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1.0 INTRODUCTION

1.1 BACKGROUND

The purpose of this document is to provide information on
alternative control techniques (ACT) for volatile organic
compound (VOC) emissions from the surface coating of plastic
parts for automotive/transportation and business
machine/electronic products.

This document contains information on emissions,
controls, control options, and costs that States can use in
developing rules based on reasonably available control
technology (RACT). The document presents options only, and
does not contain a recommendation on RACT.



2.0 PROCESS DESCRIPTION

This chapter presents an overview of the plastic parts
. surface coating industry (Section 2.1) and a description of
plastic parts substrates (Section 2.2). Section 2.3 describes
the coating process. Coating selection is discussed in
Section 2.4. Section 2.5 contains a summary of current
emissions regulatioms.
2.1 INDUSTRY OVERVIEW

Plastic parts are coated to provide color, texture, and
protection; improve appearance and durability; attenuate
electromagnetic interference/radio frequency interference
(EMI/RFI signals); and conceal mold lines and flaws. The
plastic parts surface coating industry is complex, but it can
be categorized into three general sectors: (1) automotive/
transportation, (2) business machines, and (3) miscellaneous.
The automotive/transportation sector includes the interior and
exterior plastic components of automobiles, trucks, tractors,
lawnmowers, and other mobile equipment. The business machines
sector includes plastic housings for electronic office
equipment such as computers, copy machines, and typewriters,
and for medical and musical equipment. The miscellaneous
sector includes the plastic components of such items as toys,
sporting goods, outdoor signs, and architectural structures
(e.g., doors, floors, and window frames). The plastic parts
used in all these sectors have similar coating types and are
typically made of the same group of substrates.

Plastic parts surface coating facilities are typically
one of the following:



L An in-house process located at the end-product
manufacturing site (e.g., business machine
manufacturing plant, automobile plant, etc.);

. A contractor that specializes in plastic parts
molding and coating; or

. A job shop that only does coating.

Regardless of who actually performs the coating step, the
characteristics of the finish (i.e., color, gloss, adhesion,
and chemical resistance) are usually specified by the part's
end-user.

The types of coatings currently in use include
conventional solvent-based coatings, higher-solids coatings,
and waterborne coatings, all of which emit VOC's to the
atmosphere during the coating and curing processes.

2.2 CHARACTERISTICS OF PLASTIC PARTS

The properties of the different plastics determine the
types of coatings that can be used on them. Some plastics are
damaged by the organic solvents in some solvent-based or
waterborne coatings. Another important property of plastics
is their tendency to deform at the temperatures often used to
cure coatings on metal parts (see Tables 2-1 and 2-2 for
maximum temperatures for particular substrates). Plastics
have lower surface tensions than metals and, therefore, it is
more difficult to wet them and obtain adhesion. . Adhesion
characteristics of plastics can differ from plastic to plastic
and even between grades of plastic.!

Plastic parts are formed from a resin by applying
pressure or heat or both. The two main categories of resins
used to produce plastic parts are thermoplastic resins and
thermoset resins. Thermoplastic resins become soft or molten
when heated; however, they do not undergo basic structural
alterations, so they can be reground and reused. Thermoset
resins "set" or become fixed in shape when first heated and
assume irreversible properties.
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2.2.1 cCharactexrigtics of Subgtrateg

The selection of a specific plastic for a particular
application depends on the part's function or end-use. For
example, a golf ball must be impact-resistant, whereas an
adding machine housing would require a substrate that can
withstand day-to-day wear. Other substrate characteristics to
consider include durability, heat sensitivity, chemical
stability, flexibility, and hardness.

There are certain trade-offs in selecting a substrate.
For example, increased flexibility usually means a loss of
chemical resistance, weatherability, and hardness; increased
hardness almost always increases brittleness, which results in
loss of impact strength and resilience.?

Most plastic substrates will distort if heated above a
certain temperature. Therefore, the type of coatings applied
on a substrate must cure within the temperature limitations of
the substrate. Low-bake coatings are designed to cure at
lower temperatures (up to 194CF) and are used on substrates
such as acrylonitrile-butadiene-styrene (ABS), Xenoy®
(polycarbonate and polybutylene terephthalate), polycarbonate,
and acrylic.?

High-bake coatings cure at temperatures above 194CF
(normally between 250°F and 300°F) and are compatible with
such substrates as sheet-molded compound (SMC), nylon,
polyester, thermoplastic urethane (TPU), thermoplastic olefin
(TPO), and reaction injection molded (RIM) plastics (primarily
ABS) .2

The flexibility of the substrate also influences the type
of coating required. Substrates considered "nonflexible®
include nylon, Xenoy~, ABS, acrylic, and polycarbonate.???
Substrates that are considered "flexible" and require flexible
coatings are TPO, RIM, vinyl, ABS alloy, and TPU.} Flexible
coatings include higher-molecular-weight components and,

therefore, require higher VOC content than nonflexible
coatings.?



Table 2-1 and Table 2-2 show the physical characteristics
and applications of a number of thermoplastic substrates and
thermoset substrates, respectively.? Table 2-3 lists the
abbreviations used in this section for each plastic.

The type of substrate used to produce a plastic
automobile part depends on whether the part has an exterior or
interior end-use. Typical exterior coated plastic parts for
automobiles and trucks are fascias, bumpers, grilles, side
panels, mirror housings, body panels, light housings, and
lenses. Xenoy®r for example, is used extensively for car
bumpers.*$ Xenon distorts when heated over 180Q°F, so
low-cure-temperature coatings are required. Typical
automobile and truck interior coated plastic parts include
ingstrument panels, glove boxes, consoles, speaker grilles,
steering wheels and housings, and dashboard panels.

In general, parts positioned lower on a car body require
more rigidity.* Reinforced SMC is often used where rigidity is
needed, as in bumpers, which absorb much of the impact of a
collision. On the other hand, a RIM substrate is adequate for
fascias, which function more as decorative covers.

Bumper reinforcements and fuel tanks are composed of
polypropylene.*® "Polypropylene has been used in Europe for a
number of years, and it is expected to be used more in the
United States in the future.® Polypropylene is less expensive
than other substrates but, unlike Xenoy®, it requires a primer
to promote adhesion.” Other substrates, such as TPO and TPU,
are being used more frequently in cars because they allow more
flexibility, better design, and a flush fit to metal parts.’

Substrates that are commonly used to produce plastic
business machines parts include ABS, polycarbonate,
polyphenylene oxide (PPO), polystyrene, and polyurethane.®’
Other resins used in this industry include Noryl® (a phenylene
oxide-based resin), Xenoy®r and Cycloacg, all manufactured by



TABLE 2-3. PLASTICS ABBREVIATIONS

e e

ABS =  Acrylonitrile Butadiene Styrene
ASA = Acrylic Styrene Acrylonitrile
Nylon = Polycaprolactam

PBT = Polybutylene Terephthalate

PPE = Polyphenilin Ether

PPE = Polyphenylene Ether

PPO = Polyphenylene Oxite

PVC =  Polyvinyl Chloride

RIM = Reaction Injection Molded

S-Ma =  Styrene-Maleic Anhydride

SMC = Sheet Molded Compound

TPE = Thermoplastic Polyester Elastomer
TPO = Thermoplastic Olefin

TPU = Thermoplastic Urethane

Xenoy = PC/PBT blend
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General Electric, and Geon® (3 vinyl-based resin) manufactured
by B.F. Goodrich.® Other plastics, such as polypropylene and
fiberglass-reinforced SMC, are used less frequently.®

The conductive plastics used in business machines are
thermoplastic resins that contain conductive flakes or fibers
composed of materials such as aluminum, steel, metalized
glass, or carbon. Resin types with conductive fillers include
ABS, ABS and polycarbonate blends, PPO, nylon 6/6, polyvinyl
chloride (PVC), and polybutyl terephthalate (PBT).S

Substrates used for parts in the miscellaneous category
include ABS for telephones, acrylic for outdoor signs, and
polystyrene for toys and packaging.® Polyurethane is used for
exterior window parts.’

2.2.2 Plastic Fabrication and Moldinag

The molding technique used for a particular substrate can
affect the type and amount of coating used. Some molds
produce parts that require substantial surface coating to hide
flaws or defects; other types of molds produce parts that
require little or no coating.

Plastics are generally fabricated by one of two
approaches: either the product is machined from basic stock
forms (sheets, bars, rods) or the parts are formed directly
from raw materials by molding or casting.

2.2.2.1 Casting. Nylons, silicones, epoxies, acrylics,
polyesters, and styrene are commonly cast by pouring resin
into temperature-controlled molds. Casting is well suited for
short-run items such as prototypes because molds are
relatively inexpensive.? Typical products manufactured by
casting include toys and sporting goods.

2.2.2.2 Compression Molding. In compression molding, a
partially formed thermosetting resin is placed in a
temperature-controlled cavity. As heat and pressure are
applied to the mold, the plastic material softens and flows to
conform to the cavity. Compression molding is applicable to
virtually all thermosetting resins and is well suited for
large parts such as body panels for automobiles, doors, and
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furniture parts, but not for intricate parts where tolerances
of +0.0005 inches are required.* Because compression-molded
parts are composed of thermoset resins, rejected parts cannot
be reground and recycled. However, the surface of these parts
can be reworked to repair scratches, water spots, and other
superficial defects.*

2.2.2.3 Injection Molding. In injection molding, a
thermoplastic starting material (usually in granular form) is
heated until it becomes soft enough to be forced under
pressure into a hot temperature-controlled mold. Following
the injection molding process, water is introduced into a
water jacket around the mold to cool the part. Once cool, the
mold separates and the molded part can be removed.® Most
rejected parts can be reground on site and mixed with virgin
materials for reuse.? Production rates can be high, and
intricate parts may be produced with a high degree of
dimensional accuracy.

Structural foam injection molding and straight injection
molding are two techniques used to manufacture business
machines, medical equipment, and cash teller machines, among
other things.® Structural foam injection molding produces
parts with surface flaws that require a substantial amount of
surface coating to hide them, whereas straight injection
molding can produce parts with molded-in color and texture
that require little or no decorative surface coating.? It
follows that finishing costs, when considered alone, favor the
use of straight injection molding. However, tooling for
structural foam molds costs from one-third to two-thirds less
than for injection molds.! Therefore, molding costs favor the
use of structural foam injection molding, especially for
large, complex part shapes.

Conductive plastic parts are usually formed by straight
injection molding. Structural foam injection molding can
reduce the shielding effectiveness of these materials because

air pockets within the structural foam separate the conductive
particles.®



Reaction injection molding is used extensively to produce
fascias and other automotive plastic parts.?»’ The most
common RIM molding machines are vertical, i.e., the two halves
of the mold move vertically. However, horizontal RIM moclding
machines are available and are preferred for producing larger
parts such as fascias.

2.2.3 Molded-In Color

In-mold coating (applying the coating directly to the
mold) can be performed for some parts. Insert labeling with
injection molding paper is a process that was developed to
replace a method using insert molding with a plastic £ilm.®

A molded-in color process such as that used to coat
tractor cab roofs produces a harder, glbssier finish than is
possible with liquid spray application.?! The coating is roll-
coated on mylar and then transferred to a thin compression
molded plastic part that has a shape close to the final part
shape. Finally, the thin-coated plastic part is put into an
injection mold, where it is fused to injected plastic.?

Plastic parts often need to match the color and texture
of metal parts or other plastic parts. Color matching is
often difficult to achieve with molded-in color. Color
reproducibility and color stability of plastic parts are
generally more easily controlled by spray coating the parts
than by using molded-in color.® There is also a move toward
molded-in texture plastic parts. This in-mold process is less
expensive, and can reduce or eliminate the need for painting.’?
2.2.4 Parts Requiring Surface Coating

The surface characteristics of the molded part and,
therefore, the amount of surface finishing required for a part
is influenced by the design of the part, the design of the
mold, and molding parameters such as injection rate, molding
temperature, and injection pressure.® Many surface flaws that
require sanding, filling, and application of coatings that
emit VOC's can be minimized by close interaction among the
part designer, molding and coating line personnel, and the
suppliers of equipment and materials.® Reducing the number and
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severity of surface flaws can reduce the total film thickness
of coating necessary to hide them.

Other molding advances have reduced the amount of coating
required. For example, padded dashboards are produced by
placing large sheets of vinyl over foam and then heating them.?
The vinyl is precolored to match various car interiors so that
coating is not necessary.

2.3 CHARACTERISTICS OF COATINGS

Coating plastics can be more difficult than coating
metals and other substrates because chemical interactions can
occur between the coating and a plastic substrate.® In fact,
the cross-linking reaction of plastic substrate and coating
can continue for some time after the coating is applied.’ 1In
addition to the resin, plastics contain plasticizers, blowing
agents, mold releases, conductive media, flame retardants, and
fibrous reinforcement fillers that can affect the applied
paint.’

In the past, plastic parts were often coated with lacquer
coatings with very high VOC content, ranging from
85 to 95 percent VOC by volume.? These coatings were fast-
drying, durable, and relatively inexpensive. New resin
gsystems have since been developed that produce waterborne and
higher-solids coatihgs with similar characteristics.

Table 2-4 illustrates an estimate of emissions reductions
achieved from 1980 to 1988 by the automobile industry for
exterior coatings. Keeping annual coating consumption
constant, and assuming a 1980 average VOC content of 6.0 to
6.5 lbs/gal and a 1988 average VOC content of 4.85 lbs/gal,
estimated emissions reductions range from 17,000 to 39,000
tons.

Waterborne coatings contain water as the major solvent,
and contain 5 to 40 percent by weight organic co-solvents to
aid in viscosity control, wetting, and pigment dispersion.
They have a much lower VOC content than traditional coatings
with the same solids content.’ Waterborne coatings can have
lower VOC emissions and lower toxicity, yet they fulfill
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TABLE 2-4. VOC EMISSION REDUCTIONS FOR EXTERIOR
AUTOMOTIVE COATINGS FROM 1980 TO 1988

-

E e
Total VOC Solids in
Emissions VOC in coatings coatings
(tons/year) (1b/gal) (%, average)
1988" 11,470 4.85 33
1980" 28,400 6.0 17
1980° 50,750 6.5 10

ABased on Dames and Moore Report commissioned by the NPCA.

bassuming the same production level as 1988 and assuming an
average VOC content of 6.0 lbs/gal.

