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NOTICE

This report is issued by the Sector Policies and Programs Division of the Office of Air
Quality Planning and Standards, U.S. Environmental Protection Agency to provide
information to State and local air pollution control agencies. Mention of trade names and
commercial products is not intended to constitute endorsement or recommendation for
use. Copies of this report are available as supplies permit-from the Library Services
Office (at 541-2777 or library.rtp@epa.gov ) of the U S. Environmental Protection
Agency, Research Triangle Park, North Carolina 27711 They can also be downloaded
from the FDMS e-docket websited (www.fdms.gov) by searching under Docket No.
EPA-HQ-OAR-0535 or, for a nominal fee, from the National Technical Information
Service, 5285 Port Royal Road, springfield VA 22161 (800) 553-NTIS)

This page intentionally left blank.



Docket No. EPA-HQ-OAR-2006-0535
CTG: Ind. CIng. Solv. pg7 of 290

1. Introduction

Clean Air Act (CAA) section 172(c)(1) provides that state implementation plans
(SIPs) for nonattainment areas must include “reasonably available control measures”
(RACM), including “reasonably available control techniques” (RACT), for sources of
emissions. Section 182(b)(2) provides that for certain nonattainment areas, States must
revise their SIPs to include RACT for sources of VOC emissions covered by a control
techniques guidelines document (CTG) issued after November 15, 1990 and prior to the
area’s date of attainment.

The United States Environmental Protection Agency (EPA) defines RACT as “the
lowest emission limitation that a particular source is capable of meeting by the
application of control technology that is reasonably available considering technological
and economic feasibility.” 44 FR 53761 (Sept. 17, 1979). In subsequent Federal
Register notices, EPA has addressed how states can meet the RACT requirements of the
Act. Significantly, RACT for a particular industry is determined on a case-by-case basis,
considering issues of technological and economic feasibility.

CAA section 183(e) directs EPA to list for regulation those categories of products
that account for at least 80 percent of the VOC emissions, on a reactivity-adjusted basis,
from consumer and commercial products in areas that violate the NAAQS for ozone (i.e.,
0zone nonattainment areas). EPA issued such a list on March 23, 1995, and has revised
the list periodically. See March 23, 1995 (60 FR 15264); see also 71 FR 28320 (May 16,
2006), 70 FR 69759 (Nov. 17, 2005); 64 FR 13422 (Mar. 18, 1999). Industrial cleaning
solvents are included on the current section 183(e) list.

This CTG is intended to provide state and local air pollution control authorities
information that should assist them in determining RACT for industrial cleaning solvents.
In developing this CTG, EPA, among other things, evaluated the sources of VOC
emissions from the use of industrial cleaning solvents and the available control
approaches for addressing these emissions, including the costs of such approaches.

Based on available information and data, EPA provides recommendations for
determining RACT for the categories at issue in this document.

States can use the recommendations in this CTG to inform their own
determination as to what constitutes RACT in their particular areas. The information
contained in this document is provided only as guidance. This guidance does not change,
or substitute for, applicable sections of the CAA or EPA’s regulations; nor is it a
regulation itself. This document does not impose any legally binding requirements on
any entity. It provides only recommendations for state and local air pollution control
agencies to consider in determining RACT. State and local pollution control agencies are
free to implement other technically-sound approaches that are consistent with the CAA
and EPA’s implementing regulations
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The recommendations contained in this CTG are based on data and information
currently available to EPA. These general recommendations may not apply to a
particular situation based upon the circumstances of a specific source. Regardless of
whether a State chooses to implement the recommendations contained herein through
State rules, or to issue State rules that adopt different approaches for RACT for VOCs for
offset lithographic printing and letterpress printing, States must submit their RACT rules
to EPA for review and approval as part of the SIP process. EPA will evaluate the rules
and determine, through notice and comment rulemaking in the SIP process, whether they
meet the RACT requirements of the Act and EPA’s regulations. To the extent a State
adopts any of the recommendations in this guidance into its State RACT rules, interested
parties can raise questions and objections about the substance of this guidance and the
appropriateness of the application of this guidance to a particular situation during the
development of the State rules and EPA’s SIP approval process.

CAA section 182(b)(2) provides that a CTG issued after November 15, 1990 and
before the date of attainment must include the date by which States must submit SIP
revisions in response to the CTG. States subject to section 182(b) should submit their
SIP revisions within one year of the date of issuance of this final CTG. States subject to
CAA section 172(c)(1) may take action in response to this guidance, as necessary to
attain.

The remainder of this document is divided into five (5) sections. Section Il
Provides Background and Overview, which lists the cleaning (unit) operations associated
with industrial cleaning solvents and identifies the sources of VOC emissions from those
cleaning operations. Section 1l describes the emissions threshold that applies to this
CTG. Section IV summarizes state and local regulatory approaches for addressing such
emissions. Section V describes the available control options for addressing VOC
emissions and. lists categories of industries we are recommending for exclusion from this
CTG. This information supplements the survey of state CTG summarized in Appendix B
of the 1994 ACT. Section VI provides our proposed recommendations for RACT for
industrial cleaning solvents.), and discusses the cost-effectiveness of the recommended
controls. Section VII provides references.

1I. Background and Overview

This category of consumer and commercial products includes the industrial
cleaning solvents used by many industries. It includes a variety of products that are used
to remove contaminants such as adhesives, inks, paint, dirt, soil, oil, and grease.
Contaminants are removed from parts, products, tools, machinery, equipment, vessels,
floors, walls, and other work production related work areas for a variety of reasons
including safety, operability, and to avoid product contamination. The cleaning solvents
used in these (unit) operations are, in many cases, generally available bulk solvents that
are used for a multitude of applications not limited to cleaning. For example, petroleum
distillates may be used as a cleaning solvent, as a paint thinner, or as an ingredient used
in the manufacture of a coating, such as paint. Because a portion of all solvents
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evaporate during use, such solvent-based cleaning materials result in large amounts of
emissions of VOC.

In 1994, EPA completed a study of industrial cleaning solvents that characterized
cleaning operations carried out within six focus industries (automotive, electrical
equipment, magnetic tape, furniture, packaging, and photographic supplies) to evaluate
sources of evaporative emissions from VOC solvents used as cleaning materials. (See
Reference 1 in the reference section for the full citation to these documents.)

We believe that the range of cleaning activities performed in these focus
industries provided a good variety of cleaning operations for the study, and that the
information obtained relevant to VOC emission sources and possible control techniques
can be applied to virtually any industry.

Data collected by EPA during the development of the 1994 Alternative Control
Techniques (ACT) (to be referred to as 1994 ACT or ACT) document for industrial
cleaning solvents show nationwide usage of VOC solvent from six industries studied is
more than 360,000 Mg/yr (400,000 tpy)." We also reported in the ACT document that
the estimated total VOC solvent usage for cleaning by all U.S. industry was more than
910,000 Mg/yr (1 million tpy). This number was estimated using multiple sources, and
not based on data from the facilities we surveyed. In general, VOC emissions occur from
industrial cleaning solvents through evaporation during cleaning activities such as
wiping, flushing, and brushing, as well as from storage and disposal of used shop towels
and solvent.

The 1994 ACT included as Appendix A to this CTG. The document provides a
thorough discussion of cleaning activities and types of cleaning operations in a wide and
diverse assortment of industrial facilities, frequently used cleaning solvents, and the
practices (or lack of) for managing solvents. It, also, identifies a methodology for
estimating VOC emissions by cleaning operation, discusses control techniques for
addressing such emissions, the costs-benefit of setting up a solvent accounting and
management system, and other items.

EPA surveyed 34 facilities in the six focus industries and collected approximately
300 individual cleaning data sets or unit operation systems (UOS) representing emissions
from the nine types of cleaning unit operations (UO) in the focus industries for the ACT
document. These nine UO are identified below together with the VOC emission
distribution based on the UOS material balance data:

Spray Gun Cleaning (50 percent);

Spray Booth Cleaning (14 percent);

Large Manufactured Components Cleaning (14 percent);
Parts Cleaning (7.0 percent);

Equipment Cleaning (6.9 percent);

Line Cleaning (3.6 percent);

Floor Cleaning (2.9 percent);

~NOoO Ok~ WN -
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8 Tank Cleaning (0.82 percent); and
9 Small Manufactured Components Cleaning (0.44 percent).

Because spray gun cleaning (one of the UO) accounted for 50 percent of the
emissions from cleaning operations, the ACT dedicated appendix G of the document to
describe procedures for determining, in a consistent way, VOC emissions from a number
of subcategories of spray gun cleaning. The subcategories represented the range of gun
cleaning practices in the focus industries in 1994. However, due to the availability of
enclosed gun cleaners today, states have disallowed gun cleaning methods that result in
high solvent emissions.

