
777 12th Street, Third Floor Sacramento, CA 95814

BEST AVAILABLE CONTROL TECHNOLOGY DETERMINATION

DETERMINATION NO.: 128

DATE: 2-16-16

ENGINEER: Joe Carle

Category/General Equip
Description: Boiler/Heater – Natural Gas Fired

Equipment Specific Description:
Boiler/heater greater or equal to 2 and less than 5
MMBTU/hr, fired on natural gas

Equipment Size/Rating: Minor Source BACT

Previous BACT Det. No.: 54, 61, and 62

This BACT determination will update the following determinations

#54 which was made on 4-25-2012 for non-atmospheric boilers/heaters ≥ 2 and < 5 MMBtu. 
#61 which was made on 3-15-2013 for non-atmospheric boilers/heaters ≥ 2 and < 5 MMBtu. 
#62 which was made on 3-15-2013 for atmospheric boilers/heaters ≥ 2 and < 5 MMBtu. 

BACT ANALYSIS

A: ACHIEVED IN PRACTICE (Rule 202, §205.1a)

The following control technologies are currently employed as BACT for boilers/heaters greater or equal
to 2 and less than 5 MMBTU/hr by the following air pollution control districts:

District/
Agency

Best Available Control Technology (BACT)/Requirements

US EPA

BACT
Source: EPA RACT/BACT/LAER Clearinghouse
RBLC ID: CA-1185

* This BACT determination was found to be the most stringent Achieved in Practice BACT
determination published in the EPA clearinghouse. See Attachment A for more information.

No BACT determinations found for atmospheric units in the ≥ 2 to < 5 MMBtu/hr range. 

For non-atmospheric units with a rating of ≥ 2 to <5 MMBtu/hr* 

VOC Use natural gas and good combustion techniques

NOx 12 ppmvd corrected to 3% O2

SOx Use natural gas and good combustion techniques

PM10 Use natural gas and good combustion techniques

CO 100 ppmvd corrected to 3% O2
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District/
Agency

Best Available Control Technology (BACT)/Requirements

US EPA
RULE REQUIREMENTS:

None.

ARB

BACT
Source: ARB BACT Clearinghouse
ATC 13623 (6-7-11) SBCAPCD

For non-atmospheric units with a rating of ≥ 2 to < 5 MMBtu/hr 

VOC No BACT determinations found for VOC in the ≥ 2 to < 5 MMBtu/hr range. 

NOx 12 ppmvd corrected to 3% O2 [SBCAPCD]

SOx No BACT determinations found for SOx in the ≥ 2 to < 5 MMBtu/hr range.

PM10 No BACT determinations found for PM10 in the ≥ 2 to < 5 MMBtu/hr range.

PM2.5 No BACT determinations found for PM2.5 in the ≥ 2 to < 5 MMBtu/hr range. 

CO 100 ppmvd corrected to 3% O2 [SBCAPCD]

Note: The most stringent standards in the ARB BACT Clearinghouse was from the SCAQMD
having a NOx standard of 2 ppmvd @ 3% O2 using SCONOx technology. The determination
noted that the SCAQMD does not consider this standard achieved in practice and therefore,
the next most stringent standard was selected. See Attachment B for more information.

No BACT determinations found for atmospheric units in the ≥ 2 to < 5 MMBtu/hr range. 

RULE REQUIREMENTS:
None

SMAQMD

BACT
Source: SMAQMD BACT Clearinghouse

BACT Determination No. 61 - Non-atmospheric units with a rating of  ≥ 2 to < 5
MMBtu/hr 1 (3-15-13)

For non-atmospheric units with a rating of  ≥ 2 to < 5 MMBtu/hr 

VOC Good combustion practice.

NOx 9 ppmvd corrected to 3% O2

SOx Use of natural gas.

PM10 Use of natural gas.

PM2.5 No standard

CO 400 ppmvd corrected to 3% O2

BACT Determination No. 62 - Atmospheric units with a rating of  ≥ 2 to < 5 
MMBtu/hr 1 (3-15-13)

For atmospheric units with a rating of  ≥ 2 to < 5 MMBtu/hr 

VOC Good combustion practice.

