal; Solid Waste Disposal - Government; Landfill Dump; Waste Gas Recovery: Gas
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20400304 Internal Combustion Engines; Engine Testing; Turbine; Landfill Gas

20400301 Internal Combustion Engines; Engine Testing; Turbine; Natural Gas

20300809 Internal Combustion Engines; Commercial/Institutional; Landfill Gas; Turbine: Exhaust
20300801 Internal Combustion Engines; Commercial/Institutional; Landfill Gas; Turbine
20300709 Internal Combustion Engines; Commercial/Institutional; Digester Gas; Turbine: Exhaust
20300701 Internal Combustion Engines; Commercial/Institutional; Digester Gas; Turbine
20300209 Internal Combustion Engines; Commercial/Institutional; Natural Gas; Turbine: Exhaust
20300203 Internal Combustion Engines; Commercial/Institutional; Natural Gas; Turbine: Cogeneration
20300202 Internal Combustion Engines; Commercial/Institutional; Natural Gas; Turbine
20200714 Internal Combustion Engines; Industrial; Process Gas; Turbine: Exhaust

20200705 Internal Combustion Engines; Industrial; Process Gas; Refinery Gas: Turbine
20200701 Internal Combustion Engines; Industrial; Process Gas; Turbine

20200209 Internal Combustion Engines; Industrial; Natural Gas; Turbine: Exhaust

20200203 Internal Combustion Engines; Industrial; Natural Gas; Turbine: Cogeneration
20200201 Internal Combustion Engines; Industrial; Natural Gas; Turbine

References:

* Bay Area Air Quality Management District, 2010. Preliminary Determination of Compliance.
Marsh Landing Generating Station. March 2010. Available at:
http://www.energy.ca.gov/sitingcases/marshlanding/documents/other/2010-03-

24 Bay Area AQMD_PDOC.pdf

» EmeraChem Power, 2008. Attachment in email from Jeff Valmus, EmeraChem Power, to
Weyman Lee, BAAQMD. Request for EMx Cost Information. September 8, 2008. Available at:
http://mwww.baagmd.gov/~/media/Files/Engineering/Public%20Notices/2010/18404/Footnotes/EM
x%20BACT%20economic%20analysis%20f inal09072008.ashx

Other information:
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Summary:

Control Measure Name: Seasonal Ban (Ozone Season Daily Only) (base year = 1996);Agricultural Burning
Abbreviation: NEPABURN96

Description:  Application: An ozone season ban of burning is a ban of burning on an ozone season
day where ozone exceedances are predicted. Ozone season daily ban of agricultural
burning to reduce NOx emissions during the ban.

This control is applicable to field burning where the entire field would be set on fire, and
can be applied to all crop types. These sources are classified under 2801500000.

Discussion: Costs may be incurred if personnel scheduled to participate in the
agricultural burning cannot be used elsewhere or if fire personnel or other professionals
have been scheduled to participate.

Assuming full compliance with the regulation, ozone season daily emission reductions
from such a regulation would be 100 percent. However, annual emission reductions
would not be expected, because there would likely be a shift in the timing of the
emissions, not a reduction in the total amount of annual NOx emitted. A compliance
rate of 80 percent is used in estimating daily reductions (Pechan, 1997).

Class: Known
Pollutant:  NOX
Equipment Life:  N/A years
Control Technology: Seasonal Ban (Ozone Season Daily Only)
Source Group:  Agricultural Burning
Sectors:  nonpt
Months:  All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX
Locale:
Effective Date: N/A
Cost Year: 1990
CPT:
Ref Yr CPT:
Control Efficiency: 100.0
Min Emis: N/A
Max Emis: N/A
Rule Effectiveness: 80.0
Rule Penetration: 100.0
Equation Type: cpton
Capital Rec Fac: N/A
Discount Rate: N/A
Cap Ann Ratio: N/A
Incrememental CPT: N/A
Details: new 9/24/99 - Apply Only to OSD Emissions
(seasonal shift; ann emis remain same)
Existing Measure:
Existing NEI Dev: 0
Pollutant: NOX
Locale:
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Effective Date: N/A

Cost Year: 1990

CPT:

Ref Yr CPT:

Control Efficiency: 100.0

Min Emis: N/A

Max Emis: N/A

Rule Effectiveness: 80.0

Rule Penetration: 100.0

Equation Type: cpton

Capital Rec Fac: N/A

Discount Rate: N/A

Cap Ann Ratio: N/A

Incrememental CPT: N/A

Details: new 9/24/99 - Apply Only to OSD Emissions

(seasonal shift; ann emis remain same)

Existing Measure:

Existing NEI Dev: 0

Cost Equations:

N/A

Affected SCCs:

Code

Description

2801500000

Miscellaneous Area Sources; Agriculture Production - Crops - as nonpoint; Agricultural Field
Burning - whole field set on fire; Unspecified crop type and Burn Method

2801500111

Miscellaneous Area Sources; Agriculture Production - Crops - as nonpoint; Agricultural Field
Burning - whole field set on fire; Field Crop is Alfalfa : Headfire Burning

2801500120

Miscellaneous Area Sources; Agriculture Production - Crops - as nonpoint; Agricultural Field
Burning - whole field set on fire; Field Crop is Asparagus: Burning Techniques Not Significant

2801500141

Miscellaneous Area Sources; Agriculture Production - Crops - as nonpoint; Agricultural Field
Burning - whole field set on fire; Field Crop is Bean (red): Headfire Burning

2801500150

Miscellaneous Area Sources; Agriculture Production - Crops - as nonpoint; Agricultural Field
Burning - whole field set on fire; Field Crop is Corn: Burning Techniques Not Important

2801500170

Miscellaneous Area Sources; Agriculture Production - Crops - as nonpoint; Agricultural Field
Burning - whole field set on fire; Field Crop is Grasses: Burning Techniques Not Important

2801500182

Miscellaneous Area Sources; Agriculture Production - Crops - as nonpoint; Agricultural Field
Burning - whole field set on fire; Field Crop is Hay (wild): Backfire Burning

2801500192

Miscellaneous Area Sources; Agriculture Production - Crops - as nonpoint; Agricultural Field
Burning - whole field set on fire; Field Crop is Oats: Backfire Burning

2801500202

Miscellaneous Area Sources; Agriculture Production - Crops - as nonpoint; Agricultural Field
Burning - whole field set on fire; Field Crop is Pea: Backfire Burning

2801500220

Miscellaneous Area Sources; Agriculture Production - Crops - as nonpoint; Agricultural Field
Burning - whole field set on fire; Field Crop is Rice: Burning Techniques Not Significant
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2801500240 Miscellaneous Area Sources; Agriculture Production - Crops - as nonpoint; Agricultural Field
Burning - whole field set on fire; Field Crop is Sorghum: Burning Techniques Not Significant

2801500261 Miscellaneous Area Sources; Agriculture Production - Crops - as nonpoint; Agricultural Field
Burning - whole field set on fire; Field Crop is Wheat: Headfire Burning

2801500300 Miscellaneous Area Sources; Agriculture Production - Crops - as nonpoint; Agricultural Field
Burning - whole field set on fire; Orchard Crop Unspecified

2801500320 Miscellaneous Area Sources; Agriculture Production - Crops - as nonpoint; Agricultural Field
Burning - whole field set on fire; Orchard Crop is Apple

2801500340 Miscellaneous Area Sources; Agriculture Production - Crops - as nonpoint; Agricultural Field
Burning - whole field set on fire; Orchard Crop is Avocado

2801500360 Miscellaneous Area Sources; Agriculture Production - Crops - as nonpoint; Agricultural Field
Burning - whole field set on fire; Orchard Crop is Citrus (orange, lemon)

2801500380 Miscellaneous Area Sources; Agriculture Production - Crops - as nonpoint; Agricultural Field
Burning - whole field set on fire; Orchard Crop is Fig

2801500400 Miscellaneous Area Sources; Agriculture Production - Crops - as nonpoint; Agricultural Field
Burning - whole field set on fire; Orchard Crop is Olive

2801500420 Miscellaneous Area Sources; Agriculture Production - Crops - as nonpoint; Agricultural Field
Burning - whole field set on fire; Orchard Crop is Pear

2801500440 Miscellaneous Area Sources; Agriculture Production - Crops - as nonpoint; Agricultural Field
Burning - whole field set on fire; Orchard Crop is Walnut

2801500500 Miscellaneous Area Sources; Agriculture Production - Crops - as nonpoint; Agricultural Field
Burning - whole field set on fire; Vine Crop Unspecified

2801500610 Miscellaneous Area Sources; Agriculture Production - Crops - as nonpoint; Agricultural Field
Burning - whole field set on fire; Forest Residues: Species are Hemlock, Douglas fir, Cedar

2801501000 Miscellaneous Area Sources; Agriculture Production - Crops - as honpoint; Agricultural Propaning -
tractor-pulled burners to burn stubble only; Unspecified crop types

2801501130 Miscellaneous Area Sources; Agriculture Production - Crops - as honpoint; Agricultural Propaning -
tractor-pulled burners to burn stubble only; Barley

2801501260 Miscellaneous Area Sources; Agriculture Production - Crops - as honpoint; Agricultural Propaning -
tractor-pulled burners to burn stubble only; Wheat

2801502000 Miscellaneous Area Sources; Agriculture Production - Crops - as nonpoint; Agricultural Stack
Burning - straw stacks moved from field for burning; Unspecified crop types

2801502130 Miscellaneous Area Sources; Agriculture Production - Crops - as nonpoint; Agricultural Stack
Burning - straw stacks moved from field for burning; Barley

2801502260 Miscellaneous Area Sources; Agriculture Production - Crops - as nonpoint; Agricultural Stack
Burning - straw stacks moved from field for burning; Wheat

2801500100 Miscellaneous Area Sources; Agriculture Production - Crops - as nonpoint; Agricultural Field
Burning - whole field set on fire; Field Crops Unspecified

2801500112 Miscellaneous Area Sources; Agriculture Production - Crops - as nonpoint; Agricultural Field
Burning - whole field set on fire; Field Crop is Alfalfa: Backfire Burning

2801500130 Miscellaneous Area Sources; Agriculture Production - Crops - as nonpoint; Agricultural Field
Burning - whole field set on fire; Field Crop is Barley: Burning Techniques Not Significant

2801500142 Miscellaneous Area Sources; Agriculture Production - Crops - as nonpoint; Agricultural Field
Burning - whole field set on fire; Field Crop is Bean (red): Backfire Burning

2801500160 Miscellaneous Area Sources; Agriculture Production - Crops - as nonpoint; Agricultural Field
Burning - whole field set on fire; Field Crop is Cotton: Burning Techniques Not Important

2801500181 Miscellaneous Area Sources; Agriculture Production - Crops - as nonpoint; Agricultural Field
Burning - whole field set on fire; Field Crop is Hay (wild): Headfire Burning

2801500191 Miscellaneous Area Sources; Agriculture Production - Crops - as nonpoint; Agricultural Field

Burning - whole field set on fire; Field Crop is Oats: Headfire Burning
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2801500201 Miscellaneous Area Sources; Agriculture Production - Crops - as nonpoint; Agricultural Field
Burning - whole field set on fire; Field Crop is Pea: Headfire Burning

2801500210 Miscellaneous Area Sources; Agriculture Production - Crops - as nonpoint; Agricultural Field
Burning - whole field set on fire; Field Crop is Pineapple: Burning Techniques Not Significant

2801500230 Miscellaneous Area Sources; Agriculture Production - Crops - as nonpoint; Agricultural Field
Burning - whole field set on fire; Field Crop is Safflower: Burning Techniques Not Significant

2801500250 Miscellaneous Area Sources; Agriculture Production - Crops - as nonpoint; Agricultural Field
Burning - whole field set on fire; Field Crop is Sugar Cane: Burning Techniques Not Significant

2801500262 Miscellaneous Area Sources; Agriculture Production - Crops - as nonpoint; Agricultural Field
Burning - whole field set on fire; Field Crop is Wheat: Backfire Burning

2801500310 Miscellaneous Area Sources; Agriculture Production - Crops - as nonpoint; Agricultural Field
Burning - whole field set on fire; Orchard Crop is Almond

2801500330 Miscellaneous Area Sources; Agriculture Production - Crops - as nonpoint; Agricultural Field
Burning - whole field set on fire; Orchard Crop is Apricot

2801500350 Miscellaneous Area Sources; Agriculture Production - Crops - as nonpoint; Agricultural Field
Burning - whole field set on fire; Orchard Crop is Cherry

2801500370 Miscellaneous Area Sources; Agriculture Production - Crops - as nonpoint; Agricultural Field
Burning - whole field set on fire; Orchard Crop is Date palm

2801500390 Miscellaneous Area Sources; Agriculture Production - Crops - as nonpoint; Agricultural Field
Burning - whole field set on fire; Orchard Crop is Nectarine

2801500410 Miscellaneous Area Sources; Agriculture Production - Crops - as nonpoint; Agricultural Field
Burning - whole field set on fire; Orchard Crop is Peach

2801500430 Miscellaneous Area Sources; Agriculture Production - Crops - as nonpoint; Agricultural Field
Burning - whole field set on fire; Orchard Crop is Prune

2801500450 Miscellaneous Area Sources; Agriculture Production - Crops - as nonpoint; Agricultural Field
Burning - whole field set on fire; Orchard Crop is Filbert (Hazelnut)

2801500600 Miscellaneous Area Sources; Agriculture Production - Crops - as nonpoint; Agricultural Field
Burning - whole field set on fire; Forest Residues Unspecified (see also 28-10-015-000)

2801500620 Miscellaneous Area Sources; Agriculture Production - Crops - as nonpoint; Agricultural Field
Burning - whole field set on fire; Forest Residues: Species is Ponderosa Pine (see also 28-10-015-
000)

2801501105 Miscellaneous Area Sources; Agriculture Production - Crops - as nonpoint; Agricultural Propaning -
tractor-pulled burners to burn stubble only; Cereal Grains, Total

2801501170 Miscellaneous Area Sources; Agriculture Production - Crops - as nonpoint; Agricultural Propaning -
tractor-pulled burners to burn stubble only; Grass

2801501270 Miscellaneous Area Sources; Agriculture Production - Crops - as nonpoint; Agricultural Propaning -
tractor-pulled burners to burn stubble only; Mint

2801502105 Miscellaneous Area Sources; Agriculture Production - Crops - as honpoint; Agricultural Stack
Burning - straw stacks moved from field for burning; Cereal Grains, Total

2801502170 Miscellaneous Area Sources; Agriculture Production - Crops - as honpoint; Agricultural Stack
Burning - straw stacks moved from field for burning; Grass

2801502270 Miscellaneous Area Sources; Agriculture Production - Crops - as honpoint; Agricultural Stack
Burning - straw stacks moved from field for burning; Mint

References:

» "AirControINET v.4.1 Documentation Report." Prepared for US EPA, OAQPS, RTP, NC 27711.
Prepared by Pechan & Associates, Inc., 5528-B Hempstead Way, Springfield, VA 22151.
Pechan Report No. 05.09.009/9010.463. September 2005.
www.epa.gov/ttnecasl/models/DocumenationReport.pdf

138




» Pechan, 1997: E.H. Pechan & Associates, "Additional Control Measure Evaluation for the
Integrated Implementation of the Ozone and Particulate Matter National Ambient Air Quality
Standards, and Regional Haze Program," prepared for U.S. Environmental Protection Agency,

July 1997.

Other information:
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Summary:

Control Measure Name: Episodic Ban (Daily Only) (base year = 1996);0Open Burning
Abbreviation: NEPOBURN96

Description:  Application: This is a generic control measure that would ban open burning on days
where o0zone exceedances were predicted, reducing NOx emissions on those days.
This measure would not reduce the annual emissions.

Discussion: Generally, the relatively low temperatures associated with open burning
tend to suppress NOx emissions. Because of the relatively low level of NOx emissions
expected to result from open burning, little attention has been paid to quantifying or
controlling the NOx emissions from this source. However, some jurisdictions control
open burning by limiting the types of material that can be burned, or, based on ambient
conditions limiting the days on which materials can be burned.

Assuming full compliance with the regulation, daily NOx emission reductions from such
a regulation would be 100% (Pechan, 1996). However, annual emission reductions
would not be expected because there would likely be a shift in the timing of emissions,
not a reduction in the total amount of annual NOx emitted.

Class: Known
Pollutant: NOX
Equipment Life:  N/A years
Control Technology: Episodic Ban (Daily Only)
Source Group:  Open Burning
Sectors:  nonpt
Months:  All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX
Locale:
Effective Date: N/A
Cost Year: 1990
CPT:
Ref Yr CPT:
Control Efficiency: 100.0
Min Emis: N/A
Max Emis: N/A
Rule Effectiveness: 80.0
Rule Penetration: 100.0
Equation Type: cpton
Capital Rec Fac: N/A
Discount Rate: N/A
Cap Ann Ratio: N/A
Incrememental CPT: N/A
Details: 3/5/97 - Added 100% control to all years
Existing Measure:
Existing NEI Dev: 0
Pollutant: NOX
Locale:
Effective Date: N/A
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Cost Year: 1990
CPT:
Ref Yr CPT:
Control Efficiency: 100.0
Min Emis: N/A
Max Emis: N/A
Rule Effectiveness: 80.0
Rule Penetration: 100.0
Equation Type: cpton
Capital Rec Fac: N/A
Discount Rate: N/A
Cap Ann Ratio: N/A
Incrememental CPT: N/A
Details: 3/5/97 - Added 100% control to all years
Existing Measure:
Existing NEI Dev: 0
Cost Equations:
N/A
Affected SCCs:
Code Description
2610040400 Waste Disposal, Treatment, and Recovery; Open Burning; Municipal (collected from residences,
parks,other for central burn); Yard Waste - Total (includes Leaves, Weeds, and Brush)
2610030000 Waste Disposal, Treatment, and Recovery; Open Burning; Residential; Household Waste (use 26-
10-000-xxx for Yard Wastes)
2610020000 Waste Disposal, Treatment, and Recovery; Open Burning; Commercial/Institutional; Total
2610010000 Waste Disposal, Treatment, and Recovery; Open Burning; Industrial; Total
2610000500 Waste Disposal, Treatment, and Recovery; Open Burning; All Categories; Land Clearing Debris
(use 28-10-005-000 for Logging Debris Burning)
2610000400 Waste Disposal, Treatment, and Recovery; Open Burning; All Categories; Yard Waste - Brush
Species Unspecified
2610000320 Waste Disposal, Treatment, and Recovery; Open Burning; All Categories; Weed Species is Tales
(wild reeds)
2610000310 Waste Disposal, Treatment, and Recovery; Open Burning; All Categories; Weed Species is
Russian thistle (tumbleweed)
2610000300 Waste Disposal, Treatment, and Recovery; Open Burning; All Categories; Yard Waste - Weed
Species Unspecified (incl Grass)
2610000270 }\/AVaslte Disposal, Treatment, and Recovery; Open Burning; All Categories; Leaf Species is Sugar
aple
2610000260 \(/)Vakste Disposal, Treatment, and Recovery; Open Burning; All Categories; Leaf Species is Red
a
2610000250 Waste Disposal, Treatment, and Recovery; Open Burning; All Categories; Leaf Species is Tulip
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2610000240 Waste Disposal, Treatment, and Recovery; Open Burning; All Categories; Leaf Species is
California Sycamore
2610000230 Waste Disposal, Treatment, and Recovery; Open Burning; All Categories; Leaf Species is
American Sycamore
2610000220 Waste Disposal, Treatment, and Recovery; Open Burning; All Categories; Leaf Species is Silver
Maple
2610000210 Waste Disposal, Treatment, and Recovery; Open Burning; All Categories; Leaf Species is
Magnolia
2610000200 Waste Disposal, Treatment, and Recovery; Open Burning; All Categories; Leaf Species is Black
Locust
2610000190 Waste Disposal, Treatment, and Recovery; Open Burning; All Categories; Leaf Species is Sweet
Gum
2610000180 Waste Disposal, Treatment, and Recovery; Open Burning; All Categories; Leaf Species is
Eucalyptus
2610000170 Waste Disposal, Treatment, and Recovery; Open Burning; All Categories; Leaf Species is
American Elm
2610000160 Waste Disposal, Treatment, and Recovery; Open Burning; All Categories; Leaf Species is
Cottonwood
2610000150 Waste Disposal, Treatment, and Recovery; Open Burning; All Categories; Leaf Species is Horse
Chestnut
2610000140 Waste Disposal, Treatment, and Recovery; Open Burning; All Categories; Leaf Species is Catalpa
2610000130 Waste Disposal, Treatment, and Recovery; Open Burning; All Categories; Leaf Species is White
Ash
2610000120 Waste Disposal, Treatment, and Recovery; Open Burning; All Categories; Leaf Species is Modesto
Ash
2610000110 Waste Disposal, Treatment, and Recovery; Open Burning; All Categories; Leaf Species is Black
Ash
2610000100 Waste Disposal, Treatment, and Recovery; Open Burning; All Categories; Yard Waste - Leaf
Species Unspecified
2610000000 Waste Disposal, Treatment, and Recovery; Open Burning; All Categories; Total
References:

» "AirControINET v.4.1 Documentation Report." Prepared for US EPA, OAQPS, RTP, NC 27711.
Prepared by Pechan & Associates, Inc., 5528-B Hempstead Way, Springfield, VA 22151.
Pechan Report No. 05.09.009/9010.463. September 2005.
www.epa.gov/ttnecasl/models/DocumenationReport.pdf

» Pechan, 1997: E.H. Pechan & Associates, "Additional Control Measure Evaluation for the
Integrated Implementation of the Ozone and Particulate Matter National Ambient Air Quality
Standards, and Regional Haze Program,” prepared for U.S. Environmental Protection Agency,

July 1997.

» Pechan, 1996: E.H. Pechan & Associates, "The Emission Reduction and Cost Analysis Model
for NOx (ECRAM-NOX)," Revised Documentation, prepared for U.S. Environmental Protection
Agency, Ozone Policy and Strategies Group, Research Triangle Park, NC, September 1996.

Other information:
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Summary:

Control Measure Name:
Abbreviation:
Description:

Class:

Pollutant:
Equipment Life:
Control Technology:
Source Group:
Sectors:

Months:

Extended Absorption; Adipic Acid Manufacturing
NEXABADMF

Application: This control is the use of extended absorption technologies to reduce NOx
emissions.

This control applies to Adipic acid manufacturing operations classified under SCC
30100101.

Discussion: Extended absorption reduces NOx by increasing the efficiency of
absorption by installing a single large tower, extending the height of existing absorption
tower, or adding a second tower in series with an existing tower. As an add-on control,
it is typically one of the latter two options as new plants are generally designed with a
single large absorption tower as part of new plant design.

Known

NOX

10.0 years

Extended Absorption
Adipic Acid Manufacturing
ptnonipm

All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX NOX
Locale:

Effective Date: N/A N/A
Cost Year: 1990 1990

CPT: $90 $90

Ref Yr CPT: $144 $144
Control Efficiency: 86.0 86.0
Min Emis: N/A 365.0

Max Emis: 365.0 N/A
Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.14000000059604645 0.14000000059604645

Discount Rate: N/A N/A
Cap Ann Ratio: 6.7 6.7
Incrememental CPT: N/A N/A

Details:

Applied to small source types

Applied to large source types

Existing Measure:

Existing NEI Dev: 0 0
Pollutant: NOX NOX
Locale:
Effective Date: N/A N/A
Cost Year: 1990 1990
CPT: $90 $90
Ref Yr CPT: $144 $144
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Control Efficiency: 86.0 86.0

Min Emis: N/A 365.0

Max Emis: 365.0 N/A

Rule Effectiveness: 100.0 100.0

Rule Penetration: 100.0 100.0

Equation Type: cpton cpton
Capital Rec Fac: 0.14000000059604645 0.14000000059604645

Discount Rate: N/A N/A

Cap Ann Ratio: 6.7 6.7

Incrememental CPT: N/A N/A

Details:

Applied to small source types

Applied to large source types

Existing Measure:

Existing NEI Dev: 0 0
Cost Equations:
N/A
Affected SCCs:
Code Description
30100101 Industrial Processes; Chemical Manufacturing; Adipic Acid; General
References:

* Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of
Air Quality Planning and Standards, Innovative Strategies and Economics Group, Research

Triangle Park, September 1998.

* EPA, 1991: U.S. Environmental Protection Agency, Office of Air Quality Planning and
Standards, "Alternative Control Techniques Document-- Nitric and Adipic Acid Manufacturing
Plants," EPA-450/3-91-026, Research Triangle Park, NC, January 1991.

Other information:
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Summary:

Control Measure Name:
Abbreviation:
Description:

Class:

Pollutant:
Equipment Life:
Control Technology:
Source Group:
Sectors:

Months:

Extended Absorption; Nitric Acid Manufacturing
NEXABNAMF

Application: This control is the use of extended absorption technologies to reduce NOx
emissions.

This control applies to nitric acid manufacturing operations classified under SCCs
30101301, 30101302.

Discussion: Extended absorption reduces NOx by increasing the efficiency of
absorption by installing a single large tower, extending the height of existing absorption
tower, or adding a second tower in series with an existing tower. As an add-on control,
it is typically one of the latter two options as new plants are generally designed with a
single large absorption tower as part of new plant design.

Known

NOX

10.0 years

Extended Absorption
Nitric Acid Manufacturing
ptnonipm

All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX NOX
Locale:

Effective Date: N/A N/A
Cost Year: 1990 1990

CPT: $480 $480

Ref Yr CPT: $769 $769
Control Efficiency: 95.0 95.0
Min Emis: N/A 365.0

Max Emis: 365.0 N/A
Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.14000000059604645 0.14000000059604645

Discount Rate: N/A N/A
Cap Ann Ratio: 8.1 8.1
Incrememental CPT: N/A N/A

Details:

Applied to small source types

Applied to large source types

Existing Measure:

Existing NEI Dev: 0 0
Pollutant: NOX NOX
Locale:
Effective Date: N/A N/A
Cost Year: 1990 1990
CPT: $480 $480
Ref Yr CPT: $769 $769
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Control Efficiency: 95.0 95.0
Min Emis: N/A 365.0
Max Emis: 365.0 N/A
Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.14000000059604645 0.14000000059604645

Discount Rate: N/A N/A

Cap Ann Ratio: 8.1 8.1
Incrememental CPT: N/A N/A

Details:

Applied to small source types

Applied to large source types

Existing Measure:

Existing NEI Dev: 0 0
Cost Equations:
N/A
Affected SCCs:
Code Description

30101302 Industrial Processes; Chemical Manufacturing; Nitric Acid; Absorber Tail Gas (Post-1970 Facilities)

30101301 Industrial Processes; Chemical Manufacturing; Nitric Acid; Absorber Tail Gas (Pre-1970 Facilities)
References:

» Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of
Air Quality Planning and Standards, Innovative Strategies and Economics Group, Research

Triangle Park, September 1998.

* EPA, 1991: U.S. Environmental Protection Agency, Office of Air Quality Planning and
Standards, "Alternative Control Techniques Document-- Nitric and Adipic Acid Manufacturing
Plants," EPA-450/3-91-026, Research Triangle Park, NC, January 1991.

Other information:

ADMIN_PCT: 0%

CE_TEXT:

95% from uncontrolled

CHEM_PCT: 0%
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COST_BASIS: The basis of the costs are model plant data contained in the Alternative Control Techniques
(ACT) document (EPA, 1991). Capital and annual cost information was obtained from
control-specific cost data, allowing for the back calculation of operating and maintenance
costs. From these determinations, default cost per ton values were assigned (Pechan, 1998).
A capital cost to annual cost ratio of 8.1 was developed to estimate default capital and
operating and maintenance costs. A discount rate of 10% was assumed for all sources. The
equipment life was assumed to be 10 years.

O&M Cost Components: The O&M cost breakdown is estimated using the detailed information
in Tables 6-1 and 6-2 of the Nitric and Adipic Acid Manufacturing Plant ACT document. The
breakdown was obtained using O&M costs for a 500 ton per day plant. A capacity factor of
0.5 is used in estimating the O&M cost breakdown.

Operating labor: $22.00 per man-hr

Operating labor GC6 supervision: 20% of operating labor

Maintenance materials and labor: 4% of capital cost

Electricity: $0.06 per kw-hr

Water: $0.74 per 1000 gallon

CPTON_TEXT: The default cost effectiveness value used in AirControINET is $480 per ton NOx reduced from
both uncontrolled and RACT (1990%).

CTRL_EFF_T: 95%

ELEC_PCT: 33.71%

ELEC_RT: $0.06/kWh

FUEL_PCT: 0%

HG_CE_T: 95%

INSRNC_PCT: 11.92%

MNTLBR_PCT: 11.92%

MNTLBR_RT: $0/hr

MNTMTL_PCT: 0%

NG_RT: $0/cf

NOX: Co*

OMATL_PCT: 0%

OPLBR_PCT: 13.04%

OPLBR_RT: $22/hr

OTHR_PCT: 0%

OVRHD_PCT: 16.92%

PROPTX_PCT: 0%

RPLMTL_PCT: 0%

RULE: Not Applicable

SPVLBR_PCT: 2.61%

STEAM_PCT: 0%

TDIR_PCT: 71.16%

TINDIR_PCT: 28.84%

UTIL_PCT: 0%

WSTDSP_PCT: 0%
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Summary:

Control Measure Name:
Abbreviation:
Description:

Class:

Pollutant:
Equipment Life:
Control Technology:
Source Group:
Sectors:

Months:

Ignition Retard; IC Engines - Gas, Diesel, LPG
NIRICGD

Application: This control is the use of ignition retard technologies to reduce NOx
emissions.

This applies to small (<1 ton NOx per OSD) gas, diesel and LPG IC engines with
uncontrolled NOx emissions greater than 10 tons per year.