The purpose of identifying these UQO is to assist State and local agencies in
identifying the sources of VOC emissions from cleaning activities and to provide a
structure for developing and applying control technigues to mitigate VOC emissions from
industrial cleaning solvents used in these UO. This CTG is intended to cover all
industrial cleaning operations. EPA believes that all categories of industrial cleaning
operations are represented or can be classified under one of the nine cleaning categories
listed in this CTG. See also ACT (describing nine UO in further detail). EPA has not, to
date, identified any industrial cleaning activity that would not fall within one of the nine
UO, but even if such a situation occurred, this CTG is intended to cover all industrial
cleaning operations irrespective of whether they can be properly categorized as one of the
nine UO. That said, we recognize that there are several cleaning operations that may
already be the subject of regulatory requirements, and we urge States to consider the
specific industries and operations in their jurisdictions and any existing regulatory
requirements applicable to those operations and tailor their RACT rules in response to
this CTG accordingly. Finally, janitorial supplies used for cleaning offices, bathrooms
or other similar areas are not covered by this CTG.

The ACT document provided a quantitative overview of cleaning solvents used
and a model for accounting and tracking solvent usage--a solvent management system. It
also provided a methodology for calculating emissions in a consistent way. A brief
outline on how to manage emissions from cleaning operations is presented in Fig 4-1 of
the ACT (see Appendix A).

Although the industrial cleaning solvent product category includes a variety of
different products with differing VOC contents, and although these products are used in
different ways by a wide range of industries, we believe that there are several basic
approaches to achieve VOC emission reductions. First, the users of the products can
control emissions through work practices targeted at the activities and sources of
emissions specific to the user’s industry (e.g., keeping solvent containers covered,
properly storing and disposing of used shop towels and solvent, etc.). Second, users can
also reduce overall VOC emissions through solvent substitution (e.g., use of low - VOC,
no -VOC, or low -vapor pressure solvents). They can also reduce VOC emissions by
using add-on controls, modifying equipment, or upgrading to using a lower emitting
cleaning technology.
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Theoretically, solvent substitution could be achieved at the point of manufacture
or at the point of use, but in practice it is usually the user who selects the solvent or
mixture of solvents to use in the various industrial cleaning operations throughout a
facility. These general approaches are effective strategies to achieve significant emission
reductions from this product category, notwithstanding the variation in the products, their
users, and their specific uses.

111. Applicability (Scope of Sources)

This CTG applies to industries that have to use organic solvent for cleaning unit
operations such as mixing vessels (tanks), spray booths, and parts cleaners, where a
facility emits at least 6.8 kg/day (15 Ib/day) of VOC before consideration of controls in
an ozone nonattainment area. The cleaning activities for removal of foreign material
from substrate being cleaned include actions (activities) such as wiping, flushing, or

spraying.

The applicability threshold of 6.8 kg/day (15 Ib/day) of VOC is consistent with
the threshold level contained in many previous final CTGs. It is also consistent with the
purpose of the section 183(e) program. In section 183(e), Congress directed EPA to
assist States in achieving VOC emission reductions from consumer and commercial
products. These products individually may result in relatively small amounts of VOC
emissions, but, in the aggregate, they contribute significantly to ozone formation in
nonattainment areas. Given the nature of the products and sources at issue here, we
believe that the 6.8 kg/day (15 Ib/day) of VOC per day applicability threshold is
appropriate. For purposes of determining whether this threshold is met at a given facility
performing industrial cleaning operations, the facility should consider the VOC emissions
from the use of organic solvent cleaning prior to controls.

Some industries with solvent cleaning operations are presently covered by an
existing CTG (e.g., aerospace). Other industries with solvent cleaning operations may be
the subject of a CTG that is presently being developed (e.g., printing) or may be the
subject of a future CTG (e.g., automobiles and light trucks coatings). CTGs often
recommend control approaches for a particular industry, like printing, and those
approaches achieve important VOC emission reductions. We recommend that States
consider excluding from the applicability of their State rules promulgated in response to
this CTG, those industries relevant to the product categories listed for regulation under
CAA section 183(e). See 71 FR 44540. We list below the section 183(e) industries that
the States may wish to consider excluding from the applicability of their State rules.
States should also consider the structure of the Bay Area cleaning solvent rule, which
ensures that particular cleaning activities are only subject to one set of requirements, as
opposed to duplicative requirements. For example, under the Bay area structure, there is
a cleaning exemption that is common to all Bay Area AQMD rules. There are cleaning
standards found in each individual rule, such as metal parts and products, plastic parts,
etc. The exemption exempts cleaning that is subject to Regulation 8, Rule 16, which
governs cleaning in vats, containers, cold cleaners, vapor degreasers, etc, in which there
is some standing liquid, either in the cleaning area or a remote reservoir. “The only intent
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here is to make it clear that only one rule applies to a type of cleaning operation.” For
example, cleaning a metal part by dipping in liquid solvent is subject to a 50 g/l standard
in Reg. 8, Rule 16. Wipe cleaning that same part is subject to a 50 g/l standard in Reg. 8,
Rule 19. Cleaning of spray booths by solvent wiping, a stationary structure would be
subject to the architectural coating rule, Regulation 8, Rule 3. Consequently, a State may
wish to exclude industrial categories to parallel the Bay Area rule overall structure or
may wish to follow a structure where all the wipe cleaning and cleaning in a container are
kept together and then address the specific needs of various types of substrates all within
the wipe cleaning standards. The South Coast AQMD is one example of a California
district that uses this format (e.g., AQMD Rule 1171(c)).

We estimate that there are approximately 7360 facilities in nonattainment areas
for 8-hour ozone standards of which 2520 would be potentially affected because they
meet the 6.8 kg/day (15 Ib/day) of VOC applicability threshold for this CTG. Of these
facilities, we estimate that approximately 1290 are located in areas for which RACT is
required under section 182(b) of the CAA. We derived these number based on available
information concerning the use of industrial cleaning solvents from the 2002 EPA
National Emissions Inventory. The cost aspects are presented in greater detail in
Appendix E.

IVv. State and Local Regulatory Approaches

We reviewed regulations issued by three different local air pollution control
authorities in California. These regulations are aimed at reducing VOC emissions from
industrial cleaning solvents by combining work practice standards and placing limits on
the VOC content of the solvent used. They also provided as an additional option the use
of add-on controls. The work practice standards are similar for the air pollution control
authorities. However, the VOC content limits required for certain applications and the
add-on control overall efficiency level that would need to be met, vary by district.
Appendix B presents a summary of the industrial solvent cleaning regulations in the three
California air pollution control districts.

EPA also reviewed various State rules including:

1 Michigan;

2 Florida;

3 New Jersey; and
4 Indiana.

The above State rules do not require VOC content limits. Instead, equipment
standards, work practices, and recordkeeping are required by sources. Regulations in
these States on parts cleaners have an overall similar structure. However, there are
specific differences. For example, the New Jersey rule applies to cold cleaning machines
that use 2 gallons or more of solvents with greater than 5 percent (by mass) VOC. This is
similar to a VOC limit of approximately 50 g VOC!/liter. Both New Jersey and Illinois do
not allow the use of solvents with a vapor pressure greater than 1 mm Hg (at 68 degrees
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F) in parts cleaners --“cold cleaning machines.” The other States listed do not have
similar provisions.

V. Recommended Control Options

The recommended measures for controlling emissions of VOC from the use,
storage, and disposal of industrial cleaning solvents includes work practice standards,
limitations on VOC content of the cleaning materials, and an optional alternative limit on
composite vapor pressure of the cleaning materials. They also include the use of add-on
controls with an overall emission reduction of at least 85 percent by mass. The first two
recommendations and the last one are based on the Bay Area AQMD rule. Following the
section discussing recommended control measures is a discussion of the industrial
categories that we are recommending that States and local agencies consider excluding
from applicability of these recommended control measure.

States can adopt these recommendations and include them in their SIP revisions
or adopt RACT rules that provide for different approaches. For example, for a given
industrial sector or cleaning operation, where appropriate, a State may offer the flexibility
of requiring only work practices. Regardless of the approach a State pursues in its RACT
rule, EPA will review the State RACT rule as part of the SIP approval process and will
make the final determination as to whether the State rule comports with the RACT
requirements of the Act.

When developing RACT measures for industrial cleaning operations, we suggest
specific category exclusions, similar to the ones provided for the Bay Area and South
Coast rules and that State and local agencies consider the specific industries and
operations in their jurisdictions and the individual requirements of those operations and
tailor their rules to those specific scenarios accordingly.

Furthermore, in considering existing cleaning requirements as bases for specific
exemptions from their general industrial cleaning solvents rules, State and local agencies
should take into account how current those measures are. EPA believes that more recent
rules are likely to be more effective than older, possibly outdated, rules. We remind the
States that the ultimate determination of whether any specific State or local measures
meet any applicable RACT requirement will occur during the notice and comment
rulemaking process associated with EPA action on SIP submissions. For ease of
reference, in discussing the control recommendations below, we refer to the nine unit
operations that we believe are representative of all industrial cleaning operations.

A. Recommended Control Measures

1. Work Practices

Recommended work practices that will help reduce VOC emissions from the use,
handling, storage, and disposal of cleaning solvents and shop towels include:
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Covering open containers and used applicators;

Minimizing air circulation around cleaning operations;

Properly disposing of used solvent and shop towels; and

Implementing equipment practices that minimize emissions (e.g., keeping arts
cleaners covered, maintaining cleaning equipment to repair solvent leaks,
etc.).

