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1.0 | NTRODUCTI ON

The C ean Air Act Anendnents (CAAA) of 1990 require
that State inplenmentation plans (SIP's) for certain ozone
nonattai nnent areas be revised to require the inplenentation of
reasonably avail able control technology (RACT) for control of
vol atil e organi c conpound (VOC) em ssions from sources for which
EPA has al ready published Control Techniques CGuidelines (CIG s)
or for which the U S. Environnental Protection Agency (EPA) w |
publish a CTG between the date of enactnent of the anmendnents and
the date an area achieves attai nment status. Section 172(c) (1)
requires nonattai nnent area SIP's to provide, at a m ninum for
"such reductions in em ssions fromexisting sources in the area
as may be obtained through the adoption, at a mnimum of
reasonably avail able control technology ..." As a starting point
for ensuring that these SIP's provide for the required em ssion
reduction, EPA in the notice at 44 FR 53761 (Septenber 17, 1979)
defines RACT as: "The lowest emission [imtation that a
particul ar source is capable of neeting by the application of
control technology that is reasonably avail abl e considering
t echnol ogi cal and economc feasibility.” The EPA has el aborated
i n subsequent notices on how States and EPA should apply the RACT
requirenents (see 51 FR 43814, Decenber 1989; and 53 FR 45103,
Novenber 8, 1988).

The CTG s are intended to provide State and | ocal
air pollution authorities with an information base for proceedi ng
with their own anal yses of RACT to neet statutory requirenents.
The CTG s review current know edge and data concerning the
t echnol ogy and costs of various em ssion control techniques.

Each CTG contains a "presunptive norm' for RACT for a specific
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source category, based on EPA's evaluation of the capabilities
and problens specific to that category. \Were applicable, EPA
recommends that States adopt requirenents consistent with the
presunptive norm However, the presunptive normis only a
recommendation. States may choose to develop their own RACT
requi renents on a case-by-case basis, considering the economc
and technical circunstances of an individual source. It should
be noted that no |laws or regul ations preclude States from
requiring nore control than recomended as the presunptive norm
for RACT. A particular State, for exanple, my need a nore
stringent |level of control in order to neet the ozone standard or
to reduce em ssions of a specific toxic air pollutant.

This CTGis 1 of at least 11 CTG s that EPA was
required to publish within 3 years of enactnent of the CAA
anmendnents. |t addresses RACT for control of VOC em ssions from
wood furniture coating and cl eani ng operati ons.

Unlike traditional devel opnent of CTG s for which a
determ nati on of RACT involves the identification and extensive
anal yses of a list of options, the determ nation of presunptive
RACT for the wood furniture industry was negoti ated under the
Federal Advisory Conmttee Act with menbers of industry,
envi ronment al groups, States, and |ocal agencies. Included in
this chapter is a brief description of the regul atory negotiation
process, a discussion of the process that led to the decision to
negoti ate presunptive RACT, and a brief discussion of the
regul atory negotiation process for the wood furniture industry.
1.1 THE REGULATORY NEGOTI ATI ON PROCESS

In a regulatory negotiation, a well-bal anced group
representing the industry to be regul ated, public interest
groups, state and | ocal governnents, and the EPA forma federally
chartered advisory conmttee to negotiate the requirenents of a
rule. A neutral facilitator is used to convene the commttee and
to manage its nmeetings. 1In a regulatory negotiation, decisions
are made by consensus, not by majority vote. Consensus is
defined by the comrmittee prior to the start of its deliberations,
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however, it is generally defined as an agreenent by all parties
that they can live with the provisions of the rule.

There are several advantages to the regulatory
negoti ation process. The process allows the interested, affected
parties a nore direct input into the drafting of the regulation,
thus ensuring that the rule is nore sensitive to the needs and
restrictions of all parties. The regulatory negotiation
commttee can draw on the diverse experience and creative skills
of the commttee nenbers to address problens encountered in
crafting the regulation. The group together nmay be able to
propose solutions to difficult problens that no one nmenber could
have thought of on his/her own.

1.2 DEVELOPMENT OF THE CTG THROUGH REGULATORY NEGOTI ATI ON

In the fall of 1989, EPA began devel oping the CTG
for the wood furniture industry. The EPA sent out surveys to
wood furniture manufacturers, wood furniture coating suppliers,
application equi pnment vendors, and manufacturers of add-on
controls. They also visited several wood furniture manufacturing
plants. The information collected fromthese efforts was used to
develop a draft CTG Drafts of Chapters 1 through 4 of the CIG
were rel eased in Cctober of 1991 and the status of the CTG and
the basis for selecting the RACT options were presented at a
nmeeting of the National Air Pollution Control Techniques Advisory
Comm ttee (NAPCTAC) in Novenber of 1991. A determ nation of RACT
was not made by EPA at this point in tine.

In the spring of 1991, the industry began
preparation of its own report that eval uated VOC em ssions
control technol ogies for the wood furniture and cabi net
industries. The report was prepared by an independent contractor
and was sponsored by the American Furniture Manufacturers
Associ ation, the Business and Institutional Furniture
Manuf acturers Associ ation, the Kitchen Cabi net Manufacturers
Associ ation, and the National Paint and Coatings Associ ation.

The report evaluated the technical feasibility and the costs of
control technol ogies for reducing VOC em ssions fromthe
i ndustry. An extensive analysis of the econom c inpacts of the
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control technol ogies was also included as a part of the report.
The report did not present a recomrendation for RACT.

As the draft CTG and the industry report were being
conpl eted, EPA al so began work on a national em ssion standard
for hazardous air pollutants (NESHAP) for the wood furniture
industry. Title Ill of the Clean Air Act Amendnments of 1990 gave
EPA the authority to establish national standards to reduce air
toxics fromsources that emt such pollutants. Section 112(b) of
the CAAA included a list of hazardous air pollutants (HAP) that
were to be regul ated by NESHAP. Because the wood furniture
manufacturing industry is a source of many of these pollutants,
it was included on the |ist of source categories for which a
NESHAP was to be developed. By the tinme the draft CTG and the
i ndustry report were rel eased, EPA had al ready begun gat hering
information to be used in the devel opnment of a NESHAP for the
i ndustry.

In January of 1992, EPA net with industry
representatives to discuss the industry report and the status of
the CTG and NESHAP. The industry expressed their concern that
the requirements of the CTG and the NESHAP mi ght not be
consistent wwth each other. Because the devel opnent of the CIG
was ahead of the NESHAP, the industry was concerned that they
woul d invest in one set of technologies to address the CTG
requi renents and then have to invest later in different
technol ogies for the NESHAP. |In response to their concerns, EPA
presented industry with the option of determ ning both the
presunptive normfor RACT and the requirenents of the NESHAP
usi ng a consensus-buil ding approach. The EPA indicated that this
approach coul d consi st of continued informal neetings between EPA
and the industry or it could consist of a formal regulatory
negotiation in which the industry, the EPA, and other interested
parties forma Federal Advisory Committee with the goal of
reachi ng agreenent on both the presunptive normfor RACT and the
requi renents of the NESHAP

In April of 1992, the industry infornmed EPA that
they wished to explore the option of using a regulatory
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negoti ati on approach to devel op the CTG and the NESHAP for the
wood furniture industry. The EPA agreed to pursue the
possibility of using a regulatory negotiation approach to devel op
the CTG and the NESHAP. During the winter of 1992/1993, EPA net
with representatives of the industry, trade associations, coating
suppliers, States, and environnental groups to discuss issues,
share information, and assess whether a regulatory negotiation
woul d be appropriate for the industry. Two exploratory neetings
were held for these purposes. After the exploratory neetings,
three public neetings were held in the spring and early sumer of
1993 to continue to discuss issues associated with regulatory
devel opment. After publishing in the Federal Register on

June 23, 1993, a notice of establishnent of the regulatory

negoti ation commttee (58 FR 34011), the first official

regul atory negotiation neeting was held in July 1993. The
Conmittee included representatives fromindustry, including snal
busi ness, States, environnental and public health groups, and an
EPA representative. Table 1
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TABLE 1. WOOD FURNI TURE NESHAP REGULATORY NEGOTI ATl ON
COW TTEE MEMBERSHI P

Menber s Affiliations

Freeman All en Sierra Cub

Terry Bl ack? PA Departnment of Environnental Resources

Jack Burgess Pri dgen Cabi net Wirks (Smal | Busi ness)

Cerry Currier AKZO Coat i ngs

W1 liam Deal Ber nhardt Furniture Conpany (O fice Furniture)

John DeVi do Aqual on ( Resi ns)

WIlliam Dorris Lilly Industries (Coatings)

Jack Edwar dson U S. Environnmental Protection Agency

Paul Eisele MASCO Cor por ati on

Jon Heinrich W Departnment of Natural Resources

Gary Hunt NC O fice of Waste Reducti on

Al an Kl i nek NC Departnment of Environnent, Health, and Natural
Resour ces

John Lingel bach Facilitator

Brian Morton NC Envi ronnent al Def ense Fund

Pet er N chol son Rohm and Haas ( Resi ns)

Susan Perry Busi ness and Institutional Furniture Manufacturers
Associ ation

Andy Ri edel | PPG | ndustries (Coatings)

Davi d Rot her nel Styl ecraft Corporation (Snall Business)

WIlliam Sal e Broyhill Furniture (Residential Furniture)

M ke Soots Kincaid Furniture (Residential Furniture)

Ri chard Titus Ki t chen Cabi net Manufacturers Association

Janet Vail West M Environnental Action Council

St ephen W1 | cox Anerican Lung Association of NC

Susan W/ dau Facilitator

John Zel t sman Architectural Whodwork Institute (Snmall Busi ness)

Left the State of Pennsylvania in Decenber 1993 and is now with Rettew
Associ ates in Lancaster, Pennsyl vani a.
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presents the list of commttee nenbers and their affiliations.

Formal neetings and informal workshops were held

over the next several nonths to identify and resolve the many

i ssues associated with determ ning the presunptive norm for RACT

for the wood furniture manufacturing industry. The Federal

Advi sory Comm tee reached consensus on a framework and principles

in Novenber 1994. The U S. Environnental Protection Agency is

responsi bl e for issuing the CTG and has agreed to use the

agreed-upon framework and principles as the basis for the CIG
The wood furniture industry is described in

Chapter 2 and em ssion control techniques are discussed in

Chapter 3. The devel opnment of nodel plants and the associated

em ssion estimates are described in Chapter 4. A detailed

di scussion of the requirenents of the presunptive normfor RACT

that were agreed upon by the Commttee is included in Chapter 5,
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whil e Chapter 6 presents the environmental and cost inpacts of
t hose requirenents.
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2.0 | NDUSTRY DESCRI PTI ON
2.1 |1 NDUSTRY STRUCTURE

The structure of the wood furniture industry is presented in
Table 2-1
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. % There are 10 Standard Industrial dassification (SIC) codes

whi ch cover what was anal yzed for the devel opnent of the Control
Techni ques Guideline for the "wood furniture"” industry. The

10 SI C codes include Wod Kitchen Cabi nets; Wod Househol d
Furniture (except uphol stered); Wod Household Furniture

(uphol stered); Wod Tel evi si on, Radi os, Phonograph, and Sew ng
Machi ne Cabi nets; Household Furniture Not C assified El sewhere;
Wod O fice Furniture; Public Building and Rel ated Furniture;
Wod O fice and Store Fixtures; Furniture and Fi xtures Not

El sewhere C assified; and Custom Kitchen Cabinets. A nore
detail ed description of the products included in these industries
is provided in Table 2-1. Three of the SIC codes, 2519, 2531,
and 2599, include the manufacture of nonwood products. However,
the CTGw |l apply only to those products manufactured of wood
and wood products (including particle board, reed, rattan,

w cker, etc.) One of the SIC codes, 5712, was not included in
the draft CTG This SIC code includes primarily furniture and
cabinet retailers. However, one commenter on the NESHAP
indicated that this SIC code al so includes manufacturing of
custom cabi nets. Custom cabi net manufacturers operating under
SIC code 5712 will be subject to this CTG but due to the limted
data that EPA has for these facilities, the inpact of the
presunptive RACT requirenents on these facilities is not included
in this docunent. They are also not included in the tables in
this chapter that present information on the distribution of wood
furniture manufacturing facilities.
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TABLE 2-2. WOOD FURNI TURE SI C CATEGORI ES' 3

Per cent age
SIC of total
code | ndustry facilities®
2434 Whod ki tchen cabi nets 29
2511 Wod househol d furniture, except 23
uphol stered
2512 Whod househol d furniture, uphol stered 9
2517 Wbod tel evision, radios, phonograph, and b
sew ng nmachi ne cabi nets
2519 Househol d furniture, not el sewhere b
cl assified
2521 Whod office furniture 5
2531 Public building and related furniture 4
2541 Wod office and store fixtures, 15
partitions, shelving, and |ockers
2599 Furniture and fixtures, not el sewhere 13
cl assified

®Based on 12,671 establishnments for the nine SIC codes.
’Less than 1 percent.

Tabl e 2-2 presents the relative nunber of facilities in each
of the nine SIC codes (based on the 1987 Census data).'?®
Facilities in SIC codes that manufacture furniture that can be
| abel ed as wood househol d or residential constitute approxinmtely
34 percent of the total and are concentrated in western North
Carolina; wood kitchen cabi net manufacturers represent about
29 percent of the total and are concentrated in Pennsylvania and
the Mdwest. Facilities in SIC codes that nmanufacture products
t hat can be | abel ed as business or office furniture represent
24 percent of furniture manufacturing facilities and these
facilities are concentrated in Mchigan.* The nunber of wood
furniture manufacturing facilities by EPA region is presented in
Tabl e 2-3.
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TABLE 2-3. W0OOD FURNI TURE FACI LI TI ES BY EPA REG ON"°

Facilities with
Tot al 20 enpl oyees or
facilities? nor e
Re%ion |
nnecti cut 147 35
Mai ne 20 7
Massachusetts 272 72
New Hanpshire 52 14
Rhode | sl and 11 5
Ver nont 31 13
533 146
Regi on |1
New Jer sey 447 65
New Yor k 748 1, 195
1, 195 1, 260
Reqgi on 111
Mar yl and 141 30
Pennsyl vani a 448 149
Virginia 229 81
West Virginia 10 2
828 262
Region |V
Al abama 203 69
Fl ori da 868 134
Ceorgi a 318 82
Kent ucky 98 31
M ssi ssi ppi 167 90
North Carolina 690 353
Sout h Carolina 79 24
Tennessee 298 123
2,721 906
Reglon V
[T1inois 351 104
| ndi ana 313 131
M chi gan 283 91
M nnesot a 219 49
Ghio 325 81
W sconsin 232 69
1, 723 525
Reqgi on VI
%Fkansas 117 44
Loui si ana 23 3
New Mexi co 72 8
Gkl ahoma 34 11
Texas 468 135
714 201
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TABLE 2- 3.

(conti nued)

Facilities with

Tot al 20 enpl oyees or
facilities® nor e
Reqi on VI I
| owa 53 25
Kansas 52 20
M ssouri 166 52
Nebr aska 28 9
299 106
Reqgi on VI I
Col or ado 156 26
Nort h Dakot a 18 5
Sout h Dakot a 10 2
Ut ah 91 28
275 61
Region | X
Ari zona 190 42
California 1, 789 527
Nevada 28 6
2, 007 575
Regi on X

| daho 25 2
Oregon 178 31
Washi ngt on 259 48
462 81

®No data available for States not |isted. | ncl udes

information for the followi ng SIC codes: 2434, 2511, 2512,

2517, 2519, 2521,

2531,

and 2541.
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The | argest nunber of facilities, 2,721, are located in
Regi on IV, which includes the southeast States; Region |IX, which
includes California, has 2,007 facilities."?

As shown in Table 2-1, the wood furniture industry is
conprised primarily of small plants; 86 percent of the facilities
have fewer than 50 enpl oyees. In conparison, large facilities
constitute only 3 percent of all wood furniture facilities. Wod
furniture facilities with nore than 20 enpl oyees are concentrated
in North Carolina and California.® Small facilities are usually
bat ch operations, are not generally automated, and have a
conparatively | ow | evel of inhouse technical expertise. Large
facilities are usually highly automated, continuous operations.

Furni ture Design and Manufacturing nagazi ne ranks the top
300 wood furniture plants every year by total annual sales
(referred to as the FDM 300).° The 1990 FDM 300 overal | ranking
assigns Steelcase No. 1, Masco No. 2, Interco No. 3, and Hernman
MIller No. 4. (The 1991 ranking placed Herman M|l er as No. 3
and Interco as No. 4). The 1990 FDM 300 al so ranks the top
10 conpanies in three categories of wood furniture, including
residential, office/institutional, and kitchen cabinet furniture
manuf acturers. These conpanies, and their correspondi ng annual
sales, are presented in Table 2-4
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TABLE 2-4. 1990 FDM 300 TOP 10 FURNI TURE MANUFACTURERS’

Annua
sal es,
Mar ket Rank Nane nmllion $
Resi dent i al 1 Masco Corp. 1, 200%
2 Interco 1, 100°
3 Chio Mattress Co. 700°
4 La- Z- Boy Chair Co. 553"
5 Fassett Furniture, Industries, 466°
nc.
6 Ladd Furniture 450° ©
7 Si rmons USA 425"
8 rhonasville Furniture Industries, 4172
nc.
9 Mohasco Cor p. 400°
10 Kl aussner Furniture |Industries 250°
Ki t chen cabi net 1 Masco Corp. 300°
2 Triangl e Pacific Corp. 185° °
3 WCl Cabi net G oup 180°
4 Ameri can Woodmar k Cor p. 160°
5 Ari stokraft >130°
6 KraftMai d Cabinetry, Inc. <100° ©
7 Wood- Mbde Cabi netry 85%
8 Ri vera Cabi nets 80°
9 HomeCrest Inc. 60?
10 The St. Charl es Conpani es 58°
Oficelinstitutional 1 St eel case, |nc. 1, 800"
2 Herman Mller, Inc. 793°
3 Haworth, |nc. >500°
4 HON I ndustries, Inc. 500% °
5 Ki nbal | International, Inc. 475°
6 Knol | International 275% ¢
7 Al |l steel, Inc. 220" ©
8 Virco Manuf acturing Corp. 183°
9 Westi nghouse Furniture Systens 170°
10 Shel by WlliamIndustries, |nc. 169°

2Based on 1988 sal es dat a.

®Based on 1989 annua
‘Esti mat ed.

sal es dat a.
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(the 1991 ranking was not broken down by industry segnent and is
t herefore not presented). Masco Corporation, which manufactures
bot h househol d/residential furniture and kitchen cabinets, is the
parent conpany of many wel | -known conpani es including Merill at
| ndustries, Henredon Furniture Industries, Fieldstone Cabinetry,
and Universal Furniture. Interco Corporation, which nmakes
househol d/ resi dential furniture, includes Broyhill Furniture,

Et han All en, and The Lane Conpany, anong others. O Kkitchen

cabi net manufacturers, Merillat is believed to control the

| argest portion of the market, approximtely 10 percent.®’ No
single conpany is believed to control nore than 5 to 6 percent of
t he househol d/residential furniture market.?

The "wood furniture industry” is commonly grouped as
househol d/ resi dential furniture, office/business furniture, and
kitchen cabinet furniture. Facilities that produce these types
of furniture may be grouped together throughout the discussion in
this chapter. These are intended to be general |abels that
provi de basic information about a facility's final product and
that identify the use and destination of the final product; the
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general i zations are not intended as descriptive classifications
of the manufacturing process. For exanple, manufacturers within
t he househol d/residential group may use a variety of different
raw materials and manufacturing nmethods. Differences would be
apparent in finish application nethods, finishing sequences,
types of wood or wood product used, and types of finishes used.
The househol d/ resi denti al, office/business, and kitchen cabi net
groupi ngs are qualitative descriptions and were not used in
categorizing the industry for control technique analysis.

There are many different grades and styles of furniture.

The three grades of furniture are often described by the industry
as high-end, nediumend, and | owend. GCenerally, high-end
furniture is constructed of solid wood and wood veneers and has

t he wood grain show ng through the finish. The finishing process
includes nultiple finishing steps and is |abor intensive. Low
end furniture, on the other hand, is often nade of nmedium density
fi berboard (MDF) with sone plastic conponents and sone natur al
wood. Also, the piece often has either a colored or printed wod
grain finish, and the finishing process is |ess |abor intensive.
Medi umend furniture may be nmade of sonme conbi nati on of MDF and
solid wood and may or may not show the natural wood grain. The
cost of higher end furniture is nore expensive due to the quality
of materials used and the slow, |abor intensive production
process. *

For the same production |evel (or the sanme nunber of
furniture pieces), the VOC em ssions are greater for high-end
furniture conpared with those emtted fromlower end furniture.
The manufacture of high-end furniture often entails a series of
finishing steps, up to 15 steps with nultiple applications of
some finishing steps, while lowend furniture involves fewer
finishing steps (in sone instances as few as one). Mre
finishing steps are perfornmed for each piece of higher end
furniture than for lowend furniture, and therefore nore VOC
solvent is used. The difference in VOC em ssions between plants
with the same production levels makes it difficult to predict
em ssions froma particular plant based on production.* Though
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the ow, nedium, and high-end furniture designations are used
frequently by the industry, they are qualitative descriptions and
therefore were not used in categorizing the industry.

2.2 FI Nl SH NG PROCESS

The finishing process used in the wood furniture industry
consi sts of some conbi nation of finish application, sanding and
rubbi ng, and drying in ovens and/or flashoff areas. Finishing
application techniques include spray application and flatline
finishing techniques and in sonme instances, hand application
techni ques. Wbod furniture finishing basically consists of
applications of a series of color coats (stains, toners, etc.)
and clear coats (washcoat, sealer, topcoat, etc.). The furniture
pi ece may be sanded, rubbed, or polished and may pass through
drying ovens or flashoff areas.

In the wood furniture finishing process, the finishes
applied penetrate the wood and becone an integral part of the
final product. The finishes enhance the qualities and the | ook
of the wood, especially for high-end furniture. Many different
types of wood, fiberboard, and particleboard are used, and
finishes react differently with each; a finishing step in a
fini shing sequence nust be conpatible not only wth the wood
substrate but also with the successive finishing steps. In the
wood furniture industry, each type of finish used for a
particular step within a finishing sequence is unique in color,
solids content, VOC content, and carrier solvent; successive
finishes nust be fornulated as part of a conplinentary finishing
system A single limt on VOC | evel applicable to all finishes
is difficult to require given the uniqueness of each finish type
wi thin a finishing sequence.*

Geographic | ocation and seasonal changes affect the
finishing material fornulation used. Finishes required for use
in dry, cool climtes are different fromfinishes necessary for
hot, humd climates. Oten tines, the necessary finish
formul ati on may change seasonally within a single plant. The VOC
content and conposition is adjusted to account for changes in the
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drying tinme and the overall ease of application of each finish in
relation to anbient tenperature and the humidity.*

Some furniture facilities may operate nore than one 8-hour
shift per day. Finishing operations, however, usually only occur
during the day shift. In sonme facilities, the finishing area is
in a separate room apart fromthe woodworking operations. In
ot hers, finishing occurs in a separate area within the sanme room
as woodwor king activities. The finishing process is often |abor
i ntensive, especially for sonme types of furniture manufacturing

processes.
In small facilities the furniture is sonetimes noved between
stations manually. In nost facilities, however, the furniture is

noved nmechanically along the finishing line; the furniture may be
noved by in-floor tow |lines, overhead nonorails, or by conveyor
belt (nmostly for flatline finishing). Towlines are chains or
cabl es mounted in or on the floor, which nove a pallet along the
finishing line. The pallets can rotate and can be automatically
di sengaged from and reengaged to the towline to all ow pauses, as
needed. Sone facilities nove the furniture on pallets that are
hung from over head chain conveyors. Belt, roller, and slat
conveyors are also used. Many facilities use a conbination of

t hese nethods to transport the furniture along the finishing
l'ine.

Wod furniture can either be finished and then assenbl ed, or
assenbl ed and then finished. |In Europe, nost furniture design is
such that the individual conmponents that nake up a piece tend to
be flatter and nore uniformthan those used in furniture
manufactured in the United States. For this reason, furniture in
Europe is often finished before assenbly. Furniture manufactured
in the United States, however, is generally nade up of
irregularly shaped, nonflat conponents, and nost United States-
made furniture is assenbled and then finished (this is true
nostly for househol d/residential and office/business). The
exception is kitchen cabinets that are manufactured in the United
States, which are frequently finished before assenbly.
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The application nmethods, the types of finishes, and the
fini shing sequences used in wood finishing are discussed in the
foll ow ng sections.

2.2.1 Finish Application Methods

There are various finish application techniques used in the
wood furniture industry. The two principal nethods used are
flatline finishing and spray application. Flatline finishing is
used to finish pieces that are generally flat. For nonfl at
pi eces, preassenbl ed pieces, or pieces wth many recesses, this
application nethod is generally not used. Brushing and di pping
are feasible application nethods in these instances, but spray
application is the nost preval ent nethod used to finish nonflat
parts. In the wood furniture industry, spray application
accounts for 87 percent of finish application whereas flatline
finishing accounts for 13 percent.?®

2.2.1.1 Flatline Application. |If conponents are finished
before assenbly and are flat or relatively flat, "flatline"
sinple finishing processes can be used. |In flatline finishing,
the furniture pieces are transported by conveyor and are finished
by spray finishing, roll coating, curtain coating, or dip
coating.*® The industry denotes these as "continuous coaters"
because the excess coating (that which does not remain on the
part) is constantly recirculated to the coating reservoir and
then reused. Fifty-five percent of flatline finishing is
performed by dip coating; roll and curtain coating each account
for 14 percent.® It is not known how the remaining flatline
finishing is performed. (Subsequent references to flatline
finishing in this discussion will refer to roll-, curtain-, or
di p-type coating of furniture pieces.)

Rol | coating involves the transfer of finish to a flat piece
by a roller or series of rollers. Curtain coating involves
passing a flat piece through a cascade, or curtain, of finishing
material. In dip coating, the piece is finished by passing
t hrough a container (vat) of finishing material and by subnerging
or partially subnerging and wi thdraw ng the piece.
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2.2.1.2 Spray Application. Since the magjority of wood
furniture manufactured in the United States consists of nonfl at
pi eces, finishes are usually spray-applied. The spray
technol ogi es that can be used include conventional air, airless,
air-assisted airless (AAA), electrostatic, the UNI CARB® spray
system and hi gh-vol une | ow pressure (HVLP)

The conventional air spray technique uses conpressed air (at
pressures greater than 10 pounds per square inch at the point of
atom zation) to atom ze the finishing materials as they are being
sprayed. Airless spraying involves atom zing the finish by
forcing it through a small opening at high pressure. The liquid
coating is not mxed with air before exiting the nozzle. Air-
assisted airless spray uses an airless spray unit with a
conpressed air jet to finalize breakup and hel p shape the spray
pattern of the finish materi al

El ectrostatic finishing has | ong been used in the
met al wor ki ng and aut onobil e industries specifically to finish
nmetal products. In the wood furniture industry, electrostatic
sprayi ng has had sonmewhat |limted use, nostly by cabinet and
chair manufacturers. Finishing is perfornmed by spraying
negati vel y-charged finish particles onto grounded wood products.
| f the wood piece has a sufficient noisture content to make it
conductive, it can be electrostatically sprayed w t hout
pretreatnment. However, sonme wood nust be pretreated to make it
conductive so that it will draw the negatively charged finish to
its surface. Sone of these pretreatnments can be m xed with water
to act as a carrier; some pretreatnent materials, however, may
contai n VOC

The UNI CARB® systemis a patented system for spray finishing
devel oped by Union Carbide. A finishing material normally
contai ns both coal escing (sl ow evaporating) and diluent (fast-
evaporating) solvents. The UN CARB® technol ogy repl aces the
di l uent solvents fromthe finish mxture with [iquid carbon
di oxide (CQ). The CQO/coal escing solvent finish mxture is used
to finish the wood furniture products with an airless spray gun.
When the finish | eaves the spray nozzle, the carbon dioxide in
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the m xture imredi ately flashes; the paint, which still contains
coal esci ng solvents, continues enroute to the piece. The
deposited paint then flows and cures in the conventional way.

H gh-vol une | ow pressure spraying involves the use of a high
vol une of air delivered at an effectively |ow pressure to atom ze
a finish into a pattern of | ow speed particles. The use of |ow
pressure can result in decreased overspray, which translates into
| ess finish usage and thus, |less VOC em ssions. Not all HVLP
systens are alike. The nost inportant distinction is between the
two basic air supply designs. One type of HVLP system converts
80 to 100 pounds per square inch (Ib/in.% shop air to 10 Ib/in.?
or lower. The other type of HVLP systemuses a turbine generator
to supply high volunes of air at |ow pressure.

According to a turbine-based HVLP system vendor, the
t ur bi ne-based units can offer several advantages.' Some turbine
units supply a heated air stream In sone instances, this heated
air can inprove coating flowability and speed drying. However,
the airstreamtenperature is not always controllable, and
depending on the finishing material characteristics and
environnmental conditions, the heated air streamis not always
desirabl e. Because the turbine units do not use plant air, the
HVLP systens are not affected if the existing shop air lines are
not working at full capacity. The turbine units can be desi gned
to supply air at a certain pressure, usually around 10 |b/in.?
Wth these turbine units, it is not possible to achieve pressures
greater than the design pressure (which is low). By l[imting the
avai |l abl e pressure, em ssions can be mnimzed. The nonturbine
HVLP systems convert shop air at 80 to 100 Ib/in.? to the | ower
pressure required by the HVLP gun. Because the shop air is
avai |l abl e at pressures exceeding 10 Ib/in.? enforcing a
10 Ib/in.? limt can be difficult.

D sadvantages to the turbine HVLP units have al so been
identified.™ In sone instances, turbine systens offer
insufficient pressure to provide effective atom zation with
hi gher viscosity materials. |If less than 10 Ib/in.? is supplied
to the HVLP gun, poor atom zation may result unless the finishis
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cut with solvents to | ower the viscosity. A disadvantage of HVLP
systens in general is that the HVLP systens are reportedly not
al ways able to apply finishes as quickly as the other spray
techni ques. However, an air assisted airless HVLP gun has been
devel oped. The air pressure is linmted to 10 Ib/in.? but
reportedly the use of higher fluid pressures enables the guns to
supply finishes at rates conparable to airless and air assisted
airless spraying. "
2.2.2 Finishing Mterials

The wood furniture finish is applied in a series of steps.
There is great variety in the nunber, type, and order of
finishing steps that are applied. D fferent types of the seven
different finishes described bel ow are avail abl e, including
conventional |lowsolids |lacquers and relatively higher-solids
conversion finishes, polyurethane finishes, and unsaturated
pol yest er/ unsaturated pol yacrylate (UPE/ UPA) finishing materials.
The types of wood furniture finishes used in the U S., Europe,
and Japan are presented in Table 2-5."°

TABLE 2-5. FI Nl SH NG MATERI ALS USED | N THE WOOD
FURNI TURE | NDUSTRY*®

Per cent
Conver si on Pol yur et hane UPE/ UPA
Regi on Lacquers fini shes fini shes fini shes?®
USA 75 15 4 6
Eur ope 29 17 32 22
Japan 32 17 30 20

®Unsat ur at ed pol yester/unsaturated pol yacryl ate fini shes.

In the United States, |lacquers (nostly nitrocellul ose-based)
are used by approximtely 75 percent of the wood furniture
i ndustry (comonly househol d/residential furniture).
Ni trocel l ul ose | acquers have been used in the wood furniture
i ndustry for many years; they are easy to use (forgiving), quick
drying, easy to repair, and famliar. Approximtely 15 percent
of the wood furniture industry uses conversion finishing
materials (nostly acid-catalyzed finishes). To date,
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pol yur et hane and unsaturated pol yester and unsat ur at ed
pol yacrylate finishing materials have seen limted use in the
u. S.

I n Europe, |acquers are not used as extensively as
pol yur et hane finishes, as seen in Table 2-5. Approximately
32 percent of the wood furniture industry in Europe uses
pol yuret hane finishing materials, 29 percent uses |acquers,

22 percent uses unsaturated pol yester/unsaturated pol yacryl ate
finishes, and 17 percent uses urea or nelam ne resin-based
conversion finishes. The breakdown of finish usage is simlar in
Japan.'® The | acquers used by the European wood furniture
industry are used primarily by the residential wood furniture
manuf acturers. The kitchen cabinet industry in Europe uses two-
conponent pol yuret hane systens and unsaturated pol yester/

pol yacryl ate systens to a wi der extent than the European
furniture industry because they require additional chem cal and
mechani cal resistance. Acid-curing conversion finishes are also
used by the European kitchen cabinet industry, but their use is
decreasi ng (possibly over concern with the associ ated

f or mal dehyde eni ssions). ™

The basic steps in wood furniture finishing (in
general l y-used order) and their purposes are as foll ows:

1. Stain.'™? Adds initial color, evens out color and
accents the natural wood grain. Stains usually have a very |ow
solids content (less than 5 percent by volune). Includes
nongrai n raising (NGR) stains such as equalizers, prestains, sap
stains, and body stains; no-w pe stains and toners. Nongrain
rai sing stains are dye-type stains that are intended to give
clarity and depth to the wood finish. Dye-type stains consist of
dyes that are dissolved in nethanol. The dye is conpletely
di ssolved in the nethanol, so it does not contribute to the
solids build on the furniture. No-w pe stains are pignented
stains that are sprayed on and not w ped that contain a smal
amount of oil, pignent, and solvent. No-w pe stains are used to
accent the wood grain, provide color uniformty, and provide for
color retention.
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Toner is a type of stain that evens out the color of the
initial application of stain. Toners contain higher solids than
initial stains. Toners contain nitrocellulose or vinyl binders,
di ssolved in solvent. Toners are not w ped, and are often

pi gnent ed.
2. Washcoat.™?® Lowsolids (usually 2 to 13 percent by
volune) finishing material used to assist in filling or color

uniformty, to aid in adhesion, and partially seal the wood from
subsequent staining operations. Wshcoat al so prepares the wood
surface for sanding after stain application. Sone facilities buy
sealer in bulk, and dilute their sealer to nake washcoat. There
are three main types of washcoat materials: standard
nitrocel lul ose, vinyl or nodified vinyl types, and vinyl -

nodi fi ed/ conversi on types. Advantages of nitrocellul ose
washcoats include quick drying, easy sanding, and clarity. Vinyl
and vinyl -nodi fi ed washcoats consi st of nitrocellul ose and vinyl
and provide better toughness and adhesion than pure
nitrocel | ul ose washcoats; however, sone clarity is sacrificed.
The "conversion" or precatal yzed-type washcoats al so provi de good
adhesi on and toughness, and are good for open pore woods.

Because they react in place, they are inpervious to solvents
contai ned in subsequently applied sealers and topcoats.

3. daze/filler."™% Usually highly-pigmented w ping stains
that contain oil and are used in finishing furniture where open
pore woods such as oak and nmahogany are used. Sonetines,
relatively cl osed-pore woods such as cherry are also filled.

G azes and fillers are usually supplied as heavily pignented,

hi gh-solids, |owVOC materials, which are reduced on the job. As
supplied, the solids contents of glazes and fillers are in the

75 percent solids by volune range. Once reduced, the solids
contents usually range from 10 to 45 percent by volune. d azes
and fillers are usually spray applied, then w ped into the wood.

4. Sealer.'™?® Usually a nitrocellul ose-based |acquer.

Vinyl or vinyl-nodified sealers and catal yzed seal ers (including
acid-cured al kyd am no vinyl sealers) are also avail able, and
provi de advantages simlar to those of their washcoat
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counterparts. Primary purposes of sealers are to provide
adhesi on, enable sanding, to increase build, and to seal the wood
and establish a foundation for artistic enhancenent. Solids
contents typically range from 10 to 30 percent by vol une.

5. Highlight.*™? Color coat that is applied sparingly to
accent and give character to the wood. |ncludes shading and
paddi ng stains as well as spatter. H ghlight is usually manually
appl i ed using brushes, sponges, or rags. D stressing of
furniture to obtain a desired finish could al so be done at this
point in the finishing sequence. Solids contents vary fromless
than 1 to 49 percent solids by volunme. Generally |ow solids
contents (less than five percent by vol une).

6. Topcoat.™?* A clear coat whose function is to protect
the col or coats, enhance the beauty of the furniture, and provide
a durable final finish. Typical solids contents range from13 to
30 percent solids by volune. There are four categories of
topcoats: standard nitrocellul ose topcoats, acrylic topcoats,
catal yzed topcoats, and conversion varnishes. The advantages of
nitrocel lul ose |l acquers are that they provide the best clarity,
pick up little dirt, dry quickly, and are easy to w pe off and
repair. Acrylic lacquers are used over white or pastel finishes
as protection from comon household products. They can al so be
applied over nitrocellul ose topcoats for color retention. The
clarity of acrylic lacquers is not as good as the nitrocellul ose
| acquers.

Cat al yzed topcoats, |ike catalyzed sealers, are available in
one- and two-pack form The one-pack coatings are precatal yzed
and contain nitrocellulose resins and a small er percentage of
urea resin. Because only a small amount of catalyst is added, it
can take up to 3 to 4 weeks after application until the coating
is conpletely cured, although it dries to the touch nuch sooner.
The shelf life of precatal yzed coatings is nore than 6 nonths.

The two-pack coatings consist of two packs, one contains
urea or nel am ne-based resins, and the other contains the
catalyst. The two conponents nust be m xed before use. More
catal yst is added to two-pack catal yzed coatings, so cure tine is
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short (on the order of mnutes or hours). Two-pack catalyzed
coatings have a limted "pot life" after mxing (from1l day to
nore than a week).

Conver si on varni shes do not dry as quickly as nitrocellul ose
topcoats, and are difficult to spot repair, with washoff also
being difficult or inpossible. Acid-cured alkyd am no conversion
varni shes are used extensively by the kitchen cabi net
manuf acturing industry. Conversion varnishes, |ike 2-pack
coatings, have a limted pot life.

2.2.3 Finishing Sequences

The finishing sequence for wood furniture finishing
operations includes various finish application steps, as well as
i nt ermedi ate sandi ng, rubbing, and polishing and dryi ng steps.
Drying of the furniture piece is performed between finishing
steps by flashoff (anmbient drying with or without forced air)
and/ or oven drying. Finishing sequences vary considerably from
plant to plant, with sonme manufacturers using nore or |ess steps
t han ot her manufacturers. The finishing sequence varies based on
a nunber of factors, including the piece that is being finished,
the desired finish quality, and the finish application nethod.
The finishing sequences provided are intended to be
representative of operations in the wood furniture industry.

This section discusses three typical finishing sequences: short
spray finishing sequence; |ong spray finishing sequence; and
roll, curtain, and dip finishing sequence. A summary of the
various finishing sequences is presented in Table 2-6.
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TABLE 2-6. TYPI CAL FI Nl SHI NG SEQUENCES'

Short spray finishing Long spray finishing Roll, curtain and dip finishing
Sap/equalizing stain Sap/equalizing stain Stain
Aifd n s Ai? dr(%l ® Air dry
Prestain toner/penetrating stain Prestain toner/penetrating stain | Sealer
Air dry Air dry Air dry
Sealer Washcoat Oven
Air dry Air dry Sand
Oven Sand Topcoat
Sand Glaze/filler Air dry
Topcoat Wipe Oven
Air dry Air dry
Oven Oven

Sealgr

Air dry

Oven

Sand

Highlight

Air dry

Topcoat

Air dry

Oven

A wi de range of wood furniture products may be finished
usi ng the sanme finishing sequences; for this reason, nultiple
segnments of the industry may have the same finishing sequence.
In addition, the sane type of furniture may be finished using
different types of finishing sequences. For exanple, sone
residential furniture, SIC code 2511, may be finished using the
short spray finishing sequence and sonme may be finished using a
| ong spray finishing sequence.

2.2.3.1 Short Spray Finishing Sequence.* As seen in
Table 2-6, a typical finishing sequence for short spray finishing
i nvol ves spray application of stain, (e.g., equalizing stain
followed by a toner) sealer, and topcoat. Wod furniture
facilities that finish products by short spray finishing
sequences occur in nearly all of the industry's SIC codes, as
seen in Table 2-7.
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TABLE 2-7. WOOD FURNI TURE | NDUSTRY STRUCTURE BY FI NI SHI NG

SEQUENCE*

Fi ni shi ng sequence SI C codes
Short spray finishing sequence | 2434 - Kitchen Cabinets

2511 - Residential Furniture

2512 - Uphol stered

2519 - Furniture, n.e.c.

2521 - Ofice Furniture

2531 - Public Building Furniture

2541 - Store Fixtures

2599 - Furniture and Fixtures, n.e.c.
Long spray finishing sequence 2511 - Residential Furniture

2517 - Radio, Television Cabinets

2519 - Furniture, n.e.c.

2521 - Ofice Furniture

2531 - Public Building Furniture
Rol | finishing sequence 2434 - Kitchen Cabinets

2517 - Radio, Tel evision Cabinets

2521 - Ofice Furniture

2531 - Public Building Furniture

2541 - Store Fixtures

2599 - Furniture and Fixtures, n.e.c.

2.2.3.2 Long Spray Finishing Sequence.* A representative
| ong spray finishing sequence consists of spray application of
mul ti ple stains, followed by washcoat, glaze/filler, sealer,
hi ghlight, and topcoat. Facilities that finish furniture with a
| ong spray finishing sequence can be in market segnents
represented by the five SIC codes seen in Table 2-7.

2.2.3.3 Roll, Curtain, Dip Finishing Sequence.* Use of the

roll, curtain, and dip finishing sequence also occurs in six SIC
code industries, as listed in Table 2-7. A typical finishing
sequence for roll, curtain, and dip finishing includes

application of stain, sealer, and topcoat.
2.3 EM SSI ON SOURCES
2.3.1 Industry Source Definition

The CTG for wood furniture finishing and cl eani ng operations
will apply to the 10 SIC codes for the wood furniture industry
that were identified in Table 2-1.%% 1In addition to these 10 SIC
codes that were included in the CIG analysis, a State may, in
devel oping their own rule, include other processes that they
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bel i eve are best described as a wood furniture finishing
oper ati on.

Three of the applicable SIC codes, 2519, 2531, and 2599,
i nvol ve operations associated with nonwood products. The
SI C Code 2519 includes household furniture not classified
el sewhere; SIC Code 2531 includes public building and rel ated
furniture; SIC Code 2599 includes furniture and fixtures not
el sewhere classified. It is inportant to note that the CTG only
covers the wood furniture finishing operations associated with
those SIC codes. For exanmple, SIC code 2531 includes facilities
manuf acturi ng seats for autonobiles and buses. These facilities
will not be covered by the CTG The CTG for wood finishing
operations does apply to finishing rattan and wi cker. The VOC
em ssions froma wood furniture manufacturing facility resulting
from operations other than finishing, cleaning, and washoff are
not covered by the CTG for wood furniture coating. For exanple,
if a wood furniture manufacturing facility is involved in gluing
operations, the CITG woul d not apply to VOC em ssions fromthe
gl ui ng operati ons.
2.3.2 Em ssion Sources

The follow ng discussions apply to the majority of finishing
operations, in which separate areas such as spray booths and
ovens have separate ventilation. There are many potential VOC
em ssion sources in a wood furniture manufacturing facility.
However, four primary VOC em Ssion sources are associated with
wood furniture finishing operations. These sources include spray
boot hs, flashoff areas, ovens, cleaning operations, and washoff
operations. An additional, although conparatively m nor, source
of VOC em ssions is the actual finished product. These sources
are further discussed bel ow.

1. Spray booths. In the wood furniture industry, finishing
materials are usually applied in booths; various types of spray
application equi pment are used for spray finishing techni ques and
various types of roller, curtain, and dip coating application
equi prent are used for flatline finishing techniques. (Booths
for both spray finishing techniques and flatline finishing
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techniques will be generally referred to as "spray booths" in
this discussion.) The booths are conmonly maintai ned at anbi ent
conditions. The spray booth type, size, exhaust flowate, and
particul ate control nethods may vary widely within the wood
furniture industry. The types of booths that are used in the
wood furniture industry include nmanual and automatic spray
booths. The average size booth within the industry is 2.5 neters
(m high, 5.2 mwide, and 3.0 mdeep (8.1 feet [ft] high, 17 ft

wi de, and 9.9 ft deep). The spray booth exhaust rates range from
42.5 cubic neters per minute (nf/mn) to 2,160 m/mn

(1,500 standard cubic feet per mnute [scfn] to 76,300 scfm; the
average exhaust rate is 527 m/min (18,600 scfm. Table 2-8
shows the average spray booth characteristics for the overal

i ndustry and for various segnents of the industry. Particulate
control of overspray is comonly achieved with either dry filters
or water curtains.

TABLE 2-8. SPRAY BOOTH CHARACTERI STI CS°

Aver age di nensi ons, Aver age exhaust,
| ndustry Segnent m (ft) m/mn (scfm
Manual boot hs 2.4x5.8x3.0 (8.0x19x9.9) 609 (21, 500)
Aut omati ¢ boot hs 3.0x2.6x3.7 (10x8.5x12) 66.3 (2,340)
Short spray finishing
Long spray finishing 2.5x5.8x3.0 (8.3x19x10) 583 (20, 600)
Roll, curtain, dip finishing

2. 3x4.6x2.8 (7.7x15x9. 2) 629 (22,200)
1.5x3.4x1.9 (5.0x11x6.2) 453 (16, 000)
Overall industry 2.5x5.2x3.0 (8.1x17x9.9) 527 (18, 600)

The majority of spray booths are operated using nmanual
finishing techni ques; approximately 84 percent are operated by
manual Iy finishing products and 16 percent apply finishes with
automatic finishing nethods.® Automatic spray booths are often
smaller in size than manual spray booths, and exhaust rates from
automati c spray booths are significantly |lower than those from
manual booths. Average di nensions for manual finishing booths
are 2.4 mby 5.8 mby 3.0 m(8.0 ft by 19 ft by 9.9 ft), conpared
with 3.0 mby 2.6 mby 3.7 m (10 ft by 8.5 ft by 12 ft) for
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booths with automatic spraying operations. The average booth
exhaust from manual finishing operations is 609 ni/nin

(21,500 scfm and the average exhaust from booths wth automatic
finishing operations is 66.3 m/min (2,340 scfm.?

Boot h di mensions for short spray finishing and | ong spray
fini shing sequences are simlar, as shown in Table 2-8. The
aver age di nensi ons of booths used for the roll, curtain, and dip
finishing sequence are snaller than those used for short and | ong
sprayi ng. The exhaust for the short spraying sequence is
583 m/mn (20,600 scfn) and for the | ong spraying sequence is
629 mi/min (22,200 scfn). The exhaust flowate for the roll,
curtain, and dip finishing sequence is 453 m/min (16,000 scfm,
somewhat |ower than for short and |ong spraying sequences.’

Spray booth characteristics may depend on whet her the
conponents are finished and then assenbled or are assenbl ed then
finished. The spray booths used to finish furniture products
that are first assenbled and then finished are nostly open,

i.e., all sides are open except the backside. The booth design
is open to accommpdate entrance and exit of larger pieces. In
segnments of the industry where manufacturers finish conponents
bef ore assenbly, the booths are generally fully encl osed except
for slots in the sides of the booth. The unassenbl ed pieces are
much smal | er than assenbl ed conponents, so the pieces can enter
and exit the booths on conveyors through these slots.

Many spray booths are equipped with dry filters, typically a
paper material, to control particulates. In the past, water
curtains had been used to control particulates. However, since
the spent water had to be di sposed as a hazardous wast e,
hazar dous waste di sposal costs had to be considered. As these
costs increased, the cost effectiveness of water curtain
filtration decreased. Therefore, nost new and nodified spray
booths in the wood furniture industry that use filters are
equi pped with dry filters. However, sone water-wash spray booths
are still in use.

2. Flashoff areas. Flashoff areas, where solvent is
allowed to volatilize fromthe finished piece, are |ocated either
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bet ween spray booths or between a spray booth and an oven. These
areas are used to allow sol vent evaporation and partial curing
prior to final cure in the oven or, in sone instances, are used
inlieu of an oven. Sone flashoff areas have forced air
circulation and are referred to as forced-flashoff areas. Mbst
fl ashof f areas do not have a separate exhaust. A portion of the
em ssions froma flashoff area |ocated in between a booth and an
oven wi Il be exhausted through the booth and oven; the anount
exhausted through the booth and oven depends on the total |ength
of the flashoff area. The length of flashoff areas varies
significantly by facility, and even within a facility. A
flashoff area that is not foll owed by an oven is often | onger
than one that is |located in between a booth and an oven.

3. Ovens. Ovens are used between sone finishing steps to
cure the finish prior to the next step in the finishing sequence.
Many types of ovens are used in the wood furniture industry.

Most are steam heated using either a wood- or coal-fired boiler;
others are gas-fired. Turbulators and high velocity ovens are
frequently used. Infrared (IR) or ultraviolet (UV) ovens are

al so used, but their use in the wood furniture industry is
limted at this tine. The paraneters for the ovens can al so vary
considerably. Oven tenperatures can range fromless than 32.2°
to 191°C (90.0° to 375°F) depending on the type of finishing

mat eri al used, the piece being finished, and the oven residence
time; the average tenperature for ovens is 58.9°C (138°F).