Known

NOX

15.0 years

Ignition Retard

IC Engines - Gas/ Diesel/ LPG
ptnonipm

All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX NOX
Locale:

Effective Date: N/A N/A
Cost Year: 1990 1990

CPT: $770 $490

Ref Yr CPT: $1,233 $785
Control Efficiency: 25.0 25.0
Min Emis: N/A 365.0

Max Emis: 365.0 N/A
Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.10000000149011612 0.10000000149011612

Discount Rate: N/A N/A
Cap Ann Ratio: 11 0.6
Incrememental CPT: N/A N/A

Details:

Applied to small source types

Applied to large source types

Existing Measure:

Existing NEI Dev: 0 0

Pollutant: NOX NOX
Locale:

Effective Date: N/A N/A
Cost Year: 1990 1990
CPT: $770 $490
Ref Yr CPT: $1,233 $785
Control Efficiency: 25.0 25.0
Min Emis: N/A 365.0
Max Emis: 365.0 N/A
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Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.10000000149011612 0.10000000149011612
Discount Rate: N/A N/A
Cap Ann Ratio: 11 0.6
Incrememental CPT: N/A N/A
Details: Applied to small source types Applied to large source types
Existing Measure:
Existing NEI Dev: 0 0
Cost Equations:
N/A
Affected SCCs:
Code Description
20400409 I(Etgcr;)al Combustion Engines; Engine Testing; Reciprocating Engine; Liquified Petroleum Gas
20400406 Internal Combustion Engines; Engine Testing; Reciprocating Engine; Kerosene/Naphtha (Jet Fuel)
20400402 Internal Combustion Engines; Engine Testing; Reciprocating Engine; Diesel/Kerosene
20400401 Internal Combustion Engines; Engine Testing; Reciprocating Engine; Gasoline
20301001 Internal Combustion Engines; Commercial/Institutional; Liquified Petroleum Gas (LPG); Propane:
Reciprocating
20300301 Internal Combustion Engines; Commercial/Institutional; Gasoline; Reciprocating
20201707 Internal Combustion Engines; Industrial; Gasoline; Reciprocating: Exhaust
20201702 Internal Combustion Engines; Industrial; Gasoline; Reciprocating Engine
20201607 Internal Combustion Engines; Industrial; Methanol; Reciprocating: Exhaust
20201602 Internal Combustion Engines; Industrial; Methanol; Reciprocating Engine
20201012 Internal Combustion Engines; Industrial; Liquified Petroleum Gas (LPG); Reciprocating Engine
20201002 Internal Combustion Engines; Industrial; Liquified Petroleum Gas (LPG); Butane: Reciprocating
20201001 Internal Combustion Engines; Industrial; Liquified Petroleum Gas (LPG); Propane: Reciprocating
20200902 Internal Combustion Engines; Industrial; Kerosene/Naphtha (Jet Fuel); Reciprocating
20200407 Internal Combustion Engines; Industrial; Large Bore Engine; Exhaust
20200405 Internal Combustion Engines; Industrial; Large Bore Engine; Crankcase Blowby
20200403 Internal Combustion Engines; Industrial; Large Bore Engine; Cogeneration: Dual Fuel
20200402 Internal Combustion Engines; Industrial; Large Bore Engine; Dual Fuel (Oil/Gas)
20200401 Internal Combustion Engines; Industrial; Large Bore Engine; Diesel
References:
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* EPA, 1993: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions
from Stationary Reciprocating Internal Combustion Engines,"” EPA,-453/R-93-032, Research
Triangle Park, NC, July 1993.

* Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of
Air Quality Planning and Standards, Innovative Strategies and Economics Group, Research
Triangle Park, September 1998.

Other information:

ADMIN_PCT: 0%

CE_TEXT: 25% from uncontrolled

CHEM_PCT: 0%

COST_BASIS: Sources are distinguished by power (Pechan, 1998).
Engines less than 4,000 horsepower were considered small engines.
Capital and annual cost information was obtained from model engine data in the Alternative
Control Techniques (ACT) document (EPA, 1993). A capital cost to annual cost ratio of 1.1
was developed to estimate default capital and operating and maintenance costs. From these
determinations, default cost effectiveness values were assigned. A discount rate of 7 percent
and a capacity factor of 65 percent are assumed, along with an equipment life of 15 years
(EPA, 1993).
In general, the incremental default cost is used for sources where there are existing controls
(RACT baseline), with efficiencies less than or equal to 25% (Pechan, 2001).

CPTON_TEXT: The default cost effectiveness value is $770 per ton NOx reduced from both uncontrolled
RACT baselines (1990%).

CTRL_EFF_T: 25%

ELEC_PCT: 0%

ELEC_RT: $0/kWh

FUEL_PCT: 0%

HG_CE_T: 25%

INSRNC_PCT: 0%

MNTLBR_PCT: 3.2%

MNTLBR_RT: $26.23/hr

MNTMTL_PCT: 0%

NG_RT: $4.13/cf

NOX: Co*

OMATL_PCT: 0%

OPLBR_PCT: 0%

OPLBR_RT: $0/hr

OTHR_PCT: 86.54%

OVRHD_PCT:

0%

151



PROPTX_PCT:

0%

RPLMTL_PCT:

0%

RULE:

Not Applicable

SPVLBR_PCT:

0%

STEAM_PCT:

0%

TDIR_PCT:

0%

TINDIR_PCT:

4%

UTIL_PCT:

6.24%

WSTDSP_PCT:

0%
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Summary:

Control Measure Name: Ignition Retard; Internal Combustion Engines - Gas

Abbreviation:  NIRICGS
Description:  Application: This control is the use of ignition retard technologies to reduce NOx
emissions.
This applies to small (<4,000 HP) gasoline powered IC engines with uncontrolled NOx
emissions greater than 10 tons per year.
Class: Known

Pollutant:  NOX
Equipment Life:  15.0 years
Control Technology:
Source Group:
Sectors:
Months:

ptnonipm
All Months

Ignition Retard
Internal Combustion Engines - Gas

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX NOX
Locale:
Effective Date: N/A N/A
Cost Year: 1990 1990
CPT: $550 $1,020
Ref Yr CPT: $881 $1,633
Control Efficiency: 20.0 20.0
Min Emis: 365.0 N/A
Max Emis: N/A 365.0
Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.10000000149011612 0.10000000149011612
Discount Rate: N/A N/A
Cap Ann Ratio: 0.7 1.2
Incrememental CPT: N/A N/A

Details:

Applied to large source types

Applied to small source types

Existing Measure:

Existing NEI Dev: 0 0
Pollutant: NOX NOX
Locale:

Effective Date: N/A N/A
Cost Year: 1990 1990
CPT: $550 $1,020
Ref Yr CPT: $881 $1,633
Control Efficiency: 20.0 20.0
Min Emis: 365.0 N/A

Max Emis: N/A 365.0
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Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.10000000149011612 0.10000000149011612
Discount Rate: N/A N/A
Cap Ann Ratio: 0.7 1.2
Incrememental CPT: N/A N/A
Details: Applied to large source types Applied to small source types
Existing Measure:
Existing NEI Dev: 0 0
Cost Equations:
N/A
Affected SCCs:
Code Description
2310021351 Industrial Processes; Oil and Gas Exploration and Production; On-Shore Gas Production; Lateral
Compressors 4 Cycle Rich Burn
2310021302 Industrial Processes; Oil and Gas Exploration and Production; On-Shore Gas Production; Natural
Gas Fired 4Cycle Rich Burn Compressor Engines 50 To 499 HP
2310021301 Industrial Processes; Oil and Gas Exploration and Production; On-Shore Gas Production; Natural
Gas Fired 4Cycle Rich Burn Compressor Engines <50 HP
2310021251 Industrial Processes; Oil and Gas Exploration and Production; On-Shore Gas Production; Lateral
Compressors 4 Cycle Lean Burn
2310021202 Industrial Processes; Oil and Gas Exploration and Production; On-Shore Gas Production; Natural
Gas Fired 4Cycle Lean Burn Compressor Engines 50 To 499 HP
2310021102 Industrial Processes; Oil and Gas Exploration and Production; On-Shore Gas Production; Natural
Gas Fired 2Cycle Lean Burn Compressor Engines 50 To 499 HP
20400404 Internal Combustion Engines; Engine Testing; Reciprocating Engine; Process Gas
20300802 Internal Combustion Engines; Commercial/Institutional; Landfill Gas; Reciprocating
20300707 Internal Combustion Engines; Commercial/Institutional; Digester Gas; Reciprocating: Exhaust
20300702 Internal Combustion Engines; Commercial/Institutional; Digester Gas; Reciprocating: POTW
Digester Gas
20300204 Internal Combustion Engines; Commercial/Institutional; Natural Gas; Reciprocating: Cogeneration
20300201 Internal Combustion Engines; Commercial/Institutional; Natural Gas; Reciprocating
20200712 Internal Combustion Engines; Industrial; Process Gas; Reciprocating: Exhaust
20200702 Internal Combustion Engines; Industrial; Process Gas; Reciprocating Engine
20200256 Internal Combustion Engines; Industrial; Natural Gas; 4-cycle Clean Burn
20200255 Internal Combustion Engines; Industrial; Natural Gas; 2-cycle Clean Burn
20200254 Internal Combustion Engines; Industrial; Natural Gas; 4-cycle Lean Burn
20200253 Internal Combustion Engines; Industrial; Natural Gas; 4-cycle Rich Burn
20200252 Internal Combustion Engines; Industrial; Natural Gas; 2-cycle Lean Burn
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20200204 Internal Combustion Engines; Industrial; Natural Gas; Reciprocating: Cogeneration

20200202 Internal Combustion Engines; Industrial; Natural Gas; Reciprocating

20100205 Internal Combustion Engines; Electric Generation; Natural Gas; Reciprocating: Crankcase Blowby
20100202 Internal Combustion Engines; Electric Generation; Natural Gas; Reciprocating

References:

* EPA, 1993: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions
from Stationary Reciprocating Internal Combustion Engines," EPA,-453/R-93-032, Research
Triangle Park, NC, July 1993.

* Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of
Air Quality Planning and Standards, Innovative Strategies and Economics Group, Research
Triangle Park, September 1998.

Other information:

ADMIN_PCT: 0%

CE_TEXT: 20% from uncontrolled

CHEM_PCT: 0%

COST_BASIS: Sources are distinguished by power (Pechan, 1998).

Engines less than 4,000 horsepower were considered small engines.

Capital and annual cost information was obtained from model engine data in the Alternative
Control Techniques (ACT) document (EPA, 1993). A capital cost to annual cost ratio of 1.2
was developed to estimate default capital and operating and maintenance costs. From these
determinations, default cost effectiveness values were assigned. A discount rate of 7 percent
and a capacity factor of 65 percent are assumed, along with an equipment life of 15 years
(EPA, 1993).

In general, the incremental default cost is used for sources where there are existing controls
(RACT baseline), with efficiencies less than or equal to 25% (Pechan, 2001).

COST_BASIS: Sources are distinguished by power (Pechan, 1998).
Engines greater than 4,000 horsepower were considered large engines.

Capital and annual cost information was obtained from model engine data in the Alternative
Control Techniques (ACT) document (EPA, 1993). A capital cost to annual cost ratio of 0.7
was developed to estimate default capital and operating and maintenance costs. From these
determinations, default cost effectiveness values were assigned. A discount rate of 7 percent
and a capacity factor of 65 percent are assumed, along with an equipment life of 15 years
(EPA, 1993).

In general, the incremental default cost is used for sources where there are existing controls
(RACT baseline), with efficiencies less than or equal to 25% (Pechan, 2001).

CPTON_TEXT: The default cost effectiveness value is $550 per ton NOx reduced from both uncontrolled
RACT baselines (1990%).

CPTON_TEXT: The default cost effectiveness value is $1,020 per ton NOx reduced from both uncontrolled
RACT baselines (1990%).

CTRL_EFF_T: 20%
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ELEC_PCT:

0%

ELEC_RT: $0.06/kWh
ELEC_RT: $0/kWh
FUEL_PCT: 0%

HG CE_T: 20%
INSRNC_PCT: 0%
MNTLBR_PCT: 3.2%
MNTLBR_PCT: 30.83%
MNTLBR_RT: $26.23/hr
MNTMTL_PCT: 0%
NG_RT: $4.13/cf
NOX: Co*
OMATL_PCT: 0%
OPLBR_PCT: 0%
OPLBR_RT: $0/hr
OTHR_PCT: 7.02%
OTHR_PCT: 86.54%
OVRHD_PCT: 0%
PROPTX_PCT: 0%
RPLMTL_PCT: 0%
RULE: Not Applicable
SPVLBR_PCT: 0%
STEAM_PCT: 0%
TDIR_PCT: 0%
TINDIR_PCT: 4%
TINDIR_PCT: 70.46%
UTIL_PCT: 5.74%
UTIL_PCT: 6.24%

WSTDSP_PCT:

0%
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Summary:

Control Measure Name:
Abbreviation:
Description:

Class:

Pollutant:
Equipment Life:
Control Technology:
Source Group:
Sectors:

Months:

Ignition Retard; Internal Combustion Engines - Oil
NIRICOL

Application: This control is the use of ignition retard technologies to reduce NOx
emissions.

This applies to small (<4,000 HP) oil IC engines with uncontrolled NOx emissions
greater than 10 tons per year.

Known

NOX

15.0 years

Ignition Retard

Internal Combustion Engines - Oil
ptnonipm

All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX NOX
Locale:

Effective Date: N/A N/A
Cost Year: 1990 1990

CPT: $770 $490

Ref Yr CPT: $1,233 $785
Control Efficiency: 25.0 25.0
Min Emis: N/A 365.0

Max Emis: 365.0 N/A
Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.10000000149011612 0.10000000149011612

Discount Rate: N/A N/A
Cap Ann Ratio: 11 0.6
Incrememental CPT: N/A N/A

Details:

Applied to small source types

Applied to large source types

Existing Measure:

Existing NEI Dev: 0 0

Pollutant: NOX NOX
Locale:

Effective Date: N/A N/A
Cost Year: 1990 1990
CPT: $770 $490
Ref Yr CPT: $1,233 $785
Control Efficiency: 25.0 25.0
Min Emis: N/A 365.0
Max Emis: 365.0 N/A

157




Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.10000000149011612 0.10000000149011612
Discount Rate: N/A N/A
Cap Ann Ratio: 11 0.6
Incrememental CPT: N/A N/A

Details:

Applied to small source types

Applied to large source types

Existing Measure:

Existing NEI Dev: 0 0
Cost Equations:
N/A
Affected SCCs:
Code Description
20400402 Internal Combustion Engines; Engine Testing; Reciprocating Engine; Diesel/Kerosene
20300107 Internal Combustion Engines; Commercial/Institutional; Distillate Oil (Diesel); Reciprocating:
Exhaust
20300105 Internal Combustion Engines; Commercial/Institutional; Distillate Oil (Diesel); Reciprocating:
Crankcase Blowby
20300101 Internal Combustion Engines; Commercial/Institutional; Distillate Oil (Diesel); Reciprocating
20200501 Internal Combustion Engines; Industrial; Residual/Crude Oil; Reciprocating
20200107 Internal Combustion Engines; Industrial; Distillate Oil (Diesel); Reciprocating: Exhaust
20200104 Internal Combustion Engines; Industrial; Distillate Oil (Diesel); Reciprocating: Cogeneration
20200102 Internal Combustion Engines; Industrial; Distillate Oil (Diesel); Reciprocating
20100107 Internal Combustion Engines; Electric Generation; Distillate Oil (Diesel); Reciprocating: Exhaust
20100105 Internal Combustion Engines; Electric Generation; Distillate Oil (Diesel); Reciprocating: Crankcase
Blowby
20100102 Internal Combustion Engines; Electric Generation; Distillate Oil (Diesel); Reciprocating
References:

* EPA, 1993: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air

Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions
from Stationary Reciprocating Internal Combustion Engines," EPA,-453/R-93-032, Research

Triangle Park, NC, July 1993.

» Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity

Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of

Air Quality Planning and Standards, Innovative Strategies and Economics Group, Research

Triangle Park, September 1998.
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Other information:

ADMIN_PCT: 0%

CE_TEXT: 25% from uncontrolled

CHEM_PCT: 0%

COST_BASIS: Sources are distinguished by power (Pechan, 1998).
Engines less than 4,000 horsepower were considered small engines.
Capital and annual cost information was obtained from model engine data in the Alternative
Control Techniques (ACT) document (EPA, 1993). A capital cost to annual cost ratio of 1.1
was developed to estimate default capital and operating and maintenance costs. From these
determinations, default cost effectiveness values were assigned. A discount rate of 7 percent
and a capacity factor of 65 percent are assumed, along with an equipment life of 15 years
(EPA, 1993).
In general, the incremental default cost is used for sources where there are existing controls
(RACT baseline), with efficiencies less than or equal to 25% (Pechan, 2001).

CPTON_TEXT: The default cost effectiveness value is $770 per ton NOx reduced from both uncontrolled
RACT baselines (1990%).

CTRL_EFF_T: 25%

ELEC_PCT: 0%

ELEC_RT: $0/kwh

FUEL_PCT: 0%

HG CE_T: 25%

INSRNC_PCT: 0%

MNTLBR_PCT: 3.2%

MNTLBR_RT: $26.23/hr

MNTMTL_PCT: 0%

NG_RT: $4.13/cf

NOX: Co*

OMATL_PCT: 0%

OPLBR_PCT: 0%

OPLBR_RT: $0/hr

OTHR_PCT: 86.54%

OVRHD_PCT: 0%

PROPTX_PCT: 0%

RPLMTL_PCT: 0%

RULE: Not Applicable

SPVLBR_PCT: 0%

STEAM_PCT: 0%

TDIR_PCT: 0%

TINDIR_PCT: 4%

UTIL_PCT: 6.24%
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WSTDSP_PCT: 0%
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Summary:

Control Measure Name:
Abbreviation:
Description:

Class:

Pollutant:
Equipment Life:
Control Technology:
Source Group:
Sectors:

Months:

Ignition Retard; Reciprocating IC Engines - Oil
NIRRICOIL

Application: This control is the use of ignition retard technologies to reduce NOx
emissions.

This applies to small (<4,000 HP) oil IC engines with uncontrolled NOx emissions
greater than 10 tons per year.

Known

NOX

15.0 years

Ignition Retard

Reciprocating IC Engines - Oil
ptnonipm

All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX
Locale:
Effective Date: N/A
Cost Year: 1999
CPT: $770
Ref Yr CPT: $1,028
Control Efficiency: 25.0
Min Emis: N/A
Max Emis: N/A
Rule Effectiveness: 100.0
Rule Penetration: 100.0
Equation Type: cpton
Capital Rec Fac: N/A
Discount Rate: N/A
Cap Ann Ratio: 1.1
Incrememental CPT: N/A
Details:

Existing Measure:

Existing NEI Dev: 0
Pollutant: NOX
Locale:

Effective Date: N/A
Cost Year: 1999

CPT: $770
Ref Yr CPT: $1,028
Control Efficiency: 25.0
Min Emis: N/A

Max Emis: N/A
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Rule Effectiveness: 100.0
Rule Penetration: 100.0
Equation Type: cpton
Capital Rec Fac: N/A
Discount Rate: N/A
Cap Ann Ratio: 1.1
Incrememental CPT: N/A
Details:
Existing Measure:
Existing NEI Dev: 0
Cost Equations:
N/A
Affected SCCs:
Code Description
20400499 Internal Combustion Engines; Engine Testing; Reciprocating Engine; Other Not Classified
20400408 Internal Combustion Engines; Engine Testing; Reciprocating Engine; Residual Oil/Crude QOil
20400403 Internal Combustion Engines; Engine Testing; Reciprocating Engine; Distillate Oil
20400402 Internal Combustion Engines; Engine Testing; Reciprocating Engine; Diesel/Kerosene
20400400 Internal Combustion Engines;Engine Testing;Reciprocating Engine;undefined
20300101 Internal Combustion Engines; Commercial/Institutional; Distillate Oil (Diesel); Reciprocating
20200501 Internal Combustion Engines; Industrial; Residual/Crude Oil; Reciprocating
20200104 Internal Combustion Engines; Industrial; Distillate Oil (Diesel); Reciprocating: Cogeneration
20200102 Internal Combustion Engines; Industrial; Distillate Oil (Diesel); Reciprocating
20100102 Internal Combustion Engines; Electric Generation; Distillate Oil (Diesel); Reciprocating
References:

* Pechan, 2006: E.H. Pechan and Associates, Inc., "AirControINET Control Measure
Documentation Report”, May 2006.

Other information:
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Summary:

Control Measure Name:
Abbreviation:
Description:

Class:

Pollutant:
Equipment Life:
Control Technology:

Layered Combustion; Lean Burn ICE 2 stroke Large Bore - NG

NLCICE2SLBNG

Layered combustion - for Large Bore, 2 stroke, Lean Burn, Slow Speed (High Pressure

Fuel Injection achieves 90% reduction; Turbocharging achieves 75% reduction;
Precombustion chambers achieves 90% reduction; Cylinder Head Modifications). All
retrofit combustion- related controls may not be available for all manufacturers and
models of 2-stroke lean burn engines. Actual NOx emission rates would be engine
design specific. Efficiency achieved may range from 60 to 90%, depending on the
make/model of engine (approximate range of NOx emissions of 3.0 to 0.5 g/bhp-hr).

Known

NOX

10.0 years

Layered Combustion
Lean Burn ICE - NG

Source Group:
Sectors:
Months:

ptnonipm
All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX NOX
Locale:
Effective Date: N/A N/A
Cost Year: 2010 2010
CPT: $1,500 $38,000
Ref Yr CPT: $1,585 $40,143
Control Efficiency: 97.0 97.0
Min Emis: 365.0 0.0
Max Emis: N/A 365.0
Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.14000000059604645 0.14000000059604645
Discount Rate: 7.0 7.0
Cap Ann Ratio: 7.024 7.024
Incrememental CPT: N/A N/A

Details:

Apply to large source types.
Assumed Interest Rate of 7
percent (not provided in
documentation) to calculate annual
costs.

Apply to small source types.

Existing Measure:

Existing NEI Dev: 0 0
Pollutant: NOX NOX
Locale:
Effective Date: N/A N/A
Cost Year: 2010 2010
CPT: $1,500 $38,000
Ref Yr CPT: $1,585 $40,143
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Control Efficiency: 97.0 97.0
Min Emis: 365.0 0.0

Max Emis: N/A 365.0

Rule Effectiveness: 100.0 100.0

Rule Penetration: 100.0 100.0

Equation Type: cpton cpton

Capital Rec Fac: 0.14000000059604645 0.14000000059604645

Discount Rate: 7.0 7.0

Cap Ann Ratio: 7.024 7.024
Incrememental CPT: N/A N/A

Details:

Apply to large source types.
Assumed Interest Rate of 7
percent (not provided in
documentation) to calculate annual

Apply to small source types.

costs.
Existing Measure:
Existing NEI Dev: 0 0
Cost Equations:
N/A
Affected SCCs:
Code Description
20200403 Internal Combustion Engines; Industrial; Large Bore Engine; Cogeneration: Dual Fuel
20200402 Internal Combustion Engines; Industrial; Large Bore Engine; Dual Fuel (Oil/Gas)
20200401 Internal Combustion Engines; Industrial; Large Bore Engine; Diesel
20200256 Internal Combustion Engines; Industrial; Natural Gas; 4-cycle Clean Burn
20200255 Internal Combustion Engines; Industrial; Natural Gas; 2-cycle Clean Burn
20200254 Internal Combustion Engines; Industrial; Natural Gas; 4-cycle Lean Burn
20200252 Internal Combustion Engines; Industrial; Natural Gas; 2-cycle Lean Burn
References:

» OTC 2012. Technical Information Oil and Gas Sector, Significant Stationary Sources of NOx

Emissions. Final. October 17, 2012.

Other information:
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Summary:

Control Measure Name:
Abbreviation:
Description:

Class:

Pollutant:
Equipment Life:
Control Technology:
Source Group:
Sectors:

Months:

Layered Combustion; Lean Burn ICE 2 stroke - NG

NLCICE2SNG

Layered combustion - 2 stroke, Lean Burn, NG (Air Supply; Fuel Supply; Ignition;
Electronic Controls; Engine Monitoring). Evaluation for 3 most representative
made/models of 2 stroke LB compressor engines. All retrofit combustion-related
controls may not be available for all manufacturers and models of 2-stroke lean burn
engines. Actual NOx emission rates would be engine design specific. Efficiency
achieved may range from 60 to 90%, depending on the make/model of engine
(approximate range of NOx emissions of 3.0 to 0.5 g/bhp-hr).

Known

NOX

10.0 years

Layered Combustion
Lean Burn ICE - NG
ptnonipm

All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX
Locale:
Effective Date: N/A
Cost Year: 2009
CPT: $4,900
Ref Yr CPT: $5,240
Control Efficiency: 97.0
Min Emis: 0.0
Max Emis: 365.0
Rule Effectiveness: 100.0
Rule Penetration: 100.0
Equation Type: cpton
Capital Rec Fac: 0.14000000059604645
Discount Rate: 7.0
Cap Ann Ratio: 7.024
Incrememental CPT: N/A
Details:
Existing Measure:
Existing NEI Dev: 0
Pollutant: NOX
Locale:
Effective Date: N/A
Cost Year: 2009
CPT: $4,900
Ref Yr CPT: $5,240
Control Efficiency: 97.0
Min Emis: 0.0
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Max Emis: 365.0
Rule Effectiveness: 100.0
Rule Penetration: 100.0
Equation Type: cpton
Capital Rec Fac: 0.14000000059604645
Discount Rate: 7.0
Cap Ann Ratio: 7.024
Incrememental CPT: N/A
Details:
Existing Measure:
Existing NEI Dev: 0
Cost Equations:
N/A
Affected SCCs:
Code Description
20200256 Internal Combustion Engines; Industrial; Natural Gas; 4-cycle Clean Burn
20200255 Internal Combustion Engines; Industrial; Natural Gas; 2-cycle Clean Burn
20200254 Internal Combustion Engines; Industrial; Natural Gas; 4-cycle Lean Burn
20200252 Internal Combustion Engines; Industrial; Natural Gas; 2-cycle Lean Burn

References:

» OTC 2012. Technical Information Oil and Gas Sector, Significant Stationary Sources of NOx
Emissions. Final. October 17, 2012.

Other information:
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Summary:

Control Measure Name:
Abbreviation:
Description:

Low Excess Air; Iron & Steel Mills - Reheating
NLEAISRH

Application: The reduction in NOx emissions is achieved through the use of low
excess air techniques, such that there is less available oxygen convert fuel nitrogen to
NOX.

This control applies to iron & steel reheating furnaces classified under SCC 30300933.

Discussion: Low excess air works by reducing levels of excess air to the combustor,
usually by adjustments to air registers and/or fuel injection positions, or through control
of overfire air dampers. The lower oxygen concentration in the burner zone reduces
conversion of the fuel nitrogen to NOx. Also, under excess air conditions in the flame
zone, a greater portion of fuel-bound nitrogen is converted to N2 therefore reducing the
formation of fuel NOx (ERG, 2000).

Class:

Pollutant:
Equipment Life:
Control Technology:
Source Group:

Known

NOX

10.0 years

Low Excess Air

Iron & Steel Mills - Reheating

Sectors:
Months:

ptnonipm
All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX NOX
Locale:
Effective Date: N/A N/A
Cost Year: 1990 1990
CPT: $1,320 $1,320
Ref Yr CPT: $2,114 $2,114
Control Efficiency: 13.0 13.0
Min Emis: 365.0 N/A
Max Emis: N/A 365.0
Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.14000000059604645 0.14000000059604645
Discount Rate: N/A N/A
Cap Ann Ratio: 3.8 3.8
Incrememental CPT: N/A N/A
Details: Applied to large source types Applied to small source types
Existing Measure:
Existing NEI Dev: 0 0
Pollutant: NOX NOX
Locale:
Effective Date: N/A N/A
Cost Year: 1990 1990
CPT: $1,320 $1,320
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Ref Yr CPT: $2,114 $2,114
Control Efficiency: 13.0 13.0
Min Emis: 365.0 N/A

Max Emis: N/A 365.0

Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton

Capital Rec Fac: 0.14000000059604645 0.14000000059604645

Discount Rate: N/A N/A
Cap Ann Ratio: 3.8 3.8
Incrememental CPT: N/A N/A

Details:

Applied to large source types

Applied to small source types

Existing Measure:

Existing NEI Dev: 0 0
Cost Equations:
N/A
Affected SCCs:
Code Description
30300933 Industrial Processes; Primary Metal Production; Steel Manufacturing (See 3-03-015 for Integrated
Iron & Steel MACT); Reheat Furnaces
References:

* EPA, 1993: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions
from Stationary Reciprocating Internal Combustion Engines," EPA,-453/R-93-032, Research

Triangle Park, NC, July 1993.

* Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of
Air Quality Planning and Standards, Innovative Strategies and Economics Group, Research

Triangle Park, September 1998.

* ERG, 2000: Eastern Research Group, Inc., "How to Incorporate the Effects of Air Pollution
Control Device Efficiencies and Malfunctions into Emission Inventory Estimates," prepared for
Emission Inventory Improvement Program, Point Sources Committee, July 2000.

* EPA, 1994: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions
from Iron and Steel Mills," EPA-453/R-94-065, Research Triangle Park, NC, September 1994.

Other information:
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ADMIN_PCT:

0%

CE_TEXT: 13% from uncontrolled

CHEM_PCT: 0%

COST_BASIS: Capital and annual cost information was obtained from model engine data in the Alternative
Control Techniques (ACT) document (EPA, 1994). A capital cost to annual cost ratio of 3.8
was developed to estimate default capital and operating and maintenance costs. From these
determinations, default cost effectiveness values were assigned. A discount rate of 7 percent
and a capacity factor of 65 percent are assumed, along with an equipment life of 10 years
(EPA, 1994).

In general, the incremental default cost is used for sources where there are existing controls
(ZI?)SE)T baseline), with efficiencies greater than 15% and less than or equal to 25% (Pechan,

CPTON_TEXT: The default cost effectiveness value is $1,320 per ton NOx reduced from both uncontrolled
RACT baselines (1990%).