AN

2. VOC Content Limit

We recommend a generally applicable VOC content limit of 50 grams VOC per
liter (0.42 1b/gal) of cleaning material for each of the nine cleaning UO identified in the
Background and Overview section, unless emissions are controlled by an emission
control system with an overall control efficiency of at least 85 percent. This limit is
modeled on the “general use” category of the Bay Area AQMD solvent cleaning
regulations, taking into account the specific exclusions provided for in the Bay Area
AQMD rule and described below.

3. Alternative Composite Vapor Pressure Limit

In addition to the recommended VOC content limit, EPA is recommending
inclusion of a composite vapor pressure limit of 8 millimeters of mercury (mmHg) at 20
degrees Celsius, as (1) a replacement for the 50 g/l VOC content limit entirely; or (2) an
alternative limit that may be used in lieu of the 50 g/l VOC content limit for specific
operations as determined by the State or local agency.

B. Suggested Exclusions

This section includes product categories that EPA has listed for regulation under
section 183(e) as well as categories of cleaning operations that are specifically excluded
from applicability in Bay Area Regulation 8 rule 4. The Bay Area exclusions are
provided as examples for consideration by the State and local agencies.

1. Categories Listed for Regulation under CAA Section 183(e)

We recommend that the States exclude from applicability those cleaning
operations in the following categories listed for regulation under CAA section 183(e):

Aerospace coatings;

Wood furniture coatings;
Shipbuilding and repair coatings;
Flexible packaging printing materials;
Lithographic printing materials;
Letterpress printing materials;

Flat wood paneling coatings;

~NOoO Ok~ WN -
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8 Large appliance coatings;

9 Metal furniture coatings;

10 Paper film and foil coating;

11 Plastic parts coatings;

12 Miscellaneous metals parts coatings;

13 Fiberglass boat manufacturing materials;

14 Miscellaneous industrial adhesives; and

15 Auto and light-duty truck assembly coatings.

2. Categories with Specific Exemptions under Bay Area 8-4-116

Electrical and electronic components;

Precision optics;

Numismatic dies;

Stripping of cured inks, coatings, and adhesives;

Cleaning of resin, coating, ink, and adhesive mixing, molding, and
application equipment;

Research and development laboratories;

Medical device or pharmaceutical manufacturing; and

7 Performance or quality assurance testing of coatings, inks, or adhesives.

OrWN R

o Ol

3. Categories Subject to Specific Rules and Exemptions under Bay Area 8-4-
117

1 Architectural coating;

2 Metal container, closure, and coil coating;

3 Paper, fabric, and film coating;

4 Light and medium duty motor vehicle assembly plants;

5 Surface coating of metal furniture and large appliances;

6 Surface coating of miscellaneous metal parts and products;

7 Graphic arts printing and coating operations;

8 Coating of flat wood paneling and wood flat stock;

9 Magnet wire coating operations;

10 Aerospace assembly and component coating operations;

11 Semiconductor wafer fabrication operations;

12 Surface coating of plastic parts and products;

13 Wood products coating;

14 Coating, ink, and adhesive manufacturing;

15 Flexible and rigid disc manufacturing;

16 Marine vessel coating;

17 Motor vehicle and mobile equipment coating operations; and

18 Polyester resin operations.

Appendix C provides a summary of NAICS Codes for nonattainment facilities estimated
to meet the applicability criteria recommended in this CTG.
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4, Categories with special limits in South Coast AQMD Rule 1171(c)

In addition to the Bay Area exclusions, and as discussed earlier, the more
stringent South Coast AQMD “general use” limit of 25 g/l (0.21 Ib/gal) is accompanied
by higher limits for several individual operations. Although we are not recommending
higher limits for these categories beyond the 50 g/I limit in this CTG, State and local
agencies should be aware of the individual performance requirements in these categories
when developing individual State or local cleaning solvent rules based on the specific
industries within their jurisdictions. We suggest that State and local agencies refer to the
South Coast rule for more details on subcategories and specific limits. The broad
categories are:

1. Product cleaning during manufacturing process or surface preparation for
coating;

Repair and maintenance cleaning;

Cleaning of coatings or adhesives application equipment;

Cleaning of ink application equipment; and

Cleaning of polyester resin application equipment.

SARE A

VI. Impacts of Recommended Controls

EPA estimates that there are approximately 2,524 facilities in ozone
nonattainment areas that would be affected by this CTG. These facilities had emissions
that exceed the emission threshold of 6.8 kg (15 Ib) of VOC per day. Total aggregate
VVOC emissions from solvent cleaning operations from these nonattainment sources are
approximately 64,000 Mg/yr (71,000 tpy). Appendix D summarizes the potential number
of facilities and their emissions that may be subject to this CTG by State.

EPA used studies published by the Bay Area AQMD to estimate the cost of
compliance for the measures recommended in this CTG. According to these estimates,
EPA believes that affected sources may either incur minimal additional costs or realize a
savings on a case - by - case basis, depending primarily on facts such as how much they
currently spend to operate high-VOC content solvent - based parts cleaners, and the cost
of organic solvent disposal. The Bay Area AQMD studies indicate that there is a cost
savings associated with replacing high-VOC cleaning materials with low-VOC,
waterbased cleaning materials.

The total VOC emissions from solvent cleaning operations (64,000 Mg/yr (71,000
tpy) were determined by first assigning the VOC emissions from solvent cleaning
operations at each facility using the 2002 National Emissions Inventory (NEI) database to
one of two general groups: parts cleaners, and other solvent cleaning operations. The
parts cleaner subgroup included emissions from all SCC codes with a “degreasing” or
cold solvent cleaning/stripping classification in SCC_L3. VOC emissions from this
subcategory are approximately 4,000 Mg/yr (4,400 tpy). The other solvent cleaning
operations included all other SCCs that were identified as solvent cleaning operations.
The VOC emissions from the other subgroup are approximately 60,000 Mg/yr (66,000

10
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tpy). These emissions do not include emissions from halogenated parts cleaners.
Consistent with our recommendations to the States, we did not include in these emissions
those from facilities represented by the 183(e) source categories listed in section V. They
also do not include remissions from research and development facilities, or emissions
from manufacturing and assembly of electrical and electronic components.

Costs associated with switchover to aqueous parts cleaners (cleaning systems or
washers) include the initial cost of equipment, solvent costs, filters, electricity, and waste
disposal costs. Many of these costs are also incurred when operating higher VOC solvent
cleaners. A study on parts cleaners, for example, has shown typical annual costs for
mineral spirits parts cleaners as $1,453. Estimates on annual costs for aqueous parts
cleaners, in comparison, range from $1,171 to $1,480, thus showing that facilities could
either face a slight increase in cleaning costs or realize a cost savings as a result of the
switchover.’

Facilities may either incur minimal additional costs or realize a savings on a case-
by-case basis, depending primarily on how much they currently spend to operate the high
VOC content solvent-based parts cleaners, the cost of organic solvent disposal, and air
emission fees levied for VOC emissions. A study provided by the California Bay Area
AQMD shows that the cost-effectiveness for meeting the 50 grams of VOC per liter of
cleaning material limit for a parts cleaner is estimated at $1,832/Mg (1,664/ton).®” This
represents the annual cost of compliance (industry wide) for parts cleaners (Table 4 of the
Bay Area Regulation 8, Rule 16). We determined that replacing high VOC content
cleaning materials with low VOC water-based cleaning materials for the other cleaning
(unit) operations (e.g., cleaning of large manufactured surfaces, tank cleaning, and gun
cleaning, etc.) would result in an estimated cost savings of $1,460/Mg. For this
calculation we only considered the cost-difference in cleaning material cost and cost-
difference in waste disposal cost. The savings is a result of lower cost of aqueous
cleaners which offset the increase in waste disposal cost for aqueous cleaners. Appendix
E explains how we calculated the cost of applying the solvent substitution option for
reducing VOC emissions from the use of organic cleaning solvents.

As explained above, this CTG is guidance for the States to use in determining
RACT for VOC from industrial cleaning solvents. State and local pollution control
agencies are free to implement other technically-sound approaches for RACT that are
consistent with the CAA and EPA’s implementing regulations. Accordingly, there is
necessarily some uncertainty in any prediction of costs and emission impacts associated
with the recommendations in this document. Nevertheless, assuming that States adopt
the recommendations in this CTG or comparable approaches, EPA anticipates a net cost
savings. We based this prediction on an assumption that substitution of low-VOC
materials for high-VOC materials is possible for all uses. Because this assumption is not
true for some applications, this prediction may not be valid in all cases.

11
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1994 Control Techniques Guidelines: Industrial Cleaning Solvents
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ALTERNATIVE CONTROL TECHNIQUES DOCUMENTS

This report is issued by the Emigsion Standards Division,
Office of Air Quality Planning and Standards, U. S. Environmental
Protection Agency, to provide information to State and local air
pollution control agencies. Mention of trade names and
commercial products is not intended to constitute endorsement or
recommendation for use. Copies of this report are available--as
supplies permit--from the Library Services Office (MD-35),

U. 8. Environmental Protection Agency, Research Triangle Park,
North Carolina 27711 ([919] 541-2777) or, for a nominal fee, from
the National Technical Information Service, 5285 Port Royal Road,
springfield, VA 22161 ([800] 553-NTIS). '
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1.0 EXECUTIVE SUMMARY

Congress, in the Clean Air Act Amendments of 1990 (CAAA),
supplemented previoug mandates regarding control of ozone in
nonattainment areas. A new Subpart 2 was added to Part D of
Title I. Section 183(c¢) of the new Subpart 2 provides that:

...the Administrator shall issue technical documents which

identify alternative controls for all categories of

stationary sources of volatile organic compounds ... which
emit, or have the potential to emit 25 tonsg per year or more
of such air pollutant.
This report provides, alternative control techniques (ACT) for
State and local agencies to consider for incorporating in rules
to limit emission of volatile organic compounds (VOC's) that
otherwise result from industrial cleaning with organic solvents.