CAssuming the same production level as 1988 and assuming an -
average VOC content of 6.5 lbs/gal.



color, gloss, impact resistance, and other requirements for
many substrates.?

One limitation of waterborne coatings is that they are
incompatible with conventional steel delivery systems. As a
consequence, stainless steel or plastic pipe fittings are
recommended for the application equipment. Another limitation
is that increased control of booth temperature and humidity
may be required. 1In addition, longer flash-off time may be
needed.? Also, somé waterborne coatings do not adhere well to
certain plastic substrates.?

Higher-solids coatings are solvent-borne and generally
contain a higher solids content than conventional coatings, up
to 50 to 65 percent by volume. Because the solids content is
higher, less paint is needed to provide a given £ilm build.
However, excessive viscosity can be a problem, and paint may
need to be heated to around 200°F to achieve sprayability.?

One type of higher-solids paint is a two-component
polyurethane. The two components (a color component and a
catalyst or hardening component) are mixed together
immediately before use and, once mixed, the coating must be
applied within several hours.? 1Its lower VOC content and
ability to air dry (because of the catalyst) make the two-
component polyurethane coating attractive for heat-sensitive
plastic parts.%’

Both solvent-borne and waterborne coatings are used in
electromagnetic interference/radio frequency interference
(EMI/RFI) shielding. Solvent-borne conductive coatings
contain small flakes of nickel, silver, copper, or graphite,
in either an acrylic or polyurethane resin. Nickel-filled
acrylic coatings are the most frequently used because of their
shielding ability and cost.® Nickel-filled polyurethane
coatings are more expensive than nickel-filled acrylic
coatings, but are reported to give a more durable finish.®

Nickel-filled acrylics and polyurethanes that contain
from 15 to 25 percent by volume solids at the gun (i.e., at
the point of application or "as applied") are being used to

2-16



coat plastic business machine parts.” Waterborne nickel-filled
acrylics are being used less frequently than solvent-borne
conductive coatings. Some coaters believe that waterborne
conductive coatings do not adhere as well to plastic as do
organic-solvent-based conductive coatings.?
2.4 COATING PROCESS

Typical coating methods for plastic parts include spray,
dip, or flow coating, with spray coating being the most widely
used. The type of coating used, such as prime coat, color or
base coat, topcoat, EMI/RFI shielding, and texture coat will
depend on the substrate and end-product. The typical total
dry film thickness will usually range from 1 to 5 mils.?

' Because of their diverse properties, plastic parts are
coated in steps to ensure adhesion and finish quality. The
general process for coating plastic parts is shown in
Figure 2-1.° The three basic steps in the process are surface
preparation, coating, and curing. Each step may be repeated
several times for a given part. A description of these steps
follows.

2.4.1 Surface Preparation

The surface preparation step may involve merely wiping
off the dust or residue left from the molding stage. A
deionizer can be used with enclosed systems to eliminate the
need for the manual dust-removal step.? Some industries place
newly molded parts in ovens prior to painting to promote "gas
out," or the boiling off of impurities contained within the
substrate.* Sanding and puttying may be performed to smooth
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the surface on some parts. Parts may also undergo multi-stage
washing cycles using specialized soaps and rinsing with
deionized water prior to oven drying.*’

To make a part conductive for electrostatic application,
a conductive coating (often composed of alcohol, organic salt,
water, and other proprietary compounds) may be sprayed on the
part and then dried, leaving the conductive salt residue.?’
Metal plates located behind conveyorized parts can lend
conductance, eliminating the need for a conductive coating.*
2.4.2 Spray Coating

To apply the coating, parts are often moved by a conveyor
through partially or totally enclosed spray booths. Some
conveyorized parts are hung on paint hooks, whereas others are
placed on racks. Conveyorized systems are most likely to be
found in large facilities because associated capital costs are
relatively high.

Spray booths maintain air flow (usually crossdraft or
downdraft) to remove overspray in order to minimize
contamination and keep solvent concentrations at a safe level.
The spray booth exhaust, air flow, temperature, and humidity
must be monitored, as these factors can significantly
influence the finish quality. Dry filters or water curtains
are typically used to remove overspray particles from the
booth exhaust.? Incinerators or other emissions control
equipment can be installed on spray booths to control VOC
emissions.

Some coating facilities apply tape or paper to parts to
shield or mask areas where coating is not desired. Reusable
metal "masks" can also be placed over parts for selective
coating.” A waterborme acrylic resin is often used for reverse
masking.* This resin coating is used to protect an area of the
part that has previously been coated. The coated part is
sprayed with the resin, baked, and then the unmasked area of
the part is sprayed‘with a second or perhaps even a



third color. This additional color is added for style or
appearance. The masking material dries into a thin film and
when it is peeled off, the initial color is preserved.

In all spray coating operations, some coating solids
either miss or bounce off the part. Coating solids that do
not adhere to the part are called overspray. The greater the
overspray, the less efficient the application system. The
efficiency of an application system is measured as transfer
efficiency. Transfer efficiency is defined as the ratio of
the paint solids that adhere to a part divided by the solids
directed (in this case, sprayed) at the part.

Numerous factors affect how well paint is transferred to
a part, including the type of spray equipment used, the part
configuration, and the spray booth ventilation rate. The
various spray techniques used to coat plastic parts differ in
the manner in which they break up (atomize) the paint. Some
methods are associated with inherently better transfer
efficiencies than others for a specific part. The more common
spray techniques used to coat plastics are discussed below.

2.4.2.1 Conventional Air Spray. Conventional air spray
is the traditional method of applying coatings. Compressed
air is supplied through an air hose to a spray gun, which
atomizes the paint into a fine spray. The pressure supplied
to the f£luid controls the paint delivery rate, with typical
pressures ranging from 5 to 25 pounds per square inch (psi).?
The air pressure controls the degree of atomization, and is
usually 30 to 90 psi.? One of the major problems with
conventional air spray is the overspray caused by the high
volume of air required to achieve atomization. This overspray
typically results in relatively poor transfer efficiency.!

2.4.2.2 Airless Spray. With airless spray, a pump
forces the coating through an atomizing nozzle at high
pressure (1,000 to 6,000 psi). Airless gpray is ideal for
rapid coverage of large areas and when a heavy film build is
required. The size of airless spray paint droplets are
larger, the spray cloud is less turbulent, and the transfer
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efficiency is typically superior to conventional air spray.!!
However, airless spray leaves a rougher, more textured
surface; therefore, it is generally used on surfaces where
appearance is not critical.

2.4.2.3 Air-Asgigsted Airlesg Spray. An air-assisted
airless system combines the benefits of conventional air spray
and airless spray. The system consists of an airless spray
gun with a compressed air jet at the gun tip to atomize the
coating. It uses lower fluid pressures than airless spray and
lower air pressures than conventional air spray (5 to 20 psi
versus 30 to 90 psi).?? This fluid/air pressure combination
delivers a less turbulent spray than conventional air systems
and applies a more uniform finish than airless systems.
However, the amount of time needed to apply coatings is
greater because of the lower air pressure.!?

2.4.2.4 High-Volume Low-Pressure Spray. A modification
of conventional air spray is high-volume low-pressure (HVLP)
spray, which uses large volumes of air under reduced pressure
(10 or less psi) to atomize coatings. Because of the lower
air pressure, the atomized spray is released from the gun at a
lower velocity. Overspray is reportedly reduced 25 to
50 percent over conventional air spray.?™"! The air source
for the HVLP can be a turbine or a standard air supply, both
of which can handle multiple spray guns.*’® Manufacturers have
constructed the fluid passages out of stainless steel or
plastic so that these guns are compatible with a full range of
paints, solvents, and waterbased materials.'® Many HVLP spray
systems are designed to atomize high-, medium-, or low-solids
coatings. One limitation of this paint system is the learning
curve associated with the new spray technique. When switching
to a low-pressure spray, the painter must learn a new spray
technique and adjust to the different spray pattern.”

[
'
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2.4.2.5 Electrostatic Spray. In electrostatic spray
application, the coating and part are oppositely charged. The
part is grounded and attracts the negatively charged coating.
Electrostatic spray systems are reported to have the highest
transfer efficiency of any of the spray application techniques
because of minimal overspray, which also results in lower
paint loss and lower VOC emissions.!®192021,22

One limitation of the electrostatic spray technique is
that the part to be coated must be conductive. Plastic parts
not made 6f a conductive substrate are often made conductive
by applying compatible polar solutions to the surfaces and/or
placing the parts on a metal backing.>é’

2.4.2.6 zing-ggg Spray. Metallic zinc may be applied to
plastic to provide a conductive surface or shielding. This
two-step process first roughens the plastic surface (usually
the interior of a housing) by grit-blasting or sanding, and
then spray-coats with molten zinc, either manually or with
robotics. The zinc-arc spray gun operates by mechanically
feeding two zinc wires into the tip of the spray gun where
they are melted by an electric arc. A high-pressure air
nozzle blows the molten zinc particles onto the surface of the
plastic part.
2.4.3 rin

The curing process can be separated into flash-off zones,
cure zones, and cool-down zones.® After a part has been
coated, it moves through a flash-off area, where solvent
evaporates. The flash-off area may be vented by means of an
exhaust system to capture the organic vapors. If the coating
requires heat to cure, the part is moved to a curing oven
after flash-off. Some coatings that do not require heat to
cure may be heated to speed curing, thereby allowing the
production rate to increase.’” Oven temperatures will vary
according to the type of substrate and coating, but will range
from about 1509F to 300°F.? The potential for distortion of
the plastic part by curing with temperatures that are too high



is a concern for the coater. Some coatings may require as
long as 72 hours after baking to be fully cross-linked.®
2.5 COATING SELECTION

Coating selection for plastic parts depends on many
factors, such as the substrate, the technique used to mold the
part, end-use of the product, solvent selection, color-
matching, temperature, humidity, and paint adhesion.
Thermoplastics, for example, are inherently solvent-sensitive.
Often, the best reducing solvents for paints are also the most
aggressive in attacking sensitive plastics.®

The specific end-use of the part determines which of the
following physical characteristics are most critical for the
coating: color, gloss, adhesion, impact resistance, pencil
hardness, abrasion resistance, flexibility, ultraviolet (UV)
light stability, salt resistance, or solvent resistance. For
example, durability and salt resistance is critical for a car
bumper, whereas stain and cleaning solvent resistance are
critical for a desktop computer housing.

2.5.1 Factorsg Specific to the Automotive/Transgportation
Segment

Appearance and substrate protection are the major reasons
for coating plastic parts in the automotive/transportation
industry. Color-matching various plastic parts to coated
metal and other plastics in automobiles can be difficult and
requires the use of numerous coating variations. The
aesthetic quality of the automobile can also be improved by
the selective coating of parts. For example, by masking and
spraying two colors adjacent to each other, a single part can
be made to look like two different parts bonded together.’
Textured molding is also being used more, such as on interior
door panels.’



The location and wisibility of the automotive plastic
part will affect the choice of coating and even the number of
coats required.* For example, a portion of a bumper that is
partially hidden under the car needs to withstand weather
changes, impact, and other environmental stresses; however,
color-matching this part may be unimportant or even
unnecessary.

Application of a waterborne base coat followed by a
solvent-borne clearcoat is used on some coated parts located
below eye level.? Interior plastic parts such as consoles and
dashboard panels do not have to withstand the extreme
environmental stresses of exterior parts; however, durability
is important. Resistance to cleaning solvents and color
matching are critical when selecting coatings for interior
parts. ‘

Both waterbornes and higher-solids (especially two-
component polyurethane coatings) are used extensively in the
automotive industry. Although waterborne coatings (with VOC
levels of 2.8 to 3.8 pounds per gallon (lb/gal), less water]
can be found in the automotive industry, some limitations are
associated with these coatings.®** Waterborne coatings
require curing to evaporate the water and sometimes the
plastic substrate cannot withstand the high curing
temperature. In many instances, "accelerators" can be added
to the coating to speed up the curing process.® Adhesion and
finish quality are also potential concerns when using
waterbornes.

The higher-solids, two-component polyurethanes are
gaining popularity for clearcoats and base coats. Their
appearance, durability, and lower baking temperature are said
to be superior to those of waterbornes.® Using a clearcoat-
bake-clearcoat process gives the final coated product a wet
lock, which is often desired.* A high-gloss white polyurethane
coating is used on the front grilles of lawnmowers with
headlights to improve reflectivity.?



Red and black automotive coatings often have unique
solvent requirements due to the nature of the pigment and
resin systems. Red pigments are typically highly transparent
and have a tendency to flocculate (form lumpy or fluffy
masses). To control flocculation and evenly disperse the
pigment, higher volumes of solvent are required for red
coatings than for other typical colors. Black coatings
generally use carbon black pigments. The small particles
adsorb more resin than other colors. To counterbalance the
higher resin loadings and higher viscosity, more solvent is
required for black coatings.

Metallic paints for coating plastic automotive parts
present several challenges. The thickness of the applied
metallic coating is crucial and varies depending on the type
of coat (base coat, topcoat, etc.). If the coating is too
thick, the metal flakes will float, causing variations in
color.* On the other hand, constant agitation of the metallic
paints in their containers or routing them through a paint
recirculation system is necessary to keep the metal flakes
floating so they will achieve proper orientation when sprayed.*

Some coatings used in the automotive/transportation
sector have unusual job performance requirements and are
referred to as specialty coatings. These products include
gloss reducers, headlamp lens coatings, adhesion primersg,
electrostatic preparation, resist coatings, stencil coatings,
ink pad coatings, texture coatings, soft coatings, vacuum
metalizing basecoat and topcoat, black and reflective argent,
and coatings for lamp bodies. In some cases, the technology
is not available to formulate these specialty coatings with
reduced VOC content. In other cases, the coatings are used in
such small quantities (accounting for about 4 percent of all
automotive plastic parts coatings)? that reformulation would
not be cost effective.



