
9 ppm at 3% O2

9 ppm at 3% O2, Low NOx burner

Good combustion practice and use of natural gas or LPG

Good combustion practice and use of natural gas or LPG

50/100 ppm @ 3% O2 for firetube/watertube

BACT Determination Date:BACT Determination Number:

Firetube Boilers: 50 ppmvd corrected to 3% O2
Watertube Boilers:  100 ppmvd corrected to 3% O2

Permit Number:

BOILEREquipment Description:

Equipment Location:

Equipment Information

Unit Size/Rating/Capacity: ≥5 MMBtu/hr and ≤ 10 MMBtu/hr at ≤ 50% capacity

BACT Determination Information

Good combustion practice and use of natural gas or LPG
ROCs Standard:

Technology 
Description:

Basis:

NOx Standard:

Technology 
Description:

Basis:

SOx Standard:

Technology 
Description:

Basis:

PM10 Standard:

Technology 
Description:

Basis:

CO Standard:

Technology 
Description:

Basis:

District Contact:

Achieved in Practice

Achieved in Practice

Achieved in Practice

Achieved in Practice

Achieved in Practice

N/A -- Generic BACT Determination

Printed: 2/9/2021

Comments: 50% annual capacity is equivalent to full fire at 4,380 hours/year.

Jeffrey Quok        Phone No.: (916) 874-4863        email:   jquok@airquality.org

157 6/19/2018

Good combustion practice and use of natural gas or LPG
PM2.5 Standard:

Technology 
Description:

Basis: Achieved in Practice

LEAD Standard:

Technology 
Description:

Basis:

BACT Category: MINOR SOURCE

CATEGORY Type: BOILER/HEATER > 5 MMBTU

SMAQMD BACT CLEARINGHOUSE
EXPIRED



7 ppm at 3% O2

Ultra Low NOx burner

Good combustion practice and use of natural gas

Good combustion practice and use of natural gas

BACT Determination Date:BACT Determination Number:

Firetube Boilers: 50 ppmvd corrected to 3% O2
Watertube Boilers:  100 ppmvd corrected to 3% O2

Permit Number:

BOILEREquipment Description:

Equipment Location:

Equipment Information

Unit Size/Rating/Capacity: ≥5 MMBtu/hr and ≤ 10 MMBtu/hr > at 50% Capacity

BACT Determination Information

Good combustion practice and use of natural gas
ROCs Standard:

Technology 
Description:

Basis:

NOx Standard:

Technology 
Description:

Basis:

SOx Standard:

Technology 
Description:

Basis:

PM10 Standard:

Technology 
Description:

Basis:

CO Standard:

Technology 
Description:

Basis:

District Contact:

Cost Effective

Achieved in Practice

Achieved in Practice

Achieved in Practice

Achieved in Practice

N/A -- Generic BACT Determination

Printed: 2/9/2021

Comments: 50% annual capacity is equivalent to full fire at 4,380 hours/year.

Jeffrey Quok        Phone No.: (916) 874-4863        email:   jquok@airquality.org

177 6/19/2018

Good combustion practice and use of natural gas
PM2.5 Standard:

Technology 
Description:

Basis: Achieved in Practice

LEAD Standard:

Technology 
Description:

Basis:

BACT Category: MINOR SOURCE

CATEGORY Type: BOILER/HEATER > 5 MMBTU

SMAQMD BACT CLEARINGHOUSE
EXPIRED



9 ppm at 3% O2

Low NOx burner

Good combustion practice and use of natural gas or LPG

Good combustion practice and use of natural gas or LPG

BACT Determination Date:BACT Determination Number:

Firetube Boilers: 50 ppmvd corrected to 3% O2
Watertube Boilers:  100 ppmvd corrected to 3% O2

Permit Number:

BOILEREquipment Description:

Equipment Location:

Equipment Information

Unit Size/Rating/Capacity: >10 MMBtu/hr to ≤ 20 MMBtu/hr at ≤ 30% Capacity

BACT Determination Information

Good combustion practice and use of natural gas or LPG
ROCs Standard:

Technology 
Description:

Basis:

NOx Standard:

Technology 
Description:

Basis:

SOx Standard:

Technology 
Description:

Basis:

PM10 Standard:

Technology 
Description:

Basis:

CO Standard:

Technology 
Description:

Basis:

District Contact:

Achieved in Practice

Achieved in Practice

Achieved in Practice

Achieved in Practice

Achieved in Practice

N/A -- Generic BACT Determination

Printed: 2/9/2021

Comments: 30% annual capacity is equivalent to full fire at 2,592 hours/year.

Jeffrey Quok        Phone No.: (916) 874-4863        email:   jquok@airquality.org

185 6/19/2018

Good combustion practice and use of natural gas or LPG
PM2.5 Standard:

Technology 
Description:

Basis: Achieved in Practice

LEAD Standard:

Technology 
Description:

Basis:

BACT Category: MINOR SOURCE

CATEGORY Type: BOILER/HEATER > 5 MMBTU

SMAQMD BACT CLEARINGHOUSE
EXPIRED



7 ppm at 3% O2

Ultra Low NOx burner

Good combustion practice and use of natural gas

Good combustion practice and use of natural gas

BACT Determination Date:BACT Determination Number:

Firetube Boilers: 50 ppmvd corrected to 3% O2
Watertube Boilers:  100 ppmvd corrected to 3% O2

Permit Number:

BOILEREquipment Description:

Equipment Location:

Equipment Information

Unit Size/Rating/Capacity: >10 MMBtu/hr to ≤ 20 MMBtu/hr at > 30% Capacity

BACT Determination Information

Good combustion practice and use of natural gas
ROCs Standard:

Technology 
Description:

Basis:

NOx Standard:

Technology 
Description:

Basis:

SOx Standard:

Technology 
Description:

Basis:

PM10 Standard:

Technology 
Description:

Basis:

CO Standard:

Technology 
Description:

Basis:

District Contact:

Cost Effective

Achieved in Practice

Achieved in Practice

Achieved in Practice

Achieved in Practice

N/A -- Generic BACT Determination

Printed: 2/9/2021

Comments: 30% annual capacity is equivalent to full fire at 2,592 hours/year.