A variety of cleaning solvents are used by industry to
remove contaminants such as adhesives, inks, paint, dirt, soil,
oil, and grease. Parts, products, tools, machinery, equipment,
vessels, floors, walls, and other work areas are cleared for a
variety of reasons including housekeeping, safety, operability,
and to avoid product contamination. Solvents are used in
enormous volumes and a portion of evaporates during use, making
¢leaning fluids a major source of emissions of VOC. Data
collected by EPA show nationwide usage of VOC solvent from only
six industries is about 380,000 megagrams per year (Mg/yr)
(410,000 tons per year [tons/yr]). Less comprehensive data from
other sources suggest total VOC golvent usage for cleaning by all
U.S. indusgtry is more than 1 million tons each year.
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On average, 25 percent or more of the solvent that was used
for cleaning purposes by the six industries (automotive,
electrical equipment, metal furniture, photographic supplies,
packaging, and magnetic tape) used for the study was lost by
spillage or evaporation. This value varied significantly among
industries depending on the type of cleaning performed.

The study of the six industries initially tried to
quantitatively evaluate sources of evaporative emissions of VOC
from solvents uged as cleaning agents. The plan was to 1)
examine cleaning "activities" such as wiping, spraying, and
dipping to identify the most efficient options and 2) quantify
the potential emission reductions and associated costs if use of
the more efficient were widely mandated. This approach was not
successful because data to support the necessary level of detail
simply was not available. As a result, the Agency was unable to
identify baseline emission levels, emission reductions or costs
associated with this approach.

Subsequently, information was requested from industry using
a different strategy. This time, respondents were asked to
provide usage and waste information for objects or processes that
had been cleaned rather than on the ¢leaning "activity". Nearly
300 sets of data sets based on this new approach were collected
from the six industries. The responses were closely studied;
numerous calls were made to maximize understanding of the
information.

The data indicated that all use of solvent for cleaning can
be evaluated on the basis of one of only nine general types:
cleaning of spray guns, spray booths, equipment, large
manufactured components, small manufactured components, floors,
tanks, lines and parts. Within each group, however, there is
congsiderable variation, including differences in cleaning
techniques, soils removed, solvency, and a likely host of others.

Figure 1-1 displays the relative emissions from the nine
types of unit operation systems. Somewhat surprisingly, cleaning
of spray guns accounted for 50 percent of the total emissions
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Figure 1-1. Distribution of nationwide emissions in the focus industries.
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while most of the remaining were from wiping and spraying the
exterior of various parts and equipment. Cleaning tanks and
small manufactured components accounted for the least emissions.
Equipment cleaning, the most common unit operation, produced only
7 percent of the total emissions.

Although this "unit operation system" approach generated
more comprehensible information, the data were still of
questionable accuracy for several reasons:

1. Most companies maintained only two types of records;
gsolvents purchased and (as a result of hazardous waste rules)
total contaminated solvent released for disposal as hazardous
waste.

2. Of the total solvent purchased, only part is used for
cleaning purposes; there was little or no information available
to gquantify how much.

3. Respondees attempted to estimate the desired
information, but clearly the requisite details were not
available. _

4. Further, close review of the data that was submitted
revealed that many of the numbers did not balance. The reason
was that in many cases the usage estimates were based either on
golvent inventories or "guesstimates." Also most plants did not
segregate their waste solvent or inadvertently overestimated the
solvent in the waste stream by not subtracting the amount of
contaminants.

5. There was a large variety in the quantities and ways
solvents are used for cleaning, both among and within industries.

6. Communicationsg were difficult and imprecise; all
companies did not closely follow the instructions (and
vocabulary) that accompanied the questionnaire.

Many industrial facilitiesg' solvent costs, at present, are
carried as a plantwide expense item with essentially no records
of where or how the materials are used. For example, for
accounting purposes, solvents are frequently charged as a plant
inventory item (rather than charged against different business

1-4
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centers within the plant). Further, access is often as simple as
opening a valve. No accountability is required. Even at plants
where the cost of cleaning solvents is charged to various
business or cost centers within the plant, usually it is not on a
relative usage basis. Instead, the total solvent cost may be
assigned to the individual cost centers using some surrogate such
as cash flow or number of employees.

Despite the difficulties listed above and general lack of
detailed information on cleaning solvent use, the study revealed
that a number of companies, for a variety of reasons, had found
it in their best interests to reduce the amount of solvent used
for cleaning. The reasons varied, cost of disposal of hazardous
wagte, the cost of solvent, employee exposure and state air
pollution rules were factors. Often, a common factor was that
management expregsed interest and set priorities on learning
where and how solvents and other chemicals were consumed.
Management concern usually resulted in reduced usage.
Simultaneously, reduced usage resulted in lower emissions and
costs and also moderated the rate and cost of waste generation.

A key element then, to reducing emissions from use of
cleaning solvents is to learn where and how solventg are used.

As demonstrated by some plants in the study, this can be done by
institution of a solvent accounting system that gquantitatively
records where cleaning solvent is used. The general consensus of
plants that implemented a solvent accounting system is that the
resulting benefits and cost savings from changes in cleaning
practices or equipment outweigh the costs to implement and
maintain the accounting system.

As an alternative to the initial plan to describe specific
emission control techniques, this document describes a program
that is based on the above findings. The program congists of two
main elements; solvent accounting and plant management (or State
agency) actiong. "Accounting" consists of records of the usage,
fate, and cost of cleaning solvents in each business center.
While accounting, in and of itself, may not result in reductions,
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it will identify and allow attention to be placed on the largest
uses of solvent and sources of emissions.

Once data are available via the solvent accounting system,
plant management and State agencies have a number of options for
reducing solvent usage and emissions. The plant management will
likely focus on actions that affect usage rates, while the State
agencies will emphasize ways to reduce emissions. Example
actions are listed in Table 1-1. One widely applicable action is
to search for alternative cleaning materials that would release
less VOC's to the atmosphere. Avenues for success include use of
either agueous cleaning fluids or organic cleaning solvents that
evaporate more slowly.

Plants with many cleaning activities, or with many unit
operations, in each cost center may find the cost center level is
too large to allow identification of the major emission sources
in order to initiate steps to reduce solvent emigsions. In that
case, data must be assembled on a more focused basis. A
particularly helpful concept is to collect data on a "unit
operation system" (UOS) basisl. A UOS is defined in this study
as an ensemble around which a material balance for cleaning can
be performed. Such a material balance aids detailed guantitative
evaluations of usage and emissions of solvent. The boundaries of
a UOS should be selected to include all possible points/sources
leading to evaporative emission losses associated with cleaning a
specific unit operation, including losses during dispensing the
solvent, spilling virgin and used solvent, handling residual
solvent in cleaning applicators, etc. The UOS approach is
described in Appendix C.

Detailed accounting of data on the input and output streams
for a UOS should result in the best chance to identify areas with
the greatest emission, usage, or waste reduction potential. The
more specific and better defined the UOS, the better the analysis
will be. Implementing the UOS approach or taking other actions
like those on Table 1-1 will ultimately lead to implementation of
emissjon reduction techniques.
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EXAMPLES OF SOLVENT MANAGEMENT ACTIONS

Plant management actions

State agency actions

1. Collect data on a UQOS Reqguire plants to
basis in cost centers consider accounting on
where high costs have a U0S level if cost
been identified. center data cannot be

compared among plants.

2. Compare usage between Require plants to
two like cost centers submit individual
or U0S’s and require solvent reduction
action by larger user. plans.

3. Provide incentives and Compare solvent usage
goals to similar cost from like UOS’s within
centers. a given industry and

require justification
from higher users.

4. Evaluate potential Mandate implementation
alternative cleaning of specific solvent
gsolutions. management techniques.

5. Conduct experiments to Require plants to
determine minimum conduct extensive,
amount needed for each short-term studies and
cleaning task. to commit to take

action based on
results.

6. Implement an employee Compile and share
suggestion program. information on the use

of cleaning solutions.
Mandate use where
appropriate.

7. Form a task force with Compile and share

other plant managers to
compare cleaning
practices.

results of alternative
cleaning solution
tests. Mandate use
where appropriate.
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In short, the first step in reducing emigsions from use of
cleaning solvents is to identify those locations within the plant
boundaries where the cleaning solvents are uged--and lost--in the
greatest quantity. This can be accomplished by requiring
companies to institute accounting procedures to track the use and
emissions from different places within the plant that use
cleaning solvents.

The second step is to use the knowledge obtained from the
accounting system. Specific actions may be initiated by plant
management or specified by the State Agency. The accounting
system provides a quantitative measure of the results of
corrective actions and helps guard against subsequent regression
to former working conditions.