Resi dence tine ranges from1 to 60 mn, with an average of

13 min. The exhaust rate fromovens also varies and can range
between 21.2 and 552 m/min (750 and 19,500 ft% mn). The

aver age exhaust rate fromovens in the wood furniture industry is
133 m/nmin (4,690 scfm.?®

4. deaning, dilution, and washoff operations.?® As
di scussed previously, solventborne nitrocellul ose |acquers are
t he predom nant type of finishing materials used by the wood
furniture industry today. The resins in such finishes are
relatively "difficult" to dissolve, so a high-solvency-rated
sol vent nust be used in their forrmulation. Simlarly, thinning
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of these finishing materials requires the use of the sane sol vent
or one with equivalent solvency. This solvent is generically
referred to as "lacquer thinner." The current standard practice
is to use lacquer thinner for both incidental thinning of

prem xed finishes and for cleaning and washoff. Advantages of
the Iacquer thinner include its conpatibility with the finishing
materials and the ease with which it renoves cured nitrocellul ose

| acquers.
In wood finishing operations, industrial solvents are used
predom nantly for cleaning application equipnent. In addition to

application equi pnment cl eaning, cleaning solvent can al so be used
to clean out piping, clean booths and rails, strip cured finishes
fromwood parts or machinery, and periodically clean centralized
finishing material storage and distribution (punp room

equi pnent. They are also used to strip finishes fromfinished

pi eces that do not neet specifications. This process is called
washoff, and it represents a significant portion of cleaning

sol vent usage by the industry. Although a najor use of cleaning
solvents in some finishing industries, surface preparation does
not require solvents in the case of wood furniture finishing.

Appl i cation equi pnent nust be cleaned every tine there is a
col or change, every tine there is a change in finishing materi al
type (for smaller operations with [imted equi pnment and few
boot hs), and usually before the equipnment is to be idled for a
period of time (e.g., at the end of the day). For spray finish
application, equipnment cleaned with solvents includes spray guns,
feed lines, and finish reservoirs (where applicable). 1In the
case of roll, curtain, and dip coating operations, the rollers,
spray bar nozzles, and finish material containers nust be cl eaned
periodically to maintain application quality as well as to change
col ors.

Spray guns have traditionally been cl eaned by sending pure
or reused sol vent through the gun and atom zing the solvent into
the booth ventilation system Recognizing that this results in
excessive em ssions of solvent, sone operators cut off the
atomzing air to the spray gun and punp the cl eaning sol vent
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t hrough the gun into a container. This procedure can be foll owed
provided the gun is the type that does not depend on the flow of
the atom zing air to punp the finish (or cleaning solvent)

t hrough the nmechanism Alternately, the cleaning procedure may

i nvol ve soaking the entire gun in solvent in a wash tank or
bucket. This guards against the possibility that small anmounts
of finishing material inadvertently m ssed during the cleaning
will cure and clog the small orifices of the gun. d eaning
solvent is often reused within a facility and eventually recycl ed
i n-house or sent out for recycling/disposal.

Ceneral ly, spray booth cleaning does not require significant
anounts of solvent. Usually, a strippable coating is applied to
the spray booth walls so that when solids buildup reaches a
certain limt, the strippable coating together with the solids
can be renoved, nininmzing the need for solvents.'™ ? Simlarly,
t he spray booth exhaust filters are di sposed of as solid waste
when they becone clogged with coating solids. The use of
cl eaning solvents for renoval of finish overspray and drips is a
m nor use.

In regard to the use of industrial solvents for finishing
material dilution, the majority of facilities do not dilute
finishing materials in-house; finishes are ready to use as
purchased. However, in some instances, finishes are diluted to
decrease their viscosity and inprove their sprayability and
performance. Various factors are considered in determ ning how
much dilution is required, i.e., the dilution ratio. In some
instances, the dilution ratio remains constant, regardl ess of
conditions, while in other instances, the extent of dilution is
dependent on seasonal conditions such as tenperature and humdity
and may al so vary according to the material being diluted. For
exanple, a facility may dilute sealers but not topcoat. The VOC
contents of finishes presented in Chapter 4.0 represent finishing
materials as they are applied; any dilution has been taken into
account .

5. Final Wod Product. 1In addition to the above major
em ssi on sources for wood furniture finishing operations, the
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finished dried furniture may be a m nor em ssion source. The
fini shed piece may have small quantities of solvent that
eventual ly volatilize. However, the anmobunt of VOC em ssions from
this source are expected to be very mnor, nost |ikely
representing |less than 1 percent of the total VOC enissions.?
2.3.3 VOC Em ssion Sunmary

The annual consunption of solvents by paint and coating
i ndustries has been estimated by SRl International for the
Nat i onal Paint and Coatings Association, Inc. (NPCA).* A
summary of the estimated sol vent consunption for the various
pai nt and coating industries is provided in Table 2-9
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TABLE 2-9. SOLVENT CONSUMPTI ON I N PAI NTS AND COATI NGS

ORI G NAL EQUI PMENT MANUFACTURERS ( CEM), 1989
(M1lion of pounds)?
Mar ket Sol vent
consunpti on®
Origi nal Equi pnent Manuf acturers (OEM
Wod furniture and fixtures 270
Wod flat stock 6
Metal furniture and fixtures 85
Cont ai ners and cl osures 191
Sheet, strip, and coil 71
Maj or appl i ances 41
O her appliances 23
Aut onot i ve 131
Trucks and buses 33
Rai | r oad 7
O her transportation 13
Machi nery and equi prent 159
El ectrical, insulation 59
Paper, foil, and film 40
O her products finishes 256
OEM t ot al 1, 398
Architectural total 614
Speci al purpose total 659
Thi nner and mi scel | aneous t ot al 1, 682
PAI NT and COATI NGS TOTAL 4, 349
8 the 256 million pounds of solvent consuned by the O her
Product Finishes market, 250 mllion pounds are considered
VOC's. Simlarly, of the 659 mllion pounds consuned by the
Speci al Purpose nmarket, 638 mllion pounds are considered
VOC s, and of the 1,682 mllion pounds consuned in Thinner
and M scel | aneous coatings, 1,659 mllion pounds are

consi dered VCOC s.
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Because the solvents used in wood furniture finishing
operations do not typically react with or beconme part of the
finished product, the
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assunpti on has been nmade that solvent consunption is
approximately equal to solvent em ssions. Furthernore, because
the majority of the solvents consunmed by the wood furniture

i ndustry are considered VOC s, solvent usage is approximately
equal to VOC emissions. Wiile this assunption provides a
reasonabl e estimate of overall industry VOC em ssions, it is
still inportant to note that there are sone coatings used by the
wood furniture industry which formVOC s as reaction by-products
froma curing process that involves a chemi cal reaction (as
opposed to only by solvent evaporation). In addition, there are
sonme coatings in which not all of the VOC s contained in the
coating evaporates; sonme of the VOC s nmay chemcally react to
formthe dry film Both polyester and sone ultraviolet (UV)
coatings used by the wood furniture industry contain styrene
nmonomer, which reacts to formthe coating. Sonme of the styrene
is emtted during the application and curing of the coating. As
indicated in this table, the wood furniture and fixture industry
consunmes nore solvent than any other industry listed. O her

i ndustries that consune | arge anpbunts of solvent include the
contai ners and cl osures, autonotive, and machi nery and equi pnent
i ndustri es.

The breakdown of sol vent usage by the wood furniture
industry is provided in Table 2-10. As indicated in this table,
the nost frequently used solvent is toluene, followed by xyl enes,
al cohol s, ketones, and acetates. ?
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TABLE 2-10. WOOD FURNI TURE | NDUSTRY SOLVENT USAGE- - 19892%°
(MI11ions of pounds)

Sol vent Whod furniture
Al'i phati c hydrocarbons 8.6
Tol uene 71.5
Xyl enes 40. 4
O her aromatics 9.2
But yl al cohol 27.5
Et hyl al cohol 27.7
| sopropyl al cohol 15.4
O her al cohol s 2.0
Acet one 3.0
Met hyl et hyl ketone 15.0
Met hyl isobutyl ketone 19.8
Et hyl acetate 7.8
Butyl acetates 14. 3
O her ketones and esters 2.8
A ycol ethers and ether esters 4.7
TOTAL 270

2.4 EXI STI NG REGULATI ONS
2.4.1 Introduction

The review of existing VOC regul ations for wood furniture
finishing is helpful in defining potential control strategies and
their effectiveness. The bulk of the research into existing wod
furniture regul ati ons was done in 1990, and revisions were nade
based on the | atest avail able revised versions of the
regul ati ons, as of January 1995. This |list of regulations should
not be consi dered an exhaustive list of all State and | ocal wood
furniture regulations. N ne areas identified as having existing
regul ations (as of January 1994) are Illinois, Indiana,
Massachusetts, New Jersey, the New York City Metropolitan area,
Pennsyl vania, and California's Bay Area, South Coast, and San
Di ego County Air Pollution Control Districts. Each regulation
applies to furnishings made of solid wood, wood conposition, wood
material, and/or simulated wood material. The Massachusetts, New
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York City, San Di ego, Bay Area, and South Coast regul ations al so

apply to the coating of wood products. Exenptions include

nmusi cal instrunents, refinishing, replacenent, and custom

furniture operations for the Bay Area regulation, flat wood

panel s for the Massachusetts regulation, and classic guitars

until January 1, 1996, and refinishing, replacenent, and custom

furniture operations until July 1, 1996 for the South Coast

regul ation. The regulations use various strategies to limt VOC

em ssions fromwood furniture finishing operations. These

strategies include requiring the use of certain application

nmet hods, such as airless, air-assisted airless, HVLP, and

el ectrostatic spraying, as well as roller coating, dipping, and

brushing. Oher regulations require the use of |ower-VOC content

or nonphotochem cally reactive finish materials or the use of

add-on controls such as incinerators and carbon adsorbers. Sone

of the regul ations all ow conbinati ons of the above strategies to

achi eve conpli ance.

2.4.2 Sunmmary of Existing Requlations
The key features of the nine existing wood furniture

finishing regulations are summarized in Table 2-11

30-41
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The regul ations generally apply to both existing and new
facilities. Al'l of the nine regulations contain applicability
criteriain terns of finishing material use or VOC em ssion
cutoffs. The applicability criteria used in the San D ego, New
Jersey, Bay Area, and South Coast regulations is in ternms of
amount of finishing material used on a per hour, per day, or per
year basis. Potential and/or actual VOC em ssions resulting from
wood furniture finishing operations are used to determ ne
applicability in the Illinois, Indiana, Massachusetts, New York,
and Pennsylvania regulations. It is difficult to conpare the
applicability criteria of the regulations since the bases vary.
Converting finishing material use to em ssions, or vice versa,
woul d require several assunptions regarding VOC content of
fini shes, operating hours, etc.

Al'l of the regul ations, except New York City's, contain
restrictions concerning allowable finish application nethod
requirenents. The regul ations generally specify application
nmet hods that are believed to achieve greater transfer

efficiencies than air or airless spray. |f an application nethod
has a higher transfer efficiency, less finishing material will be
needed and thus, VOC em ssions will be lower. Initially, sone of

the regul ations provided transfer efficiencies for a variety of
application nethods. However, because the transfer efficiency of
an application nmethod can vary based on many factors, including
the size and shape of the piece being coated, and because there
is no EPA-accepted nethod of neasuring transfer efficiency, the
lists of transfer efficiencies were renoved from nost of the
regul ati ons.
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O the areas addressing specific application nethods,
airless and air-assisted airless spraying are allowed under all
but San Diego's regulation, provided certain criteria are net.

El ectrostatic spraying is allowed under all the regul ations.
Rol I er coating, brushing, w ping, and dipping are acceptable
under all the regulations. (Pennsylvania's regulation does not
specify wiping.) Hi gh-volunme |ow pressure spraying is specified
as an all owabl e nmethod under all of the California areas
regulations, in Illinois' regulation, and in Pennsylvania's
regulation. It was not specified as an allowabl e nethod under
the other area regul ati ons because in the past it has not been
used widely in wood furniture coating operations. The
Massachusetts regul ati on does not indicate specific allowable
coating application nmethods that may be used.

Repair coating operations are allowed | ess-stringent
application nethod and transfer efficiency (T/E) requirenments
under Illinois', Indiana s, and Pennsylvania's regulations. An
exenption for coatings used in small anpbunts is contained in the
II'linois, Indiana, and Massachusetts regul ations. The San D ego,
Bay Area, and South Coast regul ations al so contain cleanup
operation restrictions to limt VOC em ssions.

Al ternative conpliance nmethods are allowed under all the
regul ati ons except Pennsylvania's. Each alternative conpliance
program works differently and can be quite conplex. Under the
alternative conpliance plans, add-on controls can be used, in
conjunction with or instead of required application nethods and
coati ngs.

The baseline level to be used for cal cul ati ng equi val ent
em ssions for alternative conpliance plans varies for the
regul ations. Under the Illinois regulation, the em ssions
resulting fromthe use of an application nethod with a transfer
efficiency of 65 percent for all operations (except repair coats,
which require a 30 percent transfer efficiency), and the use of
conpl ying coatings throughout the facility, represent baseline
em ssions. Mssachusetts' and San Di ego's baselines are the sane
as Illinois' except that there is no repair coat exenption. New
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Jersey's baseline definitionis simlar to those for San D ego
and Illinois. Baseline under Indiana s regulation is represented
by use of required application nethods for all coating
operations. Baseline em ssions under the Bay Area regul ation are
those that result fromthe use of airless spraying for al

coating operations, assum ng that conpliant coatings are used.
The South Coast regul ation defines baseline enm ssions as those
resulting fromthe use of conpliant coatings (required as of
January 1, 1989) for all coating operations, applied at a
transfer efficiency of 65 percent. South Coast's regul ation,
however, does not allow credit for any em ssion reductions
resulting fromthe use of an application nethod with a transfer
efficiency greater than 65 percent. This em ssions reduction
credit was excluded because transfer efficiency is difficult to
measure and thus, resulting em ssions reductions wuld be
difficult to quantify. Baseline em ssions for New York City are
t hose that would result fromthe use of coatings with VOC
contents specified in the regul ation.
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presents the VOC content |limtations associated with the eight
regul ati ons that contain such restrictions. San D ego, Bay Area,
and South Coast all have a phased approach. Under the San Di ego
regul ati on, one set of VOC-content |imts applied through
January 1, 1995, when nore stringent limts becane effective.
There are four different phases to Bay Area's regul ati on and

t hree phases to South Coast's regul ations.
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3.0 EM SSI ON CONTRCL TECHNI QUES

Thi s chapter discusses volatile organic conmpound (VOC)
em ssion control techniques that could potentially be used for
wood furniture finishing and cl eanup operations. The control
techni ques addressed in this chapter have been divided into four
categories: add-on control devices, |ower VOC coatings, energing
technol ogi es, and pollution prevention.

3.1 ADD ON CONTRCL DEVI CES

Add-on control devices are addressed within two categori es:
conmbustion control devices and recovery devices. Conbustion
control devices are defined as those devices used to destroy the
contam nants, converting themprimarily to carbon di oxi de (CQO)
and water. The conbustion control devices evaluated within this
section include thermal incineration with recuperative and
regenerative heat recovery and catal ytic incineration.

Recovery devices are used to collect VOC s prior to their
final disposition, which may include VOC recovery, destruction,
or disposal. One recovery device that is addressed in this
section is carbon adsorption in conjunction wth regeneration of
the carbon bed by steamor hot air. |In either scenario, the
VOC s may be recovered or disposed of follow ng regeneration.
Anot her system di scussed is a proprietary systemthat uses
oxi dant-ozone counterfl ow wet scrubbing and granul ar-acti vat ed
carbon adsorption with cold oxidation regeneration. Also within
t he recovery devices section, information regarding carbon
adsorption with final destruction of VOC s by incineration is
provi ded.

Fol | ow ng t he discussion of add-on control devices, wood
furniture finishing Iine nodifications that could be inplenented
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in conjunction wth add-on controls are described. The finishing
line nodifications discussed include those that woul d reduce the
vol une of air sent to the control device and/or inprove the
efficiency of capturing the VOC s to be sent to the control
devices. Specific finishing line nodifications identified in
this section include recircul ati on of spray booth exhaust and
conversion of the finishing roominto a total enclosure. The
feasibility of applying these nethods to wood furniture finishing
operations is al so addressed.
3.1.1 Conbustion Control Devices

Conmbustion is a rapid, high-tenperature, gas-phase reaction
in which VOC s are oxidized to CO, water, sulfur oxides (SQ),

and nitrogen oxides (NQ). |If conbustion is not conplete,
partial oxidation products, which may be as undesirable as the
initial VOC s, could be released. In order to avoid such

occurrences, excess air (above the stoichionetric requirenent) is
used. Mrre conplete process descriptions are provided bel ow for
each type of conbustion control device."

In addition to the process descriptions, control device
efficiency and the applicability of the control device to wood
furniture finishing operations are discussed for each of the
conmbustion control devices identified in this section.

3.1.1.1 Thernal Incineration.

3.1.1.1.1 Thermal incineration process description.

Thermal incineration is a process by which waste gas i s brought
to adequate tenperature, and held at that tenperature for a
sufficient residence tinme for the organic conpounds in the waste
gas to oxidize.? The constituents of the waste streans generated
by wood furniture finishing operations will be converted to CG,
and water in the presence of heat and sufficient oxygen.

A schematic diagramof a typical thermal incineration unit
is provided in Figure 3-1
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Primary conponents of the thermal incineration unit include a
fan, a heat recovery device, the conbustion chanber, and the
exhaust stack. The heat recovery device is used to preheat the
i ncom ng waste streamso that less auxiliary fuel is required in
t he conbustion chanber. This type
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of heat recovery is known as primary heat recovery and can
generally be described as either recuperative or regenerative.

| f the exhaust streamis of sufficient tenperature and/or heating
value so that little or no auxiliary fuel is needed, heat
recovery may not be cost effective and thus nmay not be

i npl enented. However, when auxiliary fuel is required, heat
recovery can be used to mnimze energy costs. Each type of heat
recovery is discussed in nore detail in Section 3.1.1.1.3.

In order for the thermal incinerator to achieve the desired
destruction efficiency, certain key paranmeters nust be
controlled. These paraneters include the conbustion airflow
rate, the waste streamflow rate, auxiliary fuel requirenents
resi dence tinme, conbustion chanber operating tenperature, and the
degree of turbul ence between the air and conbustible materials.
Residence tine is the tine required for the initiation and
conpl etion of the oxidation reactions. Operating tenperature is
a function of the residence tinme, the oxygen concentration, the
type and concentration of the contam nant involved, the type and
amount of auxiliary fuel, and the degree of m xing. The
destruction efficiency for a particular contam nant is a function
of the operating tenperature and residence tine at that
tenperature. A tenperature above 816°C (1500°F) wi Il destroy
nost organi c vapors and aerosols. Turbul ence, or the
mechani cal Iy i nduced m xi ng of oxygen and conbusti ble material,
can be increased by the use of refractory baffles and orifices to
force adequate m xing in the conbustion chanber. Alternatively,
m xi ng can be enhanced by the use of over-fire air, the injection
of air into the conbustion zone at a high velocity, or by a
forced air draft.?

3.1.1.1.2 Standard operating conditions. Thernal
incinerators generally operate at a tenperature rangi ng between
650° and 870°C (1200° and 1600°F) and require a mninmum residence
time of 0.3 seconds in the combustion zone.* Mst thermal units
are designed to provide no nore than 1 second of residence tine
to the waste gas in the conbustion chambers.® Therna
incinerators can be designed to control flow rates in excess of
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2,832 cubic nmeters per minute (n¥/ min) (100,000 cubic feet per
mnute [ft3nmin]). The VOC concentration of waste streans
controlled via thermal incineration can be fromthe part per
mllion (ppm) range to 25 percent of the |lower explosive limt
(LEL). The VOC concentrations typically cannot exceed 25 percent
LEL for safety and insurance reasons.

3.1.1.1.3 Heat recovery. Heat recovery is a nmethod of
reduci ng energy consunption of the incinerator or some other
process operation. Primary heat recovery describes the process of
preheating the incom ng waste streamto the incinerator by
transferring heat fromthe incinerator exhaust so that |ess
auxiliary fuel is required in the conbustion chanber. Secondary
heat recovery refers to the exchange of heat in the exhaust
| eaving the primary heat recovery device to sone other nmedi um
that is used in plant processes.

Primary heat recovery can be acconplished using recuperative
or regenerative devices. The waste gas preheater shown in
Figure 3-1 could be a recuperative heat exchanger. As shown in
this figure, a heat exchanger is used to transfer heat to the
i ncom ng waste streamfromthe incinerator exhaust stream |In a
recuperative heat exchanger, heating of the incom ng stream by
the incinerator effluent is a continuous, steady-state process.
Types of heat exchangers that are typically used for recuperative
heat recovery include plate-to-plate and shell-and-tube. The
type of heat exchanger that is chosen is based on the waste gas
flowrate, the desired heat exchange efficiency, the tenperature
of the incinerator exhaust stream (used for preheat), and
econom cs. Recuperative heat exchangers can recover 70 percent
of the energy in the incinerator exhaust gas, thereby reducing
fuel, the primary operating cost, by 70 percent.?®

An incinerator enploying regenerative heat recovery is
presented in Figure 3-2
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Figure 3-2 illustrates a two-chanber design in which process
exhaust air is purified in a conventional conbustion
uses two beds of ceramic material to recover therm
process exhaust passes through a bed of ceram c heat

mat eri al

that was left hot at the end of a
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preceding cycle. As the air passes over the ceramic, it extracts
heat fromthe bed. This |eaves the ceram c bed cool at the end
of the cycle and raises the air tenperature to near the desired
thermal destruction tenperature (conbustion chanber tenperature).
Addi tional heat to achieve the destruction tenperature is
obtained by firing natural gas, propane, or fuel oil into the
conbusti on chanber. The airstream | eaving the conmbustion chanber
passes through the other ceram c bed, which was |eft cool during
the preceding cycle. The ceram c bed absorbs the heat fromthe
airstream |leaving the ceramic bed hot at the end of this cycle
and the exit airstreamrelatively cool

The inlet and discharge airstreans are reversed, so that the
ceram c beds absorb and reject heat fromthe airstreamon a
cyclical basis.

When the cycle reverses and the ceramc bed at the inlet
becones the bed at the outlet, there is still sonme contan nated
air left in the ceramc bed chanber. 1In order to attain the
maxi mum overal | destruction efficiency froma regenerative
thermal incinerator, it is necessary to displace the volune of
contam nated air in the inlet heat sink chanber into the
conmbusti on chanber before extracting the high-tenperature
conmbustion air through it. A systemdesigned to "purge" the
chanber is provided in a three-chanber design. In this system
the sane type of absorption/rejection of heat occurs, but the
third chanber allows tine between inlet and di scharge cycles to
purge each chanber at the end of an inlet cycle.

Regenerati ve heat recovery systens can recover 95 percent of
the energy in the incinerator exhaust gas, with a conparable
reduction in fuel, the major operating cost.®

3.1.1.1.4 Thermal incinerator efficiency. Studies indicate
that a well designed and operated conmmercial incinerator can
achieve at |east a 98 percent destruction efficiency (or an
outl et concentration of 20 ppnm) of organics. This destruction
efficiency corresponds to incinerators that are operated at 871°C
(1600°F) with a nominal residence tinme of 0.75 second.’
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3.1.1.1.5 Applicability to wood furniture finishing exhaust

streams. Thermal incinerators can be used to control waste
streans containing various organi c conpounds and thus are
technically feasible for controlling em ssions from wood
finishing operations. The conmpounds typically contained in wood
furniture finishing exhaust streans (aromatic hydrocarbons,

ket ones, acetates, and al cohols) are al so present in exhaust
streans from other industries and have been denonstrated to be
readily converted to innocuous conpounds using thernma
incineration technology. Based on information gathered fromthe
surveys sent to industry, thermal incineration is being used to
control VOC em ssions in the kitchen cabi net and busi ness
furniture manufacturing segnents.

The exhaust stream from conventional wood furniture
finishing operations is characterized as a dilute concentration
of VOC in a high-volunme airflow. The costs associated with
control of a dilute air streamcan be very high due to
suppl enental fuel requirements. (Details regarding costs are
provided in Chapter 5). However, incorporating heat recovery
into the thermal incineration design can mnimze suppl enent al
fuel requirenments and associ ated costs. The quantity of process
exhaust (e.g., airflow fromwood furniture finishing operations
can be reduced by recirculating the exhaust from spray booths, as
di scussed in Section 3.1.3, or by reducing airflow through the
use of air curtains.

3.1.1.2 Catalytic Incineration.

3.1.1.2.1 Catalytic incineration process description.
Catalytic incineration is conparable to thermal incineration in
that VOC s are heated to a tenperature sufficient for oxidation
to occur. However, with catalytic incineration, the tenperature
required for oxidation is considerably | ower than that required
for thermal incineration because a catalyst is used to pronote
oxi dation of contaminants.® The catalyst is inposed on a |arge
surface containing nmany active sites on which the catalytic
reaction occurs. Platinumis the nost w dely used catal yst;
pal | adiumis al so conmonly used.® Because the netals used as
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catal ysts are expensive, only a thin filmis applied to the
supporting substrate. A commonly used supporting substrate is
ceramc.

Figure 3-3 is a schematic of a typical catalytic
i ncineration system
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As indicated in this figure, conponents of the systeminclude a
fan, a preheat burner, a conbustion m xing chanber, a catal yst
chanber, a waste gas preheater (recuperative heat recovery
device), secondary heat recovery, and a stack. The preheat
burner is used to heat the incom ng waste streamto the required
oxi dation tenperature, usually between 149° and 482°C (300° and
900°F) for catalytic incineration. The mixing chanber is used
to thoroughly m x the hot conbustion products fromthe preheat
burner with the exhaust waste stream This ensures that the
streamsent to the catalyst bed is of uniformtenperature. The
conbustion reaction then takes place at the catal yst bed. The
catal yst bed may be a fixed bed or a fluidized bed consisting of
i ndi vidual pellets enclosed in a screened unit. The recuperative
heat recovery device (if incorporated) is a shell-and-tube or
pl ate-to-pl ate heat exchanger. A heat recovery device is used if
suppl enental fuel requirenents are expected to be high.*

Many paraneters affect the performance of a catalytic
incineration system The primary factors include operating
tenperature, space velocity (inverse of residence tine), VOC
concentration and species, and catal yst type and susceptibility
to contamnants.' The optinum operating tenperature depends on
the type of catalyst, as well as the concentration and type of
VOC s. Space velocity is defined as the volune of gas entering
the catal yst bed divided by the volune of the catal yst bed.

Space vel ocity depends on operating tenperature. However, in
general , as space velocity increases, destruction efficiency
decreases. ' The amount and type of VOC determine the heating
val ue of the waste stream and thus the anobunt of suppl enental
fuel required to maintain the desired operating tenperature.

The type of catalyst that is used is determ ned by the VOC

conmpounds in the waste stream Particul ates and catal yst poisons
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in the waste stream can affect the efficiency of the catalyst and
its lifetime. Sonme materials that are considered catal yst
poi sons include heavy netals (nmercury, lead, iron, etc.),
silicon, sulfur, hal ogens, organic solids, and inert
particul ates. Particul ates and poi sons reduce the activity of
the catalyst site, mnimzing sites available for the oxidation
reaction. These materials can also mask, plug, or coat the
catal yst surface, thereby elimnating avail able catal yst sites.

3.1.1.2.2 Standard operating conditions. The catalyst bed
in catalytic incinerators generally operates at tenperatures
rangi ng between 149° and 482°C (300° and 900°F), with
tenperatures rarely exceeding 538°C (1000°F). The contact tine
requi red between the contam nant and the catal yst so that
conpl ete oxidation occurs is normally 0.3 second. The excess air
requirenments for catalytic incineration units are usually only
1 to 2 percent higher than the stoichionetric requirenents.®"
Catal ytic incinerators can be designed to control waste gas fl ow
rates up to about 1,416 ni/min (50,000 ft% min). The VOC content
of the waste streammay be in the part-per-mllion range up to
25 percent LEL.

3.1.1.2.3 Catalytic incinerator efficiency. A well
operated and mai ntained catalytic incineration unit can achi eve
destruction efficiencies of 98 percent, conparable to therm
incineration units. The destruction efficiency woul d decrease in
the presence of the catal yst poisons and particul ates descri bed
above.

3.1.1.2.4 Applicability to wod furniture finishing
operations. Factors to consider in determining if catalytic
incineration is suitable for controlling VOC em ssions from wood
furniture finishing operations include the waste gas flow rate,
the concentration of contam nants, and the presence of catal yst
poi sons and particulates. Catalytic incineration units can be
designed to control the high-volume, |ow concentration waste
streanms fromwood furniture finishing operations. As with
thermal incineration units, heat recovery and vol une reduction
techni ques are necessary to decrease the size of the unit
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requi red and associ ated capital and operating costs. Particulate
matter in the waste stream woul d have to be renoved using
filtration to prevent fouling of the catalyst bed. (This
filtration would be in addition to the dry filters already used
on the magjority of existing spray booths.) 1In general, catalyst
poi sons woul d not be present in the waste stream from wood
furniture finishing operations unless |arge quantities of

hal ogenated materials are used (for exanple, hal ogenated cl eaning
mat erials) and their em ssions controlled through the catal ytic
incinerator. Based on information obtained during the regulatory
negotiation effort, there is presently at |east one business
furniture manufacturer using a fluidized-bed catalytic
incinerator to control VOC em ssions.

A potential concern associated with using catalytic
incineration is the variability of the wood finishing waste gas
flowrate and VOC concentration. A constant gas flow rate and
concentration is recommended for optimal operation. The VOC s
contained in the exhaust flow fromwood furniture coating
operations vary in conposition and concentration, dependi ng upon
whi ch spray booths are being used and which coatings are being
sprayed, as well as the on/off nature of the spraying operation
itself as pieces pass through the booth. One vendor felt that
any application that involves many different types of pollutants
or particulates, or the potential for change in the types of
pol lutants could significantly decrease the catalyst life. "
3.1.2 Recovery Devices

Vol atil e organi c conmpounds in a waste gas stream can be
col |l ected through adsorption of the contam nants onto a porous
bed. The contam nants can then be recovered, if desired, by
desorption of the bed with steamor hot air. After desorption,
or regeneration, contam nants can be condensed and recovered or
di sposed of. Alternatively, after regeneration by hot air,
contam nants can be sent to an incinerator for destruction. This
section discusses the use of activated carbon adsorption systens
foll owed by steam and hot air regeneration, carbon adsorption in
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conjunction with incineration, and activated carbon adsorption
used in conjunction wi th oxidant/ozone wet scrubbing.

The efficiency of carbon adsorption systens and their
applicability for controlling em ssions fromwod furniture
finishing operations are al so di scussed bel ow.

3.1.2.1 Carbon Adsorption.

3.1.2.1.1 Carbon adsorption process description. The
carbon adsorption process used to control VOC em ssions from
waste gas streans can be subdivided into two sequenti al
processes. The first process involves the adsorption cycle, in
whi ch the waste gas streamis passed over the adsorbent bed for
contam nant renoval. The second process involves regeneration of
t he adsorbent bed, in which contam nants are renoved using a
smal | volune of steamor hot air, so that the carbon can be
reused for contam nant renoval

Adsorption is the capture and retention of a contam nant
(adsorbate) fromthe gas phase by an adsorbing solid (adsorbent).
The four types of adsorbents nost typically used are activated
carbon, al um num oxi des, silica gels, and nol ecul ar sieves.
Activated carbon is the nost wi dely used adsorbent for air
pollution control and is the only type of adsorbent discussed in
this section.?® Both the internal and external surfaces of the
carbon are used as adsorption sites. Diffusion nmechanisns
control the transfer of the adsorbate fromthe gas phase to the
external surface of the carbon, fromthe external surface of the
carbon to internal pores, and finally to an active site in the
pores. Adsorption depends on a mass transfer gradient fromthe
gas phase to the surface. Van der Waals forces attract the
adsorbate to the carbon. Because adsorption is an exothermc
process, sone nethod of heat renoval fromthe carbon may be
necessary, depending on the anount of contam nant being renoved
fromthe gas phase.®

Regeneration is the process of desorbing the contam nants
fromthe carbon. Regeneration of the carbon bed is usually
initiated prior to "breakthrough." Breakthrough, as the nane
inplies, is that point in the adsorption cycle at which the
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carbon bed approaches saturation and the concentration of
organics in the effluent streambegins to increase dramatically.
| f the carbon bed is not regenerated, the concentration of VOC s
in the effluent will continue to increase until it is equal to
that of the inlet; i.e., the carbon is saturated.® Regeneration
can be acconplished by reversing the conditions that are
favorabl e to adsorption--by increasing the tenperature and/or
reduci ng the system pressure. The ease of regeneration depends
on the magnitude of the forces holding the VOC s to the surface
of the carbon. The nost common nethod of regeneration is steam
stripping. Low pressure, superheated steamis introduced into
the carbon. The steamrel eases heat as it cools; this heat is

t hen avail abl e for adsorbate vaporization. Another regeneration
method is the use of hot, inert gas or hot air. Wth either
steam or hot air regeneration, the desorbing agent flows through
the bed in the direction opposite to the waste stream This
desorption schene allows the exit end of the carbon to remain
cont am nant -free.

In a regeneration process, sone adsorbate, known as the
"heel ,” may remain in the carbon after regeneration. The actual
capacity of the carbon is referred to as the working capacity and
is equal to the total capacity of the carbon |less the capacity
taken by the heel.?

Adsorption units that are commonly used to renove
contam nant from waste gas streans include the foll ow ng:

1. Fixed or rotating regenerabl e carbon beds;

2. Disposabl e/rechargeabl e carbon cani sters;

3. Traveling bed carbon adsorbers;

4. Fluid bed carbon adsorbers; and

5. Chromat ographi ¢ baghouses.

O the five adsorption systens |isted above, the first two are
nost commonly used for air pollution control. The

di sposabl e/ rechargeabl e canisters are used for controlling | ow
flowrates (less than 3 m/min (100 ft3 min) and would not be
used to control the high-volune flowrates typical of wood
furniture finishing operations. Only the fixed-bed, regenerable
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carbon adsorption systemis discussed in this section.?* Carbon
adsorption systens that use a rotating bed are addressed in
Section 3.1.2.2 and in Chapter 5.

A fixed-bed, regenerabl e carbon adsorption systemis
presented in Figure 3-4

3-18



(DRYING/COOLING AIR)

carbon adsbrlder system

out IN
A
A
COOLING
VESSEL# STEAM-VOC | WATER
WASTE GAS VAPOR
(FROM SOURCE) TOTAL
STEAM o | ™ | CONDENSER
—6 [ XB
voc
Y CONDENSATE
(TO STORAGE, ~a—| DECANTER
PROCESSING)
(DRYING/ E b
COOLING AIR) <
VESSEL #2 WATER
Y (TO TREATMENT/
SEWER)
STEAM
OUTLET
GAS
| " . (TOSTACK)
Figure 3-4. Typical two-bed, continuously operated fixed-bed



The conponents of the carbon adsorption system i ncl ude:
1. A fan (to convey the waste gas into the carbon beds);

2. At least two fixed-bed carbon adsorption vessels;

3. A stack for the treated waste gas outl et;

4. A steamvalve for introducing desorbing steam

5. A condenser for the steam contam nant desorbed stream

and

6. A decanter for separating the VOC condensate and water.
In the systemdepicted in Figure 3-4, one carbon vessel is being
used for adsorption while the other is being regenerated. Both
vessels will alternate in the adsorption and regeneration nodes.
The steamis used to regenerate a vessel and is then sent to a
condenser. The condensate is a water/VOC m xture. The decanter
can be used to separate the condensate into a water stream and a
condensate stream Depending on its neasured toxicity, the water
may be treated or discharged to the sewer. The condensed
organics can be recycled (if usable), used as a fuel, or disposed
of .

In lieu of using steamfor regeneration, hot air or a hot
inert gas could be enployed. After regeneration, the desorbing
stream woul d then consist of an air or gas streamw th a high VOC
concentration. This air or gas streamcould then be sent to an
incinerator for final destruction of VOCs. A carbon
adsorption/incineration systemis discussed in detail in
Section 3.1.2.2.

Several factors affect the anmount of material that can be
adsorbed onto the carbon bed. These factors include type and
concentration of contam nants in the waste gas, system
tenperature, system pressure, humdity of waste gas, and
resi dence tine.?
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The type and concentration of contam nants in the waste
stream determ ne the adsorption capacity of the carbon.
Adsorption capacity is defined as the pounds of material adsorbed
per pound of carbon. 1In general, adsorption capacity increases
with a conmpound's nol ecul ar wei ght or boiling point, provided al
ot her paraneters remain constant. There is also a relationship
bet ween concentration and the carbon adsorption capacity. As
concentration decreases, so does the carbon capacity. However,
the capacity does not decrease proportionately with the
concentration decrease. Therefore, carbon capacity still exists
at very low pollutant concentration |evels.?

Operating tenperature also affects adsorption. Adsorption
efficiency decreases with increasing tenperature. At elevated
tenperatures, the vapor pressure of the contam nants wl |
i ncrease, reversing the mass transfer gradient. Contam nants
woul d then be nore likely to be desorbed back into the gas phase
than to be retained on the carbon. At |ower tenperatures, the
vapor pressures are |lower, favoring retention of the contam nants
by the carbon. *

The system pressure al so influences the adsorption
effectiveness. |Increases in the gas phase pressure pronote nore
effective and rapid mass transfer of the contam nants fromthe
gas phase to the carbon. Therefore, the probability that the
contaminants will be captured is increased.?

The relative humdity or npoisture content of the gas phase
affects the adsorption efficiency. Al though water vapor is not
preferentially adsorbed over the contam nants, the presence of
wat er vapor in the gas phase has been denonstrated to have a
detrinental effect on the adsorption capacity of the carbon.
However, the effect of humdity or noisture in the gas phase is
insignificant for VOC concentrations greater than 1,000 ppm and
during the initial startup of the adsorption cycle (the carbon is
drier). Indeed, sone noisture content in the gas phase can be
beneficial. For instance, when high concentrations of
contam nants with high heats of adsorption are present, the
tenperature of the carbon bed may rise considerably during
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adsorption due to the exothermc nature of the process. The
presence of water may minimze the tenperature rise. ?

Resi dence tine has a mnor effect on the adsorption
efficiency. The contam nants require sufficient contact tine
with the active sites of the carbon to all ow enough tinme for nass
transfer to occur. This is especially true if there are many
nmol ecul es (hi gh-concentration streans) conpeting for the sanme
sites. Residence, or contact, tinme of the contam nants with the
active sites can be increased by using |arger carbon beds, but
then the pressure drop across the systemincreases, resulting in
i ncreased operating costs.?®

3.1.2.1.2 Standard operating conditions. Fixed-bed carbon
adsorption units have been sized to handle flow rates ranging
from several hundred to several hundred thousand ft% min. There
is no obvious practical limt to flowate because nultibed
systens operate with nultiple beds in sinmultaneous adsorption
cycles. The VOC concentrations of the waste streans controlled
by carbon adsorption units can range fromthe part per billion
| evel to as high as 20 percent of the LEL. Adsorption systens
typically operate at anbient pressure and tenperatures ranging
bet ween 25° and 40°C (77° and 104°F).*

3.1.2.1.3 Carbon adsorption efficiency. Carbon adsorption
recovery efficiencies of 95 percent and greater have been
denonstrated to be achievable in well designed and well operated
units.?? The performance of the carbon adsorption unit is
negatively affected by el evated tenperature, |ow pressure, high
hum dity, etc. as previously discussed.

3.1.2.1.4 Applicability to wod furniture finishing exhaust

streans. Wbod furniture finishing exhaust streans are
characterized as high-volune, |ow concentration exhaust streans.
Typi cal contami nants nmay include but are not limted to aromatic
hydr ocar bons, ketones, acetates, and al cohols. Exhaust streans
are usually at anbient tenperature and pressure. Relative

hum dity of the streans varies depending on the process and

| ocation of the plant.
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Based on the characterization of the wood furniture exhaust
streans, carbon adsorption would be technically feasible to
control the VOC em ssions fromfinishing operations. As with the
ot her add-on control options, air volume reduction techni ques
shoul d be explored to decrease capital and operating costs.

Al so, particulate control is inmportant to prevent fouling of the
carbon bed. |If a specific plant is concerned with the relative
hum dity of the waste stream dehum dification options such as
refrigeration should be evaluated. The contam nants that are
typi cal of wood furniture finishing process exhaust (aromatic
hydr ocar bons, ketones, acetates, and al cohols) can be adsorbed to
an activated carbon bed. Some al cohols, such as nethanol, are
not adsorbed as readily as the other contam nants. Carbon
adsorption vendors indicated that a carbon adsorption system
designed for an exhaust stream containing nmethanol woul d probably
be nore expensive.?* Ketones exothernically polynerize on the
carbon bed. A system designed for ketones nust ensure the
airflow through the bed is sufficient to renove the heat of
reaction so that the bed tenperature is not significantly
affected. Hum dity can help keep bed tenperatures | ow.
Nonet hel ess, special operating conditions and provisions to
suppress bed fires may be required when ketones are present.

Pl ant -specific studies woul d be necessary to determ ne the
capacity of carbon required and the recommended regeneration
cycle. 3%

Based on discussions with several add-on control vendors, it
was determ ned that carbon adsorption foll owed by steam
regeneration (and subsequent condensation of the solvent) is not
an appropriate technology for controlling VOC em ssions from wood
furniture finishing operations. Carbon adsorption followed by
condensation is best suited for applications involving only a few
different solvents, and there are many different solvents
contained in the variety of coatings used by the wood furniture
i ndustry. 3% Condensing and distilling many different solvents
is conplicated, and the purity of such distilled solvents limts
their use. Because the condensate froma carbon adsorption/
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condensati on systemwoul d nost likely still be a m xture of
solvents, it would not be suitable for reuse in the coatings. It
could potentially be used as a fuel onsite, but because waste-
wood boilers are usually present at wood furniture facilities and
an abundant supply of wood waste is avail able, the additional
fuel may not be needed. The market value of the fuel is not
expected to be significant.* It would be necessary, therefore,
in sone instances, to dispose of the condensate, which could be
costly. For these reasons, carbon adsorption followed by steam
regeneration was not anal yzed further.

3.1.2.2 Carbon Adsorption/Incineration. As discussed in
Section 3.1.2.1, carbon adsorption units that are used to renove
VOC s fromwaste gases can be subsequently regenerated using
steamor hot air. |In streans containing a variety of VOC,
solvent purification is not always cost effective. Disposal
costs can also be substantial. Wen desorption is perforned
using hot air, an alternative final disposition is incineration.
There are al so systens currently avail abl e that use synthetic
pol ymer adsorbents. However, because carbon has been used
extensively as an adsorbent in the past, in this section, the use
of incineration in conjunction with carbon adsorption systens is
di scussed. The process description, systemefficiency estimtes,
and an assessnent of the applicability of the systemto wood
furniture finishing operations are provided bel ow

3.1.2.2.1 Carbon adsorption/incineration process
description. A carbon adsorption systemin which the desorption
streamis sent to an incinerator operates on the principles of
adsorption and conbusti on, which have previously been di scussed.
Basi ¢ system conponents, include the foll ow ng:

1. Systemfan to convey the waste streamto the carbon
adsor ber;

2. Carbon adsorption unit for collecting contam nants;

3. Inlet air fan for air to be used in regeneration;

4. Heat exchangers for preheating air for regeneration and
prior to introduction to the incinerator;

5. Carbon adsorption unit being regenerated,
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6. Thermal or catalytic incinerator for VOC destruction;
and

7. Exhaust stack for treated (incinerated) exhaust.

During system operation, the process exhaust streamis
di rected through the carbon adsorption bed, the contam nants are
coll ected on the carbon, and the treated streamis exhausted out
a stack. Prior to breakthrough of the carbon, the gas flowis
swtched to a fresh carbon adsorption bed and the used bed is
regenerated. Sone designs incorporate a rotary wheel, which
contains the adsorbent. The wheel constantly rotates, so that at
any tinme half the adsorbent is adsorbing and half is being
regenerated. In the fixed-bed and rotary designs, anbient air is
directed through a heat exchanger to be preheated (by the
i nci nerator exhaust) to a tenperature sufficient for
regeneration. The heated air is used to desorb contam nants from
t he carbon bed. The desorption air is sent through another heat
exchanger to be further heated and then introduced into the
i nci nerator where the contam nants are destroyed. The
i nci nerator exhaust is directed through the two heat exchangers;
heat fromthe incinerator exhaust preheats the outside air and
the stream sent to the incinerator

Wth the carbon adsorption/incineration system contam nants
froma volume of waste gas are first collected on the carbon bed.
A much smaller volume of air (approxinmately one-tenth the
original volune) is used for regeneration and sent to the
incinerator. The incinerator used for VOC destruction is nuch
smal l er than the unit that would have been required for the
initial waste gas volune. Also, the waste streamsent to the
i ncinerator has a higher heating value, so that less auxiliary
fuel may be required. Finally, with incineration, the VOC s are
destroyed. Wth carbon adsorption al one, proper disposal of the
wat er / VOC stream nust be consi der ed.

3.1.2.2.2 Standard operating conditions. The standard
operating conditions that were identified for carbon adsorption
units also apply in this case. The carbon adsorption/
i ncineration systens can handle a broad range of flow rates and
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VOC concentrations and are especially suited to weaker streans at
100 ppm VOC and bel ow where conventional systens are nost
expensi ve to operate.

3.1.2.2.3 Carbon adsorption/incinerator efficiency. A
wel | - desi gned, -operated, and -maintained carbon adsorption/
i nci neration system can achi eve an overall destruction efficiency
of 97 percent. Higher efficiencies have al so been reported. ?"*°

3.1.2.2.4 Applicability to wod furniture finishing exhaust
streans. As discussed previously, carbon adsorption and
incineration are technically feasible technol ogies for the
control of the contam nants present in wood furniture finishing
exhaust streans. The use of these two technol ogies together is
al so technically feasible. The technology is especially well-
suited to applications Iike the wood furniture industry, which
has hi gh-vol ume, | ow concentration exhaust streanms w th many
different solvents present. This technology is currently being
used to control VOC emi ssions in the business furniture
manuf act uri ng i ndustry segnent.

3.1.2.3 Enhanced Carbon Treatnent System Terr-Aqua Enviro
Systens has devel oped an air pollution control systemthat is
referred to as an ultraviolet (UV)-oxidation air pollution
control system Depending on the contam nants involved and the
sources, the specific system designs include aqueous-phase
scrubbi ng and activated carbon adsorption. Oxidant generated on-
site, as required, is used to neutralize captured organics on a
continuous basis. The resultant exit streans (air and water, as
appl i cable) contain only carbon di oxi de and water. %

3.1.2.3.1 Enhanced carbon treatnent process description.
The UV-oxidation technol ogy uses UV |Iight plus ozone and ot her
oxygen- based oxidants to create snog and conpl ete the process of
oxi dation. Sone of the specific equipnent designs and process
techni ques are proprietary and the subject of patent
applications. Basic system conponents include:

1. Two-stage prefilter to renpove particul ate;

2. Photolytic reactor, which uses UV |ight and oxidant to
begin destruction of the VOC s;
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3. Aqua reactor, where the exhaust is scrubbed with
ozonated water and soluble VOC s collect in the water;

4. Water recycling tank, where the VOC s are renoved from
t he water;

5. Carbon adsorber units, which renmove the remaining VOC s
fromthe airstream and

6. Activated oxygen generators.

Operation of the systemcan be described as follows. A
typi cal systemcollects the exhaust from paint booths, ovens,
etc. and ducts it to the systemwhere a two-stage prefilter
collects particulate fromthe airflow Fromthere the air passes
t hrough the photol ytic reactor, where it is exposed to tuned
frequency UV light and injected with oxidant. At this point in
t he process, the nolecular structure of the VOC s is starting to
break down. Next, the effluent streamis scrubbed with ozonated
water in the aqua reactor. Many of the VOC s are water soluble
and will collect in the water. The water is then heavily
oxidized in the water recycle tank for an extended period of
time, which conpletes the oxidation of the VOC s to carbon
di oxi de and water. The process water is then recycled back to
t he aqua reactor.