Jeffrey Quok        Phone No.: 916 874-4863        email:   jquok@airquality.org

186 6/19/2018

Good combustion practice and use of natural gas
PM2.5 Standard:

Technology 
Description:

Basis: Achieved in Practice

LEAD Standard:

Technology 
Description:

Basis:

BACT Category: MINOR SOURCE

CATEGORY Type: BOILER/HEATER > 5 MMBTU

SMAQMD BACT CLEARINGHOUSE
EXPIRED



777 12th Street, Third Floor 

 

Sacramento, CA 95814 

 

 
 BEST AVAILABLE CONTROL TECHNOLOGY DETERMINATION 
 

DETERMINATION NO.: 157, 177, 185, & 186 

DATE: June 19, 2018 

ENGINEER: Jeffrey Quok 

Category/General Equip Description: Boiler/Heater – Natural gas or LPG 

 
Equipment Specific Description: 

 
#157 – Boiler/heater greater or equal to 5 
MMBtu/hr to less than or equal to 10 MMBtu/hr, at 
less than or equal to 50% annual capacity 
 
#177 – Boiler/heater natural gas fired greater or 
equal to 5 MMBtu/hr to less than or equal to 10 
MMBtu/hr, at greater than 50% annual capacity 
 
#185 – Boiler/heater greater than 10 MMBtu/hr to 
less than or equal to 20 MMBtu/hr, at less than or 
equal to 30% annual capacity 
 
#186 – Boiler/heater greater natural gas fired 
greater than 10 MMBtu/hr to less than or equal to 
20 MMBtu/hr, at greater than 30% annual 
capacity 

Equipment Size/Rating: Minor Source BACT 

Previous BACT Det. No.: 109 

 
 
This BACT determination will update Determination #109 for boilers/heaters greater or equal to 
5 to 20 MMBtu/hr. 
 
 
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 5 to 20 MMBTU/hr by the following air pollution control districts: 
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District/Agency Best Available Control Technology (BACT)/Requirements 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
US EPA 
 
 
 
 
 
 

 

BACT 
 
Source: EPA RACT/BACT/LAER Clearinghouse 
RBLC ID: TX-0691 (5/20/2014) & TX-0693 (4/22/14) 
 

 
RULE REQUIREMENTS: 
 
40 CFR 60 Subpart Dc – Standards of Performance for Small Industrial-
Commercial-Institutional Steam Generating Units  
 
This regulation applies to steam generating units rated at between 10-100 
MMBtu/hr.  However, no standards within the subpart are applicable to units 
fired by natural gas only.  Therefore, this NSPS is not applicable.  
 

For units with a rating of 5 to 20 MMBtu/hr 

VOC 
N/A – No BACT determinations found in the ≥ 5 to < 20 MMBtu/hr 
range 

NOx 0.036 lb/MMBtu (30 ppm NOx @ 3% O2) [TX-0693] 

SOx 
N/A – No BACT determinations found in the ≥ 5 to < 20 MMBtu/hr 
range 

PM10 
N/A – No BACT determinations found in the ≥ 5 to < 20 MMBtu/hr 
range 

PM2.5 
N/A – No BACT determinations found in the ≥ 5 to < 20 MMBtu/hr 
range 

CO 0.054 lb/MMBtu (73 ppm CO @ 3% O2) [TX-0691] 

 
 
 
 
 
 
 
 
 
ARB 

 
BACT 
 
Source: ARB BACT Clearinghouse 
SCAQMD Permit No. 362616 (2/1/2000) 
 

 

RULE REQUIREMENTS: 
None 
 

For units with a rating of 5 to 20 MMBtu/hr 

VOC No standard 

NOx 11 ppmvd at 3% O2 [SCAQMD] 

SOx No standard 

PM10 No standard 

PM2.5 No standard 

CO 50 ppmvd corrected to 3% O2 [SCAQMD] 

http://cfpub.epa.gov/rblc/index.cfm?Action=search.BasicSearch
https://cfpub.epa.gov/rblc/index.cfm?action=PermitDetail.ProcessInfo&facility_id=27822&PROCESS_ID=109803
https://cfpub.epa.gov/rblc/index.cfm?action=PermitDetail.ProcessInfo&Process_ID=109806&Facility_ID=27824
http://www.ecfr.gov/cgi-bin/text-idx?node=sp40.7.60.d_0c
http://www.ecfr.gov/cgi-bin/text-idx?node=sp40.7.60.d_0c
http://www.arb.ca.gov/bact/bactnew/rptpara.htm
http://www.arb.ca.gov/bact/bactnew/rptpara.htm
https://www.arb.ca.gov/bact/bactnew/determination.php?var=825
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District/Agency Best Available Control Technology (BACT)/Requirements 

 
SMAQMD 

 
BACT 
 

 

 
RULE REQUIREMENTS: 
 
Rule 411 (8/23/07) 
For units with a rating of 5 to <20 MMBtu/hr emissions shall not exceed the 
following levels: 
1. 15 ppmvd of NOx corrected to 3% O2 
2. 400 ppmvd of CO corrected to 3% O2 

 

For units with a rating of ≥ 5 to < 20 MMBtu/hr 

VOC Good combustion practice and natural gas or LPG fuel 

NOx 9 ppmvd at 3% O2, low NOx boiler 

SOx Natural gas or LPG fuel 

PM10 Good combustion practice and natural gas or LPG fuel 

PM2.5 Good combustion practice and natural gas or LPG fuel 

CO 
Firetube Boilers: 50 ppmvd corrected to 3% O2 
Watertube Boilers:  100 ppmvd corrected to 3% O2 

 
 
 
 
 
 
 
 
 
 
 
South Coast 
AQMD 
 
 
 
 
 
 
 
 
 
 