The automobile industry has suggested an alternative
approach (Appendix D), use of short term intensive studies to
identify methods for reducing emissions from solvent use. This
would obviously be a positive activity, worthy of encouragement
by the State, and perhaps equally effective over the near term.
Some subsequent tracking steps would appear necessary to assure
that the initial success is not subsequently lost.

1. Memorandum from Wyatt,S ., EPA, to project file. February
24, 1994. "Unit Operation System" - Originator of Concept.
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2.0 INTRODUCTION

Congress, in the Clean Air Act Amendments of 1990 (CARAA),
supplemented previous mandates regarding control of ozone in
nonattainment areas. A new Subpart 2 was added to Part D of
Title I. Section 183(¢) of the new Subpart 2 provides that:

...the Administrator shall issue technical
documents which identify alternative controls
for all categories of stationary sources of
volatile organic compounds ... which emit, or
have the potential to emit 25 tons per year
or more of such air pollutant.

The Act further directs that these documents are to be
subsequently revised and updated at intervals determined by the
Administrator.

This is an alternative control techniques (ACT) document
that discusses industrial cleaning solvents and provides
technical information for State and local agencies to reduce
VOC emigsions. Detailed information was collected from surveys
of 6 different U.S. industries, hereafter referred to
collectively as "focus industries," and more general information
from a variety of other sources. Data collected by EPA’'s surveys
show nationwide usage from the six focus industries is about
380,000 megagramg per year (Mg/yr) (410,000 tons per year
[tons/yr]). Less comprehensive data from other sources suggest
total solvent usage for c¢leaning by all U.S. industry is more
than 1 million tons each year.

The remainder of this report consists of three chapters and
several appendices. Chapter 3 presents estimates of nationwide

golvent usage and emissions. It also includes discussiong of the
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types of cleaning activities and the contaminants removed during
cleaning. |

Chapter 4 presents approaches to prevent cleaning solvent
emissions through better solvent accounting and management
activities. Alternative actions that States and plants can take
to effect reductions are also discussed in Chapter 4.

Chapter 5 presents incremental costs for the accounting
procedures and reduction techniques adopted by those plants that
gserved asg case studies. It also presents the estimated cost
impact (as reported by one plant) of switching the method of
cleaning paint spray guns from manual cleaning procedures to a
machine designed for cleaning such equipment (a gun washer).

The appendices present definitions of terms, a summary of
State and local regulations, a method for estimating fugitive
emissions, a different alternative for achieving reductions in
solvent usage, solvent accounting case studies, a method for
evaluating alternative cleaning fluids, a method for determining
emissions from gpray gun cleaning, and a spray gun cleaning case
study.
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3.0 INDUSTRIAL CLEANING WITH ORGANIC SOLVENTS

A variety of organic solvents are used in enormous volumes
as8 cleaning fluids by industry. A portion of all solvents
evaporate during use, making cleaning fluids a major source of
emigssions of volatile organic compounds (VOC’s). This report
describes alternative techniques that will reduce VOC emissions
from those industrial cleaning solvents used to remove
contaminants such as adhesives, inks, paint, dirt, soil, o0il, and
grease. (Vapor degreasers and conveyorized, batch-loaded, and
remote reservoir cold cleaners, when used for cleaning metal
parts, were not addressed in this study, but are addressed in
another report titled "Control of Volatile Organic Emissions
from Solvent Metal Cleaning," EPA-450/2-77-022, November 1977.)
Contaminants must be periodically removed from parts, products,
tools, machinery, equipment, vessgels, floors, walls, and other
work areas for a variety of reasons including safety,
operability, and to avoid product contamination.

This chapter, the product of an extensive study of cleaning
activities in a wide and diverse assortment of industrial
facilities, presents an overview of how organic solvents are used
by industry for cleaning. It discusses the industries that use
cleaning solvents, the kinds of solvents used, the type of
cleaning activities performed, and current practices, or lack
there of, for managing the use of solvents.

Further, the chapter describes the material balance concept
used for soliciting information and quantifying emissions. It
also describes the nine categories of "unit operation systems"
(UOS’s) into which all types of industrial cleaning were grouped.
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3.1 OVERVIEW OF CLEANING

This section presents an overview of the cleaning process.
First, four mechanisms by which contaminants are removed are
described. Also presented are discussions of cleaning
"activities" (i.e., dipping, flushing, purging, spraying, and
wiping) and factors, including the degree of cleanliness
demanded, that affect emissions.

3.1.1 (Cleaning Mechanisms

The cleaning activities that use organic solvents to remove
contaminantgs used by industry rely on one or more of the
following four mechanisms.

3.1.1.1 Solubilization. The contaminant must dissolve in
the cleaning solvent which may be either a neat solvent or
solvent mixture.

3.1.1.2 Surface Action. The (nonmechanical) displacement
0of the contaminant from the surface that is ¢leaned through
changes in surface tension. Surface action can be achieved by a
detergent or through emulsification of the contaminant.

For example, a detergent displaces a contaminant with its
surface-active agent or surfactant. Because surfactants exhibit
greater affinity to the surface than do the contaminants, the
latter are displaced by surface phenomenon, the lowering of
surface and interfacial tension.

Emulsification refers to the effect of the contaminant and
the cleaning medium on each other. 1In the presence of an
emulsifier, portions of the contaminant (e.g., oil) are coated
with a thin film of the cleaning solvent, which prevents
rebonding of the contaminant to itself or to the surface. The
coated contaminant particles remain suspended in the cleaning

medium,
3.1.1.3 Mechanical Action. The contaminant is physically
displaced by mechanical agitation (e.g., brushing). Solvents are

used to increase the efficiency of the mechanical action via
solubilization or surface action.
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3.1.1.4 Chemical Reaction. A material is added that reacts
with the contaminant to form a soluble product, allowing the
contaminant to be flushed away.
3.1.2 Description of Cleaning Activities

This section discusses dipping, flushing, purging, spraying,
and wiping actions that have been deemed "cleaning activities."
Each activity is discussed independently. In many cases,
however, combinations of these activities may be used to meet the
cleaning needs.

3.1.2.1 Dipping. Dipping involves immersging an item into a
container of solvent to remove contaminants or residue. For
purposes of this study, a dipping activity is an operation where
the operator manually places the items to be c¢leaned into the
solvent and also removes them. The objects being cleaned simply
soak (partially or completely) in a solvent bath, contained in
any of various-sized containers. The mechanism of contaminant
removal is based on the solubility of contaminant in the solvent.
Agitating the solvent by mechanical means (e.g., stirring)
increases the rate of removal of the contaminants from the
substrate but also increases evaporation.

Dipping is widely used for maintenance or tool cleaning
during the manufacturing process. Dipping may be used to clean
both the exterior and interior of the item. The container may
have a 1id to reduce solvent evaporation and splashing, as well
as a mesh basket to allow convenient loading and unloading of
parts.

The solvent used for a dipping activity is usually at
ambient temperature. It may be stirred to speed the cleaning
process or to improve cleaning efficiency. Spent solvent from
this cleaning activity should be collected and recycled, reused,
or disposed of as hazardous waste.

Three major sources of emissions are associated with
dipping. The first is evaporation during the soak. The absence
of a 1id during soaking may also contribute to additional
emissions by allowing solvent to splash out during any associated
agitation.
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The second major source is "dragout": evaporation of the
cleaning solvent carried out of the container in recesses or the
interior of the objects being cleaned.

The third source of emissions is associated with the
handling of the spent solvent. If kept in an uncovered vessel,
significant evaporation may take place. Even if the cover is
well gasketed, some evaporative emissions may occur.

3.1.2.2 Flushing. Flushing involves pumping solvent from a
reservoir through a pipe or hose onto or through equipment (e.g.,
pipes, hoses, tanks) to remove contaminants or residue.

During flushing, the solvent is moved through the object
being c¢leaned. Flushing is frequently used for maintenance
cleaning of the interior of objects or in conjunction with other
manufacturing processes. Reservoirs or piping may be cleaned
prior to storage of new materials (e.g., tank flushing). Process
vesgels (e.g., reactors) may be flushed between batches.

In general, flushing requires solvent, a storage tank, a
hose, piping, and a spent solvent container. To flush an object,
portable equipment may be used. The solvent is pumped from its
reservoir through a hose onto or through the object being
cleaned. In some cases, the solvent may be used on a
once-through basis, discharged directly into a container (e.g., a
waste solvent drum), and reused elsewhere in the plant, recycled,
or disposed of as hazardous waste (We presume that operations no
longer intentionally allow spent solvent to evaporate in order to
reduce hazardous waste disposal costs.) In other cases, the
gsolvent may circulate back to the feed reservoir for reuse the
next time cleaning is required.

Once the solvent becomes 80 contaminated that it no longer
performs satisfactorily, the entire contents of the reservoir may
be transferred to another container to await recycling within the
plant or disposal as hazardous waste. More elaborate (and
usually fixed) systems are designed to flush large equipment
(e.g., a reactor vessel) at the end of a batch or for periodic
maintenance. In this case, the solvent may be delivered through
built-in piping.
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Flushing dissolves or disperses the contaminants in the
solvent. A contributing factor is agitation, which results from
the force or pressure exerted by the cleaning solvent stream from
the piping.