After the aqua reactor, the effluent air stream goes through
a coal escer, which renmoves mcron-|evel water droplets and wetted
particulate entrained in the airstream The air then goes into
one of two (or nore) carbon beds where the remaining organic
material is renoved. These beds are alternated every 24 hours,
or as required. One bed stays on-line to collect VOC s while the
other bed is sealed and fed oxidant to regenerate the carbon.
This regeneration is the | ast step of converting the remaining
VOC s to carbon dioxide and water. %%

3.1.2.3.2 Standard operating conditions. The standard
operating conditions that were identified for carbon adsorption
units also apply in this case. Critical conponents in the UV-
oxi dation system design are nodul ar in design, thereby
accommopdating various airflow requirenents, froma few
1,000 ft¥ mn to as large as necessary. The largest Terr-Aqua
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UV-oxi dation systemin operation is designed to control
approximately 2,549 ni/min (90,000 ft3 min). The UV-oxidation
systens are well suited for streans that contain multiple
sol vents; unlike a conventional steamregenerated adsorption
system it does not generate a m x of solvents requiring
di sposal. No secondary wastes are created. %
3.1.2.3.3 Enhanced carbon treatnent efficiency. A well
mai nt ai ned UV-oxi dati on system can achi eve renoval and
destruction efficiencies in the 95 to 99 percent range.®
3.1.2.3.4 Applicability to wood furniture finishing exhaust
streams. The UV-oxidation air pollution control systemis a
feasi ble control technology for the control of VOCs. Three
Terr- Aqua UV-oxi dation systens have been installed at aircraft
painting facilities operated by General Dynam cs; the first
systemwas installed in 1986. As of January 1995, there is only
one installation at a furniture plant. A Terr-Aqua system
designed to handl e 90,000 scfm of exhaust began operating at a
| arge residential furniture plant in Novenber 1991, %%
3.1.3 Methods of Mnimzing Control Costs--Volune Reduction
3.1.3.1 Recirculation. As previously discussed, exhaust
streanms fromwood furniture finishing operations are generally
hi gh-vol une and | ow concentration streans. In wood finishing
operations, volune reduction techni ques should be explored for
t hree reasons, each of which has nerit to the plant owner for
econonm c reasons: (1) to reduce air flow sent to an add-on
control, (2) to concentrate the air streamto be sent to the add-
on control device, and/or (3) to reduce nmakeup air requirenents.
First, prior to buying add-on controls, any reduction in the
exhaust air volunme fromspray operations allows the purchase of a
smal l er control unit. Second, the exhaust stream would be nore

concentrated with the potential for savings in the auxiliary fuel
required. (Thus, both capital and operating costs associ ated
with the add-on control device could potentially be reduced.)
Third, reduced exhaust air volune reduces makeup air

requi renents; the energy required for heating and cooling the air
woul d decrease, as would the overall energy cost. This section
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di scusses recircul ation of spray booth exhaust as a vol une
reduction technique. Spray booth design nodifications and the
applicability of recirculation to wood furniture finishing
operations are also addressed in this section.

Recircul ation is used as a volune reduction technique to
reduce the volunme of makeup air required in a spray booth and/or
the volune of air sent to an add-on control device. In
recircul ation, part of the discharge air fromthe spray booth is
recycled. The remaining air is exhausted to the atnosphere or to
an add-on control device. Makeup air is supplied at the rate at
which air is exhausted to the atnosphere (or control device) from
t he boot h.

The amobunt of air that can be recirculated is Iimted by the
maxi mum VOC concentration allowed in the booth. In a manned
spray booth, the VOC concentration in the booth nust remain bel ow
t he perm ssi bl e exposure level (PEL). The Qccupational Safety
and Health Adm nistration (OSHA) allows the use of recircul ation
i n manned boot hs, provided the VOC concentrati on does not exceed
the PEL. According to OSHA representatives, the VOC
concentration nust be neasured as soon as recirculation is
i npl emented. The VOC concentration nust be neasured again if a
process nodification occurs that could initiate a change in spray
boot h operations. **

The OSHA standard governing spray booths was based on an old
National Fire Protection Association (NFPA) standard. (NFPA
No. 33-1969 is cited in OSHA regul ations). The NFPA standard was
revised in 1990, but the revised NFPA standard has not been
formally incorporated into the OSHA regul ations. The current
version of NFPA No. 33 (1990) allows spray booth recirculation if
the air is continuously nonitored and automatic shutdowns are
provi ded. * Though OSHA currently allows the use of
recircul ati on, as described above, the revised NFPA code has not
been formally incorporated into the OSHA regul ati ons.

In an automatic spray booth, the VOC concentration in the
booth nust be | ess than 25 percent of the LEL, pursuant to
i nsurance conpany requirenments. The NFPA requires an LEL nonitor

3-29



if the VOC concentration is expected to exceed 20 percent of the
LEL.* The OSHA representative indicated that nost spray booths
are equipped with alarns that are activated if the VOC
concentration exceeds 25 percent of the LEL.*

Recirculation may only be feasible if the design of the
spray booths that are currently used in finishing operations is
nodi fied. The follow ng subsection briefly describes the types
of booths currently used in the wood furniture industry and
di scusses how those booths may need to be nodified to incorporate
recircul ation

3.1.3.2 Spray Booth Design Mdifications. Paint spray
booths currently used by wood furniture manufacturers vary
according to the coating application nethod used, as discussed in
Chapter 2. Booths in which coatings are applied manually are the
nost conmmon. They are nostly open and require | arge vol unes of
ventilating air. Booths in which coatings are applied using
automati c equi pnment are al so used, and these booths are usually
nore enclosed. In order to incorporate recirculation, the design
of the nore open booths would need to be nodified. The sane
boot h nodifications could be performed for both manual and
automatic coating operations, with either spray application or
flat line finishing.

As was discussed in Chapter 2, a typical manual spray booth
is 224 m(8.0 ft) high, 5.8 m (19 ft) wide, and 3.0 m (9.9 ft)
deep, with three open sides. An exanple of such a booth is
depicted in Figures 2-1 and 2-2. The coatings nmay be applied
manual |y by a worker using spray guns. The booth is ventil ated
by a side draft such that the air noves past the worker, over the
pi ece, and through filters to renove overspray and is exhausted
out the booth stack to the atnosphere. Typically, dry filters
are used, although sone water wash booths are still used.

The OSHA regul ati ons concerning spray finishing operations
state that the total air volune exhausted through a spray booth,
at a mninmum shall be such as to dilute solvent vapor to at
| east 25 percent of the LEL of the solvent being sprayed. The
regul ation al so provides a table indicating the m ni mumrequired
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velocities into spray booths, as a function of the type of spray
operation (manual or automatic) and spray application nethod
(el ectrostatic or nonelectrostatic). For nmanual spray operations
using air-operated guns, a mninmmdesign airflow velocity of
30 neters per mnute (mMmn) (100 feet per mnute [ft/mn]) is
recommended, though velocities in the range of 23 to 38 mimn
(75 to 125 ft/min) are in conpliance.* Based on an average
ventilating air rate of 609 ni/min (21,500 scfm and a filter
cross-sectional area of 14.1 nf (152 ft? (2.4 mx 5.8 m[8.0 ft
x 19 ft]), the average side draft velocity for manual spray
booths is 43.0 mmin (141 ft/mn).?

Bot h manual and automatic spray booths coul d be encl osed by
m nim zing the openings for the piece to enter and exit to the
greatest extent possible. The Iimting factor will be the size
of the largest piece being finished and the space required for
t he conveying system (hooks, pallets, etc.). The auto industry
m nimzes the openings by using masks or sil houettes that nount
in the booth opening to accommobdate differently sized and shaped
pi eces. Also, the front of the booth, where the worker stands,
could potentially be further enclosed. To neet OSHA
requirenents, the mninmumair velocity nust be maintained across
the entire length of the booth in which the worker could
potentially operate. By mnimzing the opening in the front of
the booth, the ductwork required for recirculation could be
installed. The extent of volune reduction is a function of the
extent to which the booth openings can be mnimzed while
mai ntai ning the m nimumrequired velocity across the worker.

3.1.3.3 dassic Systems' CanBooth.* Cassic Systens is a
conpany that has since gone out of business that devel oped a
uni que design called the CanBooth spray booth, herein referred to
as CanBoot h. Al though the conpany apparently is no |onger
operating, the CanBooth technology is described in this section
to denonstrate the types of nodifications that can be nade to a
spray booth to incorporate recirculation. The conpany indicated
t he CanBoot h can reduce the volune of exhaust air by
approximately 80 percent conpared to a conventional spray booth.
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The basi c design of the CanBooth involves the use of air
curtains; the worker stands outside of the booth and sprays
through the air curtain. The air curtain provides a barrier
bet ween the worker and the sol vent em ssions inside the booth
resulting fromspraying coating on the piece.

The CanBoot h booth can be designed to be from2.4 to 7.3 m
(8 to 24 ft) long. The booth features downdraft design with
filters located on the floor of the booth to control the
overspray. The face velocity across the filters is between
38 and 61 neters per mnute (125 and 200 feet per mnute). The
total exhaust rate fromthe Canbooth is from71 to 170 m/mn
(2,500 to 6,000 scfm, depending on the |length. The CanBooth
spray booth operates at a slight negative pressure; the nmakeup
air flowis less than the exhaust rate. According to dassic
Systens, the air curtains mnimze dirt problens typically
associated with operating at negative pressure.

The booth design can also include an adjacent, enclosed
flash tunnel. As with the spray booth, air curtains separate the
air inside the flash area fromthe outside air. The design is
such that if an abatenent device is used, the exhaust fromthe
flash tunnel can be sent to the control device. Because the
exhaust rate fromthe CanBooth is so nuch | ower than conventi onal
boot hs, the reduction in makeup air requirenents decreases makeup
air heating and cooling costs. Also, because the volune of air
exhausted fromthe booth is low, the capital and operating costs
of an add-on control device are reduced.

Advant ages of the CanBooth spray booth include the reduced
makeup air requirenents, the |ow exhaust volume, and the air
curtain design. The | ow exhaust volunme reduces the capital and
operating cost of an add-on control device. The air curtain
desi gn separates the worker fromthe VOC em ssions. Thus, the
VOC concentrations inside the booth can exceed the norma
perm ssi bl e exposure Iimt (PEL). Therefore, if an add-on
control device were used in conjunction with the CanBooth, a nore
concentrated stream could be sent to the control device,
resulting in lower auxiliary fuel requirenents in the case of an
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i ncinerator, or greater adsorbent capacity in the case of an
adsor ber.

A di sadvant age of the CanBooth, is that in some instances it
unacceptably Iimts the worker's access to the piece. A
denonstrati on of the CanBooth spray booth was provided at a | arge
househol d/ residential furniture manufacturer. The furniture
manuf acturer felt that the CanBooth spray booth was not
applicable for finishing | arge three-di nensional pieces. During
t he denonstration, the spray operator reportedly broke the air
curtain (stuck his head through the curtain) in order to reach
t he back side of the three-dimensional part.* Training of the
wor ker may elimnate such problens. |If worker training is not
sufficient, it my be possible to nodify the design of the
CanmBooth to elimnate this problem

3.1.3.4 Applicability to Wod Furniture Finishing
Qperations. Both automatic and manual application booths in the
wood furniture finishing industry utilize spray booth
recirculation.** Recirculation is also used in other industries
perform ng surface coating operations involving manual and
aut omati ¢ equi pnent.*** Studies have al so been conducted by EPA
to ascertain the feasibility and safety of recircul ation.>®
Those studi es conclude that recircul ation can safely and
effectively be used in paint spray booths. Based on the use of
recirculation by furniture manufacturers and on the studies
conducted to date, the incorporation of recircul ati on appears
feasible for all segnents of wood finishing, with appropriate
boot h nodi ficati on.

An existing spray booth can, in some instances, be nodified
to incorporate the use of recirculation. However, if an existing
booth is nodified, undesirable rolling turbul ence may be created,
resulting in finish quality problens.® The majority of the
spray booth vendors contacted reconmended replacing the existing
boot hs with new booths that incorporate recirculation into the
ori gi nal design.®°%®

The potential inpact of incorporating spray booth
recirculation on the insurance premuns for a facility was
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exam ned. A representative of a conpany that insures plants in
the wood furniture industry said that there is no sinple answer
to the question of what woul d happen to insurance premuns if a
manuf act urer began using a spray booth with air recircul ation.
The insurance representative said that the premuns for a
facility are determ ned by an analysis of the entire plant, not
just a given area. The representative said that sone additional
safety precautions, such as installation of an LEL nonitor and
possi bly sprinklers within the booth, could be required if spray
booth recirculation is used. Decisions regarding requirenments
and premuns are site-specific, according to the insurance
representative.

Sonme of fice and cabi net manufacturers have nodified the
spray booth designs in their facilities in order to incorporate
recirculation.” 1In addition to the facilities already using
nodi fi ed spray booths, sone spray booth vendors have desi gned
spray booths that utilize smaller volumes of air. These booths
may or may not incorporate recircul ation.®® These booths have
been and are being tested in facilities that surface-coat and are
di scussed in further detail in Section 3.3.

As of May 1992, C assic Systens' CanBooth was being used in
production at one facility, is being installed at two additional
facilities, and was being tested by several others. The CanBooth
was being used at a coating manufacturing facility. The CanBooth
was installed in April 1992 and is used for spraying test
coati ngs devel oped by the coating manufacturer.®
3.1.4 Total Enclosure of the Finishing Line

The overall control efficiency of an add-on control system
is the product of the capture efficiency of the systemand the
control device destruction efficiency. Therefore, to achieve the
hi ghest overall control, the capture efficiency nust be
maxi m zed. Capture efficiency is defined as the fraction of al
VOC s generated that are captured and sent to an add-on control
device. Capture efficiency can be assuned to be 100 percent if
the source of VOCis totally enclosed (e.g., spray booth, flash
area, etc.). This section describes a total enclosure, provides
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the EPA criteria for verifying that an enclosure is total, and
di scusses the applicability of total enclosures for wood
furniture finishing |ines.

3.1.4.1 Total Enclosure Description/Criteria. A total
enclosure is a structure that conpletely surrounds a source of
em ssions such that all VOC em ssions exhaust through a duct to a
control device.

The EPA has devel oped the following criteria for verifying
if an enclosure is a total enclosure.®

1. Any natural draft opening (NDO is at |east four
equi val ent opening dianmeters fromeach VOC-emtting point. An
NDO i s defined as any permanent opening in the enclosure that
remai ns open during operation of the facility and is not
connected to a duct in which a fan is install ed;

2. The total area of all NDO s does not exceed 5 percent of
the surface area of the enclosure's four walls, floor, and
ceiling;

3. The average facial velocity (FV) of air through al
NDO s is at |east 3,600 neters per hour (mhr) (200 ft/mn). The
direction of air through all NDOs is into the encl osure; and

4. Al access doors and w ndows whose areas are not
included in No. 3, above, are closed during routine operation of
t he process.

Procedures for determning NDO s and FV are provided in the
EPA enabl i ng docunent, The Measurenent Solution--Using a
Tenporary Total Enclosure for Capture Efficiency Testing.®

3.1.4.2 Applicability to Wod Furniture Finishing
Qperations. A total enclosure may be set up over an individual
booth or oven or over an entire finishing Iine. Alternatively,
an entire finishing roommy function as a total enclosure.

Establishing a total enclosure for an individual
boot h/ oven/fl ashoff area may be difficult given the current
nmet hod of wood furniture finishing. The wet piece | eaves the
booth, and the solvent in the coating material flashes off in an
open area prior to entering the oven. 1In sone facilities, the
conveyor | oops back and forth to provide increased flash/dry
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time. In many facilities, expansions have resulted in very
l[ittl e unused space. Therefore, space constraints in the
finishing area may prohibit enclosing portions of the finishing
line or the finishing line inits entirety. One solution may be
to have the entire finishing roomfunction as a total enclosure.

An entire finishing roomcould function as a total enclosure
if it nmeets the criteria,--i.e., all booths and ovens were
exhausted to a VOC control device and there were no ot her exhaust
points fromthe room The room would have to be maintained at a
slight negative pressure; the volune of makeup air supplied under
pressure nust be less than the volune of air exhausted. Open
wi ndows and doors woul d be considered NDOs. A total enclosure
nmust be designed to naintain VOC | evels below OSHA |imts in al
areas of the plant.
3.2 LONER VOC FI NI SHES

Vol atil e organi ¢ conpound em ssions fromwood furniture
finishing operations can be reduced by using coating materials
that contain fewer VOCs. Currently in wood furniture finishing
operations, VOC em ssions result fromthe application and
subsequent evaporation of finishing materials. Efforts have been
made to devel op and introduce finishing materials for the wood
furniture industry that contain fewer VOC s. The EPA has
publ i shed a report on current and energi ng technol ogi es that can
reduce VOC enissions fromthe coating industry.® The |ower VOC
coatings that are currently available or reportedly wll be
avail able in the near future are discussed in this section, and
t he VOC reductions that these materials offer are identified.
The types of finishing operations for which these coatings could
potentially be used are al so discussed. Finally, the advantages
and di sadvant ages of these |lower VOC finishing materials are
i dentifi ed.
3.2.1 Use of Lower VOC Finishing Materials

The finishing material descriptions provided in this section
include the finish fornmulation, the VOC content of the finish,
percent solids by weight, and sone general finish
characteristics. By conparing the VOC content of the
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conventional finish material currently used by the wood furniture
industry with the VOC content of the |ower VOC finishes, and
assum ng the sane quantity of solids is applied (except for
nonfilmformng lowsolids finishes), an estimte of potenti al
VOC em ssion reductions associated with each finish is provided.
Al ternative finishing systens in which sone of the steps involve
| ower VOC finishes are presented for the different nodel plants
in Chapter 5. Waterborne and higher solids coatings, the | ower
VOC finishes focused on for the nodel plants, are discussed in
this section.

The VOC emi ssion reductions identified in this chapter have
been cal cul ated based on the switch fromnitrocell ul ose-based
finishes to the new finishing system Because the new finishing
systens are nodel plant-specific, the VOC enm ssion reductions
presented in Chapter 6 are nore likely to represent actual plant
em ssion reductions than the VOC em ssion reductions presented in
this chapter

The types of finishing materials currently used for wood
furniture finishing in general have been identified in Chapter 2.
Fi nishing materials include stain, washcoat, glaze/filler,
seal er, highlight, and topcoat. The sealers and topcoats, or
| acquers, constitute the majority (approximately 65 percent) of
finishing materials used. The lacquers are clear coats and, in
t he conventional fornulations, are nitrocellul ose products. The
stain materials are al cohol -based and do not contain
nitrocellulose. Wile lower VOC finishes have been devel oped for
nearly all finish types, the nost comonly used | ower VOC
finishes are those for the clear coat steps. Thus, the focus of
this section is on the clear coats. Therefore, when conventi onal
nitrocel l ul ose coatings are discussed, only the |acquers (clear
coats) are actually being considered. Lower-VOC stain materials,
whi ch reduce the VOC content by replacing sone of the al cohol
with water, are al so being used by the industry.

Lower VOC coatings that could replace the traditional
nitrocel | ul ose products include waterborne and hi gher solids
coatings. Hi gher solids coatings include catalyzed, ultraviolet
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(W) - curable, polyester, polyurethane, and those nodified for
t he UNI CARB® and VOC Control ® coati ngs systens. A description of
the traditional nitrocellul ose products and the | ower VOC

finishes are provided below. In the follow ng descriptions, the
VOC contents are provided in: (1) grans of VOC per liter of
finishing material, |less water, |ess negligibly photochem cally
reacti ve conpounds (g/L-water) (pounds of VOC per gallon of
finishing material, |less water, |ess negligibly photochem cally

reactive conpounds [|b/gal-water]) and (2) grans of VOC per gram
of solids used (g/g solids) (pounds of VOC per pound of solids
used [Ib/Ib solids]). The solids content is expressed as percent
solids by weight.

3.2.1.1 Nitrocellul ose-Based Finishes. Nitrocellul ose-
based finishes are the nost widely used finishes in the wood
finishing industry today.® The primary conponents of these
materials are cellulosic resins, filmformng resins,
pl asticizers, and solvent. Nitrocellulose is the cellulosic

resin that is nost wwdely used. It is prepared by nitration of
cellulose with nitric acid.® The nitrocellul ose serves as a
binder in the finish material. The filmformng resins are

t hernopl astic and are characterized by their |ow resistance to
heat and solvents. The plasticizers contained in the finishes
can be esters or oils. Solvents are sel ected dependi ng on
requi red application, manner of drying, and other conditions.
Sonme solvents, such as acetone and ethyl acetate, are included in
the formulation due to their high evaporation rate because they
serve to shorten the flashoff tine. Oher solvents, such as
esters and glycol ethers, serve as active solvents to dissolve
the nitrocellulose. Finally, solvents such as butyl acetate and
xyl ene are selected for their | ow evaporation rate to prevent
premature drying and the associ ated probl ens of bubbling and
blistering.® "

Ni trocel | ul ose-based finishes are nonconvertible finishes.
That is, filmformation and drying occur via solvent evaporation;
no chem cal reaction, or curing, takes place. Nitrocellul ose-
based finishes are categorized as fast-drying. They are
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relatively easy to spray. Because of the |ow solvent resistance
of the thernoplastic resins and nitrocellulose in the

formul ation, nitrocellul ose finishes are easily dissolved, and

t hus pieces finished with nitrocellul ose finishes are both easy
to damage and relatively easy to repair. '’ Their function is to
give the pieces the desired aesthetics and to protect the
substrate.

The average VOC content of nitrocellul ose-based | acquers is
approximately 727 g/ L-water (6.1 I b/gal-water) and 4.0 g/g solids
(4.0 Ib/Ib solids). The solids content of nitrocellul ose-based
| acquers is approximately 20 percent by weight. "’

3.2.1.2 Waterborne Finishes. Witerborne finishes are
finishes in which water is the main solvent or dispersing
agent. ™ There are distinct differences between the various
wat er borne fornul ations that are available. Based on the types
of polymers used in the fornul ation, waterborne finishes may be
wat er enul si ons, solutions, or colloidal dispersions.”®® The
various polyners determne the cured filmproperties of the
finish. However, there is one commobn feature: each type enploys
wat er as the major solvent or carrying liquid for polymers. %

Wat er borne finishes formulated with water-enul sion polyners
are true enul sions; the polyners are discrete water-insol uble
spherical particles of high nolecular weight uniformy dispersed
in water. Waterborne finishes that are considered solutions are
formul ated with copolyners (referred to as water-reducible
polymers in sone industry publications) that are forned in a
pol yneri zation reaction occurring in a water-m scible sol vent
such as al cohol. The polyners have pol ar groups that allow
wat er-reducibility and, thus, true solutions of polyners in
water. \Waterborne finishes known as col |l oi dal dispersions
contain colloidal dispersion polynmers (referred to as water-
sol ubl e polynmers in sonme industry publications). These polyners
are materials in which particles of a nedi um nol ecul ar wei ght
(not as high as the emrmul sion polyners) are dispersed in water.
The col | oi dal di spersion polyners have pol ar groups, thus
all owi ng sone degree of solubility. The colloidal dispersion
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formul ati ons are not true solutions but are also not true
enmul si ons because there is sone degree of solubility of the
polyners in the sol vent.®

Each type of waterborne finish, like all finishes, exhibits
different film properties depending on the type of polyner in the
formul ati on. The water-emulsion fornul ations are of a higher
nol ecul ar wei ght and therefore offer advantages in the areas of
durability and chemical and stain resistance.’®® \Water-reducible
formul ations offer high gloss, clarity, and good application
properties. However, their filmis not as durable as that of the
wat er - emul si ons, and the viscosity and properties of the finishes
are very dependent on nol ecul ar weight.” The water-sol uble
formul ati ons exhibit properties of the water-enulsion and wat er -
reduci bl e formul ati ons. The water-soluble finishes offer high
gl oss and good application properties and are al so durable and
chemical - and stain-resistant.”

Wat er borne finishes can be fornmulated for air/force drying
or for baking, depending on the binders in the fornmu-lation.>"8
Wat er borne finishes may cure in the sanme manner as the
sol vent borne finishes. Curing occurs through oxidative or
t hernosetting cross-linking reactions. Wterborne finishes may
al so cure via |latex coal escence. ®® Latex coal escence occurs
when a polyner is dissolved in solvent, then dispersed in water.
Ei ther the solvent or water then evaporates, |eaving a polyner
di spersed in solvent or water. As the remaining liquid
evaporates, the pressures force the polyner to coalesce. No
pol ynmeri zation takes place; these are a special form of
nonconverti bl e finishes.

The VOC content of waterborne finishes varies substantially.
Wat er borne finishes are usually not free of VOC. Cosolvents are
added to al |l ow adequate coal escence and filmformation, as well
as col or penetration for pignmented nmaterials.® Based on the
survey information, waterborne finishes have a VOC content of
approximately 328 g/L-water (2.7 Ib/gal-water.) The VOC content
based on solids ranges from approximately 0.3 to 0.8 g/g solids
(0.3 to 0.8 Ib/Ib solids). The average solids content of the
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wat er borne finishes in the surveys is 24 percent by weight. %%

Based on the VOC content of nitrocellul ose-based finishes, the
wat er borne finishes represent 75 to 88 percent reduction in VOC
em ssions per weight of solids applied. However, a plant's
overall VOC em ssion reduction depends on the nunber of finishing
steps for which waterborne finishes can be used.

3.2.1.3 Higher Solids Finishes. Hi gher solids finishes are
common in various segnments of the wood furniture industry. The
hi gher solids finishes consist of catalyzed, ultraviolet (UWV)-
curabl e, pol yurethane, polyester, those nodified for the UN CARB®
system and those in Akzo's VOC Control ® system Based on
equi val ent solids applied, the higher solids coating results in
| ower VOC em ssions than traditional finishes. A description of
t he various higher solids finishes is provided bel ow.

3.2.1.3.1 Catalyzed finishes. The nbost common catal yzed
finishes used in the wood furniture industry today are the acid-
catal yzed finishes. The filmformng resins contained in these
finishes are usually a urea-fornmal dehyde or nel am ne-fornal dehyde
prepolynmer, in adm xture with an alkyd resin that serves as a
pl asticizer. The catalysts that are used in these finishes vary.
Common catal ysts contained in the acid-catal yzed finishes include
sul furic acid and p-tol uenesul phonic acid.”™ Catalyzed finishes
can be in a one-pack or two-pack form The one-pack finishes are
precatal yzed. They contain nitrocellul ose resins and a smaller
percentage of the urea resin. Also, only a small anount of
catalyst is added. Thus, cure time is long; it is usually 3 to
4 weeks until full curing occurs. Eventually, the finishes wll
cure in the container. The pot life is usually 2 to 3 nonths.”
The two-pack finishes nust be m xed before use. The two-pack
finishes are fornmulated with urea or nelam ne resins. Mire
catalyst is contained in these than in the one-pack. Thus,
curing time is short. The main advantage of the one-pack formis
t hat the user does not have to be concerned with weighing and
m Xi ng constituents prior to application. However, the two-pack
products are considered to have superior properties as conpared
to the one-pack products. ™"
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Cat al yzed finishes are convertible finishes; filmformation
occurs through curing (polynerization) of the resins rather than
drying.”” The finish is cured through a chemcal reaction, the
rate of which is controlled by the anobunt of catalyst in the
finish. Depending on the coating formulation and the anount of
catal yst used, reaction by-products may include al cohol,

f or mal dehyde, and water.® Acceptable catalyzed finishes yield a
cured filmthat is hard, tough, scratch- and inpact-resistant,
and resists water, alcohol, and conmon househol d chenicals.™

The VOC content of the catal yzed clear coats used by the
industry today is approxi mately 547 g/L-water (4.6 |b/gal-water)
with solids content of 48 percent solids by weight. " The VOC
content based on solids is 1.1 g/g solids (1.1 Ib/lb solids).
Based on the VOC content of the nitrocell ul ose-based finishes,
the catal yzed finishes represent a 62 percent VOC em ssion
reduction per weight of solids applied. Therefore, a facility
woul d reduce VOC em ssions by 62 percent for each finishing step
that could be converted to catalyzed finishes. However, as
previously stated for the waterborne finishes, actual VCOC
em ssion reductions for a particular facility are a function of
t he nunber of steps for which catal yzed finishes can be used.

Conversion varni shes are a type of catal yzed coating that
are used in the wood furniture industry. Conversion varnishes do
not dry as quickly as nitrocellulose finishes, and are difficult
to repair. Conversion varnishes, |ike two-pack catalyzed
finishes, have a limted shelf life.

The VOC content of the conversion varnishes used by the
i ndustry today is approximtely 600 g/L-water (5.0 | b/gal-water),
with a solids content of about 35 percent by weight. The VOC
content based on solids is approximately 1.9 g/g solids
(1.9 Ib/1b solids). ™" Based on the VOC content of
nitrocel | ul ose-based finishes, conversion varnishes represent a
43 percent VOC em ssion reduction per weight of solids applied.
However, the total em ssion reduction depends on the nunber of
finishing steps that are switched to conversion varni shes.
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3.2.1.3.2 Utraviolet-curable finishes. Radiation curing
is a technology that utilizes el ectromagnetic radi ation energy to
af fect chem cal and physical change of organic finish materials
by the formation of cross-linked polymer networks.® One type of
radi ation used is W light. The primary conponents of UV-curable
finishes are multifunctional polyners (acrylates, acrylated
ol i gonmers), nonofunctional diluent nmononers, and the
photoinitiators. The photoinitiator absorbs the UV |light and
initiates free radical polynerization, the curing process.® The
di l uent serves as a viscosity nodifier for the finish, enabling
the finish to be applied to the substrate. It is simlar to a
solvent in this regard. In traditional UV finishes, however,
nost of the diluent also polynerizes and becones part of the
coating film?® However, the diluent in the finish that does not
reach the piece and, thus, is not incorporated into the final
film is emtted.

U traviolet-curable finishes are convertible finishes; the
curing process is via polynerization. The curing process for
UV-curable finishes is very fast. As the substrate is exposed to
WV radi ation, the photoinitiator absorbs the light and initiates
near-instant polymnerization. Polynerization, or curing, of the
material is rapid, providing a final filmthat is stain-,
scratch-, and mar-resistant. % Because the curing is so rapid,
finished pieces can inmmedi ately be stacked. Oher properties of
the UV-cured filminclude heat resistance, durability, and good
bui | d.

Utraviolet-curable finishes do not typically contribute
substantial VOC em ssions (due to the polynerization process
di scussed above) and often are considered to contain up to
100 percent solids since 100 percent of the conponents react to
formthe coating. Sonme UV-curable finishes are formnul ated such
that some conventional solvent that volatilizes is added al ong
with the diluent nononer. The VOC content of these materials is
approximately 458 g/L-water (3.8 Ib/gal-water) and
0.15 g/g solids (0.15 Ib/lb solids); they are approxi mately
87 percent solids by weight. 8888 The Uy-curable finishes
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represent approximately an 83 percent reduction in VOC eni ssions
per wei ght of solids applied. However, as previously stated,

t hese em ssion reductions depend on the nunber of finishing steps
used by a facility that switches fromnitrocellul ose to UV-
curabl e finishes.

3.2.1.3.3 Polyester finishes. Two types of polyester
finishes are available for use in the wood furniture finishing
i ndustry. The first type is the styrene-derived polyester. This
type of polyester uses styrene as a solvent and reactant for
unsaturated al kyd resins contained in the finishes. The styrene-
derived finishes contain a dryer, also known as an accel erator or
pronoter, typically a heavy netal such as cobalt. Curing can
occur through a catalytic reaction, or through exposure to W
radiation. To cure the finishes via a catalytic reaction, an
organi c peroxide is added to serve as a catalyst.’® The styrene-
derived pol yesters can be supplied in a two-pack or three-pack
form In the three-pack form the dryer and catal yst are added
by the user. 1In the two-pack form the dryer is already in the
finish fornulation and the catal yst is added. ™

The second type of polyester finishes is the acrylic
pol yesters. These finishes contain cross-linking acrylics and
sol vents such as esters, ketones, and aromatic hydrocarbons.

Sonme of the cross-linking acrylics are nodified by styrene and
are consi dered special types of the styrene-derived pol yesters.
As with the styrene-derived polyesters, curing can occur via a
catal ytic reaction by organic peroxides or through exposure to
radi ant energy.’® The cured filnms of both types of polyester
finishes are characterized as high-build, fast-drying, durable,
and heat-, chenical -, and nechanical -resistant materials.”

Pol yester finishes are very difficult to repair once cured.
Therefore, mnimzing the anount of dirt in the finishing roomis
critical to mnimzing rejects. Because of this, clean room
environments are strongly recommended for polyester finish
appl i cations. 88

The styrene-derived pol yester finishes are typically
100 percent solids. The VOC s, such as styrene, which are
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present in the finish fornulation, becone part of the cured film
However, a small portion of such materials may not cross-link and
therefore may result in some VOC enmissions. The acrylic
pol yesters have a VOC content of approxi mately 402 g/L-water
(3.4 I b/gal -water) and 0.21 g/g solids (0.21 Ib/Ib solids) and a
solids content of 80 percent by weight. "% %% Based on the VOC
content of nitrocellul ose-based finishes, polyester finishes
represent approximately an 83 percent reduction in VOC em ssions
per weight of solids applied. However, a facility is not l|ikely
to use polyester materials for all of its finishing steps.
Therefore, overall em ssion reductions would be |ess.

3.2.1.3.4 Polyurethane finishes. Polyurethane finishes are
formed through the reaction of a polyhydric alcohol with an
i socyanate cross-linking resin. The isocyanates in the
formul ati on may include toluene diisocyanate, naphthal ene
di i socyanate, or hexamet hyl ene diisocyanate. The pol yhydric
al cohol coul d be glycerol, pentaerythritol, or others.’®® There
are three classifications of polyurethane finishes depending on
the formulation or cure process: (1) one-conponent products,
(2) two-conponent products, and (3) noisture-cured materi al s.
The one-conponent and two-conponent products are different in
their formulations. A one-conmponent product is a urethane al kyd,
whi ch contains no free isocyanate. The two-conponent products
are the nost comon and produce a finish by cross-linking a
pol yester resin with an i socyanate. The noisture-cured product
is a special one-conponent product, based on the way the coating
is cured, as discussed bel ow. *

The two-conponent pol yurethane finish products are
convertible finishes; filmformation occurs through
pol yneri zation. The finish material is cured through a chem cal
reaction taking place between the binders in the product and
bi nders in the hardener.”™ Filmformation of one-conponent
pol yur et hane finishes may occur through polynerization or through
noi sture curing. Misture-cured finishes are not fully cured
t hrough pol yneri zation. However, they are not nonconvertible
finishes such as the nitrocellul ose-based finishes descri bed
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above. Final curing of the noisture-cured finishes occurs when
noi sture in the environment reacts with free i socyanate groups to
formthe dry film The curing rate of the noisture-cure finishes
cannot be controlled and can require several nonths for final
cure.’”® The final cured filmof all the different types of
pol yuret hane finishes is durable. It is resistant to chem cals,
scratches, and abrasion. Pol yurethane products are characterized
as good for polishing, providing a high-gloss finish. ™

Pol yur et hane finishes, |like polyester, are difficult to
repair once they have cured. Because the cured pol yurethane film
is resistant to solvents, repairs involve nechanically renoving
the cured coating through abrasion. Due to the difficulty of
repair and the final finish achi evable once repaired,
pol yur et hane coated pieces are rarely repaired extensively.
Therefore, it is critical to mnimze the anount of dirt in the
finishing room |If dirt gets on a wet nitrocellul ose |acquer, it
can often be rubbed out after the |acquer has dried. However,
pol yur et hane finishes are not rubbed; it is not possible to
renove dirt from cured pol yurethane finishes by rubbing. For
this reason, finish suppliers indicate a clean room environnment
i s highly desirable when applying pol yurethane finishes.?®

The VOC content of the currently avail abl e pol yuret hane
finishes ranges fromabout 239 to 792 g/L-water (2.0 to
6.6 | b/gal-water) and range fromO0.25 to 2.33 g/g solids (0.25 to
2.33 Ib/lIb solids). The solids content of polyurethane finishes
ranges between 30 and 80 percent by weight.® 788 As conpared
to the nitrocell ul ose-based finishes, polyurethane finishes
represent fromapproximately a 27 to 92 percent reduction in VOC
em ssions per weight of solids applied. A facility would reduce
VOC em ssions by this amount for each finishing step that was
converted to use pol yurethane finishes fromusing nitrocell ul ose-
based finishes. However, a facility's overall VOC em ssion
reduction woul d depend on the nunber of finishing steps for which
pol yur et hane finishes could be used.

3.2.1.3.5 UN CARB® System Fi ni shes. The UNI CARB® fi ni shi ng
system was devel oped by Union Carbide as a way to apply
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conventional finishes that m nimzes the quantity of VOC
contai ning solvent required. The general concept behind the
UNI CARB® systemis that sone of the solvent used for spraying the
conventional clear coats is replaced by CO,. Thus, the UN CARB®
system i nvol ves nodified finishes and a sonmewhat nodified
application nethod, as described in Chapter 2. This section
provi des information regardi ng VOC content and solids content of
the finishes formulated for use with the UNI CARB® system

The UNI CARB® finishes are specially fornulated. They
contain polyners and hi gh boiling-point solvents that are m xed
with liquid CO, imediately prior to being sprayed. As a rule of
t hunb, 1 pound of CO, "replaces" 1 pound of solvent in the
conventional finishes. The same resins that are used in
conventional (nitrocellul ose-based) finishes are used in the
UNI CARB® fi ni shes. UN CARB® finishes are spray-applied and dried
in the sane manner as conventional (nitrocellul ose-based)
finishes.®

The UNI CARB® finishes are only available in clear coat
formul ati ons. The VOC content of these fornulations is
approximately 643 g/ L-water (5.4 Ib/gal-water) and 1.4 g/g solids
(1.4 Ib/lIb solids). The solids content of the UN CARB® fi ni shes
is approximately 41 percent solids by weight. %838 The VOC
content of the UNI CARB® finishes represents approxi mately a
48 percent reduction in VOC em ssions per weight of solids
applied, conpared to their traditional nitrocell ul ose-based
counterparts. However, actual overall VOC em ssion reductions
are a function of the nunber of finishing steps for which
UNI CARB® fi ni shes can be used.

3.2.1.3.6 VOC Control® System® The VOC Control ®
finishing systemwas devel oped by Akzo Nobel Coatings, Inc. The
VOC Control ® system fini shes are hi gher-solids
nitrocel | ul ose-based seal ers and topcoats. The finishes are
heated and then applied using an application system devel oped by
Graco. The Graco systemcan be either air assisted or air
assisted airless, and uses "ultra-high" pressures to atom ze the
hi gher-solids finishes.
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The hi gher solids content of the VOC Control ® system
finishes allows, in sone instances, for the user to elimnate
finishing steps; by applying nore solids during each step, steps
can be el i m nat ed.

The VOC content of the VOC Control ® system sealers is |ess
than 1.9 g/g solids (1.9 Ib/lb solids), and that of topcoats is
less than 1.8 g/g solids (1.8 Ib/Ib solids). The solids content
of the VOC Control ® finishes ranges from30 to 50 percent by
wei ght. As conpared to conventional nitrocellul ose-based
finishes, VOC Control ® fini shes represent about a 41 to
44 percent reduction in VOC em ssions per weight of solids
applied. A facility would reduce VOC em ssions by this anmount
for each finishing step that was converted to VOC Control ® system
finishes. However, a facility's overall VOC em ssion reduction
woul d depend on the nunmber of finishing steps for which VOC
Control ® system fini shes are used.

3.2.2 Applicability of Lower-VOC Finishes to Whod Furniture
Fi ni shing Operations

As previously nentioned, nitrocellul ose-based finish
materials are extensively used in the wood furniture finishing
i ndustry. Attenpts are being made to refornmul ate finishing
materials, as described above, so that | ower-VOC materials can be
used. Sone of the |ower VOC coatings may not apply to al
aspects of the wood finishing industry. Therefore, this section
identifies the industry segnents able to use each of the | ower
VOC finishes and di scusses the shortcom ngs of the finishes that
prevent their nore w despread use.

3.2.2.1 Wiaterborne Finishes. Wterborne finishing
materials are currently being used by sone furniture
manuf acturers. The potential exists for waterborne finishes to
be used by all segnents of the wood finishing industry. However,
the waterborne finishes currently available are better suited to
certain applications than others. For exanple:

1. Open-pore woods are considered easier to finish with
wat er borne finishes than filled pores; %8
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2. Darker woods sonetines appear cloudy when finished with
wat er borne finishes, though the clarity has inproved over the
| ast 10 years; ®

3. Waterborne finishes do not have the rubbability of
nitrocel lul ose |l acquers, and the finish is therefore not as
gl ossy where a glossy finish is required; and

4. Waterborne finishes may require a nodified drying nethod
(increased airflow and tenperature).®®

Sonme facilities may be able to use waterborne finishes for
sonme finishing steps but not all. According to finish materi al
suppliers, in certain applications only sol ventborne stains and
washcoat can be used because of the problens of grain raising.®
Gainraising is a swelling of the fibers in the wood due to the
absorptance of a liquid, such as water. G ain raising causes the
surface of the wood to | ook and feel rough. Waterborne topcoats
are avail able and are used by many segnents of the wood furniture
i ndustry. %%

3.2.2.2 Catalyzed Finishes. Catalyzed finishes (primarily
conversion varnishes) are currently used by kitchen cabi net and
of fice/business furniture manufacturers because of the durable
finish that these finishes provide. Catalyzed finishes are also
used in the manufacture of knock-down furniture.” However,
catal yzed finishes are presently not used much in the manufacture
of traditional househol d/residential furniture because the
catal yzed finishes do not provide the sane appearance as the
nitrocel | ul ose-based finishes. Technically, catalyzed finishes
coul d be applied to househol d/residential furniture and would
provi de a nore durable and stain-resistant surface than the
traditional nitrocellul ose-based |acquers. The consuner woul d
have to weigh the positive and negative aspects of furniture
finished with the two chem stries. 1If, however, the purpose of
t he changeover to catalyzed finishes is only VOC em ssion
reduction, other alternative finishes provide nore substanti al
em ssi on reductions.

3.2.2.3 Utraviolet-Curable Finishes. Utraviolet-curable
finishes are currently used in various segnents of the wood
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finishing industry.® Utraviolet-curable finishes can be
applied using spray equi pnent, roll coaters, or curtain coaters.
Therefore, the potential exists for UV-curable finishes to be
used on case goods as well as flat pieces, and progress in this
direction has been nmade and is discussed in Section 3.3. 3.
However, curing of three-dinensional pieces remains difficult
because all of the finish material nust be exposed to the W
radi ation. Problens arise in curing recessed surfaces that do
not get direct exposure to the radiation.® Therefore, the
majority of UV-curable finishes that are used in the wood
furniture industry are on flat |line operations (although sone
chair finishing is being done using UV-curable finishes).® Many
studi es are being conducted in the area of three-dinensional UV-
curing so that UV-curable materials nmay experience nore

wi despread use in the future.

U traviolet-curable finishes are feasible and denonstrated
for finishing operations in which the pieces are flat, with no
significant carvings or recessed areas. There are two types of
UV-curable finishes. One type is applied via a curtain coater,
roll coater, or simlar flat |ine apparatus. The UV-curable
finishes applied by these nethods typically are al nost
100 percent solids with a VOC content close to zero. ' 888688
The other main type of UV-curable finishes are applied using
conventional spray application equi pnent.

As di scussed previously, the VOC content, percent solids,
and material cost of the sprayable UV-curable finishes are
approximately the same as the VOC content percent solids, and
cost of the polyester and pol yurethane finishes. "8 888 The
cost paranmeters that need to be considered in the conversion are
al so the sane. However, with UV-curable finishes, the additional
cost of UV ovens needs to be considered. (Polyesters and
pol yur et hanes can be catal yzed with curing enhanced by
conventional ovens.)® %% Because converting from sprayabl e
sol vent borne finishes to sprayable UV-curable finishes is
expected to be nore expensive for a facility than converting to a
pe/ pu system and the associ ated em ssion reducti on woul d be
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approximately the same, the use of sprayable UV-curable finishes
was not anal yzed further.
3.2.2.4 Polyester Finishes. Polyester finishes are simlar
to polyurethanes in their uses and their limtations. The film
properties of the polyester finishes are good; they provide good
build and good chemical -, mechanical -, and heat resistance.®
Pol yester finishes, |ike polyurethane finishes, require a clean
room envi ronnment, which can be very expensive and difficult to
mai ntai n; have a short pot life; and are difficult to repair.™
3.2.2.5 Polyurethane Finishes. Polyurethane finishes are
used in some segnents of the wood finishing industry.
Pol yuret hane materials can be spray-applied or applied by curtain
or roll coat, and are cured in the conventional manner.
Pol yur et hane finishes are characterized by a high-gloss | ook,
whi ch may not be desirable to certain segnents of the wood
furniture industry. Owher limtations that may inpair its
wi despread use include the need for a clean room environnent, the
short pot life (1 to 6 hours), and the difficulty in repairing. ™
Pol yur et hane finishes are based on pol yi socyanates, which
are manufactured from dii socyanate nononers, which link to form
t he pol yi socyanate chains.® ° A common mi sunder st andi ng
regardi ng the manufacture and use of polyisocyanates is in the
use of nonoi socyanates. Mbnoi socyanates are very volatile and

very toxic. However, nobnoi socyanates are not used in
manuf act uri ng pol yi socyanates nor are they a byproduct of the
manuf act uri ng process. %1

The | evel of worker protection required when using finishes
cont ai ni ng pol yi socyanat es depends on the concentration of
pol yi socyanates in the air. The OSHA regul ati ons regarding
respirators state that air purifying respirators can be safely
used at concentrations up to 10 tinmes the threshold limt val ue.
Above this concentration, supplied air respirators nust be
used.® A manufacturer of diisocyanates and pol yi socyanat es
recommends using supplied-air respirators when using pol yurethane
finishes unless sufficient air nonitoring data have been
collected to make an al ternate decision.® ' Further worker
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protection can be achieved by engineering controls, primrily
spray booth design and ventilation to keep the concentrations
bel ow the exposure limts.®® In all use of polyurethane
finishes, protection of eyes and skin should be ensured through
the use of safety gl asses and perneation-resi stant gl oves
(preferably of butyl rubber).®

Based on available information, it is possible to safely use
pol yur et hane finishes in wood furniture finishing operations.
Spray boot hs shoul d be designed to mnimze the concentration of
i socyanates. Sone |level of respiratory protection should al ways
be worn; the exact type of protection depends on actual
measur enent of isocyanate |levels. Eye and skin protection mnust
al ways be worn.

3.2.2.6 UN CARB® Fini shes. As of COctober 1994, the
UNI CARB® fi ni shi ng system has been purchased by one
househol d/ residential furniture manufacturer and is being used in
full production applying topcoat on a chair line. This |line was
used to conduct an evaluation of product quality, waste
reduction, and econom c issues for the UNI CARB® systemin a
May 1994 report.'® Testing has been conducted by a piano
manufacturer, and a residential furniture manufacturer that makes
occasional furniture, though no purchase agreenents with these
facilities have been reached. ' *®

The solids content of UNI CARB® finishes is approxi mtely
tw ce that of conventional solventborne finishes. Therefore, in
sonme instances, a coating step can be elimnated if a facility
swtches to UNICARB® For instance, if a facility applies two
coats of topcoat using conventional finishes, only one coat of
UNI CARB® t opcoat may be required. Wether a finishing step can
be elimnated depends on the desired build and other site-
specific factors.

In UNI CARB® finishes, the faster solvents are replaced with
supercritical CO,. Since the faster solvents are no | onger
present, drying tine may increase. The increase in drying tine
required, if any, depends on the exact finish fornulation and
site-specific conditions.
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3.2.2.7 VOC Control ® Finishes. The VOC Control ® finishing
systemis being used by nore than ten wood furniture
manufacturing facilities. Akzo's Nobel's VOC Control ® finishing
systemis currently being used in both high- and | ow end
furniture manufacturing operations. According to the Akzo Nobel
Coatings representative, the use of the VOC Control ® system by
the wood furniture industry is grow ng rapidly.®

Because the VOC Control ® finishes are higher solids finishes
than their conventional counterparts, use of the system can
elimnate finishing steps. Therefore, the systemoffers the nost
advantages to an operation that currently applies several |acquer
coats, because sonme of the applications can be elim nated.
Conversely, the systemwould not be as adaptable to an operation
that had a limted nunber of finishing steps because elimnation
of finishing steps may not be practical.®

According to the Akzo Nobel Coatings representative, due to
the high solids content of the VOC Control ® finishes, drying tine
may increase in sone instances.® Any potential increase in
drying time woul d depend on the site-specific conditions and the
exact finish fornulation.
3.2.3 Advantages and Di sadvantages of Lower VOC Fi ni shes

Each type of coating discussed in this chapter has
advant ages and di sadvant ages associated with its use. Based on a
survey of wood furniture finish suppliers, Table 3-1 presents a
conpari son of the suppliers' opinions concerning the properties
of each finish
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type. % The information provided includes the finish properties

only. The ranking of finish properties in Table 3-1 reflects the
opi nions of finish suppliers and probably represents desirable
qualities fromthe standpoint of finish suppliers and wood
furniture manufacturers. The inportance of the various qualities
to a consuner may be different.

As indicated in Table 3-1, finish suppliers feel that
advant ages of nitrocellul ose finishes, conventional as well as
hi gher solids, include the appearance of the finish, the ease of
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application and drying of the finish, and the ability to renove
the finish and thus repair deficiencies in the near-finished
product. According to the survey respondents, a di sadvant age of
the nitrocellulose finishis its durability, which is not as good
as other types of finish materials.

The nitrocell ul ose UNI CARB® fi ni shes offer the sane
advant ages and di sadvantages. An additional disadvantage that
may be associated with UNI CARB® finishes is an increase in the
anount of drying tinme required. However, any potential increase
in drying time may be offset by elimnating a finishing step.
There may be a di sadvantage associated with the UN CARB® system
because at present, only one manufacturer nmakes the application
systemfor the wood furniture industry, and only two finish
manuf acturers are presently fornulating UNI CARB® finishes for the
wood furniture industry.

According to survey respondents, advantages of the
wat er borne finishes include their resistance to yellowng and to
extrene tenperatures. Also, the waterborne finishes are
satisfactory in terms of the finish quality, finish application
and cure, and the ability to wash off/repair. A disadvantage of
the waterborne finishes is the difficulty in applying them using
a fan or curtain coater, due to their inability to hold together
well. Waterborne finishes are nore susceptible to breaks in the
fan or curtain. According to one finish supplier, adding
surfactants may minimze or elinmnate this problem?® Another
di sadvant age that nmay be associated with waterborne finishes is
the requirenment for increased drying capacity, and the potenti al
for grain raising.