CTRL_EFF_T: 13%

ELEC_PCT: 0%

ELEC_RT: $0/kWh

FUEL_PCT: 0%

HG_CE_T: 13%

INSRNC_PCT: 0%

MNTLBR_PCT: 0%

MNTLBR_RT: $0/hr

MNTMTL_PCT: 0%

NG_RT: $0/cf

NOX: Co*

OMATL_PCT: 0%

OPLBR_PCT: 0%

OPLBR_RT: $0/hr

OTHR_PCT: 0%

OVRHD_PCT: 0%

PROPTX_PCT: 0%

RPLMTL_PCT: 0%

RULE: Not Applicable

SPVLBR_PCT: 0%

STEAM_PCT: 0%

TDIR_PCT: 0%

TINDIR_PCT: 0%

UTIL_PCT: 0%

WSTDSP_PCT: 0%
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Summary:

Control Measure Name:  Low Emission Combustion;Lean Burn IC Engines - Gas
Abbreviation: NLECICEGAS

Description:  Application: This control is the application of Low Emission Combustion firing
techniques to gas-fired lean burn IC engines.

Class: Known
Pollutant:  NOX
Equipment Life:  10.0 years
Control Technology: Low Emission Combustion
Source Group: Lean Burn IC Engine - Gas
Sectors:  ptnonipm
Months:  All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX
Locale:
Effective Date: N/A
Cost Year: 1993
CPT: $422
Ref Yr CPT: $625
Control Efficiency: 87.0
Min Emis: N/A
Max Emis: N/A
Rule Effectiveness: 100.0
Rule Penetration: 100.0
Equation Type: cpton
Capital Rec Fac: N/A
Discount Rate: N/A
Cap Ann Ratio: 2.3
Incrememental CPT: N/A
Details:

Existing Measure:

Existing NEI Dev: 0

Pollutant: NOX
Locale:

Effective Date: N/A
Cost Year: 1993
CPT: $422
Ref Yr CPT: $625
Control Efficiency: 87.0
Min Emis: N/A
Max Emis: N/A
Rule Effectiveness: 100.0
Rule Penetration: 100.0
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Equation Type: cpton

Capital Rec Fac: N/A

Discount Rate: N/A

Cap Ann Ratio: 2.3

Incrememental CPT: N/A
Details:

Existing Measure:

Existing NEI Dev: 0
Cost Equations:
N/A
Affected SCCs:
Code Description

2310021251 Industrial Processes; Oil and Gas Exploration and Production; On-Shore Gas Production; Lateral
Compressors 4 Cycle Lean Burn

2310021202 Industrial Processes; Oil and Gas Exploration and Production; On-Shore Gas Production; Natural
Gas Fired 4Cycle Lean Burn Compressor Engines 50 To 499 HP

2310021102 Industrial Processes; Oil and Gas Exploration and Production; On-Shore Gas Production; Natural
Gas Fired 2Cycle Lean Burn Compressor Engines 50 To 499 HP

20200256 Internal Combustion Engines; Industrial; Natural Gas; 4-cycle Clean Burn
20200255 Internal Combustion Engines; Industrial; Natural Gas; 2-cycle Clean Burn
20200254 Internal Combustion Engines; Industrial; Natural Gas; 4-cycle Lean Burn
20200252 Internal Combustion Engines; Industrial; Natural Gas; 2-cycle Lean Burn
References:

* Pechan, 2006: E.H. Pechan and Associates, Inc., "AirControINET Control Measure
Documentation Report”, May 2006.

* Pechan, 2001: E.H. Pechan & Associates, Inc., "Revisions to AirControINET, and Particulate
Matter Control Strategies and Cost Analysis," Revised Report, prepared for U.S. Environmental
Protection Agency, Innovative Strategies and Economics Group, Research Triangle Park,
September 2001.

Other information:
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Summary:

Control Measure Name: Low Emission Combustion; Lean Burn ICE - NG
Abbreviation: NLECICENG

Description:  Low Emission Combustion includes Precombustion chamber head and related
equipment on a Lean Burn engine.

Class: Known
Pollutant:  NOX
Equipment Life:  10.0 years
Control Technology: Low Emission Combustion
Source Group: Lean Burn ICE - NG
Sectors:  ptnonipm
Months:  All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX
Locale:
Effective Date: N/A
Cost Year: 2001
CPT: $1,000
Ref Yr CPT: $1,277
Control Efficiency: 80.0
Min Emis: 0.0
Max Emis: 365.0
Rule Effectiveness: 100.0
Rule Penetration: 100.0
Equation Type: cpton
Capital Rec Fac: 0.14000000059604645
Discount Rate: 7.0
Cap Ann Ratio: 7.025
Incrememental CPT: N/A
Details:
Existing Measure:
Existing NEI Dev: 0
Pollutant: NOX
Locale:
Effective Date: N/A
Cost Year: 2001
CPT: $1,000
Ref Yr CPT: $1,277
Control Efficiency: 80.0
Min Emis: 0.0
Max Emis: 365.0
Rule Effectiveness: 100.0
Rule Penetration: 100.0
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Equation Type: cpton

Capital Rec Fac: 0.14000000059604645
Discount Rate: 7.0
Cap Ann Ratio: 7.025
Incrememental CPT: N/A
Details:

Existing Measure:

Existing NEI Dev: 0
Cost Equations:
Name: Type 2b
Description: Non-EGU NOx
Inventory Fields: design_capacity, design_capacity_unit_numerator, design_capacity unit_denominator
Formula: Annual Cost = Annual Cost Multiplier x e ~ (Boiler Capacity [in HP] x Exponent)
Capital Coat = Capital Cost Multiplier x e ~ (Boiler Capacity [in HP] x Exponent)
Variable Name Value
Pollutant NOX
Cost Year 2001
Capital Cost Multiplier 16019.0
Capital Cost Exponent 0.0016
Annual Cost Multiplier 2280.8
Annual Cost Exponent 0.0016
Affected SCCs:
Code Description
20200256 Internal Combustion Engines; Industrial; Natural Gas; 4-cycle Clean Burn
20200255 Internal Combustion Engines; Industrial; Natural Gas; 2-cycle Clean Burn
20200254 Internal Combustion Engines; Industrial; Natural Gas; 4-cycle Lean Burn
20200252 Internal Combustion Engines; Industrial; Natural Gas; 2-cycle Lean Burn

References:

» CARB 2001. Determination of Reasonably Available Control Technology and Best Available
Retrofit Control Technology for Stationary Spark-Ignited Internal Combustion Engines. California
Environmental Protection Agency, Air Resources Board, Stationary Source Division, Emissions
Assessment Branch, Process Evaluation Section. November 2001.

Other information:
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Summary:

Control Measure Name:

Abbreviation:
Description:

Class:

Pollutant:
Equipment Life:
Control Technology:
Source Group:
Sectors:

Months:

Low NOx Burner and Flue Gas Recirculation; Ammonia Prod; Feedstock
Desulfurization

NLNBFAPFD
Application: This control is the use of low NOx burner (LNB) technology and flue gas
recirculation (FGR) to reduce NOx emissions. LNBs reduce the amount of NOx created

from reaction between fuel nitrogen and oxygen by lowering the temperature of one
combustion zone and reducing the amount of oxygen available in another.

This control is applicable to small (<1 ton per OSD) feedstock desulfurization processes
in ammonia products operations with uncontrolled NOx emissions greater than 10 tons
per year.

Discussion: It is assumed that the superheated steam needed to regenerate the
activated carbon bed used in the desulfurization process is the NOx source.

LNBs 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. Staged-air LNBs create a fuel-rich reducing
primary combustion zone and a fuel-lean secondary combustion zone. Staged-fuel
LNBs create a lean combustion zone that is relatively cool due to the presence of
excess air, which acts as a heat sink to lower combustion temperatures (EPA, 2002).

Known

NOX

10.0 years

Low NOx Burner and Flue Gas Recirculation
Ammonia Prod; Feedstock Desulfurization
ptnonipm

All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX NOX
Locale:

Effective Date: N/A N/A
Cost Year: 1990 1990

CPT: $2,560 $590

Ref Yr CPT: $4,100 $945
Control Efficiency: 60.0 60.0
Min Emis: 0.0 365.0

Max Emis: 365.0 N/A
Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.14000000059604645 0.14000000059604645

Discount Rate: N/A N/A
Cap Ann Ratio: 5.9 7.5
Incrememental CPT: 2470.0 280.0

Details:

Applied to small source types

Applied to large source types

Existing Measure:

Existing NEI Dev:
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Pollutant: NOX NOX
Locale:

Effective Date: N/A N/A
Cost Year: 1990 1990

CPT: $2,560 $590

Ref Yr CPT: $4,100 $945
Control Efficiency: 60.0 60.0
Min Emis: 0.0 365.0

Max Emis: 365.0 N/A
Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.14000000059604645 0.14000000059604645

Discount Rate: N/A N/A
Cap Ann Ratio: 5.9 7.5
Incrememental CPT: 2470.0 280.0

Details:

Applied to small source types

Applied to large source types

Existing Measure:

Existing NEI Dev: 0 0
Cost Equations:
N/A
Affected SCCs:
Code Description
30100305 Industrial Processes; Chemical Manufacturing; Ammonia Production; Feedstock Desulfurization
References:

* Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of
Air Quality Planning and Standards, Innovative Strategies and Economics Group, Research

Triangle Park, September 1998.

* EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and
Standards, "EPA Air Pollution Control Cost Manual," 6th ed., EPA/452/B-02-001, Research

Triangle Park, NC, January 2002.

* EPA, 1994: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions
from Industrial/Commercial/Institutional (ICI) Boilers," EPA-453/R-94-022, Research Triangle

Park, NC, June 1994.
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Other information:

ADMIN_PCT: 0%

CE_TEXT: 60% from uncontrolled

CHEM_PCT: 0%

COST_BASIS: Sources are distinguished by power output (Pechan, 1998).
Small source = less than 1 ton NOx per ozone season day
Costs for stationary source NOx control are based on an analysis of EPA's NOx State
Implementation Plan (SIP) Call (Pechan, 1998). The basis of the costs are model plant data
in the Alternative Control Techniques (ACT) document (EPA, 1994). From this analysis,
default cost per ton values are assigned along with a capital to annual costs ratio of 5.9. An
equipment life of 10 years is assumed (EPA, 1994).
In general, the incremental default cost is used for sources where there are existing controls
(RACT baseline), with efficiencies less than or equal to 70% (Pechan, 2001).

CPTON_H: $2560/ton

CPTON_L: $2470/ton

CPTON_TEXT: The default cost effectiveness values are $2,560 per ton NOx reduced from uncontrolled and
$2,470 per ton NOx reduced from RACT (19903).

CTRL_EFF_T: 60%

ELEC_PCT: 0%

ELEC_RT: $0/kwh

FUEL_PCT: 0%

HG CE_T: 60%

INSRNC_PCT: 0%

MNTLBR_PCT: 0%

MNTLBR_RT: $0/hr

MNTMTL_PCT: 0%

NG_RT: $0/cf

NOX: Co*

OMATL_PCT: 0%

OPLBR_PCT: 0%

OPLBR_RT: $0/hr

OTHR_PCT: 0%

OVRHD_PCT: 0%

PROPTX_PCT: 0%

RPLMTL_PCT: 0%

RULE: Not Applicable

SPVLBR_PCT: 0%

STEAM_PCT: 0%

TDIR_PCT: 0%
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TINDIR_PCT: 0%

UTIL_PCT: 0%

WSTDSP_PCT: 0%
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Summary:

Control Measure Name:

Abbreviation:
Description:

Low NOx Burner and Flue Gas Recirculation; In-Proc;Process Gas;Coke Oven/Blast
Furn

NLNBFCOBF

Application: This control is the use of low NOx burner (LNB) technology and flue gas
recirculation (FGR) to reduce NOx emissions. LNBs reduce the amount of NOx created

from reaction between fuel nitrogen and oxygen by lowering the temperature of one
combustion zone and reducing the amount of oxygen available in another.

This control is applicable to small (<1 ton per OSD) sources with in-process coke/blast
furnaces and uncontrolled NOx emissions greater than 10 tons per year.

Discussion: LNBs 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. Staged-air LNBs create a
fuel-rich reducing primary combustion zone and a fuel-lean secondary combustion

zone. Staged-fuel LNBs create a lean combustion zone that is relatively cool due to the

presence of excess air, which acts as a heat sink to lower combustion temperatures

(EPA, 2002).
Class: Known
Pollutant:  NOX
Equipment Life:  15.0 years
Control Technology:
Source Group:
Sectors:
Months:

ptnonipm
All Months

Low NOx Burner and Flue Gas Recirculation
In-Proc;Process Gas;Coke Oven/Blast Furn

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX NOX
Locale:
Effective Date: N/A N/A
Cost Year: 1990 1990
CPT: $2,470 $3,190
Ref Yr CPT: $3,955 $5,108
Control Efficiency: 55.0 55.0
Min Emis: 365.0 N/A
Max Emis: N/A 365.0
Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.10000000149011612 0.10000000149011612
Discount Rate: N/A N/A
Cap Ann Ratio: 6.8 6.9
Incrememental CPT: 830.0 1430.0
Details: Applied to large source types Applied to small source types
Existing Measure:
Existing NEI Dev: 0 0
Pollutant: NOX NOX
Locale:
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Effective Date: N/A N/A
Cost Year: 1990 1990
CPT: $2,470 $3,190
Ref Yr CPT: $3,955 $5,108
Control Efficiency: 55.0 55.0
Min Emis: 365.0 N/A
Max Emis: N/A 365.0
Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.10000000149011612 0.10000000149011612
Discount Rate: N/A N/A
Cap Ann Ratio: 6.8 6.9
Incrememental CPT: 830.0 1430.0

Details:

Applied to large source types

Applied to small source types

Existing Measure:

Existing NEI Dev: 0 0
Cost Equations:
N/A
Affected SCCs:
Code Description

39000799 Industrial Processes; In-process Fuel Use; Process Gas; General

39000798 Industrial Processes; In-process Fuel Use; Process Gas; General

39000797 Industrial Processes; In-process Fuel Use; Process Gas; General

39000788 Industrial Processes; In-process Fuel Use; Process Gas; General

39000702 Industrial Processes; In-process Fuel Use; Process Gas; Coke Oven Gas

39000701 Industrial Processes; In-process Fuel Use; Process Gas; Coke Oven or Blast Furnace
References:

* Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of
Air Quality Planning and Standards, Innovative Strategies and Economics Group, Research

Triangle Park, September 1998.

* EPA, 1993: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions
from Process Heaters," EPA-453/R-93-034, Research Triangle Park, NC, September 1993.

* EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and
Standards, "EPA Air Pollution Control Cost Manual," 6th ed., EPA/452/B-02-001, Research
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Triangle Park, NC, January 2002.

Other information:

ADMIN_PCT: 0%

CE_TEXT: 55% from uncontrolled

CHEM_PCT: 0%

COST_BASIS: Sources are distinguished by power output (Pechan, 1998).
Small source = less than 1 ton NOx per ozone season day
Costs for stationary source NOx control are based on an analysis of EPA's NOx State
Implementation Plan (SIP) Call (Pechan, 1998). The basis of the costs are model plant data
in the Alternative Control Techniques (ACT) document (EPA, 1993). From this analysis,
default cost per ton values are assigned along with a capital to annual costs ratio of 6.9. A
discount rate of 10 percent and a capacity factor of 65 percent are assumed, along with an
equipment life of 15 years (EPA, 1993).
In general, the incremental default cost is used for sources where there are existing controls
(RACT baseline), with efficiencies less than or equal to 70% (Pechan, 2001).

CPTON_H: $3190/ton

CPTON_L: $1430/ton

CPTON_TEXT: The default cost effectiveness values are $3,190 per ton NOx reduced from uncontrolled and
$1,430 per ton NOx reduced from RACT (1990%).

CTRL_EFF_T: 55%

ELEC_PCT: 0%

ELEC_RT: $0/kWh

FUEL_PCT: 0%

HG_CE_T: 55%

INSRNC_PCT: 0%

MNTLBR_PCT: 0%

MNTLBR_RT: $0/hr

MNTMTL_PCT: 0%

NG_RT: $0/cf

NOX: Co*

OMATL_PCT: 0%

OPLBR_PCT: 0%

OPLBR_RT: $0/hr

OTHR_PCT: 0%

OVRHD_PCT: 0%

PROPTX_PCT: 0%

RPLMTL_PCT: 0%

RULE: Not Applicable

SPVLBR_PCT: 0%
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STEAM_PCT:

0%

TDIR_PCT:

0%

TINDIR_PCT:

0%

UTIL_PCT:

0%

WSTDSP_PCT:

0%
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Summary:

Control Measure Name:
Abbreviation:
Description:

Class:

Pollutant:
Equipment Life:
Control Technology:
Source Group:
Sectors:

Months:

Low NOx Burner and Flue Gas Recirculation; Pri Cop Smel; Reverb Smelt Furn

NLNBFCSRS

Application: This control is the use of low NOx burner (LNB) technology and flue gas

recirculation (FGR) to reduce NOx emissions. LNBs reduce the amount of NOx created

from reaction between fuel nitrogen and oxygen by lowering the temperature of one
combustion zone and reducing the amount of oxygen available in another.

Discussion: LNBs 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 us
Known

NOX

10.0 years

Low NOx Burner and Flue Gas Recirculation

Pri Cop Smel; Reverb Smelt Furn
ptnonipm
All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX NOX
Locale:
Effective Date: N/A N/A
Cost Year: 1990 1990
CPT: $750 $750
Ref Yr CPT: $1,201 $1,201
Control Efficiency: 60.0 60.0
Min Emis: 365.0 N/A
Max Emis: N/A 365.0
Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.14000000059604645 0.14000000059604645
Discount Rate: N/A N/A
Cap Ann Ratio: 7.0 7.0
Incrememental CPT: 250.0 250.0

Details:

Applied to large source types

Applied to small source types

Existing Measure:

Existing NEI Dev: 0 0
Pollutant: NOX NOX
Locale:

Effective Date: N/A N/A
Cost Year: 1990 1990

CPT: $750 $750
Ref Yr CPT: $1,201 $1,201
Control Efficiency: 60.0 60.0
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Min Emis: 365.0 N/A

Max Emis: N/A 365.0

Rule Effectiveness: 100.0 100.0

Rule Penetration: 100.0 100.0

Equation Type: cpton cpton
Capital Rec Fac: 0.14000000059604645 0.14000000059604645

Discount Rate: N/A N/A

Cap Ann Ratio: 7.0 7.0

Incrememental CPT: 250.0 250.0

Details:

Applied to large source types

Applied to small source types

Existing Measure:

Existing NEI Dev: 0 0
Cost Equations:
N/A
Affected SCCs:
Code Description
30300507 Industrial Processes; Primary Metal Production; Primary Copper Smelting; Reverberatory Smelting
Furnace w/ Ore Charge w/o Roasting
References:

» "AirControINET Database, May 2006" Prepared for US EPA, OAQPS, RTP, NC 27711.
Prepared by Pechan & Associates, Inc., 5528-B Hempstead Way, Springfield, VA 22151. May

2006.

Other information:
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Summary:

Control Measure Name:
Abbreviation:
Description:

Class:

Pollutant:
Equipment Life:
Control Technology:
Source Group:
Sectors:

Months:

Low NOx Burner and Flue Gas Recirculation; Fluid Cat Cracking Units; Cracking Unit
NLNBFFCCU

Application: This control is the use of low NOx burner (LNB) technology and flue gas
recirculation (FGR) to reduce NOx emissions. LNBs reduce the amount of NOx created

from reaction between fuel nitrogen and oxygen by lowering the temperature of one
combustion zone and reducing the amount of oxygen available in another.

This control is applicable to small (<1 ton per OSD) fluid catalytic cracking units with
uncontrolled NOx emissions greater than 10 tons per year.

Discussion: The source of emissions for fluidized catalytic cracking come from process
heaters and catalyst regenerators.

LNBs 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. Staged-air LNBs create a fuel-rich reducing
primary combustion zone and a fuel-lean secondary combustion zone. Staged-fuel
LNBs create a lean combustion zone that is relatively cool due to the presence of
excess air, which acts as a heat sink to lower combustion temperatures (EPA, 2002).

Known

NOX

15.0 years

Low NOx Burner and Flue Gas Recirculation
Fluid Cat Cracking Units; Cracking Unit
ptnonipm

All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX NOX
Locale:
Effective Date: N/A N/A
Cost Year: 1990 1990
CPT: $2,470 $3,190
Ref Yr CPT: $3,955 $5,108
Control Efficiency: 55.0 55.0
Min Emis: 365.0 N/A
Max Emis: N/A 365.0
Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.10000000149011612 0.10000000149011612
Discount Rate: N/A N/A
Cap Ann Ratio: 6.8 6.9
Incrememental CPT: 830.0 1430.0
Details: Applied to large source types Applied to small source types
Existing Measure:
Existing NEI Dev: 0 0
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Pollutant: NOX NOX
Locale:
Effective Date: N/A N/A
Cost Year: 1990 1990
CPT: $2,470 $3,190
Ref Yr CPT: $3,955 $5,108
Control Efficiency: 55.0 55.0
Min Emis: 365.0 N/A
Max Emis: N/A 365.0
Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.10000000149011612 0.10000000149011612
Discount Rate: N/A N/A
Cap Ann Ratio: 6.8 6.9
Incrememental CPT: 830.0 1430.0

Details:

Applied to large source types

Applied to small source types

Existing Measure:

Existing NEI Dev: 0 0
Cost Equations:
N/A
Affected SCCs:
Code Description
30600202 Industrial Processes; Petroleum Industry; Catalytic Cracking Units; Catalyst Handling System
30600201 Industrial Processes; Petroleum Industry; Catalytic Cracking Units; Fluid Catalytic Cracking Unit
References:

» Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of
Air Quality Planning and Standards, Innovative Strategies and Economics Group, Research

Triangle Park, September 1998.

* EPA, 1993: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions
from Process Heaters," EPA-453/R-93-034, Research Triangle Park, NC, September 1993.

* EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and
Standards, "EPA Air Pollution Control Cost Manual," 6th ed., EPA/452/B-02-001, Research

Triangle Park, NC, January 2002.
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Other information:

ADMIN_PCT: 0%

CE_TEXT: 55% from uncontrolled

CHEM_PCT: 0%

COST_BASIS: Sources are distinguished by power output (Pechan, 1998).
Small source = less than 1 ton NOx per ozone season day
Costs for stationary source NOx control are based on an analysis of EPA's NOx State
Implementation Plan (SIP) Call (Pechan, 1998). The basis of the costs are model plant data
in the Alternative Control Techniques (ACT) document (EPA, 1993). From this analysis,
default cost per ton values are assigned along with a capital to annual costs ratio of 6.9. An
equipment life of 15 years is assumed (EPA, 1993).

CPTON_H: $3190/ton

CPTON_L: $1430/ton

CPTON_TEXT: The default cost effectiveness values are $3,190 per ton NOx reduced from uncontrolled and
$1,430 per ton NOx reduced from RACT (19903).

CTRL_EFF_T: 55%

ELEC_PCT: 0%

ELEC_RT: $0/kwh

FUEL_PCT: 0%

HG CE_T: 55%

INSRNC_PCT: 0%

MNTLBR_PCT: 0%

MNTLBR_RT: $0/hr

MNTMTL_PCT: 0%

NG_RT: $0/cf

NOX: Co*

OMATL_PCT: 0%

OPLBR_PCT: 0%

OPLBR_RT: $0/hr

OTHR_PCT: 0%

OVRHD_PCT: 0%

PROPTX_PCT: 0%

RPLMTL_PCT: 0%

RULE: Not Applicable

SPVLBR_PCT: 0%

STEAM_PCT: 0%

TDIR_PCT: 0%

TINDIR_PCT: 0%

UTIL_PCT:

0%
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WSTDSP_PCT: 0%
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Summary:

Control Measure Name:
Abbreviation:
Description:

Low NOx Burner and Flue Gas Recirculation; Fuel Fired Equip; Process Htrs; Pro Gas
NLNBFFPHP

Application: This control is the use of low NOx burner (LNB) technology and flue gas
recirculation (FGR) to reduce NOx emissions. LNBs reduce the amount of NOx created

from reaction between fuel nitrogen and oxygen by lowering the temperature of one
combustion zone and reducing the amount of oxygen available in another.

This control is applicable to small process heaters with uncontrolled NOx emissions
greater than 10 tons per year.

Discussion: LNBs are designed to "stage" combustion so that two com

Class: Known

Pollutant: NOX
Equipment Life:  15.0 years
Control Technology:
Source Group:
Sectors:
Months:

ptnonipm
All Months

Low NOx Burner and Flue Gas Recirculation
Fuel Fired Equip; Process Htrs; Pro Gas

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX NOX
Locale:
Effective Date: N/A N/A
Cost Year: 1990 1990
CPT: $2,470 $3,190
Ref Yr CPT: $3,955 $5,108
Control Efficiency: 55.0 55.0
Min Emis: 365.0 N/A
Max Emis: N/A 365.0
Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.10000000149011612 0.10000000149011612
Discount Rate: N/A N/A
Cap Ann Ratio: 6.8 6.9
Incrememental CPT: 830.0 1430.0

Details:

Applied to large source types

Applied to small source types

Existing Measure:

Existing NEI Dev: 0 0
Pollutant: NOX NOX
Locale:

Effective Date: N/A N/A
Cost Year: 1990 1990
CPT: $2,470 $3,190
Ref Yr CPT: $3,955 $5,108
Control Efficiency: 55.0 55.0
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Min Emis: 365.0 N/A
Max Emis: N/A 365.0
Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.10000000149011612 0.10000000149011612
Discount Rate: N/A N/A
Cap Ann Ratio: 6.8 6.9
Incrememental CPT: 830.0 1430.0

Details:

Applied to large source types

Applied to small source types

Existing Measure:

Existing NEI Dev: 0 0
Cost Equations:
N/A
Affected SCCs:
Code Description
30390004 Industrial Processes; Primary Metal Production; Fuel Fired Equipment; Process Gas: Process
Heaters
References:

* Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of
Air Quality Planning and Standards, Innovative Strategies and Economics Group, Research

Triangle Park, September 1998.

* EPA, 1993: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions
from Process Heaters," EPA-453/R-93-034, Research Triangle Park, NC, September 1993.

* EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and
Standards, "EPA Air Pollution Control Cost Manual,” 6th ed., EPA/452/B-02-001, Research

Triangle Park, NC, January 2002.

Other information:

ADMIN_PCT: 0%

CE_TEXT:

50% from uncontrolled

CHEM_PCT: 0%
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COST_BASIS: Sources are distinguished by power output (Pechan, 1998).
Small source = less than 1 ton NOx per ozone season day
Costs for stationary source NOx control are based on an analysis of EPA's NOx State
Implementation Plan (SIP) Call (Pechan, 1998). The basis of the costs are model plant data
in the Alternative Control Techniques (ACT) document (EPA, 1993). From this analysis,
default cost per ton values are assigned along with a capital to annual costs ratio of 7.0. A
discount rate of 10 percent and a capacity factor of 65 percent are assumed, along with an
equipment life of 15 years (EPA, 1993).
In general, the incremental default cost is used for sources where there are existing controls
(RACT baseline), with efficiencies less than or equal to 50% (Pechan, 2001).
O&M Cost Components: The O&M cost breakdown is estimated using the detailed information
in Table 6-4 and Ch. 6 of the Process Heaters ACT. The breakdown was obtained using the
O&M costs for a mechanical draft process heater fired on distillate oil and having a capacity of
69 MMBTU per hour. The cost percentage is applied to heaters fired on LPG via technology
transfer (Pechan, 1998). A capacity factor of 0.58 is used in estimating the O&M cost
breakdown.
Electricity: $0.06 per kw-hr

CPTON_TEXT: The default cost effectiveness values are $570 per ton NOx reduced from uncontrolled.

CTRL_EFF_T: 50%

ELEC_PCT: 0%

ELEC_RT: $0/kWh

FUEL_PCT: 0%

INSRNC_PCT: 0%

MNTLBR_PCT: 0%

MNTLBR_RT: $0/hr

MNTMTL_PCT: 0%

NG_RT: $0/cf

NOX: Co*

OMATL_PCT: 0%

OPLBR_PCT: 0%

OPLBR_RT: $0/hr

OTHR_PCT: 0%

OVRHD_PCT: 0%

PROPTX_PCT: 0%

RPLMTL_PCT: 0%

RULE: Not Applicable

SPVLBR_PCT: 0%

STEAM_PCT: 0%

TDIR_PCT: 0%

TINDIR_PCT: 0%

UTIL_PCT: 0%

WSTDSP_PCT: 0%
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Summary:

Control Measure Name:
Abbreviation:
Description:

Class:

Pollutant:
Equipment Life:
Control Technology:

Source Group:
Sectors:
Months:

Low NOx Burner and Flue Gas Recirculation; Ammonia - NG-Fired Reformers
NLNBFFRNG

Application: This control is the use of low NOx burner (LNB) technology and flue gas
recirculation (FGR) to reduce NOx emissions. LNBs reduce the amount of NOx created
from reaction between fuel nitrogen and oxygen by lowering the temperature of one
combustion zone and reducing the amount of oxygen available in another.

This control is applicable to small (<1 ton NOx per OSD) ammonia production
operations with natural gas-fired reformers (SCC 30100306) and uncontrolled NOx
emissions greater than 10 tons per year.

Discussion: LNBs 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. Staged-air LNBs create a
fuel-rich reducing primary combustion zone and a fuel-lean secondary combustion
zone. Staged-fuel LNBs create a lean combustion zone that is relatively cool due to the
presence of excess air, which acts as a heat sink to lower combustion temperatures
(EPA, 2002).