2.5.2 Factors Specific to the Business Machine Segment

Plastic parts for business machines are coated for three
major reasons: (1) to improve their appearance; (2) to
protect the plastic part from physical and chemical stress;
and (3) to attenuate EMI/RFI signals that would otherwise pass
through the plastic housing.

Texture is often molded in to improve the appearance of
business machine parts. Color-matching the plastic to coated
metal parts is often a requirement. In selecting coatings for
business, medical, and other types of machines, resistance to
such items as correction fluid, surface cleaners, and inks
must be considered.

The final coating thickness will vary, but the industry
standard is typically 1.5 to 2 mil dry thickness.* Generally
speaking, this thickness is achieved with a three-coat system
(primer, color, clear coat) using conventional coatings, or
with one coat if a higher-solids coating is used.! Higher-
solids coatings for decorative coating may more readily cover
flaws in the substrate.!

The EMI/RFI signals emitted from enclosed electronic
components can pass through plastic housings. The EMI/RFI
signals emitted from business machines can interfere with the
performance of other electronic devices such as radios and
televisions. Conversely, EMI/RFI signals from outside sources
can interfere with performance of the electronic components in
an unshielded plastic business machine housing. The increased
use of plastics for business machine housings and the increase
in circuit density afforded by advances in circuit technology
have resulted in a corresponding increase in EMI/RFI
interruptions of the airwaves.’” To combat EMI/RFI propagation,
the Federal Communications Commission has placed restrictions
- on the maximum EMI/RFI emissions from computing devices.’
Coatings are frequently used to comply with these
restrictions.

The two major performance specifications for EMI/RFI
shielding materials are conductivity and adhesion. The
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EMI/RFI signals are best shielded with grounded, high-
conductivity coatings. These coatings usually have a surface
resistance of less than 1 ohm per square area. However,
protection is best achieved with grounded, low-conductivity
coatings with surface resistance of 2 to 20 ohms per square
area. Although a high-conductivity surface may prevent a
spark from reaching internal electronic components in one area
of a housing, the spark may arc to the internal components in
another area as it travels to the grounding connection. A
low-conductivity surface spreads the energy over a larger area
as it travels to ground, preventing a localized charge
build-up.’

In some cases, copper shielding is used instead of nickel
because it achieves better resistance (5 ochms for nickel
versus 1.5 ohms for copper).! Waterborne copper shielding is
available, and sources indicate that it mixes better, sprays
better, and lasts longer than some solvent-based shieldings.?
One disadvantage is that when transporting the waterborne
coating in cold weather it must be kept from freezing. Once
it freezes it cannot be used.” In addition, when switching a
paint line from copper shielding to another type of coating,
the entire fluid line must be changed; otherwise, copper
specks appear in the other coating.?

2.5.3 Factors Specific to the Miscellaneous Segment

The coating selections and requirements for the
miscellaneous category depend on the individual situation. As
with the other categories, appearance and protection are the
most important considerations. Plastic window frame and door
coatings must withstand the elements but must also be capable
of matching the numerous architectural and maintenance
coatings. Coatings on sports equipment must be durable and
often impact-resistant. Coatings used for toys must be
nontoxic and durable.

Some substrates require multiple layers of paint for
protection and appearance. For example, the front panels of
gas pumps that frame the digital readouts are often made of
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Lexan® gybstrate and may have the following coatings:

(1) a clear barrier coat to prevent degassing of entrapped
VOC's from the substrate (degassing could distort the color of
the final product, producing a mottled effect); (2) a black
barrier coat to seal off the paint from degradation due to
contact with gasoline in the field; (3) a spray f£ill, which is
a higher-solids paint used to remove surface imperfections;

(4) a black colorcoat; and (5) another coat of black color to
ensure a final gloss. The more paint layers applied, the
greater the gloss.®

2.6 EXISTING EMISSIONS REGULATIONS

Several States (including Texas, New York, Missouri,
Michigan, Maryland, and California) and local and regional
areas have adopted regulations to control VOC's from
facilities that surface coat plastic parts. Table 2-5
presents a summary of State and area regulations.?® All of
these States and aréas have adopted a limit on the VOC content
in coatings. These limits range from 2.3 1lb/gal for a general
one-component coating to 6.7 lb/gal for vacuum metalizing,
optical, and electric dissipating coatings.?® In addition,
Maryland and New York have adopted minimum efficiency
requirements in lieu of limits on VOC content if control
devices are used. The Bay Area Air Quality Management
District in California allows add-on control if it achieves
equivalent VOC reduction. Michigan restricts the use of
conventional air atomized spray.

In addition to State and area regulations to control VOC
emissions from surface coating of plastic parts, federal
requlations exist to control emissions from the coating of
plastic business machine parts. These New Source Performance
Standards (NSPS), found in 40 CFR 60, Subpart TTT, affect
facilities constructed after January 1986.
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2.7 MODEL PLANTS

This section describes the model plants developed to
represent the plastic parts surface coating industry for
purposes of assessing the effects of various VOC emissions
control options. Model plants were developed for two general
categories of facilities: (1) those that coat automotive/
transportation parts, and (2) those that coat business machine
parts. Because of the variation in products, substrates and
coating requirements, and the small number of facilities of
each type, only general information is provided on the
miscellaneous plastic parts segment in this document. No
specific model plants, or control alternatives are provided
for the miscellaneous segment.?

Other parameters used in defining the model plants in
addition to coating types include facility size, degree of
automation and robotics, the type of substrates being painted,
end use, and types of spray guns and spray booths used.

Both the automotive/transportation and business machine
sectors were divided into various model facility sizes. The
automotive/transportation category was divided into four model
plant sizes. Because such a variety of substrates and end
uses are found in the automotive/transportation sector, each
size model plant was evaluated for three different scenarios
of plastic part substrates and end use: interior, exterior
flexible, and exterior non-flexible.

The business machine category basically uses the same
substrate and types of coatings regardless of end use and
plant size. Therefore, the business machine sector was
divided into three sizes, each using the same types of
coatings.

This analysis includes 12 model plants representing
automotive/transportation and 3 model plants representing
business machines, as shown in Table 2-6. The production and
process characteristics that define model plants for the
automotive/transportation sector and for the business machine
sector are described in Sectioms 2.7.1 and 2.7.2, respectively.
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2.7.1 Model Plantg for the Automotive/Trangportation Sector

Model plants were developed to represent the major
equipment and techniques currently being used to surface coat
plastic parts for automobiles and other modes of
transportation, including trucks, motorcycles, tractors, and
lawn mowers. The model plants presented in Tables 2-7 through
Table 2-10 were developed from (1) information collected by
the EPA from responses to Section 114 letters, during site
. visits made to representative facilities, and through phone
calls to vendors, (2) data compiled by the Michigan Department
of Natural Resources during its rulemaking process,

(3) information obtained from the State of Ohio Environmental
Protection Agency, and (4) information submitted to the EPA in
response to its presentation at the National Air Pollution
Control Technology Advisory Committee (NAPCTAC) meeting in
November 1991.

Four sizes of model plants were selected to represent
small (Plant A), medium (Plant B), large (Plant C), and very
large (Plant D) facilities. These sizes represent the range
of facility types in this segment, from small job shops that
perform coating services exclusively up to very large plants
with fully automated facilities that perform both molding and
coating of plastic parts.

The three basic types of plastic parts coated in the
automotive industry were used in the model plant analysis:
interior, flexible exterior, and nonflexible (or rigid)
exterior. A typical interior part would be a steering wheel
assembly constructed from ABS, a typical exterior flexible
part would be a fascia or spoiler constructed from RIM, and a
typical exterior nonflexible part would be a deflector for a
truck cab constructed from SMC.

Most plastic parts coating facilities, especially small
ones, specialize in coating only one of these types of
plastic. Although some of the larger plants may have the
capability to coat two or even all three types of plastic, the
analysis would become overly complex if all of the possible

2-38



{(zX/1wb)

{ogL'z) see’ol 1k/1 ‘pedwads DOA 3O sumiop -
§°ST S st unf 3w suntoa Aq spitos § -~
Buyavoo (1eB/00A
qt) 1/o0A By ‘bBuyjwod
(0°9) Lo sujieseq JO JUSIUOD JO0A -~
(2K/1eB) 2k/71
(os8’Z) g88L’ot ‘pekvads Bujivod 3O eemioA -
aewyad xotaejul Aag IV e
s3aeg J0TIOJU]L
siejowvaIvd SEWD0Xd
0s 0s 0s avek/snoen o
S _ S S soom/ukep o m
9t 9t 9T Kep/manoy o u.
uotjweaedp Jo poyaegd
exejsuwwivg Buyjwzedp
(2K/1eb)
(toe’66) 98¥‘81S (gv8’06) LBT'EEY (628°91) soL’‘€9 2K/1 'pey1dde spytos (waog
(3K/1eb)
(e0zZ’L6E) sve’cLo’z (z6e’e9e) twL’teL’t  (LIe’L9) t1zB'¥ST ak/1 ‘peleads spyros 1w3ol
(2K/1eB) aK/1 ’Kyyowdeo
(o0o’zZ1) sZy’sy (oo00’ZT) 114 21 {ooo’zt) szvY'Se v pesn Bujjwod Jo swnioA Te3iox
uoy3onpoad
€-¥Y jueld ¢-¥Y jueld 1-¥ Jjuetd I9j39weavd

YOLOAS NOILVIMOdSNVHML/JAILOROLNVY ¥Od SYALANVEVd INVId TAAON TIVAS °L-Z TTAVL



13

(r11)
6°€T

(»-s)

(ost)

(ege)

147

444
6°€T

89S

14994

(tet’s) 900°1E

§°st

(0°9)

§°ST

TL’o0

{oss’g) §9€’Z¢E

IV0OI0]00 A0TAeUT exvd-YbTH

{2K/1eb) ak/1
‘petidde spyjioe 3o suntoA

(2K /1eb)
ak/t ‘peieads 2o0A JO swnioOA

unb 3¢ eumyoa Aq spiios® §

Buy3wos (feB/o0A
qt) 11/ooa Bx ‘Buy3yvod
sujteseq JO JUSUOD J0A

(2K/1eB) 2K/1
‘peiuads Buyjwoo JO ewnioA

Tewyag I07aejur exed-ySiH

(2X/1eB) 2K/t
‘pejtdde spyiO’® JO SWNIOA

(zK/1eb)
3K/t ‘pekwads DOA 30 SWN]OA

unb 3w sumioa Aq spytos »

Suyyvoo {(teb/ooA
qt) 11/ooa By ‘buy3zwod
eujIeseq JO JUSIUOT JOA

(2K/1wb) 2K/1
‘pekvads Bupjvoo JO eumiOA

190510100 JoTaejur Axa Iy

(2K/1eb) ak/y

18444 3¢ ‘poyidde espyiOs JO SWNIOA -~
€-VY jueld T-VY juerd 1-¥ jueld J9jeuweaed
» L L
(a3NNIINOD)

HOLOAS NOILVIYOJSNVYL/IAILOHOLNVY YOd SYALINVIVA INVId TIAOW TIVHS ~L-T ITAVL

2=40



(2R /qeb) 2A/1
(000°?) zTL'ee ‘pefwids Bujjvoo jJo sunjop -

3903310100
oTqixe(a xotie3Ixy exwd-ybiH o

(aX/1eb) ak/y

(oz1) 089 ‘peyidde spyros jo swnjopA -
(xX/1eb)

(rzs’t) Le9’e ak/t ‘pekeads D00A JO suniop -

6°€Z 6°€T unb 3¢ sauntoa Aq spyto’s § -~

Buyavoo (1wH/o0A
qt) 1/oon By ’‘Buy3zeod

(y°s) $9°0 eUITOsEQq JO JUSIUCD DOA -~
(xK/1ed) 2&/1
(000°Z) 9SE’ 1T ‘pefwads Bujawoo 3O sum{OpA -

.uu\ﬁqmvuhxa uoﬁMuh
o1qIXe1a IoTaeIXy WNPE-YDTH o

s3awg lojaelxy
(2K/1eb) 2K/

(o) ost ‘poytdde spyfos jo sumiop -~
(aK/1eb)

(zeZ) vot’t 1K/t ‘pedeads 50A jJO emniop -

z°s¢€ z°se unb 3w ewntoa Aq epiros § -

! Bujavoo (1vB/00A
qt) 1/o0A Bx ‘Buy3vod

(9°y) $5°0 eujieseq JO JUSIUOD DOA -
(xK/1eB) ak/7
(osy) €oL’Y ‘pefeads Bujawod 3o sumioA -
€~-¥ Jjueid Z-Y jueld I-¥ jueld d9jowmeaed
T o
(QINNILINOD)

HOLO3AS NOIIVIMOJSNVHEL/IAILOHOLAV ¥Od SYILINVEVA INVId TIAGOH TIVHS L-T FTLVL

2=-41



$°ST §°st unb 3w esunf{oa Aq Spy(os § -
Buyawoo (y1vB/00A
q1) 11/o0A Bx ‘Buy3zwoo
(o°9) Lo esujfeseq JO JUEUOD JOA -~
(2K/1eb) 2K/1
(000’1) €oL’E ‘pekwids Huyivoo jo swniop -
Jewypag
oIqIXe1d I0TaeIXNy NAWE-MO]
{2k /1eB) 2K[1
(ter) 9vL ‘pejrdde spyio’ 3O sWNIOA -
{aKk/1eb)
(ztz't) 985 ‘Y 2K/t ’‘pedvads DOA 3O sumloA -
-6t v 6¢€ unb 3w sunyoa Kq epyros § -
buyiwoo (1eB/00A
qt) 11/ooA Bx ‘Buyjwod
(e-v) z5°0 sujieswq JO USIUOD JOA -
(2K/1eb) 2K/
{oo00‘2) TLs’L 'pekeads Buy3vod jJo sWNTOA -
avosIveld
eTqiXeTd 107xeIxy eyvd-ybiH
{2K/1eB) 2K/ .
(zse) 666°1 ‘peyrdde spjios Jo swnioA -
(2K/1eb)
(t6s°?) SIL'YT 1K/t ‘pekeads 50A 30 eunyop -
e°s¢ C° st unb 3» eunjoAa Aq spriow § -
Bug3yvoo (yeb/50A
qt1) 11/o0a By ‘bBuypiywod
(9°%) $5°0 supiesvq JO JUSJUOD DOA -
£€-Y jueld Z-Y juelg I-¥ jueld Iajsweaed
L
(QENNIINOD)

