
No Standard

No Standard

No Standard

No Standard

BACT Determination Date:BACT Determination Number:

Permit Number:

DIGITAL PRINTINGEquipment Description:

Equipment Location: AMERICAN LITHOGRAPHERS DBA- PACIFIC STANDARD PRESS

1281 W. NATIONAL DR SACRAMENTO, CA

Equipment Information

Unit Size/Rating/Capacity: < 9,500 LB UNCONTROLLED VOC PER YEAR

BACT Determination Information

80% Control

1.Integral air pollution control system, consisting of an oil/water separator and refrigerated 
condenser, with an assumed control efficiency of 80%(A) or equivalent system.
2.Use of materials compliant with SMAQMD Rule 466 – Solvent Cleaning.

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

27942

Printed: 8/19/2024

Comments: T-BACT:
1.A VOC control device that has an overall system efficiency (collection and destruction) of at least 98.5% for VOC.
2.Use of materials compliant with SMAQMD Rule 466 - Solvent Cleaning.
3.Comply with VOC emission standards of SMAQMD Rule 441 - Organic Solvents

Matt Baldwin        Phone No.: (279) 207-1119        email:   mbaldwin@airquality.org

374 8/19/2024

No Standard
PM2.5 Standard:

Technology 
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Basis:

No Standard
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Technology 
Description:

Basis:

BACT Category: Minor Source BACT

CATEGORY Type: PRINTING PROCESS

SMAQMD BACT CLEARINGHOUSE
ACTIVE



No Standard

No Standard

No Standard

No Standard

BACT Determination Date:BACT Determination Number:

Permit Number:

DIGITAL PRINTINGEquipment Description:

Equipment Location: AMERICAN LITHOGRAPHERS DBA- PACIFIC STANDARD PRESS

1281 W. NATIONAL DR SACRAMENTO, CA

Equipment Information

Unit Size/Rating/Capacity: ≥ 9,500 LB UNCONTROLLED VOC PER YEAR

BACT Determination Information

98.5% Control

1.A VOC control device that has an overall system efficiency (collection and destruction) of at least 
98.5% for VOC.
2.Use of materials compliant with SMAQMD Rule 466 – Solvent Cleaning.

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

27942

Printed: 8/19/2024

Comments: T-BACT:
1.A VOC control device that has an overall system efficiency (collection and destruction) of at least 98.5% for VOC.
2.Use of materials compliant with SMAQMD Rule 466 - Solvent Cleaning.
3.Comply with VOC emission standards of SMAQMD Rule 441 - Organic Solvents

Matt Baldwin        Phone No.: (279) 207-1119        email:   mbaldwin@airquality.org

375 8/19/2024
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CATEGORY Type: PRINTING PROCESS

SMAQMD BACT CLEARINGHOUSE
ACTIVE
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BEST AVAILABLE CONTROL TECHNOLOGY DETERMINATION 

 

 DETERMINATION NO.: 374 & 375 

 DATE: 07/16/24 

 ENGINEER: Matt Baldwin 

Category/General Equip Description: Printing Process 

BACT Category: 
Minor Source BACT /  
Non-major modification at a Major Source. 

Equipment Specific Description: Digital Printing / Liquid Electrophotography 

Equipment Size/Rating: 
< 9,500 lb VOC/year (BACT #374), and 
≥ 9,500 lb VOC/year (BACT #375) 

Previous BACT Det. No.: 263 & 264 

 
This Best Available Control Technology (BACT) determination category was determined under 
the project for A/C 27942 (Pacific Standard Print). The applicant proposed to install a new digital 
printing press (liquid electrophotography). 
 
This BACT determination will update determinations #263 & #264 for digital printing – liquid 
electrophotography. 
 
BACT / T-BACT ANALYSIS 
 

A. ACHIEVED IN PRACTICE (Rule 202, §205.1a): 
 
The following control technologies are currently employed as BACT/T-BACT for a digital printing 
press (liquid electrophotography) by the following agencies and air pollution control and air quality 
management districts: 
 

US EPA 

 
BACT 
Source:  EPA RACT/BACT/LAER Clearinghouse 
 

Digital Printing – Liquid Electrophotography 

VOC N/A – No BACT determinations found 

NOx N/A – No BACT determinations found 

SOx N/A – No BACT determinations found 

PM10 N/A – No BACT determinations found 

PM2.5 N/A – No BACT determinations found 

CO N/A – No BACT determinations found 

 

http://cfpub.epa.gov/rblc/index.cfm?Action=search.BasicSearch
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T-BACT 
There are no T-BACT standards published in the clearinghouse for this category. 
 
RULE REQUIREMENTS: 
40 CFR Part 63 Subpart KK – National Emission Standards for the Printing and Publishing 
Industry. This regulation applies to new and existing facilities that are a major source of hazardous 
air pollutants at which publication rotogravure, product and packaging rotogravure, or wide-web 
flexographic printing presses are operated. 
 
Since liquid electrophotography does not qualify as publication rotogravure, product and 
packaging rotogravure, or wide-web flexographic printing presses, this rule will not generally be 
considered T-BACT for this source category. However, for projects that include digital printing as 
well as one of the affected printing processes, compliance with 40 CFR, 63, Subpart KK will be 
considered technologically feasible T-BACT for the project. 
 
 

California Air Resources Board (CARB) 

 
BACT 
Source:  CARB BACT Clearinghouse 
 
The only BACT determination published in the clearinghouse is SMAQMD BACT Determination 
Nos. 263, which is discussed in the next section. 
 
T-BACT 
There are no T-BACT standards published in the clearinghouse for this category. 
 
RULE REQUIREMENTS 
There are no regulations with standards for this source category. 
 
 

Sacramento Metropolitan AQMD 

 
BACT 
Source: SMAQMD BACT Determination No. 263 

(Adopted 09/22/2020) 
 

Digital Printing – Liquid Electrophotography < 12,667 lb Uncontrolled VOC Per Year 

VOC 1. Integral air pollution control system, consisting of an oil/water separator and 
refrigerated condenser, with an assumed control efficiency of 80%(A) or equivalent 
system. 

2. Use of materials compliant with SMAQMD Rule 466 – Solvent Cleaning. 
3. Comply with VOC emission standards of SMAQMD Rule 441 – Organic Solvents. 

NOx No Standard 

SOx No Standard 

PM10 No Standard 

https://ww2.arb.ca.gov/BACT-Tool
https://www.airquality.org/StationarySources/Documents/Digital%20Printing%20-%20Liquid%20Electrophotography%20BACT%20263%20264.pdf
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Digital Printing – Liquid Electrophotography < 12,667 lb Uncontrolled VOC Per Year 

PM2.5 No Standard 

CO No Standard 

 
T-BACT 
 

Digital Printing – Liquid Electrophotography < 12,667 lb Uncontrolled VOC Per Year 

Organic 
HAP / VHAP 

1. Integral air pollution control system, consisting of an oil/water separator and 
refrigerated condenser, with an assumed control efficiency of 80%(A) or equivalent 
system. 

2. Use of materials compliant with SMAQMD Rule 466 – Solvent Cleaning. 
3. Comply with VOC emission standards of SMAQMD Rule 441 – Organic Solvents. 

 
RULE REQUIREMENTS 
 
Rule 450 – Graphic Arts Operations (Amended 10/23/2008) 
 
This rule applies to graphic arts operations. Graphic arts operations are defined as any gravure, 
screen printing, flexographic, lithographic, or letterpress printing operation, or any coating or 
laminating operation that manufactures flexible packaging material for the packing industry. Liquid 
electrophotography does not meet this definition and therefore this rule does not apply. 
 
Rule 466 – Solvent Cleaning (Amended 10/28/2010) 
 
This rule applies to all persons who use VOC-containing materials in solvent cleaning operations 
during the production, repair, maintenance or servicing of parts, products, tools, machinery, or 
equipment, or in general work areas, and to all persons who store and dispose of VOC-containing 
materials used in solvent cleaning. 
 

Solvent Cleaning Activity 
VOC limits 
g/l (lb/gal) 

(A) General (wipe cleaning, maintenance cleaning) 25 (0.21) 

(B) Product cleaning during manufacturing process or surface 
preparation for coating, adhesive, or ink application 

 

(i) General 25 (0.21) 

(ii) Electrical apparatus components & electronic components 100 (0.83) 

(iii) Medical Devices & pharmaceuticals 800 (6.7) 

(C) Repair and Maintenance Cleaning 
VOC limits 
g/l (lb/gal) 

(i) General 25 (0.21) 

(ii) Electrical apparatus components & electronic components 100 (0.83) 

 

https://www.airquality.org/ProgramCoordination/Documents/rule450.pdf
https://www.airquality.org/ProgramCoordination/Documents/rule466.pdf
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Rule 441 – Organic Solvents (Adopted 12/6/1978) 
This rule limits the emissions of organic solvents into the atmosphere that may result from the use 
of organic solvents. 
 