As indicated in Table 3-1, the main advantages of the UV-
curable finishes are their durability, their ability to be
applied by several nethods, and their resistance to chem cal s,
tenperature, and yellowi ng. D sadvantages of these finishes to
t he wood furniture manufacturer include their inability to wash
off/repair, the curing difficulties that may be associated with
the finish, and the limted experience of the manufacturers with
t he use of the finishes on case goods.
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The advant ages and di sadvant ages of the urea or nel am ne
catal yzed, polyester, and pol yurethane finishes are simlar to
t hose of the UV-curable finishes. However, the urea and nel am ne
catal yzed, polyester, and pol yurethane finishes offer additional
advantages in that they are satisfactory for use on case goods
and are nore easily cured. Disadvantages of polyester and
pol yur et hane finishes to the furniture manufacturer include their
being difficult to work with and repair, the requirenent for a
cl ean room environnment, and the potential need for increased
wor ker protection.
3.3 EMERG NE SPECI ALI ZED TECHNOLOA ES

Several technologies currently in the devel opnental stages
could potentially apply to the wood furniture industry. These
technologies are in the areas of spray booth design, curing
nmet hods, and add-on control devices. The spray booth design
di scussed in this section is the Mbile Zone design, which
reduces the volune of air exhausted. The curing nethod discussed
in this section is three-dinmensional UV curing. Developnents in
this area would facilitate the use of UV-curable finishes on case
goods. Finally, biofiltration, an add-on control technol ogy that
is used in other countries for both odor and VOC control, is
di scussed.
3.3.1 Mobile Zone Spray Boot h® %7 115

Mobi | e Zone Associ ates has devel oped a devi ce which, when
installed on a spray booth, enables the worker(s) to spray
finishes froma partially encl osed nobile work platform The
wor ker stands inside a noving "cab," the novement of which is
controlled frominside the cab by the worker. Wthin the Mbile
Zone cab, fresh ventilating air passes across the painter from an
open "nmovi ng wi ndow' at his or her rear. The remaining section
of the mobile work platformis ventilated using recircul ated air.
The Mobil e Zone design contrasts with a conventional spray booth,
in which the entire length of the booth is supplied with fresh
ventilating air. Through the use of the noving w ndow, the
ventilating air requirenents for the worker are greatly reduced.
The fresh makeup air requirenents of the nobile zone are equal to
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the flow through the wi ndow, greatly reduced conpared to
conventional booths. The reduction in makeup air requirenents
woul d reduce heating and cooling costs, as well as capital and
operating costs of an add-on control devi ce.

The Mbil e Zone systemwas tested in a commercial job shop
finishing operation that uses solvent-thinned paint. The testing
involved finishing flat panels. The facility's conventional
spray booth was nodified by the addition of the Mbile Zone.
Design, fabrication, and installation of the nobile zone was
conduct ed under an EPA Smal| Business | nnovation Research (SBIR)
grant. The testing programindicated that the Mbile Zone
al l oned the conpany to reduce the spray booth exhaust flow rate
by 90 percent.

The Mbile Zone is considered an energi ng technol ogy for
several reasons. The Mbile Zone system was used conmmercially
for a short time by a netal working operation that has since
ceased finishing operations. As of February 1995, the systemis
not presently being used anywhere comrercially. Finally, the
Mobi | e Zone is considered an energi ng technol ogy for the wood
furniture industry because testing thus far has occurred on a
over head conveyor line; nost furniture manufacturers enpl oy
pall et |ines, which run along the ground. Mbbile Zone Associ ates
indicated that it thought the systemcould be used on a pallet
line. However, this may not be the best application for the
system
3.3.2 Three-Dinensional Utraviolet Curing

Utraviolet-curable finishes are frequently used by fl at
line furniture finish operations. The pieces are flat, so curing
in a conventional UV-cure oven is straightforward. Although
UV-curabl e finishes are also applied to case goods (nonfl at
pi eces), the WV curing process with such pieces is nuch nore
difficult. In order for a UV-curable finish to cure, all finish
nmust be exposed to the UV light. The lanps in the UV oven nust
be situated to ensure exposure to all areas of the case goods,

i ncludi ng recessed areas, carvings, etc. The W/ |anp |ocations
woul d need to be set for each type of case good depending on its
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configuration. Because furniture manufacturers typically produce
many different types of case goods on a single line at any tine,
realignnment of the UV |lanps for each situation on such a line is
not feasible. However, if a manufacturer produced a single piece
continuously for a length of time, the |lanps could be arranged
for that configuration. Then another type of piece could be
produced for a length of tinme, after the | anps were adj usted.

Sone t hree-di nensional UV ovens have been designed for
speci al i zed applications. Typically, these applications involve
t he consistent finishing of one type of piece (i.e., one chair
design). In such applications, the UV | anp configuration does
not require realignment with the introduction of each piece. For
the mapjority of case goods finishing operations, however, three-
di mensi onal UV curing is considered an energing technol ogy.
Fi ni sh suppliers, oven manufacturers, and furniture manufacturers
continue to conduct research in this area.

3.3.3 Biofiltration' ™"

Biofiltration is a control technology in which contam nated
exhaust air is sent through a biofilter for contam nant renoval.
The biofilter consists of organic matter, such as tree bark and
conpost, the pores of which are filled with water. In the water
phase, biologically active mcro-organi sns are present, partly
free-floating in the water and partly attached to the organic
matter.

The nechani sm of the biochem cal process consists of a
conbi nati on of adsorption, absorption, and bi ol ogi cal
degradation. As the exhaust air travels through the biofilter,
pol lutant renoval fromthe gas phase occurs in two ways. By Van
der Waals forces, some pollutant nolecules in the waste air are
adsorbed by the organic matter. Sonme of these nol ecul es transfer
fromthe gas phase to the water phase by neans of absorption. To
mai ntai n the adsorption and absorption capacity of the biofilter,
the activity of the aerobic mcro-organisns is necessary. The
m cro-organi sns oxi di ze the contam nants to water, CO, and,
dependi ng on the contents of the exhaust stream NQ, and SQ.

The m cro-organi sns are sustained by the addition of noisture,
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oxygen, and nutrients in the exhaust stream The used nutrients
are recycled; once the mcro-organisns die, the living mcro-
organi sms consune themto obtain the nutrients. Eventually,
however, the filter material is exhausted. |In normal operations,
the biofilter beds usually | ast between 2 and 5 years. Wen the
bed is spent, it can be disposed of readily, e.g., used in
agricultural applications.

The m cro-organisns used in a biofilter are specific to the
type(s) of pollutants being controlled. The tenperature and
hum dity of the biofilter nmust be precisely maintained to protect
the m cro-organi sns and thus ensure proper pollutant renoval . |f
multiple pollutants are present in the exhaust stream several
biofilters with varying mcro-organisns may be required. It is
difficult to maintain a single biofilter with nultiple mcro-
organi snms, since the tenperature and humdity requirenents of the
different mcro-organisns may differ. These pollutant-specific
requi renents make biofilters best suited to applications with
consi stent exhaust streans with relatively few types of
pollutants. The exhaust streanms fromwood furniture finish
operations vary in volune and concentration and contain a w de
variety of pollutants.

Biofiltration is a proven odor-control technol ogy that has
| ong been used in sewage treatnent facilities and ot her
i ndustrial processes. Biofilters are typically used to control
smal | -vol une exhaust streanms. COdor-control efficiencies of
95 percent and greater have been reported for biofiltration
units. In some installations, the odors being controlled are
caused by the presence of VOC s in the exhaust stream
Therefore, the biofiltration technol ogy could be expected to
control VOC s as well as odor. However, data concerning the VOC
control efficiency of biofilters are only now becom ng avail abl e.
The rel ati onshi p between odor and/or VOC control efficiency and
pol l utant concentration may not be linear. Therefore,
concl usi ons regardi ng VOC control efficiency await closer review
of data now becom ng available fromforeign installations.
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Biofilters have been devel oped by Bio C ean AB of Sweden and
introduced for use in the U S. by Ahlquist & Minters
Technol ogies, Inc. The Bio Cean filters have been in comrerci al
use in Sweden since 1989 for applications such as odor renoval
fromwastewater facilities and sl aughterhouses and VOC renoval
from pai nt manufacturing, various painting operations, and
fiberglass boat manufacturing. Their filters can achi eve VOC
removal efficiencies of better than 95 percent.

Biofiltration is considered an energing technol ogy for
controlling VOC em ssions fromwood furniture finishing
operations. Biofilters are recommended for small-vol unme exhaust
streans wWith consistent concentrations of a few types of
conpounds. Exhaust streans from furniture manufacturers are
characteri zed as | arge-vol une exhaust streans containing a w de
variety of VOC s of varying concentrations. The |arge volune
exhaust would require very large biofilters, and the space
requi renents could be substantial. The wi de variety of VOC s may
require nmultiple beds wth different m cro-organi sns. Each bed
woul d have to be maintained at slightly different conditions.

Anot her factor that could hanper the use of biofiltration in the
wood furniture industry at this time is the limted VOC control
efficiency data that is currently avail abl e.

3.4 PCOLLUTI ON PREVENTI ON

Vol atil e organi c conpound em ssions can al so be reduced by
m nimzing the opportunity for evaporation of finishing and
cleaning materials as well as by mnimzing the use of these
materials. A variety of work practices, designed to mnimze the
use and evaporation of finishing and solvent materials, are
required by presunptive RACT, and these requirenments are
di scussed in Section 3.4.1. Additional work practices that could
be used to further reduce VOC em ssions fromfinishing and
cl eani ng operations, but are not required by presunptive RACT,
are discussed in Section 3.4.2.

3.4.1 Required Work Practices

The work practices that are required as part of presunptive

RACT are summarized in Table 3-2
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TABLE 3-2. WORK PRACTI CE REQUI REMENTS - - PRESUMPTI VE RACT

A Flnlshlnq Cl eani ng, and Washof f

Covered storage of finishing, cleaning, and washoff
material s.

. I nspection and nmai nt enance program nust be devel oped
and i nplenmented to mnimze |eaks (nonthly
I nspection frequency, repairs within 15 days).

. Conventional air spray guns prohibited in nost
Ci rcunst ances.

B. O eaning and Washoff QOperations
@un/line cleaning
. Cl eani ng solvent nust be collected in a container
that can be cl osed.
. Cl eani ng sol vent contai ners nust be cl osed when not
I n use.
Spray boot h cl eani ng
Use of organic solvents for spray booth cleaning is
prohi bited except in |imted circunstances
(conveyors that carry pieces through booth and
conti nuous coaters and their enclosures can continue
to be cleaned with solvent, as can the netal filters
in spray booths, 1.0 gallon per booth Iimt to clean
stai ned areas when replacing strippable spray booth
coati ng).
Fur ni ture washof f
. Cover washoff tanks when not in use.
. M nimze dripping by tilting and/or rotating piece.
CGeneral cl eani ng/washoff activities
. Cl eani ng and washoff accounti ng system
— Log of quantity and type of solvent used for washoff
and cl eani ng, the nunber of pieces washed off, and
reason for washoff.
— Record quantity of spent solvent generated from each
activity and its ultimte fate.
— Cal cul ate net cleaning and washoff sol vent usage
quantities, accounting for disposal and recycling of
spent sol vent, nonthly.

C. General Wrk Practice Requirenents
Qperator training program (train new enpl oyees upon
hiring and retrain all enployees annually)
. | mpl enent ati on Pl an nust be devel oped and mai nt ai ned
to denonstrate conpliance with work practice
requirenents.
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The practices listed in this
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tabl e nust be followed by all facilities subject to RACT. These
requi renents are discussed in the foll ow ng sections.

3.4.1.1 Ceneral Requirenents for Finishing, Ceaning, and
Washof f .

3.4.1.1.1 VOC storage. Materials containing VOC are often
stored in containers that are left open, allowi ng the volatiles
to evaporate and be emtted through roomventilation to the
at nosphere. The Wirk Practice G oup agreed that a
strai ghtforward, inexpensive nmethod of reducing em ssions from
VOC storage would be to cover all containers storing finishing,
cl eani ng, and washoff materials when not in use.

3.4.1.1.2 VOC transfer. 1In wood furniture plants,
finishing, cleaning, and washoff materials are punped from
storage containers to spray guns through piping. Because |eaks
are likely to occur whenever materials are transferred, the Wrk
Group agreed that requiring sources to check this equipnent for
| eaks was reasonable. To inplenment the | eak inspection program
sources will be required to develop and inplenent an Inspection
and Mai ntenance plan that requires the inspection of each piece
of equi pnment used to transfer or apply finishing materials and
sol vents; a schedule for inspection; reporting of the inspection
results and any repairs that were made to the equi pnent, and the
ti meframe between identifying the | eak and performng repairs.

The Work Practice Wrk G oup agreed upon the concept of an
| nspection and Maintenance plan, but never discussed what the
i nspection frequency or repair response tinme should be. The
Agency decided that a nonthly inspection frequency is appropriate
to acconplish the goal of reducing |leaks fromtransfer and
application equi pnment. To ensure that action would be taken if
| eaks were detected, repairs nust be made within 15 cal endar
days, with a first attenpt at repair made within 5 cal endar days.

3.4.1.1.3 Washoff operations. Washoff is the practice of
removi ng coating froma piece of furniture. The main reason for
washoff is because the finish does not neet conpany
speci fications. By washing off the finishes, the substrate can
be refinished. Washoff is typically acconplished by dipping the
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furniture into a tank contai ning organi c solvent; the sanme
sol vents used for cleaning are usually used for washoff.

To mnimze the VOC em ssions resulting from washof f
operations, the Wrrk Practice Wrk G oup decided on several
required work practices. As with finishing and other cleaning
operations, the work group agreed that covering washoff tanks
when they are not in use would |imt em ssions. Also, sources
can mnimze dripping by tilting and/or rotating the piece to
drain as much sol vent as possi bl e.

I n general, cleaning and washoff practices are not well
docunented by sources. For exanple, nobst sources do not know the
guantity of solvent used for cleaning and washoff operations, how
many pi eces are washed off, and the fate of spent solvent from
cl eani ng and washoff operations. The Wrk Practice Wrk G oup
agreed that one of the first steps in reducing emssions is to
know the quantity of solvent used for the various operations, and
therefore presunptive RACT requires all facilities subject to
RACT to inplenent a cleaning and washoff sol vent accounting
system Such an accounting systemw ||l mnimze solvent usage
and will enable a facility to analyze their nunber of pieces
washed off to inprove their operation. Under the cleaning and
washoff sol vent accounting system sources have to (1) maintain a
|l og of the quantity and type of solvent used for washoff and
cl eani ng, the nunber of pieces washed off, and the reason for the
washoff; and (2) record the quantity of spent solvent generated
fromeach activity. The net cleaning and washoff sol vent usage
guantities, accounting for disposal and recycling of spent
sol vent, nust be cal culated nonthly, and copies of the |ogs mnust
be made avail abl e upon request.

The Work Practice Work G oup and the regul atory negotiation
commttee as a whole agreed that an accounting system shoul d be
required. The Conmittee believed that the accounting system woul d
be an inportant first step for facilities to devel op a broad-
based, nultinmedia pollution prevention plan.

The Conmittee believed that once the accounting systemis in
pl ace, the burden of maintaining it would not be too great.
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Al t hough i npl enentati on of a cleaning and washoff sol vent
accounting systemis expected to reduce VOC em ssions, the
expected reduction in em ssions has not been quantified, nor has
t he associ ated cost.

3.4.1.1.4 1nproved finishing material application nethods.
The nost comon net hod of applying finishing materials in the
wood furniture industry is through the use of spray guns.
Spraying of finishes can be very wasteful. In some industries,
tests have shown that 80 percent or nore of the finish directed
at a substrate is wasted and becones a solid waste expense due to
di sposal costs. In certain applications, sonme spray guns can be
nore efficient than others in that the quantity of finishing
material | ost as overspray is less. The anount of finishing
material that is saved through use of inproved application
t echni ques varies considerably by facility and application.
Differences in the shape of the piece being finished, airflow
rates, |ine speed, and operator technique translate into
differences in the amount of overspray. |In recent years, the
concept of transfer efficiency (the amount of finish that ends up
on the piece, as a percentage of the total finish used) has been
formally recogni zed and studi ed at great |ength.

The regul atory negotiation conmttee agreed that highly
efficient transfer nethods are desirable, but also agreed that
the data supporting one type of application equipnment over
anot her were conflicting except in one instance; alnost all data
suggest that conventional air guns are the |east efficient
transfer nmethod. Therefore, presunptive RACT prohibits the use
of conventional air spray guns in nost instances.

The VOC em ssion reduction achi eved through inproved
application techniques is difficult to quantify. A study
performed by Pacific Northwest Pollution Prevention Research
Center indicated that transfer efficiency is a function of both
oper at or experience and the type of gun (among other factors).'
Based on this study, it was estimated that alternative
application techni ques reduce finish usage, and thereby
em ssions, by approximately 10 percent. The conpany has econom c
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notivation (although there is |imted evidence that it has
i nfluenced industry in the past) for maxim zing transfer
efficiency. Costs associated with finishing material purchases,
filter media disposal, and other waste disposal would decrease if
i nproved application techniques were used.' The high costs of
toxi c waste disposal may ultimately provide the incentive for
change.
3.4.2 Reduction in Ceaning Material Usage

As di scussed in Chapter 2, industrial solvents are currently
used in the wood furniture industry for equi pnment cleaning, and
to a |l esser extent, spot repair, rewetting, and dilution of
finish materials. Sone VOC-containing cleaners will nost |ikely
still be used for equipnent cleaning even in facilities that
switch to | ower-VOC finishing materials. There are a nunber of
options available to reduce the VOC em ssions from cl eani ng
mat eri al usage in the wood furniture industry. These include
wor k practice nodifications, use of alternative cl eaning
mat eri al s, and add-on capture and control devices. Each of these
options is discussed in the follow ng paragraphs.

3.4.2.1 Work Practice/Adm nistrative Mdifications. From
an industry perspective, the | owest-inpact approach to reducing
VOC emissions resulting fromcleaning material use is to change
work practices to minimze the opportunities for em ssions. No

change in solvents is involved, so no conprom se in cleaning
efficacy is required. Em ssions of VOC fromcleaning material s
can be limted by restricting the novenent of air across
containers of solvent and by limting the anbunt of solvent that
is intentionally exposed to air. Thus, the use of training and
safety prograns to inform enpl oyees of the dangers and ecol ogi cal
risks and to teach good work practices are required. In
addition, closed containers with soft-gasketed, spring-|oaded
closures for storing, transporting, and dispensing cleaning

materials are essential. Containers of cleaning materials
saturated with cleaning materials (rags, towels, etc.) nust be
closed tightly so that the solvent does not evaporate. In turn,

these materials nmust be disposed of in a way that does not result
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in evaporation of the solvents (e.g., incineration). To further
reduce VOC em ssions, small parts nust be cleaned in a closed
device to mnimze evaporation. Products are on the market that
are specifically designed to clean spray guns w thout the need
for spraying the solvent into the air (see Table 3-3)."' (ne
of these units, the Gun Washer/ Recycl er, nmade by Herkul es

Equi prrent Cor poration, involves internal and external cleaning of
the gun in an encl osed vessel. External cleaning is acconplished
by soaking the gun in the solvent; internal cleaning is
acconpl i shed inside the encl osed vessel by punping sol vent

t hrough the gun. The cleaning solvent collects in the vessel,
the solids are allowed to settle out, and the solvent is then
reused. The Sol vent Manager, made by Sol vent Managenent, and the
Lighthal | unit, devel oped by Lighthall Enterprises, allow just

t he cl eaning solvent resulting frominternal cleaning of the gun
to be captured in a renoval cap as opposed to being sprayed into
the air. The captured solvent can then be reused.

TABLE 3-3. COWWERCI ALLY AVAI LABLE SPRAY GUN
WASHI NG UNI TS 117

Model Manuf act ur er

GWVW R (Gun Washer Recycler) Her kul es Equi pment Cor por ati on
8320 Col die Street
Wal | ed Lake, M 48088-1298

The Sol vent Manager Sol vent Managenent

15 Nor manhur st Avenue
Bour nenout h BH8 9NN
U. K.

The Li ght hal | Li ghthal I Enterprises
934 Bay Street
Santa Cruz, CA 95060

Anot her approach to changing work practices to limt
cl eaning material VOC emi ssions is an adm nistrative control used
successfully in the fiberglass-reinforced plastic industry.™ In
accordance with the admnistrative control, a limted anount of
cleaning material is issued to each worker during a shift. This
automatically limts the total solvent consunption but also
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requires each worker to carefully nonitor solvent use so that the
required cleaning is acconplished w thout inpairing product
quality.

Anot her met hod of changi ng work practices to limt sol vent
VOC emissions is the use of a recordkeeping systemto help
managenent track the use of solvent wthin a plant and ensure
that used solvents are properly tracked to di sposal.

3.4.2.2 Use of Aternative Cleaning Materials. ' A
second approach to reducing VOC em ssions resulting from cl eani ng
operations is to use cleaning materials that have been
reformul ated to mnimze or elimnate the solvent content. The
VOC emi ssions nmay al so be reduced if |ess volatile solvents are
used in lieu of the highly volatile materials used in the |acquer
thinners. Because the refornulated cleaning material is no
| onger the same solvent that is contained in the finishes, the
reformul ati on approach may have the di sadvantage of requiring
sonme process changes to elimnate risks of cross contam nation of
the cleaning material with the finish material. However, this
approach has an advantage in that no additional work practice
nodi fi cati ons need be incorporated to prevent evaporation.
Vol atil e organi c conpound em ssions are inherently reduced if the
cleaning material has a |l ower VOC content because a high-boiling-
point (lowvolatility) solvent that is exposed to air novenent
will evaporate very little. A "slowdrying" solvent of this type
wi |l eventually evaporate when exposed to the air, as, for
exanple, when a thin filmis left on a wi ped surface. But casual
activities, such as pouring or agitating the surface of a wash
basin of solvent, will not result in a high evaporation rate.
The use of reformul ated solvents for gun cleaning would al so
result in lower em ssions than those resulting fromuse of the
finish solvent, as long as the used solvent is collected and
contai ned. However, use of a "slowdrying"” solvent for gun
cl eaning may necessitate the use of a hot airstreamthat is
directed through the gun for quicker drying. Table 3-4
summari zes sonme lowvolatility alternative solvents that have
only recently been w dely market ed.
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TABLE 3-4. LOWVOLATILITY ALTERNATI VE SOLVENTS™® 20
Boi | i ng

Conpound poi nt, °C[Manufacturer |Remarks

n- Met hyl - 2- 202 GAF Lowtoxicity repl acenent

pyrrol i done Arco for methylene chloride for

Chem cal cl eani ng, stripping, and

degr easi ng

Di basi c N A DuPont Substitute for acetone for

est er pol yester resin cl eanup

Shi pShape ™ NA |GAF Substitute for acetone for
pol yester resin cl eanup

Pr opyl ene 120-242 |Arco Sol vents for waterborne and

gl ycol Chem cal hi gh-sol i ds coati ngs

et hers

N A = exact information not avail able

Anot her type of alternative cleaning materi al
whi ch woul d result
This type of cleaner is chemically inconpatible with
t he sol ventborne finishing systens currently used.

det ergent-type cl eaner

eni ssi ons.

i S an aqueous,
invery little VOC

Thus, there

is the risk of cross contam nation during activities such as gun
or paint-line cleaning.

i nt er nal

elimnate residua

opportunities in general

materials could be substituted.

However,
pl ausi bl e for gun cl eani ng,
nmechani sns of the gun
cleaning materials.
cl eani ng operations where such aqueous

Sol vent cl eaners are often used

such a materi al
in conjunction with drying of the
by using a hot airstreamto

may be

Al so, there may be

nore as a matter of conveni ence (because of availability) than

because of any rigid efficacy requirenents in general

si tuati ons.

cl eani ng

These aqueous detergent-type cl eaners may be conpatible with
wat er borne finish systens that are being devel oped in response to

nore stringent

regul ati ons.

A related alternative genera

cl eaning process is the use of high-pressure water (water
bl asting) to renove cured or partially cured finishes from

equi pnment .

The mechani sm of cleaning is by abrasion,
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by chem cal interaction, so that the technique would be limted
to spray booths and rel ated application equi pnment.

3.4.2.3 Add-On Control Devices. A third approach to
reduci ng VOC em ssions from cl eaning operations is the use of
add-on controls, which first capture airborne VOC and then

recover or destroy it. In sone |large operations this approach
may be feasible if cleaning operations were conducted in a
central location. 1In this case, the proper hoods and ventilation

systens could be installed to capture the vapors and route them
to a control device. Simlarly, if the finishing line itself has
em ssion control devices installed, it my be possible to conduct
cl eaning operations in the finishing booths with the ventilation
systens operating, so that vapors from cleaning could be handl ed
by the sane control devices that normally handl e the finishing
em Ssi ons.
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4.0 MODEL PLANTS AND EM SSI ONS ESTI MATES

Thi s chapter describes the nodel plants selected to
characterize the wood furniture industry, the correspondi ng
em ssions estimates, and the nmethodol ogy used to determ ne these
estimates. The nodel plants describe finishing operations and
are intended to be representative of existing facilities. The
majority of the existing facilities have no VOC controls on their
finishing operations; therefore, nodel plants represent
uncontrol l ed finishing operations. The nodel plants have been
devel oped to represent the wood furniture industry as a whol e;
they do not necessarily represent every possible facility. The
nodel plants will be used to evaluate the environnental, cost,
econom c, and energy inpacts of control options on the affected
sour ces.

Thi s chapter describes the nodel plants in detail, and
presents the methodol ogy used to estinmate nodel plant em ssions.
Model plants are described in Section 4.1; overall categories,
finish application nethods, finishing sequence, nodel plant
sizes, finish usage, and finishing paraneters are di scussed.

Em ssions estimates are described in Section 4.2, and a |ist of
references is provided in Section 4. 3.
4.1 MODEL PLANTS

Devel opnent of the nodel plants has been based primarily on
information froma study sponsored by the wood furniture industry
and data collected fromresponses to the Agency's information
col l ection request (ICR).%% The wood furniture industry's study
eval uates VOC control technol ogies applicable to wood furniture
finishing and estimates the costs of these controls. The |ICR was
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sent by the Agency to wood furniture manufacturers in al
segnents of the industry. There are several key paraneters that
nmust be considered in order to conceptualize the nodels to be
used. The type of finish application nethod, the finishing
sequence, and the size of the nodel plant are of primary

i nport ance.

Sevent een nodel plants have been devel oped to characterize
wood finishing operations. The nodel plants are divided into
five main categories: short spray finishing sequence; |ong spray
finishing sequence; roll, curtain, and dip coating (referred to
as roll); upholstered furniture manufacturing; and kitchen
cabi net manufacturing. These categories are classified by
general finishing application technique; of the five categories,
four use spray application nmethods and one uses flatline
finishing application (roll, curtain, and dip coating). Spray
application finishing is further classified as either short spray
or long spray finishing sequences. Three of the categories,
short spray finishing sequence, |ong spray finishing sequence,
and roll, curtain, and dip finishing sequence, represent plants
in multiple market segnents or SIC codes. Two of the categories,
manuf act uri ng of uphol stered furniture and kitchen cabinets, are
short spray sequences that are each specific to one single
i ndustry or SIC code. Table 4-1
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TABLE 4-1. CHARACTERI STI CS OF MODEL PLANT CATEGORI ES

Model plant category]| Model plant No. |SIC codes/ furniture type
Short la 2511-Residential Furniture
2519-Furniture, n.e.c.
2521-Office Furniture
2531-Public Building Furniture
2541-Store Fixtures
1
2
Long 4a 2511- Residential Furniture
2517- Radi o, Tel evi si on Cabi nets
2519-Furniture, n.e.c.
2521-Ofice Furniture
2531- Public Building Furniture
4
Rol | 7a 2434- Ki t chen Cabi nets
2517- Radi o, Tel evi si on Cabi nets
2521-Ofice Furniture
2531-Public Building Furniture
2541-Store Fi xtures
7
Uphol st ered 10 2512- Uphol st er ed
furniture
Ki t chen cabi nets 1la 2434- Ki t chen Cabi nets
11
12
13
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identifies the SIC codes represented in each of the five main
cat egori es.
Each of the categories is further divided by size on the

basis of finish usage (extra small, small, nmedium and | arge),
except the category representing manufacturers of uphol stered
furniture. These facilities are typically small in ternms of the

anmount of finish used.
The seventeen nodel plants that were devel oped based on the
five categories are described in Table 4-2
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Fi ni sh application method, finishing sequence, and plant size
are identified. This table also identifies other inportant nodel
pl ant characteristics such as the nunber of finishing steps, the
nunber of spray booths per finishing line, the type of topcoats
used, and the nunber of finishing lines for each nodel plant.

The foll ow ng sections
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descri be the overall nodel plant categories, the finishing
sequences, nodel plant sizes, and coating paraneters. The
rationale for the categorization is presented in the follow ng
sections.
4.1.1 Finish Application Mthod

The nodel plant categories are identified as either spray
finishing application or roll coating application operations.
Four of the five categories of nodel plants spray apply finishes;
one category of the nodel plants enploys flatline application
met hods (roll coat, curtain coat, or dip coat). Spray
application finishing is assuned to be perforned with
conventional spray guns using conpressed air to atom ze finishes.
Conventi onal spraying techniques are applicable to a wi de range
of common fini shing needs, including the finishing of nonflat,
irregularly shaped furniture pieces, both before and after
assenbly. Flatline finishing use, however, is relatively [imted
because pieces nust be relatively flat for roll, curtain, and dip
coating nethods to be used nost effectively. Wod furniture
manuf acturers that finish the conponents and then assenble the
product may be able to use roll, curtain, and dip coating nethods
only for sonme of the conponents. Furniture producers that
manuf act ure ready-to-assenble furniture (with flat conponents)
can also use flatline finishing.
4.1.2 Finishing Sequence

Fi ni shing sequences have been defined for both flatline and
spray type application nmethods. The distinction between short
and long finishing sequences for spray application finishing
operations has been made for the nodel plants because the use of
| ower-VOC finishes may affect the two types of spray finishing
operations differently. No further categorizations are necessary
for roll, curtain, and dip application nethods.

A short finishing sequence is defined as one or two
applications of stain, followed by one application each of
seal er, and topcoat.* A long finishing sequence consists of the
following finish application steps: a total of two or nore stain
appl i cations, washcoat, glaze/filler, sealer, and highlight, and
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three topcoat applications.' The finishing sequence for roll,
curtain, and dip coating application consists of one application
each of stain, sealer, and topcoat (three finishing steps).*

Ki tchen cabi nets, represented by nodel plants 1la through 13, are
also finished with a short finishing sequence. (They are
typically finished with a different type of sealer and topcoat so
they are included in a separate category.) Sanding and drying
operations occur in between the finishing steps for each of the
fini shing sequences.

The I ong finishing sequence requires two or nore topcoat
application steps, while the other categories require only one
topcoat application. Extra small and small furniture finishing
facilities are assuned to have one finishing |ine each and nedi um
and large facilities are assuned to have two finishing |ines.

The nunber of spray booths for each finishing line is also
provided in Table 4-2.

The actual sequence used at a facility may very well differ
fromthose described. 1In these instances, the regul atory agency
nmust eval uate the operation fromthe standpoint of the finishing
sequence used and the final finish requirenents.

4.1.3 Model Plant Sizes

Model plant sizes and process paraneters were devel oped
based on the nodel plants described in the furniture industry's
VOC control technol ogy study. Finish paraneters, including VOC
content, density, solids content, and relative usage rates, are
based on industry's nodel plants.® The nodel plant types
devel oped by the wood furniture industry in its study, however,
are specific to one size plant; to ensure that this CIG s nodel s
represent all sizes within the industry, the wood furniture
i ndustry's nodel plants 2, 8, and 10 were scal ed up or down,
based on total finishing material usage, to create other sizes of
plants within a category. |In addition, another nodel plant type
was devel oped and sized for roll coating. See Table 4-3
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TABLE 4- 3.

SUVMARY OF | NDUSTRY AND EARLI ER DRAFT CTG
MODEL PLANTS?®

Model VOC em ssi ons
pl ant No. of No. of finishing | fromfinishing,
No. enpl oyees st eps My/ yr
| ndustry nodel plants
1 10- 238 10- 14 95
2 250- 455 <, =10 321
3 284- 484 Print <, =9 375
Finish <, = 10
4 120- 217 15+ 42
5 325- 389 <, =9 286
6 140 <, =6 66
7 800 Print - 8 368
Finish - 5
8 105-212 4 111
9 159- 225 <, =4 117
10 123- 549 3 349
11 108- 215 <, =7 30
12 258- 375 <, =7 88
Earlier draft CTG nodel plants
1 <100 6 45
2 100- 249 6 204
3 >249 6 454
4 <100 10 45
5 100- 249 10 204
6 >249 10 454
7 <100 3 45
8 100- 249 3 204
9 >249 3 454
10 100- 249 3 204
11 >249 3 454
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for a summary of the industry and earlier draft CTG nodel
pl ant s.
4.1.3.1 Coating Usage. Finishing material use for each of
the nodel plants is presented in Table 4-2.' Finish usage val ues
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are used in estimating VOC em ssions and the costs of control
opti ons.

4.1.3.2 VOC Usage. The total VOC usage provided in
Table 4-2 for the nodel plants includes all VOC from finishing
and cl eaning operations. In general, VOC em ssions fromfinishes
are based on the VOC content of the finishes, which is neasured
using test Method 24. For the majority of finishes that cure by
t he evaporation of solvents fromthe film all of the VOC is
presuned to evaporate to the atnosphere: i.e., VOC usage equal s
VOC em ssi ons.

The VOC usage for finishing operations (mnus cleaning
solvents) was used to define the different sizes of nodel plants.
Each size nodel plant represents a range of usage within the
industry. Extra small plants use between 25 and 65 tons per year
of VOC, small plants use between 65 and 160 tons per year, nedi um
pl ants use between 160 and 325 tons per year, and |large plants
use nore than 325 tons per year.“? The range of VOC usage
applicable for each nodel plant is shown in Table 4-4.
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TABLE 4-4. RANGES OF VOC USAGE AND EVMPLOYMENT DATA FOR
MODEL PLANTS

Model plant Finishing VOC range,
category Model Plant No. tons SIC Code Employee range

Short la 25-65 2511 20-99
2519 20-99

2521 50-99

2531 50-99

2541 50-99

1 65-160 2511 100-249

2519 100-249

2521 100-499

2531 100-249

2541 100-499

2 160-325 2511 250-499

2519 250-499

2521 500-999

2531 250-499

2541 500-999

3 >325 2511 >500

2519 >500

2521 >1,000

2531 >500

2541 >1,000

Long 4a 25-65 2511 20-99
2517 20-99

2519 20-99

2521 50-99

2531 50-99

4 65-160 2511 100-249

2517 100-249

2519 100-249

2521 100-499

2531 100-249

5 160-325 2511 250-499

2517 250-499

2519 250-499

2521 500-999

2531 250-499

6 >325 2511 >500

2517 >500

2519 >500

2521 >1,000

2531 >500

Roll 7a 25-50 2534 20-49
2517 20-99

2521 50-99

2531 50-99

2541 50-99
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TABLE 4-4. (continued)
Model plant Finishing VOC range,
category Model Plant No. tons SIC Code Employee range
Roll (cont'd) 7 50-150 2534 50-99
2517 100-249
2521 100-499
2531 100-249
2541 100-499
8 150-300 2534 100-249
2517 250-499
2521 500-999
2531 250-499
2541 500-999
9 >300 2534 >250
2517 >500
2521 >1,000
2531 >500
2541 >1,000
Upholstered 10 >25 2512 >100 to 250
furniture
Kitchen 1la 25-50 2434 20-49
cabinets
11 50-100 2534 50-99
12 100-250 2434 100-249
13 >250 2434 >250
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Si ze designations are based on VOC usage, not finishing
materi al usage. The sane volune of total finish usage provides
differing levels of VOC usage for the five categories of node
plants. The conbi nation of coating steps in the finishing
sequence varies with each category (for exanple, stain, stain,
seal er, and topcoat for the short spray sequence versus stain,
seal er, and topcoat for roll, curtain, and dip coating), and the
VOC usage associated with the same quantity of total finish usage
for each category would vary. Another inportant factor that
accounts for the differing VOC usage levels is that the VOC
content of the finishing materials used for the sane type of
finishing step (topcoat, for instance) varies fromcategory to

cat egory.
Whet her a plant wth 100 tons per year of VOC usage from
finishing operations is truly "small" in the sense of the |evel

of production is not inportant here. The plant size designations
are made for the purpose of conparing plants with conparabl e
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em ssion reduction potential. Actual plant em ssions may lie
anywhere in the size ranges indicated.

4.1.3.3 d(deaning Solvent Usage. The usage of VOC solvents
for cleaning operations is provided in Table 4-2 for each nodel
plant. Based on information obtained fromindustry, it was
estimated that 10 percent of the total volune of "coating
mat eri al s" purchased is industrial solvents used for cleaning
purposes.? C eaning operations can occur throughout the plant,
but the majority of cleaning operations associated with wood
furniture finishing operations occur in or near the spray booths.
Usi ng an average cl eaning material VOC content of 6.9 I b VOC gal,
VOC usage resulting fromcl eani ng operati ons were estimated and
are shown in Table 4-2.

4.1.3.4 Nunber of Enployees. The nunber of enployees al so
varies with each size nodel plant and enconpasses a fairly w de
range for sonme of the sizes. The range of enployees varies anong
SIC codes for a particular size plant within a nodel plant
category. It is inportant to renenber that nodel plant size is
not specifically related to the nunber of enployees; enployee
nunbers are provided for later use in nationw de em ssion
calculations in Chapter 6. Extra small plants have between 20
and 99 enpl oyees, small plants have between 50 and 499 enpl oyees,
medi um pl ants enpl oy between 100 and 999 workers, and |arge
pl ants enpl oy greater than 500 workers.“? Enploynent infornation
is shown in Table 4-4 for each SIC code for each sized nodel
pl ant .
4.1.4 Finish Paraneters

Fi ni shing material paraneters have been identified for each
of the five nodel plant categories. The finish paraneters are
presented in Table 4-5
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TABLE 4-5. FI N SH NG MATERI AL CHARACTERI STI CS

Upholstered Kitchen

Short Long Roll furniture cabinets
STAIN
VOC content, g/L (1b/gal) 791 (6.6) 791 (6.6) 815 (6.8) 791 (6.6) 791 (6.6)
VOC content, Ib/Ib solid 160 160 110 160 130
Solids content, % by weight 0.60 0.60 0.82 0.60 0.75
TONER (Another stain)
VOC content, g/L (Ib/gal) 779 (6.5) 779 (6.5) NA 779 (6.5) NA
VOC content, 1b/1b solid 17 17 NA 17 NA
Solids content, % by weight 5.7 5.5 NA 5.7 NA
WASHCOAT
VOC content, g/L (1b/gal) NA 779 (6.5) NA NA NA
VOC content, 1b/1b solid NA 11 NA NA NA
Solids content, % by weight NA 7.6 NA NA NA
FILLER/GLAZE
VOC content, g/L (1b/gal) NA 479 (4.0) NA NA NA
VOC content, 1b/1b solid NA 1.0 NA NA NA
Solids content, % by weight NA 50.9 NA NA NA
SEALER
VOC content, g/L (Ib/gal) 731 (6.1) 731 (6.1) 623 (5.2) 731 (6.1) 671 (5.6)
VOC content, 1b/1b solid 4.6 4.7 2.0 4.6 34
Solids content, % by weight 17.9 17.6 33.1 17.9 23.0
HIGHLIGHT
VOC content, g/L (1b/gal) NA 791 (6.6) NA NA NA
VOC content, 1b/1b solid NA 51 NA NA NA
Solids content, % by weight NA 1.9 NA NA NA
TOPCOAT
VOC content, g/L (Ib/gal) 719 (6.0) 719 (6.0) 599 (5.0) 719 (6.0) 599 (5.0)
VOC content, 1b/1b solid 3.6 3.8 1.7 3.6 1.9
Solids content, % by weight 21.9 20.9 36.6 21.9 35.0
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for each type of finishing material typically used by the node
plant facilities. The average VOC content (Ib VOC gal and

Ib VOO I b solids) and solids content for the finishing materials
used in each of the nodel plant catego-ries including stain,
toner (a type of stain), washcoat, filler/ glaze, sealer,

hi ghlight, and topcoat, are shown.' The VOC content refers to
the vol atile organi c conpound content, in grans
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of VOC per liter of coating |less water and | ess negligibly

phot ochem cal ly reactive conpounds, (g/L-water-exenpt conpounds).
The rel ative VOC em ssions for each nodel plant category are

presented in Table 4-6. The |argest portion of relative

em ssions may result froma different finishing step in the

finishing sequence for each nodel plant category. Stain

application is the major contributor to em ssions for both the

roll, curtain, and dip coating and kitchen cabinet finishing

categories, at 39 percent and 38 percent, respectively. 1In the

short finishing sequence, sealer application, which accounts for

44 percent of em ssions, is the mgjor contributor to VOC

em ssions. The VOC em ssions attributable to the application of

topcoat accounts for 37 percent of total VOC em ssions for the

l ong finishing sequence. For stain, sealer, and topcoat, the

three nost preval ent coating steps for the nodel plants, the

relative em ssions remain within a fairly small range over the

five categories.

TABLE 4-6. RELATI VE PERCENTAGE OF VOC EM SSI ONS

Model pl ant Ki t chen
cat egory Short Long Rol | Uphol st ered [cabi nets
Stain 19% 26 39 19 38
Toner 1 3 - 1

Washcoat - 8

Filler/glaze - 1

Seal er 44 16 25 44 28

Hi ghl i ght - 9

Topcoat 36 37 36 37 34

4.2 EM SSI ONS ESTI MATES

Total VOC coating em ssions, broken down by finishing step
and by em ssion point, and cleaning solvent VOC eni ssions are
di scussed in the foll ow ng sections.
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4.2.1 Em ssions by Finishing Step

For all of the finishing materials used in defining the
nodel plants, all of the VOC contained in the coatings is
presuned to evaporate to the atnosphere. Because the VOC
contained in the coatings used in the furniture industry
general ly does not becone part of the finish during curing, this
assunption is thought to be reasonable. The VOC contents in
Table 4-5 were used in conjunction wth the total finish usage of
each material for each nodel plant to determ ne the VOC em ssions
fromeach finishing step. The em ssion summary is presented in
Tabl e 4-7.
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As can be seen in Table 4-7, the majority of the em ssions from
furniture finishing operations for each nodel plant category are
fromstain, sealer, and topcoat application.

4.2.2 Emi ssions by Em ssion Point

Vol atil e organi ¢ conpound em ssions from finishing
operations occur at three primary points in the finishing
process: the spray booths, the flashoff (air dry) areas, and the
ovens. Vol atile organic conpound em ssions also result from
cl eani ng operations, including equipnent cleaning and general
cl eaning operations. A conparatively small source of em ssions
is the finished piece, which may still contain small amounts of
sol vent that eventually volatilize. Total em ssions fromthe
finished piece (once all finishing operations are conpleted) are
expected to be less than 1 percent of the total VOC emi ssions.?
The magni tude and distribution of the VOC em ssions from
finishing and cl eani ng operations are discussed bel ow.

The relative distribution of VOC em ssions anong the spray
boot hs, flashoff areas, and ovens varies anong plants. Finish
formul ation affects the em ssions distribution. For exanple, if
a finish containing nostly lowboiling solvents is applied in a
spray booth, the solvents will evaporate quickly, and relatively
nore em ssions wll occur in the booth and flashoff areas than
woul d occur if a finish with high-boiling solvents was used. The
distribution of emssions is also affected by the |ayout of the
finishing line and the finishing sequence used. The relative
positions and design of the booths, flashoff areas, and ovens can
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affect the relative em ssions. The length of the flashoff area
can also affect the em ssions distribution. Finishing sequences
for typical furniture facilities were described previously in
Chapter 2. Not all spray booths are followed by both an air dry
(flashoff) area and an oven; in many instances, there is only a
flashoff area in between two spray booths, w thout an oven. In
such instances, the em ssions would be distributed just between
t he booth and fl ashoff areas.

Al t hough the distribution of VOC em ssions anong the boot hs,
fl ashof f areas, and ovens varies with finish formulation and
pl ant | ayout, overall average em ssions distributions have been
devel oped based on previous studies and conversations w th add-on
control equi pnent suppliers. These em ssion distributions are
di scussed bel ow. The actual VOC em ssions from each em ssion
point are also a function of the ampunt of VOC that is captured
and exhausted to the atnosphere or an add-on control device.
Therefore, an estimate of the percentage of VOC that is exhausted
is provided follow ng the em ssion distribution discussion.

The study conducted by industry indicates that em ssions
from spray booths represent from84 to 97 percent of the total
VOC enissions.“*°® More or |ess enissions may occur in the spray
boot hs dependi ng on the properties of VOC sol vents used for
i ndi vidual finishing steps. Because stains contain many | ow
boiling solvents, relatively nore em ssions (95 to 97 percent)
were estimated to occur in the stain spray booth, whereas the
seal er and topcoat spray booth em ssions were estimated to be
84 to 87 percent of the total. The study estimated that from
90 to 94 percent of washcoat emi ssions occur in the spray booth."*

Fl ashoff areas are | ocated either between spray booths or
bet ween a spray booth and an oven. Sone or all of the solvent
remai ning on the recently sprayed piece evaporates in the
flashoff area. Based on industry studies, it was estinmated that
in a booth, flashoff, oven sequence, between 3 and 11 percent of
the total VOC emissions are emitted in flashoff areas. |If the
flashoff area is not followed by an oven, essentially all of the
remai ni ng solvent is expected to evaporate in the flashoff area.
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Thus, in such instances, flashoff em ssions are expected to be
approximately 5 to 16 percent of the total VOC emi ssions.b*?®

Ovens are sonetines used to cure the finish prior to the
next step in the finishing process. Previous studies indicate
that approximately 2 to 5 percent of the total VOC finishing
em ssions occur in the oven.*® The ovens used by many furniture
manuf acturers that finish pre-assenbl ed pieces are encl osed
tunnels with open ends where the pieces enter and exit the oven
on a belt.

In a typical furniture finishing room there are no roof
vents. The only finishing roomexhausts are those fromthe spray
boot hs and ovens. The total exhaust often exceeds the makeup
inflow rate, which results in the finishing room being naintained
at a negative pressure relative to the outside. Because the
exhaust flowates of the spray booths are generally quite |arge,
and because the flashoff area is |located either in between two
booths or in between a booth and an oven, the majority of the
flashof f em ssions are expected to be exhausted through the
boot hs and ovens. Even in an operation with a long flashoff
area, nost of the flashoff em ssions are expected to eventually
be exhausted through the booths and/or ovens, since they are
generally the only forced exhaust points.

Since the ovens are nostly encl osed, nost of the VOC
em ssions generated in the oven are expected to be exhausted from
the oven to the atnosphere. Though spray booths are nore open
t han ovens, the booths are the only (other than the ovens) forced
exhaust fromthe building and thus, nost of the VOC emtted in
the booths is expected to be exhausted out the booth exhaust.
Were the em ssions fromthe flashoff areas is exhausted depends
on the relative |ocations of the booths and ovens. For purposes
of this CTG it is estimated that approxi mately 90 percent of the
total VOC em ssions released in the spray booths, ovens, and
fl ashoff areas conbi ned are exhausted fromthe facility through
t he exhaust system based on engi neering judgenent.

Approxi mately 10 percent of the total VOC em ssions are estinmated
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to | eave the finishing area through openi ngs such as doors and
Wi ndows.

The majority of cleaning operations occur in or near the
spray booths. As discussed previously, cleaning solvent usage is
10 percent of the total volume of "coating material s" purchased.
The assunption is made that all VOC cl eaning sol vent used is
emtted.