 
BACT  
 
Source: SCAQMD BACT Guidelines for Non-Major Polluting Facilities, page 13. 
(12/2/16) 
 

 
 
 
 
 

For natural gas fired units with a rating > 2 and < 20 MMBtu/hr 

VOC No standard 

NOx 
Compliance with SCAQMD Rules 1146 or 1146.1 (9 ppm corrected 
to 3% O2 or 0.011 lbs/106 BTU) 

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 

http://www.airquality.org/ProgramCoordination/Documents/rule411.pdf
http://www.aqmd.gov/docs/default-source/bact/bact-guidelines/part-d---bact-guidelines-for-non-major-polluting-facilities.pdf?sfvrsn=4
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District/Agency Best Available Control Technology (BACT)/Requirements 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
South Coast 
AQMD 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

(A) Atmospheric unit is defined as any natural gas fired unit with a heat input 
less than or equal to 10 million Btu per hour with a non-sealed combustion 
chamber in which natural draft is used to exhaust combustion gases. 

 
RULE REQUIREMENTS: 
 
 Reg XI, Rule 1146 (11/1/13) 
 Requirements Table 1146-1 & Table 1146-2  

Category  NOx Limit  
Unit Shall be in Full Compliance on or 

before 

Group III Units(A) 
100% of units 
(by heat input)  
 

9 ppm or 
0.011 lbs/106 

BTU 

Applications submitted before 1-1-2014 
unit shall be in full compliance on or 

before 1-1-2015 

Atmospheric 
Units(B) 

12 ppm or 
0.015 lbs/106 

BTU 

Applications submitted before 1-1-2013 
unit shall be in full compliance on or 

before 1-1-2014 

(A) GROUP III UNIT means any unit burning gaseous fuels, excluding digester 
and landfill gases, and thermal fluid heaters with a rated heat input less 
than 20 million Btu per hour down to and including 5 million Btu per hour, 
and all units operated at schools and universities greater than or equal to 5 
million Btu per hour.  Excludes NOx RECLAIM facilities. 

For propane fired units with a rating > 2 and < 20 MMBtu/hr 

VOC No standard 

NOx 12 ppmvd corrected to 3% O2 

SOx No standard 

PM10 No standard 

PM2.5 No standard 

CO 
Firetube Boiler: 50 ppmvd corrected to 3% O2 
Watertube Boiler: 100 ppmvd corrected to 3% O2 

 

For atmospheric(A) units with a rating ≥ 2 and ≤ 10 MMBtu/hr 

VOC No standard 

NOx 
Compliance with SCAQMD Rules 1146 and 1146.1 (12 ppm 
corrected to 3% O2 or 0.015 lbs/106 BTU) 

SOx No standard 

PM10 No standard 

PM2.5 No standard 

CO 
Compliance with SCAQMD Rules 1146 and 1146.1 (400 ppm 
corrected to 3% O2 or 0.3 lbs/106 BTU) 

http://www.aqmd.gov/docs/default-source/rule-book/reg-xi/rule-1146.pdf?sfvrsn=4


BACT Determination Nos. 157, 177, 185, & 186 
Boilers/Heaters ≥ 5 and ≤ 20 MMBTU/hr  
June 19, 2018 
Page 5 of 14 
 

District/Agency Best Available Control Technology (BACT)/Requirements 

 
South Coast 
AQMD 

 
(B) Atmospheric unit is defined as any natural gas fired unit with a heat input 

less than or equal to 10 million Btu per hour with a non-sealed combustion 
chamber in which natural draft is used to exhaust combustion gases. 
 

San Diego 
County APCD 

 
BACT 
 
Source: NSR Requirements for BACT, page 3-5. (6/2011) 
 

For boilers with a rating of less than 50 MMBtu/hr 

VOC NG or LPG fuel (If using NG or LPG fuel) 

NOx 

1.  9 ppmvd corrected to 3% O2 
2.  Low NOx burner, FGR, and oxygen controller (If using NG or LPG 

fuel) 
3.  Low NOx burner, FGR, and oxygen controller (If using No. 2 oil as 

a backup fuel) 

SOx 
1.  NG or LPG fuel (If using NG or LPG fuel) 
2.  No. 2 fuel oil with <0.05% sulfur content (If using No. 2 oil as a 

backup fuel) 

PM10 
1. 0.10 gr/dscf (verified by use of NG or LPG fuel) 
2. NG or LPG fuel (If using NG or LPG fuel) 
3. Low ash fuel (If using No. 2 oil as a backup fuel) 

PM2.5 No standard 

CO No standard 

 
 
RULE REQUIREMENTS: 
 
Regulation 4, Rule 69.2 (9/27/94) 
For any unit with a heat input rating less than or equal to 50 million Btu/hr and an 
annual heat input of 220,000 therms or more, or for any unit with a heat input 
rating greater than 50 million Btu/hr and an annual capacity factor 10% or 
greater, emissions shall not exceed the following levels: 
 
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 
 
 

http://www.sdapcd.org/content/dam/sdc/apcd/PDF/Misc/APCD_bact.pdf
http://www.sandiegocounty.gov/content/dam/sdc/apcd/PDF/Rules_and_Regulations/Prohibitions/APCD_R69-2.pdf
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District/Agency Best Available Control Technology (BACT)/Requirements 

Bay Area 
AQMD 

 

BACT 
 
Source: BAAQMD BACT Guideline 17.1.1 (8/4/10) 
 

For boilers with a rating of 5 MMBtu/hr to less than 33.5 MMBtu/hr 

VOC Good combustion practice 

NOx Low NOx burners + flue gas recirculation 

SOx 
Natural gas or treated refinery gas fuel with ≤100 ppmv total reduced 

sulfur  

PM10 Natural gas or treated refinery gas fuel 

PM2.5 No standard 

CO 
Firetube Boilers: 50 ppmvd corrected to 3% O2 
Watertube Boilers:  100 ppmvd corrected to 3% O2 

 
 

RULE REQUIREMENTS: 
 
Reg 9, Rule 7 (5/4/2011) 
For units with a rating of greater than 5 MMBtu/hr and less than 20 MMBtu/hr: 
1. NOx limit of 15 ppmvd corrected to 3% O2 
2. CO limit of 400 ppmvd corrected to 3% O2 
 
For units with a rating of 20 MMBtu/hr and less than 75 MMBtu/hr: 
1. NOx limit of 9 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.  
 
