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BACT Determination Information

789 g/l, 39.7 lb/day or 7.9 lbs/hr

IPA equivalent solvent (789 g/l) with minimization of evaporative losses through management
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777 12th Street, Third Floor Sacramento, CA 95814

BEST AVAILABLE CONTROL TECHNOLOGY & TOXIC BEST AVAILABLE
CONTROL TECHNOLOGY DETERMINATION

DETERMINATION
NO.: 159

DATE: 3-21-2017

ENGINEER: Venk Reddy

Category/General Equip
Description:

Solvent Cleaning for Vacuum Tube Manufacturing for
Aerospace Applications

Equipment Specific Description: Solvent cleaning process.

Equipment Size/Rating: Minor Source BACT

Previous BACT Det. No.: 13

This BACT determination will update Determination #13 for surface cleaning as part of a
Vacuum Tube Manufacturing process.

This BACT was determined under the project for A/C 24618 (Teledyne Wireless, LLC).

BACT ANALYSIS

A: ACHIEVED IN PRACTICE (Rule 202, §205.1a)
The following control technologies are currently employed as BACT for surface cleaning as part
of a Vacuum Tube Manufacturing process.

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

US EPA

BACT
Source: EPA RACT/BACT/LAER Clearinghouse

None Identified

RULE REQUIREMENTS:
None Identified

ARB

BACT
Source: ARB BACT Clearinghouse

None Identified

RULE REQUIREMENTS:
None
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SMAQMD

BACT

* BACT was written to allow for IPA

RULE REQUIREMENTS:

Rule 441 Organic Solvents - IPA is considered a photochemically reactive
solvent. Total emissions of organic compounds containing photochemically
reactive substances is limited to 39.7 pounds of organic material during any one
day and no more than 7.9 pounds in any one hour.

If a solvent that is not photochemically reactive is used, the total emissions of
organic compounds containing non photochemically reactive substances is limited
to 1,350 pounds of organic material during any one day and no more than 441
pounds in any one hour.

The following rule(s) were also evaluated in detail for applicability.

Rule 466 Solvent Cleaning - The cleaning of vacuum tube assemblies is
considered exempt from this rule per section 110.2 c.
Rule 456 Aerospace Assembly and Component Coating Operations - The use
of IPA for cleaning of vacuum tubes is not applicable to this rule per section 101
since the cleaning is not part of a coating operation.

FROM SMAQMD BACT #13 issued on 09/04/2003
VOC 789 g/l and evaporative loss minimization strategies *
NOx No standard
Sox No standard
PM10 No standard
PM2.5 No standard
CO No standard
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South Coast
AQMD

BACT
None identified

Source: SCAQMD BACT Guidelines for Non-Major Polluting Facilities,

RULE REQUIREMENTS:
None Identified

The following rule(s) were evaluated in detail for applicability.

Rule 1171 – Solvent Cleaning Operations

The provisions of this rule are not subject to this process since it the operation is
covered under SCQAMD Rule 1124 per section (g)(2)(D)

Rule 1124 - Aerospace Assembly And Component Manufacturing Operations
– The cleaning of vacuum tube assemblies when considered as avionic equipment
(used in airplanes and such) is considered exempt from the VOC limits for solvents
per L.12.

Rule 1145 Plastic, Rubber, Leather, and Glass Coatings – This rule would be
considered not applicable since the use of IPA is a cleaning operation not a
coating operation.

San Diego
County APCD

BACT
None.

RULE REQUIREMENTS:
None identified

The following rule(s) were evaluated in detail for applicability.

67.6.1 Cold Solvent Cleaning and Stripping Operations.
Per section (a)(4) wipe cleaning operations are not subject to this rule. Per the
applicant on 10/22/15 IPA is used for wipe cleaning. Since the applicant is using
IPA for wipe cleaning, the operation is not covered by this rule.

66.1 Miscellaneous Surface Coating Operations and other process emitting
Volatile Organic Components The cleaning of electronics is exempt per section (b)
(1)(xi)

67.9 Aerospace Coating Operations Per the applicability of the rule under
section (a)(1) the surface cleaning of material only is not covered by this rule. The
cleaning for the purposes of coating would be covered. Since there is no coating
activity after the cleaning, this rule is not applicable.
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Bay Area AQMD

BACT
None

RULE REQUIREMENTS:
None identified

The following rule(s) were evaluated in detail for applicability.

Regulation 8 Organic Compounds Rule 29 Aerospace Assembly And
Component Coating Operations, per 8-29-110 the manufacturing of electronic
components is exempt from this rule

Regulation 8 Organic Compounds Rule 16 Solvent Cleaning Operations,
section 8-16-123, the cleaning of electronic components is exempt from this rule

San Joaquin
Valley APCD

BACT
Source: SJVAPCD BACT Guideline

None achieved in practice

RULE REQUIREMENTS:

Rule 4663 Organic Solvent Cleaning, Storage and Disposal
Limit of VOC content of 100 g/l for the manufacturing or apply emission control
systems

The following rule(s) were also evaluated in detail for applicability.

Rule 4605 – Aerospace Assembly and Component Coating,
Limit of 200 g/l or apply emission control systems per section 5.2.
The purpose statement of section 1.0 states “materials associated with the use of
aerospace coatings and adhesives…” Since this is a cleaning operation not a
coating operation, this rule is not applicable.

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

SUMMARY OF ACHIEVED IN PRACTICE CONTROL TECHNOLOGIES

VOC
100 g/l (A) SJVAPCD

789 g/l evaporative loss minimization strategies, 39.7 lbs/day,
7.9 lbs/hr

SMAQMD

(A) Although SJVAPCD Rule 4663 requires a VOC content of 100 g/l and it does not exempt
vacuum tube manufacturing, there are no vacuum tube manufacturing facilities within the
jurisdiction of SJVAPCD (See appendix A for SJVAPCD query response.) This is a very
specialized manufacturing process and since the Rule 4663 standard has not been
demonstrated to be achievable for these types of operations, it will not be considered
Achieved in Practice.