Material 
Hourly Emission Limit 

kg/hr (lbs/hr) 
Daily Emission Limit 

kg/day (lbs/day) 

Organic Materials which come into 
contact with a flame or is baked, 
heat-cured or heat-polymerized, in 
the presence of oxygen 

1.4 (3.1) 
 

or 85% control 

6.8 (15) 
 

or 85% control 

Photochemically Reactive Solvents 
3.6 (7.9) 

 
or 85% control 

18 (39.7) 
 

or 85% control 

Non-photochemically reactive 
solvents 

200 (441) 
 

or 85% control 

1,350 (2,970) 
 

or 85% control 

 
 

South Coast AQMD 

 
BACT 
Source: SCAQMD Evaluation A/N 562397 (See Appendix B) 
 

Digital Printing – Liquid Electrophotography 

VOC Integral air pollution control system, consisting of an oil/water separator and a 
refrigeration condenser. 

NOx No Standard 

SOx No Standard 

PM10 No Standard 

PM2.5 No Standard 

CO No Standard 

 
T-BACT 
There are no T-BACT standards published in the clearinghouse for this category. 
 
RULE REQUIREMENTS 
 
Reg. XI, Rule 1130 – Graphic Arts (Amended 05/02/2014) 
 
This rule applies to any person performing graphic arts operations or who supplies, sells, offers 
for sale, markets, manufactures, blends, repackages, stores at a worksite, distributes, applies or 
solicits the application of graphic arts materials for use in the SCAQMD. Graphics arts operations 
are defined as gravure, letterpress, flexographic, and offset lithographic printing processes or 
related coating or laminating processes. Liquid electrophotography does not meet this definition 
and therefore this rule does not apply. 
 

https://www.airquality.org/ProgramCoordination/Documents/rule441.pdf
https://www.aqmd.gov/docs/default-source/rule-book/reg-xi/rule-1130.pdf?sfvrsn=4
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Reg. XI, Rule 1171 – Solvent Cleaning Operations (Last amended 5/1/2009) 
 
This rule applies to all persons who use solvent materials in solvent cleaning operations during 
the production, repair, maintenance, or servicing of parts, products, tools, machinery, equipment, 
or general work areas; all persons who store and dispose of these materials used in solvent 
cleaning operations; and all solvent suppliers who supply, sell, or offer for sale solvent cleaning 
materials for use in solvent cleaning operations. 
 
This rule does not apply to cleaning operations in printing pre-press or graphic arts pre-press 
areas, including the cleaning of film processors, color scanners, plate processors, film cleaning, 
and plate cleaning. 
 

Solvent Cleaning Activity 
VOC limits 
g/l (lb/gal) 

(A) Product cleaning during manufacturing process or surface 
preparation for coating, adhesive, or ink application 

 

(i) General 25 (0.21) 

(ii) Electrical apparatus components & electronic 
components 

100 (0.83) 

(iii) Medical Devices & pharmaceuticals 800 (6.7) 

(B) Repair and Maintenance Cleaning  

(i) General 25 (0.21) 

(ii) Electrical apparatus components & electronic 
components 

100 (0.83) 

(C) Cleaning of coatings or adhesives application equipment 25 (0.1) 

(D) Cleaning of Ink Application Equipment  

(i) General 25 (0.1) 

 
 

San Joaquin Valley APCD 

 
BACT 
Source: SJVAPCD BACT Clearinghouse (Chapter 4.0 Evaporative Loss Sources) 
 
There are no BACT standards published in the clearinghouse for this category. 
 
T-BACT 
There are no T-BACT standards published in the clearinghouse for this category. 
 

https://www.aqmd.gov/docs/default-source/rule-book/reg-xi/rule-1171.pdf?sfvrsn=4
https://ww2.valleyair.org/media/4jolnrh1/chapter4.pdf
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RULE REQUIREMENTS:  
 
Rule 4607 Graphic Arts and Paper, Film, Foil and Fabric Coatings (Amended 12/18/2008) 
 
This rule applies to any graphics arts printing operation, to digital printing operations, and to any 
paper, film, foil, or fabric coating operation and to the organic solvent cleaning materials and 
processes associated with such operations. 
 
According to Section 4.0, the requirements of this rule, except for the record keeping requirements 
of Section 6.1, shall not apply to digital printers and digital printing operations. 
 
Rule 4663 Organic Solvent Cleaning, Storage, and Disposal (Amended 9/20/2007) 
 
The purpose of this rule is to limit the emissions of volatile organic compounds (VOCs) from 
organic solvent cleaning and from the storage and disposal of solvents and waste solvent 
materials. 
 
This rule exempts any source that is subject to or specifically exempted from the Rules listed in 
Section 4.3. Section 4.3 lists Rule 4607 (Graphic Arts). Therefore, digital printing is exempt from 
Rule 4663 Organic Solvent Cleaning, Storage, and Disposal. 
 
 

San Diego County APCD 

 
BACT 
Source:  NSR Requirements for BACT 
 
There are no BACT standards published in the clearinghouse for this category. 
 
T-BACT 
There are no T-BACT standards published in the clearinghouse for this category. 
 
RULE REQUIREMENTS 
 
Reg. IV, Rule 67.16 – Graphic Arts Operations (Effective 5/9/2012) 
 
This rule applies to all continuous web or single sheet fed graphic arts printing, processing, 
laminating or drying operations and digital printing operations. This rule has an exemption for 
digital printing operations. Digital printing operations are exempt from provisions of this rule. 
However, digital printing operations that meet the definition of a “Large digital printing operation” 
are required to maintain records. Large digital printing operation is defined as a commercial digital 
printing operation where a print capacity of any individual printer that uses solvent based inks is 
1,000 ft2/hr or higher; or an operation where a print capacity of any individual printer that uses 
water based or UV inks is 10,000 ft2/hr or higher. 
 
Standards 
For Large Commercial Digital Printing Operations 

1. Maintain a current list of graphic arts materials and cleaning materials used. 
2. Provide documentation containing the VOC content, less water, and exempt compounds 

of each graphic arts material (excluding thinner), as applied and VOC content of each 

https://ww2.valleyair.org/media/nkpnkj3j/rule-4607.pdf
https://ww2.valleyair.org/media/1fqjat0k/rule-4663.pdf
https://www.sdapcd.org/content/dam/sdc/apcd/PDF/Misc/APCD_bact.pdf
https://www.sdapcd.org/content/dam/sdapcd/documents/rules/current-rules/Rule-67.16.pdf
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thinner and cleaning material and/or total VOC vapor pressure, as used. 
3. Keep monthly records of the type and amount of graphic arts material cleaning material 

used. 
 
Reg. IV, Rule 66.1 Miscellaneous Surface Coating Operations and Other Processes Emitting 
Volatile Organic Compounds (Adopted 2/24/10) 
 
This rule is applicable to all surface coating, solvent cleaning or other operations or processes 
that may result in emissions of VOCs and are not subject to or exempt from, the following rule 
(see Rule 66.1 for full list). 
 
Exemptions 
This rule does not apply to digital printing operations [Section(b)(1)(X)]. 
 
 

Bay Area AQMD 

 
BACT 
Source: BAAQMD Application # 28111 (See Appendix C) 
 

Digital Printing - Liquid Electrophotography 

VOC Collect and control emissions with an overall emission rate equivalent to 2.5 lb/gal 

NOx No Standard 

SOx No Standard 

PM10 No Standard 

PM2.5 No Standard 

CO No Standard 

 
T-BACT 
There are no T-BACT standards published in the clearinghouse for this category. 
 
RULE REQUIREMENTS 
 
Reg. 8, Rule 20 Graphic Arts Printing and Coating Operations (Amended 11/19/2008) 
 
This rule applies to graphic arts operations which is defined as a gravure, publication gravure, 
flexographic printing, digital printing, screen printing, letterpress, or lithographic printing operation; 
an associated coating, laminating, or adhesive operation to produce a printed product; and the 
use of solvents for any surface preparation or cleanup for any of the operations stated above.  
 