The distribution of finishing and cl eaning sol vent em ssions
is presented in Table 4-8

4-26



[Ui% 9¢ 01 3 9 144 Y4 8L 4% 8¢ 9T 68 8¢ 8¢ 9¢ 98 €Y suonerodo Furued[)
OrLT IL 6¢ 9'6 0¢ 0¢l L €C 0l 0¢l 98 0¢ €l 0cl 78 8T i [e10L
11 'L 6T 960 e €1 L €C 01 €1 98 0¢ €1 4! ¥'8 8T ¥l (930 ‘smopurm
‘S100p) "OSTAL
001 ¥9 9¢ 98 81 0cl $9 0T e Orl 8L LT I (U} 9L ST 4! UIAO JJOysely ‘yoog
eoodo],
1€ 1T €L e [el0L
re |4 €L0 €0 (930 ‘smopurm
‘S100p) "OSTIAL
VN VN VN VN VN VN VN VN VN 8T 61 9 8T VN VN VN VN JJoyseld
BNYSIH
76 09 14 8 14 88 0s 91 0L 139 9¢ €1 €S (U 00T 143 L1 [el0L
¥'6 09 ¥'C 80 ¥'C 8’8 s 91 oL €S 9¢ €1 €50 Sl or e L1 (910 ‘smopuim
‘S100p) "OSTAL
$8 149 [44 'L Ic 6L Sv 4! €9 8y [43 4! 8 0¢l 16 8% Sl UIAO JJOyse]y ‘yoog
110[89S
s ¥'e 0Tl 0s°0 [el0L
10 €0 4% S0°0 (-030 ‘smopuim
‘S100p) "OSTAL
VN VN VN VN VN VN VN VN VN 9v e 80°1 Y0 VN VN VN VN UIAO JJOUse]y ‘qpoog
:9ze[3/19[1]
9T 81 €9 LT [el0L
9T 0¢C £9°0 LTO (930 ‘smopurm
‘S100p) "OSTAL
VN VN VN VN VN VN VN VN VN €C 91 LS ST VN VN VN VN UIAO JJOUse]y ‘yoog
JROJYSE AN
65°0 Il 8L LT 'l 9°¢ ¥'C 1870 70 8101
90°0 'l 0L0 LT0 1o 9¢'0 Y0 80°0 ¥0°0 (930 ‘smopurm
‘S100p) "OSTAL
VN VN VN VN €570 VN VN VN VN 66 €9 T 66°0 (43 (4 €L0 LEO UIAO JJOyseyy ‘yoog
1IOUO,
scl 08 [43 Il U1 orl 6L 4 Il 68 09 1c 68 ¥9 L4 ! €L [el0L
4 08 [43 't 01 4 6L 14 't 06 09 e 68 9 vy ST €L (910 ‘smopuim
‘S100p) "OSTAL
(U8 L 6¢ L6 06 0cl 1L [44 66 08 ¥ 61 08 8¢ 6¢ €1 99 Jousey ‘yoog
urelg
€1 4! It Bl 01 6 8 L BL 9 S 4 'Y € [4 I el days Suneo)
S)OUIqRO U AmyruIng oy Suo 1104yS
paIo)s
-[oydn
1 .
1A [suol NO I1Ng IMLS Id SNO ISS N3 8-v 3avl

4-27



; finishing em ssions are provided by coating type and em ssion
point. Table 4-8 presents the em ssions that are exhausted

t hrough the boot hs and ovens, which, as previously discussed,
represents approxi mately 90 percent of the finishing em ssions
(mnus cleaning solvents). The other m scell aneous 10 percent of
finishing em ssions rel eased through doors and wi ndows are al so
shown. This table provides a breakdown of em ssions by finishing
step for every size nodel plant in each of the five nodel plant
categories. Because it is assumed that staining operations

i nvolve just a spray booth and a flashoff area, with no oven,
stain em ssions are distributed between the booth and flashoff
areas. Em ssions fromcleaning sol vent operations, 10 percent of
the total volume of "coating material s" purchased, are al so
presented for each nodel plant.
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5.0 SELECTI ON OF RACT

Thi s chapter discusses the selection of reasonably avail abl e
control technol ogy (RACT) to control volatile organic conpound
(VOC) emi ssions fromwood furniture manufacturing operations.
The process through which RACT was sel ected and t he other
regul atory activities that affected RACT sel ection are discussed
in Section 5.1. The selection of specific guidelines such as the
reference control technol ogi es, work practice standards, and
conpliance provisions are discussed in Sections 5.2, 5.3, and
5.4, respectively. Finally, small business issues that were
considered in selecting RACT are identified in Section 5.5.

As is discussed further in Chapter 7, the RACT guidelines
presented in this docunent are sinply a framework for State and
| ocal regulatory agencies. These agencies will pronul gate the
specific regulations that sources will be required to inplenent
to meet RACT. Possible ways for agencies to codify RACT
gui delines are discussed in Chapter 7, and a nodel rule is
presented in Appendi x B.

The environnmental and cost inpacts associated with RACT are
provided in Chapter 6, along with the inpacts associated with
ot her alternatives that were not selected as RACT
5.1 BACKGROUND

The determ nation of RACT for the wood furniture
manuf acturing industry was concurrent with a national em ssion
standards for hazardous air pollutants (NESHAP) that was al so
devel oped for the industry. The final NESHAP for the wood
furniture industry was pronul gated in Decenber, 1995
(60 CFR 62930). The NESHAP wi |l control em ssions of hazardous
air pollutants (HAP) listed in Section 112(b) of the Clean Ar
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Act, as required by Sections 112(c) and (d) of the Act. Control
of HAP is achieved by requiring major sources to inplenent

maxi mum achi evabl e control technol ogy (MACT). Although the CIG
and the NESHAP pertain to controlling VOC s and HAP
respectively, a source could potentially be affected by both.
For exanple, sone of the HAP are also VOC s; a major source of
HAP that is |ocated in a nonattainment area and that emts HAP
that are VOC s would have to conply with the NESHAP and, if it
emts above the CTG cutoff, would al so have to comply with the
RACT inposed by the State regul atory agency. In selecting RACT
t he EPA considered this potential overlap.

As discussed in Chapter 1, both RACT and the requirenents of
the NESHAP were selected within the franework of a regulatory
negotiation. 1In trying to reach an agreenent on the presunptive
norm for RACT, the Commttee | ooked at several factors. In
particular, they focused on technol ogies that they deenmed to be
reasonable for all segnments of the wood furniture industry at the
present tinme. |In developing coating emssion limtations, they
al so considered the inpact of the work practice standards. After
much di scussion, the Commttee agreed upon a conbi nati on of
em ssion limtations and work practice standards they believed
represented RACT for the wood furniture industry.’

The remai ning sections of this chapter provide a sumary of
RACT and discuss the rationale the Commttee used in selecting
the requirenents that formthe basis for RACT
5.2 SELECTI ON OF REFERENCE CONTROL TECHNOLOG ES

The presunptive normthat forns the basis for RACT consists
of reference control technol ogies and work practice standards.
The selection of work practice standards is presented in
Section 5.3. Through the regulatory negotiati on process, the
Conmittee decided that two reference control technol ogies should
formthe basis of RACT. These technol ogies are either
(1) waterborne topcoats, or (2) higher-solids sealers and
topcoats, as identified in Table 5-1. As indicated in this
tabl e, State agencies should apply RACT to sources |located in
ozone nonattai nment areas (except extreme nonattai nment areas)
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that emt or have the potential to emt 25 tons per year
(tons/yr) or nmore of VOC's. The RACT requirenents should be
applied to sources in extrene nonattai nment areas that emt or
have the potential to emt 10 tons/yr or nore of VOC s.

TABLE 5-1. REFERENCE CONTROL TECHNOLOG ES TO MEET RACT®

Al | owabl e VOC
cont ent,
kg VOC/ kg solids
Coati ng type (I'b VOC/'I b solids)
1. Topcoats; or 0.8
2. Topcoats and seal ers
- sealer 1.9
- topcoat 1.8
- acid-cured al kyd am no vinyl 2.3
seal ers
- acid-cured al kyd am no conversi on 2.0
varni sh topcoats

®RACT requirenents apply to all sources located in nonattain-
ment areas (other than extreme areas) that emt or have the
potential to emt 25 tons/yr or nore of VOC s. Sources
| ocated in extrene areas nust neet the RACT requirenents if
they emt or have the potential to emt 10 tons/yr or nore
of VCOC s.

Once the Conmittee decided that RACT should include the use
of wat erborne topcoats or higher-solids sealers and topcoats, a
specific format for identifying allowable em ssions fromthese
t echnol ogi es had to be chosen. |In recommending a format for
RACT, the follow ng factors were consi dered:

1. The format nust accommodate multiple conpliance
techni ques for the various industry segnents;

2. Gven the large nunber of small businesses in this
source category, the format nust ensure that the cost of
conpliance is not excessive;

3. The format nust ensure that an equival ent |evel of
control is achieved by all affected sources;

4. The format nust facilitate enforcenment by regul atory
agenci es; and
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5. If possible, the format should be consistent with the
format sel ected for the MACT standards because a source could
potentially be subject to both RACT and MACT.

The possible formats considered include: (1) alimt on
em ssions of VOC per kilogram (pound) of coating solids; (2) a
percent reduction format; (3) a limt on em ssions of VOC per
liter (gallon) of coating, less water; and (4) alimt on
em ssions of VOC per liter (gallon) of coating solids. For al
formats limting VOC content, the VOC content should be
cal cul ated as applied to account for in-house dilution of
coatings purchased from an outside source.

The format selected by the Committee (and included in the
nodel rule in Appendix B) is a limt on the kilograns (pounds) of
VOC emitted per kilogram (pound) of coating solids (kg VOO kg
solids [Ib VOCOIb solids]). Another possible format, percent
reduction, was not sel ected because several disadvantages to this
format were identified. Primarily, the percent reduction that
will result frominplementing RACT will vary fromfacility to
facility. This is especially the case when refornul ated coatings
are used in lieu of conventional add-on controls. To inplenent a
gl obal percent reduction format, baseline conditions at each
affected source would have to be assessed. At an uncontrolled
facility, this would not be a problem baseline conditions would
be the current em ssion rate (although exactly which year
represents "typical" for baseline my not be straightforward).
The percent reduction would be applied to this uncontrolled rate
to calculate the controlled VOC em ssion rate required by the
rules inplenenting RACT. Problens with the percent reduction
format arise, however, if a facility has inplenented contro
strategies prior to being subject to RACTI. |If the sane baseline
year is selected for both the uncontrolled and controlled
facility, the controlled facility would have to ultimtely
control a greater quantity of VOC em ssions than the uncontrolled
facility. |In some instances, however, a percent reduction format
of fers advantages. For exanple, a percent reduction fornmat
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all ows sources the flexibility to choose any control method
feasible for their situation.

Alimt on the kilogranms (pounds) of VOC contained in a
liter (gallon) of coating (kg VOC/liter [Ib VOC/gal]), |ess
water, was al so considered. A simlar format was considered for
t he MACT standard but was elim nated because it does not give
anple credit to sources that substitute non-HAP VOC for HAP in
their coatings. Another format considered was one expressed as
kg VOC/liter solids (I'b VOC/ gal of solids). For both RACT and
MACT, however, a disadvantage to this format is that there is no
EPA test nethod currently available for accurately neasuring the
volume of solids in a coating. As stated above, consistency
bet ween MACT and RACT is desired and therefore neither format (kg
VOC/liter [Ib VOC/gal]) of coating or kg VOC/liter (Ib VOC gal)
of solids was selected for RACT.

Once the format of kg VOC/ kg solids (Ib VOO Ib solids) was
sel ected, the actual emission limts associated with the coating
technol ogi es had to be selected. Based on data presented by the
i ndustry, the major suppliers of wood furniture coatings who
participated in the negotiation supply waterborne topcoats with
VOC contents ranging from0.3 to 0.8 kg VOO kg solids (Ib VOO Ib
solids). Due to variations in anbient conditions, additional
solvent is sonetines added to the waterborne coatings, raising
the VOC content of the as-applied coatings. The committee
therefore chose 0.8 kg VOO kg solids (Ib VOO I b solids) as a
reasonable VOC Iimt for waterborne topcoats.

For higher-solids sealers and topcoats, the Comm ttee
decided that different coating limts were appropriate dependi ng
on the type of sealer and topcoat used by a facility. As
di scussed in Chapter 2, residential furniture manufacturers
typically use nitrocellul ose sealers and topcoats. These
conventional coatings have a solids content ranging from15 to
20 percent by weight. Ofice furniture manufacturers typically
use aci d-catal yzed sealers and topcoats. The solids content of
t hese coatings ranges from20 to 30 percent solids. Finally,
kit chen cabi net manufacturers typically use vinyl sealers and
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conversion varnishes with a solids content ranging from25 to
35 percent by weight.

The Conm ttee decided that there were no higher solids
seal ers and topcoats available to the entire wi de range of
finishing sequences that were readily usable by the existing
processes and net the performance specifications of the vinyl
seal ers and conversion varnishes. Therefore, they agreed on a
limt of 2.3 kg VOO kg solids (Ib VOO Ib solids), as applied, for
aci d-cured al kyd am no vinyl sealers. For acid-cured alkyd am no
conversion varni shes, they agreed on a limt of 2.0 kg VOC kg
solids (Ib VOO Ib solids), as applied. These values are roughly
equi valent to coatings with a solids content of 30 percent by
wei ght .

For all other sealers and topcoats, the Conmttee deci ded on
l[imts of 1.9 kg VOO kg solids (Ib VOO Ib solids) and 1.8 kg
VOC/ kg solids (Ib VOO I b solids), as applied, respectively.
These val ues roughly correspond to coatings with a solids content
of 32 to 35 percent by weight.
5.3 SELECTI ON OF WORK PRACTI CE STANDARDS

In selecting RACT and the requirenents for the NESHAP, the
Comm ttee recogni zed that VOC and HAP em ssions could be further
reduced by inplenenting work practice standards. The work
practices selected for the proposed NESHAP and as part of RACT
are basically the same. One difference is that there are
additional work practices in the NESHAP that are particularly
concerned with the use of specific materials due to their
potential effects on health and the environnment. The work
practices that are included as part of RACT are concerned solely
wi th reduci ng VOC s.

The Conmi ttee believed that there were reasonabl e work
practices to reduce VOC em ssions from both coating operations,
cl eani ng operations, and washoff operations.
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5.3.1 Coating Operations

Specifically, three areas in which VOC em ssions from
coating operations could be reduced through work practices were
identified: VOC storage, VOC transfer, and coating application.
Wirk practices for each of these areas are di scussed bel ow and
summari zed in Table 5-2.




TABLE 5-2. WORK PRACTI CE STANDARDS TO MEET RACT

Emission source | Work practice

Finishing operations

Transfer equipment leaks Develop written inspection and maintenance plan to address

and prevent leaks. The plan must identify a minimum
inspection frequency of 1/month and procedures for
addressing malfunctions. Repairs to leaking equipment must
be made in 15 days unless replacement equipment has to be

ordered.
Storage containers, including mixing When such containers are used for VOC or VOC-containing
equipment materials, keep covered when not in use.
Application equipment Discontinue use of conventional air spray guns.*

Cleaning operations

Gun/line cleaning - Collect cleaning solvent into a closed container.
- Cover all containers associated with cleaning when not in
use.
Spray booth cleaning - Use strippable spray booth coating with a VOC content of

no greater than 0.8 kg VOC/kg solids (Ib VOC/Ib solids).
- Do not use solvents unless cleaning conveyors or metal
filters, or refurbishing the spray booth.

Washoff tanks/general cleaning - Keep washoff tanks covered when not in use.

- Minimize dragout by tilting and/or rotating part to drain
as much solvent as possible and allowing sufficient dry
time.

- Maintain a log of the quantity and type of solvent used for
washoff and cleaning, as well as the quantity of waste
solvent shipped offsite, and the fate of this waste
(recycling or disposal).

- Maintain a log of the number of pieces washed off, and
the reason for the washoff.

Miscellaneous

Operator training All operators shall be trained on proper application, cleanup,

and equipment use. A training program shall be written and
retained onsite.

Implementation plan Develop a plan to implement these work practice standards

and maintain onsite.

*Conventional air guns will be allowed in the following instances:

Wfllﬁé’l theydare used on conjunction with coatings that emit less than 1.0 kg (Ib) VOC per kg (Ib) of
solids used;

for touchup and repair under limited conditions;

when spray is automated;

when add-on controls are employed;

if the cumulative application is less than 5.0 percent of the total gallons of coating applied; or

if the permitting agfency determines that it is economically or tec%mically infeasib%e to use other
application technologies.
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5.3.1.1 VOC Storage. Materials containing VOC are often
stored in containers that are |left open, allowing the VOC to
evaporate and be emtted through roomventilation to the
at nosphere. A straightforward, inexpensive nethod of reducing
em ssions from VOC storage would be to use normally cl osed
containers, that is, to cover all VOC storage containers when not
in use. This practice has already been inplenented at sone
facilities. In addition to reducing VOC em ssions to the
at nosphere, this work practice has the added benefit of reducing
wor ker exposure to VOC and creating a cost savings by reducing
evapor ati ve | osses.

5.3.1.2 VOC Transfer. In wood furniture coating
operations, coating is punped fromits storage container to the
spray gun through piping. The nost |ikely locations for |eaks to
occur in such a transfer systemare fromthe punps and at the
coating application equi pnent juncture. The Conmittee agreed
that requiring sources to check these areas for |eaks was
reasonable. To inplenent the | eak inspection program sources
shoul d devel op an inspection and mai ntenance (1&\V) plan that
requires the inspection of each piece of equipnent used to
transfer or apply finishing materials or solvents. The inspec-
tion may be a visual inspection only, but it nust be conducted at
a m ni mum frequency of once per nonth, with repairs to | eaking
equi prent made within 15 cal endar days unl ess new equi pment nust
be ordered. Also, the plan should identify the procedures to be
followed in the event that a punp or coating application
equi pnent mal functioned such that a VOC rel ease coul d occur.

This work practice includes sonme mninumcriteria that are
necessary for an I & programto be effective. For exanple, the
Comm ttee believed that a nonthly inspection frequency woul d be
appropriate to acconplish the goal of reducing | eaks from punps
and coating application equipnment. Mre frequent nonitoring may
be burdensone; smaller shops would not have the personnel to
performthe inspections and | arger shops would be devoting a
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significant portion of time to nonitoring the many punps and
coating stations. The nonthly inspection frequency is further
supported by other EPA regulatory actions.®” The |eak detection
and repair programidentified in Subpart H of the hazardous
organi ¢ NESHAP (HON) (57 FR 62608) al so requires nonthly
i nspection of punps. To ensure that action would be taken if
| eaks were detected, the | &M plan should require that repairs be
made within 15 cal endar days, with a first attenpt at repair nade
within 5 cal endar days. Again, the EPA's decision is supported
by previous regulatory action; the HON and the NESHAP for coke
oven batteries both require this sane repair timeframe.??

The | &M pl an nmust al so sonehow addr ess equi pnent
mal functions. In the nodel rule in Appendix B, this is
acconplished by requiring that the 1&M plan include a mal function
plan. Such a plan has its basis in the startup, shutdown,
mal function plan required by 8 63.6(e) of the General Provisions
to 40 CFR Part 63.* As discussed in Chapter 7, the State or
| ocal regulatory agency may pursue a different nethod for
addressing mal functions, as long as it achieves the sane goal of
requiring a facility to address equi pnment mal functi ons.

5.3.1.3 Coating Application. Another aspect of wood
furniture coating operations that was eval uated was the type of
coating application equi pnent used. There have been numerous
studi es conparing the transfer efficiency of one type of
application equi pmrent with that of another type. Transfer
efficiency is the amobunt of coating that actually is applied to a
surface conpared to the total anmount of coating used for the
application process. The higher the transfer efficiency, the
| ess coating that is used and the |less coating that is |ost as
overspray (sprayed coatings that mss the piece). Overspray
eventually dries, releasing VOC s, and becones a solid waste
source for the facility. Thus, by increasing transfer
efficiency, both air em ssions and solid waste are reduced.

Traditionally, the EPA's position on transfer efficiency has
been one that advocates the use of nore efficient transfer
nmet hods, but EPA contends that em ssion reductions resulting from
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t hese net hods cannot be generally quantified for every coating
situation or easily nonitored on a continuous basis, and, thus,
sources cannot receive em ssion credits for inproving transfer
efficiency. To deal with this issue, the Conmttee explored a
wor k practice which would require the use of technol ogies
believed to result in nore efficient application of coating. To
encour age innovation in application equipnent, the work practices
i nclude an equi pnent requirenment that does not require the use of
specific application equipnent but limts the use of conventional
air guns because they are the |least efficient transfer nethod.
Exenpted situations may include one in which a source is using

| ow- VOC coatings (less than 1.0 kg VOC/Ib solids [1.0 I b VOCU/ I b
solids]) or add-on control devices; transfer efficiency is not as
critical in these situations. Also, if the use of air guns is
l[imted to specialty operations but nore efficient application
met hods were used for the majority of coatings, the environnental
i npact of using conventional air guns would be mninmal. The
specific exenptions to the conventional air spray gun prohibition
are provided in Table 5-2.

Qperator training on coating application is also a required
work practice. By training the operators in proper equi pnent
operation, transfer efficiency will increase, resulting in a
reduction of VOC em ssions to the atnosphere. This work practice
is discussed further later in the chapter.

5.3.2 deaning and Washoff Operations

As discussed in Chapter 2, cleaning activities that occur at
wood furniture manufacturing operations include cleaning of spray
guns, lines conveying coatings fromstorage to the spray guns,
and spray booths. The Conmttee al so agreed on work practices
for washoff operations. Washoff involves the use of solvents to
remove coating fromfurniture. In determining the work practices
to be selected for cleaning and washoff operations, the Conmttee
consi dered work practices that were being perforned in the source
category to limt em ssions fromthese activities.

The Conmittee concluded that there were reasonabl e work
practices in use by existing facilities in the source category to
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[imt em ssions fromeach major cleaning and washoff activity:
gun/line cleaning, spray booth cleaning, and furniture
washof f/ general cleaning activities. These work practices are
summari zed in Table 5-2 and are di scussed bel ow.

5.3.2.1 @n/Line deaning. The cleaning of spray guns and
of lines that carry the coating fromstorage to the spray guns is
a common practice in wood furniture operations. Ceaning is
necessary so that dried resins or other materials do not build up
in the lines or spray equi pnent. The frequency of cleaning
vari es by plant, depending on the different types of coating
sprayed with a given gun, the extent to which a gun is used, and
ot her plant-specific factors. Typically, a gun is cleaned each
time it is used to spray a different coating. |If a gunis
dedi cated to one type of coating (e.g., topcoat), cleaning
frequency may be reduced. The practice of dedicating a gun to a
particular coating type is not common, however, especially at
smal | er shops that have fewer spray stations.

One cl eani ng operation work practice included in RACT
requires that solvent used for cleaning be collected into a
cl osed container. For exanple, if aline is flushed, the
cl eani ng solvent could be collected into a container with a lid
t hat has an opening of sufficient size for the line to fit in;
the rest of the container could be covered. Such a container
coul d be prefabricated onsite, or purchased from an outside
vendor, at a mnimal cost to the plant. Another work practice
that is included in RACT and that could be easily inplenented is
the use of normally closed containers, that is, covering cleaning
sol vent containers when not in use. As discussed for VOC storage
contai ners associated with coating operations, such a practice is
strai ghtforward and i nexpensive to inplenent.

5.3.2.2 Spray Booth O eaning. The work practices
identified as part of RACT require the use of strippable spray
booth materials with a VOC content no greater than 0.8 kg VOC/ kg
solids (Ib VOO Ib solids). A strippable spray booth material is
one that is applied to spray booth walls; coating overspray is
collected on the material, and the material is regularly stripped
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of f and di sposed of. Therefore, only small quantities of solvent
are needed to clean the spray booth walls. The work practice
standards prohibit the use of solvents for spray booth cleaning
except in limted circunstances because facilities could easily
convert to using strippable spray booth materials that elimnate
the use of solvents for this purpose. The Conmittee recognized
that there were instances in which it was unreasonable to
prohi bit solvent use for cleaning. Specifically, it was agreed
that conveyors carrying furniture or furniture conmponents through
the spray booth could continue to be cleaned with sol vent.
Li kewi se, netal filters will still require solvent cleaning. The
Conm ttee was not aware of substitute materials that could be
used for cleaning this equi pnent, or of any strippable coating
such as the coating that is available for the spray booth walls.
Additionally, industry representatives pointed out that snal
tears and holes may be generated in the strippable booth coating
during the manufacturing process. |In these cases, sone staining
of the spray booth walls may occur. The Committee agreed that
sources could use small quantities of solvent, no nore than
3.8 liters (1.0 gallon) per booth, to clean these areas when the
strippabl e coating was bei ng repl aced.

5.3.2.3 Furniture Washoff/General C eaning Activities. The
final area of concern for which a work practice has been
identified is the procedure known in the industry as washoff.
Washoff is the renoval of the coatings froma piece of furniture
or a furniture conponent because the quality of the finish does
not mneet conpany specifications. By washing off the coatings,
t he substrate can be refinished. Washoff is typically
acconplished by dipping the furniture into a tank contai ni ng
solvent. The Commttee agreed that there were sone neasures that
sources could inplenent that are reasonabl e and that woul d
m nimze em ssions fromwashoff activities. As with coating and
ot her cl eaning operations, it was agreed that wash tanks coul d be
covered when they are not in use to limt solvent em ssions.
Al so, sources could mnimze "dragout” by tilting and/or rotating
the piece to drain as nmuch sol vent as possible and al |l owi ng
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sufficient drip time. Dragout is the solvent that remains on a
part after it is renoved fromthe washoff tank; this sol vent
evaporates and is eventually emtted through roomventilation to
t he at nosphere. M nim zing dragout would therefore m nimze

em Sssi ons.

During the Conmittee's discussions, it was apparent that
cl eani ng and washoff practices are not well docunented by
sources. For exanple, nost sources do not know the quantity of
sol vent used for cleaning and washoff operations, how many pieces
are washed off, the reason for washoff, and the fate of spent
sol vent from cl eaning and washoff operations. Tracking washof f
practices will focus attention on quality control issues.
Tracking may result in quicker identification of process problens
which will reduce efforts on refinishing and save noney on
materials and labor. A reduction in refinishing will also nmean
better working conditions due to | ess washoff em ssions. The
Conmittee al so agreed that one of the first steps in reducing
em ssions is to know the quantity of solvent used for the various
operations onsite. Only then can a source identify operations
that are perhaps wasteful or inefficient. Therefore, the Wrk
Group proposed that the work practices include a tracking system
pl an t hrough whi ch sources woul d:

1. Miintain a log of the quantity and type of solvent used
for washoff and cl eaning, the nunber of pieces washed off daily,
and the reason for the washoff; and

2. Record the quantity of spent solvent generated from each
activity, and its ultimate fate either onsite or offsite.

The cl eani ng and washoff sol vent usage quantities could be
cal cul ated and reported at sone pre-established frequency. The
nodel rule in Appendix B identifies nonthly cal cul ati ons and
reporting of these nonthly quantities.

5.3.3 General Wirk Practice Requirenents

After review ng the work practices included in RACT, the
Comm ttee concluded that in order for the work practices to be
successfully inplenmented, enployees that would actually have to
carry them out should be involved in their inplenentation.
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Therefore, an operator training programis included as a required
work practice. The Conmmttee believed that operator training was
especially inmportant for new enpl oyees and therefore recomends

t hat new enpl oyees be trained upon hiring. Any rule inplenmenting
this requirement should be flexible and all ow sources to devel op
prograns that work best for their facility or that could be
coordinated with existing training prograns. At a mninmm
however, this work practice requires that the enployee training
program address coating application, cleaning and washof f

techni ques that mnimze em ssions; proper equi pnent operation;
met hods to reduce sol vent usage; and proper managenent of cleanup
wastes. The work practice also requires that enpl oyees be

retrai ned on an annual basis.

Finally, the Comm ttee recogni zed that a source shoul d
maintain a plan to inplenment the work practices included in RACT
Therefore, the work practices include the devel opnent of an
| mpl enentation Plan that describes how sources plan to conply
with the work practice requirenments on an on-goi ng basis. Based
on the work practices included in RACT, the Conmttee believed
that any I nplenmentation Plan should include, at a mninum the
f ol | owi ng:

1. Checklists to docunment that:

- all storage containers are covered where not in use;

- solvents are not being used for spray booth cleaning
except when netal filters or conveyors are being cleaned or the
spray booth is being refurbished;

- conventional air spray guns are not in use except for the
specific situations identified;

- cleaning solvent fromgun/line cleaning has been
collected into a closed contai ner; and

- the washoff tank is covered when not in use;

2. An | &M plan as di scussed above;

3. A tracking systemfor washoff and cleaning solvents as
di scussed above; and

4. The operator training program di scussed above.
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The Work Practice |Inplenmentation Plan would be foll owed and
mai nt ai ned onsite to denonstrate ongoi ng conpliance, and nade
avai l abl e at the request of the Agency at any tine.

5.4 SELECTI ON OF COVPLI ANCE PROVI SI ONS

I n di scussing the conpliance provisions, the Cormittee
deci ded only on sone general requirenments regardi ng conpliance.
The Conmttee, for exanple, believed that any rule codifying RACT
shoul d all ow the use of reference control technol ogies, as well
as ot her technol ogies that nay be equivalent to the reference
control technologies in terns of air em ssion control. Exanples
of how a rule could acconplish this are discussed in Chapter 7.

The Conm ttee al so agreed that, when reference control
technol ogi es are used, conpliance should be acconplished through
reporting and recordkeeping, with reporting occurring on a
sem annual basis. Specifically, reports should include a
statenment that conpliant coatings have been used at all tines
during the reporting period. The source should maintain records,
that is certified product data sheets, for their coatings to
denonstrate they are conpliant. |If the data sheet provided by
the coating supplier identifies the VOC content in
kg VOC' kg solids (Ib VOO I b solids) and the facility then dilutes
the coating, the facility nmust account for this dilution and
report the VOC content of the coating that is actually applied,
not the VOC content of the coating as purchased.

In summary, the conpliance provisions contained in the rule
that inplenments RACT shoul d incl ude:

1. Methods that allow conpliance through the use of
reference control technol ogies as well as other control nethods
that can be denonstrated as equival ent;

2. The neans by which alternate nethods are denonstrated as
equi val ent ;

3. Conpliance through reporting and recordkeeping, with
reporting occurring on a sem annual basis; and

4. \Wen reference control technol ogi es are used, conpliance
t hrough reports of the VOC content of coatings, as applied, in
kg VOC/ kg solids (Ib VOCJ'|b solids).
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The nodel rule presented in Appendix B allows facilities to
use one of three nmethods, or a conbination of the three nethods,
to conmply with the requirenents of the nodel rule. These include
use of conpliant coatings, use of an add-on control device, or
use of an averagi ng approach. The nodel rule provides detailed
gui dance on nonitoring, recordkeeping, and reporting requirenents
associated wth each of these conpliance nethods.

5.5 SMALL BUSI NESS CONSI DERATI ONS

Because of the |arge nunber of small businesses that could
potentially be inpacted by regulation of the wood furniture
i ndustry, the Conmttee considered carefully the inpact of each
aspect of presunptive RACT on small businesses. The regulatory
negotiation Commttee included two small wood furniture
manuf acturers and a representative of a trade associ ation
consisting primarily of small businesses. A Snmall Business Wrk
Goup was fornmed to specifically address small business issues.

I n eval uating conpliance options, the Commttee tried to
ensure that the conpliance options would inpose a m ni mum burden
on small businesses. For exanple, presunptive RACT does not
require the use of control devices that require a significant
capital investnent and i npose an unfair burden on snall
busi nesses that typically have trouble raising capital. In
addition, the Conmttee tried to ensure that the recordkeeping
and reporting requirements of the proposed standards were not
beyond the resources of small businesses.

The Conm ttee al so eval uat ed whet her the proposed work
practice standards presented any particular problens to snal
busi nesses. Sone nenbers felt that devel opi ng an operator
training program m ght pose sone problens to small busi nesses.
Rat her than exenpt small businesses fromwhat the Commttee feels
is a key work practice, the Conmttee decided to recomend t hat
smal | business work together to develop a training program The
Comm ttee al so suggested that |arge businesses that already have
training prograns in place could share the key conponents of
those prograns with small businesses. Finally, the Conmttee
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recommended that State small business assistance prograns assi st
smal | busi nesses in devel oping their training program

The Smal | Business Wrk G oup nade several recommendations
to the Cormmttee, including a recommendation that the EPA draft a
docunent that would provide guidance to small businesses on how
to obtain a Federally-enforceable imt on their potential to
emt and recordkeeping requirenments that m ght be associated with
the limt. 1In addition, small business representatives proposed
that the EPA draft a nmenorandum respondi ng to questions devel oped
by the Small Busi ness Work Group pertaining to area sources that
beconme nmaj or sources.

The EPA, California Air Pollution Control Oficers
Associ ation, and the California Air Resources Board (CARB) have
conpleted a nodel rule for use by the California Air Pollution
Control Districts. Because the rule should prove to be an
i nexpensive and efficient means of limting the potential
em ssions of thousands of sources, the EPA believes that parts of
the rule may be hel pful for other States to review and consi der.
The proposed rule is designed to place smaller sources under
annual em ssions limts which restrict their potential to emt
and thus their exposure to major source requirenents of the C ean
Air Act. The rule ensures conpliance through a series of
recor dkeepi ng and reporting requirenents which are tapered to
reduce burdens as source size decreases. The rule applies only
to sources that agree to limt their em ssions to 50 percent or
| ess of the major source threshold. Sources with em ssions above
this level nust either conply with all applicable major source
requi renents or secure a source-specific, Federally-enforceable
Air Pollution Control District permt that properly limts
em ssions to bel ow maj or source thresholds. Therefore, the rule
is designed to provide smaller sources with a Federally-
enforceabl e means of limting their potential emssions.”

The Smal | Business Wrk G oup al so recomended that the EPA
di scuss in the preanble to the NESHAP the benefits of general
permts for small businesses and encourage their use where
appropriate. The Agency agreed and a di scussi on of general
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permts is included in the NESHAP preanble. The Small Business
Wrk G oup al so recommended that the EPA, in conjunction with the
State of North Carolina Small Business Orbudsman O fice, devel op
an information outreach programto serve as a resource for snal
wood furniture manufacturers. The Agency has agreed to work with
the North Carolina Small Business Orbudsman O fice to devel op
this program

5.6
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6.0 COST, ENVI RONMENTAL, AND ENERGY | MPACTS

This chapter addresses the cost, environnmental, and energy
i npacts of the RACT requirenents for finishing, cleaning, and
washof f operations presented in Chapter 5. Typically, this
chapter addresses the inpact of each of the control options
presented in Chapter 3. However, as discussed in Chapters 1 and
5, the presunptive normfor RACT for the wood furniture industry
was devel oped through a negotiation process. Although options
ot her than those agreed upon by the regul atory negotiation
commttee were discussed during the negotiation process, a
detail ed anal ysis of the inpacts of those options was not
prepared. Therefore, this chapter will focus on the inpacts of
the RACT requirenments agreed upon by the Conmtt ee.

The EPA recogni zes the need for States to have information
on other control options and their inpacts. The costs presented
in this chapter are extrapolated fromthe costs devel oped for an
earlier draft version of the CIG and a report prepared by the
i ndustry that addressed options for controlling VOC em ssions
fromwood furniture finishing operations and the costs of those
options.™* Both the earlier version of the draft CTG and the
i ndustry report were begun before the industry and EPA agreed to
negoti ate the recommended RACT requirenents. Therefore, both
contain costs for other control options, although they are based
on different nodel plants than the nodel plants presented in
Chapter 4.

Section 6.1 of this chapter discusses the cost associ ated
wi th each of the elenents of the presunptive RACT requirenents.
Section 6.2 presents the total cost of neeting the presunptive
RACT requirenents by nodel plant, and Section 6.3 presents the
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nati onwi de costs and em ssion reductions for facilities in
nonattai nnent areas and the ozone transport region. Section 6.4
presents the environnental and energy inpacts of the presunptive
RACT requirenents on the industry. Section 6.5 presents the
costs of other control options based on data fromEPA's earlier
version of the draft CTG and industry's report. Section 6.6
presents a listing of the chapter references.

6.1 COST OF THE RECOMVENDED RACT OPTI ONS

As discussed in Chapter 5, the RACT options agreed to by the
Commttee include limtations on the VOC content of the coatings
that are used, a set of work practice standards which include
restrictions on the type of application equipnment that can be
used, and other practices to reduce em ssions fromfinishing,
cl eani ng, and washoff operations. This section will discuss the
costs associated with each of these requirenents.

6.1.1 Limtation on VOC Content of Coatings

There are two technol ogies that the industry can use to neet
the RACT requirements for coatings. A facility may choose to use
(1) waterborne topcoats (or other topcoats with a VOC content
| ess than or equal to the Iimt for waterborne topcoats), or
(2) higher solids sealers and topcoats. The costs to the
facility will vary according to the technol ogy presently being
used as well as the technol ogy they choose to use to conply with
RACT.

One characteristic common to both of the RACT coating
options presented here, and to nost | ower VOC coating systens, is
that the coatings have a higher solids content than conventi onal
sol vent borne coatings. In instances where the quantity of solids
applied to the piece (the build) determ nes how nuch coating is
used, an increase in solids content results in a decrease in
coating usage. This is the case with filler, sealer, and topcoat
materials. In instances where the degree of color penetration
(rather than build) determ nes how nuch coating is used, a higher
solids content does not automatically result in decreased coating
usage. This is the case with stains, washcoat, and highlight
materials. 1In general, a facility swtching to coatings that
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nmeet either of the RACT options will decrease their annual
coati ng usage.

Followi ng is a discussion of the costs associated with each
of the RACT options for coatings. All costs are presented in
1991 dol | ars.

6.1.1.1 Higher Solids Sealer and Topcoat.The only
quantifiable cost to the industry for converting to higher solids
seal ers and topcoats is an increase in coating cost. In
devel oping the costs for higher solids sealers and topcoats, it
was assuned that the cost of the coating increases as the solids
content increases. Based on information collected by EPA in
devel opi ng the Autonotive Plastic Parts CITG the cost of the
hi gher solids coating is equivalent to the ratio of the solids
content of the higher solids coating to the baseline coating,
plus 20 percent, multiplied by the cost of the baseline coating.?
For exanple, if the baseline coating contains 2 I b solids/gal and
t he higher solids coating contains 4 | b solids/gal, then the cost
of the higher solids coating will be 2.2 tinmes the price of the
baseline coating. Because a facility will use 50 percent |ess of
t he higher solids coating, the net effect is a 20 percent
increase in coating cost. There may be other costs associ ated
with the use of higher solids sealers and topcoats that can not
be quantified, such as increased drying tine. An increase in
drying time would require nodification of finishing |lines and
woul d | ower productivity in terns of units produced in a given
period of tine.

6.1.1.2 Waterborne Topcoats. Although facilities may neet
the 0.8 Ib VOO I b solids Iimtation on topcoats using
t echnol ogi es ot her than waterborne coatings, the costs associ ated
with neeting the [imt are based on facilities converting to
wat er borne topcoats. There are four major conmponents included in
the cost of converting to waterborne coatings including an
increase in coating cost, increased drying capability,
nodi fications to existing paint circulation systens, and materi al
storage. The cost of each of these conmponents is discussed in
detail in the follow ng paragraphs.
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6.1.1.2.1 Coating costs.Facilities converting to waterborne
topcoats will use approximately 20 percent |ess coating than
basel ine, due to the higher solids content of these waterborne
coatings. However, there is still a net increase in coating cost
because wat erborne coatings cost nore per gallon than the
conventional solventborne coatings. According to the report
prepared by industry, the average cost of all conventional
sol vent borne coatings used by the industry is $7.50 per gallon
whil e the average cost for waterborne coatings is $13. 00 per
gallon.” In calculating the cost of converting to waterborne
topcoats, the cost of the waterborne topcoats was assuned to be
$13. 00 per gallon and the cost of all other coatings was assuned
to be $7.50 per gallon.

6.1.1.2.2 Additional drying capability. Based on input from
coating material suppliers, the use of waterborne coatings wll
require increased drying tinme, unless process nodifications are
made. These nodifications may include additional ovens,
increases in airflow rate, decreases in |ine speed, or increases
in conveyor length. For the purposes of this analysis, it was
assunmed that increased drying requirenents will be net by the
addition of drying ovens.

According to vendor information, if a wood furniture
manuf acturer were to replace an oven, or obtain an additional
oven, they would nost |ikely purchase a turbol ator oven.>%’
These types of ovens offer a higher airflow rate than
conventional convection ovens: 566 cubic nmeters per mnute
(m/mn) [20,000 cubic feet per mnute (ft® mn)] conpared to
85 m/mn (3,000 ft* mn) for conventional ovens. This higher
airflowrate translates into increased drying capability. The
vendors estimated the total installed capital cost of a new
20 foot turbolator oven at $48,600. A facility's operating costs
will also increase with the addition of new ovens. Annual fuel
and electricity costs for a turbolator oven are approxi mately
$3, 500 per oven.

I n devel oping costs it was assuned that a new oven was
required for all waterborne topcoat steps. For exanple,
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facilities in the long spray nodel plant type, nodel plants 4, 5,
and 6, have three topcoat applications, so it was assuned that
they will need three new ovens. |If a nodel plant has nultiple
lines, as do nodel plants 5 and 6, then an oven is needed for
each topcoat application on each line. The exception to this is
for the nodel plants representing the very small facilities, for
exanpl e, nodel plant 4a. It was assunmed that these facilities
will only need one oven because they do not have tow |lines or
conveyors. Pieces are rolled into the spray booths on carts,
finished, and then manually noved to the next spray booth.
Mul ti pl e applications of the sane coating step are often nade in
t he sane booth. Therefore, facilities in these nodel plants are
likely to apply one topcoat step, place the piece in the oven to
be dried, apply the next topcoat step, and place the piece back
in the sane oven

6.1.1.2.3 Paint circulation systens. Facilities using
wat er borne coatings need to use passivated stainless steel
delivery systens and m x tanks. |In devel oping the cost of the
required systens it was assuned that the very small and snal
nodel plants punp their coating materials directly froma drum
(located at the spray booth) to the spray gun, that is, they do
not have a central m x room For the medium and | arge nodel
plants it was assuned that a central punp roomis used to supply
all coating materials to the spray booths. For costing purposes,
each booth is assunmed to be an average of 200 feet fromthe m x
room ®

For the very small and small nodel plants to use waterborne
topcoats, the equi pnent used to transfer the coatings fromthe
drumto the spray gun nust be stainless steel. For these plants
a nodul ar passivated stainless steel paint delivery systemis
necessary. The conponents of this systeminclude the follow ng:

- stainless steel storage drum

- fluid punp;

- drum cover el evator assenbly;

- fluid regul ator;

- fluid filter/strainer;
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- fluid and air hoses;

- val ves; and

- oil/water extractor for air supply.

Based on an average of vendor costs, the above nodul ar
stainl ess steel systemhas an estimated total installed capital
cost of $9,100 per unit.®™ The 55 gallon stainless steel drum
fromwhich the coating material is punped was assuned to be
provi ded by the coating supplier.

For medium and large facilities, new passivated stainless
steel paint circulation systens are necessary. Mdifications are
required in the mx room at the spray booths, and with the
material transfer lines. Changes in the mx roomare required to
accommodat e wat erborne coating material storage and agitation of
the material, and for punping and regul ating coating materi al s.
Based on vendor information, the foll ow ng conponents are
required in the mx room

- stainless steel m x tank;

- fluid punp;

- agitator and lid assenbly;

- hoses, regulators;

- back pressure valve with gauge; and

- filter/valves (to isolate filter)

Based on an average of costs supplied by vendors, the
estimated installed capital cost of the mx tank is $25, 600 and
the total installed capital cost of the mx tank assenbly
(agitator, punps, valves, hoses) is $8,800.%* 1|n devel oping
nodel plant costs, it was assunmed that one m x tank and m x tank
assenbly was required for each finishing |line.

Equi prrent nodi fications are also required at the spray booth
if waterborne coatings are used. For nmedium and | arge
facilities, the follow ng stainless steel equipnment wll be
requi red at each spray boot h:

- fluid val ves;
fluid regul ator;
fluid hose to gun;
pai nt heater;
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- air hose; and

- oil/water extractor for air supply.

Based on an average of cost information supplied by vendors,
the total installed capital cost of the above equi pnent, except
for the paint heater, is $1,400.%'° The paint heater is supplied
separately at a total installed capital cost of $1,850. The
above equi pnment is required at each booth using waterborne
coati ngs.

In addition to m x room and spray booth equi pnent, the
material transfer lines circulating between the m x room and
spray booths would al so need to be passivated stainless steel.
Based on information supplied by vendors, the installed capital
cost of stainless steel piping (304 grade or better) suitable for
transferring coatings is estimted as $20/foot pipe. "

6.1.1.2.4 Material storage.According to industry
representatives and furniture manufacturers, conventional
sol vent borne coating material storage procedures vary according
to the size of the facility.'* Based on the infornmation
suppl i ed by these sources, facilities in the very small and snal
nodel plants are assunmed to store all coating materials in
55-gallon drunms. Mediumand large facilities store their col or
coats (stains, glazes, and highlights) in 55-gallon druns, but
they store their solventborne clear coats (washcoat, sealer, and
topcoat) in bulk tanks outside.

A very small or small facility converting to waterborne
topcoats will not have to change their storage procedures. The
coatings will continue to be stored in the containers in which
t hey are shipped. However, a nmediumor large facility converting
to wat erborne topcoats will have to change their storage
procedures. Waterborne coatings are susceptible to freezing so
t hey can not be stored outside unless they are in a heated
buil ding. They are also nore susceptible to contam nation, so
bul k storage is risky. Therefore, in developing costs, it was
assuned that nediumand |large facilities converting to waterborne
topcoats will have to purchase a 2-hour fire-rated building to
store drunms of waterborne coatings.
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The total installed capital cost of the storage facilities
is a function of the quantity of material to be stored. These
costs were provided by vendors on a per drum basis.?** Based on
an average of costs provided by vendors, it was estimted that
the installed capital cost of waterborne material storage is
$380 per drum The nunber of drums requiring storage was
cal cul ated for each nodel plant using the total anmount of
wat er borne topcoat used by the nodel plant per year and assum ng
a nonthly turnover rate. To allow for increased production, it
was assuned that the building will be |arge enough to hold a
20 percent excess in capacity.

6.1.2 Application Equi pnment Requirenents

There are three cost conponents associated with the
application equi pnment requirenents. These are the cost savings
resulting fromthe decrease in coating usage, the capital costs
of the application equipnent, and an increase in | abor costs for
some pl ants.

As discussed in Chapter 5, presunptive RACT will require the
industry to use application technol ogi es other than conventi onal
air spray. Conventional air spray can only be used for the
limted circunstances discussed in Chapter 5. The presunptive
RACT requirenents do not nmandate the application technology to be
used. Airless, air assisted airless, high volune | ow pressure
(HVLP), electrostatic, dipping, and roll/curtain coating are al
application technol ogies that can be used. Mst facilities are
expected to nove to HVLP application equipnment to neet the
requi renents because it is generally considered to be nore
efficient than the other spray technologies, and it is not as
[imted in the applications for which it can be used as ot her
t echnol ogi es such as roll/curtain coating.® Therefore, the
costs of the application equi pnment requirenments are based on the
i ndustry switching to HVLP application equi pnment.

It is difficult to nmeasure transfer efficiency because there
are so many factors in addition to the type of application
equi prent that are involved. Therefore, it is difficult to
assign a percentage reduction in coating usage resulting froma
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change in application technology. The industry report assigned a
20 percent reduction in coating usage for facilities sw tching
from conventional air to HVLP equi pnent.* The Pacific Northwest
Pol [ ution Prevention Research Center sponsored a testing program
for evaluating the transfer efficiency of different types of
application equi pment under various scenarios. This report
showed that the difference in transfer efficiency between HVLP
and conventional air ranged fromO percent to nore than

30 percent.?® In evaluating the cost of a facility changing from
conventional air to HVLP application technology, it was assuned
that coating usage will decrease 10 percent.

According to information supplied by vendors, the average
cost of an HVLP spray gun is $400 installed.? ? |In calculating
the cost to the industry it was assunmed that two guns wll be
pur chased for each spray booth. The exception is for facilities
usi ng wat erborne topcoats. As discussed in Chapter 5, the
Comm ttee agreed to exenpt these coatings, and others with a VOC
content less than 1 kg VOO kg solids (1 Ib VOO Ib solids), from
the application equi pnent requirenment. Therefore, facilities
t hat convert to waterborne topcoats to neet the coating
requirenments of RACT will not have to switch to other application
technol ogies to apply those coati ngs.

In addition to the capital cost of the application
equi pnent, a facility may need additional spray booth operators
to apply sonme coatings with HVLP application equi pnent. High
vol une | ow pressure spray guns have a slower delivery rate than
conventional air guns. This slower delivery rate can be a
probl em when appl yi ng stains because they are fornulated with
faster evaporating solvents. To overcone this problem a
facility may need an additional operator for the stain booths.

I n devel oping the costs associated with a facility switching to
HVLP spray equi prment, it was assuned that all nediumand | arge
facilities will require two additional spray booth operators for
the stain booths. It was assuned that smaller facilities wll

not require additional operators because many of these facilities
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do not have tow lines and those that do typically nove at | ower
speeds than the lines at mediumand |arge facilities.
6.1.3 Work Practice Standards

The Conmittee agreed to a nunber of work practice standards
to reduce VOC em ssions fromfinishing, cleaning, and washoff
operations. Wiile it is assunmed that these work practice
standards will result in a decrease in coating, cleaning, and
washof f sol vent usage and will likely result in an overal
savings to the facility, there is not enough data available to
gquantify either the reduction in em ssions or costs associ ated
wi th nost of these standards. The exception is for the operator
training requirenments. Following is a discussion of the costs
associ ated with these requirenents.

As with the application equi pnment requirenents, the
reduction in coating usage that can be achieved by training spray
boot h operators and ot her enpl oyees that use solvent is difficult
to quantify. However, the report fromthe Pacific Northwest
Pol [ ution Prevention Research Center shows that well trained
spray booth operators can achieve higher transfer efficiencies
Wi th conparabl e spray equi pnent.?® The Center conpared the
transfer efficiency achieved by expert painters with that
achi eved by novice painters. 1In alnpost every case, the expert
pai nter achi eved a higher transfer efficiency using the sane
equi pnrent, wth the difference ranging fromO percent to al nost
30 percent. For this analysis, it was assuned that spray booth
operator training will result in a 5 percent decrease in coating
usage, which will decrease the facility's coating costs.