¥O1OIS NOILVIMOdSNVHEL/IAILONOLNV ¥Od SYALAWVIVA INVId TIAOH TIVHS °L-T JTEVL

2=-42



(zA/qeb) 2k/7

(zot) 98¢t ‘pey1dde spyi{os JO wumioA -
(2K /1wb)
(zes) 6EZ°‘T 2K/t ’‘pedAeads DOA 3O eumioa -
9°0? 8°0v unb v eumjoa Xq spifos & -
i butavoo (1w6/00A
qt) 1/00A B% ‘buy3zvod
(z°y) 05°0 sujeseq JO JUSIUOD JOA -~
(2K/1eb) ak/1
(oo0’'t) sgL’e ‘peAvads Huj3Ivod JO GUMIOA -
avooavetd
OTqTXOTd I0TIOIXT ONTF-MOT
(2&/7eb) 2K/t
(e6) €LE ‘peyidde spi1O® jO eumlOA -
(2K/1eb)
(909'1) 6L0°'9 2K/t ‘pekwads DOA 3O sumioA ~
L°6T L°6T " unb e sumyoa Xq spjtos § -
) Bugivoo (1wH/00A
qt) 1/00A By ‘Buyiwos
(Ls) 89°0 sujieseq JO JUSIUOD DOA -
(2K/1eb) 2K/
(000'2) TLS‘L ‘pekvade Hujjvoo O sumioA -
3w021010D
oIqIXeTd I0TIANIXE eNRA-MOT
(2K/1eb) 2K/7%
(ec) Lyt 'petidde spiios JO eunioA -
(aKk/1eb) 2K/t ‘pekwads
(sv8) L61’¢e 8WNTOA DOA 3O SUMIOA -
£-¥Y jueld ¢~VY jueld 1-Y jueld I9)9meaed
(QINNIINOD)

H0L03S NOILVIMOdSNVYL/IAILONOINV ¥Od SUALIWVHVd INV'Id TIAON ‘TIVAS

*L-T J149VL

2-43



(000’2) 9s¢€ ‘11
(zse) 666°'T1
(t6s'2) SIL'YT
T°Sst Z°st
(9°y) $§$°0
{oo0’y) TTL'ee
(vo2) 09t’t
(eBt’t) 8tL’9
g'oy 8°0¢
(z-v) 05°0
]
(000’2) 9s€’TT
£€~-¥ juetd

z-¥ uerd

= U s

{(xA/1eb) ak/1
‘peiwads. 6uyywos 3O ewnjoA

IVOOINSTD
eIqixeTjuoN J0TIeIXY exwa-YbIH

(aK/yeb) aKk/y
‘pey1dde spiios Jo sumtoa

(ak/1eb)
2K/t ’‘pekwads J0A JO sunioa

unb 3w eunjoa Aq spyios §

Buy3voo (1eB/00A
qt) 1/o0oa Bx ‘Buj3zwod
sujieseq 3O IUGJUOD DOA

(2&/1eB) 2K/7
‘pedvades Buyjwos 3o samioa

390530100
oT1qIxeTjuoN XOoTIe3xXY exea-ybTH

(aKk/1ed) aKk/1

‘peytdde spytos 3O swnyoA

(3K/1eB)
2K/t ‘pekeads DOA JO eunioa

"unB 3w suntoa Aq spIlos &

. Buyywoo (yeb/o0oA
qt) 1/ooa By ‘DBujawod
SuUTeNvq JO JUSIUOD DOA

(2K/1eB) aK/1
‘peiwade Huijvod JO ewniop

aswiag

oIqTXeTJUON IofIe3Ixy exvd-ybiH

T-Y Jueld xojomuvaed

(GINNILNOD)
VOLOIS NOILVIMOJSNVYL/JAILONOLNV ¥YOd SHALINVUVY INVId TAGOH TIVHS

*L-T ATAVL

2=44



{L°s)

(000°2)

(et)
{svg)
§°ST
(0°9)

{ooo0’1)

(Let)

(zrz't)
]
¥°6¢€

(e°%)

89°0

TLs’L

Lt

L6t’e

$°st

Lo

£8LE

oztl’t

8L8'‘9
v 6t

TS0

€-Y jueld

¢-¥Y juelq

T-¥ juetrd

unb v sunioa Aq spyio’s & -~

Huyavos (1wH/00A
qt) 11/ooA Bx ‘Buyjzwoo
sutteswq JO JUSIUOCD DOA -

(aKk/1eb) ak/1
‘pelvads Buyivod jo swnioA -

Iv0230709
®IqTXSTJUON I0TI0IXY SNWE-MOT

{2K/1eB) ak/t
‘peyrdde spytos JOo eunioA -

(2K /1eb)
2K/t ‘pekeads OOA 3O sumioA -~

unb 3w sumyoa Xq spytos § -~
Buy3voo (1vB/00A

at) ‘1/ooa by ‘bBuyywod
sutteseq JO JUSIUOD DOA -

(aK/1eb) ak/1
‘poAvads Huj3vod JO swnioA -
Iowy1g
STQIXOTJUOR I0OTINIXY ONeg-MOT]

(aK/1wb) 2K/7
‘pot1tdde spyi{os jJOo sunioA -

{xK/1eb)
32K/t ‘pokeads DOA 3O sumioA -

unb 3w eunjyoa Aq spitos 3 -
Buyavoo (1eb/o0A
qt) 1/00A By ‘buy3wod
suyieseq 3O JUSIUCD DOA -~

J9)yomeaed

(a3aNRIINOD)

Y0L0dS NOILVIMOdSNYUL/JIAILOHOLAV ¥Od SYALAWVYVA INVId TIAOH TIVHS °L-T FATAVL

2=45



(zot) 98¢

(zes) 6€2'C

g ov g-ov

(z°'v) 05°0

(0o0’t) seL’c
]

(66) £LE

(9991) 6L0’'9
€-¥Y juetrd

¢-Y jueid

I-VY jueyd

(81 %0S)
sunb Awads o73w3soxjoetra

pezyioqox -

Tenuva -

(31 %s52)
sunb Avads pszjwolv IV

f*Y3jooq euyi-JJ0
euyt 1ed syjood

seuly pezjiokeaucd

suesndynby Buyazwod

(2K/1eb) ak/y
tgey1dde spyro® jJO sumiop -

(aKk/1eB)
2K/t ‘pekwads 20A 3O SuUNiOA -~
unb w suntoa Xq spito® § -~
Huyavos (1e6/00A

qt) 1/ooa 6% ‘buy3zwod
sujteseq jo JULJUOD DOA -

(2&8/1eb) a2Kk/1
‘pefwads Hujawod jJo SUNIOA -

avooawetd
S1qQIXOTJUON I07I83XE ONvE-MOT

(xK/1wb) ak/y
‘gejidde spyios jJo swnioA -

(xK/1eb)
ak[{1 ‘pehkvade D0OA JO sunMiOA -

Jojomeaed

(gINNILNOD)

YOLOAS NOIIVIMOJSNVYL/IAILOHOLNVY ¥OJd SYIALIWVIVA INVId TAAORH TIVRS °L~-T ATAVE

2-46



1w 2°1
11w §°1
LR L ¢

SST

o

v/N
/N

{o00’01)
Ly

Q. o ™m O

0
o

€-VY jueld

1w z°1
Tw s°1t
LR L ¢

L 314

o

/N
v/N

(oo0’01)
L

S O m O

0
o

¢-¥ juerd

Im ezt
TIw s° ¢
1w ¢

L 114

0

¥/N
¥/N

(000’01}
Ly

Q O m O

0
0

1-¥Y Jueid

W033Iwe10 -
I%0510700 -
aowjad -

sseuxo1yl wit3 Kap ebewasay o

3vo0aweTd
10 ‘3w0030109 ‘ewiad -

Aoue1oy3e ae3suvI) 0beIeAY o
uoyawoyiddy Buyvod
susao Bujano pexyz-eed o

(mjow) s/¢wm ’{pejwwo3ne)
e3ex uolIvTIUeA yYjooq LAwadg

(wzow) s/gw ?(penuwvw)
e3vx uoyjw(jIueAr yjooq Awadg o

(Kexds wnsnda 103
3Jvap-umog ’‘Awads pejwwoane

03 3jeap-epyg) syjooq
Kuades ysemiejwm Puijenoxyoey e

syjooq Awade 1e31713 Aa2q
pezijoqox -~
{enusw -

(51 %0s) (a1AH)
sanssexd mor sumjoa yBIH o

pezjjoqor -
{enuem -

J9jawmeavg

(QINNIINOD)

HOLOdS NOILVIYMOdSNVUL/JIAILOHOLNVY ¥O0d SYALIHWWVUVA INVId TIAON TIVHS ‘L-T FTAVL

2=47



{utw/33) -

/N /N /N

/N v/n /N v/m ‘peeds 10AeAu0d eBRIGAY o

0s2 0s?Z Kap ayve IVO2IWSTD -~

0s? (1134 Kap aje 3v0210709 -~

[11:14 oLt Kap ayw aeuyad -

u®A0 ewq Uy

ewty puv eanjvxedwey Hutand e

esrqeiIen . oTqVTIEA STqUTIVA jvooaweld -

stqelawp ownd«u¢> syqeiawA 3IV0210100 -

' oTqeTIwA stquiaws STqeTITA aourgad -
poyxed 3jo-yswiz ebuieay o

pejtdde
1w L€ 18 LI A 1w L € sseuNOTYly Wit} (w03 -~
€-¥Y jueld Z-Y Jjueid T-¥Y jueld J9j3ameaed
b
(a3an'10N0D)

YOLO3S NOILVILYOdSNVHL/IAILOHOLNAY ¥YOd SYALIWVIVA JINVId TIAOH TIVHS °L-Z JATLVL

2-48



0s

91

(€69°STE) SSE‘OPI‘T

{186 '106)

(osz’Lz)

S8S‘60L'Y

ZST’eoT

1 1]

9T

(tzg’ss82)

(zoz’sze)

(osz’te)

ELT LLE’Y
6LL’YE6’E

ZSt’eor

(se)

(ooz’9)

A 4

(0°9)

(zer’9)

(eos’es)
(s98’ZST)

(osz’L2)

09t

OLY '€
LA 4

L0

66Y°vZ

0s

9t

0€S‘Z0T

959‘8LS

zst’eot

(xX/7eBY ak/7
‘pey1dde spy1Oos jJo sumioA -

(2K/1eB) 2K/%
‘peivads DOA Jo sumioa -

unb 3w eumioa Aq spyjros s -~

Buyywos (y1eb/00A qr)
1/00A B ‘Buy3zwod
sujteseq JO UEIUOD J0A -~

(2A/1vB) 2K/1
‘pekeads Bujivwos 3o ewmioA -

Jewyad Jojaejuy Aap ajy e
83394 x0taejug
s3030wWeIvd ¥R0O01]

Jewk/onoen o

2-49

Noom/whwp o

Kuwp/manoy e
uotjvzedo jJo poraedq
sxojouwiwg Buyjwiedo

{2K/1eb)
ak/1 ’‘pertdde spytos tviol

(2K/1wb)
2K/1 ‘pekexds spiro’ w301

(2K/1eB) aK/7 ’Kyyowdes 3w
posn Butivod Jo swnioA (w303

uor3onpoid

€-g4 jueid

¢-9 3juelq

I-9 Jjueld

Iojouweied

YOLOAS NOIILVIYOdSNVIL/FAILOHOLNV 04 SHALINVIVA INV1d

TAGOH HNIGIR °8-T A'TAVL



Z°S¢E Z2°S¢t unb 3w eumjoa Aq spjios § -

putavoos (twvb/o0n qr)
1/00A BY ‘Buyizvwod

(9°9) §6°0 sujies¥q JO 3USIUOCD DOA -
(2K/1wB) 2K/1
(zzo‘t) 898°¢c ‘pekuads Hupjwos JO eumioA -

3909307109 IOoTIejul exwg-ybyH o
(3K/teB) 2K/

(e2) 80T ‘peytdde spitos Jo smmioA -
{ak/1ed) 2K/%

(es2) 196 ‘pekwids DOA 3O euNIOA -

6°¢€l 6°¢€T unf 3w suntoa Aq spitos & -~

But3voo (196/90A qt)
1/o0A DR ‘Buiiwod

(v°s) $9°0 SUTI®BVq JO USUOD DOA -~
(aK/1eB) 2K/1
(tve) 682°1 'pekwads Buy3vod JO eumiOA -

aeurjagd xotjaejul exeg-ybIH o
(aK/1eB) 2K/t

(sg2) 080°T ‘pejidde spyfos jo esumioA -
(2K/1eB) ak/1 .