NOx 12 ppmvd @ 3% O2.

SOx Use of natural gas.

PM10 Use of natural gas.

PM2.5 No standard

CO 400 ppmvd @ 3% O2
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District/
Agency

Best Available Control Technology (BACT)/Requirements

SMAQMD

RULE REQUIREMENTS:

Rule 411 – NOx from Boilers, Process Heaters, and Steam Generators (8-23-2007)
For units with a rating of ≥ 2 and < 5 MMBtu/hr, emissions shall not exceed the following 
levels:
1. 30 ppmvd of NOx corrected to 3% O2

2. 400 ppmvd of CO corrected to 3% O2

South Coast
AQMD

BACT
Source: SCAQMD BACT Guidelines for Non-Major Polluting Facilities, page 13.
Note: SCAQMD’s published BACT is less stringent than Rule 1146.1

RULE REQUIREMENTS:

Reg XI, Rule 1146.1 – Emissions of Oxides of Nitrogen from Small Industrial,
Institutional, and Commercial Boilers, Steam Generators, and Process Heaters (11-
1-2013)

Requirements Table 1146-1

Category NOx Limit
Unit Shall be in Full

Compliance on or before

Natural Gas Fired Atmospheric
Units

12 ppmvd @ 3% O2

or 0.015 lbs/106 BTU
January 1, 2014

Any unit fired on natural gas,
excluding units located at schools
or universities, atmospheric units,
and thermal fluid heaters

9 ppm @ 3% O2

or 0.011 lbs/106 BTU

January 1, 2012

Any unit fired on natural gas
located at schools and universities,
excluding atmospheric units and
thermal fluid heaters

January 1, 2014

All units rated > 2 MMBtu/hr must have CO emissions ≤ 400 ppmvd @ 3% O2

For both atmospheric and non-atmospheric fired units, fueled by natural gas, with a rating
of ≥ 2 and < 5 MMBtu/hr: 

VOC Use of natural gas

NOx 12 ppmvd corrected to 3% O2.

SOx Use of natural gas

PM10 Use of natural gas

PM2.5 No standard

CO Firetube Boiler: 50 ppmvd corrected to 3% O2

Watertube Boiler: 100 ppmvd corrected to 3% O2
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District/
Agency

Best Available Control Technology (BACT)/Requirements

San Diego
County APCD

BACT
Source: NSR Requirements for BACT, page 3-5

Note: SDCAPCD BACT Guidelines do not contain a specific determination for boilers/heaters
in the size range of 2 to less than 5 MMBtu/hr, since these units are not required to obtain a
written permit, pursuant to SDAPCD Regulation II Rule 11 – Exemptions from Rule 10 Permit
Requirements.

SDAPCD Rule 11(d)
Any equipment, operation, or process that is listed below in Subsections (d)(1) through
(d)(20), and that meets the stated exemption provision, parameter, requirement, or limitation,
is exempt from the requirements of Rule 10. (d)(2)(v) Any boiler, process heater, or steam
generator with a manufacturer’s maximum gross heat input rating of less than 5 million BTU
per hour fired exclusively with natural gas and/or liquefied petroleum gas.

The SDCAPCD has a BACT determination that applies to natural gas or propane fired
boilers/heaters with a rating of less than 50 MMBtu/hr. The SDCAPCD has a BACT trigger
level of 10.0 lbs/day for NOx, VOC, SOx and PM10. No limits have been established for
PM2.5 or CO. Since, boilers in the size range of 2 to less than 5 MMBtu/hr are exempt from
permit requirements, this BACT guideline does not apply.

RULE REQUIREMENTS:

Regulation 4, Rule 69.2.1 – Industrial and Commercial Boilers, Process Heaters and
Steam Generators (3-25-2009)
For any unit with a heat input rating from 600,000 Btu/hr to 2 MMBtu/hr. (Note that for this
BACT determination only units rated exactly at 2 MMBtu/hr would apply)
1. 30 ppmvd of NOx when operated on a gaseous fuel, corrected to 3% O2

2. 40 ppmvd of NOx when operated on a liquid fuel, corrected to 3% O2

3. 400 ppmvd of CO corrected to 3% O2

The SDCAPCD does not have a prohibitory rule that applies to boilers rated at greater
than or equal to 2 MMBtu/hr and less than 5 MMBtu/hr.