Emissiong from this ¢leaning activity are minimal provided
that the system does not leak. However, the quantity of fugitive
emissions and the number of emission points can vary depending on
the object being cleaned and the technique used for flushing.
Depending on their consgtruction, emissions can also be associated
with the storage tanks for virgin and spent solvent if they are
open or loosely lidded and with the process line while being
cleaned.

3.1.2.3 Purging. Purging is similar to flushing, but in
this report it applies only to cleaning the interior of spray
guns and other attached equipment (e.g., hoses, paint cups)
¢leaned simultaneously with the spray gun. Spray guns are used
primarily to apply paints, other coatings (e.g., resin or wax),
and oil to manufactured products. Typically, spray guns are
cleaned periodically during operation and at the end of
production shifts to prevent plugging. Paint spray guns must
also be cleaned in preparation for a color change.

Spray gquns are purged by a variety of techniques. For
example, siphon-feed paint spray guns with attached paint cups
are cleaned manually by adding solvent to the cup and pulling the
trigger to force solvent through the gun and nozzle.
Pregsure-feed guns with variable lengths of hose also may be
cleaned manually. Purge solvent in these cases may be used on a
once-through basis or recirculated. Once-through solvent is
sometimes gprayed directly into the air where it all evaporates;
other plants direct the spent solvent to a collection vessel for
disposal or reuse.

Plants that perform a lot of painting often have robotic
spray systems that can recirculate paint and/or cleaning solvent.
These systemg are cleaned automatically by solvent that is
delivered through permanent (and dedicated) fixed piping.
Additional fixed piping attached to the base of the gun also
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either directs most of the used solvent to a spent solvent
storage tank or recirculates it back to the feed tank. Some
robotic or reciprocal equipment have integral recovery systems
that preclude the releage of any liquid solvent into the air.
Others permit only the briefest burst of solvent through the gun
tube and nozzle into the air; where it evaporates.

The pressure exerted by the solvent pushes the bulk of the
paint or other contaminant through the line and gun in semi plug
flow. Some contaminants are dissolved in the solvent.

In addition to evaporation of some or all of the solvent
discharged into the air, emissions may also occur from virgin and
spent solvent storage vessels and leaks from fittings in the
solvent and paint lines.

3.1.2.4 Spraying. Spraying involves applying cleaning
solvent to a surface through a nozzle so that the solvent's
energy of momentum is converted to mechanical pressure as it
impacts the part to be c¢leaned. It can be used for cleaning
outer or inner surfaces of objects (e.g., the inside or outside
of a tank).

Spraying parts with cleaning solvent saves labor, time, and
money compared to other cleaning activities such as wiping.
Spraying can quickly wet many parts with solvent. Wiping
requires that a worker wet each surface one at a time. Thus the
labor costs of spraying can be several times lower than the costs
of other cleaning activities. However, the equipment costs for
spraying are somewhat higher.

Spray cleaning systems can be either automated or manual.
Automated systems are typically fixed in one location (e.g., a
spray booth), while manual systems can either be fixed or
portable. Automated systems tend to be larger and more complex.
They may include a solvent reservoir to hold virgin solvent,
piping, a pump, spray arms, nozzles, a basket to hold the parts
(for a cold cleaner), and a container to collect spent solvent.
Manually activated sbray systems consist of a fixed or portable
regservoir of virgin solvent connected to a pump system and then
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to a hose and nozzle. Portable solvent reservoirs hold several
gallons of solvent, while fixed storage tanks are much larger.

Solubilization is the primary mechanism for contaminant
removal in spray cleaning. It occurs when an object
(e.g., process equipment) is completely wetted by solvent that
dissolves the contaminant. The impact of pressurized solvent
(i.e., a mechanical action) can also dislodge contaminants,
although only those that adhere loosely to the surface to be
¢leaned.

Emission points from spraying activities include (1) the
surface of the object being cleaned (e.g., paint spray booth
walls), (2) the virgin and spent solvent vessels if they are open
or loosely lidded, and (3) the spray equipment itself. The
emissions from the object being cleaned account for a varying
portion of the total emissions. For example, evaporative
emigsions from wetting a small part are small compared to those
from cleaning a large object such as the walls of a spray booth.
Factors affecting the relative importance of these emission
points are the vapor pressure of the solvent, the period of time
the solvent is exposed to the air, and the ambient temperature.

3.1.2.5 Wiping. Wiping is a simple form of solvent
cleaning and relies on the solubility of the contaminant in the
solvent or the surface action of the solvent plus the mechanical
loosening of the contaminant from the substrate by rubbing. The
absorbent wiper (e.g., rag, mop, or sponge) absorbs the solvent
and transfers it to the substrate surface. Contaminant particles
dissolve in the solvent, are loosened by surface action, or are
dislodged by applied pressure. Dissolved contaminants are
absorbed by the rag, while the loosened and dislodged particles
either adhere to the rag or are pushed off of the object being
cleaned. Wiping steps are repeated until the object is
gufficiently clean. If the dirty rag, mop, or sponge is rinsed
in the virgin solvent reservoir or the reclaimed solvent
container, some of the contaminant will be transferred to the
solvent in the reservoir. If not, the contaminant generally
remains on the rag.
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Wiping is perhaps the most common cleaning activity:

(1) the contaminant often is more quickly removed because of the
associated mechanical energy used and (2) it is a mobile activity
eagily performed anywhere in the plant. Little egquipment is
needed. The only costs accrued are for labor and materials;
there is no capital cost. This cleaning activity is most
appropriate for maintenance (e.g., c¢leaning [machinery, floors,
etc.] in place without disassembly or cleaning large pieces
produced in small quantities that would be impractical to clean
by alternative methods).

The major sources of emissions from wiping activities are
evaporation from vessels that contain fresh and gpent solvent,
the solvent-goaked rags or other tools used, and spillage from
containers. Evaporation of residual solvent from cleaned parts
also contributes to emissions.

3.1.3 Factors that Affect Emissions

During cleaning, several factors contribute to the emissions
of solvent. These can be divided intq two categories: (1) those
associated with the cleaning practice, and (2) those related to
the physical or chemical properties of the solvent.

Higher evaporative emissions may result from careless or
improper handling of cleaning tools (e.g., rags, brushes) or the
part during and after cleaning. Another practice that increases
golvent emigsions is gplashing and spillage during handling.
Factors that increase emissions associated with the cleaning
method itself include drying the tools or cleaned parts in areas
ventilated directly to the atmosphere, not using covers (or using
ineffective covers) for both the fresh and waste cleaning
solvent, and using adsorbent or porous items (e.g., ropes, bags)
for handling the solvent-wetted items.

The second category of factors that contribute to
evaporative losses relates to chemical and physical properties of
the solvents. Chemical factors include solvent volatility,
viscosity, and any change in chemical properties caused by
introducing the contaminant into the solvent, such as an increase
or decrease in boiling point, surface tension, etc. Physical
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factors are mainly associated with the air movement in the
¢leaning area and the ambient and process temperatures, all of
which can contribute to increases in evaporation rates.

Still another physical factor is the degree of cleanliness
demanded, that is, the specification for contaminant removal that
must be met. There is no common standard of measurement, and
"clean" varies depending on the application and the industry.
Three general categories of cleanliness are:

1. Cleaning ags a step in the manufacture of products.

The primary reason for this type of cleaning is to prepare an
object for a subsequent manufacturing step, such as painting. As
a result, complete removal of the residual cleaning materials or
solvents is typically required. An example is cleaning the
surfaces of a newly manufactured part (e.g., metal furniture)
prior to painting or initiating another coating operation, where
a high standard of cleanliness is necessary to ensure proper
adhesion of the coating. Still another example is use of solvent
to remove mold release compounds from molded plastic products
(such as a fiberglass boat prior to painting the hull) or to
remove all miscellaneous contaminants from a primed car body
prior to topcoating.

In selecting the solvent for cleaning products during
manufacture, performance is the critical test. The solvent must
achieve the desired cleaning in a way that permits the product to
be manufactured competitively. The cost of the solvent is
relatively minor compared to the labor and cost of rework should
the coating fail (or some other problem occur) as a result of
insufficient cleaning. In selecting a cleaning material or
considering a change, one must be mindful that residues of
cleaning materials may be unacceptable. The only acceptable
cleaner may be an organic solvent.

2. Cleaning of process egquipment. This cleaning is often
done to prevent cross-contamination between different batches of
material prepared using the same equipment. An example is
cleaning paint manufacturing tanks between production of batches
of different colors. Another is purging coating application
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spray guns and associated lines and hoses with solvent prior to a
color change or at the end of the day’s operations.

The cleaning requirement for process equipment may be fairly
rigorous to preclude contamination that would spoil the next
batch or next product (e.g., car). The solvent selected for
cleaning is often the same solvent used in the manufacturing
operation to avoid a compatibility problem.

3. Cleaning before maintenance. Parts and equipment may

need cleaning prior to or during maintenance operations. Cost
and convenience are important concerns affecting solvent
gselection. The level of cleanliness may be less important.
Cleaning may be conducted for convenience--to remove grease, for
example- -rather than to meet more specific requirements. In
other maintenance circumstances, the cleaning requirements may be
very high.
3.2 INDUSTRIES THAT USE VOC SOLVENTS FOR CLEANING

This section presents a gquantitative overview of cleaning
solvent use by industry and a discussion of cleaning solvent
accounting/tracking practices.