(009’81) 60% ‘0L ‘pekuads DOA JO sumioA -

t A t A unb 3w suntoa Kq spytos & -

' Bugyvoo (1v6/00A qt)
1/50A Bx ‘Buy3wod

{0°9) L o sujtesyq JO JUSIUOCD JOA -
(aKk/1eB) 2K/1
(ot9’61) 969 ‘EL ‘pekexds Buj3avod JO sumioA -
Jv0nIWe[O I0TIeJuT KIp ITY e
t-g4 juetd ¢-89 jueld 1-9 Juetd I9)emeaed

(GINNIINOD) WOIOAS NOILVIMOASNVHL/IAILOHOINVY YOd SYALIWVUVA INVId TIAOH HWNIGIH °8-T 14Vl

2-50



{ext’t)

(ve8’Ss)

T°st

(9°9)

(zso’6)

(tee)
(ssy’c)
6°€Z
(v:g)

(evs’y)

9s€e’9

9TV '€EE

T°st

§§°0

9LS ‘TS

91T

€196

6°€EZ

$9°0

geL’se

(9z1) LLY

(z99) 90§’

(aX/1eB) 2K/
‘pej1dde #pI1O8® JO suMOA -

(xK/1eb) 2k/1
‘pekwads DOA JO sumiopa -

unb 3w euwntoa Aq spyros & -~

Buyawoo (1vB/%0A at)
1/o0a By ‘Bujzwod
suyieseq JO JUSIU0D DOA -~

(2K/1eB) 2K/1
‘pekvads BSuylivod jJo sunioA -~

390230100
elqIxXetd JojIeixy exed-ybIH

(3K/1eB) ak/x
‘peyjrdde #pTIOs JO SWNTOA -

(xX/1eB) 2K/t
‘pefkvads DOA JO suniOA -

unb 3w suntoa Aq spiros & -~

bugawoo (1wb/0o0A qT)
1/o0n By ’‘Buyjyvoco
sujiesvq JO JIUSJUOD DOA -~

(2K/1eb) ak/7
‘pekeads Buyiwod JO swNIOA -~

Jouwrfag
sTqyxeTad XoyIeaxg exeg-ybyn o
s3Ied IO0TINIXY

(aK/1eb) 2K/1
‘pey1dde SpPITOs JO sWNIOA -

(aK/1eb) ak/t
‘pekuads DOA JO sumioA -

€-4 jyueyd ¢-9 jueld

1-9 3jueld

193ysmeaeg

(QANNIINOD) HOLOTS NOILVIMOISNVIL/FAAILOWOLNY HOd SHALIWNVIVA

INVId TAQOH HNIQIH ~8-Z A'TdVYdL

2-51



Buyawoo (1¢b5/90A qt)
1/00A B *Hujawoo

(¢°s) 89°0 sujTesvq 3O JUSIUOD DOA -
(xX/1wB) 2K/1

(cys’y) ver’Ly ‘pekwads HuyIvos Jo swn{op -

3v003010D

eIqIXe1d 10TIeIXY OYWR-MOT o
(2K/1eB) ak/y

(ezt) 99¢ ‘pettdde epiios jJo ewmiopA -~
(xK/1eB) ak/y

(s16't) 19Z°L ‘peieads O0A JO ®uniopA -

S°ST S°St unf 3w eumioa Aq spiios § -

Buyaywos (1eb/o0A qat)
1/00A Bx ‘Buyjwod

(0°9) Lo . euTies®q FO JUSIVOD JOA -
(2K/1eB) 2K/1

(ocz’2) zes'’s 'pekvads Buyivos Jo swMIOA -~

. Iowyag

STqIXOTA I0FIGIXY BNPA-MOT o
(xK/veB) 3K/

(L2z9) ELE'Z ‘petrdde spytos jo sumiop -
(ak/qeB) 2K/1

(tsL’z) gIr‘ot ‘pekexdes DOA 3O euN{OA -

¥°6¢t ¥ 6t unb v sumtoa Aq spitos ¢+ -~

Bugaeoo ({eB/00A q1)
_ . 1/o0A By ‘Bujzwoo

(c-») zs°'0 euyiesvq JO JUSVOD J0A -
(2K/1wB) aKk/1
(evs‘y) P6T°LY ‘pekwads Buy3vod jJo sumiop -
avooawetd
o1qrXeT4 JoTaeaxy exwa-ybiH o
£-49 jueld ¢-4 jueiqd 1-9 jueld J9j9mexed

(QANNIINOD) HOLOAS NOILVIMOISNVYUL/IAILONOINY ¥OAd SYALIWVUVA INVId TIAQOH HNIGIN °8-C ATHVL

2-52



{6v9) (89’¢
(Le9'2) s52Z’s1
8 oy 8° 0%
{z°y) 0$°0

(evs’y) 8eL’Se

(sze)
(eve’t)
a-ov
(z°v)

(tez’'e)

(v1e)

(Ly9‘e)
L6t

62zt

¥80’S

8°ov

05°0

565’8

8t’'y

€08’€t
L°61

(aX/1eb) 3K/
‘pejidde SpPIIOs JO sumiopA -

(xK/1eb) xK/7
‘pefwide DOA jOo ewmioA -

unb 3w eumioa Aq spjios & -

fuyavoo (1v6/00A q1)
7/00A 6% ‘Bujjwod
sujteseq JO 3USIUOD DOA

(xK/veB) 2K/7
‘peievads Buyavod jo sumiopA -~

aswyag
STIqIX®TJUON JOoTaeIxy oxeg-uybIH o

(2K/1eb) ak/y
‘poy1dde spilos jOo sumiop -

{2K/1eb) 3K/
‘peiwads DOA 3O sumiop -

unb 9 sumijoa Lq spjios § -

Buyawoo (1v6/00A Q)
1/00A B ‘Bujjzvoo
sujteseq 3JO JUSJUOD DOA -~

(aKk/1eB) aK/1 .

‘pekvades Bujjawoo jo swniop -

R LEE ] T3 )
oTqIXeTd A0TANIXY ERVH-MOT o

(xK/1eB) 2K/¢
‘pejtdde spyiOo® jJO suniop -

{2K/1eb) 2K/
‘pefwxds DOA 3O suniop -

unb jw sunmioa Aq spito’ § -

t-d4 Jueld ¢-4 juetrd

1-9 jueld

Jojswmeaed

(QINNIINOD) YOLOAS NOILVIMOJSNVHL/IATILOHOLAV HOd SHILAWVIVA INVId TIAOH HNIGIH °8-T IATAVL

2-53



buyavoo {1vb/o0A qt)
1/00a Bx ‘Buyiwod

(0°9) ZL'o euj{esvq JO JUSIUOD DOA -
(2K/1eb) ak/1
(ocz’2) T65’‘8 ‘pekeads Hup3woo Jo euM{OA -
Tewyad
®TQIXSTJUON I0TISIXY OAVE-MOT]
(aK/1eb) ak/1
(Lz9) 65S°€ ‘pey1dde spyios Jo sumioA -
(2K/1eB) 2K/1
(tse’2) 8t9’st ‘pekvade OOA 3O SUMIOA -
¥°6€ »°6¢ unB 3v euntoa Kq spitos § -
Buyawos {{eB/00A qt)
7/00A By ‘Bujwod
(e°y) 25°0 suji{esYq JO JUSIUOD J0A -
(aK/1eB) aK/1
(evs’y) 88L’ST ‘pekuads BuypIvod JO SUNIOA -
Iv00I%eTD
eTqIXe{JUON IOoFIeIxy exvg-ybIH
(2K/1eb) aKk/1
(ett’v) 9S€’9 ‘pej1dde spylos JOo sumiop -
(2X/1eb) 2K/
(ve8’s) £ 14 A ‘peivads DOA JO sumioA -
T°S¢ T°S¢E unf 3v sunjoa Kq spjios & -~
Bugywos ({eB/00A qt)
' 1/00A B ‘Butawod
(9°y) 65°0 suyTes¥q JO JUSUOD JOA ~
(x£/1eb) 2Kk/1
(zs0’s) 9LS’1S ‘pekvads BuyIvwoo 3O euniopA -~
3902310109
STqIXOTJUON JoTIeIXT eNwa-ybIH
£-4 jueld Z-9 jueid T-4 Jjueid I9j39meaed

(QINNIINOD) ¥OLOAS NOILVINOdSNVHL/IAILOROLNVY YOd4 SYILIWVIVA INVId TICOH RNIAIR

*g-¢ IAT4VL

2-54



(xX/yeb) 2k/1

{sze) 6221 ‘pejrdde spijos jo smnioA -
(2K /1eb) 2k/Y

(eve’'D) 80°S ‘pedvids OOA JO ®WN{OA -

8°0v 8°0% unb 3w euntoa Aq spytos & -
Bbutawod (1eB/2o0A at)
1/00A By ‘Buj3zwod

(z°y) 05°0 sujteseq 3O JUGIUOS OOA -
(ak/1eb) aKk/q

(tez’e) 65’89 ‘pekwade Buy3Ivos Jo ewniOA -

JvooIved

SIQTXSTJUON IOTISING ONPH-MOT o

(2K/7eB) ak/y

(v1e) Let’y ‘peyrdde spyTOos JO eum{OA -~
(xK/yeb) 2K/

(Lr9’e) €08°€T ‘pediwads DOA JO eunioA -

L°61 L°61 unB 3w ewnjoa Aq spyios § -~
. buy3woo ({eb/oon at)
1/00A By ‘Buyywod

{L-s) 89°0 sujfesvq JO JuUSIUOD DOA -
(xK/1eb) 2K/7

(evs’y) v6T‘LY ‘pekvads Buy3zeod jo swniopA -

IV00IOT0D

. SIQIXOTJUON IOTISIXT ONWH-MO] o

(2K/1eB) ak/t

(ez1) 99¥ ‘pey1dde SpITO® JO swnioA -
(2K/1eB) 2K/

(s16’1) 192°L ‘pokuwads JO0A JO sumjopA -

§°St §°St unb e sunyoa Aq spytos § -

£-d jueld ¢-4 juetrd 1-4 juetd Joj3smeaed

(QINNIINOD) ¥OLOIS NOILVINOASNVYL/FAILOWOLNV YO SYIALINVEVA INVId TAAOH RAIQAR °B8-T A1V

2=-55



Xous1o1339 1ejsuwa) e8bwasay

uoyywoftddy Butawod

0 - 0 0 sueao Bujino pexyi-sed
/N ¥/N v/N (wyow) s/ w ’(pejewornw)
v/R v/N v/N o3wx :o«uqaduao> yjooq Awads

{oo0‘0T) (000’0T) (oo00’0T1) (myoe) s/w ‘((enuva)
Ly - Ly L'y e3¥x uojlviijuea yjooq Avadg

(Avads teNUE 103
aJeap-umop ‘KAexds pejwwolne
J03 33vap-epis) syjzooq

0 0 o Kvads ysemaejea Bugjwinoxyoey
€ € € syjooq Avads ae31y3 K1a
o 0 1] pezjloqox e
0 0 0 rennrm e
(31 w03/ (41AH)
sanswead-moy sumioa-ybTH
0 (1] 0 pezyjoqox e
0 0 0 . fenuew o
(21 s0S)
sunb Awads ojjzwisoazoe1d
0 o 0 pezjjoqox e
€ € € Tfenuvw o
(31 vs5c
' sunf KAwade pezjwoIy ATV
£ € € syyooq eujyi-33o
0 ] o suyt xed syjood
0o ] 0 seujl pezjrolkeaucd
uewmdynbe Buyavod
€-9 jyueyd <-4 jueild 1-4 jueld d939meaed

(GINNIINOD) YOLOIS NOILVIYOASNVYL/AAILOHOLNV ¥Od SYALIWVEVA INVId TIQOH HNIGIH °8-T ITAVL

2=56



/N /N \IL (uym/33)
/N /N v/ s/m ‘peeds x0AeAucd sbueieay
0s? 0s? Kap 21w 3JC00IWOTD o
0sZ 0se Kap ayw IVODIOTOD
0sZ oLT Kap x1e Jouwgxd e
ueAoc-sNYq UF
swiy puw sanjexedwesy Buyany
oTqeTIwA eTqeyavA erqeyaep IPODAVOYD  *
sjquiaws SIqeIIVA oI 3AV0DI0TOD »
CLAELTY olqeTavA L ICLAELTY xewtxd o
votaxsd 3j30-yseiz ebuwaeay

pet11dde
11w L°E 17w L°¢e 11w L°¢e sEaUNOTYY WITF (w303
7w T°1 Tfm 2°1 1w z°t IV0OIWSTO o
. Ttm 6°7 1w 6°¢ TII™w S°1 IVODI0TOD e
1w 1 1ot 1w 1 aowtad o
ssouxotyl wyyy KAap sbwaeay

IVODaWS D
113 \SE L 11 30 ’3w0530109 ‘aswiad e

€-4 jueld -4 jueld 1I~-4 Jueld Iajameaed

(QINNIINOD) HOLOAS

NOILVIHOdSNVIL/AATILOHOLNY ¥Od SHALIWVHVA INVId TIAOH HNIGIN

‘8-2 3'T4dVL

2~57



(ot0’9s¢’1)

(96s’gzZ’€c)

(ovs’Le)

E2.94313))

(e0v) LyS’y

‘pelvads

fes1z2) 600'v8

t A 4 A 4

spiItTo.

aK/1 ‘peyidde
JO suniopA -~

(aK/1eB) 2K/1
O0OA JO ®umiOA -~

unb

av sunfoa Aq SpPIio’ & -~

Buyjwoo (1v6/00A qt)
1/00A By ‘Butjvod

(0°9) Lo

(ELYALLY)

(991’c2) z69°L8

Jowyad

0s 0s 0s

91 91 91

Tvz'ogo’L (ess’ovZ’1) SZY’SI6’S (z19‘622) v€6°698

0zL’Ls8’9T  {(B89L‘ES6’Z) sSve‘vBO’‘YYT  (ZLT’LYS)  TLZ'TLO’T

sujiesYq JO JUSIUCD DOA -

3K/ ‘pekeads

bfugjzvos Jo sunioaA -

Joyaejuy KAap 2ty e
’3I9g JO0FIE@UT
sI9jouRIed SFOO01]

awek/anoen o

2-58

xoom/skep o
Aep/sanoy e
uoyjevxedo jo poyxed

siejeuvieg Buyjzexedo
(xK/1%b)

ak/1 ‘peyidde mpiios (wiol

(2K /1wb)

ak/1 ‘pekwades spitos Twl0l

(xK/1eB) 3K/1 ‘Katowden 3w

622°'69€ (ors’Le) 62Z°'69¢ {ors’tLs) 62ZZ°'69€

posn Buijwos 30 sunioA [viO0l

uoy§IoNpoxd

€-J0 jueld ¢-0 ueld -0 3juetrd

J9jomexed

YOLOAS NOILVIMOdSNVYL/IAILONOLAVY ¥Od SYILIWVIVA INVId TIAOH IOVV]

*6-C ATYVL



Butyvoo {1vb/o0on at)
1/00A Bx ‘HBuyjwod
sujresvq JO JUSIUOCD DOA

(2K/1eB) aK/7 ‘pelkeads
Hbuijwoo jo sumioa

W02I0T0D
x07393ul exwg-yb1H

(xK/1eb) aKk/1 ‘peyrdde
SpIIOs JO sunTOA

(2K/1eb) aKk/1
‘pekeads D0A 3O swnioOA

unb
3w sunioA Aq spitos %

Bbusjwoo (1e6/00A qt)
1/00A BY ‘Buj3vod
sujteseq 3O JUSIUOD J0A

(xK/1eb) 2K/7 ’‘pekeads
Huyavoo jJo ewnioOAp

Jswy1lg I0taejuy eywd-ybTH

{ak/teb) aK/y ‘pejidde
SpIIO® JO sumioOA

{aKk/1eb) ak/1
‘pokuxds D0OA JO SuNTOA

unb
3% eun(oA Aq spytos %

Buiawoo (1v6/00A Q1)
1/00A B ‘but3vod
sujtesvq 3O JIUSJUOD DOA

(xK/1eb) 2Kk/1 ‘pekeads
Buy3wos 3O eumioA

3900310100 x0taejuy Aap Iy

€-0 Jjueiq ¢-0 ueld

(9°9) S5°0
(8s9’¢) 99¥8°€l
{ezry) 1217
(Lze) 01S’€E
6°¢ 6°€C
(v°s) $9°0
(etz’'t) S19’'"
{ozz'1) %9’
(g8Ls’99) (R 414
A Al J
(0°9) L o
(L6 '69) 9L0°€92
1~-23 ueld

I939meaed

(GANNIINOD) ¥OILOHS NOILVIYOdSNVIL/AAILOWOILNVY YOd SUALINYYVYd INVId TAAOH TOUVT

°6~-T ITEYL

2-59



(e90°12)

T st

(9°9)

(ots’ze)

(se9’t)
(eoe’zr)

6°tT

(v°s)

(09z°91)

609°'61T

T°S¢E

§5°0

ST9°'vel

€8Z’‘6

90z°‘0L

6°¢€l

$9°0

LOE'Z6

(tys)

(oLe‘z)

z°s¢

8%0°?