Bay Area
AQMD

BACT
Source: BAAQMD BACT Guideline

Note: BAAQMD BACT Guidelines do not contain a determination for boilers/heaters
10 MMBtu/hr or less fired exclusively on natural gas or LPG, since these units are not
required to obtain a written permit, pursuant to BAAQMD Regulation 2, Rule 1 – General
Requirements.

BAAQMD Rule 2-1-114 – General Requirements
The following equipment is exempt from the, requirements of Sections 2-1-301 and 302
(requirement to obtain an ATC or PTO): (114.1) Boilers, Heaters, Steam Generators, Duct
Burners, and Similar Combustion Equipment:

1.2 Any of the above equipment with less than 10 million BTU per hour rated heat input if fired
exclusively with natural gas (including compressed natural gas), liquefied petroleum gas (e.g.
propane, butane, isobutane, propylene, butylenes, and their mixtures), or any combination
thereof.
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District/
Agency

Best Available Control Technology (BACT)/Requirements

Bay Area
AQMD

RULE REQUIREMENTS:
Regulation 9, Rule 6 – Nitrogen Oxides Emissions from Natural Gas-Fired Water
Heaters (11-7-2007)
For units with a rating of 400,001 Btu/hr to 2 MMBtu/hr:
1. Manufactured after 1/1/2008: NOx limit of 30 ppmvd corrected to 3% O2.
2. Manufactured after 1/1/2013: NOx limit of 20 ppmvd corrected to 3% O2.

Regulation 9, Rule 7 – Nitrogen Oxides and Carbon Monoxide from Industrial,
Institutional, and Commercial Boilers, Steam Generators, and Process Heaters (5-4-
2011)
For units with a rating of greater than 2 MMBtu/hr and less than or equal to 5 MMBtu/hr:
1. NOx limit of 30 ppmvd corrected to 3% O2

2. CO limit of 400 ppmvd corrected to 3% O2

San Joaquin
Valley APCD

BACT
Source: SJVUAPCD BACT Guideline (Rescinded)
The boiler BACT determinations listed in the SJVAPCD Clearinghouse have been
rescinded.

Note: SJVUAPCD BACT Guidelines do not contain a determination for boilers 5 MMBtu/hr or
less, since these units are not required to obtain a written permit, pursuant to SJUVAPCD
Rule 2020 - Exemptions.

SJVUAPCD Rule 2020 §6.0
No Authority to Construct or Permit to Operate shall be required for (§6.1) steam generators,
steam super heaters, water boilers, water heaters, steam cleaners, and closed indirect heat
transfer systems that have a maximum input heat rating of 5,000,000 Btu per hour (gross) or
less and is equipped to be fired exclusively with (§6.1.1.1) natural gas, (§6.1.1.2) liquefied
petroleum gas, or (§6.1.1.3) any combination of the two.

RULE REQUIREMENTS:

Rule 4307 – Boilers, Steam Generators, and Process Heaters – 2.0 MMBtu/hr to 5.0
MMBtu/hr

Type
NOx Limit
ppmvd @ 3% O2

CO Limit
ppmvd @ 3% O2

Effective
Date

New or replacement atmospheric
units not listed below 12 400 1/1/2010

New or replacement atmospheric
unit that is one of the following:
- A unit used at a school, or
- A unit in an oil field or refinery,
or
- a glycol reboiler, or
- A unit with a heat input of 1.8 to
5.0 billion Btu per calendar year.

12 400 1/1/2016
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District/
Agency

Best Available Control Technology (BACT)/Requirements

San Joaquin
Valley APCD

Type
NOx Limit
ppmvd @ 3% O2

CO Limit
ppmvd @ 3% O2

Effective
Date

New or replacement non-
atmospheric units not listed below 9 400 1/1/2010

New or replacement non-
atmospheric unit that is one of the
following:
- A unit used at a school, or
- A unit in an oil field or refinery,
or
- a glycol reboiler, or
- A unit with a heat input of 1.8 to
5.0 billion Btu per calendar year.