However, Section 8-20-120, provides a limited exemption for Digital Printing from the 
flexographic, gravure, publication gravure, letterpress, and lithographic product limit requirements 
(Section 8-20-302) and the cleaning product requirements (Section 8-20-309) of this rule. 
 

https://www.sdapcd.org/content/dam/sdapcd/documents/rules/current-rules/Rule-66.1.pdf
https://www.sdapcd.org/content/dam/sdapcd/documents/rules/current-rules/Rule-66.1.pdf
https://www.baaqmd.gov/~/media/dotgov/files/rules/reg-8-rule-20-graphic-arts-printing-and-coating-operations/documents/rg0820.pdf?rev=2149e8ddfdce45d4ab9c6a3dcbbd0a73
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Solvent Evaporative Loss Minimization: Pursuant to Section 8-20-320, the requirements of this 
Section shall apply to the use of solvent for surface preparation and cleanup and to the use, 
mixing, storage, and disposal of ink, coating or adhesive: 
 

1. An owner or operator shall not use open containers for the storage or disposal of cloth or 
paper impregnated with organic compounds that are used for surface preparation, cleanup 
or ink, coating or adhesive removal. 

2. An owner or operator shall not store in open containers spent or fresh organic compounds 
used for surface preparation, cleanup or removal of inks, coatings, or adhesives. 

3. An owner or operator shall not leave containers of ink, coating, adhesive or fountain 
solution open when not in use. 

 
Reg. 8, Rule 4 General Solvent and Surface Coating Operations (Amended 10/16/2002) 
 
This rule applies to the use of solvents and surface coatings in any operation other than those 
specified by other Rules of Regulation 8. Digital printing is regulated by Reg. 8 Rule 20 Graphics 
Art Printing. Therefore, Digital printing would be exempt from the requirements of this rule. 
 

Summary of Achieved in Practice Control Technologies 

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

SUMMARY OF ACHIEVED IN PRACTICE CONTROL TECHNOLOGIES 

Pollutant Standard 

VOC (A) For Printing Operations: 
1. Integral air pollution control system, consisting of an oil/water separator and 

refrigerated condenser, with an assumed control efficiency of 80%(A), comply with 
SMAQMD Rule 466 and 441. [SMAQMD] 

2. Integral air pollution control system, consisting of an oil/water separator and 
refrigerated condenser, with an assumed control efficiency of 80%(A) [SCAQMD] 

3. Collect and control equipment with an overall emission rate equivalent to 2.5 lb/gal 
[BAAQMD] 

4. Comply with VOC emission standards of SCAQMD Rule 1171. [SCAQMD] 
5. Comply with VOC emission standards BAAQMD Regulation 8, Rule 20, Sections 

8-20-320 and 8-20-308. [BAAQMD] 
 
For Organic Solvent Operations: 
Comply with VOC emission standards of SMAQMD Rule 441. [SMAQMD] 

NOx No standard 

SOx No standard 

PM10 No standard 

PM2.5 No standard 

CO No standard 

T-BACT Same as achieved in practice BACT for VOC. 

(A) A control efficiency of 80% is based on EPA’s Air Pollution Control Cost Manual for Refrigerated 
Condensers, pg. 2-15 (https://www3.epa.gov/ttn/catc/dir1/cs3-1ch2.pdf). 

 

https://www.baaqmd.gov/~/media/dotgov/files/rules/reg-8-rule-4-general-solvent-and-surface-coating-operations/documents/rg0804.pdf?rev=ac49766b34a34a969cee55dfcfb1d779&sc_lang=en
https://www3.epa.gov/ttn/catc/dir1/cs3-1ch2.pdf
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An integral air pollution control system consisting of an oil/water separator and refrigeration 
condenser is considered the most stringent control. Both SCAQMD and BAAQMD performed an 
evaluation on HP Indigo model printers which use the integral air pollution control system. 
SCAQMD determined that the control system is considered BACT while BAAQMD considers 
BACT to be an overall emission control system equivalent to less than 2.5 lb/gal. In BAAQMD’s 
evaluation the integral air pollution system was calculated to have an overall emission control 
system equivalent to 0.55 lb/gal (see Appendix C). Since there is limited test data on these control 
systems, a standard percent control will be reevaluated as more systems and more test data 
become available. For now, an estimation of 80% for control efficiency will be used based on 
EPA’s Air Pollution Control Cost Manual for Refrigerated Condensers. 
 
Digital printing is exempt from all districts’ graphic art rules and only requires record keeping for 
solvent and ink/coating usage. However, the digital printing operations would still be subject to 
solvent cleaning rules of SCAQMD, SMAQMD, and BAAQMD. The emission limits for solvent 
cleaning activities related to digital printing are consistent across SCAQMD Rule 1171 and 
SMAQMD Rule 466. Although the emission limits for solvent cleaning are the same for SCAQMD 
and SMAQMD Rules, the SCAQMD Rule exempts printing pre-press or graphic arts pre-press 
areas from the solvent cleaning limits and SMAQMD does not. Therefore, SMAQMD’s rule is 
considered more stringent than SCAQMD’s Rule. BAAQMD’s solvent cleaning rule is less 
stringent with a surface preparation solvent VOC limit of 50 g/l (0.42 lbs/gal) compared to 
SCAQMD & SMAQMD general solvent cleaning VOC limit of 25 g/l (0.21 lbs/gal). 
 
The following control technologies have been identified as the most stringent, achieved in practice 
control technologies: 
 

(A) A control efficiency of 80% is based on EPA’s Air Pollution Control Cost Manual for Refrigerated 
Condensers, pg. 2-15 (https://www3.epa.gov/ttn/catc/dir1/cs3-1ch2.pdf). This assumed control 
efficiency is subject to change as more test data becomes available. 

 

BEST CONTROL TECHNOLOGIES ACHIEVED 

Pollutant Standard Source 

VOC 1. Integral air pollution control system, consisting of an 
oil/water separator and refrigerated condenser, with an 
assumed control efficiency of 80%(A) or equivalent system. 

2. Use of materials compliant with SMAQMD Rule 466 – 
Solvent Cleaning. 

3. Comply with VOC emission standards of SMAQMD Rule 
441 – Organic Solvents. 

SMAQMD 

NOx No standard EPA, ARB, SMAQMD, 
SCAQMD, SJVAPCD, 
SDAPCD, BAAQMD 

SOx No standard 

PM10 No standard 

PM2.5 No standard 

CO No standard 

T-BACT Same as BACT for VOC SMAQMD 

https://www3.epa.gov/ttn/catc/dir1/cs3-1ch2.pdf
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SMAQMD Rule 441 Emission Limits 

Material 
Hourly Emission Limit 

kg/hr (lb/hr) 
Daily Emission Limit 

kg/day (lb/day) 

Organic Materials which come into 
contact with a flame or is baked, heat-
cured or heat-polymerized, in the 
presence of oxygen 

1.4 (3.1) 6.8 (15) 

Photochemically Reactive Solvents 3.6 (7.9) 18 (39.7) 

Non-photochemically reactive solvents 200 (441) 1,350 (2,970) 

 
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. 
 
Low VOC Ink Discussion 
The BAAQMD released the Bay Area 2010 Clean Air Plan and discussed possible control 
techniques. The plan discussed the possibility of low-VOC inks but found that currently, no low-
VOC inks are available. The BAAQMD states that “Lower VOC inks may be able to be developed, 
although the necessary properties of inks for some types of digital printing may preclude low-VOC 
formulations.” Therefore, low-VOC inks are currently not technologically feasible. 
 
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 Source 

VOC VOC control device with 98.5% overall system efficiency(A) SMAQMD 

NOx No other technologically feasible option identified EPA, ARB, SMAQMD, 
SCAQMD, SJVAPCD, 
SDAPCD, BAAQMD 

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 

(A) An overall system efficiency of 98.5% is based on technologies such as carbon adsorbers and thermal 
oxidizers. 

 
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 
 
A control technology is considered cost-effective if the cost of controlling one ton of that air 
pollutant is less than the limits specified below: 



BACT Determination 
Digital Printing – Liquid Electrophotography 
Page 11 of 14 
 

 
BACT Template Version 032118 

 
Pollutant Maximum Cost ($/ton) (A) 

NOx 36,700 

VOC 26,300 

CO 300 

SOx 18,300 

PM10 / PM2.5 11,400 

(A) Cost effectiveness thresholds effective as of July 1, 
2024. 