1L6°'8 .

T se

(xX/1eb) 3KX/1
‘peieads DOA 3O SWNTOA -~

unb
1v eunyoa Aq spylos § -

Buyawos (1eB/00A qt)
1/o0A Bx ‘Buy3jwon
sujIesuq JO JUSIUOD DOA -

{2K/1eB) aK/1 ‘pekwads
Huyawod 3O SWNIOA -~

JIPOOI0TOD SIqIxelA
J01I03Xy eNwg-ubIH o

(2X/1eb) aK/1 ‘peyrdde
SPIIOs JO SWNIOA -

(2K/1eb) ak/q
‘pekeads DOA 3O ®UNTOA -

unb
v sunjoa Aq spyfos % -

Butawoo (1vb/20A at)
1/00A BY ‘bBuyjvod
sujieseq JO JUSIUOCD DOA -~

(2K/1e6) 3K/ ‘pekuads
_buy3won JO eUN{OA -

Jeowiad e1qIxetd
ao73e3xg exea-ybIH

#s3avd I0TI93IXA

(2K/1eB) 2K/t ‘peyrdde
SpI1O® JO SWNIOA -

(xK/veb) ak[y
‘pekeads DOA JO SUNIOA -

unb
3¢ sunjoa Aq SpJIO® & -~

€-0 juerd ¢-0 jueld

T-0 jueyd

J93oweaed

(QINNIINOD) MOLOAS NOIILVINOJSNVHL/FATILOWOINY YOd SUALIHY.

1 INYId TIAOH ANV °6-T IF'TAVL

2-60



(09z°91)

{ezs)
(998'9)

§°st

(0°9)

(szr’'s)

(e69’2)

(sve’e)

(e-y)

(09z’91)

(808'?y)

vrS‘19

100°?
686°SZ

§°St

Lo

gsL’oe

p61’01

eLz’Le
¥°6€
TS0

PIS‘T9

ToE’‘LT

(aX/1eb) ak/7 "poAwvads
futivoo jJo suwnioOA -

390210710D

oIQTXeTd IOTINIXY ONWH-MO']
(2K/1eb) 2K/t ‘peyrdde

SpTTO® JO suM{OA -
(2K/1eb) ak/1

‘peieids DOA JO SWNIOA -

unb
av sumyoa Aq spytos & -~

Buyywoo ({v6/00A qt)

1/00A B ‘Builvwod
eujIeswq JO JUSJUOD DOA -~

(2X/1eb) 3K/7 ‘pekeads
Bbuj3voo JO SUMIOA ~

aowyag

elqIXetd IotIeIxy eNed-mMOT
(xX/1eb) ak/1 ‘peyrdde

PPIIOs JO GUNIOA -

(aK/1eB) 2K/1
‘psivads DOA 3O SUNIOA -

unb
av sunyoAa Aq spytos & -

Buyavos (1vH/00A q1)
1/00A By ‘Buy3wod
sujiesvq 3JO JUSJUOD DOA -

(aKk/1eB) 2K/ ‘pekeads
BfuT3IvOD JO SUNTOA -

3vodave 1) elqIXeld
J0t1a93xy exeg-ybIH

(xK/1eb) 2K/t ‘peyrdde
Spi1o’ JO sSWNIOA -

€-0 ueld

z-0 jueld

1-0 jueld

J93omexed

(QINNILNOD) HOLOAS NOILVIYOdSNVHML/IAILONOLAY HOJ SYALINVHVA INVId TIAOH IADUVT

*6- d14VL

2-61



8°0Y 8°0%

{z°y) 05°0

(o9z’91) Lot’‘ze

(vec’1) 8Le’s
(go8’y) 66181

8° 0y 8°0F

(z°p) 0s°0

(gz1’s) S9L‘0E

(Lve't) L60°S

' (vso’cet) :[1] ALY 4

L6t L-et

(¢°s) 89°0

unb
3% suntoa Aq wpytros §

buyywoo (1wB/20A qr)
1/00A B ‘Buyavod
sujreswg JO IJUSIJUOS JOA

(xX/1eb) aK/7 ‘peleads
Hfujivod Jo sunioa

aswilgd STqIXOTJUON
I07a03xy envg-ybHIH o

(3K/1eB) 2K/t ‘peyrdde
SpIToO# JO SuMOA

(z£/1eb) ak/q
‘pekevads D0A 3O ewnyoAa

unf
Jv swnioA Aq spyios &

Buyawoo (y{eS/00A qat)
1/00A B ‘Bujawod
sujteseq JO IUSIUOD DOA

(2K/1eb) 2L/71 ‘peluads
bujavoo 3o sumiop

Jw0dI98 1D
STqIXOTd IOTISIXT 8NVG-MOT

{zKk/1eb) 2K/t ‘pertrdde
SpiIOs JO SUNTOA

(2K/1eb) xK/1
‘pekvads D0A JO SuMIOA

unb
a® sunioA Aq spyios §

6uiywoo (1vB/0o0A q1)
1/o0a bx ‘Guyjvod
sujIesvq jJO 3USUOD DOA

€-0 juerd ¢-0 jueld

1-0 jueld

Iojomeaed

(QINNIINOD) YOLOAS NOILVIMOdSNVHL/FAILOHOINV ¥Od SUALANVIVA INVId TAAOR AOUVT °6-T

319YL

2-62



(2X/1wb) aA/1 ‘peyrdde

(€69'2) 68Z°S1 SPI108 JO sunNiOA -
. (aKk/1eB) 3K/

(8y8’s) v06'SS ‘pefkwads DOA jJO smniopA -
und

¥°6¢ v 6t 3¢ esuntoa Aq spyios § -

Hupywos (1eb/20A q1)
7/00A B% ‘Buy3wod

{(e°y) z$'0 sujieseq JO JUSIUOD DOA -
(z£/1eB) aKk/1 ‘pekwads
(09Z’91) LOE'Z6 HuUT3IN0D JO SWNIOA -

VOISO SIGIXS] JUON
Jo07a03xg exwa-ybtH o

(xK/1e6) 2K/t ’‘peridde

{p08’p) "’ ZoE’Le SpPI1O8 JO sumioA -
(2K/1eB) 2K/

(e90’12) 609°611 ‘pekvads DOA Jo eunyop -
: unb

T°S¢ T°se 3v sunioa Aq spyios § -

fuyavoo (1w6/20A qT)
71/00A B% ’Bujawod

(9°9) $5°0 sujresRq JO JUSJUOD DOA -
(2K/1eB) 3K/1 ‘peiwads
(otrs‘ze) S19/v81 futIvod Jo ewnioa -

L JR05I0T0D OTQIXNSTJUON
207a93IXE aNeg-YHIH

(2K /7eb) aKk/1 ‘peyidde

(esL’2) $09°st #PITO8 JO suniop -
(2K /yeb) ak/y
(619'6) 909°’yS . ‘pediwads D0OA jO suniop -
£€-0 jueld ¢-0 3jueld T-0 jueld I9joweaed

(GANNIINOD) YOLIAS NOILVIMOJASNVUL/IAILOWOLNV Od SYILIWVHVA INVId TAAOH ADUVI °*6-2 A4Vl

2-63



’ {aA/1eb} 1K/7 ‘peleads
.ouﬁ.a. oon.on mcdu-oouooa=~o>z

JV00IVETD STqIXSTJUON
I0T7aANINY SNWH-MOT o

{aKk/1eb) 3K/1 ‘peyidde

(Lve’t) L60°S SpTIOs JO euwniop -
(zK/1eb) 2K/t

(»so0’c1) gov’ey - ‘pekeads DOA 3O eumiopn -
- unb

L°61 L6l a¢ sunjoa Kq spyio’s § -~
2 fuyavoo (geb/00A qQt)
LA 1/050A By ‘bBuyjwod

.p.m.m 89°0 suj(esYq JO JUSJUOD DOA -~
{2£/1e6) 2K/ ‘pekwads

(09z’91) "s‘ty fujIvoo JO sumiopA -

3v001010D STQTXSTJUON
201183XY eNeP-MOT e

(2K/1eb6) 21K/1 ‘pejidde

(62s) 100°2 Sp11Os JO sunioA -
(2K/1eb) ak/1

(998'9) 686’ST ‘pokeads DOA JO eunyopA -~
. unb

§°St s st 3¢ eum(oA Kq spjto® § -~

Buy3zvoo {1eH/00A q1)
1/00A b% ‘Buyjwod

(0°9) L0 euUTTeSYq JO JUSIUOD DOA -
(xK/1eb) 2K/ ‘pekeads
(szt’s) €sL‘0E fuyjwoo Jo sunioA -

oWt OTQIXNSTJUON
20T103IXT ONWF-MOT ®

€-0 jueld ¢-0 jueld 1-0 jueild d1ajamexed

(QINNILNOD) YOLOFS NOILVIMOJSNVHEL/AATILOROLNAY YOd SYALIWVIVY INVId TIAOH FDYVI °6-2 I'TQVL

2-64



- 3 £ syjooq Keade 13113 Aid
0 0 0 pezjloqox o

0 0 0 enurw o

(ax sos) (a1anH)
sanssead-mor eumioa-ybIH

0 0 0 pezjioqoz e
0 (1] ) jsnuem o
(23 sos)

sunf Aeads oy3w3soalzdela

0 0 0 pe3j3oqox e
¢ ) € € fenusm o
(z1 ss2)

sunBb Aevads pezjwoav¥ 21V

€ € € syjooq esuit-jjo
0 0 o suiy aed syjoon
0 o 0 ssuly pezixokeauod

quewdinbe Bujjwod
{(aK/1eb) aKk/y ‘pejtrdde

(vee’1) 8LZ’s BpTIO® JO sunioA -
(xK/1eb) 2K/

{(go8‘y) 661’891 ‘peivads D0A jO swniopA -
unb

8°00 8°0Y e sunioa Aq spytos § -

Suy3woo (1v6/00A qt)
: 1/00A by ‘Buyjwoo
.u.v~ om.o ocqaonnnuo»zoucouoo>l

€-0 Jueld Z-0 auetd 1-0 aueid I93aweaeq

(QAANIINOD) YOLOAS NOILVIMOdSNVYL/IAILOHOLNVY VOd SHILIAWYHVd INVId TIQON INIVI °6-2 ITGVL

2-65



052 (1174 ~Aap aye JvooaIvard e
0s?e 0S¢ Kap ayw JIVOOIOTOD o
0sZ oLt Kap atw Jowyad o
ueAc-eywq ut
swy3 puw sanjvredwsy Hujand
eTqeTawA oTqeTavA siqerawp IV0DIVSTO o
stquiawp ’ L ICLAELTY L 3CLAELTY JV0DIOTOD ¢
sTqeiaep oTqeTavA slqeIIwp Jowgad o
pojasd jjo-yswi}y ebwieay
pey1dde
Tm 0°y L L' 4 1w 0"y se8UDTY} WY (w0} o
1w §°1 1w 6°1 Tw 6 ¢ 3900aNETD  °
1w §°1 11w §°1 TTw 6° 1 V0310100 o
1w 1 Tte 1 161 I 1 sowtad o
sseunotTyy wiy3 Aap ebeieay
. 3avooIWe o

L Y44 L XA 4 L 14 4 20 ?3v0030700 ‘aewjad e
Kouetoyzje ae3suvxy sbeieay

uojawoyiddy bBuy3zwod
0 /] 0 susAo Bujano peijj-sed
(000°L) (000’c) (000’L) (ugow) s/ w ’(pejswoinv)
€°€ { 2 X €'t ejex =o«u-«umo> ylocoq Keads
(000'91) (000°91) (000°91) (wzow) s/ w ’(yenuem)
S°L St S°L ®3%1 UOTIVTTIUGA yjooq Awvads
{Awads jenusm 203
ajvap-umop ‘Avads pejwwozne
I03 3jwap-epis) syjzooq
(] 0 0 Avads ysemaejem Buyjeynoayosy

€-0 juerd Z-0 ueld T-0 jueld I9j3ameaed

(QINNILNOD) ¥OIOIS NOILVILHOdSNVYL/IAAILOHOLNY

YOd SYIALIWVIVd INVId TIAOH IADUVI

*6-2 A19VL

2-66



¥/N /N \ 4. (uyw/33)
¥/N Y/N Y/N s/w ‘peeds 10XeAuoco ebwieay
€-0 juetgd ¢-0 juelq -0 jueiq A9j39meaed