9 400 1/1/2016

The following control technologies have been identified and are ranked based on stringency:

SUMMARY OF ACHIEVED IN PRACTICE CONTROL TECHNOLOGIES

VOC 1. Good combustion practice and use of natural gas – [EPA Clearinghouse - Clark County Dept. of
Air Quality]

2. Good combustion practice – [SMAQMD]

3. Use of natural gas – [SCAQMD]

4. No standard – [SJVAPCD, BAAQMD, SDCAPCD]

NOx 1. Non-atmospheric: 9 ppmvd corrected to 3% O2

Atmospheric: 12 ppmvd corrected to 3% O2 – [SMAQMD, SCAQMD, SJVUAPCD]

2. Non-atmospheric units:12 ppmvd corrected to 3% O2 – [SBCAPCD]

3. 20 ppmvd corrected to 3% O2 - [BAAQMD]

4. No standard – [SDCAPCD]

SOx 1. Good combustion practice and use of natural gas – [EPA Clearinghouse - Clark County Dept.
of Air Quality]

2. Use of natural gas – [SMAQMD, SCAQMD]

3. No standard – [SJVUAPCD, BAAQMD, SDCAPCD]

PM10 1. Good combustion practice and use of natural gas – [EPA Clearinghouse - Clark County Dept. of
Air Quality]

2. Use of natural gas – [SMAQMD, SCAQMD]

3. No standard – [BAAQMD, SJVAPCD, SDCAPCD]

PM2.5 No standard – [SMAQMD, SCAQMD, SDCAPCD, BAAQMD, SJVAPCD, EPA Clearinghouse -
Clark County]

CO 1. Firetube Boilers: 50 ppmvd corrected to 3% O2, and

Watertube Boilers: 100 ppmvd corrected to 3% O2 – [SCAQMD]

2. Non-atmospheric units: 100 ppmvd corrected to 3% O2 [SBCAPCD]

3. 400 ppm of CO corrected to 3% O2 – [SMAQMD, BAAQMD, SJVAPCD]

4. No standard – [SDCAPCD]
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The determination with the 2 ppmvd at 3% O2 limit, achieved with SCONOx technology, by the
SCAQMD, listed in the CARB BACT clearinghouse, is not considered achieved in practice. SCAQMD
has permitted several small boilers since the time of this determination and has not required the
installation of SCONOx. Additionally, in the notes to the determination the SCAQMD states that they do
not consider this determination achieved in practice. Therefore, the following control technologies have
been identified as the most stringent, achieved in practice control technologies:

BEST CONTROL TECHNOLOGIES ACHIEVED

Pollutant Standard Source

VOC Good combustion practice
Clark County Dept. of AQ (BACT)
SMAQMD (current BACT),
SCAQMD (BACT)

NOx
Non-atmospheric units: 9 ppmvd at 3% O2

Atmospheric units: 12 ppmvd at 3% O2

SMAQMD (current BACT), SCAQMD
(Rule 1146.1),
SJVUAPCD (Rule 4307)

SOx Good combustion practice
Clark County Dept. of AQ (BACT)
SMAQMD (current BACT),
SCAQMD (BACT)

PM10 Good combustion practice
Clark County Dept. of AQ (BACT)
SMAQMD (current BACT),
SCAQMD (BACT)

PM2.5
(A)

Good combustion practice
Clark County Dept. of AQ (BACT)
SMAQMD (current BACT),
SCAQMD (BACT)

CO
Firetube Boilers: 50 ppmvd at 3% O2

Watertube Boilers: 100 ppmvd at 3% O2 SCAQMD (BACT)

(A) By assuming that all PM10 is PM2.5 we can conclude that the same standard should be used as PM10 despite
not having a documented standard in place.
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B: TECHNOLOGICALLY FEASIBLE AND COST EFFECTIVE (Rule 202, §205.1.b.)

Technologically Feasible Alternatives:
Any alternative basic equipment, fuel, process, emission control device or technique, singly or in
combination, determined to be technologically feasible by the Air Pollution Control Officer.

The table below shows the technologically feasible alternatives identified as capable of reducing
emissions beyond the levels determined to be “Achieved in Practice” as per Rule 202, §205.1.a.