3.2.1 Quantitative Overview of Cleaning Solvents Use

Cleaning activities are an inherent and essential step of

any production process. Solvents are used extensively for this
purpose by many industries. Table 3-1 lists 13 industries known
to so use organic solvents and presents estimates of nationwide
use in each industry. (Corresponding metric values are shown in
Table 3-2.) These tables reveal that the total usage for those
industries are somewhere between 270 and 1,400 tons/yr (240 and
1,300 Mg/yr). This igs a low estimate of total nationwide use
because many other industries are known to also clean with
organic solvents.

Estimates were obtained from five sources. Four are
previous studies by the Agency that reported the nationwide use
of organic solvents for all purposes by certain industries.l 4
The fifth source is the current study.5 Tables 3-1 and 3-2 are
based on information from the first four and a ratio of cleaning
solvent to total solvent usage developed during the current
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TABLE 3-1. ESTIMATES OF THE AMOUNT QF VOC CLEANING SOLVENT USED
BY INDUSTRY, x 10° tons/yr

Reference i
Industry 1 2 3 4 5 Low High
Automotive--manufacturing 89-4102 72 72 410
(3711)
Automotive—trucks and 16 16 16
buses (3713)
Automotive—parts/access. 7.7 7.7 1.7
(3714)
Automotive--stamping (3465) 1.0 1.0 1.0
Adhesives 73-330 46-210 46 330
Packaging 30 30 30
Plastics 28-130 28 130
Fumniture 19-88 230 19 230
Rotogravure printing 14-62 14 62
FRP boats 8.3 8.3 8.3
Autobody refinishing 7.8-35 16-72 26-120 7.8 120
Electrical equipment 5.6 5.6 5.6
Magnetic tape 5.5P 11 5.5 11
Photographic supplies 3.9% 41 3.9 41
{chemicals)
Offset lithographic printing 1.1-6.6° 1.1 6.6 ‘“
Total 270 1,400 |l

"This range may represent usage in more than the 3711 SIC subcategory.

timate based on a usage = emissions assumption.
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TABLE 3-2. ESTIMATES OF THE AMOUNT OF VOC CLEANING SOLVENT USED
BY INDUSTRY, x 10 Mg/zr

YThis range may represent usage in more than the 3711 SIC subcategory.

timate based on a usage = emissions assumption.

Reference
Industry 1 2 3 4 Low High
Automotive--manufacturing 81-3708 65 65 370
(3711)
Automotive--trucks and 15 15 15
buses (3713)
Automotive--parts/access. 7.8 7.0 7.0
(3714)
Automotive--stamping 0.9 0.9 0.9
(3465)
Adhesives 67-300 42-190 42 300
w Packaging 27 27 27
b Plastics 25-120 25 120
N
Furniture 21-80 210 21 210
Rotogravure printing 12-56 12 56
FRP boats 7.5b 7.5 7.5
Autobody refinishing 17132 14-66 24-110 7.1 110
Electrical equipment 5.1 5.1 5.1
Magnetic tape 5.0P 10 5.0 10 o g
. . 'CP._
Photographic supplies 3.5b 37 3.5 37 (i) s
{chemicals) 3 l‘_’n
Offset lithographic printing 1.0-6.0° 1.0 6.0 o3
@ T
Total 240 1,300 0D
SO
<>
ks
o
g3
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study. Table 3-3 summarizes the number of facilities and number
of data sets obtained from the six focus industries in the
current study. Data were gathered through information requests
designed to obtain a variety of information on cleaning
practices, including the type and volume of solvents used.
Cleaning solvent usage and emigsgions in the six industries are
discussed further in Section 3.2.3.

TABLE 3-3. AGENCY DATA GATHERING EFFORT

No. of No. of data
Industry facilities sets?
Automotive--Manufacturing (3711) 8 78
Automotive--Trucks/buses (3713) 1 7
Automotive--Parts/accegs. (3714) 4 18
Automotive--Stamping (3465) 2 6
Electrical equipment 8 63
Magnetic tape 3 14
Furniture 6 87
Packaging 1 6
Photographic supplies (chemicals) 1 14
_EQTAL 34 293
LSt

@A data set is all the data gathered that pertained to the
cleaning of one industrial unit operation or several similar
unit operations, depending on how each facility reported
data.

Cleaning solvent usage makes up 9 to 41 percent of total
solvent usage, based on data from seven of the plants surveyed
for this study.6 They were the only plants (four in the

electrical equipment, and one each in the furniture, packaging,
and photographic supplies industries) that provided sufficient
data to calculate the ratio. This 4-fold range was used to
calculate nationwide usage values for References 1 through 4 in
Tables 3-1 and 3-2.




Docket No. EPA-HQ-OAR-2006-0535
CTG: Ind. CIng. Solv. pg55 of 290

The 4-fold range was also used to estimate a lower bound of
national cleaning solvent usage in all industry. These resulting
values are believed low because they are based on sales of only
19 solvents; others may also be used as cleaners. Table 3-4 lists
frequently used cleaning solventg at the plants in the focus
industries. Only solvents used at three or more plants (as
either a single compound or as a component of a mixture) are
included in the table.’ Total annual U.S. sales of these same

solvents are compiled in Table 3-5.8

Applying the
cleaning-to-total solvent usage ratio to these sales resulted in
an estimated national cleaning solvent usage of 1.3 to
5.7 million tons/yr (1.2 to 5.3 million Mg/yr).

Data from nine automotive assembly plants reveal cleaning
solvent emissions ranging from 22 to 61 percent of the total

emissions.6

(However, one furniture manufacturer reported
¢leaning emiggsions to be only 1 percent of the total.) Although
the usage (9 to 41 percent) and emission (22 to 61 percent)
ratios were based on data from plants in separate industries,
conclusions can be drawn from the differences. The differences
suggest that a plant cannot use a known usage ratio as an
accurate approximation of an unknown emissions ratio. This
result is to be expected, considering emissions from production
uses of solvent are independent of emissions from cleaning uses.
For example, a portion of cleaning solvent may be collected and
reclaimed, while all production solvent may be used as a paint
thinner and ultimately emitted either during manufacturing or
later use of the paint.
3.2.2 Accounting/Tracking Procedures

The EPA’s study also revealed that many industrial
facilities carry the cost of solvents as a plantwide expense item
with essentially no records of where or how the materials are
used. For example, for accounting purposes, solvents are
frequently charged as a plant inventory item (rather than charged
against different profit centers within the plant). Further,
access is often as simple as opening a valve. No accountability
is required. Even at plants where the cost of cleaning solvents
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TABLE 3-4. FREQUENTLY USED INDUSTRIAL CLEANING SOLVENTS’

Solvent occurrences
Solvent
As part of concentration in
Hazardous air As pure compound compound
Solvent name pollutant? solvent formulation formulation, %
Acetone No 5 8 11-57
Alcohols? ¢ 2 1 -
Butyl acetate No 1 5 12-38
Cyclohexanone No 4 - -
Ethanol No 13 5 49-95
Ethyl acetate No 6 4 2-50
Ethyl benzene Yes - 6 1-20
Ethylene glycol Yes - 3 5-10
Isopropyl alcohol No 9 8 9-35
Methanol Yes - 6 3-20
Methyl ethyl ketone Yes 16 4 3-75
Methyl isobutyl ketone Yes 1 9 2-50
Naphthad e 10 13 6-98
Perchloroethylene Yes - 3 1-36
Toluene Yes 6 11 1-51
Xylene Yes 12 19 1-83

3Gee Appendix A for the definition of a hazardous air pollutant (HAP). Those compounds that are HAP’s
are subject to regulation under Section 112 of the Clean Air Act.
otal nonspecified production of C; or lower unmixed alcohols.
®Unknown whether this class includes HAP’s.
is solvent includes naphthas, petroleum naphtha, VM&P naphtha, mineral spirits, stodard solvents,
naphthols, and naphthanols.
®Naphthas may include HAP’s.
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TABLE 3-5. VOLUME OF SALES FOR COMMON CLEANING SOLVENTS®

Solvent name

Total U.S. sales
for 1990, Mg/yr

Total U.S. sales
for 1990, tons/yr

Acetone 760,000 840,000
Alcohols® 4,100,000 4,500,000
Butyl acetate 930,000 100,000
Cyclohexanone 51,000 57,000
Ethanol 280,000 330,000
Ethyl acetate 110,000 130,000
Ethyl benzene 470,000 510,000
Ethylene glycol 230,000 250,000
Isopfopyl alcohol 560,000 620,000
Methanol 2,400,000 2,600,000
Methyl ethyl 240,000 260,000
ketone

Methyl isobutyl 49,000 54,000
ketone

Naphtha b b
Perchloroethylene 170,000 180,000
Toluene 1,600,000 1,700,000
Xylene 1,300,000 1,500,000
=E_OTAL 13,000,000 14,000,000

4Total nonspecified production of C,; or lower unmixed
alcohols.
Figure unavailable.
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is charged to various business or cost centers within the plant,
usually it is not on a relative usage basis. Instead, the total
solvent cost may be assigned to the individual cost centers using
some surrogate such as cash flow or number of employees.