 

RULE REQUIREMENTS: 
 
Rule 4306 (10/16/2008) 
For units ≤ 20 MMBtu/hr  
1. 9 ppm of NOx corrected to 3% O2 
2. 400 ppm of CO corrected to 3% O2 
 
Units rated at 5 MMBtu/hr (gross) or less are exempt from permit requirement 
per SJVAPCD Rule 2020. 
 
 
 
 
 

http://www.baaqmd.gov/~/media/files/engineering/bact-tbact-workshop/combustion/17-1-1.pdf?la=en
http://www.baaqmd.gov/~/media/Files/Planning%20and%20Research/Rules%20and%20Regs/reg%2009/rg0907.ashx
http://www.valleyair.org/busind/pto/bact/b_a_c_t/bact_guideline.asp?category_level1=1&category_level2=1&category_level3=1&last_update=10/26/2009
https://www.valleyair.org/rules/currntrules/r4306.pdf
http://www.valleyair.org/rules/currntrules/R2020Rule.pdf
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District/Agency Best Available Control Technology (BACT)/Requirements 

 
 
 
 
 
 
 
San Joaquin 
Valley APCD 

 
Rule 4320 (10/16/2008) 
For units > 5.0 MMBtu/hr to ≤ 20 MMBtu/hr (Standard Schedule) 
1.  9 ppm NOx corrected to 3% O2 or 0.011 lb NOx/MMBtu 
2.  400 ppm CO corrected to 3% O2 
 
For units > 5.0 MMBtu/hr to ≤ 20 MMBtu/hr (Enhanced Schedule) 
1.  6 ppm NOx corrected to 3% O2 or 0.007 lb NOx/MMBtu 
2.  400 ppm CO corrected to 3% O2 
 
The enhanced schedule limits are not required for new boilers and are therefore 
not considered achieved in practice. 
 
Particulate Matter Control Requirements 
1. Operators shall fire units exclusively on PUC-quality natural gas, commercial 

propane, butane, LPG, or a combination of such gases. 
2. Operators shall limit fuel sulfur content to no more than 5 grains of total sulfur 

per 100 standard cubic feet; OR 
3. Operators shall install an emission control system that reduces SO2 emissions 

by 95% by weight; or limit exhaust SO2 to less than or equal to 9 ppmv 
corrected to 3.0 O2. 
 

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

 

POLLUTANT SUMMARY OF ACHIEVED IN PRACTICE CONTROL TECHNOLOGIES 

VOC 
1. Good combustion practice – [BAAQMD, SMAQMD] 
2. NG or LPG fuel (If using NG or LPG fuel) – [SDCAPCD, SMAQMD] 
3. No standard – [SCAQMD, SJVAPCD] 

NOx 

1. 9 ppmvd at 3% O2 – [SMAQMD, SCAQMD, SJVAPCD, SDCAPCD] 
2. 12 ppmvd at 3% O2 for propane fired units – [SCAQMD] 
3. 12 ppmvd at 3% O2 for atmospheric units – [SCAQMD] 
4. 15 ppmvd corrected to 3% O2 – [BAAQMD] 
5. 0.036 lb/MMBtu (30 ppmvd @ 3% O2) [US EPA, RBLC ID:TX-0693] 
6. Low NOx burner, FGR, and oxygen controller (If using NG or LPG fuel) – 

[SDCAPCD] 
7. Low NOx burner, FGR, and oxygen controller (If using No. 2 oil as a backup fuel) 

– [SDCAPCD] 

SOx 

1. Use of natural gas or LPG fuel(A) (If using NG or LPG fuel) – [SCAQMD, 
SDCAPCD, SMAQMD] 

2. Natural gas or treated refinery gas fuel with ≤100 ppmv total reduced sulfur – 
[BAAQMD] 

3.  No. 2 fuel oil with <0.05% sulfur content (If using No. 2 oil as a backup fuel) – 
[SDCAPCD] 

4. No standard – [SJVAPCD] 

https://www.valleyair.org/rules/currntrules/r4320.pdf
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POLLUTANT SUMMARY OF ACHIEVED IN PRACTICE CONTROL TECHNOLOGIES 

PM10 

1. Good combustion practice and use of natural gas or LPG fuel – [SCAQMD](A) 
2. 0.10 gr/dscf (verified by use of NG or LPG fuel) – [SDCAPCD](B) 
3. NG or LPG fuel (If using NG or LPG fuel) – [SDCAPCD] 
4. Use of PUC-quality natural gas, commercial propane, butane, LPG, or a 

combination of such gases. [SJVAPCD] 
5. Natural gas or treated refinery gas fuel – [BAAQMD]  
6. Low ash fuel (If using No. 2 oil as a backup fuel) – [SDCAPCD] 

PM2.5 
1. Good combustion practice and use of natural gas or LPG fuel – [SCAQMD](A) 
2. No standard – [SCAQMD, SDCAPCD, BAAQMD, & SJVAPCD] 

CO 

1. Firetube Boilers: 50 ppmvd corrected to 3% O2 – [SMAQMD, SCAQMD, & 
BAAQMD] 

    Watertube Boilers:  100 ppmvd corrected to 3% O2 – [SCAQMD, BAAQMD] 
2. 0.054 lb/MMBtu (73 ppmvd @ 3% O2) [US EPA, RBLC ID: TX-0691](C) 

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

(A) Pursuant to the SCAQMD’s BACT Clean Fuel Guidelines, the use of LPG is equivalent to natural 
gas. 