Pollutant Technologically Feasible Alternatives

VOC Good combustion practice

NOx Selective Catalytic Reduction (SCR)

SOx Good combustion practice

PM10 Good combustion practice

PM2.5 Good combustion practice (same as achieved in practice BACT for PM10)

CO Good combustion practice

Cost Effective Determination:
After identifying the technologically feasible control options, a cost analysis is performed to take into
consideration economic impacts for all technologically feasible controls identified.

Maximum Cost per Ton of Air Pollutants Controlled

1. A control technology is considered to be cost-effective if the cost of controlling one ton of that air
pollutant is less than the limits specified below (except coating operations):

Pollutant Maximum Cost ($/ton)
VOC 17,500
NOx 24,500
PM10 11,400
SOx 18,300
CO TBD if BACT triggered

Cost Effectiveness Analysis Summary

SRC:
Typically selective catalytic reduction (SCR) can be used to reduce emissions from larger boilers. SCR
requires ammonia or urea for NOx reduction and units of this size range are typically used in residences
and service/commercial applications where storage of these materials is impractical and could pose a
health risk. Additionally, SCR is designed for industrial units that run full time and can maintain a
temperature that the catalyst requires for NOx reduction, whereas smaller units are turned on and off
throughout the day and cannot maintain the required temperatures. Finally, SCR systems require
frequent maintenance for operation which may not be practical in a residential or small
service/commercial setting.

As shown in Attachment B, the cost effectiveness for the add on SCR system to control NOx to a 5 ppm
level for boilers at each end of the size range was calculated to be a minimum of $33,534/ton (see
Attachment D - Cost Effectiveness Determination for SCR). Since BACT for a boiler in this size range is
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never triggered for CO (550 lbs/day max) even with a boiler meeting Rule 411 limits (400 ppmv CO at
3%O2), the cost for the added CO control was not analyzed. The following basic parameters were used
in the analysis.

NOx Control Level = 5 ppmv at 3% O2

NOx Baseline Level = 30 ppmv at 3% O2

Boiler Rating = 4.999 MMBtu/hr

Equipment Life = 20 years

Direct Cost = $135,388

Direct Annual Cost = $4,278 per year

Indirect Annual Cost = $17,994 per year

Total Annual Cost = $22,272 per year

NOx Removed = 0.66 tons per year

Cost of NOx Removal = $33,534 per ton reduced

As the rating of the unit goes down, the total emission reduction will decrease while cost will stay
relatively equivalent and therefore the cost effectiveness will increase (calculated to be a minimum of
$45,163/ton, see Attachment D - Cost Effectiveness Determination for SCR). Therefore, SCR is not only
technologically infeasible for this size range of boilers/heaters but it is also not cost effective and is
eliminated as a control option.

Using the PM10 BACT standard for PM2.5:
Natural gas is already required as BACT for PM10. Since both, PM10 and PM2.5 trigger BACT at >0
lbs/day and PM2.5 is a subset of PM10, BACT for PM2.5 will be triggered whenever BACT is triggered
for PM10. Therefore, there is no additional cost associated with requiring natural gas as BACT for
PM2.5 for new emission units.





Review of BACT Determinations published by EPA
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List of BACT determinations published in EPA’s RACT/BACT/LAER Clearinghouse for boilers ≥ 2 MMBtu/hr to < 5 MMBtu/hr: 