Only one response indicated that the amount of solvent used
for cleaning is actually measured, and then only for the solvent
added or removed from a parts washing dip tank. Most facilities
responded that they record only the total amount of solvent
purchased and disposed. The amount purchased is available from
purchase orders, and disposal information is maintained in
Resource Conservation and Recovery Act manifests, biannual
reports, and Treatment, Storage, and Disposal Facilities disposal
records. Regulatory requirements were cited as the primary
reason for existing recordkeeping practices. In some larger
facilities, some form of recordkeeping is mandated by corporate
requirements.

Part of the reason for such imprecise accounting is
historical, but another is the cost associated with a more
quantitative tracking system. In many automobile manufacturing
plants, for example, a solvent line (pipe) makes solvent
available to every painter or cleaning employee in a spray
booth.? At the turn of a valve, the employee has access to an
unlimited supply of solvent. To quantify the usage by booth,
employee, or other plant segment would require an investment in
both meters and labor to enter the results into a plant
accounting system.

3.2.3 C(Cleaning Solvent Use and Emigsions _in the Focus Indugtries
Cleaning with solvents in an industrial setting may be
perceived on a unit-operation (UO) basis. The conventional unit
operation, a term common to the chemical engineering discipline,
is an industrial operation classified or grouped according to its
function in an operating environment. Unit operations vary

considerably among industries.

Data were solicited during this study from the gix focus
industries based on a material balance around a unit operation
system (UOS). The concept of the unit operation "gsystem" extends
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the boundaries of the conventional "unit operation." The UOS is
defined as the ensemble around which a material balance for
cleaning can be performed. The boundaries of a UOS should be
selected to include all possible points/sources leading to
evaporative emission losses associated with cleaning a specific
unit operation, inc¢luding losses during dispensing the solvent,
spilling virgin and used solvent, handling residual solvent in
cleaning applicators, etc.

Nine types of UOS’'s were identified in this study that are
believed to be representative of most solvent cleaning performed
by all industry. These are: spray gun cleaning, spray booth
cleaning, large manufactured parts cleaning, equipment cleaning,
floor cleaning, line cleaning, parts cleaning, tank cleaning, and
small manufactured parts cleaning. A detailed explanation of UOS
can be found in Appendix C.

3.2.3.1 Distribution of UQOS's at Surveyed Plants.

Table 3-6 presents the relative numbers of each UOS received in
response to the Agency’s information request. Data on a total of
293 UOS’s were provided by industry. The equipment cleaning UOS
was the most common, 28 percent, and parts c¢leaning was second at
23 percent. Only one industry, automotive, reported all nine
types of UOS. The automotive industry submitted 38 percent of
the total entries, while three, automotive, electrical equipment,
and furniture, submitted 90 percent of the total.l9

Equipment and parts cleaning were performed by all focus
industries. Large manufactured components cleaning (i.e., the
¢leaning of large components during manufacture) and line
cleaning each appear in only two (large manufactured components
cleaning was reported by the automotive and furniture industries,
while line cleaning was reported by the automotive and magnetic
tape industries). Spray booth cleaning was reported only by the
automotive industry. Table 3-7 details the types of UOS’'s
reported by each focus industry.

7Y
1
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TABLE 3-6. FREQUENCY OF UNIT OPERATION SYSTEM OCCURRENCE
Distribution of unit operation systems, percent
Large Smali Spray
manufactured manufactured| booth
Equipment Floor components Line Parts components Spray gun| Tank

Focus industry cleaning cleaning cleaning cleaning |cleaning] cleaning |cleaning| cleaning {cleaning| Total
Automotive- 2.4 1.4 7.9 2.4 0.34 1.4 3.8 5.1 2.1 27
manufacturing (3711)
Automotive- - -- 1.4 - -- -- -- 1.0 - 2.4
trucks/buses (3713)
Automotive- .68 - - -- 3.8 -- -- 1.7 -- 6.1
parts/access. (3714)
Automotive- - -- - -- 1.7 0.34 - -- - 2.1
stamping (3465)
Electrical equipment 7.5 1.7 -- -- 6.1 4.4 - 1.7 - 22
Fumiture 12 -- 2.7 - 8.5 4.4 -- 24 -- 30
Magnetic tape 1.4 - -- 0.34 1.4 -~ -- - 1.7 4.8
Packaging 1.0 0.34 -- -- .68 -- -- -- -- 2.1
Photographic supplies 3.1 0.34 -- -- 0.34 -- -- 0.34 .68 4.8
(chemicals)
Total 28 38 12 2.7 23 11 38 12 4.4 100
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TABLE 3-7. UNIT OPERATION SYSTEMS REPORTED BY THE FOCUS
INDUSTRIES . :
Industry Unit operation system
Automotive - Equipment cleaning

manufacturing (3711)

Floor cleaning
Large manufactured
Line cleaning
Small manufactured

Spray booth cleaning

Spray gun cleaning
Tank cleaning

components

components

Automotive - Large manufactured components
Trucks/buses (3713) Spray gun cleaning
Automotive - Equipment cleaning
Parts/access. (3714) Parts cleaning

Spray gun cleaning
Automotive - Parts cleaning
Stamping (3465) | Small manufactured components
Electrical components | Equipment cleaning

Floor cleaning

Parts cleaning

Small manufactured components

Spray gun cleaning
Furniture Equipment c¢leaning

Large manufactured components

Parts cleaning

Small manufactured components

Spray gun cleaning

Magnetic tape

Equipment cleaning
Floor cleaning
Line cleaning
Parts cleaning
Tank cleaning

Packaging

Equipment cleaning
Floor cleaning
Parts cleaning

Photographic supplies
(chemicals)

Equipment cleaning
Parts c¢leaning
Spray gun cleaning
Tank cleaning
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3.2.3.2 Usage. Estimates of the nationwide amount of
VOC-based solvents used in the focus industries are shown in
Table 3-8. (Metric values are in Table 3-9.) These estimates
were based on nationwide extrapolation of usage-per-employee
factors for the surveyed plants (using total plant em.ployment).5
Equipment cleaning, the most common UOS, consumes only about
3 percent of the cleaning solvent used in the focus industries.
Spray gun cleaning, which constituted only 12 percent of the
UOS’s, consumes more than 50 percent of the solvent used.

3.2.3.3 Emissions. Nationwide emission estimates of VOC’'s
from the nine UOS in the focus industries are presented in
Table 3-10 (metric values are in Table 3-11.) These estimates,
limited to the focus industries, are useful primarily for
comparing emissions among the variety of systems. They were
developed using the same procedure used to estimate the
nationwide usage estimates. First, emission factors were
developed for each UOS using emissions and plant employment data
from the surveyed plants. These factors were then used with
total employment figures for each industry to estimate the
nationwide emissions.>

The tables indicate that spray gun cleaning is the largest
emission source in the focus industries, while cleaning tanks and
small manufactured components is the smallest. Figure 3-1
displays the relative emigssions from the nine types of UOS’s.
Although spray gun cleaning constituted only 12 percent of the
entries shown in Table 3-6, it is by far the largest source of
emissions, 50 percent. Equipment cleaning, the most common UOS,
produces only 7 percent of the total. The three highest-emitting
gystems, cleaning of spray guns, spray booths, and large
manufactured components, account for 78 percent of the total
emissions.

Cleaning of internal surfaces (spray guns, lines, tanks, and

spray booths) accounts for nearly 70 percent of the total
emissions. Cleaning of external surfaces (equipment, floor,
large and small manufactured components) accounts for nearly
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NATIONWIDE VOC SOLVENT USAGE ESTIMATES FOR FOCUS INDUSTRIES (TONS/YR)?Z

TABLE 3-8,
Nationwide VOC solvent usage by unit operation system, tons/yr
Large Small
manufactured manufactured Spray Spray
Equipment Floor components Line Parts components booth gun Tank

Focus industry cleaning cleaning cleaning cleaning cleaning cleaning cleaning | cleaning | cleaning Total®
Automotive 220 570 8,400 14,000 129 180 17,000 28,000 3,100 72,000

- Manufacturing

- Trucks/buses 6,900 8,800 16,000

- Parts/access. 15 7,600 130 7,700

- Stamping 1,000 13 1,000
Electrical equipment 500 77 1,900 290 2,800 5,600
Furniture 7,300 900 39,000 1,800 £30 180,000 230,000
Magnetic tape 670 330 2,400 7,700 11,000
Packaging 1,300 5,900 23,000 30,000
Photographic 4,400 3.1 130 5.3 | 36,000 41,000
supplies
Total® 14,000 6,600 16,200 53,000 38,000 610 17,000 220,000 47,000 | 410,000

1 ton = 2,000 b,

3Estimates based on natlonmde extrapolation of usage-per-employee factors from surveyed plants (using total plant employment).
otals are different due to rounding.
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TABLE 3-9. NATIONWIDE VOC SOLVENT USAGE ESTIMATES FOR FOCUS INDUSTRIES (MG/YR) a
Nationwide VOC solvent usage by unit operation system, Mg/yr
Large Small
manufactured manufactu