 
Cost Effectiveness Analysis Summary 
 
A previous general cost effectiveness analysis determined that 12,667 lb VOC/year was the 
highest allowable uncontrolled emission rate that did not require any add-on control devices. 
(SMAQMD BACT Determination No. 264, Appendix A). However, no digital printers permitted by 
SMAQMD have been required to install add-on controls since none of the digital printers have 
emissions greater than 12,667 lb VOC/year. HP Inc., Indigo Division (HP Indigo) had previously 
submitted vendor data for control costs of a digital printer to show that the cost effectiveness 
threshold of 8,683 lb VOC/year limit under BACT Determination No. 180 should be higher due to 
vendor cost quotes being higher than the EPA Cost Manual estimations. This BACT determination 
will continue to use the submitted vendor cost data.  
 
The cost analysis was processed in accordance with the EPA OAQPS Air Pollution Control Cost 
Manual (sixth Edition) with the following assumptions: 

 The sales tax rate was based on the SMAQMD standard rate of 8.5% as approved by the 
district on 10/17/16.  

 The electricity rate (13.8 cents/kWh) was based on the commercial rates as approved by 
the SMAQMD on 10/17/16.  

 The life of the equipment was based on the EPA cost manual recommendation. 
 The interest rate was based on the previous 6-month average interest rate on United 

States Treasury Securities (based on the life of the equipment) and addition of two 
percentage points and rounding up to the next higher integer rate.  

 The labor (Occupation Code 51-8099: Plant and System Operators) rate was based on 
data from the Bureau of Labor Statistics. 

 
Other Basic assumptions: 

 Single digital printing press. 
 Press room dimensions:  40’W x 60’L x 20’H (because the press room is relatively small, 

a hood or smaller full enclosure is not necessary) 
 The press room is assumed to be the enclosure with a collection efficiency of 100%, 

venting through a general ventilation system to a control device capable of achieving a 
98.5% control efficiency. Therefore, the carbon adsorption system will have an over-all 
collection/control efficiency of 98.5%. This is similar to the collection/control efficiency 
listed as technologically feasible in the BAAQMD BACT Guideline 83.1. 

 Cost calculations and assumptions are based on the EPA Air Pollution Control Cost 
Manual. 
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Carbon Adsorption System 
 

Waste Gas Flow Rate = 8,000 acfm (10 air changes per hour) 

Equipment Life = 10 years 

Total Capital Investment = $554,802 

Direct Annual Cost = $19,673 per year 

Indirect Annual Cost = $106,576 per year 

Total Annual Cost = $123,161 per year 

VOC Removed = 4.679 tons per year 

Cost of VOC Removal = $26,324 per ton reduced 

 
A detailed calculation of the cost effectiveness for VOC removal with a carbon absorber is shown 
in Appendix C. Uncontrolled VOC emissions of 9,500 lb/year or greater is the cost-effective 
threshold for control equipment using carbon absorption control technology. 
 
Thermal Oxidizer: 
 

Waste Gas Flow Rate = 20,000 acfm (EPA Recommended Value) 

Equipment Life = 20 years 

Total Capital Investment = $11,673,216 

Direct Annual Cost = $74,122 per year 

Indirect Annual Cost = $226,309 per year 

Total Annual Cost = $300,431 per year 

VOC Removed = 11.42 tons per year 

Cost of VOC Removal = $26,301 per ton reduced 

 
A detailed calculation of the cost effectiveness for VOC removal with a thermal oxidizer is shown 
in Appendix E. Uncontrolled VOC emissions of 22,840 lb/year or greater is the cost-effective 
threshold for control equipment using thermal oxidation control technology.  
 
Conclusion:  As shown in the above, an uncontrolled VOC emission level of 9,500 lb per year or 
greater must be reached for a carbon absorption system option to be considered cost effective. 
An uncontrolled VOC emission level of 22,840 lb per year or greater must be reached for a thermal 
oxidizer to be considered cost effective.  
 
Thus, the emissions level for which add-on controls are considered cost effective is 9,500 lb per 
year for VOC. 
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C. SELECTION OF BACT: 
 
Based on the review of SMAQMD, SCAQMD, SDCAPCD, BAAQMD, SJVAPCD, SBCAPCD, 
ARB, and EPA BACT Clearinghouses and cost effectiveness determinations, BACT for VOC, 
NOx, SOx, PM10, PM2.5, and CO will be the following: 
 

TABLE 1: BACT #374 FOR DIGITAL PRINTING – LIQUID ELECTROPHOTOGRAPHY 
< 9,500 LBS UNCONTROLLED VOC PER YEAR 

Pollutant Standard Source 

VOC 1. Integral air pollution control system, consisting of an 
oil/water separator and refrigerated condenser, with an 
assumed control efficiency of 80%(A) or equivalent system. 

2. Use of materials compliant with SMAQMD Rule 466 – 
Solvent Cleaning. 

3. Comply with VOC emission standards of SMAQMD Rule 
441 – Organic Solvents. 

SMAQMD 

NOx No standard EPA, ARB, SMAQMD, 
SCAQMD, SJVAPCD, 
SDAPCD, BAAQMD SOx No standard 

PM10 No standard 

PM2.5 No standard 

CO No standard 

(A) A control efficiency of 80% is based on EPA’s Air Pollution Control Cost Manual for Refrigerated 
Condensers, pg. 2-15 (https://www3.epa.gov/ttn/catc/dir1/cs3-1ch2.pdf). This assumed control 
efficiency is subject to change as more test data becomes available. 

 

TABLE 2: BACT #375 FOR DIGITAL PRINTING – LIQUID ELECTROPHOTOGRAPHY 
≥ 9,500 LBS UNCONTROLLED VOC PER YEAR 

Pollutant Standard Source 

VOC 1. A VOC control device that has an overall system 
efficiency (collection and destruction) of at least 98.5% 
for VOC. 

2. Use of materials compliant with SMAQMD Rule 466 – 
Solvent Cleaning. 

3. Comply with VOC emission standards of SMAQMD Rule 
441 – Organic Solvents. 

SMAQMD, BAAQMD 

NOx No standard EPA, ARB, SMAQMD, 
SCAQMD, SJVAPCD, 
SDAPCD, BAAQMD SOx No standard 

PM10 No standard 

PM2.5 No standard 

CO No standard 

 
  

https://www3.epa.gov/ttn/catc/dir1/cs3-1ch2.pdf
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D. SELECTION OF T-BACT: 
 
As previously established under BACT Determination Nos. 263 & 264, T-BACT will be compliance 
with BACT for VOCs with add on control. For projects also involving publication rotogravure 
presses, product and packaging rotogravure presses, or wide-web flexographic printing presses, 
T-BACT will be determined on a case-by-case basis: 
 

T-BACT FOR DIGITAL PRINTING – LIQUID ELECTROPHOTOGRAPHY 

Pollutant Standard Source 

Organic 
HAP/VHAP 

1. A VOC control device that has an overall system 
efficiency (collection and destruction) of at least 98.5% 
for VOC. 

2. Use of materials compliant with SMAQMD Rule 466 – 
Solvent Cleaning. 

3. Comply with VOC emission standards of SMAQMD 
Rule 441 – Organic Solvents. 

SMAQMD 

 

APPROVED BY: Brian F Krebs DATE: 08-19-2024 
 



Appendix A 
BACT Determinations Published by Air District Clearinghouses 

 

 

EXPIRED SMAQMD BACT CLEARINGHOUSE 

CATEGORY Type: PRINTING PROCESS 

BACT Size: MINOR SOURCE BACT 

BACT Determination Number: 263 BACT Determination Date: 9/22/2020 

Equipment Information 

Permit Number: N/A – Generic BACT Determination 

Equipment Description: PRINTING PRESS - DIGITAL PRINTER 

Unit Size/Rating/Capacity: < 12,667 lbs uncontrolled VOC 

Equipment Location:  

 

BACT Determination Information 

District Contact: Jeff Quok Phone No.: (279) 207-1145 email: jquok@airquality.org 

ROCs Standard:  

Technology 
Description: 

1.Integral air pollution control system, consisting of an oil/water separator and refrigerated 
condenser, with an assumed control efficiency of 80%(A) or equivalent system. 
2.Use of materials compliant with SMAQMD Rule 466 – Solvent Cleaning. 

Basis: Achieved in Practice 

NOx Standard:  

Technology 
Description: 

No Standard 

Basis:  

SOx Standard:  

Technology 
Description: 

No Standard 

Basis:  

PM10 Standard:  

Technology 
Description: 

No Standard 

Basis:  

PM2.5 Standard:  

Technology 
Description: 

No Standard 

Basis:  

CO Standard:  

Technology 
Description: 

No Standard 

Basis:  

LEAD Standard:  

Technology 
Description: 

No Standard 

Basis:  

Comments: T-BACT: 
1. A VOC control device that has an overall system efficiency (collection and destruction) of at least 98.5% for VOC. 
2. Use of materials compliant with SMAQMD Rule 466 – Solvent Cleaning. 