The following control technologies have been identified as the most stringent, achieved in
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practice control technologies:
BEST CONTROL TECHNOLOGIES ACHIEVED

Pollutant Standard Source
VOC 789 g/l Evaporative loss minimization strategies ,

39.7 lbs/day, 7.9 lbs/hr
SMAQMD

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.

VOC Collection system vented to a catalytic thermal incinerator
Collection system vented to a thermal oxidizer
Collection system vented to a carbon adsorption system
Using low VOC solvents or solvents equivalent to SMAQMD Rule 466
Using solvents with a VOC content of 100% IPA or lower and evaporative loss
minimization methods

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)
ROG 17,500
NOX 24,500
PM10 11,400
SOX 18,300
CO TBD if BACT triggered

The applicant has provided information to show that lower VOC solvents use is not possible,
and cause a high failure rate in the finished part.. The applicant is restricted to use IPA only in
the current permit. As part of the request, the applicant is requesting to remove the IPA name
and only list VOC content, to allow for experimentation of solvent cleaners that could be lower
than IPA but still higher than what SMAQMD Rule 466 would allow.

SMAQMD completed a cost effective analysis as part of the application for PO 17117. This
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analysis assumed that the entire production floor (i.e entire building) would need to be
controlled. With this assumption, an emission rate of 9076.86 lb/yr and a 95% control
efficiency, the electrical cost alone would exceed the District’s cost effectiveness thresholds.

A more refined analysis was then done for IPA wipe cleaning at the Teledyne facility. This
refinement was done to look specifically at where the applicant uses IPA and the equipment
that would be needed to control the VOC emissions. The applicant uses IPA throughout the
production area of the facility on bench work areas. A walkthrough of the facility identified
approximately 227 bench work areas that would require canopy style hoods measuring 2’x3’ to
capture the IPA used at these stations. Each booth represents an individual employee’s work
area where IPA is being used. Each work bench represents a location where an employee is
actively involved with the manufacturing of the vacuum tube. Each employee is instructed to
clean the part at the end of the manufacturing step that occurs at the bench. The use of IPA is
considered uniform in the work benches as long as the manufacturing process and the quantity
of vacuum tubes remains consistent. The 227 work bench count was derived by counting the
employee work areas where there is IPA usage throughout facility identified during the
walkthrough, while discussing the need for IPA at each general location with the representative
of Teledyne. Once it was mutually determined that a location was identified to need IPA, it was
added to the count of needed capture hoods. Adding up the total quantity of work benches
where an employee is working and using IPA was equal to 227. Using the EPA Control Cost
manual (EPA/452-B-02001), the flow rate for each hood is estimated to be 200 cfm each or
about 45,400 CFM total flow of exhaust. (45,000 cfm is used for calculation purposes)

A cost analysis was done to control 45,000 cfm of exhaust at these 227 locations. At the
proposed daily limit by the applicant of 54 lbs/day or 6.75 lbs/hr for an 8 hour day, the IPA in
the exhaust stream is estimated to have a concentration of 16.027 ppm with a corresponding
partial pressure of 2.36E-04 psi. The duct work and control device costs were estimated using
the EPA Control Cost Manual (EPA/452-B-02001). Two control technologies were considered,
a carbon bed and a thermal incinerator. Onsite carbon replenishment was not considered, due
to the high cost.

A thermal incinerator is estimated to cost approximately $100,000 (1999 dollars) to control
45,000 cfm. Assuming an annual uncontrolled emission rate of 4.31 tons of VOC and a 95%
control efficiency, without adding into the cost for energy the cost effectiveness calculation
would be in excess of $18,700. This is in excess of the District’s BACT threshold.

The cost for the use of a carbon bed was also analyzed. The analysis assumed that the carbon
would be regenerated offsite and the facility would need two vessels, but that one vessel could
handle the entire exhaust flow. The initial cost of the carbon, nor the cost to desorb was
included. The CFM of the unit is more important to the cost of the vessel than the retention time
or pollutant species. The cost of the vessel alone would be about $95K, the exact cost could
not be determined because the constants needed for IPA were not provided in the EPA Control
Cost Manual. Taking into account the cost of the vessel alone and the cost for the duct work
and hoods, the cost effectiveness calculation would be in excess of $18,400 per ton, which
also exceeds the District’s BACT cost effectiveness threshold. Further analysis would be
required to better refine the cost per ton controlled, however any refinements of the numbers
would only increase the costs. Therefore both technologies exceeded the District’s BACT cost
effectiveness threshold and as such will not be considered as BACT.
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Per the SMAQMD BACT Guidelines (10/16) the interest rate used is the average 6-month yield
plus 2 percentage points and rounding up.

10 Year Treasury Rate
August, 2016 1.56%
September, 2016 1.63%
October, 2016 1.79%
November, 2016 2.14%
December, 2016 2.49%
January, 2017 2.43%
6 month average 2.007%

Per the SMAQMD BACT Guidelines (10/16) the interest rate used is the average 6-month yield
plus 2 percentage points and rounding up.

Interest Rate = 2.007% + 2% = 4.007% & rounding up the interest rate is 5%

CRF =

Total Capital Investment
of Equipment

Cost Effectiveness to Control
4.31 tons of VOC per year

Cost Effective

Carbon Bed $613,561 $18,436 No
Thermal Oxidation $623,060 $18,721 No

0.05(1+0.05)10

(1+0.05)10 - 1
= 0.13
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