(aaan1oN00) wolO3S NOIIVIMOJSNVHL/FAILOWHOLAV HOd SHALANVUVA INVIA TAAOH AOSUVT °6-T F'1GVL

2=67



wunb 3@ BWR{OA
z'r A Kq spitos v -

»Bbuy3yvos (1eH5/00A
q1) 1/00A B%
'Butawos sufteseq

(0°9) Lo JO juejuod DOA -
(2K /1vb)
ak/1 ‘peleads
(osz’1L) TTL‘697 buyjwod Jo eunioA -
Iewyag

aojaezuy Kag ajv o
s3aeg dot3ejujl

siejsurvavg 9900014

0S 0s 0Ss avel/syeem o
S S ] -neem/skep o
£ | X4 24 Kep/manoy

uoyavxedo jo poyred
s1ejemeavwg Suijwxedo
(aKk/1eb) ak/g

(6z6°692'Y) rt6‘vez’zz  (09r‘906°’€) 620°LT9’8t (»s9’czL) LZe'eeL’t ‘peyrdde spytos 1v3ol

(aK/1eb) 2K/7

(990’0¢6’6) Le9’gre’ts  (o6L‘vB0‘6)  €£L9'BTe’‘ey  (S16°2Z89°1)  9TZS‘OLE’Y ‘pekvads spytos {v3iOL

(2K /1vb)

2K/t *Kayoudes v pasn

1000’ 00¢€) pZ9’SET’T (000’00¢) pZ9’setr’t (000’00¢) vz9’'Sset’t Huy3woo jo ewnioa (wv3Ol
uoy3jonpoxd

£-q Jjueid Z~-d jueld 1-Q jueld I9ajaueaed

2=68

YOLOAS NOILVIMOJSNVHL/FAILOHOINVY YOd SHILIWVIVA INVId TAAOH FOUVI VHIXT °01-T ATEVL



€-a jueld

ty-s)

(osc’¢e)

(098°¢)

(eLe’voz)

t A 4

(0°9)

(ostL’etz)

(tsz’t)

(esz’e9)
Z2-a jyueld

YOLOAS NOILVIMOdSNVYL/FAILOWOLAY ¥Od SHILIWVIVA INVId TAGOH IADYVI VMIXd °0T-Z FTAVL

1-d juerd

wbutawoo (1eb/00A
at) 1/ooa by
‘fut3avodo sujieseq

S9°0 JO juejuod J0A -

(2X/1%B)
ak/1 ‘pekwads
S6T’Y1 Buy3vod jo sumiopn -

Jowyag
Jo01ae3ul eyed-ybIH
(2K /1eb)
ak/t ‘peyrdde
€191 SPITOS JO suNiOA -
(3X/1eb)
ak/t ‘pekuads
evt’sLL OOA JO sumiopA -

sunb 3w sumtoa
t A / Kq spitos & -

sBuyavos (1eH6/00A
qt) 1/00A Bx
‘buyavos sujieseq

L6 JO JuUejU0d DOA -

(2K/1B)
ak/1 ‘peleads
TET'600 Buy3wod Jo ewniop -

390230100
I0tae3ur Axq atyY

(x&/1eb)
1K/t ‘peyrdde
e’y SpPIT1O® jo suniOA -
(2K/1eb)
ak/1 ‘peluads
4: 1114 OOA 3O swniop -

Jejswearvd

(gINNIINOD)

2-69



(otr0’0S) 906 ‘€9

(eoL’t)

lesz’L)

t°st

{o°y)

(osz’t1)

{98¢)

(zse’?)

6°¢tl

evr’9

16S°LZ

st

§$°0

98G'2Z"

9v'1

96L’0t

6°EC

€-Q juerq ¢-a ueld 1-d jueild

(aINNIINOD)

(2A/1eb)
ak/1 ‘pekeads
fuyjvoo jJo eumioA -

Jsmyad eTqyxeld
a07a03xg NvE-YLIH o

s3Ivd JOoyaeIXy

(2K/1eb)
ak/t ’‘petidde
SpITO® JO SUNIOA -

(2X/1ub)
3K/t ‘pekeads
OOA JO esuniopA -

sunf e sunyoa
Aq spyro’ § -~

sBuizeoo (1eB/00A

qt) ‘1/00A bx

‘fuy3vod supieseq
Jo jue3juod DOA -

(xK/1eb)
1Kk/1 ‘pekeads
Sutavod 3O BSUNIOA -~

2-70

390010700
J07193ul ONeg-YDBIH o

(xK/tub) .
2K/t ‘peyrdde
SPYIO® JO SWNIOA -

(2K/1wb)
ak/t ‘pekeads
OOA JO ®sWniopA -

sunb 3w sunyoa
Kq spytos v -

Jejsueaed

R

VOLOIS NOILVIMOJSNVHL/IAAILOHOLNY ¥Od SUYILAHVYVA INVId TIAON IADYVI VAIXA °“01-Z IATAVL



(6eT’st)

(zaL’v9)

T°Sst

(9°9)

(066°66)

(6v1’s)

(9c0’9¢)

6°¢tZ

(¥°s)

ZL6’'SH

8L8'L9E

T°SE

§6°0

zI8’L9s

0EZT’62

8z6°S1e

6°€T

$9°0

£€-d juetd z-a juetrd 1-a jueld

(3X/TeB)
ak/y ’‘peyidde
SpIIO’ jJOo sumiop -

{2h/1eb)
1K/ ‘pekwads
J0A JO suMiOA -

+unb 3¥ eumtoa
Kq spytos 3 -

sButywos (yeb/o0A

qt) 1/o0A By

‘Butavod eujteseq
JOo juejuod J0A -

(2K/1eb)
ak/1 ‘pekeade
butawod JO sUMIOA -

39003107100 OlqIXeld
01103y exwd-UYbIH o

(aK/1eb)
ak/t ‘peyidde
SPIIO® JO SUNIOA -~

(2£/1eb)
ak/t ’pekwads
OOA JO SUNIOA -~

sunb 3w sumioa
Aq spytos & -

sBuyyvos (1eb/o0A
at) 1/o0A 6%
‘Buyyvod sugjieseq

3O 3Jue3U00 JO0A ~
Jojomeaed

(Q3INNIINOD)

YOL0dS NOILVIMOdSNVHL/AAILOHOIAV ¥OJ SHIALINVHVA INV'Id TICOH IAOYVI VIIXA °0T-Z FAT4VL

2=71



(sr1’12)
§°st
(0°9)

(066'92)

(tov’s)
{gsZ’0€)
¥°6¢
{c°y)

(ot0’08)

£E6°6L

S°st

TL'o

Les’veé

660°Z¢

6€9°vIT

¥°6¢

TS°0

882’681

t-g jueid ¢-G ueid

1-0 jueild

BV VAT RELY A

‘pekvads euntoa
O0A jJO sunjopA -~

»und 1w suNioA
Kq spitos & -

wButawoo (1wb/00A

qQt) 1/o00A Bx

‘fbujlvod suyteseq
JO JUSUOd J0A -~

(aK/1eb)
ak/1 'peleads
fuylivos Jo ewWNIOA -~

Jewiad e1qyxe1d
I07ININT ONEFE-MOT o

(xK/1eB)
xK/1 ’peyidde
spI1oOs jO suntop -

(2K/1eb)
ak/1 ‘pedvade
OOA jJO eumnioaA -

sunf 3w sunioa
Kq sprtos & -

sBuyavoo (1eb/00A

q1) 1/o0a by

'Hbuyavod sujteseq
JO U83U0O DOA -~

(xK/1e6)
2k/1 ‘pedvads
Huyqwoo jo smniop -

JR00IWe D OIqIN®T
Jo1303xg eNva-ybIH o

I9jomeaed

(gINNILNOD)

¥OLOdS NOILVIMOdSNVYL/AAILOWOINY ¥Od SYALIWVYVA INVId TIQOH IDYVI WHIXdA °“0T-Z ATAVL

2=72



yunb jw swntoa
g oy 8°0Y Aq spyros v -~

wBuyzvoo (1vbH/o0A
qat) 1/00A By
‘buyyvoo sugieseq

(z°y) 0$°0 30 JuejUO0D DOA -
(aK/1eB)
. aKk/1 'pelwads
(666°2Z) 1Z9°v6 fuj3eod JOo sumiop -~

Jeodavwerd e1qIxXeld
207293NY SAWG-MOT o

(xK/xeb)
ak/t ‘peyrdde
(ovz’y) 6%0'91 spytos 3o semioA -

{2K/1eB)
2K/t ‘pelkeads
(6v1’0?) £96°1ST OOA JO sun(OopA -

+unb 3w ewntoa
L 61 L6t Aq spitom »

»Bujawoo ({vb6/00A

qt) 1/o0A 6
‘6utivos eugiesvq

(L°s) 89°0 JO JUe3UO0d DOA -

(2K/1eb)
aK/1 ‘pedeads
{oto’o0s) g8Z’681 fuyyeod jJo swnTOA

30510100 e1qIXeYd
I0Ta03IXF ONVH-MO] ®

{3K/1e5)
ak/1 *‘pejrdde
(s99'1) T10€’9 SpyT10® jO SUNiOA -
€-g jueld Z-g jueld ) T-@ juetd lojsweavd

(0aNNIINOD)
HO1OdS NOILVINOASNVML/IAILOWOLNV ¥Od SUILIWVUVA INVId TAAOH ADUVI VHIXA °01-Z 14Vl

2=73



(066'66)

(esL’s)

(ess‘s2)

8°0¥

(z*v)

(oto’0s)

z18°L9s

£99‘6¥
"We'L9t
)
0s°0

906 ‘€82

€-q jueld

{(tec’v) 619’9t

..ncn.vﬁv €L6’'SS
Z-aq jueid

1-a jueid

(aX/1eb)
ak/1 ‘pekvads
Huyywos 30 sumioaA -

190210100
OTqIXSTJUON
Jot1a03xy ofeg-ybIH o

(2K/1e6)
ak/t ‘perrdde
spy{os JO sumioA -

(2K/1eb)
akft ‘vpeleade
OOA JO sumioA -

sund 3w swnioa
KAq spitos & -~

sBuyavos (1vH/00A
qt) 11/00A B
‘buyqavod suyleseq

JO 3uU8jU0D DOA -

(aK/1eb)
ak/1 'peleads
Hfuj3vod JO sUNIOA -

IoWfag STGIXSTIUON
Jo0Tae3Iny eNeg~-ybIH o

(2K/1eb)
ak/t ‘peyrdde
SpPII{O8 JO sUMIOA -

(2K/1eB)
ak/t ‘pelwade
OOA jJO sunjopA -

J9jsmeaed

(aaNNTIINOD)

¥OLDAS NOILVIMOdSNVYL/IATILOWOLNV YO SHALIWVYV INVId TIAOH ADYVI VHIXI ~“0T1-Z FTAVL

2=74



(tev’s)

(8oz’0¢)

L 1%

(€°v)

(ot0’0S)

(6et’st)

(zac’ve)

T°SE

(9°v)

1248817

E¥6' 1LY

¥ 6¢

TS0

906 ‘€9

zL6'Se

8L8'L9E

st

$§°0

€-d uetd

¢-Q 3juetd

1-Q jueld

{xX/1eb)
ak/t ‘peyrdde
#pPITO’ JO SWNTOA -~

(aK/1eb)
ak/y ‘pekeads
OOA jO sumioa -

sunf qw suwngoa
Aq spytos &+ -~

«But3eos (1eB/00A

qt) 1/o0a 6%
‘Buy3wod suyjreseq

JO JUe3UOD DOA -

(3K/1eB)
2K/1 ‘pekwads
Hfujivod JOo euMIOA -

3v02ave 1D
9TqIXeTJUON
01393y oNvg-YbIH o

(ak/1eB)
ak/y ‘peyidde
SpITOP JO SUNIOA -

(aK/1eB)
2K/t ‘pekeads
OOA JO SWNIOA -
sunb 3w sunyoa

Aq spytos &+ -

wBuyawod (1e65/00A

qt1) 1/00A Bx

‘Suj3wod eujreswq
3O IUSIUOD DOA -

Jojoweaed

(GANNIINOD)

YOLOAS NOILVIMOdSNYHL/AAILOHOLNV ¥Od SYIALANVIVA INVId TAGOH dDYVI VIXTA °0T-Z AT4VL

2=75



(6v1’0%)

L°61

(L-s)

(o10‘0%)

(s99'1)

(grt’t2)

§°st

(0°9)
)

(066'vZ)

€96°1S1

L°61

89°0

882’681

10€‘9

€E6 6L

s st

TL'o

L8s’‘vs

£€-g jueird

¢-q jueyld

1-a jueld

(E2.9£37:1)
ak/t ‘peleads
O0A jO suniopA -

aunb 3w sumyoa
Aq spytos § -

+Butasoo (1e6/00A

at) 11/ooa 6%

‘buyiwod sujreswq
JO 3juUeljU0d JOA -

(aK/1eb)
ak/1 ‘pekeads
fuy3wod JO SWNTOA -

1900310100
o1qINeTIUON
207103IXT ONWG-MOT o

(2K/1eB)
2K/t ‘peyidde
spIio® JO ewmioA -

(xX/1eb)
ak/t1 ‘pelwads
OOA JO ewnioA -~

»unb v suMtoA
Kq spyto® % -

wBuyzwos (yeb/00A
qat) 1/ooa 6%
‘buyyvoo suyresvq .
JO 3juejU0d JOA -

(2K/1eb)
ak/1 ‘pekwads
Hbuy3zwoo jo eumioA -

Jowiad OTqIXSTJUON
JOTI0IXY ONWH-MOT o

a939muxed

(AINNIINOD)

dOLOAS NOILVIYOdSNYYL.' AILOHOLNY HO0d SYALAWVYVA INVId TIQOW IDYVI WILXd "0T-Z IATAVL

2=76



(1ec‘y)

(esL’vT)

8 ob

(z°v)

(o00‘sz)

(ovz‘y)

619’91

SL6’SS

8 0V

0s°0

5Z9‘v6

690’91

€-Q juetd

¢-a ueld

T-a ueild

pezi3oqox -
Tenusw -

(z1 ssZ) wunb
Avads peziwo3l¥ IV o

sYylooq euUi1-33O o
outt xed SYyl008 o
seutl] peztiiokeauod o
juswdinbg Butjwod

(xX/1eb)
ak/t ‘sep1dde
SpIIOs JO sumiop -

(2K /1eb)
2k/t ‘pelvads
O0A jJO swniop -

+unb w suntoa
Kq spiios & -

«Dbuyawoo (1eb/o0A

q1) 1/0%0A B

‘buyavod eujreseq
JO jue3uod® JOA -

(xK/1eb)
ak/7 ‘pekuads
Huyawoo jo ewniop - .