3. Comply with VOC emission standards of SMAQMD Rule 441 – Organic Solvents. 
Printed: 6/27/2024 

 



 

 

EXPIRED SMAQMD BACT CLEARINGHOUSE 

CATEGORY Type: PRINTING PROCESS 

BACT Size: MINOR SOURCE BACT 

BACT Determination Number: 264 BACT Determination Date: 9/22/2020 

Equipment Information 

Permit Number: N/A – Generic BACT Determination 

Equipment Description: PRINTING PRESS - DIGITAL PRINTER 

Unit Size/Rating/Capacity: ≥ 12,667 LBS UNCONTROLLED VOC PER YEAR 

Equipment Location:  

 

BACT Determination Information 

District Contact: Jeff Quok Phone No.: (279) 207-1145 email: jquok@airquality.org 

ROCs Standard:  

Technology 
Description: 

1. A VOC control device that has an overall system efficiency (collection and destruction) of at least 98.5% for VOC. 
2. Use of materials compliant with SMAQMD Rule 466 – Solvent Cleaning. 
3. Comply with VOC emission standards of SMAQMD Rule 441 – Organic Solvents. 

Basis: Cost Effective 

NOx Standard:  

Technology 
Description: 

No Standard 

Basis:  

SOx Standard:  

Technology 
Description: 

No Standard 

Basis:  

PM10 Standard:  

Technology 
Description: 

No Standard 

Basis:  

PM2.5 Standard:  

Technology 
Description: 

No Standard 

Basis:  

CO Standard:  

Technology 
Description: 

No Standard 

Basis:  

LEAD Standard:  

Technology 
Description: 

No Standard 

Basis:  

Comments: T-BACT is equivalent to BACT 

 
Printed: 6/27/2024 
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Appendix C 
BAAQMD Evaluation Application #28111 

 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



Appendix D 
Cost Effectiveness Determination for Carbon Adsorption 

 

 
Data Inputs 

Select the type of carbon adsorber system:  Fixed-Bed Carbon Adsorber with Steam Regeneration 

   

For fixed-bed carbon adsorbers, provide the following information:  

Select the type of operation:  Continuous Operation 

Select the type of material used to fabricate the carbon adsorber vessels:  Stainless Steel, 304 

Select the orientation for the adsorber vessels:  Horizontal 

 
Enter the design data for the proposed Fixed-Bed Carbon Adsorber with Steam Regeneration 
    

Number of operating hours per year (Ɵs) 2,080 hours/year  

Waste Gas Flow Rate (Q) 8,000 acfm* *acfm is actual cubic feet/min 

VOC Emission Rate (mvoc) 4.5673 lbs/hour  

       

Required VOC removal efficiency (E) 98.5 percent  

Superficial Bed Velocity (vb) 75.00 ft/min  

Estimated equipment life of adsorber vessels and auxiliary Equipment (n) 10 Years  

Estimated Carbon life (n) 5 Years  

Total Number of carbon beds (Ntotal) 3 Beds* * 3 beds is the default. User should enter actual number of beds, if known. 

Number of carbon beds adsorbing VOC when system is operating (NA) 2 Beds* * 2 beds is the default. User should enter actual number of beds, if known. 

Total time for adsorption (ƟA) 12 hours* * 12 hours is a default value. User should enter actual value, if known. 

Total time for desorption (ƟD) 6 hours  

Estimated Carbon Replacement Rate (CRR)  379 lbs/hour* * 379 lbs./hour is a default value. User should enter actual value, if known. 

 
Enter the Characteristics of the VOC/HAP:   
    

Name of VOC/HAP Toluene   

Partial Pressure of Toluene in waste gas stream 0.0104 psia 

Parameter "k" for Toluene 0.551 Note: 

Parameter "m" for Toluene 0.110 Typical values of "k" and "m" for some common VOCs are shown in Table A.  

 
Enter the cost data for the carbon adsorber:         
          

Desired dollar-year  2024         

CEPCI* for 2024 800.7 CEPCI value for 2024 390.6 1999    

Annual Interest Rate (i) 6.5 percent (Current bank prime rate)      

            
* CEPCI is the Chemical Engineering Plant Cost Index. The use of CEPCI in this spreadsheet is not an endorsement of the index for purpose of cost escalation or de-escalation but is there merely to allow for availability of 
a well-known cost index to spreadsheet users. Use of other well-known cost indexes (e.g., M&S) is acceptable. 
 



 

 

Enter the cost data for the carbon adsorber:         
Electricity (Pelec) $0.1380 per kWh       

Steam (Ps) $5.00 per 1,000 lbs* * $5.00/1,000 lbs is a default value. User should enter actual value, if known. 

Cooling Water (Pcw) $3.55 per 1,000 gallons of water* * $3.55/1,000 gallons is a default value. User should enter actual value, if known. 

Operator Labor Rate $28.80 per hour       

Maintenance Labor Rate $31.68 per hour       

Carbon Cost (CC) $4.20 per lb 
* $4.20/lb is a default value based on 2018 market price. User should enter actual value, if 
known. 

         

Re-Sale Value of Recovered VOC (Pvoc) $0.33 per lb* 

* $0.33/lb is a default value for recovered toluene based on 2018 data. User should enter 
actual value of recovered VOC/HAP, if known. Enter zero if the recovered VOC/HAP cannot 
be sold or re-used onsite. 

Disposal/Treatment Cost for Recovered VOC (Dvoc) $0.00 per lb* 

* $0/lb is a default value for disposal and/or treatment of recovered VOC/HAP. User 
should enter actual value, if known. Enter zero if the recovered VOC/HAP can be sold or 
re-used onsite without additional treatment. 

         
If known, enter any additional costs for site preparation and building construction/modification:       

Site Preparation (SP) = $0 * Default value. User should enter actual value, if known. 

Buildings (Bldg) = $0 * Default value. User should enter actual value, if known. 

Equipment Costs for auxiliary equipment (e.g., ductwork, 
dampers, and stack) (ECaux) = $32,200        

Contingency Factor (CF) 10.0 percent* 
* 10 percent is a default value. The contingency factor should be between 5 and 15 
percent. 

 
Data Sources for Default Values Used in Calculations:  
     

Data Element Default Value Sources for Default Value 

If you used your own site-specific values, 
please reference the source from which 
the site-specific value was derived.  

Recommended data sources for site-
specific information 

Carbon Cost ($/lb) $1.90 January 2018 market price for virgin 
carbon. 

  Check with activated carbon vendors for 
current prices.  

Operator Labor Rate ($/hour) $27.48 Bureau of Labor Statistics, May 2017 
National Occupational Employment and 
Wage Estimates – United States, May 
2017 
(https://www.bls.gov/oes/current/oes_n
at.htm). Hourly rates for operators based 
on data for plant and System Operators – 
other (51-8099). 

Bureau of Labor Statistics, May 2023 
National Occupational Employment and 
Wage Estimates – United States, May 
2023 
(https://www.bls.gov/oes/current/oes_n
at.htm). Hourly rates for operators based 
on data for plant and System Operators – 
other (51-8099). 

Use payroll data, if available, or check 
current edition of the Bureau of Labor 
Statistics, National Occupational 
Employment and Wage Estimates – 
United States 
(https://www.bls.gov/oes/current/oes_n
at.htm). 

Maintenance Labor Rate ($/hour) $30.23 Estimated as 110 percent of operator 
labor rate. 

  Use payroll data, if available, or check 
current edition of the Bureau of Labor 
Statistics, National Occupational 
Employment and Wage Estimates – 
United States 
(https://www.bls.gov/oes/current/oes_n
at.htm).   



 

 

Data Sources for Default Values Used in Calculations:  
     

Value of Recovered VOC ($/lb.) $0.33 January 2018 market price for recovered 
toluene. 

  Check with reagent vendors for current 
prices.  

Disposal/Treatment Cost for Recovered 
VOC ($/lb) 

$0.00 No additional treatment or disposal costs 
- Recovered VOC can be sold to a solvent 
recovery company. 

  Check with reagent recyclers for current 
prices or enter estimated costs for onsite 
treatment, as applicable. 

Steam ($/1,000 lb) $5.00 Price of steam was estimated by 
multiplying the average price of natural 
gas for industrial facilities ($4.00/MMBtu) 
by 1.3 and converting to $/1,000 lb of 
steam. Natural gas price is the 2017 
average price for industrial facilities 
published by the U.S. Department of 
Energy, Energy Information 
Administration (see 
https://www.eia.gov/dnav/ng/ng_pri_su
m_dcu_nus_a.htm). 