While there will be a decrease in coating usage and costs
due to the operator training requirenents, there will be sone
| abor costs associated with the requirenents. For this analysis,
it was assuned that 50 percent of the enployees at a facility
will need to be trained, (except for upholstery plants where only
25 percent are assuned to require training), and each of these
enpl oyees will require 8 hours of training per year. It was
assuned that only 50 percent of the enployees will require
trai ni ng because many of the enployees at a wood furniture
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manufacturing facility are involved in assenbly operations or
provi de clerical support. These enployees do not use solvents
and will not require training. Wile new enployees may require
nore than 8 hours of training, it was assuned that these

enpl oyees al ready receive sone basic training so no nore than an
additional 8 hours of training wll be required.

For facilities represented by the roll/curtain coat nodel
plants, it was assumed that there will be no reduction in coating
usage fromthe operator training requirenents because these
facilities do not use spray application equipnent. However,
enpl oyees in these facilities will still have to be trained
because they handl e coatings and solvents. The training
requirenments will reduce em ssions, but the reduction has not
been estimated because of a lack of available data. In
estimating the costs of training, it was assuned that 50 percent
of the enployees at these facilities will have to be trained, but
the training will be | ess conprehensive than training at other
facilities and will only require 4 hours per year.

6.2 MODEL PLANT COSTS

The first step in evaluating the costs of the presunptive
RACT requirenents by nodel plant is to determ ne which option
each nodel plant type is likely to use to neet the VOC content
l[imtations on the coatings. As discussed earlier and in
Chapter 5, a facility can choose to use topcoats with a VOC
content less than 0.8 kg VOO kg solids (0.8 Ib VOO Ib solids) to
nmeet the presunptive RACT requirenents for coatings or they may
choose to use higher solids sealers and topcoats with VOC
contents less than or equal to 1.9 and 1.8 kg VOO kg solids
(1.9 and 1.8 Ib VOCJ I b solids), respectively. For facilities
usi ng conversion varnishes and vinyl sealers the limts are
2.0 and 2.3 kg VOO kg solids (2.0 and 2.3 Ib VOC/' I b solids),
respectively. Although each facility subject to the presunptive
RACT requirenents can choose the approach best suited to their
product requirenments, it is expected that some types of
facilities are nore likely to choose to use waterborne topcoats
and sonme are nore likely to choose higher solids sealers and
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topcoats. In devel oping the nodel plant costs, it was assuned
that sonme nodel plant types will use waterborne topcoats to neet
t he presunptive RACT requirenents for coatings and sonme will use
hi gher solids sealers and topcoats to neet the requirenents.

I n devel oping the cost of the VOC Iimtation on coatings by
nodel plant, it was assunmed that facilities in the short spray,
roll/curtain coat, and kitchen cabinet nodel plant types will use
hi gher solids sealers and topcoats to neet the RACT requirenents.
The majority of kitchen cabinet manufacturers already use vinyl
seal ers and conversion varnishes so it was assunmed that they wll
choose to neet the RACT requirenents by using topcoats with a VOC
content |less than or equal to 2.0 kg VOO kg solids (2.0 Ib VOO I b
solids) and sealers with a VOC content |ess than or equal to
2.3 kg VOO kg solids (2.3 Ib VOC'Ib solids). The conversion
varni shes used by these facilities already nmeet the 2.0 kg VOC kg
solids (2.0 Ib VOCZ'Ib solids) Iimt, so the only cost and
em ssion reduction for these facilities resulting fromthe
coating limtations will conme fromreformulating their sealers to
neet the 2.3 kg VOO kg solids (2.3 Ib VOO Ib solids) limt.

Facilities in the roll/curtain coat nodel plants already use
seal ers and topcoats that neet the higher solids limts of 1.8 kg
VOC/ kg solids (1.8 Ib VOO I b solids) for topcoats and 1.9 kg
VOC/ kg solids (1.9 | b VOO | b solids) for sealers. Therefore,
these facilities will incur no cost in neeting the VOC limts for
t hese coati ngs.

Facilities in the short spray nodel plant type can choose to
nmeet the VOC Iimtation on coatings by using waterborne topcoats,
or their equivalent, or higher solids sealers and topcoats. In
devel opi ng costs, it was assunmed that these facilities wll
choose to neet the RACT requirenments for coatings by
refornmul ating to higher solids sealers and topcoats. Many of the
facilities represented by the short spray nodel plant type
al ready use slightly higher solids coatings than those used by
the long spray facilities. Manufacturers of office furniture and
public building furniture, (SIC codes 2521 and 2531), typically
use acid-catal yzed coatings that are higher in solids than the
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conventional nitrocellul ose |acquers used by nuch of the

i ndustry, manufacturers of store fixtures use higher solids
basecoats and enanels. These facilities need coatings that are

t ougher and nore resistant to chem cals and scratching, and the
hi gher solids coatings provide these characteristics. Therefore,
it islikely that these facilities will neet the presunptive RACT
requi renents for coatings by converting to higher solids
coatings, and the costs and em ssion reductions were cal cul ated
using this assunption.

It was assuned that facilities represented by the | ong spray
and uphol stered nodel plant types will choose to use waterborne
topcoats to neet the presunptive RACT requirenments for coatings.
Several of the facilities manufacturing uphol stered furniture
that responded to EPA' s survey had al ready noved to waterborne
coatings. These facilities are likely to convert to waterborne
coati ngs because they woul d not experience sone of the sane
probl ens of other facilities. As discussed earlier, waterborne
coatings dry nore slowy than sol ventborne coatings. This slower
drying is less likely to be a problemin facilities manufacturing
uphol stered furniture because many of these facilities are like
small facilities in that the pieces to be finished are noved
manual Iy from booth to booth, rather than on a tow |ine or
aut omat ed conveyor. Therefore, the additional drying tinme that
is required for waterborne coatings is not as much of a problem
for uphol stered furniture operations as it is for facilities with
automated lines. Therefore, the costs and em ssion reductions
for uphol stered furniture facilities were cal cul ated assum ng
they switch to waterborne topcoats.

Facilities represented by the I ong spray nodel plant
currently use nitrocellul ose sealers and topcoats that are | ower
in solids than the sealers and topcoats used by the ot her nodel
pl ant types. Conversion to higher solids sealers and topcoats
may be nore difficult for themthan for the nodel plant types
al ready using higher solids coatings. |In addition, the higher
solids coatings may not provide themw th the required
aesthetics. Therefore, these facilities are expected to convert
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to wat erborne topcoats to neet the presunptive RACT requirenents,
and the costs and em ssion reductions were cal culated using this
assunpti on.

Tabl e 6-1 presents the costs for the nodel plants converting
to higher solids sealers and topcoats to neet the VOC |imtation
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on coatings. Table 6-2 presents the costs for the nodel plants
TABLE 6-2. COST BY MODEL PLANT FOR PLANTS CONVERTI NG TO
WATERBORNE TOPCOATS?

Model plant
4a 4 5 6 10
Low-VOC coating costs
Incremental annual coating 11,056 26,060 75,416 110,559 21,640
cost, $
Incremental disposal cost- 632 1,489 4,309 6,317 1,078
waterborne coatings, $
Total capital cost of additional 48,600 145,800 291,600 291,600 48,600
drying capacity, $
Incremental fuel and electric 3,470 10,410 20,820 20,820 3,470
cost for ovens, $
Total capital cost of paint 9,100 27,300 121,044 121,044 9,100
circulation system, $
Total capital cost of coating 0 0 17,100 25,080 0
material storage, $
Application equipment costs
Incremental annual coating (4,391) (10,350) (29,925) (43,898) (8,438)
cost, $
Labor cost, $° 0 0 141,400 141,400 0
Total capital cost of HVLP 5,184 6,048 14,688 14,668 2,592
guns, $
Operator training costs
Incremental annual coating (4,455) (10,498) (30,371) (44,537) (7,410)
cost, $
Labor cost, $° 5,375 12,447 26,591 42,432 8,911

2All costs are presented in 1991 dollars.
*Includes operating labor at $8.50/hr, supervisory labor equivalent to 15 percent of operating labor at
$17/hr, and overhead at 60 percent of total labor.
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converting to waterborne topcoats to neet the limts. The total
annual costs and the cost effectiveness for each nodel plant are
presented in Table 6-3

6-17



TABLE 6-3. MODEL PLANT CONTROL COSTS FOR PRESUMPTI VE RACT®
Total Total Total VOC Cost
Model Total capital | annualized |operating cost,| Total annual | reductions, |effectiveness,
plant cost, $ capital cost, $° $/yr cost, $/yr Mg/yr $/Mg
la 3,456 492 5,103 5,595 18.1 309
1 3,456 492 11,765 12,257 36.2 337
2 7,776 1,107 95,114 96,221 108.3 887
3 7,776 1,107 109,835 110,942 158.2 701
4a 62,884 8,955 14,202 23,157 11.7 1,979
4 179,148 25,511 36,724 62,234 27.6 2,255
5 444,432 63,287 226,057 289,344 79.8 3,626
6 452,412 64,423 251,230 315,653 117.1 2,696
7a 0 0 2,687 2,687 0.0 N/A
7 0 0 6,223 6,223 0.0 N/A
8 0 0 13,295 13,295 0.0 N/A
9 0 0 21,216 21,216 0.0 N/A
10 60,292 8,586 21,663 30,221 19.1 1,584
11la 2,592 369 (4,466) (4,097) 5.8 (706)
11 2,592 369 (15,868) (15,499) 17.2 (901)
12 5,184 738 30,718 31,456 42.4 742
13 5,184 738 17,387 18,126 66.0 275

?All costs are presented in 1991 dollars.
®Annualized capital cost based on a 10 year lifetime and 10 percent interest (a capital recovery

factor = 0.1424).
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The total capital cost in Table 6-3 is based on the total
capital cost of HVLP guns, total capital cost of additional
drying capacity, total capital cost of the paint circul ation
system and total capital cost of coating material storage. The
total annualized capital cost is based on a 10 year lifetinme and
10 percent interest. The total operating cost is based on | abor
cost, increnmental annual coating cost, increnmental fuel and
el ectric cost for ovens, increnental disposal cost for waterborne
coatings, and taxes, insurance, and adm nistrative costs
(4 percent of total capital cost). The total annual cost is the
sum of the total operating cost and the total annualized capital
cost. Costs to inplenent the presunptive RACT requirenents for
t he nodel plants range froma cost savings of nore than $900/ My
to a cost of over $3,600/ My.

6.3 NATI ONW DE | MPACTS OF PRESUMPTI VE RACTS

Nat i onwi de cost inpacts and em ssion reductions were
estimated for the presunptive RACT options. The CTGw Il only
apply to wood furniture facilities |located in ozone nonattai nnment
areas and in the ozone transport region. Therefore, to calculate
nati onw de cost inpacts and em ssion reductions, the total nunber
of facilities |located in nonattai nnent areas and the ozone
transport region was estimated. |In developing the distribution
of facilities in nonattai nment areas and the ozone transport
region, a relationship between the total nunber of enployees and
the size of the facility was devel oped. Table 6-4
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presents the distribution of plants by nodel plant nunber for
plants in nonattai nment areas and the ozone transport region.
This table
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was devel oped using the distribution of facilities in EPA's data
base, the 1987 Census of Manufactures data base that provides
information on plant |ocation by county, and EPA's 1991 data base
of attainment and nonattai nnent areas. Plants |located in the
ozone transport region, which includes the States of Connecti cut,
Del awar e, Mai ne, Maryl and, Massachusetts, New Hanpshire, New
Jersey, New York, Pennsylvania, Rhode Island, Vernont, and the
consolidated netropolitan statistical area that includes the
District of Colunbia and sone counties in Virginia are al so
included in the table.

The distribution of facilities in Table 6-4 includes only
those facilities that are considered to be | arge enough, based on
EPA's survey of the industry, to emt greater than or equal to
22.7 My (25 tons) of VOC s per year. As discussed in Chapter 5,
the Comm ttee recommended that RACT be applied to facilities that
emt, or have the potential to emt, greater than or equal to
22.7 My (25 tons) of VOC s per year. The Committee recommended
that an exception be nade for facilities |ocated in extrene
nonattai nnent areas. For these facilities, the Commttee
recommended that RACT be applied to facilities that emt, greater
than or equal to 9.1 My (10 tons) of VOC s per year
6.3.1 Nationw de Em ssion Reductions

Tabl e 6-5 presents baseline and controlled VOC em ssi ons by
nodel plant for facilities |located in nonattai nnent areas and the
ozone transport region.
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TABLE 6-5. BASELI NE AND CONTROLLED VOC EM SSI ONS*
Nat i onw de
Nat i onwi de VOC | Nationwi de VOC | reductions in
em ssi ons em ssi ons VOC emi ssi ons
Model basel i ne- - controll ed-- from basel i ne,
pl ant No. total, My/yr total, My/yr My/ yr
la 7,801 4,179 3, 622
6, 631 3, 544 3, 087
1,867 999 868
1,704 910 794
4a 8, 951 5,911 3, 040
6, 352 4,194 2,158
2,827 1, 867 960
2,073 1, 369 704
7a 1, 347 1, 347
1,291 1,291
1,030 1,030
363 363
10 1,401 923 478
lla 4,042 3, 232 810
11 4,275 3,428 847
12 4,089 3, 282 807
13 1,673 1, 342 331
Tot al 57,718 39, 213 18, 505

®Em ssi ons correspond to those plants |ocated in ozone

nonatt ai nnent areas and transport

regi ons.

Controll ed

em ssions represent those after the application of
presunpti ve RACT.
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Controll ed em ssions represent the | evel of em ssions after the
application of the presunptive RACT requirenents. The em ssion
reducti ons achieved by the limtation on the VOC content of the
coatings assunes that sonme nodel plant types will choose to use
hi gher solids sealers and topcoats to neet the limtation, and
some nodel plant types will choose to use waterborne topcoats, or
their equivalent, to neet the limtation. |In determning the
em ssion reductions achieved by the coating VOC limtations, it
was assuned that plants represented by the short spray (nodel
plants la - 3), roll/ curtain coat (7a - 9), and kitchen cabi net
(11a - 13) nodel plant types would convert to higher solids
seal ers and topcoats.
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Further, it was assuned that plants represented by the |ong spray
(rmodel plants 4a - 6), and uphol stered (nodel plant 10) node

pl ant types would convert to waterborne topcoats. These are the
sanme assunptions that were used in devel oping the costs for each
nodel plant. The basis for these assunptions was di scussed in
Section 6. 2.

As shown in Table 6-5, the presunptive normfor RACT will
reduce VOC em ssions from maj or sources in nonattai nnment areas
and the ozone transport region by 18,505 My (20,335 tons).

Addi tional reductions may be achi eved by application of the work
practice standards, but these potential reductions, with the
exception of reductions associated with the application equi pnment
and operator training requirenments, have not been estimated for

t he reasons discussed in Section 6.1. 3.

6.3.2 Nationw de Costs
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Tabl e 6-6
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TABLE 6-6. NATI ONW DE CONTROL COSTS FOR PRESUMPTI VE RACT®
Nat i onwi de
Nat i onw de reduction in Cost
Model control cost, VOC emi ssi ons, ef fecti veness,

pl ant No. $ My/ yr $/ My
la 1,119, 000 3, 622 309
1,041, 845 3, 087 337
769, 768 868 888
554, 710 794 701
4a 5, 997, 663 3, 040 1,979
4,854, 252 2,158 2, 255
3,472,128 960 3, 626
1,893,918 704 2,696
7a 126, 289 N A
124, 460 N A
66, 475 N A
21,216 N A
10 755, 525 478 1,584
1lla (569, 483) 810 (706)
11 (759, 451) 847 (901)
12 597, 664 807 742
13 90, 630 331 275
Tot al 20, 156, 609 18, 505 1, 089

®Costs and em ssion reductions correspond to applying
presunptive RACT to those facilities in ozone nonattai nnent

areas and transport

1991 dol | ars.
savi ngs.

regi ons.

All

costs are presented in

Nunmbers in parentheses indicate a net

6- 34




presents the nationw de costs and cost effectiveness of
i npl ementing the presunptive RACT requirenents to sources that
are expected to be subject to RACT |ocated in nonattai nment areas
and the ozone transport region. These costs were cal cul ated
using the total annual costs by nodel plant presented in
Tabl e 6-3 and the distribution of plants by nodel plant presented
in Table 6-4. The cost of inplenenting the recommended RACT
requirenents to all affected sources in the wood furniture
industry is $20, 156, 609 and the cost effectiveness is $1,089/ M.
6.4 ENVI RONVENTAL AND ENERGY | MPACTS

There are a nunber of potential environnmental and energy
i npacts associated with the recomended RACT requirenents.
Envi ronnental inpacts, including effects on air and water
quality, as well as hazardous wastes, are discussed in
Section 6.4.1. The energy inpacts of the recommended RACT
requirenents are presented in Section 6.4.2, and ot her
environmental inpacts are discussed in Section 6.4.3.
6.4.1 Environnental |npacts

6.4.1.1 Air Quality Inpacts.As discussed in Section 6.3.1
the application of presunptive RACT by source facilities in
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nonatt ai nnent areas and the ozone transport region will reduce
VOC emi ssions fromthe industry by 18,505 My/yr (20,335 tons/yr)
fromthe estimated baseline value of 57,718 My/yr

(65,426 tons/yr). The estimated reductions include reductions
associated with the work practice standards and the coating
emssion limts.

As di scussed in Chapter 1, the EPA has devel oped a NESHAP
for the wood furniture industry and the requirenments for both the
CTG and NESHAP were negotiated by the Conmttee. Because the
wor k practice standards and the application equi pnent
requi renents are part of both the presunptive RACT requirenents
and the NESHAP, for nost nodel plants, the RACT requirenents wll
not result in HAP em ssion reductions in addition to those
achi eved by the NESHAP. However, the NESHAP will not apply to
nost of the very small plants (represented by nodel plants 1la,
4a, 7a, and l1lla), although these plants will be subject to RACT
Therefore, the presunptive RACT requirements will also reduce HAP
em ssions fromthese plants.

The limtation on the VOC content of the coatings may result
in some decrease in HAP em ssions but the decrease can not be
gquantified. The majority of the HAP that will be regul ated by
the NESHAP are VOC. The NESHAP |imts the HAP content of the
stains, washcoats, sealers, and topcoats to 1.0 kg organi c HAP/ kg
solids (1 I b organic HAP/Ib solids). Therefore, facilities
converting to waterborne topcoats, which have a VOC |imt of
0.8 kg VOO kg solids (0.8 Ib VOC I b solids) (which is equival ent
to no nore than 0.8 kg organic HAP/ kg solids (0.8 | b organic
HAP/I b solids)), will be decreasing their HAP em ssions from
their topcoats by at |east 20 percent nore than required by the
NESHAP. Snmller facilities not covered by the NESHAP that are
subj ect to RACT and choose to convert to waterborne topcoats wll
i kely reduce their HAP em ssions fromtopcoats substantially.
Total HAP em ssions fromfacilities converting to higher solids
seal ers and topcoats wll |ikely decrease.

6.4.1.2 Water Quality Inpacts.No adverse water pollution
i npacts are expected to result fromthe inplenentation of the
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presunptive RACT requirenments. For this analysis, it was assuned
that a constantly recirculating coating delivery systemw | be
used wi th waterborne coatings. Thus, the use of waterborne
coatings is not expected to increase flushing of the lines and
will therefore not result in increased wastewater.

6.4.1.3 Hazardous Waste.Both solid and |iquid hazardous
waste are generated at nost wood furniture manufacturing
facilities. The dry filters used to collect coating overspray
account for the majority of the solid hazardous waste generat ed.
Al t hough the solids content of |ower-VOC coatings is higher, |ess
of the coating is used, so the frequency of changing these dry
filters is not expected to change if |ower-VOC coatings are used.

The |iquid hazardous waste generated by a wood furniture
facility consists primarily of spent solvent and coatings. The
wor k practice standards shoul d reduce the anount of solvent used
and the application equi pnent requirenents shoul d reduce the
anount of coating used, so the presunptive RACT requirenents
should result in a decrease in |liquid hazardous waste.
6.4.2 Enerqgy |npacts

The additional ovens required for facilities converting to
wat er borne topcoats will result in an increase in both
electricity and natural gas use. The increase in energy usage
associated with the conversion to waterborne topcoats is
summari zed in Table 6-7.

TABLE 6-7. ENERGY USE ASSOCI ATED W TH
WATERBORNE TOPCOATS™’

Increase in Increase in
Model pl ant nat ural gas el ectricity
No. usage, MVBtu/yr usage, kWh/yr

4a 181, 300 3,108

4 163, 800 2, 808

5 50, 400 864

6 25, 200 432

10 17, 500 300
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6.4.3 Qher Environnental |npacts

The use of waterborne coatings and higher solids coatings
wi |l reduce worker exposure to organic solvents. The worker
training requirenments and work practice requirenments such as
cl osed containers and the limt on the anmobunt of solvent used for
spray booth cl eaning should al so reduce sol vent usage and wor ker
exposur e.

Facilities may choose to use pol yester or pol yurethane
coatings that nmeet the VOC content limtations for higher solids
topcoats. These coatings contain small anobunts of isocyanates,
so additional safety procedures nmay be required. |If the
appropriate precautions are taken, no additional risk to the
wor ker is expected to result.

The presunptive RACT requirenents require facilities to
pur chase additional equipnent. This is considered an
irreversible and irretrievable comm tnent of resources.

Manuf acturi ng stainless steel paint circulation |ines, storage
tanks, and ovens will consunme steel and other raw materi al s.
However, conpared to the current |evel of use of these materials
by the industry, this increase in consunption is not considered
significant.

6.5 | MPACTS OF OTHER CONTRCL OPTI ONS

As discussed earlier, this chapter of a typical CIG
addresses the inpacts, both environnental and cost, of a nunber
of control options. These inpacts are then used in nmaking a
determ nation of RACT for the industry. |In addition to
eval uating the inpacts of a nunber of options in order to nake a
determ nation of what the EPA believes is RACT, the analysis of
several options provides States with gui dance they can use in
witing their own rules. For exanple, a particular State may
deci de that the presunptive normfor RACT does not result in
sufficient em ssion reduction fromplants in that State. If an
anal ysis of nore stringent options has been conducted by EPA in
devel oping the CTG the State can use this analysis to develop a
nore stringent rule.
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In this case, however, the presunptive RACT requirenents
wer e devel oped t hrough a negotiation process. During the
negoti ati on, several other options besides those finally chosen
wer e di scussed, but a conplete analysis of the inpacts of those
options was not conducted. While Chapter 3 provides a detailed
di scussion of the available control options for the wood
furniture industry, it does not address the industry inpacts
associated with inplenenting those control options.

Bef ore begi nning the negotiation of the presunptive normfor
RACT, the EPA had al ready begun devel opment of a CTG for the wood
furniture industry. Drafts of several of the chapters, including
the cost chapter, had already been conpleted. The cost chapter
in the earlier draft CTG evaluated the inpacts of many of the
control options discussed in Chapter 3. While EPA was devel opi ng
the CTG the industry devel oped their own report that eval uated
the inmpacts of control options for reducing VOC em ssions from
the industry. Both the earlier draft CTG and the industry report
addressed sone of the sanme control options. The CTG eval uat ed
the inpacts of add-on controls, hybrid and full waterborne
coating systens. The industry report also evaluated the inpacts
of add-on controls and hybrid and full waterborne coating
syst ens.

In order to provide States with sone gui dance on the
potential inpacts of control options other than those sel ected by
the Commttee as the presunptive normfor RACT, a sunmary of the
i npacts of these three additional control options is presented
here. The summary includes both the EPA's estimate of the
i npacts, as presented in the earlier draft version of the CIG
and industry's estimate of the inpacts, as presented in their
report. In evaluating the sunmary of the inpacts presented here,
the reviewer should note that the nodel plants used in devel oping
the inpacts for both the earlier version of the draft CTG and the
industry report are different than the nodel plants presented in
Chapter 4. A summary of the nodel plants contained in the
industry report is presented in Table 6-8
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Tabl e 6-9 presents a sunmary of the nodel

plants fromthe

TABLE 6-9. EARLI ER DRAFT CTG MODEL PLANTS!
VOC
emissions
No. of from
Model No. of finishing finishing,
plant No. |Type of product employees steps Type of topcoat Mg/yr
1 Residential furniture <100 6 Nitrocellulose lacquer 45
2 Residential furniture 100-249 6 Nitrocellulose lacquer 204
3 Residential furniture >249 6 Nitrocellulose lacquer 454
4 Residential furniture <100 10 Nitrocellulose lacquer 45
5 Residential furniture 100-249 10 Nitrocellulose lacquer 204
6 Residential furniture >249 10 Nitrocellulose lacquer 454
7 Office furniture and <100 3 Catalyzed 45
kitchen cabinets
8 Office furniture and 100-249 3 Catalyzed 204
kitchen cabinets
9 Office furniture and >249 3 Catalyzed 454
kitchen cabinets
10 Office furniture and 100-249 3 Catalyzed 204
kitchen cabinets
11 Office furniture and >249 3 Catalyzed 454
kitchen cabinets
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earlier version of the draft
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CTG The nodel plants presented in Chapter 4 are based on sone
of the nodel plants presented in the industry report, but they
are scaled to represent a range of facility sizes. The nodel
pl ants devel oped for the earlier version of the draft CIG are
simlar to the nodel plants presented in Chapter 4, so a
conparison of the inpacts is reasonable.

The cost information fromthe earlier draft CTG and the
industry report is presented for informational purposes.
However, a direct conparison of the costs fromthe earlier draft
CTG and the industry report nmust be done cautiously. First, the
nodel plants evaluated in the two reports were slightly different
(as can be seen by conparing Tables 6-8 and 6-9). For purposes
of this section, costs for "equivalent"” nodel plants are
presented, but it is inportant to note that nodel plants in the
two reports are not identical and that judgnent was used in
determ ning "equival ent” nodel plants. Secondly, the assunptions
made in estimating the costs associated with the use of add-on
controls and refornul ated coatings were different in the two
reports. These differing assunptions led to different estinmates
of costs. Only total estimted costs and em ssion reductions are
presented in this section; a detailed discussion of the
assunptions used in devel oping the costs is not provided. For
addi tional information concerning the devel opnent of these costs,
the reader is referenced to the earlier draft CTG the industry
report, Appendix C, and a nmenorandum conparing the two
reports. b%?
6.5.1 Hybrid Waterborne

Both the earlier draft version of the CITG and the industry
report evaluated the inpacts of the industry converting to a
hybri d wat erborne coating system The nunber of coating steps in
a hybrid waterborne systemthat are waterborne depends upon the
fini shing sequence. For exanple, for a short finishing sequence
(stain, sealer, and topcoat) the sealer and topcoat are
wat er borne coatings. For a long finishing sequence (stain,
washcoat, filler, glaze, sealer, and nultiple topcoat
applications) all coating steps after the washcoat are
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wat er borne. The industry report and the earlier draft version of
the CTG both indicated that hybrid waterborne was technically
feasible for all of their nodel plants. Table 6-10
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presents the em ssion reduction and cost effectiveness for
hybri d wat erborne systens for both the industry and earlier draft
CTG nodel plants. As shown in the table, a hybrid waterborne
system can reduce em ssions by 28 to 85 percent at a cost
ef fectiveness ranging froma cost savings of $521/My to a cost of
al nost $13, 000/ My.

6.5.2 Full Waterborne

In a full waterborne coating system all coatings are

wat er borne coatings. The earlier draft CTG and the industry
report agree that a full waterborne coating systemis not
technically feasible for all nodel plants. The earlier draft CTG
indicates that a full waterborne systemis not technically
feasible for facilities manufacturing residential furniture with
a long finishing sequence. According to the industry report, a
full waterborne systemis technically feasible only for nodel
plants representing facilities with short finishing sequences.

Two of the industry nodel plants with short finishing sequences
represent facilities that finish and then assenble their
furniture, and two represent facilities that manufacture

m scel | aneous wood parts and products.

Tabl e 6-11 presents the em ssion reduction and cost
effectiveness for a full waterborne systemfor the nodel plants
in the industry report and the earlier draft CTG for which the
t echnol ogy was consi dered feasi bl e.
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As shown in the table, the em ssion reduction froma ful
wat er borne systemranges from60 to 93 percent, with a cost
ef fectiveness ranging from $2,100/ My to nore than $9, 500/ My.
6.5.3 Add-On Controls

As discussed in Chapter 3, there are several types of add-on

control devices that can be used by the industry to reduce VOC
em ssions fromcoating operations. These include recuperative
thermal incinerators, regenerative thermal incinerators,
fi xed-bed catalytic incinerators, fluidized-bed catalytic
incinerators, and a conbi nati on of carbon adsorbers and
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incinerators. The industry report evaluated the feasibility and
i npacts of each of these options, and concluded that add-on
control devices were technically feasible for each of their node
plants. The earlier draft version of the CIG al so eval uated the
feasibility and inpacts of a nunber of add-on control devices,

i ncluding recuperative and regenerative thermal incinerators,
catalytic incinerators, and a conbi nati on of carbon adsorbers and
thermal incinerators. The earlier draft CTG al so concl uded t hat
add-on controls were technically feasible for each of their nodel
pl ants, although, as in the industry report, sone types of add-on
controls were not considered feasible for some nodel plants.
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presents the em ssion reduction and cost effectiveness for add-
on control devices taken fromthe industry report and earlier
draft CTG  The val ues presented represent the nost cost
effective add-on control device for each nodel plant. As shown
in the table, the em ssion reduction achieved by add-on controls
ranges from 67 to 98 percent, and the cost effectiveness ranges
from $527/ My to nore than $25, 000/ My.
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7.0 RACT | MPLEMENTATI ON

7.1 | NTRODUCTI ON

This chapter presents information for air quality managenent
agencies to consider in the devel opnent of an enforceable rule
l[imting volatile organic conmpound (VOC) em ssions from wood
furniture operations. Information is provided on inportant
definitions, rule applicability, format of standards, performance
testing and nonitoring, and reporting and recordkeeping. Were
several options exist for inplenmenting a certain aspect of the
rul e, each option is discussed along with its advantages and
di sadvantages. In some cases, there may be other equally valid
options. The State or other inplenenting agency can exercise its
prerogative to consider other options provided that they neet the
obj ectives prescribed in this chapter.

The gui dance concerning RACT inplenentation that is included
in this chapter is for instructional purposes only and, as such,
is not binding. Appendix B contains an exanple rule
i ncorporating the guidance provided in this docunent. The
exanpl e rul e provides an organizational framework and sanple
regul atory | anguage specifically tailored for wood furniture
operations. The exanple rule is also not intended to be binding.
The State or other enforcenent agency shoul d consi der al
information presented in this docunent along with additional
i nformati on about specific sources to which the rule will apply.
The reasonably avail able control technol ogy (RACT) rule, however,
shoul d address all the factors listed in this chapter and in
Chapter 5 to ensure that the rul e has reasonabl e provisions for
denonstrating conpliance and is enforceable.

7-1



7.2 DEFI NI TI ONS

The RACT rule should accurately describe the types of
sources that would be affected and clearly define terns used to
describe the industry or applicable control nethods. Exanple
definitions of pertinent terns are presented in Appendi x B for
reference by the enforcenment agency when drafting a RACT
regul ation for wood furniture operations. These definitions are
intended to offer guidance to agencies in selecting terns that
may need to be clarified when used in a regulatory context. The
definitions in Appendi x B have been conpiled using both industry
and EPA sources.
7.3 APPLI CABI LITY

The recommended RACT described in this docunent applies to
any facility that finishes wood furniture, or perfornms cleaning
or washoff associated with wood furniture finishing operations.
The wood furniture industry is described in nore detail in
Chapter 2. For purposes of this CTG wood furniture can be
summari zed as:

1. Residential (household) furniture - including
uphol stered furniture and casegoods such as beds, bookcases,
chairs, tables, couches, etc., as well as reed and rattan and
ot her wicker furniture, and garden and |lawn furniture;

2. Cabinets - including kitchen, bath, stereo, radio,
sew ng nmachi ne, and tel evision cabinets;

3. Whod office furniture - including bookcases, cabinets,
benches, chairs, desks, tables, and other furniture;

4. Public building and related furniture - including

benches, bl ackboards, bleachers, chairs and church furniture; and

5. Wod office and store fixtures, partitions, shelving,
and | ockers.

The nine SIC codes considered in the CIG anal ysis are
presented in Chapter 2 and in the nodel rule. Any rule based on
the CTG could include all or a portion of these nine SIC codes,
as well as any other coating processes the regul atory agency
bel i eves are best described as a wood furniture manufacturing
oper ati on.
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Thi s gui dance applies to in-house wood finishing processes
| ocated at a manufacturing site. It applies to finishing
operations that involve the prefinishing of individual
conponents, which may then be assenbl ed el sewhere within the
facility or sent to another facility for final finishing and/or
assenbly. It also applies to the finishing of unassenbl ed and
assenbl ed pi eces that are manufactured both onsite and offsite.
The gui dance only applies to the wood finishing processes--other
processes such as netal coating are not covered. A furniture
finishing line processes wood furniture pieces conposed primarily
of wood; however, sonme of the conponents of the piece may be
plastic, netal, or other materials which need to be given a
fini sh appearance of sinulated wood. This guidance does apply
where either the piece to be finished requires a sinulated wod
appearance or where the finished surface area of the piece to be
finished is nostly wood. Simlarly, the guidance does not apply
to other operations that may occur in the facility such as gl uing
and particl eboard manufacturing.

The em ssion points covered are the finishing, cleaning, and
washoff operations. The finishing operation includes the
finishing application area, flashoff areas, curing ovens, and
assorted cool down zones. Em ssions can occur throughout the
entire finishing operation. Finishing operation-related cleaning
i ncl udes application equi prent cl eanup, process equi pnent
cl eaning, and spray booth cleaning. C eaning operations occur
primarily in the application area, though m scellaneous cl eani ng
operations may occur along any part of the finishing operation.
Washoff operations are al so covered by the nodel rule. Wshoff
i ncludes the renoval of finishing material froma piece of
furniture that does not neet specifications.

The presunptive normthat has been sel ected as RACT applies
differently depending on the type of topcoat and sealer that is
used. Sources that use acid-cured al kyd am no conversion varni sh
topcoats and aci d-cured al kyd am no vinyl sealers have different
requi renents for higher-solids coatings than those sources that
use conventional topcoats and sealers. (See related discussion

7-3



in Chapter 5.) Enforcenent agencies may choose to eval uate
sources within their jurisdiction to determne the extent to
whi ch sources using conversion varni shes and vinyl sealers
actually differ fromthose using conventional topcoats and
seal ers.

As indicated in the nodel rule in Appendix B, this guidance
has been devel oped for affected sources in areas of marginal,
noderate, serious, or severe nonattai nment that have the
potential to emt greater than or equal to 25 tons per year
(tons/yr) of VOC s. The guidance is intended to apply to
affected sources in extrene areas, however, if potential VOC
em ssions are greater than or equal to 10 tons/yr. The
enforcenment agency has the flexibility to apply RACT as deened
necessary. For exanple, an agency may apply RACT to all sources
that have the potential to emt greater than or equal to
10 tons/yr of VOC s.

7.4 FORVAT OF STANDARDS

The selected RACT contains two elenents: em ssion standards
limting the VOC content of coatings and work practice standards.
The VOC content should be cal cul ated as-applied to account for
i n-house dilution of coatings purchased from an outside source.

To incorporate sone flexibility, the nodel rule allows
sources to use either an averagi ng approach or add-on air
pol lution control equipnment to neet the RACT requirenents. To
use an add-on control device, the source nust denonstrate,

t hrough the use of a series of calculations, that they are
achi eving an em ssion reduction equivalent to that achi eved by
sour ces using conpliant coatings.

Sources using an averagi ng approach nust denonstrate that
their em ssions are no greater than 90 percent of what they would
be if they were using conpliant coatings. Section B.4(a)(4) of
t he nodel rule provides guidance on howto determne if the
source is achieving the required em ssion reduction. The nodel
rul e contains extensive guidance for States that decide to allow
averagi ng as a nethod of denonstrating conpliance. However,
States have the option of not allow ng an averagi ng approach to

7-4



be used. They can also place |imtations on the averagi ng
programif they wish to do so. For exanple, they may limt
averaging to facilities of a certain size, limt the nunber of
coatings that can be averaged, or they could limt the anount of
time a source could use averaging in anticipation that, in the
future, conpliant coatings will be available for every situation.

The baseline for each finishing material included in the
averagi ng programshall be the |lower of the actual or allowable
em ssion rate as of the effective date of the State's RACT rule.
For exanple, if the source is already using a 0.3 Ib VOCJ I b
solids topcoat, they are not entitled to 0.5 b VOCJI|b solids
trading credits. Methods used in determ ning the usage of each
finishing material shall be accurate enough to ensure that the
affected source's actual em ssions are |ess than the all owabl e
em ssions, as calculated using Equation 1 or 2 in B.4(a)(4), on a
daily basis to a level of certainty conparable to that for
traditional control strategies applicable to surface coating
sour ces.

The reconmmended RACT al so contains many work practices that
are believed to Iimt em ssions fromfinishing, cleaning, and
washof f operations. Wrk practices are recommended when
physically neasuring em ssions froma source is inpossible or at
| east inpracticable. The work practices that were selected as
RACT are practices that are being enployed in the source
category, but for which emission limts could not be assigned. A
di sadvantage of the format of work practice standards is that it
is difficult to denonstrate equivalence. |If a State w shes to
use alternate standards to the work practice standards, the
burden is on the State to denonstrate to the EPA Adm ni strator
t hat the standards are equival ent.

7.5 COVPLI ANCE AND MONI TORI NG PROVI SI ONS
7.5.1 Conpliance Provisions

Regardl ess of the format sel ected by the enforcenent agency,
conpliance and nonitoring provisions are essential to confirm
that an affected source is in conpliance with a rule, and to
determ ne whether conpliance is continuous or intermttent. The
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conpliance provisions in the nodel rule in Appendix B were

devel oped assuming that the rule would follow the format of a
[imt on the Ib VOO I b solids of specific coatings, but alternate
conpliance provisions nmay be appropriate for standards that are
in adifferent format. The conpliance provisions should account
for the various control nethods that affected sources nmay use to
conply with the rule. For exanple, in the nodel rule, conpliance
provisions are identified depending on whether any of the
following control nmethods are used: (1) conpliant coatings;

(2) averaging; or (3) an air pollution control system consisting
of a capture and control device.

Sources using conpliant coatings denonstrate conpliance by
mai ntai ning records of the certified product data sheets for the
VOC content of the as-supplied coating and data sheets
denonstrating how the as-applied value for the coating was
cal culated. Attachnment 3 of the nodel rule provides guidance to
States on potential conpliance provisions for sources using an
aver agi ng approach to conply with the rule. The States should
use this guidance in devel oping their averagi ng prograns for
submttal to the Adm nistrator for approval. At a m ninum
sources using an averagi ng approach must submt the results of
the calculations frominequalities (1) or (2) in
Section B.4(a)(4) of the nodel rule and data on daily coating
usage and VOC content that support the cal cul ati ons.

The nodel rule recognizes that the overall contro
efficiency of an air pollution control systemis dependent upon
both the capture and control efficiency. Therefore, it is
i nportant that any rule contain provisions for determ ning both.
There are two nethods available to determ ne the capture
efficiency associated with an air pollution control system One
method is to performa capture efficiency test on the capture
systemused to direct em ssions to the add-on control device. A
second nmethod is to denonstrate that a capture system neets EPA' s
total enclosure criteria, and is therefore assigned a capture
efficiency of 100 percent. Both nethods are presented in the
nodel rule. In the wood furniture industry, sources nmay operate
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i ndi vi dual spray booths or groups of booths within an encl osure,
or they may operate the entire finishing roomas an encl osure.
The test nmethods in the nodel rule can be applied to any of these
situati ons.

Dependi ng upon the conditions at a test site, one of the
following test nethods from40 CFR Part 60, Appendix A, should be
used to determine the inlet and outlet VOC concentrations of a
gas streamsent to a control device, and thus, the contro
efficiency of the device:

1. EPA Method 18;

2. EPA Method 25; or

3. EPA Method 25A.

The met hod sel ected shoul d be based on consideration of the
di versity of organic species present and their total
concentration and on consideration of the potential presence of
interfering gases. Because of the different response factors for
t he many organi ¢ conpounds which may be present either in the
coatings or as a result of the conmbustion process, EPA Method 25
or 25A, which nmeasure total VOC as carbon, should be used for
determ ning destruction efficiency of thermal incinerators,
catal ytic incinerators, or conbined adsorption/therm
i ncineration systens when the stream constituents are well known.
However, EPA Method 18 is nore appropriate for speciating organic
em ssions when the presence of pollutants is nore anbi guous.
Because EPA Method 18 is nore sophisticated, associated costs are
general Iy higher.

The follow ng test nethods are used in conjunction wth the
VOC neasur enment net hods identified above:

1. EPA Methods 1 or 1A of 40 CFR Part 60, Appendi x A,
shoul d be used for velocity traverses;

2. EPA Methods 2, 2A, 2C, or 2D of 40 CFR Part 60,

Appendi x A shoul d be used for velocity and volunetric flow rates;

3. EPA Methods 3 or 3A of 40 CFR Part 60, Appendix A,
shoul d be used for Q, and CO, anal ysis; and

4. EPA Method 4 of 40 CFR Part 60, Appendi x A, should be
used for stack gas noisture.
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7.5.2 Mnitoring Requirenents

Under the anended Act, paragraph (3) to Section 114(c)
requi res enhanced nonitoring of stationary sources to indicate
t he conpliance status of the source, and whether conpliance is
continuous or intermttent. The enhanced nonitoring provisions
have been codified in 40 CFR Part 64. The nodel rule in
Appendi x B has been devel oped to account for situations in which
ei ther conpliant coatings, averaging, or an add-on control device
are used, and incorporates the concepts of enhanced nonitoring.
In this industry, it is likely that the maority of sources wll
use conpliant coatings to conply with the recormmended RACT; add-
on control devices wll be used in very limted situations. The
nonitoring requirenents of the nodel rule reflect this prem se.

The conti nuous conpliance nonitoring nethods that are
identified in the nodel rule for sources using add-on control
devices are consistent with previous regul ati ons devel oped by the
EPA. Agencies responsible for enforcing RACT may choose ot her
nmet hods as | ong as they neet the enhanced nonitoring provisions
of 40 CFR Part 64. For exanple, the nodel rule identifies
conti nuous paraneter nonitoring for sources using add-on
controls; specifically, sources using incinerators nust
continuously nonitor the conbustion tenperature. |t has been
shown that |ower tenperatures can cause significant decreases in
conmbustion control device efficiency. Tenperature nonitors with
strip charts and flow indicators are relatively inexpensive and
easy to operate. Flow indicators confirmthat the streans are
being routed to the incinerators. 1In the nodel rule, operation
at a conbustion tenperature |less than the val ue established for
conpliance during the initial conpliance test for any 3-hour
period constitutes nonconpliance with the standard.

Anot her option would be to require the use of continuous
em ssion monitors (CEMs) on the inlet and outlet gas stream so
that a percent destruction efficiency could be continuously
nonitored. O, an outlet CEM could be used, with the outlet
concentration serving as the operating paraneter to be nonitored
(the value of the outlet concentration could not exceed that
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established during the initial performance test). For
incinerators, the EPA believes that tenperature nonitoring is a
good determ nation of conpliance and is considerably |ess
expensi ve than operating CEMs. Another factor that agencies
nmust consi der in establishing conpliance provisions is the
averaging tinme over which conpliance will be determ ned. For
exanpl e, in the nodel rule, sources using add-on controls nust
average the operating paraneter value over each 3-hour period to
determ ne conpliance or nonconpliance with the standard. 1In the
nodel rule, conpliance nonitoring is identified only for

i ncinerators and carbon adsorbers because other types of add-on
control devices are not likely to be used for conpliance. |If an
alternate control device is expected to be used by affected
sources wWithin an agency's jurisdiction, the rule may include
conpl i ance provisions appropriate for that device as well.

The nodel rule also recognizes that the overall contro
efficiency of a control system does not depend only on the
destruction efficiency of the device but on the capture
efficiency as well. The nodel rule identifies the nmethods to be
used to denonstrate that the capture efficiency nmeasured during
the initial test is continuously maintained. The provisions
contained in the nodel rule require nmonitoring of an operating
paraneter that verifies that the capture systemis operating at
the sane efficiency as it was during the initial conpliance test.
The amount of air the fans are directing to the control device
could be used as an indicator of the relative capture efficiency.
Conti nuous neasurenent of the airflow fromeach of the areas
exhausted to the control device (each spray booth, oven, etc.) is
one suggestion. \Whichever paranmeter is neasured as an indicator
of capture efficiency, it should be neasured during the initial
performance test, a mnimum or maxi num val ue established (as
appropriate), and continuous nonitoring should be conpared to
t hi s val ue.

As previously stated, nost affected sources are expected to
meet the requirenents of RACT by using the conpliant coatings
that are the presunptive norm Initial and ongoing conpliance
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for these sources are denonstrated through reporting and
recordkeepi ng requirenents. Wen conpliance is achieved through
t he use of conpliant coatings, EPA believes that reporting and
recordkeeping to denonstrate continuous conpliance fulfil

enhanced nonitoring requirenents. Enforcenent agenci es may
devel op i nnovative techniques for determ ning the conpliance
status of sources using conpliant coatings; these are appropriate
provi ded they neet the enhanced nonitoring requirenents of 40 CFR
Part 64.

Attachnment 3 of the nodel rule provides guidance to States
on potential nonitoring requirenments for sources using an
aver agi ng approach to conply with the rule. The States should
use this guidance in devel oping their averagi ng prograns for
submttal to the Adm nistrator for approval

The nodel rule requires sem annual reporting of a source's
conpl i ance status when conpliant coatings are used.

Specifically, sources using conpliant coatings or spray booth
mat eri als nmust submit a sem annual conpliance certification that
states that the materials docunented in the certified product
data sheet are the ones actually being used. The EPA has
identified sem annual reporting in the nodel rule because direct
em ssion nmeasurenent is not being required, yet the records and
reports are being used directly for conpliance determ nations.

O her enforcenent agencies should consider the reporting
frequency they consider necessary for determ ning the conpliance
status of a source, and should al so explore how this reporting
will conpare with that required as part of the Title V operating
permt program Small business inpacts should al so be
consi der ed.

The nodel rul e contains conpliance provisions for the work
practice standards as well. The EPA thought it necessary to
identify conpliance provisions for the work practice standards
because nmuch of the em ssion reduction that will be achieved by
t he proposed rule is through the work practice standards.

Qovi ously, direct measurenent of em ssions is not appropriate
because em ssion points being controlled by work practices are
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not point sources that emt through a stack. The nodel rule
requires all of the recordkeepi ng associated with work practices
to be included in the work practice inplenentation plan. The way
conti nuous conpliance is ensured in the nodel rule is through a
sem annual conpliance certification that states that the work
practice inplenmentation plan is being foll owed.

7.6 REPORTI NG AND RECORDKEEPI NG

Each facility subject to RACT requirenents shoul d keep
records of certain key paraneters that would determne initial
and continuous conpliance. To acconplish this, the nodel rule
requires an initial conpliance report, wth subsequent conpliance
reports submtted on a sem annual basis. Regardless of the type
of reports required by a rule, some basic information should be
conveyed to the enforcenent agency. First, the facility should
identify the control nethod selected to neet the RACT
requi renents. Next, the results of any performance testing
shoul d be recorded. Further, the facility should record al
paranmeters nonitored on a routine basis to indicate continued
conpliance with the RACT em ssion limt. These paraneters differ
dependi ng on the nmeans by which the RACT requirenents are net.
Any exceedances of the nonitored paraneters al so should be
recorded along with any corrective actions taken.

Records shoul d be kept to denponstrate that coating materials
conply with VOC content limts for each regul ated category of
material. The affected source should nmaintain a certified
product data sheet for each coating subject to the em ssion
[imtations. They should also nmaintain records of the VOC and
solids content, as applied, of each coating. Sources using an
aver agi ng approach nust keep the above records as well as records
of the quantity of each material used, and the em ssion
cal cul ations that denonstrate equivalence. As stated in
Section 7.6, an initial report may be used to convey the above
information to denonstrate initial conpliance, and the
information then reported on a sem annual basis to denonstrate
conti nuous conpliance. The sem annual reports may take the form
of conpliance certifications in which a responsible official at
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the facility certifies that the source is in continuous
conpliance. (This concept is discussed in nore detail below)

Sources should also maintain records associated with the
wor k practice inplenmentation plan, including records show ng the
date each operator was trained, records associated with the |eak
i nspection and nai ntenance plan, and records associated with the
application equi pment requirenments. As discussed in Section 7.6,
initial conpliance may be denonstrated by submtting a statenent
that the work practice inplenentation plan has been devel oped and
is being inplenented. Continuous conpliance may be denonstrated
by sources if they submt a certification statenment that reports
that the work practice inplenentation plan has been foll owed as
witten, whether changes were nmade and the reasons for these
changes, and any actions that were taken to correct actions
performed contrary to the constraints of the plan.

In the nodel rule, sem annual conpliance certifications are
required for sources that use conpliant materials, and for
sour ces denonstrating conpliance with the work practice
i npl enentation plan. The authority for requiring these
conpliance certifications is found in paragraph (3) to
Section 114(c), and is analogous to the conpliance certification
required by the Parts 70 and 71 operating permt prograns.
Therefore, the conpliance certification required by this proposed
rule is consistent with other regulatory actions that may al so
apply to the affected sources.

Sources that use add-on air pollution control systens to
nmeet RACT requirements will require different types of reporting
and recordkeepi ng than sources using conpliant coatings.