(B) The 0.10 gr/dscf limit has not been demonstrated to be achieved in practice by source testing, it 
has only been assumed to be achievable by the use of natural gas or LPG.  Therefore, the use of 
natural gas or LPG when natural gas is not available will be considered Achieved in Practice 
BACT. 

(C) This BACT determination did not specify if the boiler was a firetube or watertube boiler. 

 
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 and use of natural gas 
or LPG 

SMAQMD, BAAQMD 

NOx 9 ppm at 3% O2, Low NOx burner 
SMAQMD, SDCAPCD, 
SCAQMD (Rule 1146.1), 
SJVAPCD (Rule 4306 & 4320) 

SOx 
Good combustion practice and use of natural gas 
or LPG 

SMAQMD, SDCAPCD 

PM10 
Good combustion practice and use of natural gas 
or LPG 

SMAQMD, SDCAPCD 

PM2.5 
Good combustion practice and use of natural gas 
or LPG 

SMAQMD 

CO 
Firetube Boilers: 50 ppmvd corrected to 3% O2 
Watertube Boilers:  100 ppmvd corrected to 3% O2 

SMAQMD, BAAQMD, 
SCAQMD (Rule 1146.1) 
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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 No other technologically feasible option identified 

NOx 
1. Selective Catalytic Reduction 
2. Ultra Low NOx Burner (7ppm) 

SOx No other technologically feasible option identified 

PM10 No other technologically feasible option identified 

PM2.5 No other technologically feasible option identified 

CO No other technologically feasible option identified 

 
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 

 
SCR: 
As shown in Attachment D, the cost effectiveness for the add on SCR system to control NOx 
to a 5 ppm level was calculated to be $87,130/ton for a 5 MMBtu/hr boiler and $57,672/ton for 
a 20 MMBtu/hr boiler (see attached Boiler Cost Effectiveness Analysis).  Since BACT for a 20 
MMBtu/hr boiler is never triggered for CO (141 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 



BACT Determination Nos. 157, 177, 185, & 186 
Boilers/Heaters ≥ 5 and ≤ 20 MMBTU/hr  
June 19, 2018 
Page 10 of 14 
 

following basic parameters were used in the analysis. 
 
For a 5 MMBtu/hr boiler: 

 
NOx Control Level = 5 ppmv 
 
NOx Baseline Level = 15 ppmv 
 
Boiler Rating = 5 MMBtu/hr 
 
Equipment Life = 20 years 
 
Direct Cost = $134,408 
 
Direct Annual Cost = $5,285 per year 
 
Indirect Annual Cost = $17,861 per year 
 
Total Annual Cost = $23,146 per year 
 
NOx Removed = 0.27 tons per year 
 
Cost of NOx Removal = $87,130 per ton reduced 

 
Therefore, add on SCR system is considered not cost effective and is eliminated. 

 
For a 20 MMBtu/hr boiler: 

 
NOx Control Level = 5 ppmv 
 
NOx Baseline Level = 15 ppmv 
 
Boiler Rating = 20 MMBtu/hr 
 
Equipment Life = 20 years 
 
Direct Cost = $334,448 
 
Direct Annual Cost = $16,850 per year 
 
Indirect Annual Cost = $44,447 per year 
 
Total Annual Cost = $61,297 per year 
 
NOx Removed = 1.06 tons per year 
 
Cost of NOx Removal = $57,672 per ton reduced 

 
Therefore, add on SCR system is considered not cost effective and is eliminated. 
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Ultra Low NOx Burner (ULNB): 
California Boiler was contacted to provide cost estimates for boilers between 5-20 MMBtu/hr 
that meet a 15 ppm, 9 ppm, or 7 ppm NOx level. In order to provide a 7 ppm NOx level a 
variable frequency drive (VFD), controls for the combustion blower motor, and a O2 trim 
system must be added. California Boiler gave estimated cost differences between 15 ppm 
and 7 ppm boilers of $17,000 to $40,000 (See Attachment F for California Boiler’s Cost 
Estimates). 
 
As shown in Attachment E, the cost effectiveness for the add on of an ULNB system that 
controls NOx to a 7 ppm level was calculated to be $24,645.16/ton for a 5 MMBtu/hr boiler at 
a 50% annual capacity, $24,645.16/ton for a 10 MMBtu/hr boiler at 50% annual capacity, and 
$24,500/ton for a 20 MMBtu/hr boiler at 25% annual capacity.  Since BACT for a 20 
MMBtu/hr boiler is never triggered for CO (141 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. 

 
A. For a 5 MMBtu/hr boiler at 50% annual capacity: 

 
NOx Control Level = 7 ppmv 
 
NOx Baseline Level = 15 ppmv 
 
Boiler Rating = 5 MMBtu/hr 
 
Boiler Annual Capacity = 50% (4360 hours/year) 

 
Direct Cost = $17,000 
 
Direct Annual Cost = $358.94 per year 
 
Indirect Annual Cost = $2,258.75 per year 
 
Total Annual Cost = $2,617.69 per year 
 
NOx Removed = 0.10622 tons per year 
 
Cost of NOx Removal = $24,645.16 per ton reduced 

 
Therefore, add on ULNB system is not considered cost effective for 5 MMBtu/hr boilers 
at 50% annual capacity. 

 
B. For a 10 MMBtu/hr boiler at 50% annual capacity: 

 
NOx Control Level = 7 ppmv 
 
NOx Baseline Level = 15 ppmv 
 
Boiler Rating = 10 MMBtu/hr 
 
Boiler Annual Capacity = 50% (4360 hours/year) 
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Direct Cost = $34,000 
 
Direct Annual Cost = $717.88 per year 
 
Indirect Annual Cost = $4,517.49 per year 
 
Total Annual Cost = $5,235.37 per year 
 
NOx Removed = 0.21243 tons per year 
 
Cost of NOx Removal = $24,645.16per ton reduced 

 
Therefore, add on ULNB system is not considered cost effective for 10 MMBtu/hr boilers 
at 50% annual capacity. 