  Use actual values if known or estimate 
steam cost as 1.3 x Fuel Cost for oil and 
gas-fired facilities. See also Department of 
Energy, Energy Efficiency and Renewable 
Energy, A Best Practices Steam Technical 
Brief: How to Calculate the True Cost of 
Steam, DOE/GO-102003-1736, September 
2003 (available at 
https://www.energy.gov/sites/prod/files/
2014/05/f15/tech_brief_true_cost.pdf). 

Cooling Water ($/1,000 gallons) $3.55 Average water rates for industrial 
facilities in 2013, compiled by Black & 
Veatch. (see 2012/2013 "50 Largest Cities 
Water/Wastewater Rate Survey." 
Available at 
http://www.saws.org/who_we_are/com
munity/RAC/docs/2014/50-largest-cities-
brochure-water-wastewater-rate-
survey.pdf. 

  Use actual values if known or estimate 
steam cost as 1.3 x Fuel Cost for oil and 
gas-fired facilities. See also Department of 
Energy, Energy Efficiency and Renewable 
Energy, A Best Practices Steam Technical 
Brief: How to Calculate the True Cost of 
Steam, DOE/GO-102003-1736, September 
2003 (available at 
https://www.energy.gov/sites/prod/files/
2014/05/f15/tech_brief_true_cost.pdf). 

Electricity Cost ($/kWh) $0.07 Average annual electricity cost for 
industrial plants is based on 2017 price 
data compiled by the U.S. Energy 
Information Administration from data 
reported on Form EIA-861 and 861S, 
(http://www.eia.gov/electricity/data.cfm
#sales).   

The electricity rate (13.8 cents/kWh) was 
based on the commercial rates as 
approved by the SMAQMD on 10/17/16. 

Plant's utility bill or use U.S. Energy 
Information Administration (EIA) data for 
most recent year. Available at 
http://www.eia.gov/electricity/data.cfm#
sales.  

 
  



 

 

Design Parameters 
        
The following design parameters for the carbon adsorber were calculated based on the values entered on the Data Inputs tab. These values were used to prepare the costs shown on the Cost 
Estimate tab. 
Type of Carbon Adsorber: Fixed-Bed Carbon Adsorber with Steam Regeneration     
Name of VOC Controlled: Toluene     
        
Parameter Equation Calculated Value Units 
Quantity of Toluene Recovered:       
Quantity of Toluene Recovered (Wvoc) = Wvoc = mvoc x Ɵs x E = 4.679 tons/year 
Time required for Desorption (ƟD) =   6 hours 
Time for Adsorption (ƟA) =   12 hours 
Time Available for Desorption =  ƟA (ND/NA) =  6 hours 
      
      
Adsorber Parameters:        
Equilibrium Capacity at the Inlet (We(max)) = k x Pm =  0.333 lb. VOC/lb. Carbon 
Working Capacity (wc) = 0.5 x we(max) =  0.167 lb. VOC/lb. Carbon 
Adjustment Factor for Adorber Vessel Material (Fm ) =   1.0  (* Stainless Steel, 304) 
Number of Bed Desorbing (ND) =  Ntotal - NA = 1 Bed 
Number of Bed Adsorbing (NA) =    2 Bed 
        
Volumetric Flow Rate for each Vessel (Q') = Q/NA = 4,000  acfm/Bed 
Carbon Bed Thickness (tb) =  Vendor Specs 3.30  ft.  
Pressure Drop (ΔPs) =  tb x (0.03679vb +1.107x10-4vb

2) + 1 = 12.16 inches 
Cooling Fan Operating Time (Ɵcf) =  0.4 x ƟD x  (NA x Ɵs)/ƟA =  832 hours 
Estimated Carbon Required:    
Estimated Carbon Consumption (Mc) for a continuously operated system =  (mvoc/wc) x ƟA (1 + ND/NA)  =  493 lbs. 
Carbon Required for each Vessel (Mc') = Mc /(NA + ND) = 164 lbs./Bed 
Estimated Adsorber Vessel Dimensions and Surface Area:     
Vessel Orientation =    Horizontal   
Vessel Diameter (D) = Vendor Specs 8.24 ft. 
Vessel Length (L) = Vendor Specs 7.30 ft. 
Surface Area of Adsorber Vessel (S) =  π x D x (L+D/2) = 296 sq.ft 
Electricity Consumption:    
Electricity Consumed by the system fan (Qsf) = (0.746kW/hp) x 2.5x10-4 x Q x ΔPs x Ɵs = 37,738  kWh/year 
Electricity Consumed by the cooling fan (Qcf) =  (0.746kW/hp) x 2.5x10-4 x Qcf x ΔPs x Ɵcf = 5,661  kWh/year 

Electricity Consumed by the Cooling Water Fan (Qcwf) =  
(0.746kW/hp) x [2.52x10-4 x 100/η] x [Ɵcwp /(0.6 x ƟD x NA x ƟD/ƟA )x 
60 mins/hour]  = 164  kWh/year 

Total Estimated Electricity Consumption (QElec) =  Qsf + Qcf + Qcsf = 43,562  kWh/year 
    
Steam Consumption:    
Total Steam Consumption (QSteam) =  = 3.5 x Mvoc x Ɵs =  33,250  lbs./year 
    
    
Cooling Water Consumption:       



 

 

Design Parameters 
Total Cooling Water Consumption (Qcw) =  = 3.43 x Cs/Ps =  114,047  gallons/year 
    
Capital Recovery Factor:    
Capital Recovery Factor for adsorber vessels and auxiliary equipment 
(CFRabsorber)= 

[i × (1 + i)n] / [(1 + i)n - 1] = 0.1391  
Where n = Equipment Life and i = Interest Rate   

Capital Recovery Factor for carbon (CRFCarbon) =  
[i × (1 + i)n] / [(1 + i)n - 1] = 0.2406  
Where n = Carbon Life and i = Interest Rate   

 
  



 

 

Cost Estimate 
 

Capital Costs 
    
Estimated capital costs for a Fixed-Bed Carbon Adsorber with Steam Regeneration with the following characteristics: 

VOC Controlled/Recovered = Toluene 
Adsorber Vessel Orientation = Horizontal 

Operating Schedule = Continuous Operation 
Total Capital Investment (TCI) (in 2024 dollars)    
Parameter Equation Cost  
Costs for Each Carbon Adsorber Vessel (Cv) = 271 x Fm x S0.778 = $46,446  
Total Cost for All Carbon Adsorber Vessels and Carbon (ECAdsorb) = 5.82 x Q-0.133 x [Cc + (NA + ND) x Cv] = $249,050  

Auxiliary Equipment (ECaux) = 
(Based on design costs or estimated using methods provided in 
Section 2)  $32,200  

Total Purchased Equipment Costs for Carbon Adsorber (A) = = ECAdsorb + ECaux = $281,250  
      
Instrumentation = 0.10 × A = Included in A  
Sales taxes = 0.085 × A = $23,906  
Freight = 0.05 × A = $14,062  
 Total Purchased Equipment Costs (B) = $319,218  
Direct Installation Costs (in 2024 dollars)    
Parameter Equation Cost  
Foundations and Supports = 0.08 × B = $25,537  
Handling and Erection = 0.14 × B = $44,691  
Electrical = 0.04 × B = $12,769  
Piping = 0.02 × B = $6,384  
Insulation = 0.01 × B = $3,192  
Painting = 0.01 × B = $3,192  
Site Preparation (SP) =   $0  
Buildings (Bldg) =   $0  
  Total Direct Costs (DC) =  B + (0.3 × B) + SP + Bldg =  $414,984  
Total Indirect Installation Costs (in 2024 dollars)    
Parameter Equation Cost  
Engineering =  0.10 × B = $31,922  
Construction and field expenses =  0.05 × B = $15,961  
Contractor fees = 0.10 × B = $31,922  
Start-up = 0.02 × B = $6,384  
Performance test = 0.01 × B = $3,192  
    

 Total Indirect Costs (IC) = $89,381  
Contingency Cost (C) = CF(IC+DC)= $50,437  
Total Capital Investment (TCI) = DC + IC + C = (1.28 × B) + SP + Bldg. + C = $554,802 in 2024 dollars 

 
Annual Costs 

Direct Annual Costs       



 

 