Enf or cenent agencies should refer to the General Provisions
(Subpart A) to Part 63 (the MACT standards). These provisions
identify the types of records and reports that are appropriate
when add-on control systens are used and nonitoring is required.
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For exanpl e, these provisions cover performance test reporting;
conpliance nonitoring systemrecords; startup, shutdown, and
mal function provisions; reports of exceedances; and sumrary
reports certifying no excess em ssions.
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APPENDI X A
CONTACTS



COATI NG SUPPLI ERS

AEXCEL Cor poration
7373 Production Drive
Mentor, OH 44061-0780
M. Richard M| hem

Akzo Nobel Coati ng,
P. O Box 2124

H gh Point, NC 27261
M. Gerry M Currier
M. Bob Matejka

I nc.

Al ternative Materials Technol ogy,
I nc.

1266 Humbol dt Avenue

Chico, CA 95928

M. Bill Milligie

Ameron Cor poration

P. O Box 192610

Little Rock, AR 72219-2610
M. Mke Harris

Am ty Finishing Products
P. O Box 107

Sun Prairie, W
M. George Cash

53590

Avery--Decorative Filnms Div.
650 West 67th Pl ace
Schererville, IN 46375

M. Geg Emly

C. E Bradley Laboratories, Inc.
P. O Box 811

Battl eboro, VT 05301

M. Rasheed H. Kanaan

Cardi nal Industrial Finishes
1329 Potrero Avenue

South EIl Monte, CA 91733
M. Sam Ot ol ono

Chentraft Sadolin International,
P. O Box 669

Vval kertown, NC 27051

M. Gary Marshall

Crown Metro, Inc.

P. O Box 2910
Lenoir, NC 28645
M. Geg Sprole
Guardsman Chem cal s, Inc.
2147 Brevard Road

Hi gh Point, NC 27261-1029
M. Ron Tucker

Hood Products,
P. O Box 163
Freehold, NJ 07728
M. Eric Kasner

I nc.

I nc.

Janmes B. Day & Conpany

Day Lane

Carpentersville, IL 60110
M. Steven J. Pluni ey

Law ence McFadden Conpany
7430 State Road

Phi | adel phia, PA 19136
M. Peter Beck

Lilly Industries, Inc.
733 South West Street

I ndi anapolis, IN 46225
M. Bill Dorris

Lilly Industries, Inc.
P. O Box 2358

Hi gh Point, NC 27261
M. Archie Martz

PPG I ndustries, Inc.

7601 Busi ness Park Drive
G eensbhoro, NC 27409
M. Andy Riedell

Pratt & Lanbert

I ndustrial Coatings Division
16116 East 13th Street
Wchita, KS 67230

M. Wallace A Steele

Radcure, Inc.

217 Freedman Drive
Port Washi ngton, W
M. Keith dark

53074- 0247

Reneer Filns Corporation
A d Hi ckory Road

Auburn, PA 17922

Ms. Wendy Steed

Snyder Brothers
Avon Street
Toccoa, GA 30577
M. Len Snyder

Spruance Sout hern, Inc.
A d H ghway 52 South

W nston-Salem NC 27107
M. David King

U S. Cellulose
520 Parrott
San Jose, CA
Ms. Jennifer O Hara

Uni on Car bi de Corporation
39 dd Ridgebury Road L-4
Danbury, CT 06817

M. Thayer West



Val spar Corporation
1647 Engli sh Road

H gh Point, NC 27261
M. Janes Bohannon



RESI N SUPPLI ERS

Aqual on/ Her cul es

1313 N. Market St.

W | m ngton, DE 19899-8740
M. John Devi do

Cargill

2301 Crosby Road
Wayzeta, MN 55391
M. Al Heitkanp

Ci ba Geigy

3 Skyline Drive

Hawt horne, NY 10532-2188
M. WIlliam Collins

Dow Chemi cal Conpany

2040 Wllard H Dow Center
Mdland, M 48674

Ms. Karen Krigbaum

East man Cheni cal s
East man Road

Ki ngsport, TN 37660
M. Jeff Powell

I Cl Resins

1717 Riverm st Drive
Li l burn, GA 30247
M. Edward El ki ns

Mobay Cor porati on

Mobay Road

Pi ttsburgh, PA 15205-9741
Dr. Bernd H Riberi

Mobil Q| Corporation
3225 @Gl | ows Road
Fairfax, VA 22037
M. Bill Press

PPG | ndustri es

G eensboro Custoner Service Lab
7601 Busi ness Park Drive

G eensboro, NC 27409

Rei chhol d Chemicals, |nc.
525-T North Broadway
VWiite Plains, NY 10603
M. Jeffrey Dannernan

Rohm and Haas

I ndependence Mall West
Phi | adel phia, PA 19105
M. Pete N chol son

Sanncor | ndustries
300 Whitney Street
Leom nster, MA 01453
M. Henry Merken



FURNI TURE MANUFACTURERS

Al lied Wod | ndustries

P. O Box 1823

Sout hern Pines, NC 28387
M. David Allen

Aneri can Wodnar k Cor poration
Rt. 220 South, Industrial Pk.
Moorefield, W 26836

M. Bob Tayl or

Aristokraft, Inc.

1 AristoKraft Square
Jasper, IN 47546
M. Dave Hur st

Basset Furniture Industries, Inc.

Main St., P. O Box 626
Bassett, VA 24955
M. M ke Nel son

Ber nhar dt Furni ture Conpany
P. O Box 740

Lenoir, NC 28645

M. Buck Deal

M. Dean Reid

Broyhill Furniture Industries, Inc

1 Broyhill Park
Lenoir, NC 28633
M. WIIliam Sal e

Corrections Industries
Penitentiary of New Mexico
Santa Fe, NM

M. L. D Al exander

Dani el Peters Wodwor ki ng
2056 Lock Haven Drive
Roanoke, VA 24019

M. Daniel Peters

Elite Furniture Restoration
P. O Box 623

Toluca, IL 61369

M. Don Scrivner

Et han Allen, Inc.

P. O Box 639

add Fort, NC 28762
M. M ckey O Keefe

Fi el dst one Cabi netry, Inc.
H ghway 105 East

Nort hwood, | A 50459

M. Steve Teunis

Fl orida Furniture Industries, Inc.

P. O Box 610
Pal at ka, FL 32177
M. Fount R on, Jr.

Henkel - Harri s Conpany, Inc.
P. O Box 2170

W nchester, VA 22601

M. Rex Davis

Henr endon

P. O Box 70

Mor gant own, NC 28655
M. Paul (Buck) Smith

Herman M1l er, Inc.
8500 Byron Road
Zeeland, M 49464
M. Paul Muirray

HON | ndustri es Techni cal Center
505 Ford Avenue

Muscatine A 52761

M. Scott Lesnet

H ckory Chair

37 9th St. PI. S E.
H ckory, NC 28603
M. Richard Mosl ey

Ki ncai d Furniture Conpany
P. O Box 605

Hudson, NC 28638

M. M ke Soots

M. Rick Penl ey

Ki t chen Konpact

P. O. Box 868
Jeffersonville, IN 47131
M. Valt Gahm

Kraft Mai d Cabinetry
16052 | ndustrial Parkway
M ddlefield, OH 27711
M. Byron Bombay

McQuire Furniture
1201 Bryant Street
San Francisco, CA 94103
M. Randy Shepard

Masco Cor poration
21001 Van Born Road
Taylor, M 48180
Dr. Paul Eisele, PhD

Merillat Industries, Inc.
P. O Box 1946

Adrian, M 49221

M. Gary Butterfield

MIlls Pride, Inc.
423 Hopewel | Road
Waverly, OH 45690
Ms. Debra Hannah



O Sul livan Industries, Inc. Thomasville Furniture Industries,

1900 Gul f Street I nc.
Lamar, M 64759 P. O Box 339
M. Ralph WIIliston Thomasville, NC 27361

M. Dave Masters
Pl at f or m Beds, | nc.

400 North First Street Vaughn Furniture
Grants, NM 87020 P. O Box 1489
R T. Mller Gal ax, VA 24333

M. Pres Turbyfill
Pul aski Furniture Corporation

P. O Box 3431 Vi nt age Pi ano Conpany
Martinsville, VA 24115 P. O Box 51347
Chicago, IL 60651
Pri dgen Cabi net Works M. John Gonzal ves
Route 2, Box 36
Whiteville, NC 28472 Vi rgi nia House Furniture Corp.
Jack Burgess P. O Box 138
Arkins, VA 24311
Stanl ey Furniture M. Randal | Sparger
H ghway 57 West
St anl eyt own, VA 24168 Wanbol d Furniture
M. Alex Tegl as 6800 Smith Road
Sim Valley, CA 93063
St eel case M. Mark Trexler
P. O Box 1967/ CS-2S08
Grand Rapids, M 49501 WCl Cabi net G oup
M. Phil Schnei der 701 South N Street
Ri chnond, IN 47374
Stow & Davis Wod Division M. Bob Livesay
Cane Creek Industrial Park
Fl etcher, NC 28732 Wod- Mbde Cabi netry
M. L. T. Ward 1 Second Street
Kreamer, PA 17833
Styl ecraft Corporation M. Gonlund
P. O Box 458
Blue Ball, PA 17506 WbodCo | ncor por at ed
M. David Rothernel 5225 Quast Avenue. N E
Rodgers, MN 55374
Terra Furniture M. R ck Wod
17855 Arenth Avenue
Cty of Industry, CA 91744 WbodMar k Manuf act uri ng
M. Gary Stafford No. 4, Sapona Busi ness Park
Lexi ngton, NC 27292
The Bartley Collection, Ltd M. Ellis Mirphy

3 Airpark Drive
Easton, MD 21601
M. Joe Layman

The Knoll Goup

Wat er Street

East Greenville, PA 18041
M. Lou Newett

The Lane Conpany, Altavista
Qper ations

Box 151

Altavista, VA 24517-0151
M. Jon Parish



APPLI CATI ON SYSTEMS VENDORS

Air Power, Inc.

P. O Box 41165
Ral ei gh, NC 27629
M. Ron Lowe

Apol | o Sprayers International, Inc.

10200 Henstead H ghway
Houston, TX 77092
M. Paul MCure

Bi nks Manuf act uri ng Conpany
9201 W Bel nont Avenue
Franklin Park, IL 60131
M. Rick Canpobasso

CAN- AM Engi neered Products, Inc.
30850 I ndustrial Road

Livonia, M 48150

M. M H Bunnell

DeVi | bi ss Conpany
300 Phillips Avenue
Tol edo, OH 43692
Ms. Nancy Lieber

Graco, Inc.

24775 Crestview Court

Farm ngton Hills, M 48335
M. Peter Bankert

G aco, Inc.

4050 A sen Menorial Hi ghway
M nneapolis, MN 55440-1441
M. denn Mir

Graco, Inc.

9451 W Bel npont

Franklin Park, IL 60131-2891
M. Steven Kish

H gh Poi nt Pneumati cs

Box 5802

Hi gh Point, NC 27262-5802
M. Wayne Roach

Kremin, Inc.

211 Sout h Lonbard
Addi son, IL 60101
M. Ken Ehrenhofer

Nor dson Cor porati on
1321 Cedar Drive
Thomasville, NC 27360
M. John Col |l ett

Nor dson Cor porati on
555 Jackson Street
Amherst, OH 44001
Ms. G ndy Daignaul t

Pai nt-O Mati ¢

Box 1426

WIllits, CA 65490
M. Ron Budi sh

Ransburg, Inc.

3939 West 56th Street

I ndi anapolis, IN 46208
M. Loren Sinonson

S. A Services

P. O Box 129
Dudl ey, NC 28333
M. Fred MLeod

Speedfl o Manufacturing Corporation
4631 Wnfield Road
Houston, TX 77039
M. Dave Masterson

Stiles Machinery

3965 44th Street Sout heast
Grand Rapids, M 49508
A. J. Stranges

The DeVil bi ss Co.

300 Phillips Ave., P. O Box 913
Tol edo, OH 43692-0913

M. John Truschill

Uni on Car bi de Chenical s
6230 Fai rvi ew Road
Charlotte, NC 28210-3297
Ms. Renee Morgan

Vol static, Inc.
7960 Kentucky Drive
Fl orence, KY 41042
M. Janmes Baugh

Wagner Spray Tech Corporation
1770 Fernbrook Lane

M nneapolis, MN 55447

M. Gale Finstad



ADD- ON CONTROL VENDORS

ABB Fl akt Al pha
29333 Stephenson Hwy.
Madi son Heights, M 48071

Bar on- Bl akesl| ee

2003 North Jani ce Avenue
Mel rose Park, IL 60160
M. Sherman MG ew

Cal gon Carbon Corporation
P. O Box 717

Pi ttsburgh, PA 15230-0717
M. Mark Weissert

Conbusti on Engi neering
Andover Road, Box 372
Vel lsville, NY 14895
M. Brian Cannon

CVM Cor por ati on

402 Vandever Avenue
W | m ngton, DE 19802
Ms. Roxanne Pietro

DCl | nternational

1229 Country C ub Road
I ndi anapolis, IN 46234
M. Bob Zopf

Durr Industries

40600 Pl ynout h Road

Pl ymouth, M  48170-4297
M. Di nesh Bhushan

George Koch Sons, Inc.
10 S. El eventh Avenue
Evansville, IN 47744
M. Don MIler

d obal Envi ronnment al
P. O Box 2945
Geenville, SC 29602
M. John Hat cher

Hirt Conbusti on Engi neers
931 South Mapl e Avenue
Mont ebel | o, CA 90640

M. Chris Oakes

Hoyt Manufacturing Corp.
251-T Forge Road

West port, MA 02790

M. Steven Rooney

Hunti ngt on Energy Systens
1081 Briston Road

Mount ai nsi de, NJ 07092
M. Ray El sman

I ndustrial Technol ogy M dwest
P. O Box 626

Twi n Lakes, W 53181

M. WIIiam Nowack

M & WIndustries

P. O Box 952

Rural Hall, NC 27045
M. Jim M nor

Met - Pro Corporation

160 Cassell Road

Harl eysville, PA 19438
Dr. Robert Kenson

Moco Fune Incinerators
First Oven Pl ace
Romulus, M 48174

M. Bill D epenhorst

Nucon International, Inc
P. O Box 29151

Col unbus, OH 43229

M. Joseph Enneki ng

Ray- Sol ve, Inc.

100 West Main Street
Boundbr ook, NJ 08805
M. Jul es Varga

Reeco, Inc.

6416 Carnel Road
Charlotte, NC 28226
M. George Yundt

Sal em I ndustri es

245 South MIIl Street
South Lyon, M 48178
M. Lyman Thornton

Smi t h Engi neering Conpany
P. O Box 359

Broonmhal |, PA 19008- 0359
M. Roy Ml wee

Stiles Machinery, Inc.
3965 44th Street Sout heast
Grand Rapids, M 49508
A. J. Stranges

Terr-Aqua Enviro Systens, Inc.
700 East Alosta, Unit 19

d endora, CA 91740

M. Lynn Shugar man

Ti gg Corporation

Box 11661

Pi ttsburgh, PA 15228
M. John Sherbondy



VARA | nternational, I|nc.

1201 19th Pl ace
Vero Beach, FL 32960
M. Jerald Mestenaker

VI C

1620 Central Avenue, NE
M nneapolis, MN 55413
M. Tom Cannon

Weat herly, Inc.

1100 Spring St.,NW Suite 800

Atlanta, GA 30309
M. Rick Daeschner



GOVERNMENT AGENCI ES

Bay Area Air Quality Mymmt. District
939 Ellis Street

San Francisco, CA 94109

Ms. Carol Lee

M. Dan Belik

Ms. Sandra Lopez

Cty of Dallas, Env. Health Dv.
320 E. Jefferson, Rm LL 13

Dal l as, TX 75203

M. Gary Burl baw

California Air Resources Board
P. O Box 2815

Sacramento, CA 95812

Ms. Linda Nunn

FL Dept. of Environmental Regul ation
2600 Blairstone Rd.-Twin Towers

Tal | ahassee, FL 32399-2400

M. Janes K. Pennington

GA Departnent of Natural Resources
205 Butler St., Suite 1162
Atlanta, GA 30334

M. Bill Mtchell

Illinois Environnmental Protection
Agency

Div. of Air Pollution Control
2200 Churchill Road

Springfield, IL 62794-9276

M. David A Assel neier

M. John Reed

I ndi ana Dept. of Environmental Mgmt.
105 S. Meridan Street

I ndi anapolis, IN 46206-6015

M. David Ml ver

Ms. Ann Hei ghway

M. Andy Knott

M. Paul Dubenet zky

Maryl and Air Management Division
2500 Broeni ng Hi ghway

Baltinore, MD 21224

M. Frank Courtri ght

M Dept. of Natural Resources
P. O Box 30028

Lansing, M 48909

Bob I rvine

Dave Yanochko

Davi d Ferrier

Ray G ay

G eg Edwards

Tom Jul i an

Li nda Davi s

FSSSSSS

NC Dept. of Env., Health, & Nat. Res.
8025 N. Point Blvd., Suite 100

W nston-Salem NC 27106

M. Myron Wiitely

NC Dept. of Environnent, Health, &
Nat ural Resources,

P. O Box 950

Mooresville, NC 28115

M. Keith Overcash

NC Dept. of Environnent, Health,
& Natural Resources

P. O Box 27687

Ral ei gh, NC 27611

M. Sammy Amerson

M. Bob Woten

NC Dept. of Environment, Health, &
Nat ural Resources

Di vi sion of Environnmental Managenent -
Air Quality

P. O Box 29535

Ral ei gh, NC 27626

M. Alan Klimek

Ms. Joell e Bryan

NC Dept. of Environnent, Health,
& Natural Resources

O fice of Waste Reduction

Pol l uti on Prevention Program
3825 Barrett Drive

Ral ei gh, NC 27609

M. Gary Hunt

Ms. Sharon Johnson

M. David WIIlians

NC O fice of the Small Business
Orbudsnman

3825 Barret Drive

Ral ei gh, NC 27609

Ms. Edyt he McKi nney

Ms. Fi nn Johnson

NJ Dept. of Environmental Protection
Bureau of Engi neering and Regul atory
Suppor t

Trenton, NJ 08625

Ms. Beth Raddy

NJ Dept. of Environmental Protection
New Source Revi ew

Trenton, NJ 08625

M. M ke Sabol

NY State Dept. of Env. Conservation
50 Wl fe Road

Al bany, NY 12233-3254

M. Jim Coyl e



Cccupational Safety & Health Adm n.
200 Constitution Avenue

Washi ngton, D. C. 20210

M. Joe Bodie

M. Sangi Kanth

Cccupational Safety & Health
Adm ni stration

Route 1, Box 259-C

Bl ack Mountain, NC 28711

M. Don Jackson

Chi o EPA Sout heast District
2195 Front Street

Logan, OH 43138

Ms. Susan C ay

M. den G eenwood

Ohi 0 EPA Northeast Regional Ofice
2110 East Aurora Road

Twi nsburg, OH 44087

Ms. Bridgett Burns

Chio EPA, Div. of Pollution Control
1800 Wwater Mark Drive

Col unbus, OH 43266-0149

M. M ke Riggel man

Chi o EPA Sout hwestern District
40 South Main Street

Dayton, OH 45402

M. Lawence Harrell

PA Div. of Environnental Resources
Bureau of Air Quality

200 Pine Street

Wl liansport, PA 17701

M. Richard Maxwel |

PA Dept. of Environmental Resources
101 S. 2nd St., 114 Executive House
Harrisburg, PA 17120

M. Krishnan Ramanurt hy

San Di ego County APCD
9150 Chesapeake Drive
San Diego, CA 092123
M. Ben Hancock

South Coast Air Quality Mgmmt.
Di strict

9150 Flair Drive

El Monte, CA 91731

Ms. Jeani ne Pandi s

M. Roger g a

Texas Air Control Board
6330 Hw 290 East
Austin, TX 78723
M. Lane Hartsock

TN Div. of Air Pollution Control
701 Broadway, Custons House 4th Fl.
Nashville, TN 37247-3101

M. David Carson

U S. EPA Region V
230 Sout h Dearborn Street
Chicago, IL 60604
M. Steve Rosent hal

U S. Environnental Protection Agency
Enmi ssi ons Standards Division (M>13)
Research Triangle Park, NC 27711

M. Paul Amodovar

M. Jack Edwardson

U S. EPA Region Il
841 Chestnut Buil ding
Phi | adel phia, PA 19107
M. Ray Chal ners

Ms. Eileen den

U S. Environnental Protection Agency
AEERL, MD-62B

Research Triangle Park, NC 27711

M. Charles Darvin

M. Robert MCrillis

U S. Environnental Protection Agency
Regi on |

JFK Federal Buil ding

One Congress Street

Boston, MA 02203

Ms. Janet Bel oin

VA Dept. of Air Pollution Control
7701-03 Ti nber| ake Road
Lynchburg, VA 24502

M. Terry Mbore

VA State Air Pollution Control Board
P. O Box 10089

Ri chnmond, VA 23240

M. Robert Mann

W Dept. of Natural Resources
Box 7921

Madi son, W 53707

M. Robert Park

M. Jon Heinrich
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ASSCCI ATI ONS

American Furniture Manufacturers
Assn.

P. O Box HP-7

H gh Point, NC 27261

M. Larry Runyan

Anerican Furniture Manufacturers
Associ ation

918 16th Street, NW Suite 402
Washi ngton, DC 20006

M. Joe GCerard

Anerican Lung Association of NC
P. O Box 27985

916 W Mrgan Street

Ral ei gh, NC 27611

M. Steve W/ cox

Architectural Wodwork Institute
13924 Braddock Road, Suite 100
Centreville, VA 22020

Ms. Judi th Dur ham

Business & Instit. Furn. Mg. Assn.
2680 Horizon Drive, S.E., A1
Grand Rapids, M 49546

M. Brad MIIer

Canadi an Pai nt & Coatings Assn.
9900 Cavendi sh Blvd., Suite 103
Quebec St. Laurent, Quebec, CANADA
HAMZVZ

Ms. Karen David

Canadi an Kitchen Cabi net Assn.
27 Goul burn Avenue

Otawa, Ontario, CANADA KINBC7
M. Marco Durepos

Ki t chen Cabi net Manufacturers Assn.
1899 Preston Wiite Drive

Reston, VA 22091-4326

M. Richard Titus

Manuf acturers of Em ssions Controls
Assn.

1707 L Street, NW Suite 570

Washi ngton, DC 20036

M. Rayrmond Connor

Nati onal Paint & Coatings Assn.
1500 Rhode Island Avenue, NW
Washi ngton, DC 20005

M. Bob Nel son

M. Allen Irish

New York | TAC

253 Broadway, Room 302
New Yor k, NY 10007
M. Jon Zel tsman

Sout hern CA Fini shing & Fab. Assn.
2552 Lee Avenue

S. El Monte, CA 91733

M. Ed Laird

West ern Furnishings Mg. Assn.

12631 East Inperial Hwy., Suite 106F
Sante Fe Springs, CA 90670

M. Jay Walton
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OTHER

CDR Associ at es

100 Arapahoe Avenue
Boul der, CO 80302
M. John Li ngel bach
Ms. Susan W /I dau

ENSR Consul ti ng & Engi neering
35 Nagog Park

Acton, MA 01720

M. Kevin Janeson

Ms. Vicky Putsche

Envi ronnent al Defense Fund
128 East Hargett St.

Ral ei gh, NC 27601

M. Brian Mrton

Envi ronTech Associ ates, |nc.
485 Juni per Street

VWarm nster, PA 18974

M. Pete Qbst

| RTA

2800 A ynpic Blvd. #101
Santa MOnica, CA 90404
Ms. Katy Wl f

Jour nal of Waterborne Coatings
1 Technol ogy Pl aza

Norwal k, CT 06854

M. Stewart Ross

M1l er, Johnson, Snell, & Cunmi skey
800 Cal der Pl aza Buil ding

Grand Rapids, M 49503

Ms. Sue Perry

Patt on, Boggs, & Bl ow
1660 Lincoln, Suite 1975
Denver, CO 80264

M. J.G Arbuckle

Rett ew Associ ates, |nc.
3020 Col unbi a Avenue
Lancaster, PA 17603
M. Terry Bl ack

Ron Joseph & Associ ates |nc.
12514 Scul ly Avenue

Sarat oga, CA 95070

M. Ron Joseph

Sierra Cub

394 E. Bl ai sedell Dr.
Clarenmont, CA 91711
M. Freeman Allen

Si zenore & Associ at es
1807 Penbr oke Road
Suite 4

G eensboro, NC 27408

M. Trip Sizenore

Sout hern California Edison

Cust oner Technol ogy Application
Cent er

6090 N. Irw ndal e Avenue

Irwi ndale, CA 91702

M. Paul Del aney

M. John Hornung

The Furniture Mg. and Managenent
Cent er

NC State University

Canpus Box 7906

Ral ei gh, NC 27695

West M chi gan Environnmental Action
Counci |

G and Valley State University

1 Canmpus Drive

Al lendale, M 49401

Ms. Janet Vail
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APPENDI X B. MODEL RULE FOR WOOD FURNI TURE
FI' Nl SHI NG AND CLEANI NG OPERATI ONS

B.1 | NTRODUCTI ON

Thi s appendi x presents a nodel rule for limting volatile
organi ¢ conpound (VOC) em ssions fromwood furniture
manufacturing facilities |ocated in ozone nonattai nnent areas or
in the ozone transport region. The nodel rule is a product of
negotiations with the wood furniture industry, environnental
group representatives, State representatives, and the
U S. Environnental Protection Agency. The nodel rule addresses
various factors, including applicability, definitions, em ssion
standards, work practice standards, conpliance and nonitoring,
test methods, and recordkeepi ng and reporting requirenents, that
need to be addressed in witing an enforceable rule. The nodel
rule is for illustrative purposes only; it does not preclude the
use by States of alternative approaches, including nore stringent
ones, that are consistent with basic programrequirenents.

The nodel rule also provides information on how to
i ncorporate an em ssion averagi ng programto neet the
requirenents of the nodel rule. The nodel rule does not address
all situations or options for control; it only contains the
presunptive requirenents for a State to receive Federal approva
of their rules devel oped for the wood furniture industry. The
Econom c Incentive Program Rules (EIP), promulgated on April 7,
1994 (59 FR 16690), provide nore general information on using
i nnovative strategies to neet Clean Air Act requirenents,
i ncl udi ng reasonably avail abl e control technology (RACT). The
ElI P contains a range of options for States to use in
i ncorporating econom c incentives/innovative strategies into
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their State inplenentation plans (SIP's). A State may use the
EIP rule to develop an alternative trading nmethod for neeting the
wood furniture RACT requirements that are defined by this node
rul e.

Thi s docunent provi des gui dance on em ssion averagi ng as
applied specifically to the wood furniture RACT requirenents.
None of the provisions are intended to apply, a priori, to
em ssion trading prograns involving other source categories
covered by SIP's or other Clean Air Act requirenents.

Attachnment 1 includes additional information pertaining to
smal | busi nesses. Attachment 2 includes information related to
the em ssion standards presented in Section B.4 and the
nonitoring requirenents presented in B.6. Attachnment 3 includes
an exanple of a wood furniture manufacturing facility using an
aver agi ng approach to neet RACT requirenents.

B.2 APPLICABILITY

(a) Provisions of this rule apply to:

(1) Each wood furniture manufacturing facility located in
mar gi nal , noderate, serious, or severe ozone nonattai nnment areas,
or in the ozone transport region that has the potential to emt
greater than or equal to 25 tons per year of volatile organic
conpounds (VOC); and

(2) Each wood furniture manufacturing facility located in
an extrenme ozone nonattai nment area that has the potential to
emt greater than or equal to 10 tons per year of volatile
organi ¢ comnpounds.

B.3 DEFIN TI ONS AND NOVENCLATURE

(a) Provided belowis a list of definitions for terns as
they are used in this nodel rule. (State-adopted rules should
include definitions for these terns, as well as any other terns
in their rule whose definition nay be anbi guous.)

Adhesi ve nmeans any chemi cal substance that is applied for
t he purpose of bonding two surfaces together other than by
nmechani cal neans. Under this nodel rule, adhesives shall not be
consi dered coatings or finishing materials.
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Adm ni strator neans the Adm nistrator of the United States
Envi ronnental Protection Agency or his or her authorized
representative.

Affected source nmeans a wood furniture manufacturing
facility that neets the criteria listed in Section B.2(a).

Agency neans the regul atory agency responsible for
enforcement of the rule.

Al ternative nethod neans any nethod of sanpling and
anal yzing for an air pollutant that is not a reference or
equi val ent nmet hod but that has been denonstrated to the
Adm nistrator's satisfaction to, in specific cases, produce
results adequate for a determ nation of conpliance.

As applied neans the VOC and solids content of the finishing
material that is actually used for coating the substrate. It
i ncludes the contribution of materials used for in-house dilution
of the finishing material.

Basecoat neans a coat of colored material, usually opaque,
that is applied before graining inks, glazing coats, or other
opaque finishing materials and is usually topcoated for
protection.

Baseline conditions nmeans the conditions that exist prior to
an affected source inplenenting controls, such as a control
system

Capture device neans a hood, enclosed room floor sweep, or
ot her neans of collecting solvent em ssions or other pollutants
into a duct so that the pollutant can be directed to a pollution
control device such as an incinerator or carbon adsorber.

Capture efficiency means the fraction of all organic vapors
generated by a process that are directed to a control device.

Certified product data sheet nmeans docunentation furnished
by a coating supplier or an outside |aboratory that provides the
VOC content by percent weight, the solids content by percent
wei ght, and density of a finishing material, strippable booth
coating, or solvent, neasured using the EPA Method 24, or an
equi valent or alternative nethod (or fornulation data if the
coating neets the criteria specified in 8 B.7(a)). The purpose
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of the CPDS is to assist the affected source in denonstrating
conpliance with the emssion limtations presented in B.4.
Therefore, the VOC content should represent the maxi num VOC
em ssion potential of the finishing material, strippable booth
coating, or solvent.

Cl eani ng operations nmeans operations in which organic
solvent is used to renove coating materials from equi pnment used
in wod furniture manufacturing operations.

Coating neans a protective, decorative, or functional
material applied in a thin layer to a surface. Such materials
include, but are not limted to, paints, topcoats, varnishes,
seal ers, stains, washcoats, basecoats, inks, and tenporary
protective coatings.

Coating solids (or solids) nmeans the part of the coating
that remains after the coating is dried or cured; solids content
is determ ned using data from EPA Method 24, or an alternative or
equi val ent net hod.

Conpliant coating neans a finishing material or strippable
booth coating that neets the emssion limts specified in
Section B.4(a) of this nodel rule.

Conti nuous coater neans a finishing systemthat continuously
applies finishing materials onto furniture parts noving along a
conveyor system Finishing materials that are not transferred to
the part are recycled to the finishing material reservoir.

Several types of application nethods can be used with a
continuous coater including spraying, curtain coating, roll
coating, dip coating, and flow coating.

Cont i nuous conpliance neans that the affected source is
neeting the emssion limtations and other requirenments of the
rule at all tinmes and is fulfilling all nonitoring and
recor dkeepi ng provisions of the rule in order to denonstrate
conpl i ance.

Control device nmeans any equi pnent that reduces the quantity
of a pollutant that is emtted to the air. The device may
destroy or secure the pollutant for subsequent recovery.
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I ncl udes, but is not limted to, incinerators, carbon adsorbers,
and condensers.

Control device efficiency nmeans the ratio of the pollution
rel eased by a control device and the pollution introduced to the
control device, expressed as a fraction.

Control system nmeans the conbination of capture and control
devi ces used to reduce em ssions to the atnosphere.

Conventional air spray nmeans a spray coating nmethod in which
the coating is atom zed by mxing it with conpressed air at an
air pressure greater than 10 pounds per square inch (gauge) at
the point of atom zation. Airless and air assisted airless spray
technol ogi es are not conventional air spray because the coating
is not atom zed by mxing it with conpressed air. Electrostatic
spray technology is also not considered conventional air spray
because an el ectrostatic charge is enployed to attract the
coating to the workpiece.

Data quality objective (DQO approach neans a set of
approval criteria that nust be nmet so that data from an
alternative test nmethod can be used in determ ning the capture
efficiency of a control system For additional information, see
Quidelines for Determ ning Capture Efficiency, January 1994.
(Docket No. A-93-10, Item No. |V-B-1).

Day neans a period of 24 consecutive hours begi nning at
m dni ght local tinme, or beginning at a tinme consistent with a
facility's operating schedul e.

D sposed offsite nmeans sendi ng used organic sol vents or
coatings outside of the facility boundaries for disposal.

Em ssion neans the rel ease or discharge, whether directly or
indirectly, of VOC into the anbient air.

Enanel neans a coat of colored material, usually opaque,
that is applied as a protective topcoat over a basecoat, priner,
or previously applied enanel coat. |In sone cases, another
finishing material nmay be applied as a topcoat over the enanel.

Equi prent | eak neans em ssions of volatile organic conpounds
from punps, valves, flanges, or other equi pnent used to transfer
or apply finishing materials or organic solvents.
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Equi val ent net hod neans any nethod of sanpling and anal yzi ng
for an air pollutant that has been denonstrated to the
Adm ni strator's satisfaction to have a consistent and
quantitatively known relationship to the reference nethod under
speci fic conditions.

Fi ni shing application station nmeans the part of a finishing
operation where the finishing material is applied, e.g., a spray
boot h.

Fini shing material means a coating used in the wood
furniture industry. For the wood furniture manufacturing
i ndustry, such materials include, but are not limted to,
basecoats, stains, washcoats, sealers, and topcoats.

Fi ni shing operation neans those activities in which a
finishing material is applied to a substrate and is subsequently
air-dried, cured in an oven, or cured by radiation.

| nci nerator means, for the purposes of this industry, an
encl osed conbustion device that thermally oxidizes volatile
organi ¢ conpounds to CO and CQO,. This term does not include
devi ces that burn municipal or hazardous waste nmateri al

Lower confidence Iimt (LCL) approach neans a set of
approval criteria that nust be nmet so that data from an
alternative test nmethod can be used in determ ning the capture
efficiency of a control system For additional information, see
Quidelines for Determ ning Capture Efficiency, January 1994
(Docket No. A-93-10, Item No. |V-B-1).

Material safety data sheet (MSDS) neans the docunentation
required for hazardous chem cals by the Cccupational Safety and
Heal th Adm ni stration (OSHA) Hazard Comruni cation Standard (29
CFR 1910) for a solvent, cleaning material, finishing material,
or other material that identifies select reportable hazardous
ingredients of the material, safety and heal th consi derations,
and handl i ng procedures.

Nonconpliant coating neans a finishing material or
strippabl e booth coating that has a VOC limt greater than the
emssion limtation specified in Section B.4(a) of this nodel
rul e.
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Nonpermanent final finish nmeans a material such as a wax,
pol i sh, nonoxidizing oil, or simlar substance that nust be
periodically reapplied to a surface over its lifetine to maintain
or restore the reapplied material's intended effect.

Normal Iy closed container neans a container that is closed
unl ess an operator is actively engaged in activities such as
enptying or filling the container.

Qperating paraneter value nmeans a m ni mrum or maxi num val ue
established for a control device or process paraneter that, if
achieved by itself or in conbination with one or nore other
operating paraneter val ues, determ nes that an owner or operator
has conplied with an applicable emssion limt.

O gani c solvent neans a liquid containing volatile organic
conmpounds that is used for dissolving or dispersing constituents
in a coating, adjusting the viscosity of a coating, cleaning, or
washoff. Wen used in a coating, the organic solvent evaporates
during drying and does not beconme a part of the dried film

Overall control efficiency neans the efficiency of a control
system cal cul ated as the product of the capture and control
device efficiencies, expressed as a percentage.

Ozone nonattai nment area neans an area that does not attain
the National Ambient Air Quality Standard for ozone, pursuant to
Section 107 of the Clean Air Act.

Per manent total enclosure neans a permanently installed
encl osure that conpletely surrounds a source of em ssions such
that all em ssions are captured and contained for discharge
through a control device. The enclosure nust neet the criteria
presented in 8 B.7(e)(1)(i) through (iv). For additional
information, see Guidelines for Determ ning Capture Efficiency,
January 1994 (Docket No. A-93-10, Item No. IV-B-1).

Potential to emt neans the mexi num capacity of a stationary
source to emt a pollutant under its physical and operational
design. Any physical or operational limtation on the capacity
of the source to emit a pollutant, including air pollution
control equipnment and restrictions on hours of operation or on
the type of material conbusted, stored, or processed, shall be
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treated as part of the design if the limtation or the effect it
woul d have on enmissions is federally enforceable.

Recycl ed onsite neans the resuse of an organic solvent in a
process ot her than cl eaning or washoff.

Ref erence net hod neans any net hod of sanpling and anal yzi ng
for an air pollutant that is published in Appendi x A of
40 CFR 60.

Responsi ble official has the meaning given to it in
40 CFR Part 70, State Operating Permt Prograns (Title V
permts).

Seal er means a finishing material used to seal the pores of
a wood substrate before additional coats of finishing material
are applied. Washcoats, which are used in sonme finishing systens
to optim ze aesthetics, are not sealers.

Solvent nmeans a liquid used in a coating for dissolving or
di spersing constituents in a coating, adjusting the viscosity of
a coating, cleaning, or washoff. Wen used in a coating, it
evaporates during drying and does not becone a part of the dried
film

Stain neans any color coat having a solids content by wei ght
of no nore than 8.0 percent that is applied in single or nultiple
coats directly to the substrate. Includes, but is not limted
to, nongrain raising stains, equalizer stains, sap stains, body
stains, no-w pe stains, penetrating stains, and toners.

St orage contai ners neans vessels or tanks, including m x
equi prent, used to hold finishing, cleaning, or washoff
material s.

Strippable booth coating neans a coating that: (1) is
applied to a booth wall to provide a protective filmto receive
overspray during finishing operations; (2) that is subsequently
peel ed off and di sposed; and (3) by achieving (1) and (2),
reduces or elimnates the need to use organic solvents to clean
boot h wal | s.

Substrate nmeans the surface onto which coatings are applied
(or into which coatings are inpregnated).
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Tenporary total enclosure neans an encl osure that neets the
requirenents of 8 B.7(e)(1)(i) through (iv) and is not pernmanent,
but constructed only to nmeasure the capture efficiency of
pollutants emtted froma given source. |In addition to neeting
the requirenents of 8 B.7(e)(1)(i) through (iv), any exhaust
point fromthe enclosure shall be at |east 4 equival ent duct or
hood di aneters from each natural draft opening. For additional
information, see Guidelines for Determ ning Capture Efficiency,
January 1994 (Docket No. A-93-10, Item No. IV-B-1).

Thi nner neans a volatile liquid that is used to dilute
coatings (to reduce viscosity, color strength, and solids, or to
nmodi fy drying conditions).

Topcoat neans the last filmbuilding finishing materi al
applied in a finishing system Non-permanent final finishes are
not topcoats.

Touch-up and repair neans the application of finishing
materials to cover mnor finishing inperfections.

Vol atil e organic conpound (VOC) neans any organic conpound
that participates in atnospheric photocheni cal reactions; that
i's, any organi c conpound other than those that the Adm nistrator
desi gnat es as having negligible photochem cal reactivity. VOCis
nmeasured by a reference nmethod, an equival ent nethod, an
alternative nethod, or by procedures specified under any rule. A
reference nmethod, an equival ent nethod, or an alternative nethod,
however, may al so neasure nonreactive organi c conpounds. In such
cases, any owner or operator may exclude the nonreactive organic
conpounds when determ ning conpliance with a standard. For a
list of conmpounds that the Adm nistrator has designated as havi ng
negli gi bl e photochem cal reactivity, refer to 40 CFR 51. 00.

Washcoat neans a transparent special purpose coating having
a solids content by weight of 12.0 percent or |less. Wshcoats
are applied over initial stains to protect and control col or and
to stiffen the wood fibers in order to aid sanding.

Washof f operations neans those operations in which organic
solvent is used to renove coating froma substrate.
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WAt er borne coating nmeans a coating that contains nore than
five percent water by weight in its volatile fraction.

Wod furniture neans any product nade of wood, a wood
product such as rattan or w cker, or an engi neered wood product
such as particleboard that is manufactured under any of the
followi ng standard industrial classification codes: 2434,

2511, 2512, 2517, 2519, 2521, 2531, 2541, 2599, or 5712.

Wod furniture conponent nmeans any part that is used in the
manuf acture of wood furniture. Exanples include, but are not
[imted to, drawer sides, cabinet doors, seat cushions, and
| am nat ed tops.

Wod furniture manufacturing operations neans the finishing,
cl eani ng, and washoff operations associated with the production
of wood furniture or wood furniture conponents.

Wor ki ng day neans a day, or any part of a day, in which a
facility is engaged i n manufacturing.

(b) The nonmenclature used in this rule has the foll ow ng
meani ng:

(1) A = the area of each natural draft opening (k) in a
total enclosure, in square neters.

(2) C =the VOC content of a coating (c), in kilograns of
VOC per kil ogram of coating solids (kg VOO kg solids), as
applied. Also given in pounds of VOC per pound of coating solids
(Ib VOC/'I b solids), as applied.

(3) G, = the concentration of VOC in gas stream(j) exiting
the em ssion control device, in parts per mllion by vol une.

(4) G, = the concentration of VOC in gas stream (i)
entering the em ssion control device, in parts per mllion by
vol une.

(5 C; = the concentration of VOC in gas stream (i)
entering the em ssion control device fromthe affected em ssion
point(s), in parts per mllion by vol une.

(6) G, = the concentration of VOC in each uncontrolled gas
stream (k) emtted directly to the atnosphere fromthe affected
em ssion point(s), in parts per mllion by vol une.
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(7) E =the emission limt achieved by the affected
em ssion point(s), in kg VOO kg solids.

(8 F =the control device efficiency, expressed as a
fraction.

(9) FV =the average inward face velocity across al
natural draft openings in a total enclosure, in nmeters per hour.

(10) N = the capture efficiency, expressed as a fraction.

(11) Q; = the volunetric flowrate of gas stream (j)
exiting the em ssion control device, in dry standard cubic neters
per hour.

(12) Q, = the volunetric flowrate of gas stream (i)
entering the em ssion control device, in dry standard cubic
nmet ers per hour.

(13) Q; = the volunetric flowrate of gas stream (i)
entering the em ssion control device fromthe affected em ssion
point(s), in dry standard cubic neters per hour.

(14) Q. = the volunetric flow rate of each uncontrolled gas
stream (k) emtted directly to the atnosphere fromthe affected
em ssion point(s), in dry standard cubic neters per hour.

(15) Q,; = the volunetric flowrate of gas stream (i)
entering the total enclosure through a forced nmakeup air duct, in
standard cubic neters per hour (wet basis).

(16) Q. ; = the volumetric flow rate of gas stream (j)
exiting the total enclosure through an exhaust duct or hood, in
standard cubic neters per hour (wet basis).

(17) R =the overall efficiency of the control system
expressed as a percentage.

B.4 EM SSI ON STANDARDS

(a) Each owner or operator of an affected source subject to
this rule shall Iimt VOC em ssions fromfinishing operations by:

(1) Using topcoats with a VOC content no greater than
0.8 kg VOO kg solids (0.8 Ib VOO Ib solids), as applied; or

(2) Using a finishing systemof sealers with a VOC content
no greater than 1.9 kg VOO kg solids (1.9 I b VOCT'Ib solids), as
applied, and topcoats with a VOC content no greater than 1.8 kg
VOC/ kg solids (1.8 Ib VO I b solids), as applied; or
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(3) For affected sources using acid-cured al kyd am no vinyl
seal ers or acid-cured al kyd am no conversi on varnish topcoats,
usi ng seal ers and topcoats based on the following criteria:

(i) If the affected source is using acid-cured al kyd am no
vinyl sealers and acid-cured al kyd am no conversi on varni sh
topcoats, the sealer shall contain no nore than 2.3 kg VOC kg
solids (2.3 Ib VO Ib solids), as applied, and the topcoat shal
contain no nore than 2.0 kg VOO kg solids (2.0 I b VOCJ'|I b solids),
as applied; or

(iit) If the affected source is using a sealer other than an
aci d-cured al kyd am no vinyl sealer and acid-cured al kyd am no
conversion varni sh topcoats, the sealer shall contain no nore
than 1.9 kg VOO kg solids (1.9 Ib VOO Ib solids), as applied, and
the topcoat shall contain no nore than 2.0 kg VOC/ kg solids
(2.0 Ib VOC'I b solids), as applied; or

(iiti) if the affected source is using an acid-cured al kyd
am no vinyl sealer and a topcoat other than an acid-cured al kyd
am no conversion varni sh topcoat, the sealer shall contain no
nore than 2.3 kg VOO kg solids (2.3 Ib VOO Ib solids), as
applied, and the topcoat shall contain no nore than 1.8 kg VOC kg
solids (1.8 Ib VOO I b solids), as applied; or

(4) Meeting the provisions established in B.10 for sources
usi ng an averagi ng approach and denonstrating that actual
em ssions fromthe affected source are less than or equal to the
| ower of the actual versus allowable em ssions using one of the
followi ng inequalities:

.8 (TC1 + TC2 + ...)) 2(ER_) (Tcl) + ER

re2 (TC;) - (1)

TC1

0.9 {[1.8 (TC, +TC,+.. )] +[1.9(SE, +SE, +..)] +

[9.0 (WC, +WC,+..)]+[1.2(BC,+BC,+.. )]+

[0.791 (ST, + ST, +.. )]} > [ERy¢, (TC)) + ER, (TC,)) +...]+

[ERgg, (SE)) + ERgp, (SEy) +.. .1+ (ERy¢y (WC)) + ERyy (WC) +.. ]+

[ERgc; (BC)) + ERye, (BC,) + .. .] + [ERgyy (ST)) + ERgp, (ST +.. ]
wher e:

TG

SE,

used;
used;

kil ograns of solids of topcoat

kil ograns of solids of sealer
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WC = kilogranms of solids of washcoat "i" used,;

BC = kilograns of solids of basecoat "i" used,;
ST, = liters of stain "i" used;
ER,; = VOC content of topcoat "i" in kg VOO kg solids, as
appl i ed;
ERy; = VOC content of sealer "i" in kg VOO kg solids, as
appl i ed;
ER = VOC content of washcoat "i" in kg VOC/ kg solids, as
appl i ed;
ER,y = VOC content of basecoat "i" in kg VOC kg solids, as
applied; and
ER;; = VOC content of stain "i" in kg VOC/ liter (kg/l), as
appl i ed.

In inequalities (1) and (2) the facility must use the actual
VOC content of the finishing materials used before they were
subject to RACT if the VOC content is less than the allowed VOC
content. For exanple, if the facility was using topcoats with a
VOC content of 1.7 kg VOO kg solids (Ib VOCO Ib solids) before
bei ng subject to RACT, they need to use that value in inequality
(2) rather than 1.8.

(5) Using a control systemthat will achi eve an equi val ent
reduction in em ssions as the requirenents of paragraph (a)(1) or
(2) of this section, as cal culated using the conpliance
provisions in section B.6(a)(2) of this rule, as appropriate; or

(6) Using a conbination of the nethods presented in
paragraphs (a)(1), (2), (3), (4), and (5).

(b) Each owner or operator of an affected source subject to
this rule shall Iimt VOC em ssions from cl eani ng operati ons when
using a strippable booth coating. A strippable booth coating
shall contain no nore than 0.8 kg VOC/ kg solids, as applied
(0.8 Ib VO I b solids).

B.5 WORK PRACTI CE STANDARDS

(a) Wbrk practice inplenentation plan.

(1) Each owner or operator of an affected source subject to
this rule shall prepare and nmaintain a witten work practice
i npl ementation plan that defines work practices for each wood
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furniture manufacturing operation and addresses each of the
topics specified in paragraphs (b) through (j) of this section.
The plan shall be devel oped no nore than 60 days after the
conpliance date. The owner or operator of the affected source
shall conply with each provision of the work practice
i npl ementation plan. The witten work practice inplenentation
pl an shall be available for inspection by the Agency, upon
request. |If the Agency determnes that the work practice
i npl enentati on plan does not adequately address each of the
topics specified in paragraphs (b) through (j) of this section,
the Agency may require the affected source to nodify the plan.

(b) Operator training course. Each owner or operator of an
affected source shall train all new and existing personnel,
i ncludi ng contract personnel, who are involved in finishing,
cl eaning, or washoff operations or inplenmentation of the
requirenments of this rule. Al new personnel, those hired after
the effective date of the rule, shall be trained upon hiring.
Al'l existing personnel, those hired before the effective date of
the rule, shall be trained within 6 nonths of the effective date
of the rule. Al personnel shall be given refresher training
annually. The affected source shall maintain a copy of the
training programw th the work practice inplenentation plan. The
training programshall include, at a mninum the follow ng:

(1) Alist of all current personnel by nanme and job
description that are required to be trained;

(2) An outline of the subjects to be covered in the initial
and refresher training for each position, or group of personnel;

(3) Lesson plans for courses to be given at the initial and
t he annual refresher training that include, at a mninmum
appropriate application techniques, appropriate cleaning and
washof f procedures, appropriate equi pnent setup and adjustnent to
mnimze finishing material usage and overspray, and appropriate
managenent of cl eanup wastes; and

(4) A description of the nmethods to be used at the
conpletion of initial or refresher training to denonstrate and
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docunent successful conpletion and a record of the date each
enpl oyee i s trained.