 
C. For a 20 MMBtu/hr boiler at 30% annual capacity: 

 
NOx Control Level = 7 ppmv 
 
NOx Baseline Level = 15 ppmv 
 
Boiler Rating = 20 MMBtu/hr 
 
Boiler Annual Capacity = 30% (2592 hours/year) 
 
Direct Cost = $40,000 
 
Direct Annual Cost = $844.56 per year 
 
Indirect Annual Cost = $5,314.70 per year 
 
Total Annual Cost = $6,159.26 per year 
 
NOx Removed = 0.2514 tons per year 
 
Cost of NOx Removal = $24,500.00 per ton reduced 

 
Therefore, add on ULNB system is not considered cost effective for 20 MMBtu/hr boilers 
at 30% annual capacity. 
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C:   SELECTION OF BACT 
 

Based on the cost effectiveness determinations, BACT will be broken down into four 
categories to account for ultra low NOx burners being cost effective for boilers at certain 
annual capacities. The new BACT categories are summarized in the tables below. 

 

BACT #157 FOR BOILERS ≥ 5 AND ≤ 10 MMBTU/HR AT ≤ 50%  
ANNUAL CAPACITY (A) 

Pollutant Standard Source 

VOC Good combustion practice and use of natural gas or LPG SMAQMD, BAAQMD 

NOx 9 ppm at 3% O2, Low NOx burner 

SMAQMD, SDCAPCD, 
SCAQMD (Rule 1146.1), 
SJVAPCD (Rule 4306 & 
4320)) 

SOx Good combustion practice and use of natural gas or LPG SMAQMD, SDCAPCD 

PM10 Good combustion practice and use of natural gas or LPG SMAQMD, SDCAPCD 

PM2.5 Good combustion practice and use of natural gas or LPG SMAQMD 

CO 
Firetube Boilers: 50 ppmvd corrected to 3% O2 
Watertube Boilers:  100 ppmvd corrected to 3% O2 

SMAQMD, BAAQMD, 
SCAQMD (Rule 1146.1) 

(A) Note: 50% annual capacity is equivalent to the boiler operating at full fire for 4,380 hours/year. 

 
 

BACT #177 FOR NATURAL GAS BOILERS ≥ 5 AND ≤ 10 MMBTU/HR AT > 50% 
ANNUAL CAPACITY (A) 

Pollutant Standard Source 

VOC Good combustion practice and use of natural gas SMAQMD, BAAQMD 

NOx 7 ppm at 3% O2, Ultra Low NOx burner 
SMAQMD (Cost 
Effectiveness Analysis) 

SOx Good combustion practice and use of natural gas SMAQMD, SDCAPCD 

PM10 Good combustion practice and use of natural gas SMAQMD, SDCAPCD 

PM2.5 Good combustion practice and use of natural gas SMAQMD 

CO 
Firetube Boilers: 50 ppmvd corrected to 3% O2 
Watertube Boilers:  100 ppmvd corrected to 3% O2 

SMAQMD, BAAQMD, 
SCAQMD (Rule 1146.1) 

(A) Note: 50% annual capacity is equivalent to the boiler operating at full fire for 4,380 hours/year. 

 
 
 





 
 
 
 

Attachment A 
 

Review of BACT Determinations published by EPA 



List of BACT determinations published in EPA’s RACT/BACT/LAER Clearinghouse (RBLC) for Automotive Refinishing: 
 

RBLC 
Permit  
Date 

Process  
Code (A) 

Process/Equipment Pollutant Standard Control Technology 
Case-By-Case 
Basis 

TX-0691 05/20/2014 13.310 
Fuel Gas Heater 18.0 
MMBtu/hr 

NOx 
0.1 
lb/MMBtu 

N/A BACT-PSD 

CO 
0.054 
lb/MMBtu 

N/A BACT-PSD 

TX-0693 04/22/2014 13.310 Heater 5.5 MMBtu/hr 

NOx 
0.036 
lb/MMBtu 

N/A BACT-PSD 

CO 
0.08 
lb/MMBtu 

N/A BACT-PSD 

(A) Process Code 13.310 includes commercial and industrial natural gas (includes propane and LPG) boilers < 100 million BTU/hr. 
 

  
 = Selected as the most stringent BACT determination achieved in practice. 

https://cfpub.epa.gov/rblc/index.cfm?action=PermitDetail.ProcessInfo&facility_id=27822&PROCESS_ID=109803
https://cfpub.epa.gov/rblc/index.cfm?action=PermitDetail.ProcessInfo&Process_ID=109806&Facility_ID=27824


 
 
 
 
 

Attachment B 
 

Review of BACT Determinations published by ARB 



List of BACT determinations published in ARB’s BACT Clearinghouse for boilers > 5 MMBtu/hr to ≤ 33.5 MMBtu/hr: 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
             = Boilers outside the range (Not in the >5 MMBtu/hr and ≤ 20 MMBtu/hr rage) 
 
             = Selected as the most stringent BACT determination achieved in practice. 
 
Note:  There is a 1999 BACT determination made by SCAQMD requiring a NOx concentration of 7 ppm @ 3%O2.  However, all subsequent 
BACT determinations are much higher, including another SCAQMD BACT determination made only 2 weeks later.  Therefore, 7 ppm @ 
3%O2 will not be considered a true BACT determination achieved in practice. 
 