Annual Costs 
Parameter Equation Cost   
Annual Electricity Cost = QElec  × Pelec = $6,012  
Annual Steam Cost (Cs) = 3.50 x mvoc x Ɵs x Ps = $166  
Annual Cooling Water Cost (Ccs) = 3.43 x Cs/Ps x Pwc =  $405  
Operating Labor Costs:  Operator = 0.5 hours/shift × Labor Rate × (Operating hours/8 hours/shift) $3,744  
 Supervisor = 15% of Operator $562  
Maintenance Costs: Labor = 0.5 hours/shift × Labor Rate × (Operating Hours/8 hours/shift) $4,118  
 Materials = 100% of maintenance labor $4,118  
Carbon Replacement Costs: Labor = CRFcarbon x (Labor Rate × Mc)/CRR =  $10  
 Carbon = CRFcarbon x CC x Mc x 1.08 =  $538  
    
    
Direct Annual Costs (DAC) =   $19,673 in 2024 dollars 
Indirect Annual Costs      
Parameter Equation Cost   
Overhead = 60% of sum of operator, supervisor, maintenance labor Plus maintenance materials $7,525  
Administrative Charges = 2% of TCI $11,096  
Property Taxes = 1% of TCI $5,548  
Insurance = 1% of TCI $5,548  
Capital Recovery = CRFAdsorber × (TCI - [(1.08 x CC x Mc) + (LR x Mc/CRR)] = $76,859  
Indirect Annual Costs (IAC) =   $106,576 in 2024 dollars 
Recovered Solvent Credit/Disposal Costs      
       
Disposal Cost      
Parameter Equation Cost   
VOC Disposal/Treatment Costs (Disposalcost) = mvoc x Ɵs x Dvoc x E = $0   
       
 VOC Recovery Credit      
Parameter Equation Cost   
Annual Recovery Credit for Condensate (RC) = mvoc × Ɵs x Pvoc x E = $3,088  
Total Annual Cost  (TAC) = DAC + IAC + C + DisposalCost - RC  = $123,161 in 2024 dollars 

 
  



 

 

Cost Effectiveness 
       
Cost Effectiveness       
Parameter Equation Cost   
Total Annual Cost = TAC = $123,161 per year in 2024 dollars 
Annual Quantity of VOC Removed/Recovered = Wvoc = mvoc x Ɵs x E = 4.679 tons/year 
Cost Effectiveness =  Total Annual Cost (TAC) / Annual Quantity of VOC Removed/Recovered = $26,323.62 per ton of pollutants removed/ 

recovered in 2024 dollars 
       

 



Appendix E 
Cost Effectiveness Determination for Thermal Oxidizers 

 

 
Data Inputs 

Select the Type of Oxidizer Regenerative Thermal Oxidizer 
Enter the following information for your emission source:  

 
Composition of Inlet Gas Stream     

Pollutant Name 
Concentration 

(ppmv) 
Lower Explosive 

Limit (LEL) (ppmv)* 
Heat of Combustion 

(Btu/scf) 
Molecular 

Weight  

Note: The lower explosion limit (LEL), heat of combustion and molecular 
weight for some commonly used VOC/HAP are provided in the table 
below. In addition, the heat of combustion to be entered in column D is 
a lower heating value (LHV), not a higher heating value (HHV). 

Toluene 2,560 11,000 4,274 92.13  
      
         
         
         
         
         
         
         
         

 
Enter the design data for the proposed oxidizer: 
         

Number of operating hours/year 2,080 hours/year  Percent Energy Recovery (HR) =  70 Percent 

Inlet volumetric flow rate(Qwi) at 77oF and 1 
atm. 20,000 scfm* * 20,000 scfm is a default volumetric flow rate. User should enter actual value, if known. 

Pressure drop (ΔP) 19 inches of water 
* 19 inches of water is a default pressure drop for thermal oxidizers. User should enter actual value, if 
known. 

Motor/Fan Efficiency (ε) 60 percent* * 60% is a default fan efficiency. User should enter actual value, if known. 

Inlet Waste Gas Temperature (Twi) 100 °F* * 100°F is a default temperature. User should enter actual value, if known. 

Operating Temperature (Tfi) 2,000 °F* 
* Note: Default value for Tfi is 2000°F for thermal regenerative oxidizers. Use actual value if known. Tfi 
for regenerative oxidizers typically between 1800 and 2000°F. 

Destruction and Removal Efficiency (DRE) 98.5 percent   

Estimated Equipment Life 20 Years* * 20 years is the typical equipment life. User should enter actual value, if known. 

Heat Loss (η) 1 percent* 
* 1 percent is a default value for the heat loss. User should enter actual value, if known. Heat loss is 
typically between 0.2 and 1.5%. 

         

 
  



 

 

Enter the cost data: 

Desired dollar-year 2024          
CEPCI* for 2024 800.7 Enter the CEPCI value for 2024 536.4 2016 CEPCI *Enter dollar year first. 

Annual Interest Rate (i) 6.50 %          

Electricity (Costelect) 0.138 $/kWh         

Natural Gas Fuel Cost (Costfuel) 0.00804 $/scf       

Operator Labor Rate $28.80 per hour         

Maintenance Labor rate $31.68 per hour         

Contingency Factor (CF) 10.0 Percent       * 10 percent of the total capital investment F45is a 
default value for construction contingencies. User may 
enter values between 5 and 15 percent. 

       
       

 

* CEPCI is the Chemical Engineering Plant Cost Escalation/De-escalation Index. The use of CEPCI in this spreadsheet is not an endorsement of 
the index for purposes of cost escalation or de-escalation, but is there merely to allow for availability of a well-known cost index to 
spreadsheet users. Use of other well-known cost indexes (e.g., M&S) is acceptable. 

 
Data Sources for Default Values Used in Calculations:  
Parameters for Common Compounds: 

Compound LEL (ppmv) Heat of Combustion (Btu/scf) Molecular Weight 

Methane* 50,000 911 16.04 

Ethane 30,000 1,631 30.07 

Propane 21,000 2,353 44.09 

Butane 19,000 3,101 58.12 

Pentane 14,000 3,709 72.15 

Hexane 11,000 4,404 86.17 

Octane 10,000 5,796 114.23 

Nonane 8,000 6,493 128.25 

Decane 8,000 7,190 142.28 

Ethylene** 27,000 1,499 28.05 

Propylene 20,000 2,182 42.08 

Cyclohexane 13,000 4,180 84.16 

Benzene** 14,000 3,475 78.11 

Toluene** 11,000 4,274 92.14 

Methyl Chloride (Chloromethane)** 82,500 705 50.49 

Footnotes       
* Greenhouse gas.       
** Hazardous air pollutant.       

 
  



 

 

Data Element 
Default 
Value 

Sources for Default Values used in 
the calculation . . .  

If you used your own site-specific 
values, please enter the value used 
and the reference source . . .  

Recommended data 
sources for site-specific 
information 

Electricity Cost ($/kWh) 0.0641 Average annual electricity cost for industrial 
plants is based on 2016 price data compiled by 
the U.S. Energy Information Administration 
from data reported on Form EIA-861 and 861S, 
(https://www.eia.gov/electricity/annual/html/
epa_02_04.html).   

The electricity rate (13.8 cents/kWh) was based on 
the commercial rates as approved by the SMAQMD 
on 10/17/16. 

Plant's utility bill or use U.S. Energy 
Information Administration (EIA) 
data for most recent year. Available 
at 
http://www.eia.gov/electricity/dat
a.cfm#sales.  

Fuel Cost ($/Mscf) 3.51 Annual average price paid for natural gas by 
industrial facilities in 2016 from the U.S. Energy 
Information Administration. Available at 
http://www.eia.gov/dnav/ng/hist/n3035us3A.
htm. 

The electricity rate (8.04 $/MCF) was based on the 
commercial rates as approved by the SMAQMD on 
10/17/16. 

Check with fuel supplier or use U.S. 
Energy Information Administration 
(EIA) data for most recent year." 
Available at 
http://www.eia.gov/dnav/ng/hist/
n3035us3A.htm. 

Operator Labor ($/hour) 26.61 Bureau of Labor Statistics, May 2016 National 
Occupational Employment and Wage Estimates 
– United States, May 2016 
(https://www.bls.gov/oes/current/oes_nat.ht
m). Hourly rates for operators based on data for 
plant and System Operators – other (51-8099). 

Bureau of Labor Statistics, May 2023 National 
Occupational Employment and Wage Estimates – 
United States, May 2023 
(https://www.bls.gov/oes/current/oes_nat.htm). 
Hourly rates for operators based on data for plant 
and System Operators – other (51-8099). 

Use plant-specific labor rate. 