Known

NOX

10.0 years

Low NOx Burner and Flue Gas Recirculation
Ammonia - NG-Fired Reformers

ptnonipm

All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX NOX
Locale:

Effective Date: N/A N/A
Cost Year: 1990 1990

CPT: $2,560 $590

Ref Yr CPT: $4,100 $945
Control Efficiency: 60.0 60.0
Min Emis: 0.0 365.0

Max Emis: 365.0 N/A
Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.14000000059604645 0.14000000059604645

Discount Rate: N/A N/A
Cap Ann Ratio: 5.9 7.5
Incrememental CPT: 2470.0 280.0

Details:

Applied to small source types

Applied to large source types

Existing Measure:

Existing NEI Dev:

Pollutant:

NOX

NOX

Locale:
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Effective Date: N/A N/A
Cost Year: 1990 1990

CPT: $2,560 $590

Ref Yr CPT: $4,100 $945
Control Efficiency: 60.0 60.0
Min Emis: 0.0 365.0

Max Emis: 365.0 N/A
Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.14000000059604645 0.14000000059604645

Discount Rate: N/A N/A
Cap Ann Ratio: 5.9 7.5
Incrememental CPT: 2470.0 280.0

Details:

Applied to small source types

Applied to large source types

Existing Measure:

Existing NEI Dev: 0 0
Cost Equations:
N/A
Affected SCCs:
Code Description
30100306 Industrial Processes; Chemical Manufacturing; Ammonia Production; Primary Reformer: Natural
Gas Fired
References:

* Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of

Air Quality Planning and Standards, Innovative Strategies and Economics Group, Research

Triangle Park, September 1998.

* EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and
Standards, "EPA Air Pollution Control Cost Manual," 6th ed., EPA/452/B-02-001, Research

Triangle Park, NC, January 2002.

* EPA, 1993: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions
from Process Heaters," EPA-453/R-93-034, Research Triangle Park, NC, September 1993.

Other information:
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ADMIN_PCT:

0%

CE_TEXT: 60% from uncontrolled

CHEM_PCT: 0%

COST_BASIS: Sources are distinguished by NOx emission levels (Pechan, 1998).
Small source = emissions level less than 1 ton per ozone season day
Costs for stationary source NOx control are based on an analysis of EPA's NOx State
Implementation Plan (SIP) Call (Pechan, 1998). The basis of the costs are model plant data
for mechanical draft heaters firing natural gas and oil contained in the Alternative Control
Techniques (ACT) document (EPA, 1993). From this analysis, default cost per ton values are
assigned along with a capital to annual costs ratio of 5.9. An equipment life of 10 years is
assumed (EPA, 1993).
In general, the incremental default cost is used for sources where there are existing controls
(RACT baseline), with efficiencies less than or equal to 70% (Pechan, 2001).

CPTON_H: $2560/ton

CPTON_L: $2470/ton

CPTON_TEXT: The default cost effectiveness values are $2,560 per ton NOx reduced from uncontrolled and
$2,470 per ton NOx reduced from RACT (1990%).

CTRL_EFF_T: 60%

ELEC_PCT: 0%

ELEC_RT: $0.05/kWh

FUEL_PCT: 0%

HG CE_T: 60%

INSRNC_PCT: 0%

MNTLBR_PCT: 0%

MNTLBR_RT: $0/hr

MNTMTL_PCT: 0%

NG_RT: $3.63/cf

NOX: Co*

OMATL_PCT: 0%

OPLBR_PCT: 0%

OPLBR_RT: $0/hr

OTHR_PCT: 0%

OVRHD_PCT: 0%

PROPTX_PCT: 0%

RPLMTL_PCT: 0%

RULE: Not Applicable

SPVLBR_PCT: 0%

STEAM_PCT: 0%

TDIR_PCT: 0%

TINDIR_PCT: 0%

UTIL_PCT: 0%
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WSTDSP_PCT: 0%
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Summary:

Control Measure Name:
Abbreviation:
Description:

Class:

Pollutant:
Equipment Life:
Control Technology:
Source Group:
Sectors:

Months:

Low NOx Burner and Flue Gas Recirculation; Ammonia - Oil-Fired Reformers

NLNBFFROL

Application: This control is the use of low NOx burner (LNB) technology and flue gas

recirculation (FGR) to reduce NOx emissions. LNBs reduce the amount of NOx created

from reaction between fuel nitrogen and oxygen by lowering the temperature of one
combustion zone and reducing the amount of oxygen available in another.

Discussion: LNBs 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 us

Known

NOX

10.0 years

Low NOx Burner and Flue Gas Recirculation
Ammonia - Oil-Fired Reformers

ptnonipm

All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX NOX
Locale:

Effective Date: N/A N/A
Cost Year: 1990 1990

CPT: $1,120 $390

Ref Yr CPT: $1,794 $625
Control Efficiency: 60.0 60.0
Min Emis: 0.0 365.0

Max Emis: 365.0 N/A
Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.14000000059604645 0.14000000059604645

Discount Rate: N/A N/A
Cap Ann Ratio: 5.9 7.5
Incrememental CPT: 1080.0 190.0

Details:

Applied to small source types

Applied to large source types

Existing Measure:

Existing NEI Dev: 0 0

Pollutant: NOX NOX
Locale:

Effective Date: N/A N/A
Cost Year: 1990 1990
CPT: $1,120 $390
Ref Yr CPT: $1,794 $625
Control Efficiency: 60.0 60.0
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Min Emis: 0.0 365.0

Max Emis: 365.0 N/A

Rule Effectiveness: 100.0 100.0

Rule Penetration: 100.0 100.0

Equation Type: cpton cpton
Capital Rec Fac: 0.14000000059604645 0.14000000059604645

Discount Rate: N/A N/A

Cap Ann Ratio: 5.9 7.5

Incrememental CPT: 1080.0 190.0

Details:

Applied to small source types

Applied to large source types

Existing Measure:

Existing NEI Dev: 0 0
Cost Equations:
N/A
Affected SCCs:
Code Description
30100307 Industrial Processes; Chemical Manufacturing; Ammonia Production; Primary Reformer: Oil Fired
References:

» "AirControINET Database, May 2006" Prepared for US EPA, OAQPS, RTP, NC 27711.
Prepared by Pechan & Associates, Inc., 5528-B Hempstead Way, Springfield, VA 22151. May

2006.

Other information:
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Summary:

Control Measure Name: Low NOx Burner and Flue Gas Recirculation; ICI Boilers - Distillate Oil
Abbreviation: NLNBFIBDO

Description:  Application: This control is the use of low NOx burner (LNB) technology and flue gas
recirculation (FGR) to reduce NOx emissions. LNBs reduce the amount of NOx created
from reaction between fuel nitrogen and oxygen by lowering the temperature of one
combustion zone and reducing the amount of oxygen available in another.

Discussion: LNBs 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. Staged-air LNBs create a
fuel-rich reducing primary combustion zone and a fuel-lean secondary combustion
zone. Staged-fuel LNBs create a lean combustion zone that is relatively cool due to the
presence of excess air, which acts as a heat sink to lower combustion temperatures
(EPA, 2002).

Class: Known
Pollutant: NOX
Equipment Life:  15.0 years
Control Technology: Low NOx Burner and Flue Gas Recirculation
Source Group: ICI Boilers - Distillate Oil
Sectors:  ptnonipm
Months:  All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX
Locale:

Effective Date: N/A
Cost Year: 2008

CPT: $12,000

Ref Yr CPT: $12,929
Control Efficiency: 61.0
Min Emis: 25.0
Max Emis: N/A
Rule Effectiveness: 100.0
Rule Penetration: 100.0

Equation Type:

Capital Rec Fac:

0.12999999523162842

Discount Rate: 10.0
Cap Ann Ratio: N/A
Incrememental CPT: N/A
Details:
Existing Measure:
Existing NEI Dev: 0
Pollutant: NOX
Locale:
Effective Date: N/A
Cost Year: 2008
CPT: $12,000
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Ref Yr CPT: $12,929

Control Efficiency: 61.0
Min Emis: 25.0

Max Emis: N/A

Rule Effectiveness: 100.0
Rule Penetration: 100.0

Equation Type:

Capital Rec Fac: 0.12999999523162842
Discount Rate: 10.0
Cap Ann Ratio: N/A
Incrememental CPT: N/A
Details:

Existing Measure:

Existing NEI Dev: 0
Cost Equations:
Name: Type 13
Description: ICI Boiler Cost Equations
Inventory Fields: design_capacity, design_capacity_unit_numerator, design_capacity unit_denominator,

stack flow_rate, stack velocity, stack diameter

Formula: Capital Cost = varl*inputl®var2+var3*inputl”var4
O&M Cost = vars5+var6*inputl”®var7+var8*input1*var9+varl0*input3+varl1*input2

where

inputl = boiler size in MMBtu/hr

input2 = boiler emissions in ton/yr
input3 = boiler exhaust flowrate in ft3/sec
varl = Capital cost size multiplier No.1
var2 = Capital cost exponent No. 1
var3 = Capital cost size multiplier No.2
vard = Capital cost exponent No. 2
var5 = O&M known costs

varé = O&M cost size multiplier No.1
var7 = O&M cost size exponent No. 1
var8 = O&M cost size multiplier No. 2
var9 = O&M cost size exponent No. 2
varl0 = O&M cost flowrate multiplier
varll = O&M cost emissions multiplier

Variable Name Value
Pollutant NOX
Cost Year 2008
Capital Cost Size Multiplier No. 1 5460.27
Capital Cost Exponent No. 1 0.65
Capital Cost Size Multiplier No. 2 86330.02
Capital Cost Exponent No. 2 0.22
O&M Known Costs 389766.8
O&M Cost Size Multiplier No. 1 218.4
O&M Cost Exponent No. 1 0.65
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O&M Cost Size Multiplier No. 2 3453.2
O&M Cost Exponent No. 2 0.22
O&M Flowrate Multiplier 19.3
O&M Emissions Multiplier 0.0

Affected SCCs:

Code Description

10300504 External Combustion Boilers; Commercial/lnstitutional; Distillate Oil; Grade 4 Oll

10300503 External Combustion Boilers; Commercial/lnstitutional; Distillate Oil; < 10 Million BTU/hr **

10300502 External Combustion Boilers; Commercial/Institutional; Distillate Oil; 10-100 Million BTU/hr **

10300501 External Combustion Boilers; Commercial/lnstitutional; Distillate Oil - Grades 1 and 2; Boiler

10200505 External Combustion Boilers; Industrial; Distillate Oil; Cogeneration

10200504 External Combustion Boilers; Industrial; Distillate Oil; Grade 4 Qil

10200503 External Combustion Boilers; Industrial; Distillate Oil; < 10 Million BTU/hr **

10200502 External Combustion Boilers; Industrial; Distillate Oil; 10-100 Million BTU/hr **

10200501 External Combustion Boilers; Industrial; Distillate Oil - Grades 1 and 2; Boiler
References:

» Bodnarik, Andy. September 29, 2011. Personal Communication with Andy Bodnarik of Ozone
Transport Commission to Bryan Lange of ERG.

* MACTEC Engineering and Consulting, Inc. March 30, 2005. Midwest Regional Planning
Organization - Boiler Best Available Retrofit Technology Engineering Analysis

» US EPA. Coal Utility Environmental Cost, CUECost Model Version 1.0.
http://www.epa.gov/ttn/catc/products.html#software  (accessed November 18, 2011).

» Ozone Transport Commission & Lake Michigan Air Directors Consortium. May 25, 2010. Draft -
Evaluation of Control Options for Industrial, Commercial and Institutional Boilers, Technical
Support Document.

» Northeast States for Coordinated Air Use Management. November 2008 (revised January 2009).
Applicability and Feasibility of NOx, SO2, and PM Emissions Control Technologies for Industrial,
Commercial, and Institutional Boilers.

Other information:

ADMIN_PCT: 0%

CE_TEXT: 60% from uncontrolled

CHEM_PCT: 0%
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COST_BASIS: Sources are distinguished by power output (Pechan, 1998).
Small source = less than 1 ton NOx per ozone season day
Costs for stationary source NOx control are based on an analysis of EPA's NOx State
Implementation Plan (SIP) Call (Pechan, 1998). The basis of the costs are model plant data
in the Alternative Control Techniques (ACT) document (EPA, 1994). From this analysis,
default cost per ton values are assigned along with a capital to annual costs ratio of 5.9. A
discount rate of 7 percent and a capacity factor of 65 percent are assumed, along with an
equipment life of 10 years (EPA, 1994).
In general, the incremental default cost is used for sources where there are existing controls
(RACT baseline), with efficiencies less than or equal to 70% (Pechan, 2001).
O&M Cost Components: The O&M cost breakdown is estimated using the detailed
information in Appendix E of ICI boiler ACT document (see pages E-27 and E-28). A capacity
factor of 0.58 is used in estimating the O&M cost breakdown. The model boiler size used to
develop cost estimates is 45 MMBtu/hr.
Electricity cost: $0.05/kW-hr
Natural gas cost: $3.63/MMBtu

CPTON_H: $2490/ton

CPTON_L: $1090/ton

CPTON_TEXT: The default cost effectiveness values are $2,490 per ton NOx reduced from uncontrolled and
$1,090 per ton NOx reduced from RACT (1990%).

CTRL_EFF_T: 60%

ELEC_PCT: 0%

ELEC_RT: $0.05/kWh

FUEL_PCT: 0%

HG_CE_T: 60%

INSRNC_PCT: 0%

MNTLBR_PCT: 0%

MNTLBR_RT: $0/hr

MNTMTL_PCT: 0%

NG_RT: $3.63/cf

NOX: Co*

OMATL_PCT: 0%

OPLBR_PCT: 0%

OPLBR_RT: $0/hr

OTHR_PCT: 0%

OVRHD_PCT: 0%

PROPTX_PCT: 0%

RPLMTL_PCT: 0%

RULE: Not Applicable

SPVLBR_PCT: 0%

STEAM_PCT: 0%

TDIR_PCT: 0%

TINDIR_PCT: 0%
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UTIL_PCT: 0%

WSTDSP_PCT: 0%
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Summary:

Control Measure Name: Low NOx Burner and Flue Gas Recirculation; ICI Boilers - LPG
Abbreviation: NLNBFIBLP

Description:  Application: This control is the use of low NOx burner (LNB) technology and flue gas
recirculation (FGR) to reduce NOx emissions. LNBs reduce the amount of NOx created
from reaction between fuel nitrogen and oxygen by lowering the temperature of one
combustion zone and reducing the amount of oxygen available in another.

Discussion: LNBs 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. Staged-air LNBs create a
fuel-rich reducing primary combustion zone and a fuel-lean secondary combustion
zone. Staged-fuel LNBs create a lean combustion zone that is relatively cool due to the
presence of excess air, which acts as a heat sink to lower combustion temperatures
(EPA, 2002).

Class: Known
Pollutant: NOX
Equipment Life:  15.0 years
Control Technology: Low NOx Burner and Flue Gas Recirculation
Source Group: ICI Boilers - LPG
Sectors:  ptnonipm
Months:  All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX
Locale:

Effective Date: N/A
Cost Year: 2008

CPT: $12,000

Ref Yr CPT: $12,929
Control Efficiency: 61.0
Min Emis: 25.0
Max Emis: N/A
Rule Effectiveness: 100.0
Rule Penetration: 100.0

Equation Type:

Capital Rec Fac:

0.12999999523162842

Discount Rate: 10.0
Cap Ann Ratio: N/A
Incrememental CPT: N/A
Details:
Existing Measure:
Existing NEI Dev: 0
Pollutant: NOX
Locale:
Effective Date: N/A
Cost Year: 2008
CPT: $12,000
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Ref Yr CPT: $12,929

Control Efficiency: 61.0
Min Emis: 25.0

Max Emis: N/A

Rule Effectiveness: 100.0
Rule Penetration: 100.0

Equation Type:

Capital Rec Fac: 0.12999999523162842
Discount Rate: 10.0
Cap Ann Ratio: N/A
Incrememental CPT: N/A
Details:

Existing Measure:

Existing NEI Dev: 0
Cost Equations:
Name: Type 13
Description: ICI Boiler Cost Equations
Inventory Fields: design_capacity, design_capacity_unit_numerator, design_capacity unit_denominator,

stack flow_rate, stack velocity, stack diameter

Formula: Capital Cost = varl*inputl®var2+var3*inputl”var4
O&M Cost = vars5+var6*inputl”®var7+var8*input1*var9+varl0*input3+varl1*input2

where

inputl = boiler size in MMBtu/hr

input2 = boiler emissions in ton/yr
input3 = boiler exhaust flowrate in ft3/sec
varl = Capital cost size multiplier No.1
var2 = Capital cost exponent No. 1
var3 = Capital cost size multiplier No.2
vard = Capital cost exponent No. 2
var5 = O&M known costs

varé = O&M cost size multiplier No.1
var7 = O&M cost size exponent No. 1
var8 = O&M cost size multiplier No. 2
var9 = O&M cost size exponent No. 2
varl0 = O&M cost flowrate multiplier
varll = O&M cost emissions multiplier

Variable Name Value
Pollutant NOX
Cost Year 2008
Capital Cost Size Multiplier No. 1 5460.27
Capital Cost Exponent No. 1 0.65
Capital Cost Size Multiplier No. 2 86330.02
Capital Cost Exponent No. 2 0.22
O&M Known Costs 389766.8
O&M Cost Size Multiplier No. 1 218.4
O&M Cost Exponent No. 1 0.65
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O&M Cost Size Multiplier No. 2 3453.2
O&M Cost Exponent No. 2 0.22
O&M Flowrate Multiplier 19.3
O&M Emissions Multiplier 0.0

Affected SCCs:

Code Description
10301002 External Combustion Boilers; Commercial/Institutional; Liquified Petroleum Gas (LPG); Propane
10301001 External Combustion Boilers; Commercial/Institutional; Liquified Petroleum Gas (LPG); Butane
10201002 External Combustion Boilers; Industrial; Liquified Petroleum Gas (LPG); Propane
10201001 External Combustion Boilers; Industrial; Liquified Petroleum Gas (LPG); Butane
References:

» Bodnarik, Andy. September 29, 2011. Personal Communication with Andy Bodnarik of Ozone
Transport Commission to Bryan Lange of ERG.

* MACTEC Engineering and Consulting, Inc. March 30, 2005. Midwest Regional Planning
Organization - Boiler Best Available Retrofit Technology Engineering Analysis

» US EPA. Coal Utility Environmental Cost, CUECost Model Version 1.0.
http://www.epa.gov/ttn/catc/products.html#software  (accessed November 18, 2011).

» Ozone Transport Commission & Lake Michigan Air Directors Consortium. May 25, 2010. Draft -
Evaluation of Control Options for Industrial, Commercial and Institutional Boilers, Technical
Support Document.

» Northeast States for Coordinated Air Use Management. November 2008 (revised January 2009).
Applicability and Feasibility of NOx, SO2, and PM Emissions Control Technologies for Industrial,
Commercial, and Institutional Boilers.

Other information:

ADMIN_PCT: 0%

CE_TEXT: 60% from uncontrolled

CHEM_PCT: 0%
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COST_BASIS: Sources are distinguished by power output (Pechan, 1998).
Small source = less than 1 ton NOx per ozone season day
Costs for stationary source NOx control are based on an analysis of EPA's NOx State
Implementation Plan (SIP) Call (Pechan, 1998). The basis of the costs are model plant data
in the Alternative Control Techniques (ACT) document (EPA, 1994). From this analysis,
default cost per ton values are assigned along with a capital to annual costs ratio of 5.9. A
discount rate of 7 percent and a capacity factor of 65 percent are assumed, along with an
equipment life of 10 years (EPA, 1994).
In general, the incremental default cost is used for sources where there are existing controls
(RACT baseline), with efficiencies less than or equal to 70% (Pechan, 2001).
O&M Cost Components: The O&M cost breakdown is estimated using the detailed
information in Appendix E of ICI boiler ACT document (see pages E-27 and E-28). A capacity
factor of 0.58 is used in estimating the O&M cost breakdown. The model boiler size used to
develop cost estimates is 45 MMBtu/hr.
Electricity cost: $0.05/kW-hr
Natural gas cost: $3.63/MMBtu

CPTON_H: $2490/ton

CPTON_L: $1090/ton

CPTON_TEXT: The default cost effectiveness values are $2,490 per ton NOx reduced from uncontrolled and
$1,090 per ton NOx reduced from RACT (1990%).

CTRL_EFF_T: 60%

ELEC_PCT: 0%

ELEC_RT: $0.05/kWh

FUEL_PCT: 0%

HG_CE_T: 60%

INSRNC_PCT: 0%

MNTLBR_PCT: 0%

MNTLBR_RT: $0/hr

MNTMTL_PCT: 0%

NG_RT: $3.63/cf

NOX: Co*

OMATL_PCT: 0%

OPLBR_PCT: 0%

OPLBR_RT: $0/hr

OTHR_PCT: 0%

OVRHD_PCT: 0%

PROPTX_PCT: 0%

RPLMTL_PCT: 0%

RULE: Not Applicable

SPVLBR_PCT: 0%

STEAM_PCT: 0%

TDIR_PCT: 0%

TINDIR_PCT: 0%
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UTIL_PCT: 0%

WSTDSP_PCT: 0%

206



Summary:

Control Measure Name: Low NOx Burner and Flue Gas Recirculation; ICI Boilers - Natural Gas
Abbreviation: NLNBFIBNG

Description:  Application: This control is the use of low NOx burner (LNB) technology and flue gas
recirculation (FGR) to reduce NOx emissions. LNBs reduce the amount of NOx created
from reaction between fuel nitrogen and oxygen by lowering the temperature of one
combustion zone and reducing the amount of oxygen available in another.

Discussion: LNBs 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. Staged-air LNBs create a
fuel-rich reducing primary combustion zone and a fuel-lean secondary combustion
zone. Staged-fuel LNBs create a lean combustion zone that is relatively cool due to the
presence of excess air, which acts as a heat sink to lower combustion temperatures
(EPA, 2002).

Class: Known
Pollutant: NOX
Equipment Life:  15.0 years
Control Technology: Low NOx Burner and Flue Gas Recirculation
Source Group: ICI Boilers - Natural Gas
Sectors:  ptnonipm
Months:  All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX
Locale:

Effective Date: N/A
Cost Year: 2008

CPT: $12,000

Ref Yr CPT: $12,929
Control Efficiency: 61.0
Min Emis: 25.0
Max Emis: N/A
Rule Effectiveness: 100.0
Rule Penetration: 100.0

Equation Type:

Capital Rec Fac:

0.12999999523162842

Discount Rate: 10.0
Cap Ann Ratio: N/A
Incrememental CPT: N/A
Details:
Existing Measure:
Existing NEI Dev: 0
Pollutant: NOX
Locale:
Effective Date: N/A
Cost Year: 2008
CPT: $12,000
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Ref Yr CPT: $12,929

Control Efficiency: 61.0
Min Emis: 25.0

Max Emis: N/A

Rule Effectiveness: 100.0
Rule Penetration: 100.0

Equation Type:

Capital Rec Fac: 0.12999999523162842
Discount Rate: 10.0
Cap Ann Ratio: N/A
Incrememental CPT: N/A
Details:

Existing Measure:

Existing NEI Dev: 0
Cost Equations:
Name: Type 13
Description: ICI Boiler Cost Equations
Inventory Fields: design_capacity, design_capacity_unit_numerator, design_capacity unit_denominator,

stack flow_rate, stack velocity, stack diameter

Formula: Capital Cost = varl*inputl®var2+var3*inputl”var4
O&M Cost = vars5+var6*inputl”®var7+var8*input1*var9+varl0*input3+varl1*input2

where

inputl = boiler size in MMBtu/hr

input2 = boiler emissions in ton/yr
input3 = boiler exhaust flowrate in ft3/sec
varl = Capital cost size multiplier No.1
var2 = Capital cost exponent No. 1
var3 = Capital cost size multiplier No.2
vard = Capital cost exponent No. 2
var5 = O&M known costs

varé = O&M cost size multiplier No.1
var7 = O&M cost size exponent No. 1
var8 = O&M cost size multiplier No. 2
var9 = O&M cost size exponent No. 2
varl0 = O&M cost flowrate multiplier
varll = O&M cost emissions multiplier

Variable Name Value
Pollutant NOX
Cost Year 2008
Capital Cost Size Multiplier No. 1 5460.27
Capital Cost Exponent No. 1 0.65
Capital Cost Size Multiplier No. 2 86330.02
Capital Cost Exponent No. 2 0.22
O&M Known Costs 389766.8
O&M Cost Size Multiplier No. 1 218.4
O&M Cost Exponent No. 1 0.65
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O&M Cost Size Multiplier No. 2 3453.2
O&M Cost Exponent No. 2 0.22
O&M Flowrate Multiplier 19.3
O&M Emissions Multiplier 0.0

Affected SCCs:

Code Description

10300603 External Combustion Boilers; Commercial/Institutional; Natural Gas; < 10 Million BTU/hr

10300602 External Combustion Boilers; Commercial/Institutional; Natural Gas; 10-100 Million BTU/hr

10300601 External Combustion Boilers; Commercial/Institutional; Natural Gas; > 100 Million BTU/hr

10201403 External Combustion Boilers; Industrial; CO Boiler; Distillate Oll

10201401 External Combustion Boilers; Industrial; CO Boiler; Natural Gas

10200604 External Combustion Boilers; Industrial; Natural Gas; Cogeneration

10200603 External Combustion Boilers; Industrial; Natural Gas; < 10 Million BTU/hr

10200602 External Combustion Boilers; Industrial; Natural Gas; 10-100 Million BTU/hr

10200601 External Combustion Boilers; Industrial; Natural Gas; > 100 Million BTU/hr
References:

» Bodnarik, Andy. September 29, 2011. Personal Communication with Andy Bodnarik of Ozone
Transport Commission to Bryan Lange of ERG.

* MACTEC Engineering and Consulting, Inc. March 30, 2005. Midwest Regional Planning
Organization - Boiler Best Available Retrofit Technology Engineering Analysis

» US EPA. Coal Utility Environmental Cost, CUECost Model Version 1.0.
http://www.epa.gov/ttn/catc/products.html#software  (accessed November 18, 2011).

» Ozone Transport Commission & Lake Michigan Air Directors Consortium. May 25, 2010. Draft -
Evaluation of Control Options for Industrial, Commercial and Institutional Boilers, Technical
Support Document.

» Northeast States for Coordinated Air Use Management. November 2008 (revised January 2009).
Applicability and Feasibility of NOx, SO2, and PM Emissions Control Technologies for Industrial,
Commercial, and Institutional Boilers.

Other information:

ADMIN_PCT: 0%

CE_TEXT: 60% from uncontrolled

CHEM_PCT: 0%
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COST_BASIS: In general, the incremental default cost is used for sources where there are existing controls
(RACT baseline), with efficiencies less than or equal to 70% (Pechan, 2001).
O&M Cost Components: The O&M cost breakdown is estimated using the detailed
information in Appendix E of ICI boiler ACT document (see pages E-27 and E-28). A capacity
factor of 0.58 is used in estimating the O&M cost breakdown. The model boiler size used to
develop cost estimates is 45 MMBtu/hr.
Electricity cost: $0.05/kW-hr
Natural gas cost: $3.63/MMBtu

CPTON_H: $2560/ton

CPTON_L: $2470/ton

CPTON_TEXT: The default cost effectiveness values are $2,560 per ton NOx reduced from uncontrolled and
$2,470 per ton NOx reduced from RACT (19903).

CTRL_EFF_T: 60%

ELEC_PCT: 0%

ELEC_RT: $0.05/kWh

FUEL_PCT: 0%

HG CE_T: 60%

INSRNC_PCT: 0%

MNTLBR_PCT: 0%

MNTLBR_RT: $0/hr

MNTMTL_PCT: 0%

NG_RT: $3.63/cf

NOX: Co*

OMATL_PCT: 0%

OPLBR_PCT: 0%

OPLBR_RT: $0/hr

OTHR_PCT: 0%

OVRHD_PCT: 0%

PROPTX_PCT: 0%

RPLMTL_PCT: 0%

RULE: Not Applicable

SPVLBR_PCT: 0%

STEAM_PCT: 0%

TDIR_PCT: 0%

TINDIR_PCT: 0%

UTIL_PCT: 0%

WSTDSP_PCT:

0%
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Summary:

Control Measure Name: Low NOx Burner and Flue Gas Recirculation; ICI Boilers - Process Gas
Abbreviation: NLNBFIBPG

Description:  Application: This control is the use of low NOx burner (LNB) technology and flue gas
recirculation (FGR) to reduce NOx emissions. LNBs reduce the amount of NOx created
from reaction between fuel nitrogen and oxygen by lowering the temperature of one
combustion zone and reducing the amount of oxygen available in another.

Discussion: LNBs 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. Staged-air LNBs create a
fuel-rich reducing primary combustion zone and a fuel-lean secondary combustion
zone. Staged-fuel LNBs create a lean combustion zone that is relatively cool due to the
presence of excess air, which acts as a heat sink to lower combustion temperatures
(EPA, 2002).