Capacity
MMBtu/hr

Source Date Type

NOx
ppmv
@ 3%

O2

CO
ppmv @
3% O2

VOC
lbs/MMBtu

Filterable
PM10

lbs/MMBtu

SO2

lbs/MMBtu

3.00 SANTA BARBARA COUNTY
APCD

6/7/2011
Non-

Atmospheric
12 100 NA NA NA

2.00 SANTA BARBARA COUNTY
APCD

1/24/2012 Not Specified 20 NA NA NA NA

3.00 SANTA BARBARA COUNTY
APCD

1/24/2012 Not Specified 12 NA NA NA NA

3.85 CLARK COUNTY DEPT. OF AIR
QUALITY

5/16/2006 Not Specified 83 112 0.0052 0.0078 0.0026

3.85 CLARK COUNTY DEPT. OF AIR
QUALITY

5/16/2006 Not Specified 82 112 0.005 0.0078 0.0015

2.10 CLARK COUNTY DEPT. OF AIR
QUALITY

11/30/2009
Non-

Atmospheric
20 52 0.0048 0.0095 0.0048

4.30 CLARK COUNTY DEPT. OF AIR
QUALITY

11/30/2009
Non-

Atmospheric
12 49 0.0054 0.007 0.0006

4.20 CLARK COUNTY DEPT. OF AIR
QUALITY

11/30/2009
Non-

Atmospheric
12 19 0.0048 0.0071 0.0024

4.19
WASHINGTON STATE DEPT.
OF ECOLOGY; AIR QUALITY
PROGRAM

6/14/2006 Not Specified 34 NA NA NA NA

= For these units the emission limits are not verified through testing and are only manufacturer’s guarantees. Verification
consists of the owner/operator using natural gas and good combustion practices. Therefore, the numeric standards are not
considered achieved in practice.



= Selected as the most stringent BACT determination achieved in practice.
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List of BACT determinations published in CARB’s BACT Clearinghouse for boilers ≥ 2 MMBtu/hr to < 5 MMBtu/hr: 

Capacity
MMBtu/hr

Source Date Type
NOx

ppmv @
3% O2

CO
ppmv @
3% O2

VOC
lbs/MMBtu

Filterable
PM10

lbs/MMBtu

SO2

lbs/MMBtu

3.00 SANTA BARBARA
COUNTY APCD

6/7/2011
Non-

Atmospheric
12 100 NA NA NA

2.00 SANTA BARBARA
COUNTY APCD

1/24/2012 Not Specified 20 NA NA NA NA

4.2 SOUTH COAST AQMD 5/1/2000 Not Specified 2 NA NA NA NA

= The determination noted that the SCAQMD does not consider this standard achieved in practice.

= Selected as the most stringent BACT determination achieved in practice.
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Cost Effectiveness Determinations for SRC



4.999 MMBtu/hr BOILER SCR COST EFFECTIVENESS CALCULATION
EPA AIR POLLUTION CONTROL COST MANUAL, Sixth Edition, EPA/452/B-02-001, January 2002

Section 4.2 - NOx Post-Combustion, Chapter 2 - Selective Catalytic Reduction

Cost Effectiveness = $ 33,533.73 $/ton

Equipment
Boiler rating 4.999 mmBTU/hr

Boiler Operating hours 8760 hours

Boiler capacity factor 1

SCR Operating Days 365 days

Total Capacity Factor 1

Baseline NOx (30 ppm) 0.0364 lb/mmBTU

SCR NOx (5 ppm) 0.006067 lb/mmBTU

Ammonia Slip 10 ppm

Ammonia Stoichiometric Ratio 1.05

Stored Ammonia Conc 29 %

Ammonia Storage days 90 days

Sulfur Content 0.005 %

Pressure drop for SCR Ductwork 3 inches W.G.

Pressure drop for each Catalyst Layer 1 inch W.G.