 
 
 
 
 
 
 

       

Capacity Source Date NOx VOC CO PM10 

5.05 MMBtu/hr SCAQMD  3/16/2000 20 ppm  @ 3%O2  50 ppm  @ 3%O2  

20.9 MMBtu/hr SCAQMD       

16.5 MMBtu/hr SCAQMD  12/7/1999 7 ppm  @ 3%O2  50 ppm  @ 3%O2  

6.2 MMBtu/hr SJVUAPCD  2/1/2000 12 ppm  @ 3%O2  50 ppm  @ 3%O2  

10 MMBTU/HR SCAQMD  4/24/2003 12 ppm  @ 3%O2  50 ppm  @ 3%O2  

21.46 MMBtu/hr SCAQMD       

21 MMBtu/hr SCAQMD       

16.4 MMBtu/hr SCAQMD  2/1/2000 11 ppm  @ 3%O2  50 ppm  @ 3%O2  

8.5 MMbtu/hr SCAQMD  12/21/1999 12 ppm  @ 3%O2  50 ppm  @ 3%O2  

16.8 MMbtu/hr SCAQMD  3/10/2000 12 ppm  @ 3%O2  50 ppm  @ 3%O2  

21 MMbtu/hr SCAQMD      

25 MMBtu/hr SBCAPCD      

7 MMBtu/hr SBCAPCD 9/26/2006 12 ppm  @ 3%O2  50 ppm  @ 3%O2  

29.4 MMBtu/hr  SDCAPCD      

http://www.arb.ca.gov/bact/bactnew/determination.php?var=214
http://www.arb.ca.gov/bact/bactnew/determination.php?var=315
http://www.arb.ca.gov/bact/bactnew/determination.php?var=653
http://www.arb.ca.gov/bact/bactnew/determination.php?var=789
http://www.arb.ca.gov/bact/bactnew/determination.php?var=825
http://www.arb.ca.gov/bact/bactnew/determination.php?var=906
http://www.arb.ca.gov/bact/bactnew/determination.php?var=907
http://www.arb.ca.gov/bact/bactnew/determination.php?var=960


 
 
 
 

Attachment C 
 

SCAQMD’s Clean Fuel Guidelines 

 
 
 
 
 
 
 
 
 
 



 
 

 



 
 

 
 
 
 
 

Attachment D 
 

Cost Effectiveness Determination for SCR 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 
 
 

5 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 =  $   87,129.99  $/ton 
Equipment 

  Boiler rating 5 mmBTU/hr 

Boiler Operating hours 8760 hours 

Boiler capacity factor 1 
 SCR Operating Days 365 days 

Total Capacity Factor 1 
 Baseline NOx (15 ppm) 0.0182 lb/mmBTU 

SCR NOx (5 ppm) 0.00607 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 inches 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 0.138 $/KWh 

Ammonia Cost 0.101 $/lb 

Catalyst Life 24000 hr 

Catalyst Layers 2 full, 1 empty 
 

   Boiler Calculations 
  

QB 5 mmBTU/hr 

qflue gas 1781.636988 acfm 

NNOx 0.666483516 
 

   SCR Reactor Calculations 
  

VolCatalyst 9.467023703 ft3 



 
 

ACatalyst 1.855871862 ft2 

ASCR 2.134252642 ft2 

l=w= 1.460908157 ft 

nlayer 2 
 hlayer 3.55055963 
 ntotal 3 
 hSCR 40.65167889 ft 

   Reagent Calculations 
  

mreagent 0.035366583 lb/hr 

msol 0.121953736 lb/hr 

qsol 0.016291712 gph 

Tank Volume 35.19009887 gal 

   Cost Estimation 
  Direct Costs 
  DC  $                 134,407.97  

 
   Indirect Costs 

  General Facilities  $                      6,720.40  
 Engineering and home office fees  $                    13,440.80  
 Process Contingency  $                      6,720.40  
 Total Indirect Installation Costs  $                    26,881.59  
 Project Contingency  $                    24,193.43  
 Total Plant Cost  $                 185,483.00  
 Preproduction Cost  $                      3,709.66  
 Inventory Capital  $                            26.61  
 Total Capital Investment  $                 189,219.27  
 

   Direct Annual Costs 
  Maintenance Costs  $                      2,838.29  per yr 

Power 1.58136825 KW 

Annual Electricity  $                      1,911.68  per yr 

Reagent Solution Cost  $                          107.90  per yr 

   Catalyst Replacement 
  FWF 0.311051666 

 Annual Catalyst Replacement  $                          426.99  per yr 

   Total Variable Direct Cost  $                      2,446.57  per yr 

Total Direct Annual Cost  $                      5,284.86  per yr 



 
 

   CRF 0.094392926 
 Indirect Annual Cost  $                    17,860.96  per yr 

Total annual Cost  $                    23,145.82  per yr 

   NOx Removed 0.27 tons 

   Cost of NOx removal  $                    87,129.99  per ton 
  



 
 

20 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 =  $ 57,672.23  $/ton 
 Equipment 

   Boiler rating 20 mmBTU/hr 

Boiler Operating hours 8760 hours 
 Boiler capacity factor 1 

  SCR Operating Days 365 days 
 Total Capacity Factor 1 

  Baseline NOx (15 ppm) 0.0182 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 inches 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 0.138 $/KWh 
 Ammonia Cost 0.101 $/lb 
 Catalyst Life 24000 hr 
 Catalyst Layers 2 full, 1 empty 

  

    Boiler Calculations 
   QB 20 mmBTU/hr 

qflue gas 7126.547952 acfm 
 NNOx 0.666648352 

  

    SCR Reactor Calculations 
   VolCatalyst 37.87475183 ft3 

 ACatalyst 7.42348745 ft2 
 ASCR 8.537010567 ft2 
 



 
 

l=w= 2.921816313 ft 
 nlayer 2 

  hlayer 3.551008006 
  ntotal 3 
  hSCR 40.65302402 ft 

 

    Reagent Calculations 
   mreagent 0.141466333 lb/hr 

 msol 0.487814943 lb/hr 
 qsol 0.06516685 gph 
 Tank Volume 140.7603955 gal 
 

    Cost Estimation 
   Direct Costs 
   DC   $ 334,447.66  

  

    Indirect Costs 
   General Facilities   $ 16,722.38  

  Engineering and home office fees   $ 33,444.77  
  Process Contingency   $ 16,722.38  
  Total Indirect Installation Costs $ 66,889.53  
  Project Contingency   $  60,200.58  
  Total Plant Cost   $ 461,537.77  
  Preproduction Cost   $ 9,230.76  
  Inventory Capital $106.42  
  Total Capital Investment   $ 470,874.94  
  