Class: Known
Pollutant: NOX
Equipment Life:  15.0 years
Control Technology: Low NOx Burner and Flue Gas Recirculation
Source Group: ICI Boilers - Process Gas
Sectors:  ptnonipm
Months:  All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX
Locale:

Effective Date: N/A
Cost Year: 2008

CPT: $12,000

Ref Yr CPT: $12,929
Control Efficiency: 61.0
Min Emis: 25.0
Max Emis: N/A
Rule Effectiveness: 100.0
Rule Penetration: 100.0

Equation Type:

Capital Rec Fac:

0.12999999523162842

Discount Rate: 10.0
Cap Ann Ratio: N/A
Incrememental CPT: N/A
Details:
Existing Measure:
Existing NEI Dev: 0
Pollutant: NOX
Locale:
Effective Date: N/A
Cost Year: 2008
CPT: $12,000
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Ref Yr CPT: $12,929

Control Efficiency: 61.0
Min Emis: 25.0

Max Emis: N/A

Rule Effectiveness: 100.0
Rule Penetration: 100.0

Equation Type:

Capital Rec Fac: 0.12999999523162842
Discount Rate: 10.0
Cap Ann Ratio: N/A
Incrememental CPT: N/A
Details:

Existing Measure:

Existing NEI Dev: 0
Cost Equations:
Name: Type 13
Description: ICI Boiler Cost Equations
Inventory Fields: design_capacity, design_capacity_unit_numerator, design_capacity unit_denominator,

stack flow_rate, stack velocity, stack diameter

Formula: Capital Cost = varl*inputl®var2+var3*inputl”var4
O&M Cost = vars5+var6*inputl”®var7+var8*input1*var9+varl0*input3+varl1*input2

where

inputl = boiler size in MMBtu/hr

input2 = boiler emissions in ton/yr
input3 = boiler exhaust flowrate in ft3/sec
varl = Capital cost size multiplier No.1
var2 = Capital cost exponent No. 1
var3 = Capital cost size multiplier No.2
vard = Capital cost exponent No. 2
var5 = O&M known costs

varé = O&M cost size multiplier No.1
var7 = O&M cost size exponent No. 1
var8 = O&M cost size multiplier No. 2
var9 = O&M cost size exponent No. 2
varl0 = O&M cost flowrate multiplier
varll = O&M cost emissions multiplier

Variable Name Value
Pollutant NOX
Cost Year 2008
Capital Cost Size Multiplier No. 1 5460.27
Capital Cost Exponent No. 1 0.65
Capital Cost Size Multiplier No. 2 86330.02
Capital Cost Exponent No. 2 0.22
O&M Known Costs 389766.8
O&M Cost Size Multiplier No. 1 218.4
O&M Cost Exponent No. 1 0.65
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O&M Cost Size Multiplier No. 2 3453.2
O&M Cost Exponent No. 2 0.22
O&M Flowrate Multiplier 19.3
O&M Emissions Multiplier 0.0

Affected SCCs:

Code Description
10300799 External Combustion Boilers; Commercial/lnstitutional; Process Gas; Other Not Classified
10300701 E)é'gleerrnal Combustion Boilers; Commercial/lnstitutional; Process Gas; POTW Digester Gas-fired
i
10201403 External Combustion Boilers; Industrial; CO Boiler; Distillate Oil
10201402 External Combustion Boilers; Industrial; CO Boiler; Process Gas
10200799 External Combustion Boilers; Industrial; Process Gas; Other: Specify in Comments
10200710 External Combustion Boilers; Industrial; Process Gas; Cogeneration
10200707 External Combustion Boilers; Industrial; Process Gas; Coke Oven Gas
10200704 External Combustion Boilers; Industrial; Process Gas; Blast Furnace Gas
10200701 External Combustion Boilers; Industrial; Process Gas; Petroleum Refinery Gas
References:

» Bodnarik, Andy. September 29, 2011. Personal Communication with Andy Bodnarik of Ozone
Transport Commission to Bryan Lange of ERG.

* MACTEC Engineering and Consulting, Inc. March 30, 2005. Midwest Regional Planning
Organization - Boiler Best Available Retrofit Technology Engineering Analysis

» US EPA. Coal Utility Environmental Cost, CUECost Model Version 1.0.
http://www.epa.gov/ttn/catc/products.html#software  (accessed November 18, 2011).

» Ozone Transport Commission & Lake Michigan Air Directors Consortium. May 25, 2010. Draft -
Evaluation of Control Options for Industrial, Commercial and Institutional Boilers, Technical
Support Document.

* Northeast States for Coordinated Air Use Management. November 2008 (revised January 2009).
Applicability and Feasibility of NOx, SO2, and PM Emissions Control Technologies for Industrial,
Commercial, and Institutional Boilers.

Other information:

ADMIN_PCT: 0%

CE_TEXT: 60% from uncontrolled

CHEM_PCT: 0%
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COST_BASIS: Sources are distinguished by power output (Pechan, 1998).
Small source = less than 1 ton NOx per ozone season day
Costs for stationary source NOx control are based on an analysis of EPA's NOx State
Implementation Plan (SIP) Call (Pechan, 1998). The basis of the costs are model plant data
in the Alternative Control Techniques (ACT) document (EPA, 1994). From this analysis,
default cost per ton values are assigned along with a capital to annual costs ratio of 5.9. A
discount rate of 7 percent and a capacity factor of 65 percent are assumed, along with an
equipment life of 10 years (EPA, 1994).
In general, the incremental default cost is used for sources where there are existing controls
(RACT baseline), with efficiencies less than or equal to 70% (Pechan, 2001).
O&M Cost Components: The O&M cost breakdown is estimated using the detailed
information in Appendix E of ICI boiler ACT document (see pages E-27 and E-28). A capacity
factor of 0.58 is used in estimating the O&M cost breakdown. The model boiler size used to
develop cost estimates is 45 MMBtu/hr.
Electricity cost: $0.05/kW-hr
Natural gas cost: $3.63/MMBtu

CPTON_H: $2560/ton

CPTON_L: $2470/ton

CPTON_TEXT: The default cost effectiveness values are $2,560 per ton NOx reduced from uncontrolled and
$2,470 per ton NOx reduced from RACT (1990%).

CTRL_EFF_T: 60%

ELEC_PCT: 0%

ELEC_RT: $0.05/kWh

FUEL_PCT: 0%

HG_CE_T: 60%

INSRNC_PCT: 0%

MNTLBR_PCT: 0%

MNTLBR_RT: $0/hr

MNTMTL_PCT: 0%

NG_RT: $3.63/cf

NOX: Co*

OMATL_PCT: 0%

OPLBR_PCT: 0%

OPLBR_RT: $0/hr

OTHR_PCT: 0%

OVRHD_PCT: 0%

PROPTX_PCT: 0%

RPLMTL_PCT: 0%

RULE: Not Applicable

SPVLBR_PCT: 0%

STEAM_PCT: 0%

TDIR_PCT: 0%

TINDIR_PCT: 0%
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UTIL_PCT: 0%

WSTDSP_PCT: 0%
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Summary:

Control Measure Name: Low NOx Burner and Flue Gas Recirculation; ICI Boilers - Residual Oil
Abbreviation: NLNBFIBRO

Description:  Application: This control is the use of low NOx burner (LNB) technology and flue gas
recirculation (FGR) to reduce NOx emissions. LNBs reduce the amount of NOx created
from reaction between fuel nitrogen and oxygen by lowering the temperature of one
combustion zone and reducing the amount of oxygen available in another.

Discussion: LNBs 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. Staged-air LNBs create a
fuel-rich reducing primary combustion zone and a fuel-lean secondary combustion
zone. Staged-fuel LNBs create a lean combustion zone that is relatively cool due to the
presence of excess air, which acts as a heat sink to lower combustion temperatures
(EPA, 2002).

Class: Known
Pollutant: NOX
Equipment Life:  15.0 years
Control Technology: Low NOx Burner and Flue Gas Recirculation
Source Group: ICI Boilers - Residual Oil
Sectors:  ptnonipm
Months:  All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX
Locale:

Effective Date: N/A
Cost Year: 2008

CPT: $12,000

Ref Yr CPT: $12,929
Control Efficiency: 61.0
Min Emis: 25.0
Max Emis: N/A
Rule Effectiveness: 100.0
Rule Penetration: 100.0

Equation Type:

Capital Rec Fac:

0.12999999523162842

Discount Rate: 10.0
Cap Ann Ratio: N/A
Incrememental CPT: N/A
Details:
Existing Measure:
Existing NEI Dev: 0
Pollutant: NOX
Locale:
Effective Date: N/A
Cost Year: 2008
CPT: $12,000
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Ref Yr CPT: $12,929

Control Efficiency: 61.0
Min Emis: 25.0

Max Emis: N/A

Rule Effectiveness: 100.0
Rule Penetration: 100.0

Equation Type:

Capital Rec Fac: 0.12999999523162842
Discount Rate: 10.0
Cap Ann Ratio: N/A
Incrememental CPT: N/A
Details:

Existing Measure:

Existing NEI Dev: 0
Cost Equations:
Name: Type 13
Description: ICI Boiler Cost Equations
Inventory Fields: design_capacity, design_capacity_unit_numerator, design_capacity unit_denominator,

stack flow_rate, stack velocity, stack diameter

Formula: Capital Cost = varl*inputl®var2+var3*inputl”var4
O&M Cost = vars5+var6*inputl”®var7+var8*input1*var9+varl0*input3+varl1*input2

where

inputl = boiler size in MMBtu/hr

input2 = boiler emissions in ton/yr
input3 = boiler exhaust flowrate in ft3/sec
varl = Capital cost size multiplier No.1
var2 = Capital cost exponent No. 1
var3 = Capital cost size multiplier No.2
vard = Capital cost exponent No. 2
var5 = O&M known costs

varé = O&M cost size multiplier No.1
var7 = O&M cost size exponent No. 1
var8 = O&M cost size multiplier No. 2
var9 = O&M cost size exponent No. 2
varl0 = O&M cost flowrate multiplier
varll = O&M cost emissions multiplier

Variable Name Value
Pollutant NOX
Cost Year 2008
Capital Cost Size Multiplier No. 1 5460.27
Capital Cost Exponent No. 1 0.65
Capital Cost Size Multiplier No. 2 86330.02
Capital Cost Exponent No. 2 0.22
O&M Known Costs 389766.8
O&M Cost Size Multiplier No. 1 218.4
O&M Cost Exponent No. 1 0.65
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O&M Cost Size Multiplier No. 2 3453.2
O&M Cost Exponent No. 2 0.22
O&M Flowrate Multiplier 19.3
O&M Emissions Multiplier 0.0

Affected SCCs:

Code Description
10300404 External Combustion Boilers; Commercial/lnstitutional; Residual Oil; Grade 5 Oil
10300402 External Combustion Boilers; Commercial/lnstitutional; Residual Oil; 10-100 Million BTU/hr **
10300401 External Combustion Boilers; Commercial/Institutional; Residual Oil - Grade 6; Boiler
10201404 External Combustion Boilers; Industrial; CO Boiler; Residual Oil
10201403 External Combustion Boilers; Industrial; CO Boiler; Distillate Oil
10200405 External Combustion Boilers; Industrial; Residual Oil; Cogeneration
10200404 External Combustion Boilers; Industrial; Residual Oil; Grade 5 Oil
10200403 External Combustion Boilers; Industrial; Residual Oil; < 10 Million BTU/hr
10200402 External Combustion Boilers; Industrial; Residual Oil; 10-100 Million BTU/hr
10200401 External Combustion Boilers; Industrial; Residual Oil; Grade 6 oll
References:

» Bodnarik, Andy. September 29, 2011. Personal Communication with Andy Bodnarik of Ozone
Transport Commission to Bryan Lange of ERG.

* MACTEC Engineering and Consulting, Inc. March 30, 2005. Midwest Regional Planning
Organization - Boiler Best Available Retrofit Technology Engineering Analysis

» US EPA. Coal Utility Environmental Cost, CUECost Model Version 1.0.
http://www.epa.gov/ttn/catc/products.html#software  (accessed November 18, 2011).

» Ozone Transport Commission & Lake Michigan Air Directors Consortium. May 25, 2010. Draft -
Evaluation of Control Options for Industrial, Commercial and Institutional Boilers, Technical
Support Document.

» Northeast States for Coordinated Air Use Management. November 2008 (revised January 2009).
Applicability and Feasibility of NOx, SO2, and PM Emissions Control Technologies for Industrial,
Commercial, and Institutional Boilers.

Other information:

ADMIN_PCT: 0%

CE_TEXT: 60% from uncontrolled

CHEM_PCT: 0%
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COST_BASIS: Sources are distinguished by power output (Pechan, 1998).
Small source = less than 1 ton NOx per ozone season day
Costs for stationary source NOx control are based on an analysis of EPA's NOx State
Implementation Plan (SIP) Call (Pechan, 1998). The basis of the costs are model plant data
in the Alternative Control Techniques (ACT) document (EPA, 1994). From this analysis,
default cost per ton values are assigned along with a capital to annual costs ratio of 5.9. A
discount rate of 7 percent and a capacity factor of 65 percent are assumed, along with an
equipment life of 10 years (EPA, 1994).
In general, the incremental default cost is used for sources where there are existing controls
(RACT baseline), with efficiencies less than or equal to 70% (Pechan, 2001).
O&M Cost Components: The O&M cost breakdown is estimated using the detailed
information in Appendix E of ICI boiler ACT document (see pages E-27 and E-28). A capacity
factor of 0.58 is used in estimating the O&M cost breakdown. The model boiler size used to
develop cost estimates is 45 MMBtu/hr.
Electricity cost: $0.05/kW-hr
Natural gas cost: $3.63/MMBtu

CPTON_H: $1080/ton

CPTON_L: $1120/ton

CPTON_TEXT: The default cost effectiveness values are $1,120 per ton NOx reduced from uncontrolled and
$1,080 per ton NOx reduced from RACT (1990%).

CTRL_EFF_T: 60%

ELEC_PCT: 0%

ELEC_RT: $0.05/kWh

FUEL_PCT: 0%

HG_CE_T: 60%

INSRNC_PCT: 0%

MNTLBR_PCT: 0%

MNTLBR_RT: $0/hr

MNTMTL_PCT: 0%

NG_RT: $3.63/cf

NOX: Co*

OMATL_PCT: 0%

OPLBR_PCT: 0%

OPLBR_RT: $0/hr

OTHR_PCT: 0%

OVRHD_PCT: 0%

PROPTX_PCT: 0%

RPLMTL_PCT: 0%

RULE: Not Applicable

SPVLBR_PCT: 0%

STEAM_PCT: 0%

TDIR_PCT: 0%

TINDIR_PCT: 0%
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UTIL_PCT: 0%

WSTDSP_PCT: 0%
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Summary:

Control Measure Name:
Abbreviation:
Description:

Class:

Pollutant:
Equipment Life:
Control Technology:
Source Group:
Sectors:

Months:

Low NOx Burner and Flue Gas Recirculation; Iron Prod; Blast Furn; Blast Htg Stoves
NLNBFIPBH

Application: This control is the use of low NOx burner (LNB) technology and flue gas
recirculation (FGR) to reduce NOx emissions. LNBs reduce the amount of NOx created

from reaction between fuel nitrogen and oxygen by lowering the temperature of one
combustion zone and reducing the amount of oxygen available in another.

This control is applicable to reheating processes in iron production operations with blast
heating stoves ant uncontrolled NOx emissions greater than 10 tons per year.

Discussion: LNBs 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. Staged-air LNBs create a
fuel-rich reducing primary combustion zone and a fuel-lean secondary combustion
zone. Staged-fuel LNBs create a lean combustion zone that is relatively cool due to the
presence of excess air, which acts as a heat sink to lower combustion temperatures
(EPA, 2002).

Known

NOX

5.0 years

Low NOx Burner and Flue Gas Recirculation

Iron Prod; Blast Furn; Blast Htg Stoves

ptnonipm

All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX NOX
Locale:

Effective Date: N/A N/A
Cost Year: 1990 1990

CPT: $380 $380

Ref Yr CPT: $609 $609
Control Efficiency: 77.0 77.0
Min Emis: N/A 365.0

Max Emis: 365.0 N/A
Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.23999999463558197 0.23999999463558197

Discount Rate: N/A N/A
Cap Ann Ratio: 4.1 4.1
Incrememental CPT: 150.0 150.0

Details:

Applied to small source types

Applied to large source types

Existing Measure:

Existing NEI Dev: 0 0
Pollutant: NOX NOX
Locale:
Effective Date: N/A N/A
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Cost Year: 1990 1990

CPT: $380 $380

Ref Yr CPT: $609 $609
Control Efficiency: 77.0 77.0
Min Emis: N/A 365.0

Max Emis: 365.0 N/A
Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.23999999463558197 0.23999999463558197

Discount Rate: N/A N/A
Cap Ann Ratio: 4.1 4.1
Incrememental CPT: 150.0 150.0

Details:

Applied to small source types

Applied to large source types

Existing Measure:

Existing NEI Dev: 0 0
Cost Equations:
N/A
Affected SCCs:
Code Description
30300824 Industrial Processes; Primary Metal Production; Iron Production (See 3-03-015 for Integrated Iron
& Steel MACT); Blast Heating Stoves
References:

* Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of

Air Quality Planning and Standards, Innovative Strategies and Economics Group, Research

Triangle Park, September 1998.

* EPA, 1994: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions
from Iron and Steel Mills," EPA-453/R-94-065, Research Triangle Park, NC, September 1994.

* EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and
Standards, "EPA Air Pollution Control Cost Manual,” 6th ed., EPA/452/B-02-001, Research

Triangle Park, NC, January 2002.

Other information:

ADMIN_PCT: 0%
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CE_TEXT: 77% from uncontrolled

CHEM_PCT: 0%

COST_BASIS: Costs for stationary source NOx control are based on an analysis of EPA's NOx State
Implementation Plan (SIP) Call (Pechan, 1998). The basis of the costs are model plant data
in the Alternative Control Techniques (ACT) document (EPA, 1994). From this analysis,
default cost per ton values are assigned along with a capital to annual costs ratio of 4.1. A
discount rate of 7 percent and a capacity factor of 65 percent are assumed, along with an
equipment life of 5 years (EPA, 1994).

CPTON_TEXT: The default cost effectiveness values are $380 per ton NOx reduced from uncontrolled and
$150 per ton NOx reduced from RACT (19903$).

CTRL_EFF_T: 77%

ELEC_PCT: 0%

ELEC_RT: $0/kWh

FUEL_PCT: 0%

HG_CE_T: 77%

INSRNC_PCT: 0%

MNTLBR_PCT: 0%

MNTLBR_RT: $0/hr

MNTMTL_PCT: 0%

NG_RT: $0/cf

NOX: Co*

OMATL_PCT: 0%

OPLBR_PCT: 0%

OPLBR_RT: $0/hr

OTHR_PCT: 0%

OVRHD_PCT: 0%

PROPTX_PCT: 0%

RPLMTL_PCT: 0%

RULE: Not Applicable

SPVLBR_PCT: 0%

STEAM_PCT: 0%

TDIR_PCT: 0%

TINDIR_PCT: 0%

UTIL_PCT: 0%

WSTDSP_PCT:

0%
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Summary:

Control Measure Name:
Abbreviation:
Description:

Low NOx Burner and Flue Gas Recirculation; Iron & Steel Mills - Annealing
NLNBFISAN

Application: This control is the use of low NOx burner (LNB) technology and flue gas
recirculation (FGR) to reduce NOx emissions. LNBs reduce the amount of NOx created
from reaction between fuel nitrogen and oxygen by lowering the temperature of one
combustion zone and reducing the amount of oxygen available in another.

This control is applicable to iron and steel annealing operations with uncontrolled NOx
emissions greater than 10 tons per year.

Discussion: LNBs are designed to "stage" combustion s

Class: Known

Pollutant: NOX
Equipment Life:  10.0 years
Control Technology:
Source Group:
Sectors:
Months:

ptnonipm
All Months

Low NOx Burner and Flue Gas Recirculation
Iron & Steel Mills - Annealing

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX NOX
Locale:
Effective Date: N/A N/A
Cost Year: 1990 1990
CPT: $750 $750
Ref Yr CPT: $1,201 $1,201
Control Efficiency: 60.0 60.0
Min Emis: 365.0 N/A
Max Emis: N/A 365.0
Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.14000000059604645 0.14000000059604645
Discount Rate: N/A N/A
Cap Ann Ratio: 7.0 7.0
Incrememental CPT: 250.0 250.0

Details:

Applied to large source types

Applied to small source types

Existing Measure:

Existing NEI Dev: 0 0
Pollutant: NOX NOX
Locale:

Effective Date: N/A N/A
Cost Year: 1990 1990

CPT: $750 $750
Ref Yr CPT: $1,201 $1,201
Control Efficiency: 60.0 60.0
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Min Emis: 365.0 N/A
Max Emis: N/A 365.0
Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.14000000059604645 0.14000000059604645

Discount Rate: N/A N/A

Cap Ann Ratio: 7.0 7.0
Incrememental CPT: 250.0 250.0

Details:

Applied to large source types

Applied to small source types

Existing Measure:

Existing NEI Dev: 0 0
Cost Equations:
N/A

Affected SCCs:

Code Description

30300934 Industrial Processes; Primary Metal Production; Steel Manufacturing (See 3-03-015 for Integrated
Iron & Steel MACT); Heat Treating Furnaces: Annealing

References:

* Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of
Air Quality Planning and Standards, Innovative Strategies and Economics Group, Research

Triangle Park, September 1998.

* EPA, 1994: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions
from Iron and Steel Mills," EPA-453/R-94-065, Research Triangle Park, NC, September 1994.

* EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and
Standards, "EPA Air Pollution Control Cost Manual,” 6th ed., EPA/452/B-02-001, Research

Triangle Park, NC, January 2002.

Other information:

ADMIN_PCT: 0%

CE_TEXT:

60% from uncontrolled

CHEM_PCT: 0%
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COST_BASIS: Costs for stationary source NOx control are based on an analysis of EPA's NOx State
Implementation Plan (SIP) Call (Pechan, 1998). The basis of the costs are model plant data
in the Alternative Control Techniques (ACT) document (EPA, 1994). From this analysis,
default cost per ton values are assigned along with a capital to annual costs ratio of 7.0. A
discount rate of 7 percent and a capacity factor of 65 percent are assumed, along with an
equipment life of 10 years (EPA, 1994).

In general, the incremental default cost is used for sources where there are existing controls
(RACT baseline), with efficiencies less than or equal to 55% (Pechan, 2001).

CPTON_H: $750/ton

CPTON_L: $250/ton

CPTON_TEXT: The default cost effectiveness values are $750 per ton NOx reduced from uncontrolled and
$250 per ton NOx reduced from RACT (1990%).

CTRL_EFF_T: 60%

ELEC_PCT: 0%

ELEC_RT: $0/kWh

FUEL_PCT: 0%

HG_CE_T: 60%

INSRNC_PCT: 0%

MNTLBR_PCT: 0%

MNTLBR_RT: $0/hr

MNTMTL_PCT: 0%

NG_RT: $0/cf

NOX: Co*

OMATL_PCT: 0%

OPLBR_PCT: 0%

OPLBR_RT: $0/hr

OTHR_PCT: 0%

OVRHD_PCT: 0%

PROPTX_PCT: 0%

RPLMTL_PCT: 0%

RULE: Not Applicable

SPVLBR_PCT: 0%

STEAM_PCT: 0%

TDIR_PCT: 0%

TINDIR_PCT: 0%

UTIL_PCT: 0%

WSTDSP_PCT: 0%
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Summary:

Control Measure Name:
Abbreviation:
Description:

Class:

Pollutant:
Equipment Life:
Control Technology:
Source Group:
Sectors:

Months:

Low NOx Burner and Flue Gas Recirculation; Iron & Steel Mills - Galvanizing
NLNBFISGV

Application: This control is the use of low NOx burner (LNB) technology and flue gas
recirculation (FGR) to reduce NOx emissions. LNBs reduce the amount of NOx created
from reaction between fuel nitrogen and oxygen by lowering the temperature of one
combustion zone and reducing the amount of oxygen available in another.

This control is applicable to iron and steel galvanizing operations with uncontrolled NOx
emissions greater than 10 tons per year.

Discussion: LNBs are designed to "stage" combustion
Known

NOX

9.0 years

Low NOx Burner and Flue Gas Recirculation

Iron & Steel Mills - Galvanizing

ptnonipm

All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX NOX
Locale:

Effective Date: N/A N/A
Cost Year: 1990 1990

CPT: $580 $580

Ref Yr CPT: $929 $929
Control Efficiency: 60.0 60.0
Min Emis: N/A 365.0

Max Emis: 365.0 N/A
Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.15000000596046448 0.15000000596046448

Discount Rate: N/A N/A
Cap Ann Ratio: 6.5 6.5
Incrememental CPT: 190.0 190.0

Details:

Applied to small source types

Applied to large source types

Existing Measure:

Existing NEI Dev: 0 0

Pollutant: NOX NOX
Locale:

Effective Date: N/A N/A
Cost Year: 1990 1990
CPT: $580 $580
Ref Yr CPT: $929 $929
Control Efficiency: 60.0 60.0
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Min Emis: N/A 365.0
Max Emis: 365.0 N/A
Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.15000000596046448 0.15000000596046448

Discount Rate: N/A N/A

Cap Ann Ratio: 6.5 6.5
Incrememental CPT: 190.0 190.0

Details:

Applied to small source types

Applied to large source types

Existing Measure:

Existing NEI Dev: 0 0
Cost Equations:
N/A
Affected SCCs:
Code Description
30300936 Industrial Processes; Primary Metal Production; Steel Manufacturing (See 3-03-015 for Integrated
Iron & Steel MACT); Coating: Tin, Zinc, etc.
References:

* Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of
Air Quality Planning and Standards, Innovative Strategies and Economics Group, Research

Triangle Park, September 1998.

* EPA, 1994: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions
from Iron and Steel Mills," EPA-453/R-94-065, Research Triangle Park, NC, September 1994.

* EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and
Standards, "EPA Air Pollution Control Cost Manual,” 6th ed., EPA/452/B-02-001, Research

Triangle Park, NC, January 2002.

Other information:

ADMIN_PCT: 0%

CE_TEXT:

60% from uncontrolled

CHEM_PCT: 0%
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COST_BASIS: Costs for stationary source NOx control are based on an analysis of EPA's NOx State
Implementation Plan (SIP) Call (Pechan, 1998). The basis of the costs are model plant data
in the Alternative Control Techniques (ACT) document (EPA, 1994). From this analysis,
default cost per ton values are assigned along with a capital to annual costs ratio of 6.5. A
discount rate of 7 percent and a capacity factor of 65 percent are assumed, along with an
equipment life of 9 years (EPA, 1994).

In general, the incremental default cost is used for sources where there are existing controls
(RACT baseline), with efficiencies less than or equal to 55% (Pechan, 2001).

CPTON_H: $580/ton

CPTON_L: $190/ton

CPTON_TEXT: The default cost effectiveness values are $580 per ton NOx reduced from uncontrolled and
$190 per ton NOx reduced from RACT (1990%).

CTRL_EFF_T: 60%

ELEC_PCT: 0%

ELEC_RT: $0/kWh

FUEL_PCT: 0%

HG_CE_T: 60%

INSRNC_PCT: 0%

MNTLBR_PCT: 0%

MNTLBR_RT: $0/hr

MNTMTL_PCT: 0%

NG_RT: $0/cf

NOX: Co*

OMATL_PCT: 0%

OPLBR_PCT: 0%

OPLBR_RT: $0/hr

OTHR_PCT: 0%

OVRHD_PCT: 0%

PROPTX_PCT: 0%

RPLMTL_PCT: 0%

RULE: Not Applicable

SPVLBR_PCT: 0%

STEAM_PCT: 0%

TDIR_PCT: 0%

TINDIR_PCT: 0%

UTIL_PCT: 0%

WSTDSP_PCT: 0%
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Summary:

Low NOx Burner and Flue Gas Recirculation; Iron & Steel - In-Process Combustion -
Process Gas -Coke Oven/ Blast Furnace

NLNBFISIPCG

Application: This control is the use of low NOx burner (LNB) technology and flue gas
recirculation (FGR) to reduce NOx emissions. LNBs reduce the amount of NOx created
from reaction between fuel nitrogen and oxygen by lowering the temperature of one
combustion zone and reducing the amount of oxygen available in another. This control
is applicable to operations with in-process combustion (Process Gas - Coke Oven/
Blast Furnace) in the Iron & Steel industry with uncontrolled NOx emissions greater
than 10 tons per year.