Temperature at SCR Inlet 650 degrees F

Cost year 1998

Equipment Life 20 years

Annual interest Rate 7 %

Catalyst cost, Initial 240 $/ft2

Catalyst cost, replacement 290 $/ft2

Electrical Power cost 0.05 $/KWh

Ammonia Cost 0.101 $/lb

Catalyst Life 24000 hr

Catalyst Layers 2 full, 1 empty

Boiler Calculations

QB 4.999 mmBTU/hr

qflue gas 1781.28066 acfm



NNOx 0.833324176

SCR Reactor Calculations

VolCatalyst 11.22514556 ft3

ACatalyst 1.855500688 ft2

ASCR 2.133825791 ft2

l=w= 1.460762058 ft

nlayer 2

hlayer 4.024829263

ntotal 3

hSCR 42.07448779 ft

Reagent Calculations

mreagent 0.07071902 lb/hr

msol 0.24385869 lb/hr

qsol 0.032576908 gph

Tank Volume 70.36612171 gal

Cost Estimation

Direct Costs
DC $ 135,387.79

Indirect Costs
General Facilities $ 6,769.39

Engineering and home office fees $ 13,538.78

Process Contingency $ 6,769.39

Total Indirect Installation Costs $ 27,077.56

Project Contingency $ 24,369.80

Total Plant Cost $ 186,835.15

Preproduction Cost $ 3,736.70

Inventory Capital $ 53.20

Total Capital Investment $ 190,625.06

Direct Annual Costs
Maintenance Costs $ 2,859.38 per yr

Power 1.59060664 KW

Annual Electricity $ 696.69 per yr

Reagent Solution Cost $ 215.76 per yr

Catalyst Replacement



FWF 0.311051666

Annual Catalyst Replacement $ 506.28 per yr

Total Variable Direct Cost $ 1,418.72 per yr

Total Direct Annual Cost $ 4,278.10 per yr

CRF 0.094392926

Indirect Annual Cost $ 17,993.66 per yr

Total annual Cost $ 22,271.76 per yr

NOx Removed 0.66 tons

Cost of NOx removal $ 33,533.73 per ton

2 MMBtu/hr BOILER SCR COST EFFECTIVENESS CALCULATION
EPA AIR POLLUTION CONTROL COST MANUAL, Sixth Edition, EPA/452/B-02-001, January 2002

Section 4.2 - NOx Post-Combustion, Chapter 2 - Selective Catalytic Reduction

Cost Effectiveness = $ 45,163.99 $/ton

Equipment
Boiler rating 2 mmBTU/hr

Boiler Operating hours 8760 hours

Boiler capacity factor 1

SCR Operating Days 365 days

Total Capacity Factor 1

Baseline NOx (30 ppm) 0.0364 lb/mmBTU

SCR NOx (5 ppm) 0.006068 lb/mmBTU

Ammonia Slip 10 ppm

Ammonia Stoichiometric Ratio 1.05

Stored Ammonia Conc 29 %

Ammonia Storage days 90 days

Sulfur Content 0.005 %

Pressure drop for SCR Ductwork 3
inches
W.G.

Pressure drop for each Catalyst Layer 1 inch W.G.

Temperature at SCR Inlet 650 degrees F

Cost year 1998

Equipment Life 20 years



Annual interest Rate 7 %

Catalyst cost, Initial 240 $/ft2

Catalyst cost, replacement 290 $/ft2

Electrical Power cost 0.05 $/KWh

Ammonia Cost 0.101 $/lb

Catalyst Life 24000 hr

Catalyst Layers 2 full, 1 empty

Boiler Calculations

QB 2 mmBTU/hr

qflue gas 712.6547952 acfm

NNOx 0.833296703

SCR Reactor Calculations

VolCatalyst 4.490844708 ft3

ACatalyst 0.742348745 ft2

ASCR 0.853701057 ft2

l=w= 0.923959445 ft

nlayer 2

hlayer 4.024754025

ntotal 3

hSCR 42.07426207 ft

Reagent Calculations

mreagent 0.028293267 lb/hr

msol 0.097562989 lb/hr

qsol 0.01303337 gph

Tank Volume 28.1520791 gal

Cost Estimation

Direct Costs
DC $74,233.09

Indirect Costs
General Facilities $3,711.65

Engineering and home office fees $7,423.31

Process Contingency $3,711.65

Total Indirect Installation Costs $14,846.62

Project Contingency $13,361.96

Total Plant Cost $102,441.67



Preproduction Cost $2,048.83

Inventory Capital $21.28

Total Capital Investment $104,511.78

Direct Annual Costs
Maintenance Costs $1,567.68 per yr

Power 0.63636972 KW

Annual Electricity $278.73 per yr

Reagent Solution Cost $86.32 per yr

Catalyst Replacement
FWF 0.311051666

Annual Catalyst Replacement $202.55 per yr

Total Variable Direct Cost $567.60 per yr

Total Direct Annual Cost $2,135.27 per yr

CRF 0.094392926

Indirect Annual Cost $9,865.17 per yr

Total annual Cost $12,000.45 per yr

NOx Removed 0.27 tons

Cost of NOx removal $45,163.99 per ton