    Direct Annual Costs 
   Maintenance Costs $ 7,063.12  per yr 

 Power 6.3254793 KW 
 Annual Electricity   $ 7,646.75  per yr 
 Reagent Solution Cost   $ 431.60  per yr 
 

    Catalyst Replacement 
   FWF 0.311051666 

  Annual Catalyst Replacement   $ 1,708.25  per yr 
 

    Total Variable Direct Cost  $  9,786.59  per yr 
 Total Direct Annual Cost  $ 16,849.71  per yr 
 

    CRF 0.094392926 
  Indirect Annual Cost  $  44,447.26  per yr 

 



 
 

Total annual Cost  $ 61,296.98  per yr 
 

    NOx Removed 1.06 tons 
 

    Cost of NOx removal  $ 57,672.23  per ton 
 

     

 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 
 
 
 
 

Attachment E 
 

Cost Effectiveness Determination for ULNB 

 
 
 
 
 
 
 
 
 



 
 

5 MMBTU/HR BOILER ULNB 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 =  $   24,645.16  $/ton 
Equipment 

  Boiler rating 5 mmBTU/hr 

Boiler Operating hours 4380 hours 

Boiler capacity factor 1 
 Boiler Operating Days 365 days 

Total Capacity Factor 1 
 LNB NOx (15 ppm) 0.0182 lb/mmBTU 

ULNB NOx (7 ppm) 0.0085 lb/mmBTU 

LNB NOx (lbs/year) 398.58 
 ULNB NOx (lbs/year) 186.15 
 NOx Reduction (tons/year) 0.106215 
 

   Cost Estimation 
  Direct Costs 
  DC  $                    17,000.00  

 
   Indirect Costs 

  General Facilities  $                          850.00  
 Engineering and home office fees  $                      1,700.00  
 Process Contingency  $                          850.00  
 Total Indirect Installation Costs  $                      3,400.00  
 Project Contingency  $                      3,060.00  
 Total Plant Cost  $                    23,460.00  
 Preproduction Cost  $                          469.20  
 Total Capital Investment  $                    23,929.20  
 

   Direct Annual Costs 
  Maintenance Costs  $                          358.94  per yr 

Total Direct Annual Cost  $                          358.94  per yr 

Annual Interest Rate 7% 
 CRF 0.094392926 
 Indirect Annual Cost  $                      2,258.75  per yr 

Total annual Cost  $                      2,617.69  per yr 

   NOx Removed 0.10622 tons 

Cost of NOx removal  $                    24,645.16  per ton 
 



 
 

10 MMBTU/HR BOILER ULNB 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 =  $   24,645.16  $/ton 
Equipment 

  Boiler rating 10 mmBTU/hr 

Boiler Operating hours 4380 hours 

Boiler capacity factor 1 
 Boiler Operating Days 365 days 

Total Capacity Factor 1 
 LNB NOx (15 ppm) 0.0182 lb/mmBTU 

ULNB NOx (7 ppm) 0.0085 lb/mmBTU 

LNB NOx (lbs/year) 797.16 
 ULNB NOx (lbs/year) 372.3 
 NOx Reduction (tons/year) 0.21243 
 

   Cost Estimation 
  Direct Costs 
  DC  $                    34,000.00  

 
   Indirect Costs 

  General Facilities  $                      1,700.00  
 Engineering and home office fees  $                      3,400.00  
 Process Contingency  $                      1,700.00  
 Total Indirect Installation Costs  $                      6,800.00  
 Project Contingency  $                      6,120.00  
 Total Plant Cost  $                    46,920.00  
 Preproduction Cost  $                          938.40  
 Total Capital Investment  $                    47,858.40  
 

   Direct Annual Costs 
  Maintenance Costs  $                          717.88  per yr 

Total Direct Annual Cost  $                          717.88  per yr 

Annual Interest Rate 7% 
 CRF 0.094392926 
 Indirect Annual Cost  $                      4,517.49  per yr 

Total annual Cost  $                      5,235.37  per yr 

   NOx Removed 0.21243 tons 

Cost of NOx removal  $                    24,645.16  per ton 
 



 
 

20 MMBTU/HR BOILER ULNB 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 =  $   24,500.00  $/ton 
Equipment 

  Boiler rating 20 mmBTU/hr 

Boiler Operating hours 2591.735443 hours 

Boiler capacity factor 1 
 Boiler Operating Days 365 days 

Total Capacity Factor 1 
 LNB NOx (15 ppm) 0.0182 lb/mmBTU 

ULNB NOx (7 ppm) 0.0085 lb/mmBTU 

LNB NOx (lbs/year) 943.3917014 
 ULNB NOx (lbs/year) 440.5950254 
 NOx Reduction (tons/year) 0.251398338 
 

   Cost Estimation 
  Direct Costs 
  DC  $                    40,000.00  

 
   Indirect Costs 

  General Facilities  $                      2,000.00  
 Engineering and home office fees  $                      4,000.00  
 Process Contingency  $                      2,000.00  
 Total Indirect Installation Costs  $                      8,000.00  
 Project Contingency  $                      7,200.00  
 Total Plant Cost  $                    55,200.00  
 Preproduction Cost  $                      1,104.00  
 Total Capital Investment  $                    56,304.00  
 

   Direct Annual Costs 
  Maintenance Costs  $                          844.56  per yr 

Total Direct Annual Cost  $                          844.56  per yr 

Annual Interest Rate 7% 
 CRF 0.094392926 
 Indirect Annual Cost  $                      5,314.70  per yr 

Total annual Cost  $                      6,159.26  per yr 

NOx Removed 0.25140 tons 

   Cost of NOx removal  $                    24,500.00  per ton 
 

 
 

 
 

 



 
 
 

 
 

 
 

 
 

 
 
 
 

 
 
 

 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 

 

 
 
 
 

Attachment F 
 

California Boiler Cost Estimations 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 



 
 

 



 
 
 
 
 
 
 
 



 
 

 