Class: Known
Pollutant:  NOX
Equipment Life:  15.0 years
Control Technology: Low NOx Burner and Flue Gas Recirculation
Source Group: Iron & Steel - In-Process Combustion - Process Gas -Coke Oven/ Blast Furnace
Sectors:  ptnonipm
Months:  All Months

Control Measure Name:

Abbreviation:
Description:

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX NOX
Locale:
Effective Date: N/A N/A
Cost Year: 1990 1990
CPT: $3,190 $2,470
Ref Yr CPT: $5,108 $3,955
Control Efficiency: 55.0 55.0
Min Emis: N/A 365.0
Max Emis: 365.0 N/A
Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.10000000149011612 0.10000000149011612
Discount Rate: N/A N/A
Cap Ann Ratio: 6.9 6.8
Incrememental CPT: 1430.0 830.0

Details:

Applied to small source types

Applied to large source types

Existing Measure:

Existing NEI Dev: 0 0
Pollutant: NOX NOX
Locale:

Effective Date: N/A N/A
Cost Year: 1990 1990
CPT: $3,190 $2,470
Ref Yr CPT: $5,108 $3,955
Control Efficiency: 55.0 55.0
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Min Emis: N/A 365.0
Max Emis: 365.0 N/A
Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.10000000149011612 0.10000000149011612
Discount Rate: N/A N/A
Cap Ann Ratio: 6.9 6.8
Incrememental CPT: 1430.0 830.0
Details: Applied to small source types Applied to large source types
Existing Measure:
Existing NEI Dev: 0 0
Cost Equations:
N/A
Affected SCCs:
Code Description
30301524 Industrial Processes; Primary Metal Production; Integrated Iron and Steel Manufacturing (See also
3-03-008 & 3-03-009); BOF, Top Blown Furnace: Hot Metal Transfer
30301523 Industrial Processes; Primary Metal Production; Integrated Iron and Steel Manufacturing (See also
3-03-008 & 3-03-009); BOF, Top Blown Furnace: Tapping
30301522 Industrial Processes; Primary Metal Production; Integrated Iron and Steel Manufacturing (See also
3-03-008 & 3-03-009); BOF, Top Blown Furnace: Melting and Refining
30301521 Industrial Processes; Primary Metal Production; Integrated Iron and Steel Manufacturing (See also
3-03-008 & 3-03-009); BOF, Top Blown Furnace: Charging
30301520 Industrial Processes; Primary Metal Production; Integrated Iron and Steel Manufacturing (See also
3-03-008 & 3-03-009); Basic Oxygen Furnace (BOF)
30301514 Industrial Processes; Primary Metal Production; Integrated Iron and Steel Manufacturing (See also
3-03-008 & 3-03-009); Blast Furnace: Taphole and Trough Only
30301513 Industrial Processes; Primary Metal Production; Integrated Iron and Steel Manufacturing (See also
3-03-008 & 3-03-009); Blast Furnace: Casting, Furnace with Local Evacuation
30301512 Industrial Processes; Primary Metal Production; Integrated Iron and Steel Manufacturing (See also
3-03-008 & 3-03-009); Blast Furnace: Casting, Uncontrolled Casthouse Roof Monitor
30301511 Industrial Processes; Primary Metal Production; Integrated Iron and Steel Manufacturing (See also
3-03-008 & 3-03-009); Blast Furnace: Charging
30301510 Industrial Processes; Primary Metal Production; Integrated Iron and Steel Manufacturing (See also
3-03-008 & 3-03-009); Blast Furnace: Slip
30301506 Industrial Processes; Primary Metal Production; Integrated Iron and Steel Manufacturing (See also
3-03-008 & 3-03-009); Sintering: Cold Screen
30301505 Industrial Processes; Primary Metal Production; Integrated Iron and Steel Manufacturing (See also
3-03-008 & 3-03-009); Sintering: Cooler
30301504 Industrial Processes; Primary Metal Production; Integrated Iron and Steel Manufacturing (See also
3-03-008 & 3-03-009); Sintering: Discharge End
30301503 Industrial Processes; Primary Metal Production; Integrated Iron and Steel Manufacturing (See also
3-03-008 & 3-03-009); Sintering: Windbox
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30301502 Industrial Processes; Primary Metal Production; Integrated Iron and Steel Manufacturing (See also
3-03-008 & 3-03-009); Sintering: Raw Materials Handling

30300914 Industrial Processes; Primary Metal Production; Steel Manufacturing (See 3-03-015 for Integrated
Iron & Steel MACT); Basic Oxygen Furnace: Closed Hood-Stack

30300913 Industrial Processes; Primary Metal Production; Steel Manufacturing (See 3-03-015 for Integrated
Iron & Steel MACT); Basic Oxygen Furnace: Open Hood-Stack

30300829 Industrial Processes; Primary Metal Production; Iron Production (See 3-03-015 for Integrated Iron
& Steel MACT); Blast Furnace: Taphole and Trough

30300828 Industrial Processes; Primary Metal Production; Iron Production (See 3-03-015 for Integrated Iron
& Steel MACT); Blast Furnace: Local Evacuation

30300826 Industrial Processes; Primary Metal Production; Iron Production (See 3-03-015 for Integrated Iron
& Steel MACT); Blast Furnace Slips

30300824 Industrial Processes; Primary Metal Production; Iron Production (See 3-03-015 for Integrated Iron
& Steel MACT); Blast Heating Stoves

30300820 Industrial Processes; Primary Metal Production; Iron Production (See 3-03-015 for Integrated Iron
& Steel MACT); Sinter Conveyor: Transfer Station

30300819 Industrial Processes; Primary Metal Production; Iron Production (See 3-03-015 for Integrated Iron
& Steel MACT); Sinter Process (Combined Code includes 15,16,17,18)

References:

» Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of
Air Quality Planning and Standards, Innovative Strategies and Economics Group, Research
Triangle Park, September 1998.

* EPA, 1993: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions
from Process Heaters," EPA-453/R-93-034, Research Triangle Park, NC, September 1993.

* EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and
Standards, "EPA Air Pollution Control Cost Manual," 6th ed., EPA/452/B-02-001, Research
Triangle Park, NC, January 2002.

* EPA, 2010: "NOX CONTROL STRATEGIES IN THE IRON AND STEEL INDUSTRY (11-11-
10).pdf", pdf document provided by Donnalee Jones (jones.donnalee@epamail.epa.gov) via
email to Amy Vasu 11/16/10.

Other information:
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Summary:

Control Measure Name:
Abbreviation:
Description:

Class:

Pollutant:
Equipment Life:
Control Technology:
Source Group:
Sectors:

Months:

Low NOx Burner and Flue Gas Recirculation; Iron & Steel Mills - Reheating
NLNBFISRH

Application: This control is the use of low NOx burner (LNB) technology and flue gas
recirculation (FGR) to reduce NOx emissions. LNBs reduce the amount of NOx created
from reaction between fuel nitrogen and oxygen by lowering the temperature of one
combustion zone and reducing the amount of oxygen available in another.

This control is applicable to reheating processes in iron and steel mills with uncontrolled
NOx emissions greater than 10 tons per year.

Discussion: LNBs are designed to "stage" comb
Known

NOX

5.0 years

Low NOx Burner and Flue Gas Recirculation
Iron & Steel Mills - Reheating

ptnonipm

All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX NOX
Locale:

Effective Date: N/A N/A
Cost Year: 1990 1990

CPT: $380 $380

Ref Yr CPT: $609 $609
Control Efficiency: 77.0 77.0
Min Emis: 365.0 N/A
Max Emis: N/A 365.0
Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton

Capital Rec Fac: 0.23999999463558197 0.23999999463558197

Discount Rate: N/A N/A
Cap Ann Ratio: 4.1 4.1
Incrememental CPT: 150.0 150.0

Details:

Applied to large source types

Applied to small source types

Existing Measure:

Existing NEI Dev: 0 0

Pollutant: NOX NOX
Locale:

Effective Date: N/A N/A
Cost Year: 1990 1990
CPT: $380 $380
Ref Yr CPT: $609 $609
Control Efficiency: 77.0 77.0
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Min Emis: 365.0 N/A
Max Emis: N/A 365.0
Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.23999999463558197 0.23999999463558197

Discount Rate: N/A N/A

Cap Ann Ratio: 4.1 4.1
Incrememental CPT: 150.0 150.0

Details:

Applied to large source types

Applied to small source types

Existing Measure:

Existing NEI Dev: 0 0
Cost Equations:
N/A
Affected SCCs:
Code Description
30300933 Industrial Processes; Primary Metal Production; Steel Manufacturing (See 3-03-015 for Integrated
Iron & Steel MACT); Reheat Furnaces
References:

* Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of
Air Quality Planning and Standards, Innovative Strategies and Economics Group, Research

Triangle Park, September 1998.

* EPA, 1994: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions
from Iron and Steel Mills," EPA-453/R-94-065, Research Triangle Park, NC, September 1994.

* EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and
Standards, "EPA Air Pollution Control Cost Manual,” 6th ed., EPA/452/B-02-001, Research

Triangle Park, NC, January 2002.

Other information:

ADMIN_PCT: 0%

CE_TEXT:

77% from uncontrolled

CHEM_PCT: 0%
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COST_BASIS: Costs for stationary source NOx control are based on an analysis of EPA's NOx State
Implementation Plan (SIP) Call (Pechan, 1998). The basis of the costs are model plant data
in the Alternative Control Techniques (ACT) document (EPA, 1994). From this analysis,
default cost per ton values are assigned along with a capital to annual costs ratio of 4.1. A
discount rate of 7 percent and a capacity factor of 65 percent are assumed, along with an
equipment life of 5 years (EPA, 1994).

In general, the incremental default cost is used for sources where there are existing controls
(Z%SZCL:)T baseline), with efficiencies greater than 15% and less than or equal to 25% (Pechan,

CPTON_H: $380/ton

CPTON_L: $150/ton

CPTON_TEXT: The default cost effectiveness values are $380 per ton NOx reduced from uncontrolled and
$150 per ton NOx reduced from RACT (1990%).

CTRL_EFF_T: 77%

ELEC_PCT: 0%

ELEC_RT: $0/kwh

FUEL_PCT: 0%

HG CE_T: 77%

INSRNC_PCT: 0%

MNTLBR_PCT: 0%

MNTLBR_RT: $0/hr

MNTMTL_PCT: 0%

NG_RT: $0/cf

NOX: Co*

OMATL_PCT: 0%

OPLBR_PCT: 0%

OPLBR_RT: $0/hr

OTHR_PCT: 0%

OVRHD_PCT: 0%

PROPTX_PCT: 0%

RPLMTL_PCT: 0%

RULE: Not Applicable

SPVLBR_PCT: 0%

STEAM_PCT: 0%

TDIR_PCT: 0%

TINDIR_PCT: 0%

UTIL_PCT: 0%

WSTDSP_PCT: 0%
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Summary:

Control Measure Name:
Abbreviation:
Description:

Low NOx Burner and Flue Gas Recirculation; Plastics Prod-Specific; (ABS) Resin
NLNBFPPAR
Application: This control is the use of low NOx burner (LNB) technology and flue gas

recirculation (FGR) to reduce NOx emissions. LNBs reduce the amount of NOx created

from reaction between fuel nitrogen and oxygen by lowering the temperature of one
combustion zone and reducing the amount of oxygen available in another.

This control is applicable to with acrylonitrile-butadiene-styrene plastic production
uncontrolled NOx emissions greater than 10 tons per year.

Discussion: It is assumed that the NOx source is a process heater or boiler.

LNBs 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. Staged-air LNBs create a fuel-rich reducing
primary combustion zone and a fuel-lean secondary combustion zone. Staged-fuel
LNBs create a lean combustion zone that is relatively cool due to the presence of
excess air, which acts as a heat sink to lower combustion temperatures (EPA, 2002).

Class: Known

Pollutant:  NOX
Equipment Life:  15.0 years
Control Technology:
Source Group:
Sectors:
Months:

ptnonipm
All Months

Low NOx Burner and Flue Gas Recirculation
Plastics Prod-Specific; (ABS) Resin

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX NOX
Locale:
Effective Date: N/A N/A
Cost Year: 1990 1990
CPT: $3,190 $2,470
Ref Yr CPT: $5,108 $3,955
Control Efficiency: 55.0 55.0
Min Emis: N/A 365.0
Max Emis: 365.0 N/A
Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.10000000149011612 0.10000000149011612
Discount Rate: N/A N/A
Cap Ann Ratio: 6.9 6.8
Incrememental CPT: 1430.0 830.0
Details: Applied to small source types Applied to large source types
Existing Measure:
Existing NEI Dev: 0 0
Pollutant: NOX NOX
Locale:
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Effective Date: N/A N/A
Cost Year: 1990 1990
CPT: $3,190 $2,470
Ref Yr CPT: $5,108 $3,955
Control Efficiency: 55.0 55.0
Min Emis: N/A 365.0
Max Emis: 365.0 N/A
Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.10000000149011612 0.10000000149011612
Discount Rate: N/A N/A
Cap Ann Ratio: 6.9 6.8
Incrememental CPT: 1430.0 830.0

Details:

Applied to small source types

Applied to large source types

Existing Measure:

Existing NEI Dev: 0 0
Cost Equations:
N/A
Affected SCCs:
Code Description
30101849 Industrial Processes; Chemical Manufacturing; Plastics Production; Acrylonitrile-Butadiene-Styrene
(ABS) Resin
References:

* Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of
Air Quality Planning and Standards, Innovative Strategies and Economics Group, Research

Triangle Park, September 1998.

* EPA, 1994: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions
from Industrial/Commercial/Institutional (ICI) Boilers," EPA-453/R-94-022, Research Triangle

Park, NC, June 1994.

* EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and
Standards, "EPA Air Pollution Control Cost Manual," 6th ed., EPA/452/B-02-001, Research

Triangle Park, NC, January 2002.

Other information:
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ADMIN_PCT:

0%

CE_TEXT: 55% from uncontrolled

CHEM_PCT: 0%

COST_BASIS: Sources are distinguished by power output (Pechan, 1998).
Small source = less than 1 ton NOx per ozone season day
Costs for stationary source NOx control are based on an analysis of EPA's NOx State
Implementation Plan (SIP) Call (Pechan, 1998). The basis of the costs are model plant data
in the Alternative Control Techniques (ACT) document (EPA, 1994). From this analysis,
default cost per ton values are assigned along with a capital to annual costs ratio of 6.9. An
equipment life of 15 years (EPA, 1994).

CPTON_H: $3190/ton

CPTON_L: $1430/ton

CPTON_TEXT: The default cost effectiveness values are $3,190 per ton NOx reduced from uncontrolled and
$1,430 per ton NOx reduced from RACT (1990%).

CTRL_EFF_T: 55%

ELEC_PCT: 0%

ELEC_RT: $0/kWh

FUEL_PCT: 0%

HG_CE_T: 55%

INSRNC_PCT: 0%

MNTLBR_PCT: 0%

MNTLBR_RT: $0/hr

MNTMTL_PCT: 0%

NG_RT: $0/cf

NOX: Co*

OMATL_PCT: 0%

OPLBR_PCT: 0%

OPLBR_RT: $0/hr

OTHR_PCT: 0%

OVRHD_PCT: 0%

PROPTX_PCT: 0%

RPLMTL_PCT: 0%

RULE: Not Applicable

SPVLBR_PCT: 0%

STEAM_PCT: 0%

TDIR_PCT: 0%

TINDIR_PCT: 0%

UTIL_PCT: 0%

WSTDSP_PCT:

0%
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Summary:

Control Measure Name:
Abbreviation:
Description:

Class:

Pollutant:
Equipment Life:
Control Technology:
Source Group:
Sectors:

Months:

Low NOx Burner and Flue Gas Recirculation; Sand/Gravel; Dryer

NLNBFSGDR

Application: This control is the use of low NOx burner (LNB) technology and flue gas
recirculation (FGR) to reduce NOx emissions. LNBs reduce the amount of NOx created

from reaction between fuel nitrogen and oxygen by lowering the temperature of one
combustion zone and reducing the amount of oxygen available in another.

This control is applicable to small (<1 ton NOx per OSD) sand and gravel drying
processes with uncontrolled NOx emissions greater than 10 tons per year.

Discussion: LNBs 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. Staged-air LNBs create a
fuel-rich reducing primary combustion zone and a fuel-lean secondary combustion
zone. Staged-fuel LNBs create a lean combustion zone that is relatively cool due to the
presence of excess air, which acts as a heat sink to lower combustion temperatures
(EPA, 2002).

Known

NOX

15.0 years

Low NOx Burner and Flue Gas Recirculation

Sand/Gravel; Dryer

ptnonipm

All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX NOX
Locale:
Effective Date: N/A N/A
Cost Year: 1990 1990
CPT: $3,190 $2,470
Ref Yr CPT: $5,108 $3,955
Control Efficiency: 55.0 55.0
Min Emis: N/A 365.0
Max Emis: 365.0 N/A
Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.10000000149011612 0.10000000149011612
Discount Rate: N/A N/A
Cap Ann Ratio: 6.9 6.8
Incrememental CPT: 1430.0 830.0

Details:

Applied to small source types

Applied to large source types

Existing Measure:

Existing NEI Dev: 0 0
Pollutant: NOX NOX
Locale:
Effective Date: N/A N/A
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Cost Year: 1990 1990
CPT: $3,190 $2,470
Ref Yr CPT: $5,108 $3,955
Control Efficiency: 55.0 55.0
Min Emis: N/A 365.0
Max Emis: 365.0 N/A
Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.10000000149011612 0.10000000149011612
Discount Rate: N/A N/A
Cap Ann Ratio: 6.9 6.8
Incrememental CPT: 1430.0 830.0
Details: Applied to small source types Applied to large source types
Existing Measure:
Existing NEI Dev: 0 0
Cost Equations:
N/A
Affected SCCs:
Code Description
30502508 Industrial Processes; Mineral Products; Construction Sand and Gravel; Dryer ** (See 3-05-027-20
thru -24 for Industrial Sand Dryers)
References:

* Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of
Air Quality Planning and Standards, Innovative Strategies and Economics Group, Research
Triangle Park, September 1998.

* EPA, 1993: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions
from Process Heaters," EPA-453/R-93-034, Research Triangle Park, NC, September 1993.

* EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and
Standards, "EPA Air Pollution Control Cost Manual,” 6th ed., EPA/452/B-02-001, Research
Triangle Park, NC, January 2002.

Other information:

ADMIN_PCT: 0%
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CE_TEXT: 55% from uncontrolled

CHEM_PCT: 0%

COST_BASIS: Sources are distinguished by NOx emissions (Pechan, 1998).
Small source = less than 1 ton NOx emissions per ozone season day
Costs for stationary source NOx control are based on an analysis of EPA's NOx State
Implementation Plan (SIP) Call (Pechan, 1998). The basis of the costs are model plant data
for mechanical draft heaters firing natural gas and oil contained in the Alternative Control
Techniques (ACT) document (EPA, 1993). From this analysis, default cost per ton values are
assigned along with a capital to annual costs ratio of 6.9. An equipment life of 15 years is
assumed (EPA, 1993).

CPTON_H: $3190/ton

CPTON_L: $1430/ton

CPTON_TEXT: The default cost effectiveness values are $3,190 per ton NOx reduced from uncontrolled and
$1,430 per ton NOx reduced from RACT (1990%).

CTRL_EFF_T: 55%

ELEC_PCT: 0%

ELEC_RT: $0/kWh

FUEL_PCT: 0%

HG_CE_T: 55%

INSRNC_PCT: 0%

MNTLBR_PCT: 0%

MNTLBR_RT: $0/hr

MNTMTL_PCT: 0%

NG_RT: $0/cf

NOX: Co*

OMATL_PCT: 0%

OPLBR_PCT: 0%

OPLBR_RT: $0/hr

OTHR_PCT: 0%

OVRHD_PCT: 0%

PROPTX_PCT: 0%

RPLMTL_PCT: 0%

RULE: Not Applicable

SPVLBR_PCT: 0%

STEAM_PCT: 0%

TDIR_PCT: 0%

TINDIR_PCT: 0%

UTIL_PCT: 0%

WSTDSP_PCT: 0%
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Summary:

Control Measure Name:
Abbreviation:
Description:

Class:

Pollutant:
Equipment Life:
Control Technology:
Source Group:
Sectors:

Months:

Low NOx Burner and Flue Gas Recirculation; Space Heaters - Distillate Oil
NLNBFSHDO

Application: This control is the use of low NOx burner (LNB) technology and flue gas
recirculation (FGR) to reduce NOx emissions. LNBs reduce the amount of NOx created

from reaction between fuel nitrogen and oxygen by lowering the temperature of one
combustion zone and reducing the amount of oxygen available in another.

This control is applicable to small (<1 ton per OSD) residual oil-fired process heaters
with uncontrolled NOx emissions greater than 10 tons per year.

Discussion: LNBs 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. Staged-air LNBs create a
fuel-rich reducing primary combustion zone and a fuel-lean secondary combustion
zone. Staged-fuel LNBs create a lean combustion zone that is relatively cool due to the
presence of excess air, which acts as a heat sink to lower combustion temperatures
(EPA, 2002).

Known

NOX

10.0 years

Low NOx Burner and Flue Gas Recirculation

Space Heaters - Distillate Oil

ptnonipm

All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX NOX
Locale:
Effective Date: N/A N/A
Cost Year: 1990 1990
CPT: $2,500 $760
Ref Yr CPT: $4,003 $1,217
Control Efficiency: 60.0 60.0
Min Emis: N/A 365.0
Max Emis: 365.0 N/A
Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.14000000059604645 0.14000000059604645
Discount Rate: N/A N/A
Cap Ann Ratio: 5.9 7.5
Incrememental CPT: 1090.0 370.0

Details:

Applied to small source types

Applied to large source types

Existing Measure:

Existing NEI Dev: 0 0
Pollutant: NOX NOX
Locale:
Effective Date: N/A N/A
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Cost Year: 1990 1990
CPT: $2,500 $760
Ref Yr CPT: $4,003 $1,217
Control Efficiency: 60.0 60.0
Min Emis: N/A 365.0
Max Emis: 365.0 N/A
Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.14000000059604645 0.14000000059604645
Discount Rate: N/A N/A
Cap Ann Ratio: 5.9 7.5
Incrememental CPT: 1090.0 370.0

Details:

Applied to small source types

Applied to large source types

Existing Measure:

Existing NEI Dev: 0 0
Cost Equations:
N/A
Affected SCCs:
Code Description

10500205 External Combustion; Space Heaters; Commercial/Institutional; Distillate Oil

10500105 External Combustion; Space Heaters; Industrial; Distillate Oil
References:

» Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of

Air Quality Planning and Standards, Innovative Strategies and Economics Group, Research

Triangle Park, September 1998.

* EPA, 1993: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions
from Process Heaters," EPA-453/R-93-034, Research Triangle Park, NC, September 1993.

» EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and
Standards, "EPA Air Pollution Control Cost Manual," 6th ed., EPA/452/B-02-001, Research

Triangle Park, NC, January 2002.

Other information:

ADMIN_PCT: 0%
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CE_TEXT: 60% from uncontrolled

CHEM_PCT: 0%

COST_BASIS: Sources are distinguished by power output (Pechan, 1998).
Small source = less than 1 ton NOx per ozone season day
Costs for stationary source NOx control are based on an analysis of EPA's NOx State
Implementation Plan (SIP) Call (Pechan, 1998). The basis of the costs are model plant data
in the Alternative Control Techniques (ACT) document (EPA, 1994). From this analysis,
default cost per ton values are assigned along with a capital to annual costs ratio of 5.9. A
discount rate of 7 percent and a capacity factor of 65 percent are assumed, along with an
equipment life of 10 years (EPA, 1994).
In general, the incremental default cost is used for sources where there are existing controls
(RACT baseline), with efficiencies less than or equal to 70% (Pechan, 2001).

CPTON_H: $2490/ton

CPTON_L: $1090/ton

CPTON_TEXT: The default cost effectiveness values are $2,490 per ton NOx reduced from uncontrolled and
$1,090 per ton NOx reduced from RACT (1990%).

CTRL_EFF_T: 60%

ELEC_PCT: 0%

ELEC_RT: $0.05/kWh

FUEL_PCT: 0%

HG_CE_T: 60%

INSRNC_PCT: 0%

MNTLBR_PCT: 0%

MNTLBR_RT: $0/hr

MNTMTL_PCT: 0%

NG_RT: $3.63/cf

NOX: Co*

OMATL_PCT: 0%

OPLBR_PCT: 0%

OPLBR_RT: $0/hr

OTHR_PCT: 0%

OVRHD_PCT: 0%

PROPTX_PCT: 0%

RPLMTL_PCT: 0%

RULE: Not Applicable

SPVLBR_PCT: 0%

STEAM_PCT: 0%

TDIR_PCT: 0%

TINDIR_PCT: 0%

UTIL_PCT: 0%

WSTDSP_PCT: 0%
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Summary:

Control Measure Name:
Abbreviation:
Description:

Class:

Pollutant:
Equipment Life:
Control Technology:
Source Group:
Sectors:

Months:

Low NOx Burner and Flue Gas Recirculation; Space Heaters - Natural Gas
NLNBFSHNG

Application: This control is the use of low NOx burner (LNB) technology and flue gas
recirculation (FGR) to reduce NOx emissions. LNBs reduce the amount of NOx created
from reaction between fuel nitrogen and oxygen by lowering the temperature of one
combustion zone and reducing the amount of oxygen available in another.

This control is applicable to small (<1 ton per OSD) LPG-fired process heaters with
uncontrolled NOx emissions greater than 10 tons per year.

Discussion: LNBs are designed to "stage"
Known

NOX

10.0 years

Low NOx Burner and Flue Gas Recirculation
Space Heaters - Natural Gas

ptnonipm

All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX NOX
Locale:

Effective Date: N/A N/A
Cost Year: 1990 1990

CPT: $2,650 $590

Ref Yr CPT: $4,244 $945
Control Efficiency: 60.0 60.0
Min Emis: N/A 365.0

Max Emis: 365.0 N/A
Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.14000000059604645 0.14000000059604645

Discount Rate: N/A N/A
Cap Ann Ratio: 5.9 7.5
Incrememental CPT: 2470.0 280.0

Details:

Applied to small source types

Applied to large source types

Existing Measure:

Existing NEI Dev: 0 0

Pollutant: NOX NOX
Locale:

Effective Date: N/A N/A
Cost Year: 1990 1990
CPT: $2,650 $590
Ref Yr CPT: $4,244 $945
Control Efficiency: 60.0 60.0

246




Min Emis: N/A 365.0
Max Emis: 365.0 N/A
Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.14000000059604645 0.14000000059604645

Discount Rate: N/A N/A

Cap Ann Ratio: 5.9 7.5
Incrememental CPT: 2470.0 280.0

Details:

Applied to small source types

Applied to large source types

Existing Measure:

Existing NEI Dev: 0 0
Cost Equations:
N/A
Affected SCCs:
Code Description

10500206 External Combustion; Space Heaters; Commercial/Institutional; Natural Gas

10500106 External Combustion; Space Heaters; Industrial; Natural Gas

10500102 External Combustion; Space Heaters; Industrial; Coal **
References:

* Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of
Air Quality Planning and Standards, Innovative Strategies and Economics Group, Research

Triangle Park, September 1998.

* EPA, 1994: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions
from Industrial/Commercial/Institutional (ICI) Boilers," EPA-453/R-94-022, Research Triangle

Park, NC, June 1994.

* EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and
Standards, "EPA Air Pollution Control Cost Manual," 6th ed., EPA/452/B-02-001, Research

Triangle Park, NC, January 2002.

Other information:

ADMIN_PCT: 0%

CE_TEXT:

60% from uncontrolled
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CHEM_PCT:

0%

COST_BASIS: Sources are distinguished by power output (Pechan, 1998).
Small source = less than 1 ton NOx per ozone season day
Costs for stationary source NOx control are based on an analysis of EPA's NOx State
Implementation Plan (SIP) Call (Pechan, 1998). The basis of the costs are model plant data
in the Alternative Control Techniques (ACT) document (EPA, 1994). From this analysis,
default cost per ton values are assigned along with a capital to annual costs ratio of 5.9. A
discount rate of 7 percent and a capacity factor of 65 percent are assumed, along with an
equipment life of 10 years (EPA, 1994).
In general, the incremental default cost is used for sources where there are existing controls
(RACT baseline), with efficiencies less than or equal to 70% (Pechan, 2001).

CPTON_H: $2560/ton

CPTON_L: $2470/ton

CPTON_TEXT: The default cost effectiveness values are $2,560 per ton NOx reduced from uncontrolled and
$2,470 per ton NOx reduced from RACT (1990%).

CTRL_EFF_T: 60%

ELEC_PCT: 0%

ELEC_RT: $0.05/kWh

FUEL_PCT: 0%

HG_CE_T: 60%

INSRNC_PCT: 0%

MNTLBR_PCT: 0%

MNTLBR_RT: $0/hr

MNTMTL_PCT: 0%

NG_RT: $3.63/cf

NOX: Co*

OMATL_PCT: 0%

OPLBR_PCT: 0%

OPLBR_RT: $0/hr

OTHR_PCT: 0%

OVRHD_PCT: 0%

PROPTX_PCT: 0%

RPLMTL_PCT: 0%

RULE: Not Applicable

SPVLBR_PCT: 0%

STEAM_PCT: 0%

TDIR_PCT: 0%

TINDIR_PCT: 0%

UTIL_PCT: 0%

WSTDSP_PCT: 0%
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Summary:

Control Measure Name:
Abbreviation:
Description:

Class:

Pollutant:
Equipment Life:
Control Technology:
Source Group:
Sectors:

Months:

Low NOx Burner and Flue Gas Recirculation; Starch Mfg; Combined Operations
NLNBFSMCO

Application: This control is the use of low NOx burner (LNB) technology and flue gas
recirculation (FGR) to reduce NOx emissions. LNBs reduce the amount of NOx created
from reaction between fuel nitrogen and oxygen by lowering the temperature of one
combustion zone and reducing the amount of oxygen available in another.

This control is applicable to small (<1 ton per OSD) starch manufacturing with
uncontrolled NOx emissions greater than 10 tons per year.

Discussion: The NOx source is generally a natural gas-fired dryer. Therefore,
applicable control technologies are assumed to be LNB with FGR.

LNBs 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. Staged-air LNBs create a fuel-rich reducing
primary combustion zone and a fuel-lean secondary combustion zone. Staged-fuel
LNBs create a lean combustion zone that is relatively cool due to the presence of
excess air, which acts as a heat sink to lower combustion temperatures (EPA, 2002).

Known

NOX

15.0 years

Low NOx Burner and Flue Gas Recirculation
Starch Mfg; Combined Operations

ptnonipm

All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX NOX
Locale:
Effective Date: N/A N/A
Cost Year: 1990 1990
CPT: $2,470 $3,190
Ref Yr CPT: $3,955 $5,108
Control Efficiency: 55.0 55.0
Min Emis: 365.0 N/A
Max Emis: N/A 365.0
Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.10000000149011612 0.10000000149011612
Discount Rate: N/A N/A
Cap Ann Ratio: 6.8 6.9
Incrememental CPT: 830.0 1430.0
Details: Applied to large source types Applied to small source types
Existing Measure:
Existing NEI Dev: 0 0
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Pollutant: NOX NOX
Locale:
Effective Date: N/A N/A
Cost Year: 1990 1990
CPT: $2,470 $3,190
Ref Yr CPT: $3,955 $5,108
Control Efficiency: 55.0 55.0
Min Emis: 365.0 N/A
Max Emis: N/A 365.0
Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.10000000149011612 0.10000000149011612
Discount Rate: N/A N/A
Cap Ann Ratio: 6.8 6.9
Incrememental CPT: 830.0 1430.0

Details:

Applied to large source types

Applied to small source types

Existing Measure:

Existing NEI Dev: 0 0
Cost Equations:
N/A
Affected SCCs:
Code Description

30201422 Industrial Processes; Food and Agriculture; Starch Manufacturing; Fugitive Emissions: Starch
Packaging

30201421 Industrial Processes; Food and Agriculture; Starch Manufacturing; Fugitive Emissions: General

30201413 Industrial Processes; Food and Agriculture; Starch Manufacturing; Unmodified Starch Drying:
Spray Dryers

30201412 Industrial Processes; Food and Agriculture; Starch Manufacturing; Unmodified Starch Drying:
Flash Dryers

30201411 Industrial Processes; Food and Agriculture; Starch Manufacturing; Modified Starch Drying: Spray
Dryers

30201410 Industrial Processes; Food and Agriculture; Starch Manufacturing; Modified Starch Drying: Flash
Dryers

30201408 Industrial Processes; Food and Agriculture; Starch Manufacturing; Starch Bulk Loadout

30201407 Industrial Processes; Food and Agriculture; Starch Manufacturing; Starch Storage Bin

30201406 Industrial Processes; Food and Agriculture; Starch Manufacturing; Starch Filtering

30201405 Industrial Processes; Food and Agriculture; Starch Manufacturing; Centrifuging

30201404 Industrial Processes; Food and Agriculture; Starch Manufacturing; Screening

30201403 Industrial Processes; Food and Agriculture; Starch Manufacturing; Grinding
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30201402 Industrial Processes; Food and Agriculture; Starch Manufacturing; Steeping (Acidification)
30201401 Industrial Processes; Food and Agriculture; Starch Manufacturing; Combined Operations
References:

* Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of
Air Quality Planning and Standards, Innovative Strategies and Economics Group, Research
Triangle Park, September 1998.