(c) Leak inspection and mai ntenance plan. Each owner or
operator of an affected source shall prepare and maintain with
the work practice inplenentation plan a witten | eak i nspection
and mai nt enance plan that specifies:

(1) A mninmumvisual inspection frequency of once per nonth
for all equipnment used to transfer or apply finishing materials
or organi c sol vents;

(2) An inspection schedul e;

(3) Methods for docunenting the date and results of each
i nspection and any repairs that were made;

(4) The timefranme between identifying a | eak and nmaki ng the
repair, which adheres to the follow ng schedul e:

(1) Afirst attenpt at repair (e.g., tightening of packing
gl ands) shall be made no |ater than 5 working days after the |eak
is detected; and

(ii) Final repairs shall be made within 15 worki ng days,
unl ess the | eaking equipnment is to be replaced by a new purchase,
in which case repairs shall be conpleted within 3 nonths.

(d) deaning and washoff solvent accounting system Each
owner or operator of an affected source shall devel op an organic
sol vent accounting formto record:

(1) The quantity and type of organic solvent used each
nmont h for washoff and cl eani ng;

(2) The nunber of pieces washed off, and the reason for the
washof f; and

(3) The net quantity of spent organic solvent generated
fromeach activity. The net quantity of spent solvent is
equivalent to the total anpunt of organic solvent that is
generated fromthe activity mnus any organic solvent that is
reused onsite for operations other than cleaning or washoff and
any organic solvent that was sent offsite for disposal

(e) Spray booth cleaning. Each owner or operator of an
affected source shall not use conpounds containing nore than
8.0 percent by weight of VOC for cleaning spray booth conponents

B- 15



ot her than conveyors, continuous coaters and their encl osures,
and/or metal filters, unless the spray booth is being
refurbished. |If the spray booth is being refurbished, that is,
the spray booth coating or other material used to cover the booth
is being replaced, the affected source shall use no nore than

1.0 gallon of organic solvent to prepare the booth prior to
appl yi ng the booth coating.

(f) Storage requirenents. Each owner or operator of an
affected source shall use normally closed containers for storing
finishing, cleaning, and washoff materials.

(g) Application equipnent requirenments. Each owner or
operator of an affected source shall not use conventional air
spray guns for applying finishing materials except under any of
the follow ng circunstances:

(1) To apply finishing materials that have a VOC content no
greater than 1.0 kg VOC/' kg solids (1.0 Ib VOO I b solids), as
appl i ed;

(2) For touch-up and repair under the follow ng
ci rcunst ances:

(i) The finishing materials are applied after conpletion of
the finishing operation; or

(iit) The finishing materials are applied after the stain
and before any other type of finishing material is applied, and
the finishing nmaterials are applied froma container that has a
vol unme of no nore than 2.0 gall ons.

(3) |If spray is automated, that is, the spray gun is ained
and triggered automatically, not manually;

(4) If emssions fromthe finishing application station are
directed to a control device;

(5) The conventional air gun is used to apply finishing
materials and the cunul ative total usage of that finishing
material is no nore than 5.0 percent of the total gallons of
finishing material used during that sem annual reporting period;
or

(6) The conventional air gun is used to apply stain on a
part for which it is technically or economcally infeasible to
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use any ot her spray application technology. The affected source
shal | denonstrate technical or economc infeasibility by
submtting to the Agency a videotape, a technical report, or

ot her docunentation that supports the affected source's claim of
technical or economc infeasibility. The followng criteria
shall be used, either independently or in conbination, to support
the affected source's claimof technical or economc
infeasibility:

(1) The production speed is too high or the part shape is
too conplex for one operator to coat the part and the application
station is not |arge enough to accommodate an additi onal
operator; or

(ii) The excessively large vertical spray area of the part
makes it difficult to avoid sagging or runs in the stain.

(h) Line cleaning. Each owner or operator of an affected
source shall punp or drain all organic solvent used for |ine
cleaning into a normally cl osed contai ner.

(i) @in cleaning. Each owner or operator of an affected
source shall collect all organic solvent used to clean spray guns
into a normal ly cl osed contai ner.

(j) Washoff operations. Each owner or operator of an
affected source shall control em ssions from washoff operations

by:

(1) Using normally closed tanks for washoff; and

(2) Mnimzing dripping by tilting or rotating the part to
drain as much organi c solvent as possible.

B.6 COWPLI ANCE PROCEDURES AND MONI TORI NG REQUI REMENTS

(a) The owner or operator of an affected source subject to
the em ssion standards in 8 B.4 of this rule shall denonstrate
conpliance with those provisions by using any of the follow ng
nmet hods:

(1) To support that each sealer, topcoat, and strippable
booth coating neets the requirenments of 8 B.4(a)(1), (2), or (3)
or B.4(b) of this rule, maintain certified product data sheets
for each of these finishing materials. |If solvent or other VOC
is added to the finishing material before application, the
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affected source shall maintain docunentation show ng the VOC
content of the finishing material as applied, in kg VOO kg solids
(Ib VOC'I b solids).

(2) To comply through the use of a control system as
di scussed in B.4(a)(5):

(i) Determne the overall control efficiency needed to
denonstrate conpliance using Equation 3;

R=[(C- E/(C(100) (3)

(ii) Docunment that the value of Cin Equation 3 is obtained
fromthe VOC and solids content of the as-applied finishing
mat eri al ;

(iiti) Calculate the overall efficiency of the control
device, using the procedures in 8 B.7(d) or (e), and denonstrate
that the value of R calculated by Equation 6 is equal to or
greater than the value of R cal cul ated by Equation 3.

(b) Initial conpliance.

(1) Omers or operators of an affected source subject to
the provisions of 8 B.4(a)(1), (2), or (3) or B.4(b) that are
conpl ying through the procedures established in 8 B.6(a)(1) shal
submt an initial conpliance status report, as required by
B.9(b), stating that conpliant sealers and/or topcoats and
strippabl e booth coatings are being used by the affected source.

(2) Omers or operators of an affected source subject to
the provisions of B.4(a)(1), (2), or (3) that are conplying
t hrough the procedures established in B.6(a)(1) and are applying
seal ers and/ or topcoats using continuous coaters shal
denonstrate initial conpliance by:

(1) Submtting an initial conpliance status report stating
that conpliant seal ers and/or topcoats, as determ ned by the VOC
content of the finishing material in the reservoir and the VOC
content as calculated fromrecords, are being used; or

(i) Submtting an initial conpliance status report stating
that conpliant seal ers and/or topcoats, as determ ned by the VOC
content of the finishing material in the reservoir, are being
used and the viscosity of the finishing material in the reservoir
is being nonitored. The affected source shall also provide data
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t hat denonstrates the correlati on between the viscosity of the
finishing material and the VOC content of the finishing materi al
in the reservoir.

(3) Omers or operators of an affected source using a
control system (capture device/control device) to conply with the
requirenents of this rule, as allowed by 88 B.4(a)(5) and
B.6(a)(2) shall denobnstrate initial conpliance by:

(1) Submtting a nonitoring plan that identifies the
operating paraneter to be nonitored for the capture device and
di scusses why the paranmeter is appropriate for denonstrating
ongoi ng conpl i ance;

(i1) Conducting an initial performance test using the
procedures and test nmethods listed in 8 B.7(c) and (d) or (e);

(iii) Calculating the overall control efficiency (R) using
Equation 6; and

(iv) Determning those operating conditions critical to
determ ning conpliance and establishing operating paraneters that
wi Il ensure conpliance wth the standard.

(A) For conpliance with a thermal incinerator, m ninmm
conbustion tenperature shall be the operating paraneter.

(B) For conpliance with a catalytic incinerator equipped
with a fixed catalyst bed, the m ninum gas tenperature both
upstream and downstream of the catalyst bed shall be the
operating paraneter.

(© For conpliance with a catalytic incinerator equi pped
with a fluidized catal yst bed, the m ninmum gas tenperature
upstream of the catal yst bed and the pressure drop across the
catal yst bed shall be the operating paraneters.

(D) For conpliance with a carbon adsorber, the operating
paranmeters shall be either the total regeneration mass stream
flow for each regeneration cycle and the carbon bed tenperature
after each regeneration, or the concentration |evel of organic
conpounds exiting the adsorber, unless the owner or operator
requests and receives approval fromthe Adm nistrator to
establish other operating paraneters.
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(E) For conpliance with a control device not listed in this
section, the operating paraneter shall be established using the
procedures identified in section B.6(c)(3)(vi).

(v) Omers or operators conplying with paragraph (b)(3) of
this section shall calculate the site-specific operating
paraneter value as the arithnetic average of the maxi num or
m ni mum operating paraneter values, as appropriate, that
denonstrate conpliance with the standards, during the three test
runs required by 8 B.7(c)(1).

(4) Omers or operators of an affected source subject to
the work practice standards in section B.5 shall submt an
initial conpliance status report, as required by B.9(b), stating
that the work practice inplenentation plan has been devel oped and
procedures have been established for inplenenting the provisions
of the plan.

(c) Continuous conpliance denonstrations.

(1) Omers or operators of an affected source subject to
the provisions of 8 B.4 that are conplying through the procedures
established in 8 B.6(a)(1) shall denonstrate continuous
conpliance by using conpliant materials, maintaining records that
denonstrate the materials are conpliant, and submtting a
conpliance certification with the sem annual report required by
8§ B.9(c).

(i) The conpliance certification shall state that conpliant
seal ers and/ or topcoats and strippabl e booth coatings have been
used each day in the sem annual reporting period, or should
otherwi se identify the days of nonconpliance and the reasons for
nonconpliance. An affected source is in violation of the
st andard whenever a nonconpliant material, as determ ned by
records or by a sanple of the finishing material, is used. Use
of a nonconpliant material is a separate violation for each day
t he nonconpliant material is used.

(ii) The compliance certification shall be signed by a
responsi bl e official of the conpany that owns or operates the
af fected source.
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(2) Omers or operators of an affected source subject to
the provisions of B.4 that are conplying through the procedures
established in B.6(a)(1) and are applying seal ers and/or topcoats
usi ng conti nuous coaters shall denonstrate continuous conpliance
by follow ng the procedures in (i) or (ii) of this paragraph.

(i) Using conpliant materials, as determ ned by the VOC
content of the finishing material in the reservoir and the VOC
content as calculated fromrecords, and submtting a conpliance
certification with the sem annual report required by B.9(c).

(A) The conpliance certification shall state that conpliant
seal ers and/ or topcoats have been used each day in the sem annual
reporting period, or should otherwi se identify the days of
nonconpl i ance and the reasons for nonconpliance. An affected
source is in violation of the standard whenever a nonconpli ant
material, as determ ned by records or by a sanple of the
finishing material, is used. Use of a nonconpliant material is a
separate violation for each day the nonconpliant material is
used.

(B) The conpliance certification shall be signed by a
responsi bl e official of the conpany that owns or operates the
af fected source.

(ii) Using conpliant materials, as determ ned by the VOC
content of the finishing material in the reservoir, maintaining
a viscosity of the finishing material in the reservoir that is no
| ess than the viscosity of the initial finishing material by
nmonitoring the viscosity with a viscosity neter or by testing the
viscosity of the initial finishing miterial and retesting the
material in the reservoir each time solvent is added, nmintaining
records of solvent additions, and submtting a conpliance
certification with the sem annual report required by B.9(c).

(A) The conpliance certification shall state that conpliant
seal ers and/ or topcoats, as determ ned by the VOC content of the
finishing material in the reservoir, have been used each day in
the sem annual reporting period. Additionally, the certification
shall state that the viscosity of the finishing material in the
reservoir has not been less than the viscosity of the initial
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finishing material, that is, the material that is initially m xed
and placed in the reservoir, for any day in the sem annual
reporting period.

(B) The conpliance certification shall be signed by a
responsi bl e official of the conpany that owns or operates the
af fected source.

(C© An affected source is in violation of the standard when

a sanple of the as-applied finishing materi al exceeds the
applicable limt established in B.4(a)(1), (2), or (3), as
det erm ned usi ng EPA Method 24, or an alternative or equival ent
nmet hod, or the viscosity of the finishing material in the
reservoir is less than the viscosity of the initial finishing
mat eri al .

(3) Omers or operators of an affected source subject to
the provisions of B.4 that are conplying through the use of a
control system (capture/control device) shall denonstrate
conti nuous conpliance by installing, calibrating, maintaining,
and operating the appropriate nonitoring equipnment according to
manuf act urers specifications.

(i) Were a capture/control device is used, a device to
nmonitor the site-specific operating paraneter established in
accordance with B.6(b)(2)(i) is required.

(i) \Were an incinerator is used, a tenperature nonitoring
devi ce equi pped with a continuous recorder is required.

(A) Were a thermal incinerator is used, a tenperature
noni toring device shall be installed in the firebox or in the
ductwork i medi ately downstream of the firebox in a position
before any substantial heat exchange occurs.

(B) Were a catalytic incinerator equipped with a fixed
catal yst bed is used, tenperature nonitoring devices shall be
installed in the gas streamimedi ately before and after the
cat al yst bed.

(C \Were a catalytic incinerator equipped with a fluidized
catal yst bed is used, a tenperature nonitoring device shall be
installed in the gas streaminmediately before the bed. 1In
addition, a pressure nonitoring device shall be installed to
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determ ne the pressure drop across the catal yst bed. The
pressure drop shall be neasured nonthly at a constant flow rate.

(iii) Were a carbon adsorber is used:

(A) An integrating regeneration streamflow nonitoring
devi ce having an accuracy of + 10 percent, capable of recording
the total regeneration stream nmass flow for each regeneration
cycle; and a carbon bed tenperature nonitoring device having an
accuracy of +1 percent of the tenperature being nonitored
expressed in degrees Celsius or +0.5 C, whichever is greater,
capabl e of recording the carbon bed tenperature after each
regeneration and within 15 mnutes of conpleting any cooling
cycl e;

(B) An organic nonitoring device, equipped with a
continuous recorder, to indicate the concentration |evel of
or gani ¢ conpounds exiting the carbon adsorber; or

(C© Any other nonitoring device that has been approved by
the Admi nistrator as allowed under B.6(b)(3)(iv)(D

(tv) Owmers or operators of an affected source shall not
operate the capture or control device at a daily average val ue
greater than or less than (as appropriate) the operating
paraneter value. The daily average value shall be cal cul ated as
t he average of all values for a nonitored paraneter recorded
during the operating day.

(v) Omers or operators of an affected source that are
conplying through the use of a catalytic incinerator equipped
with a fluidized catal yst bed shall nmaintain a constant pressure
drop, neasured nonthly, across the catal yst bed.

(vi) An owner or operator using a control device not listed
in this section shall submt to the Adm nistrator a description
of the device, test data verifying the performance of the device,
and appropriate operating paraneter values that will be nonitored
to denonstrate continuous conpliance with the standard.
Conmpl i ance using this device is subject to the Adm nistrator's
approval .

(4) Omers or operators of an affected source subject to
the work practice standards in 8 B.5 shall denobnstrate continuous
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conpliance by followi ng the work practice inplenentation plan and
submtting a conpliance certification with the sem annual report
required by 8 B.9(c).

(i) The conpliance certification shall state that the work
practice inplenentation plan is being foll owed, or should
otherwise identify the periods of nonconpliance with the work
practice standards. Each failure to inplenent an obligation
under the plan during any particular day is a separate violation.

(ii) The compliance certification shall be signed by a
responsi bl e official of the conpany that owns or operates the
af fected source.

B. 7 PERFORVMANCE TEST METHODS

(a) The EPA Method 24 (40 CFR 60) shall be used to
determ ne the VOC content and the solids content by weight of the
as supplied finishing materials. The owner or operator of the
af fected source may request approval fromthe Adm nistrator to
use an alternative or equivalent method for determ ning the VOC
content of the finishing material. |[If it is denonstrated to the
satisfaction of the Adm nistrator that a finishing material does
not rel ease VOC reaction byproducts during the cure (that is, no
VOC i s produced by the reaction), for exanple, all VOCis
sol vent, then batch fornulation information shall be accept ed.

In the event of any inconsistency between an EPA Met hod 24 test
and a facility's formulation data, that is, if the EPA Method 24
val ue is higher, the EPA Method 24 test shall govern. Sanpling
procedures shall follow the guidelines presented in "Standard
Procedures for Collection of Coating and |Ink Sanples for VOC
Content Analysis by Reference Method 24 and Reference

Met hod 24A," EPA-340/1-91-010.

(b) Omners or operators denonstrating conpliance with the
provisions of this rule via a control systemshall determ ne the
overall control efficiency of the control system (R) as the
product of the capture and control device efficiencies, using the
test nmethods cited in 8 B.7(c) and the procedures in §8 B.7 (d) or

(e).
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(c) Omers or operators using a control system shal
denonstrate initial conpliance using the procedures in paragraphs
(c)(1) through (c)(6) of this section

(1) The EPA Method 18, 25, or 25A (40 CFR 60) shall be used
to determi ne the VOC concentration of gaseous air streanms. The
test shall consist of three separate runs, each lasting a m ni num
of 30 m nutes.

(2) The EPA Method 1 or 1A (40 CFR 60) shall be used for
sanpl e and vel ocity traverses.

(3) The EPA Method 2, 2A, 2C, or 2D (40 CFR 60) shall be
used to neasure velocity and volunetric flow rates.

(4) The EPA Method 3 (40 CFR 60) shall be used to anal yze
t he exhaust gases.

(5) The EPA Method 4 (40 CFR 60) shall be used to neasure
the nmoisture in the stack gas.

(6) The EPA Methods 2, 2A, 2C, 2D, 3, and 4 shall be
performed, as applicable, at |east tw ce during each test period.

(d) Omers or operators using a control systemto
denonstrate conpliance with this rule shall use the follow ng
procedur es:

(1) Construct the overall VOC control system so that
volunetric flow rates and VOC concentrations can be determ ned by
the test nmethods specified in 8 B.7(c)(1) through (6);

(2) Measure the capture efficiency fromthe affected
em ssion point(s) by capturing, venting, and neasuring all VOC
em ssions fromthe affected em ssion point(s). To nmeasure the
capture efficiency of a capture device located in an area with
nonaf fected VOC em ssion point(s), the affected em ssion point(s)
shall be isolated fromall other VOC sources by one of the
fol |l owi ng net hods:

(1) Build a tenmporary total enclosure (see § B.3) around
the affected em ssion point(s);

(i) Shut down all nonaffected VOC em ssion point(s) and
continue to exhaust fugitive em ssions fromthe affected em ssion
poi nt (s) through any building ventilation system and other room
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exhausts such as drying ovens. All exhaust air nust be vented
t hrough stacks suitable for testing; or
(ti1) Use another nethodol ogy approved by the Agency
provided it conplies with the EPA criteria for acceptance under
Part 63, Appendix A, Method 301.
(3) Operate the control systemw th all affected em ssion
poi nt (s) connected and operating at maxi mum production rate,;
(4) Determne the efficiency (F) of the control device
usi ng Equation 4;
n P
o 2 Qus Cps ~ j§1 Q.5 Cas (4)

n
T 9 G
i=1

(5) Determne the efficiency (N) of the capture system
usi ng Equation 5;

y Q€

i di di

N = (5)

P
i)=:1 Qu Cas ¥ k§1 Qg Cox

(6) Conpliance is denonstrated if the value of (R) in
Equation 6 is greater than or equal to the value of R calcul ated
by Equation 3 in accordance with 8§ B.6(a)(2)(i).

R = (F x N)(100) (6)

(e) An alternative to the conpliance nethod presented in
8§ B.7(d) is the installation of a permanent total enclosure. A
per manent total enclosure presents prinma facia evidence that al
VOC emissions fromthe affected em ssion point(s) are directed to
the control device. Each affected source that conplies using a
per manent total enclosure shall:

(1) Denonstrate that the total enclosure neets the
foll owi ng requirenents:
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(1) The total area of all natural draft openings shall not
exceed 5 percent of the total surface area of the total
enclosure's walls, floor, and ceiling;

(i) Al sources of emssions within the enclosure shall be
a mnimum of four equival ent dianeters away from each natura
draft opening;

(iii) Average inward face velocity (FV) across all natural
draft openings shall be a mninmum of 3,600 neters per hour
(200 ft/mn) as determ ned by the foll ow ng procedures:

(A Al forced nmakeup air ducts and all exhaust ducts are
constructed so that the volumetric flowrate in each can be
accurately determ ned by the test nethods and procedures
specified in 8 B.7(c)(2) and (3). Volunetric flow rates shall be
cal cul ated wi thout the adjustnent nornmally made for noisture
content; and

(B) Determne FV by the follow ng equation:

n p
jgl Qout j - igl Qin i
FV = (7)

(iv) Al access doors and w ndows whose areas are not
i ncluded as natural draft openings and are not included in the
cal culation of FV shall be closed during routine operation of the
process.

(2) Determne the control device efficiency using
Equation 4, and the test nethods and procedures specified in
8§ B.7(c)(1) through (6).

(3) If the permanent enclosure is denonstrated to be total,
the value of Nin Equation 5 is equal to 1

(4) For owners or operators using a control systemto
conply with the provisions of this rule, conpliance is
denonstrated if:

(i) The installation of a permanent total enclosure is
denonstrated (N=1); and
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(1i) The value of (R) calculated by Equation 6 in
accordance with B.7(d) is greater than or equal to the value of R
cal cul ated by Equation 3 in accordance with § B.6(a)(2).

B. 8 RECORDKEEPI NG REQUI REMENTS

(a) The owner or operator of an affected source subject to
the emission [imts in 8 B.4 of this rule shall maintain records
of the follow ng:

(1) A certified product data sheet for each finishing
mat eri al and strippable booth coating subject to the em ssion
limts in B. 4;

(2) The VOC content, kg VOO kg solids (I b VOC | b/solids),
as applied, of each finishing material and strippable booth
coating subject to the emssion limts in B.4, and copies of data
sheets docunenting how the as applied val ues were determ ned.

(b) The owner or operator of an affected source follow ng
t he conpliance procedures of B.6(c)(2) shall nmaintain the records
required by B.8(a) and records of the follow ng:

(1) Solvent and finishing material additions to the
conti nuous coater reservoir; and

(2) Viscosity nmeasurenents.

(c) The owner or operator of an affected source follow ng
the conpliance nethod of 8 B.6(a)(2) shall maintain the follow ng
records:

(1) Copies of the calculations to support the equival ency
of using a control system as well as the data that are necessary
to support the calculation of E in Equation 3 and the cal cul ation
of R in Equation 6;

(2) Records of the daily average val ue of each continuously
noni t ored paraneter for each operating day. |If all recorded
values for a nonitored paranmeter are within the range established
during the initial performance test, the owner or operator may
record that all values were within the range rather than
cal cul ating and recording an average for that day; and

(3) Records of the pressure drop across the catal yst bed
for facilities conplying with the emssion |imtations using a
catalytic incinerator with a fluidized catal yst bed.
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(d) The owner or operator of an affected source subject to
the work practice standards in 8 B.5 of this rule shall nmaintain
onsite the work practice inplenentation plan and all records
associated with fulfilling the requirenents of that plan,
including, but not Iimted to:

(1) Records denonstrating that the operator training
programis in place;

(2) Records maintained in accordance with the inspection
and mai nt enance pl an;

(3) Records associated with the cleaning solvent accounting
system

(4) Records associated with the [imtation on the use of
conventional air spray guns showing total finishing materi al
usage and the percentage of finishing materials applied with
conventional air spray guns for each sem annual reporting period;

(5) Records show ng the VOC content of conpounds used for
cl eani ng booth conponents, except for solvent used to clean
conveyors, continuous coaters and their enclosures, and/or netal
filters; and

(6) Copies of lIogs and other docunentation devel oped to
denonstrate that the other provisions of the work practice
i npl ementation plan are foll owed.

(e) In addition to the records required by paragraph (a) of
this section, the owner or operator of an affected source that
conplies via the provisions of § B.6(a)(1) or 8 B.5 shal
mai ntain a copy of the conpliance certifications submtted in
accordance with §8 B.9(c) for each sem annual period follow ng the
conpl i ance date.

(f) The owner or operator of an affected source shal
mai ntain a copy of all other information submtted with the
initial status report required by 8 B.9(b) and the sem annual
reports required by § B.9(c).

(g) The owner or operator of an affected source shal
mai ntain all records for a m ninumof 5 years.
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(h) Failure to maintain the records required by (a) through
(g) of this section shall constitute a violation of the rule for
each day records are not naintained.

B.9 REPORTI NG REQUI REMENTS

(a) The owner or operator of an affected source using a
control systemto fulfill the requirenments of this rule are
subject to the follow ng reporting requirenents:

(Note: Regulatory agencies may want to adopt the reporting
requirenents contained in 8§ 63.7 through 8 63.10 of the General
Provisions to part 63 [ MACT standards]. These requirenents
specify tinmefranes for reporting performance test results,

noni toring paraneter values, and excess em Ssions reports.)

(b) The owner or operator of an affected source subject to
this rule shall submit an initial conpliance report no later than
60 days after the conpliance date. The report shall include the
itens required by 8 B.6(b) of this rule.

(c) The owner or operator of an affected source subject to
this rule and denonstrating conpliance in accordance with
8§ B.6(a)(1) or (2) shall submt a sem annual report covering the
previ ous 6 nonths of wood furniture manufacturing operations
according to the foll ow ng schedul e:

(i) The first report shall be submtted 30 cal endar days
after the end of the first 6-nonth period follow ng the
conpl i ance date.

(1i) Subsequent reports shall be submtted within
30 cal endar days after the end of each 6-nonth period follow ng
the first report.

(iii1) Each sem annual report shall include the information
required by 8 B.6(c), a statenent of whether the affected source
was in conpliance or nonconpliance, and, if the affected source
was i n nonconpliance, the neasures taken to bring the affected
source into conpliance.

B. 10 SPECI AL PROVI SI ONS FOR SOURCES USI NG AN AVERAG NG APPROACH

The owner or operator of an affected source conmplying with
the emission [imtations established in B.4 through the
procedures established in B.4(a)(4) shall also neet the
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provi sions established in (a) through (i) of this section.
(Attachnment 3 includes an exanple of a facility that is planning
to use an averagi ng approach to neet the requirenents of the
nodel rule. The exanple addresses each of the provisions

di scussed bel ow.)

(a) Programgoals and rationale. The owner or operator of
the affected source shall provide a summary of the reasons why
the affected source would like to conply with the em ssion
[imtations through the procedures established in B.4(a)(4) and a
summary of how averagi ng can be used to neet the em ssion
[imtations. The affected source shall also docunent that the
addi tional environnental benefit requirenment is being nmet through
the use of the inequalities in B.4(a)(4). These inequalities
ensure that the affected source is achieving an additional
10 percent reduction in em ssions when conpared to affected
sources using a conpliant coatings approach to neet the
requi renents of the rule.

(b) Program scope. The owner or operator of the affected
source shall describe the types of finishing materials that w il
be included in the affected source's averagi ng program Stains,
basecoats, washcoats, sealers, and topcoats nmay all be used in
t he averagi ng program The affected source may choose ot her
finishing materials for its averagi ng program provided the
program conplies with the State's case-by-case basis for VOC
averaging in the SIP. Finishing materials that are applied using
continuous coaters may only be used in an averaging programif
the affected source can determ ne the amount of finishing
mat eri al used each day. Although the exanple facility di scussed
in Attachnent 3 is neeting a daily average, the State may
i ncorporate |onger averaging periods in their rules if the
facility that w shes to use a |onger averaging period can
denonstrate that their em ssions do not fluctuate significantly
on a day to day basis.

(c) Program baseline. The baseline for each finishing
material included in the averagi ng programshall be the | ower of
t he actual or allowable em ssion rate as of the effective date of
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the State's RACT rule. In no case shall the facility baseline
em ssion rate be higher than what was presuned in the

1990 em ssions inventory for the facility unless the State has
accounted for the increase in em ssions as grow h.

(d) Quantification procedures. The owner or operator of
the affected source shall specify nmethods and procedures for
guantifying em ssions. Quantification procedures for VOC content
are included in B.7. The owner or operator shall specify nethods
to be used for determ ning the usage of each finishing materi al .
The quantification nmethods used shall be accurate enough to
ensure that the affected source's actual em ssions are | ess than

t he all owabl e em ssions, as cal culated using Inequality 1 or 2 in
B.4(a)(4), on a daily basis to a level of certainty conparable to
that for traditional control strategies applicable to surface
coati ng sources.

(e) Mnitoring, recordkeeping, and reporting. The owner or
operator of an affected source shall provide a sunmary of the
nmoni tori ng, recordkeeping, and reporting procedures that will be
used to denonstrate daily conpliance with the inequalities
presented in B.4(a)(4). The nonitoring, recordkeeping, and
reporting procedures shall be structured in such a way that
i nspectors and facility owners can determ ne an affected source's
conpliance status for any day. Furthernore, the procedures nust
i ncl ude nethods for determ ning required data when nonitoring,
recor dkeeping, and reporting violations result in mssing,

i nadequate, or erroneous nonitoring and recordkeepi ng. These
procedures nust ensure that sources have sufficiently strong
incentive to properly performnonitoring and recordkeepi ng.

(f) SIP creditability and audit/reconciliation procedures.

[ The State nust specify values for rule conpliance and program
uncertainty factors based on program el enents such as the
guantification and enforcenent procedures and on the predictive
quality of the information used by the State to devel op the
proj ections of em ssion reductions. The State nust include a
justification for the values assigned to these factors. |If a
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direct determnation of em ssions is available, then rule
conpliance and uncertainty factors can be presuned to be 1

The State nust al so specify the auditing nethods that wll
be used to denonstrate successful operation of the averaging
program ]

(g) Inplenentation schedule. The owner or operator of an
af fected source shall submt an averagi ng proposal for State and
EPA approval any tine after [State needs to insert the date that
EPA approves this averaging framework. This nmust ensure that al
sources are in conpliance with the State's rule by the effective
date. Submttal of the averaging proposal does not provide an
exenption fromthe nodel rule. The source nust submt the
averagi ng proposal by a date that allows sufficient tinme for EPA
approval . ]

(h) Adnministrative procedures. [The State needs to provide
this information, which should include the requirenents for who
may submit an averagi ng proposal, who the proposal should be
submtted to, and when the proposal may be subm tted.

Adm ni strative procedures nust recogni ze that EPA nust approve
proposal s before an averagi ng program my be used to neet the
rule.]

(i) Enforcenent nechanisns. [The State needs to
i ncorporate provisions that provide adequate enforcenment neasures
for nonconpliance with any source requirenents, including
noni toring, recordkeeping, and reporting. Each program nust
i nclude provisions ensuring that State/local and Federal
statutory maxi mum penalties preserve the deterrent effect of
progranms that do not allow averaging. Enforcenent provisions
shoul d preserve the crimnal sanctions (for know ng viol ations)
authorized in the Clean Air Act for violations of State
| mpl enentation Plan requirenents.

Compliance with nonitoring, recordkeeping, and reporting
requirenents is critical to the integrity and success of the
averagi ng program Therefore, these penalty provisions nust
i ncl ude enforcenment provisions that establish a regulatory
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structure that clearly and effectively deters inadequate or
i mproper nonitoring, recordkeeping, and reporting.

The exanple permt |located at (insert |ocation of sanple
permt that includes averagi ng) denonstrates how these provisions
will be applied by the (insert nane of permtting authority).]
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Attachment 1

Attachment 1 to EPA's Model Rule for
Wod Furniture Manufacturing Facilities

The nodel rule reflects, to the extent possible, concepts
laid out in tentative agreenents by the regulatory negotiation
commttee and the "Harrisburg Work Group,” a small working group
of conmttee nenbers. Sone of the itens regarding small business
whi ch, by their nature, do not fit into draft nodel rule fornmat
are briefly described here:

A. Reporting and Recordkeeping Associated with Federally
Enforceable VOC Linits which are Below the RACT Applicability
Thr eshol d

Facilities emtting 75 percent or |less of the "RACT
applicability threshol d'' should nmaintain records of enissions
based on purchases?® adjusted by inventory and subnit annual
reports. Sources with annual em ssions of 75 percent to
100 percent of the RACT threshold should keep records either
based on purchases adjusted by inventory or based on usage, with
quarterly reporting. A source whose eni ssions cross from bel ow
the 75 percent |evel to above should notify the permtting agency
and submt quarterly reports for the remai nder of that year and
the next year. |If such a source emits at the 75 percent or |ess
| evel throughout that next year, it can return to annual
reporting the third year.

B. darification Regardi ng New Source Review (NSR) for Mjor
Sour ces

In response to a request to clarify issues dealing with New
Source Review that may affect small businesses:

1. If an area source® or "synthetic minor" source* nodifies
its facility but plans to remain bel ow the RACT applicability
threshold, does it, as a result of facility nodifications with a
potential increase in VOC em ssions, have to undergo NSR?

Under current regul ations, the source would not have to
undergo NSR if it requests and is given a Federally enforceable
[imt that ensures that it remains below the threshold limt for

maj or sources and the threshold does not subsequently change. It
may not be necessary to receive a newlimt if the old federally
enforceable limt (1) contains conditions that still apply and

(2) ensures that the source remains a mnor source even after the
nodi fi cation has occurred. For reference, see 40 CFR 52.21(r)(4)
and 52.21 (b)(7) which pertain to the "Prevention of Significant
Deterioration,” and 40 CFR 51.165 (a)(5)(ii) and
51.165(a) (1) (xiv) which pertain to nonattai nment NSR

2. |If an area source or synthetic mnor source increases
its actual or potential em ssions above the applicability
threshold and elimnates its Federally enforceabl e em ssion
[imt, but does not nodify its plant, does it, as a result of its
increase in VOC em ssions, have to undergo NSR?



Under current "source obligation provisions” in the NSR
rules renoving a federal limtation is considered a nodification.
Therefore, if renmoving an existing limtation causes a source to
have a potential to emt that is higher than the major source
threshold for the locality, the source is subject to NSR  For
reference, see 40 CFR 52.21(r)(4) and 52.21 (b)(7) which pertain
to the Prevention of Significant Deterioration, and 40 CFR
51.165(a)(5)(ii) and 51.165(a)(1)(xiv) which pertain to
nonatt ai nnent NSR

C. Ceneral Permts

It was recommended that the CTG explain and encourage the
use of general pernmits® In addition, the CTG should reconmend
that small businesses, where appropriate, establish a Federally
enforceable permt limtation such that their potential to emt
is below the RACT applicability threshol d.

D. | nformati on Qutreach for small busi ness

It was recommended that an Information Qutreach Program be
devel oped to serve as a resource for small wood furniture
manuf acturers and enabling or guidance docunent be prepared that
will set forth guidance on aspects of the CTG It should al so
detail the process of obtaining a Federally enforceable permt
[imtation that restricts a facility's potential em ssions to
bel ow the RACT applicability threshold. This is being worked on
by the North Carolina Small Business Onbudsman with the EPA' s
Federal Small Business Assistance Program

E. Ext ensi on of Conpliance Date for RACT

It was understood by the conmmittee that the conpliance date
for facilities to conply with RACT woul d be May of 1995. The
commttee reconmmended that a source emitting | ess than 50 tons of
VOC s annual ly be allowed an additional period of tine to either
(1) establish a federally enforceable emssion limt or, (2) if
it is above the RACT applicability threshold, to research
t echnol ogi es, train enpl oyees, and devel op recordkeeping
capabilities. This period of tinme recormmended is up until
Novenber 1996.



Attachment 2

Attachment 2 to EPA's Model Rule for
Wod Furniture Manufacturing Facilities

A.  The units of "kilograns VOC per kilogram coating solid
(pounds VOC per pound coating solid),” which are the units of the
emssion limtations in Section B.4, will be unfamliar to nost.
Two notes are provided to help relate these units to a basis
whi ch may be nore famliar. The following two notes pertain to
Sections B.4.(a)(1) and B.4.(a)(2) of the prelimnary draft nodel
rul e:

1. Section B.4(a)(1l) provides an avenue for conpliance that
requires the facility to use a topcoat wwth a VOC content of no
greater than 0.8 pounds VOC per pound of coating solids. A
20 percent nitrocellul ose |acquer (conventional) topcoat has a
VOC content of approximately 4.0 pounds VOC per pound of solids.
Therefore, a topcoat with a VOC content of 0.8 pound VOC per
pound of coating solids represents approxi mately 80 percent
reduction in VOC froma 20 wei ght percent solids nitrocellul ose
| acquer topcoat.

2. Section B.4(a)(2) provides an avenue for conpliance that
requires the facility to change both its topcoats and seal ers.
Use of sealers with a VOC content of no greater than 1.9 pounds
VOC per pound coating solids represents approxi mately a

53 percent in VOC froma 20 percent nitrocellul ose | acquer

seal er, and use of a topcoat with a VOC content of no greater
than 1.8 pounds VOC per pound solids represents approximately a
55 percent reduction in VOC em ssions froma 20 wei ght percent
solids nitrocellul ose | acquer topcoat.

B. This nodel rule also allows sone nonitoring requirenents
for control devices that may not be appropriate for other source
categories. These include nonitoring requirenments for catalytic
incinerators equipped with a fluidized catal yst bed, which are
presented in B.6(b)(3)(iv)(C, and for carbon adsorbers, which
are presented in B.6(b)(3)(iv)(D). These nonitoring requirenents
have been negotiated with the wood furniture industry, and the
EPA feels that they are appropriate for this industry. However,
these nonitoring requirenments should not be adopted by anot her
source category without a conplete evaluation as to whether they
are appropriate and reasonable for that source category.



Attachment 3

Exanpl e of Permt Conditions Related to Averagi ng
for a Wood Furniture Manufacturing Facility

| nt roducti on

On June 16, 1994, representatives of the Environnental
Protection Agency visited a wood furniture manufacturing facility
| ocated in Pennsylvania. The facility is |located in a
nonattai nnent area and is subject to a source-specific RACT
determ nation. The source-specific RACT determ nation allows the
facility to nmeet the required em ssion limtations by averaging
its em ssions across wood furniture finishing lines on a
producti on-wei ghted daily basis. The facility also intends to
use averaging to neet the emission limtations in B.4 of this
nodel rule.

The purpose of the visit was to exam ne the nonitoring and
recordkeeping practices currently being used at the facility.
Thi s exanpl e provi des gui dance for devel opi ng source-specific
noni toring and recordkeepi ng requirenents for other wood
furniture manufacturing facilities. |In nost cases the State nust
submt an actual permt that applies to a source |located within a
nonattai nnent area within its borders if the State wi shes to use
the two-step approach as described in the EIP to all ow averagi ng.
If a State's framework is extrenely specific and includes all of
the information related to inplenentati on schedul e,
adm ni strative procedures, and enforcenent/penalty provisions,
the State will not have to submit the first averaging protocol to
EPA for approval also. The follow ng discussion addresses each
of the provisions that were presented in section B.10 of the
attached nodel rule as they relate to the exanple facility,

i ncludi ng program goals and rationale, the program scope, the
program basel i ne, quantification procedures, and nonitoring,
recor dkeepi ng, and reporting procedures. Each of these
provi si ons nust be addressed by sources that wi sh to use an
averagi ng approach to neet the emssion limtations presented in
B.4. 1In addition, the exanple addresses information that needs
to be provided by the State in which the facility is |ocated.

1. Permt Conditions for Averaging
A.  Program Goal s and Rational e

Pl ant description. The facility manufactures customoffice
furniture. The furniture is typically finished and then
assenbled. Parts are finished on one of two |lines, a hanging
line, where the finishes are spray applied, and a flat |ine that
uses both curtain and roll coaters. Sonme pieces, such as
conference roomtable tops, are finished using spray application
technology in a booth. Both fully pignmented finishes and wood
tone finishes are used.

Program goals. One of the goals of the averaging programis
to allowthe facility to use finishing materials that do not neet




the emssion [imtations presented in B.4(a)(1) and (2). This
facility wishes to have this flexibility so that it can continue
to neet the demands of the marketplace. The plant will use
finishing materials with [ ower VOC contents to offset the

em ssions resulting fromthe use of nonconpliant finishing
materials on a wei ghted use basis.

The facility is currently using a nunber of different types
of | ower-VOC finishing materials, including waterborne and hi gher
solids materials. Many of these materials have a VOC cont ent
| ower than the emssion limtations presented in B.4(a)(1) and
(2). The facility al so uses sonme wat erborne basecoats. Were
feasible, the facility continues to explore and use | ower VOC
finishing materials to produce the finishes they desire.

Because of the customnature of their work, the facility
al so chooses to use finishing materials that do not neet the
emssion limtations presented in B.4. The desire to use
nonconpl i ant coatings is due partly to the need to match the
col or of previously purchased furniture.

The facility explored the use of abatenent equi pnent. They
found, however, that for their facility it is nore cost effective
to use averaging to offset the em ssions of the higher VOC
finishing materials. The facility would Iike to continue to
of fset the excess em ssions fromthese higher VOC finishing
materials by using materials that have a | ower VOC content than
the emssion limtations in the nodel rule. The facility would
also like to get credit for using waterborne basecoats. The
nodel rule does not require the use of basecoats, stains, or
washcoats with [ ower VOC contents. Averaging would allow the
facility to get credit for using these types of finishing
materials with a | ower VOC content.

Averagi ng provides the flexibility the facility needs to
meet their product demands, w thout violating the RACT em ssion
[imtations. The facility feels that this flexibility will also
be needed to neet the requirenents that will be established by
the States in response to this nodel rule. The facility does not
believe they will need to use averaging every day to neet the
emssion limtations. They would |like the option of using
conpliant coatings some days and an averagi ng program ot her days.

The facility's experience with averaging to neet the current
State and Federal requirenents has been positive. Averaging has
encouraged themto be innovative in their efforts to devel op and
use | ower-VOC finishing materials.

Addi tional environnmental benefit. By using the inequalities
presented in B.4(a)(4) of the nodel rule as the basis for the
averagi ng program the facility will neet the requirenent for
addi tional environmental benefit. This equation ensures that the
facility will reduce em ssions an additional 10 percent over
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facilities using a conpliant coatings approach to neet the
em ssion limtations.

B. Program Scope

Thi s averaging programapplies to this facility and may be
used by this facility to conply with the nodel rule on a daily
basis. The finishing materials used in the averagi ng program
will vary fromday to day for this facility.

C. Program Basel i ne

The baseline for this facility is the | ower of the actual or
al | owabl e em ssions that occurred before the application of their
sour ce-speci fic RACT requirenents.

D. Quantification Procedures

There are two conponents required to quantify the VOC
em ssions at the facility; the anount of each finishing materi al
used, including catalysts and thinners, and the VOC content of
each finishing material used.

Finishing material usage is determ ned by neasuring the
amount of finishing material that the operator begins with and
t he amount of finishing material that is left after the operation
is complete. The amount of finishing material the operator
starts wth may be neasured using manufacturer supplied units,
such as five gallon containers, volunmetric neasuring devi ces,
such as a cup, or by taking a beginning height neasurenent in a
m xing pot. After the finishing operation is conplete, the
operator measures the remaining material with a yardstick to the
nearest 0.5 inch. The height neasurenments have been cali brated
to determ ne the volune for every m xing container the conpany
uses. A copy of the calibration tables is attached.

Each enpl oyee is given training on how to obtain an accurate
measurenent. For exanple, the specifications for the use of the
yardstick include putting the yardstick on the bottom of the
contai ner, holding the yardstick against a side, and w thdraw ng
the yardstick to read the height (simlar to reading a dipstick
in a car).

The VOC content of the finishing material is calcul ated
using the as supplied VOC content and the contribution of
thinner. Finishing materials are sanpled and tested using EPA
Met hod 24 to verify the VOC content cal culated fromfornul ation
dat a.

The facility will use one of the follow ng two inequalities
to cal cul ate actual and all owabl e eni ssi ons.



(TCl + TC2 + ...)) 2(ER__) (TCl) + (ER
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TC1

09 {[1.8(TC, +TC,+..)]+[1.9(SE,+SE, +..)] +

[9.0 (WC,+WC,+..)]+[1.2(BC,+BC,+.. )]+

[0.791 (ST, + ST, +.. )]} > [ER(¢, (TC)) + ER;, (TCy)) +.. . ]+

[ERgg, (SE)) + ERgp, (SEy) +...] + [ERye; (WC)) + ERyye, (WG +.. ]+
[ERpc, (BC)) + ERpe, (BCy) + .. ]+ [ERgy, (ST)) + ERgp, (STy) + .. ]

wher e:
TC = kilograns of solids of topcoat "i" used;
SE, = kilogranms of solids of sealer "i" used;
BC = kilograns of solids of basecoat "i" used,
WC = kilogranms of solids of washcoat "i" used,;
ST, = liters of stain "i" used,;
ER,; = VOC content of topcoat "i" in kg VOC/ kg solids, as
appl i ed;
ER = VOC content of sealer "i" in kg VOO kg solids, as
appl i ed;
ER,; = VOC content of basecoat "i" in kg VOO kg solids, as
appl i ed;
ER; = VOC content of washcoat "i" in kg VOO kg solids, as
appl i ed; and
ER;; = VOC content of stain "i" in kg VOO I, as applied.

I nequality 1 would apply when the facility wished to conply
with B.4(a)(1l) by averaging topcoats with a VOC content of |ess
than 0.8 kg VOO kg solids with those that have a VOC content of
nore than 0.8 kg VOO kg solids.

Inequality 2 would apply to other averaging scenarios. The
facility could use this equation to average anong their stains,
seal ers, and topcoats or anong their sealers and topcoats only.

Because the facility's source-specific requirenents are
different than the requirenents associated with this nodel rule,
the facility was not able to provide an actual cal cul ati on using
t hese averagi ng equations. However, the facility was able to
provi de information on finishing materials they use. Follow ng
is a sunmary of the coating characteristics and the EPA' s
suggestion as to how the coatings could be used in the averagi ng
cal cul ati on.

VOC Usage Usage
Fini shing Material (kg VOO kg solids) (kg solids) (liters)
Seal er 2.0 123 380
Topcoat 1 0.9 258 380
Topcoat 2 1.9 123 380



For a facility using these finishing materials in these
amounts, the all owabl e and actual em ssions can be cal cul at ed
using Inequality 2. Using this equation the facility's allowabl e
and actual em ssions can be cal cul ated as foll ows:

0.9[1.8(381) + 1.9(123)] = 828 kg VOC = al | owabl e em ssi ons
0.9(258) + 1.9(123) + 2.0(123) = 712 kg VOC = actual em ssions

Thi s cal cul ati on shows that the facility is in conpliance;
the actual em ssions are about 15 percent |ess than the all owabl e
even though one of the finishing materials, topcoat 2, would not
conply if the facility were limted to a conpliant coatings
appr oach.

E. Monitoring, Recordkeeping, and Reporting

The State would need to incorporate nonitoring,
recordkeeping, and reporting requirenments consistent with the
criteriain B.10(e) in the permt. The exanple facility is
currently nmonitoring finishing material and sol vent usage cl osely
and keeping extensive records on their usage. Finishing material
usage is recorded by the operator on a data sheet each tine a
finishing material is used. Any solvent or catalyst that is
added to the finishing material is also recorded. The form used
to record finishing material usage is checked and approved by the
supervisor. A copy of the finishing material usage formis
attached.

Data fromthe finishing material usage formare input into a
spreadsheet to calculate the VOC content of the finishing
mat erial as applied. The VOC content of each finishing material,
as applied, and the total usage for each finishing material is
then input into another spreadsheet to calculate the total VOC
em ssions for the day. The spreadsheet also cal cul ates the
al l owabl e emi ssions for the day so the facility can determ ne
conpliance for the day. Copies of these spreadsheets are al so
attached.

The facility was asked how they woul d determ ne conpliance
in the event of |ost data. Although the facility has never
encountered this problem they said the data could be
reconstructed using production records and/or finishing materi al
i nventory, presum ng worse cast, that is, assum ng values for the
unknown vari abl es that would yield the highest weighted em ssion
rate average.

F. State Inplementation Plan Creditability and Audit/
Reconci |l i ation Procedures

This information would normally be provided by the State.

The State nust add | anguage that requires the source to submt
the data needed for the audit process. The source needs to
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specify a schedule for this data submttal that allows the State
to neet its specified audit frequency.

G Inplenmentation Schedul e

This information would normally be provided by the State.
This must ensure that all sources are in conpliance with the
State's rule by the effective date. Submttal of the averaging
proposal does not provide an exenption fromthe nodel rule. The
source nmust submt the averagi ng proposal by a date that allows
sufficient tinme for EPA approval .

H Adm nistrative Procedures

This information would normally be provided by the State.
This must specify how data is to be submtted to the State by the
source and when such data is to be submtted.

| . Enf or cenent Mechani sns

Enf or cenent nechani sns consistent wth the requirenments of
B. 10(i) would need to be provided. This information would
normal Iy be provided by the State. States need to specify any
special requirenents that apply to the permtted source for
enforcenment and conpliance purposes such as definitions of what
constitutes violations of the various conpliance provisions,
including the applicable emssion limtations, as well as the
penalty structure for addressing violations.
1. The RACT applicability threshold for this nodel rule is
10 tons for wood furniture facility located in an extrene ozone
nonattai nnent area, and 25 tons per year for a wood furniture
facility located in a marginal, noderate, serious or severe ozone
nonattai nnent area or the ozone transport region.

2. VOC data on coatings nust use EPA Method 24 as the basis.

3. An area source is one whose em ssions are not sufficient to
make the facility a major source.

4. A synthetic mnor source is a source which has obtained a
Federally enforceable permt limtation to limt its potential to
emt such it is no |longer a major source.

5. A general permt is defined under 40 CFR 70 as a permt that
nmeets the requirenents of Section 70.6(d). It is issued by the
permtting authority to cover nunerous simlar sources. The
permtting authority grants the conditions and ternms of the
general permt to sources which qualify for it.