Maintenance Labor ($/hour) 27.40 Bureau of Labor Statistics, May 2016 National 
Occupational Employment and Wage Estimates 
– United States, May 2016 
(https://www.bls.gov/oes/current/oes_nat.ht
m). Hourly rates for maintenance workers based 
on electrical and electronics commercial and 
industrial equipment repairers (49-2094). 

  Use plant-specific labor rate. 

 
  



 

 

Design Parameters 
The following design parameters for the oxidizer were calculated based on the values entered on the Data Inputs tab. These values were used to prepare the costs shown on the Cost Estimate 
tab. 

 
Composition of Inlet Gas Stream 

Pollutant Name 
Concentration in Waste Stream 
(ppmv) From Data Inputs Tab 

Adjusted Concentration with 
Dilution Air (ppmv) 

Toluene 2,560 NA 
0 0 NA 
0 0 NA 
0 0 NA 
0 0 NA 
0 0 NA 
0 0 NA 
0 0 NA 
0 0 NA 
0 0 NA 

Total  2,560 0 

 
Constants used in calculations:    
Temperature of auxiliary fuel (Taf) = Reference Temperature (Tref) = 77.0 °F 
Density of auxiliary Fuel at 77 °F (ρaf) =  0.0408 lb/ft3 
Heat Input of auxiliary fuel (-Δhcaf) =  21,502 Btu/lb 
Density of waste gas at 77 °F (ρwi) =  0.0739 lb/ft3 
Mean Heat Capacity of Air (Cpmair) (For thermal oxidizers) 0.255 Btu/lb °F 

 

Parameter Equation 
Calculated 

Value Units  
Calculated 

Value Units 
Sum of volume fraction of combustible components =  = (∑xi) = 2,560 ppmv  

 

Lower Explosive Limit of waste gas (LELmix) = [∑((xj)/((∑xi) × LELj))]-1 = 11,000 ppmv  
 

 
Where xj is the volume fraction and LELj the lower 
explosive limit for each combustible component in the 
waste gas. 

     
 

% LELmix  = (Total Combustible Conc. In Mixture/LELmix) × 100 = 23.27 percent * Note: Since the LEL of the waste gas 
stream is below 25%, no dilution air is 
needed. 

Dilution Factor  = (LELmix x 0.249)/(∑xi) = Not 
applicable 

  

Lower Explosive Limit (LEL) of waste gas after addition of 
dilution air 

= (Total Adjusted Conc. With Dilution Air/LELmix) × 100 = Not 
Applicable 

   
 

Inlet volumetric flow rate(Qwi) at 77°F and 1 atm. (From Data Entry Tab) =  20,000 scfm  
 

Oxygen Content of gas stream =  100 - (∑xj × 100/106) = 20.85 percent    
Fan Power Consumption (FP) = [(1.17 × 10-4) × Qwi × ΔP]/ε 74.1 kW  

 

Qwo ≈ Qwi = 20,000 scfm  
 

Operating temperature of oxidizer (Tfi)  (From Data Entry Tab) = 2,000 °F  
 

Temperature of waste gas at outlet to preheater (Two) = Heat Recovery × (Tfi - Twi) + Twi = 1,430 °F Note:  this temperature is relevant for 
incinerators, but not for the RTOs (both 
regenerative and recuperative). 



 

 

Parameter Equation 
Calculated 

Value Units  
Calculated 

Value Units 
Temperature of flue gas exiting the regenerative oxidizer 
(Tfo)  

= Tfi - 0.95(Tfi - Twi) = 195 °F  Regenerative oxidizer 

Heat Input of waste gas (-Δhcwi) = ∑ (-∆hci) xi  
Where (-∆hci) is the heat of combustion and xi the fraction 
of component "i" at 77 °F.  

10.94 Btu/scf  148.0 Btu/lb 

Estimated Auxiliary Fuel Flow (Qaf) at 77 °F and 1 atm. (Calculated using Equation 2.45 in Appendix B) -208.40 scfm Note: Negative value for calculated Qaf 
indicates that the waste gas is sufficient to 
support combustion. 

Auxiliary fuel Energy Input = 
 

0 Btu/min 

Minimum Energy required for combustion stabilization = = 5% × Total Energy Input  
= 0.05 × ρfi × Qfi × Cpmfi × (Tfi - Tref) = 

35,243 Btu/min  
  

Is the calculated auxiliary fuel sufficient to stabilize combustion? 
(Note: If the auxiliary fuel energy input > 5% of Total Energy Input, then the auxilary fuel is sufficient.)  

No   Note: Additional auxiliary fuel equivalent 
to 5% of total energy input is required to 
stabilize combustion. Auxiliary fuel flow (Qaf) (adjusted for fuel required for combustion stabilization) at 77°F and 1 atm. = 40 scfm 

Total Volumetric Throughput (Qtot) at 77 °F and 1 atm.  = Qfi = Qwo + Qa + Qaf = Qwi + Qaf = 20,040 scfm  
  

 
Capital Recovery Factor:         
Parameter Equation Calculated Value   
Capital Recovery Factor (CRF) =  i (1+ i)n/(1+ i)n - 1 = 0.0908   
  Where n = Equipment Life and i= Interest Rate     

 
  



 

 

Cost Estimate 
Direct Costs 

Total Purchased equipment costs (in 2024 dollars) 
Incinerator + auxiliary equipmenta (A) =     
Equipment Costs  (EC) for Regenerative Oxidizer  =(2.204 x 100,000 + 11.57 Qtot) x (2024 CEPI/1999 CEPCI) =  $815,869 in 2024 dollars 
Instrumentationb = 0.10 × A = $81,587  
Sales taxes = 0.03 × A = $24,476  
Freight = 0.05 × A = $40,793  

Total Purchased equipment costs (B) =  $962,725 in 2024 dollars 
Footnotes       
a - Auxiliary equipment includes equipment (e.g., duct work) normally not included with unit furnished by incinerator vendor.     
b - Includes the instrumentation and controls furnished by the incinerator vendor.     

Direct Installation Costs (in 2024 dollars) 
Foundations and Supports = 0.08 × B = $77,018  
Handling and Erection = 0.14 × B = $134,781  
Electrical = 0.04 × B = $38,509  
Piping = 0.02 × B = $19,254  
Insulation for Ductwork = 0.01 × B = $9,627  
Painting = 0.01 × B = $9,627  
Site Preparation (SP) =  $0  
Buildings (Bldg) =  $0  
  Total Direct Installaton Costs =  $288,817  
Total Direct Costs (DC) =  B + C + SP + Bldg =  $1,251,542 in 2024 dollars 

Total Indirect Installation Costs (in 2024 dollars) 
Engineering =  0.10 × B = $96,272  
Construction and field expenses =  0.05 × B = $48,136  
Contractor fees = 0.10 × B = $96,272  
Start-up = 0.02 × B = $19,254  
Performance test = 0.01 × B = $9,627  

Total Indirect Costs (IC) = $269,563   
Continency Cost (C ) = CF(IC+DC)= $152,111  
Total Capital Investment = DC + IC +C = $1,673,216 in 2024 dollars 

 
  



 

 

Direct Annual Costs 
Annual Electricity Cost  = Annual Electricity Usage × Operating Hours/year × Electricity Price = $21,270  
Annual Fuel Costs for Natural Gas = Costfuel × Fuel Usage Rate × 60 min/hr × Operating hours/year $40,309  
Operating Labor Operator = 0.5hours/shift × Labor Rate × (Operating hours/8 hours/shift) $3,744  
 Supervisor = 15% of Operator $562  
Maintenance Costs Labor = 0.5 hours/shift × Labor Rate × (Operating Hours/8 hours/shift) $4,118  
 Materials = 100% of maintenance labor $4,118  
Direct Annual Costs (DC) =   $74,122 in 2024 dollars 

Indirect Annual Costs 

Overhead 
= 60% of sum of operating, supervisor, maintenance labor and maintenance 
materials $7,525  

Administrative Charges = 2% of TCI $33,464  
Property Taxes = 1% of TCI $16,732  
Insurance = 1% of TCI $16,732  
Capital Recovery = CRF[TCI-1.08(cat. Cost)] $151,855  
     
Indirect Annual Costs (IC) =   $226,309 in 2024 dollars 
Total Annual Cost = DC + IC = $300,431 in 2024 dollars 

Cost Effectiveness 
Cost Effectiveness = (Total Annual Cost)/(Annual Quantity of VOC/HAP Pollutants Destroyed) 

Total Annual Cost (TAC) = $300,431 per year in 2024 dollars 
VOC/HAP Pollutants Destroyed = 11.4 tons/year   
Cost Effectiveness =  $26,301 per ton of pollutants removed in 2024 dollars 
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