* EPA, 1993: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions
from Process Heaters," EPA-453/R-93-034, Research Triangle Park, NC, September 1993.

* EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and
Standards, "EPA Air Pollution Control Cost Manual,” 6th ed., EPA/452/B-02-001, Research
Triangle Park, NC, January 2002.

Other information:

ADMIN_PCT: 0%

CE_TEXT: 55% from uncontrolled

CHEM_PCT: 0%

COST_BASIS: Sources are distinguished by power output (Pechan, 1998).
Small source = less than 1 ton NOXx per ozone season day
Costs for stationary source NOx control are based on an analysis of EPA's NOx State
Implementation Plan (SIP) Call (Pechan, 1998). The basis of the costs are model plant data
in the Alternative Control Techniques (ACT) document (EPA, 1994). From this analysis,
default cost per ton values are assigned along with a capital to annual costs ratio of 6.9. An
equipment life of 15 years was uncontrolled (EPA, 1994).

CPTON_H: $3190/ton

CPTON_L: $1430/ton

CPTON_TEXT: The default cost effectiveness values are $3,190 per ton NOx reduced from uncontrolled and
$1,430 per ton NOx reduced from RACT (19903).

CTRL_EFF_T: 55%

ELEC_PCT: 0%

ELEC_RT: $0/kwh

FUEL_PCT: 0%

HG CE_T: 55%

INSRNC_PCT: 0%

MNTLBR_PCT: 0%

MNTLBR_RT: $0/hr

MNTMTL_PCT: 0%

NG_RT: $0/cf
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NOX:

Co*

OMATL_PCT:

0%

OPLBR_PCT:

0%

OPLBR_RT:

$0/hr

OTHR_PCT:

0%

OVRHD_PCT:

0%

PROPTX_PCT:

0%

RPLMTL_PCT:

0%

RULE:

Not Applicable

SPVLBR_PCT:

0%

STEAM_PCT:

0%

TDIR_PCT:

0%

TINDIR_PCT:

0%

UTIL_PCT:

0%

WSTDSP_PCT:

0%
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Summary:

Control Measure Name:
Abbreviation:
Description:

Class:

Pollutant:
Equipment Life:
Control Technology:
Source Group:
Sectors:

Months:

Low NOx Burner and Flue Gas Recirculation; Steel Prod; Soaking Pits
NLNBFSPSP

Application: This control is the use of low NOx burner (LNB) technology and flue gas
recirculation (FGR) to reduce NOx emissions. LNBs reduce the amount of NOx created
from reaction between fuel nitrogen and oxygen by lowering the temperature of one
combustion zone and reducing the amount of oxygen available in another.

This control is applicable to soaking pits at steel production operations with uncontrolled
NOx emissions greater than 10 tons per year.

Discussion: Soaking pits are a combustion source which can fire natural gas, oil or coal.
Emissions of NOx are similar to boilers emissions.

LNBs 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. Staged-air LNBs create a fuel-rich reducing
primary combustion zone and a fuel-lean secondary combustion zone. Staged-fuel
LNBs create a lean combustion zone that is relatively cool due to the presence of
excess air, which acts as a heat sink to lower combustion temperatures (EPA, 2002).

Known

NOX

10.0 years

Low NOx Burner and Flue Gas Recirculation
Steel Prod; Soaking Pits

ptnonipm

All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX NOX
Locale:
Effective Date: N/A N/A
Cost Year: 1990 1990
CPT: $750 $750
Ref Yr CPT: $1,201 $1,201
Control Efficiency: 60.0 60.0
Min Emis: N/A 365.0
Max Emis: 365.0 N/A
Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.14000000059604645 0.14000000059604645
Discount Rate: N/A N/A
Cap Ann Ratio: 7.0 7.0
Incrememental CPT: 250.0 250.0
Details: Applied to small source types Applied to large source types
Existing Measure:
Existing NEI Dev: 0 0
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Pollutant: NOX NOX
Locale:
Effective Date: N/A N/A
Cost Year: 1990 1990
CPT: $750 $750
Ref Yr CPT: $1,201 $1,201
Control Efficiency: 60.0 60.0
Min Emis: N/A 365.0
Max Emis: 365.0 N/A
Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.14000000059604645 0.14000000059604645
Discount Rate: N/A N/A
Cap Ann Ratio: 7.0 7.0
Incrememental CPT: 250.0 250.0

Details:

Applied to small source types

Applied to large source types

Existing Measure:

Existing NEI Dev: 0 0
Cost Equations:
N/A
Affected SCCs:
Code Description
30300911 Industrial Processes; Primary Metal Production; Steel Manufacturing (See 3-03-015 for Integrated
Iron & Steel MACT); Soaking Pits
References:

* Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of
Air Quality Planning and Standards, Innovative Strategies and Economics Group, Research

Triangle Park, September 1998.

* EPA, 1994: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions
from Iron and Steel Mills," EPA-453/R-94-065, Research Triangle Park, NC, September 1994.

* EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and
Standards, "EPA Air Pollution Control Cost Manual," 6th ed., EPA/452/B-02-001, Research

Triangle Park, NC, January 2002.

254




Other information:

ADMIN_PCT: 0%

CE_TEXT: 60% from uncontrolled

CHEM_PCT: 0%

COST_BASIS: Costs for stationary source NOx control are based on an analysis of EPA's NOx State
Implementation Plan (SIP) Call (Pechan, 1998). The basis of the costs are model plant data
in the Alternative Control Techniques (ACT) document (EPA, 1994). From this analysis,
default cost per ton values are assigned along with a capital to annual costs ratio of 7.0. An
equipment life of 10 years was uncontrolled (EPA, 1994).

CPTON_H: $750/ton

CPTON_L: $250/ton

CPTON_TEXT: The default cost effectiveness values are $750 per ton NOx reduced from uncontrolled and
$250 per ton NOx reduced from RACT (1990%).

CTRL_EFF_T: 60%

ELEC_PCT: 0%

ELEC_RT: $0/kWh

FUEL_PCT: 0%

HG_CE_T: 60%

INSRNC_PCT: 0%

MNTLBR_PCT: 0%

MNTLBR_RT: $0/hr

MNTMTL_PCT: 0%

NG_RT: $0/cf

NOX: Co*

OMATL_PCT: 0%

OPLBR_PCT: 0%

OPLBR_RT: $0/hr

OTHR_PCT: 0%

OVRHD_PCT: 0%

PROPTX_PCT: 0%

RPLMTL_PCT: 0%

RULE: Not Applicable

SPVLBR_PCT: 0%

STEAM_PCT: 0%

TDIR_PCT: 0%

TINDIR_PCT: 0%

UTIL_PCT: 0%

WSTDSP_PCT:

0%
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Summary:

Control Measure Name:
Abbreviation:
Description:

Class:

Pollutant:
Equipment Life:
Control Technology:
Source Group:
Sectors:

Months:

Low NOx Burner; ICI Natural Gas Space Heaters and Water Heaters
NLNBICISWH

Application: The South Coast and Bay Area AQMDs set emission limits for water
heaters and space heaters. This control is based on the installation of low-NOx space
heaters and water heaters in commercial and institutional sources for the reduction of
NOx emissions.

The control applies to natural gas burning sources classified under SCC 2103006000.
Known

NOX

10.0 years

Low NOx Burner

ICI Space and Water Heaters

ptnonipm

All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX
Locale:
Effective Date: N/A
Cost Year: 1990
CPT: $1,230
Ref Yr CPT: $1,970
Control Efficiency: 7.0
Min Emis: N/A
Max Emis: N/A
Rule Effectiveness: 100.0
Rule Penetration: 100.0
Equation Type: cpton
Capital Rec Fac: N/A
Discount Rate: N/A
Cap Ann Ratio: 55
Incrememental CPT: N/A
Details:
Existing Measure:
Existing NEI Dev: 0
Pollutant: NOX
Locale:
Effective Date: N/A
Cost Year: 1990
CPT: $1,230
Ref Yr CPT: $1,970
Control Efficiency: 7.0
Min Emis: N/A
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Max Emis: N/A
Rule Effectiveness: 100.0
Rule Penetration: 100.0
Equation Type: cpton
Capital Rec Fac: N/A
Discount Rate: N/A
Cap Ann Ratio: 55
Incrememental CPT: N/A
Details:
Existing Measure:
Existing NEI Dev: 0
Cost Equations:
N/A
Affected SCCs:
Code Description
10500206 External Combustion; Space Heaters; Commercial/Institutional; Natural Gas
10500200 External Combustion Boilers;Space Heaters;Commercial/Institutional;undefined
10500106 External Combustion; Space Heaters; Industrial; Natural Gas
10500100 External Combustion Boilers;Space Heaters;Industrial;undefined

References:

* SCAQMD, 1996: South Coast Air Quality Management District, "1997 Air Quality Management
Plan, Appendix IV-A: Stationary and Mobile Source Control Measures." August 1996.

* Pechan, 2006: E.H. Pechan and Associates, Inc., "AirControINET Control Measure
Documentation Report”, May 2006.

Other information:
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Summary:

Control Measure Name:

Abbreviation:
Description:

Class:

Pollutant:
Equipment Life:
Control Technology:
Source Group:
Sectors:

Months:

Low NOx Burner; Iron & Steel - In-Process Combustion - Natural Gas or Coke Oven

Process Gas
NLNBISIPCG

Application: This control is the use of low NOx burner (LNB) technology to reduce NOXx
emissions. LNBs reduce the amount of NOx created from reaction between fuel

nitrogen and oxygen by lowering the temperature of one combustion zone and reducing

the amount of oxygen available in another. This control is applicable to operations with
in-process combustion (Natural Gas or Coke Oven Process Gas) in the Iron & Steel
industry with uncontrolled NOx emissions greater than 10 tons per year.

Known

NOX

15.0 years

Low NOx Burner

Iron & Steel - In-Process Combustion - Natural Gas or Coke Oven Process Gas

ptnonipm
All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX NOX
Locale:
Effective Date: N/A N/A
Cost Year: 1990 1990
CPT: $2,200 $1,800
Ref Yr CPT: $3,523 $2,882
Control Efficiency: 50.0 50.0
Min Emis: N/A 365.0
Max Emis: 365.0 N/A
Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.10000000149011612 0.10000000149011612
Discount Rate: N/A N/A
Cap Ann Ratio: 7.3 7.3
Incrememental CPT: N/A N/A

Details:

Applied to small source types

Applied to large source types

Existing Measure:

Existing NEI Dev: 0 0
Pollutant: NOX NOX
Locale:

Effective Date: N/A N/A
Cost Year: 1990 1990
CPT: $2,200 $1,800
Ref Yr CPT: $3,523 $2,882
Control Efficiency: 50.0 50.0
Min Emis: N/A 365.0
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Max Emis: 365.0 N/A
Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.10000000149011612 0.10000000149011612
Discount Rate: N/A N/A
Cap Ann Ratio: 7.3 7.3
Incrememental CPT: N/A N/A
Details: Applied to small source types Applied to large source types
Existing Measure:
Existing NEI Dev: 0 0
Cost Equations:
N/A
Affected SCCs:
Code Description
30301524 Industrial Processes; Primary Metal Production; Integrated Iron and Steel Manufacturing (See also
3-03-008 & 3-03-009); BOF, Top Blown Furnace: Hot Metal Transfer
30301523 Industrial Processes; Primary Metal Production; Integrated Iron and Steel Manufacturing (See also
3-03-008 & 3-03-009); BOF, Top Blown Furnace: Tapping
30301522 Industrial Processes; Primary Metal Production; Integrated Iron and Steel Manufacturing (See also
3-03-008 & 3-03-009); BOF, Top Blown Furnace: Melting and Refining
30301521 Industrial Processes; Primary Metal Production; Integrated Iron and Steel Manufacturing (See also
3-03-008 & 3-03-009); BOF, Top Blown Furnace: Charging
30301520 Industrial Processes; Primary Metal Production; Integrated Iron and Steel Manufacturing (See also
3-03-008 & 3-03-009); Basic Oxygen Furnace (BOF)
30301514 Industrial Processes; Primary Metal Production; Integrated Iron and Steel Manufacturing (See also
3-03-008 & 3-03-009); Blast Furnace: Taphole and Trough Only
30301513 Industrial Processes; Primary Metal Production; Integrated Iron and Steel Manufacturing (See also
3-03-008 & 3-03-009); Blast Furnace: Casting, Furnace with Local Evacuation
30301512 Industrial Processes; Primary Metal Production; Integrated Iron and Steel Manufacturing (See also
3-03-008 & 3-03-009); Blast Furnace: Casting, Uncontrolled Casthouse Roof Monitor
30301511 Industrial Processes; Primary Metal Production; Integrated Iron and Steel Manufacturing (See also
3-03-008 & 3-03-009); Blast Furnace: Charging
30301510 Industrial Processes; Primary Metal Production; Integrated Iron and Steel Manufacturing (See also
3-03-008 & 3-03-009); Blast Furnace: Slip
30301506 Industrial Processes; Primary Metal Production; Integrated Iron and Steel Manufacturing (See also
3-03-008 & 3-03-009); Sintering: Cold Screen
30301505 Industrial Processes; Primary Metal Production; Integrated Iron and Steel Manufacturing (See also
3-03-008 & 3-03-009); Sintering: Cooler
30301504 Industrial Processes; Primary Metal Production; Integrated Iron and Steel Manufacturing (See also
3-03-008 & 3-03-009); Sintering: Discharge End
30301503 Industrial Processes; Primary Metal Production; Integrated Iron and Steel Manufacturing (See also

3-03-008 & 3-03-009); Sintering: Windbox
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30301502 Industrial Processes; Primary Metal Production; Integrated Iron and Steel Manufacturing (See also
3-03-008 & 3-03-009); Sintering: Raw Materials Handling

30300914 Industrial Processes; Primary Metal Production; Steel Manufacturing (See 3-03-015 for Integrated
Iron & Steel MACT); Basic Oxygen Furnace: Closed Hood-Stack

30300913 Industrial Processes; Primary Metal Production; Steel Manufacturing (See 3-03-015 for Integrated
Iron & Steel MACT); Basic Oxygen Furnace: Open Hood-Stack

30300829 Industrial Processes; Primary Metal Production; Iron Production (See 3-03-015 for Integrated Iron
& Steel MACT); Blast Furnace: Taphole and Trough

30300828 Industrial Processes; Primary Metal Production; Iron Production (See 3-03-015 for Integrated Iron
& Steel MACT); Blast Furnace: Local Evacuation

30300826 Industrial Processes; Primary Metal Production; Iron Production (See 3-03-015 for Integrated Iron
& Steel MACT); Blast Furnace Slips

30300824 Industrial Processes; Primary Metal Production; Iron Production (See 3-03-015 for Integrated Iron
& Steel MACT); Blast Heating Stoves

30300820 Industrial Processes; Primary Metal Production; Iron Production (See 3-03-015 for Integrated Iron
& Steel MACT); Sinter Conveyor: Transfer Station

30300819 Industrial Processes; Primary Metal Production; Iron Production (See 3-03-015 for Integrated Iron
& Steel MACT); Sinter Process (Combined Code includes 15,16,17,18)

References:

» Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of
Air Quality Planning and Standards, Innovative Strategies and Economics Group, Research
Triangle Park, September 1998.

* EPA, 1993: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions
from Process Heaters," EPA-453/R-93-034, Research Triangle Park, NC, September 1993.

* EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and
Standards, "EPA Air Pollution Control Cost Manual," 6th ed., EPA/452/B-02-001, Research
Triangle Park, NC, January 2002.

* EPA, 2010: "NOX CONTROL STRATEGIES IN THE IRON AND STEEL INDUSTRY (11-11-
10).pdf", pdf document provided by Donnalee Jones (jones.donnalee@epamail.epa.gov) via
email to Amy Vasu 11/16/10.

Other information:
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Summary:

Control Measure Name:
Abbreviation:
Description:

Class:

Pollutant:
Equipment Life:
Control Technology:
Source Group:
Sectors:

Months:

Low NOx Burner and Selective Non-catalytic Reduction; Iron & Steel Mills - Annealing
NLNBNISAN

Application: This control is the use of low NOx burner (LNB) technology and selective
catalytic reduction (SCR) to reduce NOx emissions. LNBs reduce the amount of NOx
created from reaction between fuel nitrogen and oxygen by lowering the temperature of
one combustion zone and reducing the amount of oxygen available in another. SCR
controls are post-combustion control technologies based on the chemical reduction of
nitrogen oxides (NOXx) into molecular nitrogen (N2) and water vapor (H20). The SCR
utilizes a catalyst to increase the NOx removal efficiency, which allows the process to
occur at lower temperatures.

This control is applicable to iron and steel annealing operations with uncontrolled NOx
emissions greater than 10 tons per year.

Discussion: LNBs 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. Staged-air LNB's create a
fuel-rich reducing primary combustion zone and a fuel-lean secondary combustion
zone. Staged-fuel LNB's create a lean combustion zone that is relatively cool due to
the presence of excess air, which acts as a heat sink to lower combustion temperatures
(EPA, 2002).

Selective Catalytic Reduction (SCR) has been widely applied to stationary source, fossil
fuel-fired, combustion units for emission control since the early 1970s. SCR is typically
implemented on units requiring a higher level of NOx control than achievable by SNCR

or other combustion controls (EPA, 2002).

Like SNCR, SCR is based on the chemical reduction of the NOx molecule. The primary
difference between SNCR and SCR is that SCR uses a metal-based catalyst to
increase the rate of reaction (EPA, 2002). A nitrogen based reducing reagent, such as
ammonia or urea, is injected into the flue gas. The reagent reacts selectively with the
flue gas NOx within a specific temperature range and in the presence of the catalyst
and oxygen to reduce the NOx.

The use of a catalyst results in two advantages of the SCR process over SNCR, the
higher NOx reduction efficiency and the lower and broader temperature ranges.
However, the decrease in reaction temperature and increase in efficiency is
accompanied by a significant increase in capital and operating costs (EPA, 2002). The
cost increase is due to the large amount of catalyst required.

The SCR system can utilize either aqueous or anhydrous ammonia as the reagent.
Anhydrous ammonia is a gas at atmospheric pressure and normal temperatures. There
are safety issues with the use of anhydrous ammonia, as it must be transported and
stored under pressure (EPA, 2002). Agueous ammonia is generally transported and
stored at a concentration of 29.4% ammonia in water.

Today, catalyst formulations include single component, multi-component, or active
phase with a support structure. Most catalyst formulations contain additional
compounds or sup-ports, providing thermal and structural stability or to increase
surface area (EPA, 2002).

The rate of reaction determines the amount of NOx removed from the flue gas. The
important design and operational factors that affect the rate of reduction include:
reaction temperature range; residence time available in the optimum temperature
range; degree of mixing between the injected reagent and the combustion gases;
uncontrolled NOx concentration level; molar ratio of injected reagent to uncontrolled
NOx; ammonia slip; catalyst activity; catalyst selectivity; pressure drop across the
catalyst; catalyst pitch; catalyst deactivation; and catalyst management (EPA, 2001).

Known

NOX

10.0 years

Low NOx Burner and Selective Noncatalytic Reduction
Iron & Steel Mills - Annealing

ptnonipm

All Months
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Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX NOX
Locale:
Effective Date: N/A N/A
Cost Year: 1990 1990
CPT: $1,720 $1,720
Ref Yr CPT: $2,754 $2,754
Control Efficiency: 80.0 80.0
Min Emis: N/A 365.0
Max Emis: 365.0 N/A
Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.14000000059604645 0.14000000059604645
Discount Rate: N/A N/A
Cap Ann Ratio: 3.7 3.7
Incrememental CPT: 1320.0 1320.0

Details:

Applied to small source types

Applied to large source types

Existing Measure:

Existing NEI Dev: 0 0
Pollutant: NOX NOX
Locale:
Effective Date: N/A N/A
Cost Year: 1990 1990
CPT: $1,720 $1,720
Ref Yr CPT: $2,754 $2,754
Control Efficiency: 80.0 80.0
Min Emis: N/A 365.0
Max Emis: 365.0 N/A
Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.14000000059604645 0.14000000059604645
Discount Rate: N/A N/A
Cap Ann Ratio: 3.7 3.7
Incrememental CPT: 1320.0 1320.0

Details:

Applied to small source types

Applied to large source types

Existing Measure:

Existing NEI Dev:
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Cost Equations:

N/A

Affected SCCs:

Code Description

30300934 Industrial Processes; Primary Metal Production; Steel Manufacturing (See 3-03-015 for Integrated

Iron & Steel MACT); Heat Treating Furnaces: Annealing

References:

* Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of
Air Quality Planning and Standards, Innovative Strategies and Economics Group, Research
Triangle Park, September 1998.

* EPA, 1994: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air

Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions
from Iron and Steel Mills," EPA-453/R-94-065, Research Triangle Park, NC, September 1994.

* EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and
Standards, "EPA Air Pollution Control Cost Manual,” 6th ed., EPA/452/B-02-001, Research
Triangle Park, NC, January 2002.

Other information:

ADMIN_PCT: 0%

CE_TEXT: 80% from uncontrolled

CHEM_PCT: 0%

COST_BASIS: Costs for stationary source NOx control are based on an analysis of EPA's NOx State
Implementation Plan (SIP) Call (Pechan, 1998). The basis of the costs are model plant data
in the Alternative Control Techniques (ACT) document (EPA, 1994). From this analysis,
default cost per ton values are assigned along with a capital to annual costs ratio of 3.7. A
discount rate of 7 percent and a capacity factor of 65 percent are assumed, along with an
equipment life of 10 years (EPA, 1994).

In general, the incremental default cost is used for sources where there are existing controls
(RACT baseline), with efficiencies less than 55% (Pechan, 2001).

CPTON_H: $1720/ton

CPTON_L: $1320/ton

CPTON_TEXT: The default cost effectiveness values are $1,720 per ton NOx reduced from uncontrolled and
$1,320 per ton NOx reduced from RACT (1990$).

CTRL_EFF_T: 80%

ELEC_PCT: 0%

ELEC_RT: $0/kWh

FUEL_PCT: 0%

HG_CE_T: 80%
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INSRNC_PCT:

0%

MNTLBR_PCT:

0%

MNTLBR_RT:

$0/hr

MNTMTL_PCT:

0%

NG_RT:

$0/cf

NH3:

X

NOX:

Co*

OMATL_PCT:

0%

OPLBR_PCT:

0%

OPLBR_RT

$0/hr

OTHR_PCT:

0%

OVRHD_PCT:

0%

PROPTX_PCT:

0%

RPLMTL_PCT:

0%

RULE:

Not Applicable

SPVLBR_PCT:

0%

STEAM_PCT:

0%

TDIR_PCT:

0%

TINDIR_PCT:

0%

UTIL_PCT:

0%

WSTDSP_PCT:

0%
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Summary:

Control Measure Name:
Abbreviation:
Description:

Low NOx Burner and Over Fire Air; Utility Boiler - Bit Coal/Wall
NLNBOUBCW

Application: This control is the use of low NOx burner (LNB) technology to reduce NOx
emissions. LNBs reduce the amount of NOx created from reaction between fuel
nitrogen and oxygen by lowering the temperature of one combustion zone and reducing
the amount of oxygen available in another.

This control applies to wall fired (coal) utility boilers

Discussion: LNBs are designed to "stage" combustion so that two combustion zones
are created, one fuel-rich combustion and one at a lower temperature. Stagi

Class:

Pollutant:
Equipment Life:
Control Technology:
Source Group:
Sectors:

Months:

Known
NOX
15.0 years

Low NOx Burner and Over Fire Air

Utility Boiler - Coal/Wall

ptipm
All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX

Locale:
Effective Date: N/A
Cost Year: 1999

CPT:

Ref Yr CPT:
Control Efficiency: 72.0
Min Emis: N/A
Max Emis: N/A
Rule Effectiveness: 100.0
Rule Penetration: 100.0
Equation Type: cpton

Capital Rec Fac:

0.10000000149011612

Discount Rate:

5.699999809265137

Cap Ann Ratio: N/A
Incrememental CPT: N/A

Details:

Existing Measure:

Existing NEI Dev: 0

Pollutant: NOX

Locale:
Effective Date: N/A
Cost Year: 1999

CPT:

Ref Yr CPT:
Control Efficiency: 72.0
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Min Emis: N/A
Max Emis: N/A
Rule Effectiveness: 100.0
Rule Penetration: 100.0
Equation Type: cpton
Capital Rec Fac: 0.10000000149011612
Discount Rate: 5.699999809265137
Cap Ann Ratio: N/A
Incrememental CPT: N/A
Details:
Existing Measure:
Existing NEI Dev: 0
Cost Equations:
Name: Type 1
Description: EGU
Inventory Fields: design_capacity, design_capacity_unit_numerator, design_capacity unit_denominator
Formula: Scaling Factor (SF) = (Model Plant boiler capacity / MW) ” (Scaling Factor Exponential)

Capital Cost = TCC x NETDC x SF x 1000 Fixed O&M Cost = OMF x NETDC x 1000
Variable O&M Cost = OMV x NETDC x 1000 x CAPFAC x 8760 /1000

CRF =1x (1+1) " Eq. Life / [(1+ I ) » Eq. Life - 1]

Annualized Capital Cost = Capital Cost x CRF

Total Cost = Capital Cost x CRF + O&M Cost

Notes:

Cost equations are based on capacity in the range of > 0 to < 2000 mmBTU/hr.
If capacity is not within range, a cost per ton value is applied. Capital cost equations are in
the form of $ = capital multiplier (capacity) ~ capital exponent. Annual costs are in the form
of $ = annual multiplier (capacity) * annual exponent.

Multipliers and exponents are available for a no control baseline and a RACT baseline.
Control measure is not applied if boiler capacity is missing.

Variable Name Value
Pollutant NOX
Cost Year 2011
Capital Cost Multiplier 65.0
Fixed O&M Cost Multiplier 0.5
Variable O&M Cost Multiplier 0.09
Scaling Factor - Model Size (MW) 300.0
Scaling Factor - Exponent 0.36
Capacity Factor 1.0
Affected SCCs:
Code Description
10100604 External Combustion Boilers; Electric Generation; Natural Gas; Boiler, Tangentially Fired
10100602 {Extern?l ICombustion Boilers; Electric Generation; Natural Gas; Boiler < 100 Million BTU, except
angentia
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10100601 External Combustion Boilers; Electric Generation; Natural Gas; Boiler, >= 100 Million BTU/hr

10100505 External Combustion Boilers; Electric Generation; Distillate Oil - Grade 4; Boiler, Tangential-fired

10100504 External Combustion Boilers; Electric Generation; Distillate Oil - Grade 4; Boiler, Normal Firing

10100501 External Combustion Boilers; Electric Generation; Distillate Oil - Grades 1 and 2; Boiler

10100406 External Combustion Boilers; Electric Generation; Residual Oil; Grade 5 Oil: Tangential Firing

10100405 External Combustion Boilers; Electric Generation; Residual Oil; Grade 5 Oil: Normal Firing

10100404 External Combustion Boilers; Electric Generation; Residual Oil - Grade 6; Boiler, Tangential-fired

10100401 External Combustion Boilers; Electric Generation; Residual Oil - Grade 6; Boiler, Normal Firing

10100303 External Combustion Boilers; Electric Generation; Lignite; Cyclone Furnace

10100302 External Combustion Boilers; Electric Generation; Pulverized Lignite; Boiler, Dry Bottom
Tangential-fired

10100301 External Combustion Boilers; Electric Generation; Pulverized Lignite; Boiler, Dry Bottom Wall-fired

10100300 External Combustion Boilers; Electric Generation; Pulverized Lignite; Boiler, Wet Bottom

10100235 External Combustion Boilers; Electric Generation; Subbituminous Coal; Cell Burner

10100226 External Combustion Boilers; Electric Generation; Subbituminous Coal, Pulverized; Boiler, Dry
Bottom Tangential-fired

10100223 External Combustion Boilers; Electric Generation; Subbituminous Coal; Cyclone Furnace

10100222 External Combustion Boilers; Electric Generation; Subbituminous Coal, Pulverized; Boiler, Dry
Bottom

10100221 External Combustion Boilers; Electric Generation; Subbituminous Coal, Pulverized; Boiler, Wet
Bottom

10100215 External Combustion Boilers; Electric Generation; Bituminous Coal; Cell Burner

10100212 External Combustion Boilers; Electric Generation; Bituminous Coal, Pulverized; Boiler, Dry Bottom
Tangential-fired

10100211 Fzggrnal Combustion Boilers; Electric Generation; Bituminous Coal; Boiler, Wet Bottom Tangential-
i

10100203 External Combustion Boilers; Electric Generation; Bituminous Coal; Boiler, Cyclone Furnace

10100101 External Combustion Boilers; Electric Generation; Anthracite Coal, Pulverized; Boiler

10100201 External Combustion Boilers; Electric Generation; Bituminous Coal, Pulverized; Boiler, Wet Bottom

10100202 External Combustion Boilers; Electric Generation; Bituminous Coal, Pulverized; Boiler, Dry Bottom

References:

* US EPA, 2010: Clean Air Markets Division. "Documentation for EPA Base Case 2010 (V4.1),
Using the Integrated Planning Model," Washington, DC., August 2010.

* EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and
Standards, "EPA Air Pollution Control Cost Manual," 6th ed., EPA/452/B-02-001, Research
Triangle Park, NC, January 2002.

Other information:

ADMIN_PCT:

0%
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CPTON_TEXT:

Cost effectiveness is variable and based on plant size (nameplate capacity in MW) and the
following factors: the total capital cost of $26.12 per kW; the fixed O&M costs of $0.40 per kW
per year; and variable O&M costs of $0.08 mills per kW per year (20043).

CE_TEXT:

55.9% from uncontrolled

CHEM_PCT:

0%

CTRL_EFF_T:

56%

COST_BASIS:

The cost equations used in this analysis are based on cost equations from EPA's IPM (EPA,
2004). In the IPM, model plants applying LNB had capacities of 300 MW. The equations were
scaled to develop costs for smaller or larger boilers than the model plant. The cost equations
also assume a capacity utilization factor of 85% for the utility boilers, as well as a 7% discount
rate and 15-year lifetime of the controls.

Capital Costs (CC):

Nameplate Capacity: netdc [=] MW
Total Capital Costs: TCC = $26.12 per kW
Scaling Factor: SF = (sfn / netdc)”sfe = (300 / MW )"*0.359

CC (for netdc <500) = TCC * netdc * 1000 * SF
CC (for netdc > 500) = TCC * netdc * 1000

Operating & Maintenance (O&M):

Fixed O&M: omf = $0.40 per kW per year
Variable O&M: omv = $0.08 mills per kW-hr
Capacity Factor: capfac = 0.85

O&M = ( omf * netdc * 1000) + ( omv * netdc * 1000 * capfac * 8760 / 1000)

Equipment Life in Years = Equiplife
Interest Rate = i
Capital Recovery Factor: CRF=[i(1+i)"Equiplife]/[((1+ i)™ Equiplife) - 1]

Total Cost = (CRF * CC) + O&M

0O&M Cost Components: With the retrofit of combustion controls, the boiler unburned carbon
may increase. This increase results in a reduction in boiler efficiency, requiring more coal to be
burned to maintain the boiler output. As the coal firing rate increases, there are corresponding
increases in the solid waste generation and auxiliary power usage. The O&M costs were
evaluated for tangential-fired boilers only. With no changes in the capital cost for wall-fired
boilers, the fixed O&M costs, generally taken as a function of the capital cost, are not expected
to vary. Also, no changes in the variable O&M costs are expected, since unburned carbon
assumptions are unchanged.

For tangential-fired boilers, the general maintenance cost was conservatively taken as 1.5
percent of the total project cost for each technology. Also, a plant capacity factor of 85
percent was assumed.

Coal Cost: $1.20/MMBtu
Solid waste disposal: $12/ton
Auxiliary power: 25 mills/KWh

Note: O&M costs are in 1999 dollars, all others are in 2004 dollars

FUEL_PCT:

0%

ELEC_PCT:

0%

ELEC_RT:

$0/kWh

INSRNC_PCT:

0%

MNTLBR_PCT:

0%

MNTLBR_RT:

$0/hr

MNTMTL_PCT:

0%

NG_RT:

$0/cf
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NOX:

Co*

OMATL_PCT:

0%

OPLBR_PCT:

0%

OPLBR_RT:

$0/hr

OTHR_PCT:

0%

OVRHD_PCT:

0%

PROPTX_PCT:

0%

RPLMTL_PCT:

0%

RULE:

Not Applicable

SPVLBR_PCT:

0%

STEAM_PCT:

0%

TDIR_PCT:

0%

TINDIR_PCT:

0%

UTIL_PCT:

0%

WSTDSP_PCT:

0%
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Summary:

Control Measure Name:
Abbreviation:
Description:

Low NOx Burner; Sec Alum Prod; Smelting Furn/Reverb
NLNBSASF

Application: This control is the use of low NOx burner (LNB) technology to reduce NOx
emissions. LNBs reduce the amount of NOx created from reaction between fuel
nitrogen and oxygen by lowering the temperature of one combustion zone and reducing
the amount of oxygen available in another.

This control is applicable to secondary aluminum production operations with smelting

furnaces (SCC 30400103) and uncontrolled NOx emissions greater than 10 tons per

year.

Discussion: LNBs are designed to "stage" com

Class: Known

Pollutant:  NOX
Equipment Life:  10.0 years
Control Technology:
Source Group:
Sectors:
Months:

ptnonipm
All Months

Low NOx Burner
Sec Alum Prod; Smelting Furn/Reverb

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX NOX
Locale:
Effective Date: N/A N/A
Cost Year: 1990 1990
CPT: $570 $570
Ref Yr CPT: $913 $913
Control Efficiency: 50.0 50.0
Min Emis: 365.0 N/A
Max Emis: N/A 365.0
Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.14000000059604645 0.14000000059604645
Discount Rate: N/A N/A
Cap Ann Ratio: 7.0 7.0
Incrememental CPT: N/A N/A
Details: Applied to large source types Applied to small source types
Existing Measure:
Existing NEI Dev: 0 0
Pollutant: NOX NOX
Locale:
Effective Date: N/A N/A
Cost Year: 1990 1990
CPT: $570 $570
Ref Yr CPT: $913 $913
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Control Efficiency: 50.0 50.0
Min Emis: 365.0 N/A
Max Emis: N/A 365.0
Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.14000000059604645 0.14000000059604645

Discount Rate: N/A N/A

Cap Ann Ratio: 7.0 7.0
Incrememental CPT: N/A N/A

Details:

Applied to large source types

Applied to small source types

Existing Measure:

Existing NEI Dev: 0 0
Cost Equations:
N/A
Affected SCCs:
Code Description
30400103 Industrial Processes; Secondary Metal Production; Aluminum; Smelting Furnace/Reverberatory
References:

* Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of
Air Quality Planning and Standards, Innovative Strategies and Economics Group, Research

Triangle Park, September 1998.

* EPA, 1994: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions
from Iron and Steel Mills," EPA-453/R-94-065, Research Triangle Park, NC, September 1994.

* EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and
Standards, "EPA Air Pollution Control Cost Manual,” 6th ed., EPA/452/B-02-001, Research

Triangle Park, NC, January 2002.

Other information:

ADMIN_PCT: 0%

CE_TEXT:

50% from uncontrolled

CHEM_PCT: 0%
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COST_BASIS: The basis of the costs are model plant data contained in the Alternative Control Techniques
(ACT) (EPA, 1994). Capital, and annual cost information was obtained from control-specific
cost data. Some O&M costs were included. Missing O&M costs were back calculated from
annual costs (Pechan, 1998). From these determinations, an average cost per ton values was
assigned along with a capital cost to annual cost ratio of 7.0. A discount rate of 7% was
assumed for all sources. The equipment life is 10 years.

CPTON_TEXT: The default cost effectiveness value used in AirControINET is $570 per ton NOx reduced from
both uncontrolled and RACT (1990%).

CTRL_EFF_T: 50%

ELEC_PCT: 0%

ELEC_RT: $0/kWh

FUEL_PCT: 0%

HG_CE_T: 50%

INSRNC_PCT: 0%

MNTLBR_PCT: 0%

MNTLBR_RT: $0/hr

MNTMTL_PCT: 0%

NG_RT: $0/cf

NOX: Co*

OMATL_PCT: 0%

OPLBR_PCT: 0%

OPLBR_RT: $0/hr

OTHR_PCT: 0%

OVRHD_PCT: 0%

PROPTX_PCT: 0%

RPLMTL_PCT: 0%

RULE: Not Applicable

SPVLBR_PCT: 0%

STEAM_PCT: 0%

TDIR_PCT: 0%

TINDIR_PCT: 0%

UTIL_PCT: 0%

WSTDSP_PCT: 0%
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Summary:

Control Measure Name:
Abbreviation:
Description:

Class:

Pollutant:
Equipment Life:
Control Technology:
Source Group:
Sectors:

Months:

Low NOx Burner and Selective Catalytic Reduction; Iron & Steel Mills - Annealing
NLNBSISAN

Application: This control is the use of low NOx burner (LNB) technology and selective
catalytic reduction (SCR) to reduce NOx emissions. LNBs reduce the amount of NOx
created from reaction between fuel nitrogen and oxygen by lowering the temperature of
one combustion zone and reducing the amount of oxygen available in another. SCR
controls are post-combustion control technologies based on the chemical reduction of
nitrogen oxides (NOXx) into molecular nitrogen (N2) and water vapor (H20). The SCR
utilizes a catalyst to increase the NOx removal efficiency, which allows the process to
occur at lower temperatures.

This control is applicable to small (<1 ton NOx per OSD) iron and steel annealing
operations with uncontrolled NOx emissions greater than 10 tons per year.

Discussion: LNBs 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. Staged-air LNB's create a
fuel-rich reducing primary combustion zone and a fuel-lean secondary combustion
zone. Staged-fuel LNB's create a lean combustion zone that is relatively cool due to
the presence of excess air, which acts as a heat sink to lower combustion temperatures
(EPA, 2002).

Selective Catalytic Reduction (SCR) has been widely applied to stationary source, fossil
fuel-fired, combustion units for emission control since the early 1970s. SCR is typically
implemented on units requiring a higher level of NOx control than achievable by SNCR

or other combustion controls (EPA, 2002).

Like SNCR, SCR is based on the chemical reduction of the NOx molecule. The primary
difference between SNCR and SCR is that SCR uses a metal-based catalyst to
increase the rate of reaction (EPA, 2002). A nitrogen based reducing reagent, such as
ammonia or urea, is injected into the flue gas. The reagent reacts selectively with the
flue gas NOx within a specific temperature range and in the presence of the catalyst
and oxygen to reduce the NOx.

The use of a catalyst results in two advantages of the SCR process over SNCR, the
higher NOx reduction efficiency and the lower and broader temperature ranges.
However, the decrease in reaction temperature and increase in efficiency is
accompanied by a significant increase in capital and operating costs (EPA, 2002). The
cost increase is due to the large amount of catalyst required.

The SCR system can utilize either aqueous or anhydrous ammonia as the reagent.
Anhydrous ammonia is a gas at atmospheric pressure and normal temperatures. There
are safety issues with the use of anhydrous ammonia, as it must be transported and
stored under pressure (EPA, 2002). Agueous ammonia is generally transported and
stored at a concentration of 29.4% ammonia in water.

Today, catalyst formulations include single component, multi-component, or active
phase with a support structure. Most catalyst formulations contain additional
compounds or sup-ports, providing thermal and structural stability or to increase
surface area (EPA, 2002).

The rate of reaction determines the amount of NOx removed from the flue gas. The
important design and operational factors that affect the rate of reduction include:
reaction temperature range; residence time available in the optimum temperature
range; degree of mixing between the injected reagent and the combustion gases;
uncontrolled NOx concentration level; molar ratio of injected reagent to uncontrolled
NOx; ammonia slip; catalyst activity; catalyst selectivity; pressure drop across the
catalyst; catalyst pitch; catalyst deactivation; and catalyst management (EPA, 2001).

Known

NOX

10.0 years

Low NOx Burner and Selective Catalytic Reduction
Iron & Steel Mills - Annealing

ptnonipm

All Months
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Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX NOX
Locale:
Effective Date: N/A N/A
Cost Year: 1990 1990
CPT: $4,080 $4,080
Ref Yr CPT: $6,534 $6,534
Control Efficiency: 90.0 90.0
Min Emis: N/A 365.0
Max Emis: 365.0 N/A
Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.14000000059604645 0.14000000059604645
Discount Rate: N/A N/A
Cap Ann Ratio: 51 51
Incrememental CPT: 3720.0 3720.0

Details:

Applied to small source types

Applied to large source types

Existing Measure:

Existing NEI Dev: 0 0
Pollutant: NOX NOX
Locale:
Effective Date: N/A N/A
Cost Year: 1990 1990
CPT: $4,080 $4,080
Ref Yr CPT: $6,534 $6,534
Control Efficiency: 90.0 90.0
Min Emis: N/A 365.0
Max Emis: 365.0 N/A
Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.14000000059604645 0.14000000059604645
Discount Rate: N/A N/A
Cap Ann Ratio: 51 51
Incrememental CPT: 3720.0 3720.0

Details:

Applied to small source types

Applied to large source types

Existing Measure:

Existing NEI Dev:
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Cost Equations:

N/A

Affected SCCs:

Code Description

30300934 Industrial Processes; Primary Metal Production; Steel Manufacturing (See 3-03-015 for Integrated
Iron & Steel MACT); Heat Treating Furnaces: Annealing

References:

* Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of
Air Quality Planning and Standards, Innovative Strategies and Economics Group, Research
Triangle Park, September 1998.

* EPA, 1994: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions
from Iron and Steel Mills," EPA-453/R-94-065, Research Triangle Park, NC, September 1994.

* EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and
Standards, "EPA Air Pollution Control Cost Manual,” 6th ed., EPA/452/B-02-001, Research
Triangle Park, NC, January 2002.

Other information:

ADMIN_PCT: 0%

CE_TEXT: 90% from uncontrolled

CHEM_PCT: 0%

COST_BASIS: Sources are distinguished by NOx emissions (Pechan, 1998).

Small source = less than 1 ton NOx emissions per ozone season day

Costs for stationary source NOx control are based on an analysis of EPA's NOx State
Implementation Plan (SIP) Call (Pechan, 1998). The basis of the costs are model plant data
in the Alternative Control Techniques (ACT) document (EPA, 1994). From this analysis,
default cost per ton values are assigned along with a capital to annual costs ratio of 5.1. A
discount rate of 7 percent and a capacity factor of 65 percent are assumed, along with an
equipment life of 10 years (EPA, 1994).

In general, the incremental default cost is used for sources where there are existing controls
(RACT baseline), with efficiencies less than 55% (Pechan, 2001).

CPTON_H: $4080/ton

CPTON_L: $3720/ton

CPTON_TEXT: The default cost effectiveness values are $4,080 per ton NOx reduced from uncontrolled and
$3,720 per ton NOx reduced from RACT (1990$).

CTRL_EFF_T: 90%

ELEC_PCT: 0%

ELEC_RT: $0/kWh
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FUEL_PCT:

0%

HG_CE_T:

90%

INSRNC_PCT:

0%

MNTLBR_PCT:

0%

MNTLBR_RT:

$0/hr

MNTMTL_PCT:

0%

NG_RT:

$0/cf

NH3:

X

NOX:

Co*

OMATL_PCT:

0%

OPLBR_PCT:

0%

OPLBR_RT:

$0/hr

OTHR_PCT:

0%

OVRHD_PCT:

0%

PROPTX_PCT:

0%

RPLMTL_PCT:

0%

RULE:

Not Applicable

SPVLBR_PCT:

0%

STEAM_PCT:

0%

TDIR_PCT:

0%

TINDIR_PCT:

0%

UTIL_PCT:

0%

WSTDSP_PCT:

0%
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Summary:

Control Measure Name:
Abbreviation:
Description:

Class:

Pollutant:
Equipment Life:
Control Technology:
Source Group:
Sectors:

Months:

Low NOx Burner; Water Heater, Space Heater - Natural Gas
NLNBSPWHNG

Application: This control is the use of low NOx burner (LNB) technology to reduce NOx
emissions. LNBs reduce the amount of NOx created from reaction between fuel
nitrogen and oxygen by lowering the temperature of one combustion zone and reducing
the amount of oxygen available in another.

Discussion: LNBs 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

Known

NOX

N/A years

Low NOx Burner

Water Heater, Space Heater - Natural Gas
nonpt

All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX
Locale:
Effective Date: N/A
Cost Year: 1999
CPT: $770
Ref Yr CPT: $1,028
Control Efficiency: 7.0
Min Emis: N/A
Max Emis: N/A
Rule Effectiveness: 100.0
Rule Penetration: 100.0
Equation Type: cpton
Capital Rec Fac: N/A
Discount Rate: N/A
Cap Ann Ratio: N/A
Incrememental CPT: N/A
Details:
Existing Measure:
Existing NEI Dev: 0
Pollutant: NOX
Locale:
Effective Date: N/A
Cost Year: 1999
CPT: $770
Ref Yr CPT: $1,028
Control Efficiency: 7.0

277




Min Emis: N/A
Max Emis: N/A
Rule Effectiveness: 100.0
Rule Penetration: 100.0
Equation Type: cpton
Capital Rec Fac: N/A
Discount Rate: N/A
Cap Ann Ratio: N/A
Incrememental CPT: N/A
Details:
Existing Measure:
Existing NEI Dev: 0
Cost Equations:
N/A
Affected SCCs:
Code Description

2862002000 Miscellaneous Area Sources; Swimming Pools; Residential; Total

2862000000 Miscellaneous Area Sources; Swimming Pools; Total (Commercial, Residential, Public); Total

2104006010 Stationary Source Fuel Combustion; Residential; Natural Gas; Residential Furnaces

2104006000 Stationary Source Fuel Combustion; Residential; Natural Gas; Total: All Combustor Types

References:

» "AirControINET v.4.1 Documentation Report." Prepared for US EPA, OAQPS, RTP, NC 27711.
Prepared by Pechan & Associates, Inc., 5528-B Hempstead Way, Springfield, VA 22151.
Pechan Report No. 05.09.009/9010.463. September 2005.
www.epa.gov/ttnecasl/models/DocumenationReport.pdf

Other information:
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Summary:

Control Measure Name:
Abbreviation:
Description:

Class:

Pollutant:
Equipment Life:
Control Technology:
Source Group:
Sectors:

Months:

Low NOx Burner; Asphaltic Conc; Rotary Dryer; Conv Plant

NLNBUACCP

Application: This control is the use of low NOx burner (LNB) technology to reduce NOx

emissions. LNBs reduce the amount of NOx created from reaction between fuel

nitrogen and oxygen by lowering the temperature of one combustion zone and reducing

the amount of oxygen available in another.

This control is applicable to small (<1 ton NOx per OSD) construction operations with
rotary driers and uncontrolled NOx emissions greater than 10 tons per year.

Discussion: LNBs are designed to "stage" combustion s

Known

NOX

15.0 years

Low NOx Burner

Asphaltic Conc; Rotary Dryer; Conv Plant
ptnonipm

All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX NOX
Locale:
Effective Date: N/A N/A
Cost Year: 1990 1990
CPT: $2,200 $1,800
Ref Yr CPT: $3,523 $2,882
Control Efficiency: 50.0 50.0
Min Emis: N/A 365.0
Max Emis: 365.0 N/A
Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.10000000149011612 0.10000000149011612
Discount Rate: N/A N/A
Cap Ann Ratio: 7.3 7.3
Incrememental CPT: N/A N/A

Details:

Applied to small source types

Applied to large source types

Existing Measure:

Existing NEI Dev: 0 0
Pollutant: NOX NOX
Locale:

Effective Date: N/A N/A
Cost Year: 1990 1990
CPT: $2,200 $1,800
Ref Yr CPT: $3,523 $2,882
Control Efficiency: 50.0 50.0
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Min Emis: N/A 365.0
Max Emis: 365.0 N/A
Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.10000000149011612 0.10000000149011612

Discount Rate: N/A N/A

Cap Ann Ratio: 7.3 7.3
Incrememental CPT: N/A N/A

Details:

Applied to small source types

Applied to large source types

Existing Measure:

Existing NEI Dev: 0 0
Cost Equations:
N/A
Affected SCCs:
Code Description
30500201 Industrial Processes; Mineral Products; Asphalt Concrete; Rotary Dryer: Conventional Plant (see
3-05-002-50 to -53 for subtypes)
References:

* Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of
Air Quality Planning and Standards, Innovative Strategies and Economics Group, Research

Triangle Park, September 1998.

* EPA, 1993: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions
from Process Heaters," EPA-453/R-93-034, Research Triangle Park, NC, September 1993.

* EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and
Standards, "EPA Air Pollution Control Cost Manual,” 6th ed., EPA/452/B-02-001, Research

Triangle Park, NC, January 2002.

Other information:

ADMIN_PCT: 0%

CE_TEXT:

50% from uncontrolled

CHEM_PCT: 0%
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COST_BASIS: Sources are distinguished by NOx emission levels (Pechan, 1998).
Small source = emissions level less than 1 ton per ozone season day
Costs for stationary source NOx control are based on an analysis of EPA's NOx State
Implementation Plan (SIP) Call (Pechan, 1998). From this analysis, default cost per ton
values are assigned along with a capital to annual costs ratio of 7.3. A discount rate of 7
percent and a capacity factor of 65 percent are assumed, along with an equipment life of 15
years (EPA, 1993).

CPTON_TEXT: The cost effectiveness used in AirControlNET is $2,200 per ton NOx reduced from both
uncontrolled and RACT (1990%).

CTRL_EFF_T: 50%

ELEC_PCT: 0%

ELEC_RT: $0/kWh

FUEL_PCT: 0%

HG_CE_T: 50%

INSRNC_PCT: 0%

MNTLBR_PCT: 0%

MNTLBR_RT: $0/hr

MNTMTL_PCT: 0%

NG_RT: $0/cf

NOX: Co*

OMATL_PCT: 0%

OPLBR_PCT: 0%

OPLBR_RT: $0/hr

OTHR_PCT: 0%

OVRHD_PCT: 0%

PROPTX_PCT: 0%

RPLMTL_PCT: 0%

RULE: Not Applicable

SPVLBR_PCT: 0%

STEAM_PCT: 0%

TDIR_PCT: 0%

TINDIR_PCT: 0%

UTIL_PCT: 0%

WSTDSP_PCT: 0%
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Summary:

Control Measure Name:
Abbreviation:
Description:

Class:

Pollutant:
Equipment Life:
Control Technology:
Source Group:
Sectors:

Months:

Low NOx Burner; Conv Coating of Prod; Acid Cleaning Bath
NLNBUCCAB

Application: This control is the use of low NOx burner (LNB) technology to reduce NOx
emissions. LNBs reduce the amount of NOx created from reaction between fuel
nitrogen and oxygen by lowering the temperature of one combustion zone and reducing
the amount of oxygen available in another.

This control is applicable to small (<1 ton NOx per OSD) acid cleaning bath/conversion
coating processes at metal product fabricating operations with uncontrolled NOx
emissions greater than 10 tons per year.

Discussion: The source of emissions for acid cleaning baths come from heating of the
baths.

LNBs 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. Staged-air LNBs create a fuel-rich reducing
primary combustion zone and a fuel-lean secondary combustion zone. Staged-fuel
LNBs create a lean combustion zone that is relatively cool due to the presence of
excess air, which acts as a heat sink to lower combustion temperatures (EPA, 2002).

Known

NOX

15.0 years

Low NOx Burner

Conv Coating of Prod; Acid Cleaning Bath
ptnonipm

All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX NOX
Locale:
Effective Date: N/A N/A
Cost Year: 1990 1990
CPT: $1,800 $2,200
Ref Yr CPT: $2,882 $3,523
Control Efficiency: 50.0 50.0
Min Emis: 365.0 N/A
Max Emis: N/A 365.0
Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.10000000149011612 0.10000000149011612
Discount Rate: N/A N/A
Cap Ann Ratio: 7.3 7.3
Incrememental CPT: N/A N/A
Details: Applied to large source types Applied to small source types
Existing Measure:
Existing NEI Dev: 0 0
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Pollutant: NOX NOX
Locale:
Effective Date: N/A N/A
Cost Year: 1990 1990
CPT: $1,800 $2,200
Ref Yr CPT: $2,882 $3,523
Control Efficiency: 50.0 50.0
Min Emis: 365.0 N/A
Max Emis: N/A 365.0
Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton
Capital Rec Fac: 0.10000000149011612 0.10000000149011612
Discount Rate: N/A N/A
Cap Ann Ratio: 7.3 7.3
Incrememental CPT: N/A N/A

Details:

Applied to large source types

Applied to small source types

Existing Measure:

Existing NEI Dev: 0 0
Cost Equations:
N/A
Affected SCCs:
Code Description
30901199 Industrial Processes; Fabricated Metal Products; Conversion Coating of Metal Products; Other Not
Classified
30901104 Industrial Processes; Fabricated Metal Products; Conversion Coating of Metal Products;
Rinsing/Finishing
30901103 Industrial Processes; Fabricated Metal Products; Conversion Coating of Metal Products; Anodizing
Kettle
30901102 Industrial Processes; Fabricated Metal Products; Conversion Coating of Metal Products; Acid
Cleaning Bath (Pickling)
30901101 Industrial Processes; Fabricated Metal Products; Conversion Coating of Metal Products; Alkaline
Cleaning Bath
References:

* Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity

Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of

Air Quality Planning and Standards, Innovative Strategies and Economics Group, Research

Triangle Park, September 1998.
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* EPA, 1993: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions
from Process Heaters," EPA-453/R-93-034, Research Triangle Park, NC, September 1993.

* EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and
Standards, "EPA Air Pollution Control Cost Manual,” 6th ed., EPA/452/B-02-001, Research
Triangle Park, NC, January 2002.

Other information:

ADMIN_PCT: 0%

CE_TEXT: 50% from uncontrolled

CHEM_PCT: 0%

COST_BASIS: Sources are distinguished by NOx emission levels (Pechan, 1998).
Small source = emissions level less than 1 ton per ozone season day
Costs for stationary source NOx control are based on an analysis of EPA's NOx State
Implementation Plan (SIP) Call (Pechan, 1998). Capital and annual cost information was
obtained from the Alternative Control Techniques Document (EPA, 1993). The data provided
for LNB applied to process heaters firing natural gas are assumed to be representative of the
costs and emission reductions for this source. From this analysis, default cost per ton values
are assigned along with a capital to annual costs ratio of 7.3. A discount rate of 7 percent and
?gcgagp)écny factor of 65 percent are assumed, along with an equipment life of 15 years (EPA,

CPTON_TEXT: The cost effectiveness used in AirControINET is $2,200 per ton NOx reduced from both
uncontrolled and RACT (19903).

CTRL_EFF_T: 50%

ELEC_PCT: 0%

ELEC_RT: $0/kwh

FUEL_PCT: 0%

HG CE_T: 50%

INSRNC_PCT: 0%

MNTLBR_PCT: 0%

MNTLBR_RT: $0/hr

MNTMTL_PCT: 0%

NG_RT: $0/cf

NOX: Co*

OMATL_PCT: 0%

OPLBR_PCT: 0%

OPLBR_RT: $0/hr

OTHR_PCT: 0%

OVRHD_PCT: 0%

PROPTX_PCT: 0%

RPLMTL_PCT:

0%
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RULE:

Not Applicable

SPVLBR_PCT:

0%

STEAM_PCT:

0%

TDIR_PCT:

0%

TINDIR_PCT:

0%

UTIL_PCT:

0%

WSTDSP_PCT:

0%
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Summary:

Control Measure Name:
Abbreviation:
Description:

Class:

Pollutant:
Equipment Life:
Control Technology:
Source Group:
Sectors:

Months:

Low NOx Burner; Coal Cleaning-Thrml Dryer; Fluidized Bed
NLNBUCCFB

Application: This control is the use of low NOx burner (LNB) technology to reduce NOx
emissions. LNBs reduce the amount of NOx created from reaction between fuel
nitrogen and oxygen by lowering the temperature of one combustion zone and reducing
the amount of oxygen available in another.

This control is applicable to small (<1 ton NOx per OSD) thermal drying processes at
coal cleaning operations with uncontrolled NOx emissions greater than 10 tons per
year.

Discussion: Thermal dryers are a direct-heat device.

LNBs 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. Staged-air LNBs create a fuel-rich reducing
primary combustion zone and a fuel-lean secondary combustion zone. Staged-fuel
LNBs create a lean combustion zone that is relatively cool due to the presence of
excess air, which acts as a heat sink to lower combustion temperatures (EPA, 2002).

Known

NOX

10.0 years

Low NOx Burner

Coal Cleaning-Thrml Dryer; Fluidized Bed
ptnonipm

All Months

Affected Pollutants, and their Control Efficiencies and Costs:

Pollutant: NOX NOX
Locale:

Effective Date: N/A N/A
Cost Year: 2003 2003

CPT: $1,000 $200

Ref Yr CPT: $1,233 $247
Control Efficiency: 50.0 50.0
Min Emis: N/A 365.0

Max Emis: 365.0 N/A

Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton

Capital Rec Fac: 0.14000000059604645 0.14000000059604645

Discount Rate: N/A N/A

Cap Ann Ratio: 4.5 4.5
Incrememental CPT: 1460.0 1090.0

Details:

Applied to small source types

Applied to large source types

Existing Measure:

Existing NEI Dev:
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Pollutant: NOX NOX
Locale:

Effective Date: N/A N/A
Cost Year: 2003 2003

CPT: $1,000 $200

Ref Yr CPT: $1,233 $247
Control Efficiency: 50.0 50.0
Min Emis: N/A 365.0

Max Emis: 365.0 N/A

Rule Effectiveness: 100.0 100.0
Rule Penetration: 100.0 100.0
Equation Type: cpton cpton

Capital Rec Fac: 0.14000000059604645 0.14000000059604645

Discount Rate: N/A N/A

Cap Ann Ratio: 4.5 4.5
Incrememental CPT: 1460.0 1090.0

Details:

Applied to small source types

Applied to large source types

Existing Measure:

Existing NEI Dev: 0 0
Cost Equations:
N/A
Affected SCCs:
Code Description
30501001 Industrial Processes; Mineral Products; Coal Mining, Cleaning, and Material Handling; Fluidized
Bed Reactor
References:

* Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of
Air Quality Planning and Standards, Innovative Strategies and Economics Group, Research

Triangle Park, September 1998.

* EPA, 1994: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standa