3IN02IWSTD
91qQTX®TJUON
J0TI0IXT ONVH-MOT o

(2K/1ub)
ak/t1 ’‘seyrdde
SPIION JO sumiop -

J939wmeaed

(QINNIINOD)

YOLOAS NOILVIMOdSNVIL/IAILOWOLNVY ¥Od SYILAWVIVA INV'Id TAQOH IADYVI VHIXEA °0T1-Z TTLVL

2=77



sueao

1] 0 ) futano pexyz-swo
(oo0’tL) {oo0°L) (oo0°L) (w3ow) s/ w
..voun&o*:c.
939X UOTIVITIUGA
€°€ €°€ £€°¢ yjooq Aeadg
(000’91) (000°91) (000’91) (wyorw) s/ w
..Acscub.
939X UOTIVITIUGA
S°L S°L St yyooq Awads
(Avads tenuem
J03 3yeIp-umoq
‘Avads pejwwoane 103
33vap-epi8) eyjooq
Kvads ysemasyem
0 0 0 Bujjernoxyosy
syjo00q
€ £ t Keads ae31713 K20
o 0 0 pezjjoqox -
0 0 4] fenuse -
(21 s0s)
(21AH) eanssead
Mo1 sunioA Y61H
0 0 0 pezyjoqoxr -
0 0 0 {vhuew -
(32 %05) sunb
Keade oy3w3soxzoeia
€-g jueld Z-d jueild 1-d jueld A9j39mueaed
(QanNN1ILNOD)
YOLOAS NOILVIMOdSNVHL/IAAILOHOLNV HOJd SUYALINVYVA INVId TTIAOH AUV VHIXdA “01-Z FA'19VL

2-78



v/n v/N v/N {(utm/33) o/uw
‘peeds
v/N v/N v/N 20KkeAu0s ebwieAy o
ost 111 4 Kip aye 49023190710 -~
0st 0s2 Kap ayvw 3902310102 -
0s? oLt Kap ayvw Jouwtad -
usA0
- e)ywq uj ewy) pue
eanyviedwey ucuuso °
o1qeyavA  SCILAELTY etqeyawp 39001WO1D -
sjquiaes o1quiavA syqetawp 3902310100 -
orquiavA etquiaws stquiaep zomiad -
poyaed
330-yse(3 eobuieAy o
. pejt1dde sseundTyy
1= 0°Y 1w 0°y 1w 0°y wi{y3 tejoy -
11w §°1 1w §° ¢t 1w S°t JvodaNSID> -~
= s°% TTw §°1 1w st Iv0230700 -~
1AL IR ¢ 1w ¢ 1w 1 rewtad -
. ssouxoTy3
w3 Aap ebwreAy o
jvoDIReD 20
L1 J 113 L1 / 1390030109 ‘euwiad -
Kouejot3 e
aegouniy) ebwieay o
uoyyeoytddy Buyavod
£€-a jyueild ¢-Q jueid I-Q Jueld Jojsmewavd
(QINNIINOD)

YOLOIS NOILVIMOdSNVIL/IAILOHOLNY YOd SHALIWVIVA INVId TICGOH IADYVT VHIXI

‘0T-C JT4VL

2=79



scenarios for each size of model plant were explored.
Therefore, the model plants for the automotive/transportation
industry were developed assuming that only one type of plastic
is coated. By differentiating the model plants by the type of
plastic coated, a facility coating two or three different
types of plastics would be able to compare processes with the
model plants of the appropriate size and processes.

The coatings used in the plastic parts industry have
different VOC and solids contents depending on their
application (i.e., primer, colorcoat, clearcoat, low-bake, and
high-bake). Therefore, each type of coating was evaluated
separately for each of the plastic types coated.

Because of the very low usage of specialty coatings,
their effect on emissions estimates is expected to be
negligible. Therefore, specialty coatings are not included in
the model plant scenarios.

The following sections describe the model plant coating
consumption, operating parameters, and baseline VOC emissions.

2.7.1.1 Coating Consumption. Annual coating consumption
data were selected as the basis for establishing the four
sizes of model plants. These data were obtained from
permitting information, which is more readily available than
data pertaining to the total surface area of parts coated per
year. The total amount of solids sprayed is a function of the
coating formulation (which varies with each coating category)
and annual coating consumption.

The annual coating consumption data used to establish the
model plants were taken from permitting data supplied by the
Ohic EPA. The data indicated that the industry could be
categorized by four size ranges. These sizes coincided with
those reported in the response to the EPA's investigation.?
The annual coating consumption of the facilities that fell
into each of the four size ranges was averaged to determine
each of the four representative model plant sizes.



Transfer efficiency plays a key role in determining the
annual coating consumption of a spray coating facility. The
lower the transfer efficiency, the more coating that is needed
to coat a given part. For the model plants, the volume of
solids deposited at baseline is based on an estimated transfer
efficiency of 25 percent if sprayed using a conventional air
atomized spray gun or 50 percent if sprayed using either an
electrostatic or an HVLP spray gun. These transfer
efficiencies are based on average values reported in the
literature and by industries using the equipment, and from
responses to inquiries by the EPA.

Because each model plant uses a combination of spray gun
types, a weighted transfer efficiency was estimated for each
model plant based on the type and number of guns assumed, the
expected transfer efficiency of the gun, and the assumption
that an equal volume of coating passes through each gun.

2.7.1.2 Process Parametersg. Interior plastic parts are
usually coated with a primer and a nonflexible colorcoat.
Exterior parts require three different types of coating. A
primer coat is needed to ensure that the additional coating
layers will adhere to the part. If the exterior part is
flexible (such as a RIM fascia), the coating of choice would
be a flexible coating. Flexible coatings can better survive
impact and are less prone to cracking. A flexible colorcoat
would be applied to the exterior part following application of
the primer. Finally, an exterior flexible clearcoat would be
applied. If the exterior part is not flexible, such as an SMC
body panel, then a flexible coating is not necessary; however,
three coating layers would still be needed: primer,
colorcoat, clearcoat.

The type of primer, colorcoat, and clearcoat selected
also varies depending upon the substrate being painted. Both
high-bake and low-bake coatings are used to some extent in all
applications described above. The proportion of high-bake and
low-bake coatings used in the model plants was determined
based on national usage data for high-bake versus low-bake
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coatings. Interior parts coatings are primarily low-bake,
while exterior coatings are primarily high-bake. Table 2-11
shows the amount of high- and low-bake coating used at the
three small model plants. The ratios of high-bake to low-bake
coating usage for the medium, large, and extra large model
plants are the same as those for the small model plants. The
baseline coatings used in the model facilities were selected
based on information obtained from coating facilities, coating
manufacturers, the National Paint and Coatings Assocation
(NPCA), and previous regulatory investigations.>®* The
corresponding amount of solids sprayed for each coating type
was calculated from this information, assuming an average
density of 7.1 pounds VOC per gallon (lb VOC/gal) coating for
the coating thinner added by the coater before spraying.®

Conveyorized lines require a large capital investment
that can only be recovered by facilities with high production
rates. For this reason, only the three largest model plants
have conveyors included in their coating operations.
Likewise, robotized and electrostatic spray systems require
extensive capital investment. For this reason, only the two
largest model plants have robotized, electrostatic spray
equipment. In addition, waterwash spray booths are.found in
use only at the larger, higher-production facilities because
this type of spray booth also requires extensive capital
investment.

2.7.1.3 Baseline Volatile Organic Compound Emissions.
Baseline VOC emissions were determined based on the assumption
that all VOC's in coatings are emitted and that baseline
should reflect coating technologies currently in use. The
baseline VOC content levels were determined for each type of
coating by considering available coating consumption and VOC
content data along with existing State regulations--in
particular, Michigan's Rule 632 and the South Coast Air
Quality Management District's 1987 limits. A database was
developed with information on the VOC content of each coating
identified in this study.



TABLE 2-11. AUTOMOTIVE/TRANSPORTATION MODEL PLANT COATINGS

b

Model Usage
Plant Coating Type (gal/yr)

1 Interior
Low-bake primer 2,850
High-bake primer 150
Low-bake colorcoat 8,550
High-bake colorcoat 450

2 Exterior Flexible
High-bake primer 2,880
Low-bake primer 120
High-bake clearcoat ‘ 2,330
Low-bake clearcoat 670
High~-bake colorcoat 3,400
Low-bake colorcoat 2,600

3 Exterior Nonflexible
High-bake primer 2,750
Low=bake primer 250
High-bake clearcocat 2,330
Low-bake claarcoat . 670
High-bake colorcoat 3,400
Low-bake colorcoat 2,600
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Information on VOC content was gathered from responses to
questionnaires sent to coating users, from material safety
data sheets (MSDS's) obtained during site visits and from one
coating formulator, and from background information obtained
from Michigan's regulatory development processes. In
addition, significant data on coating usage and VOC content
were supplied by the NPCA.*® These data reflect a nationwide
survey of plastic parts coatings used for automotive and
transportation applicationms.

Table 2-12 shows the baseline VOC content for each
coating category used in the automotive/transportation model
plants. The weighted average VOC content was calculated from
1988 national usage data for each coating and was used as a
guideline for determining the baseline level. These weighted
averages were compared to the ranges of VOC contents in the
coating database and adjusted as necessary to reflect current
reported usage.?’

2.7.2 Model Plants in the Businessg Machine Sector

Three model plants were developed to represent the major
equipment and techniques currently being used to surface coat
plastic parts for business machines (including office,
medical, stereo, and telecommunications equipment). These
model plants represent the range of facility types in this
segment, from facilities that perform coating services
exclusively up to large contractors with fully automated
facilities that perform both molding and coating of plastic
parts. The three model plants developed for the business
machine segment were selected based on information collected
during the data gathering phase of this project and during
development of the New Source Performance Standard (NSPS) for
Plastic Parts for Business Machines.” The three model
plants represent small (Plant A), medium (Plant B), and large
(Plant C) facilities. The model plant in each size category
is expected to apply all four types of coatings: primer,
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TABLE 2-12. BASELINE VOC LEVELS FOR
AUTOMOTIVE/TRANSPORTATION SECTOR

L .

Baseline
Coating Category (1b VOC/gal)
Auto Interiors
High-Bake Colorcoat .
High-Bake Primer .
Low-Bake o
Low-Bake .
Auto Exteriors
Flexible
High-Bake Colorcoat
High-Bake Clearcoat .
High-Bake Primer 5.4
Low-Bake Primer . )
Low-Bake Colorcoat 5.7 ‘
Low-Bake Clearcoat 4.2 ‘
Nonflexible
High-Bake Colorcoat
High~-Bake Clearcoat 4.3
High-Bake Primer .
Low-Bake Primer 6.0
Low-Bake Colorcoat 5.7
Low-Bake Claarcoat 4.2
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colorcoat, color/texture coat, and EMI/RFI shielding. The
model plant parameters developed for business machines are
presented in Table 2-13.

2.7.2.1 Production. The baseline coating utilization
estimates presented in Table 2-13 are based on data used in
the development of the NSPS for Plgstic Parts for Business
Machines as well as information collected during this study.
Because plant sizes used in developing the business machines
NSPS were felt to be representative of the industry, they were
retained for this analysis. Model plant transfer
efficiency was estimated in the same way as described in
Section 2.7.1.1.

.2.7.2.2 Process Parameters. The baseline coatings used
in each of the business machine applications were selected
based on information in the coating database. The most
commonly used baseline colorcoats and color/texture coats are
solvent-based polyurethanes, and contain 13 to 80.6 percent
solids by volume at the gun. The most commonly used primers
are also organic solvent-based polyurethanes containing 14 to
41 percent solids by volume at the gun.

All three model plants have the capability to perform
EMI/RFI shielding, although not all plastic parts require it.
A typical EMI/RFI shielding would be either a nickel- or
copper-filled coating with an organic solvent base containing
27 percent solids by volume at the gun.®

As discussed for the automotive/transportation segment,
conveyorized lines, robotized and electrostatic spray systems,
and waterwash booths are found only in the larger facilities
because these types of equipment require a large capital
investment.

2.7.2.3 Basgeline Volatile Organic Compound Emissions.
Baseline VOC levels selected for the model plants representing
the business machine segment are presented in Table 2-14. The
baseline coatings used in each type of businesgs machine
coating application were selected based on information



TABLE 2—-13. MODEL PLANT PARAMETERS FOR BUSINESS MACHINES

SO S

Parameter Plant A Plant 8 Plant C
{. Production
A. Total volume of coating used at 19,408 (5,127) 155,202 (41,000) 388,031 (102,507
capecity, L/yr (gal/yr)
8. Total solids sprayed, L/yr (gal/yr) 4,192 (954) 33,526 (7,626) 83,819 (19,066)
C. Total solids spplied, L/yr (gal/yr) 1,048 (238) 11,733 (2,669) 32,593 (7,419)

I1. Operating Paramsters

A. Period of Operation
1. hours/day 16 16 1%
2, days/week
3. weeka/year S0 50 50
I111. Process Parameters

A. Computer Cabinet )
1. Solvent-borne primer

8. Volume of coating sprayed, L/yr 4,852 (513) 38,800 (4,100) 97,008 (10,251}
(gal/yr)

b. VOC content of baseline coating, 0.8 (3.7 0.68 5.7 0.48 (5.7)
kg VOC/L (lb VOC/gal) coating

c. X solids by volume at gun 20.0% 20.0%x 20.0% 20.02 20.0% 20.0%

d. volume of VOC sprayed, 3,962  (410) 31,040 (3.2080) 77,606 (8,201
L/yr (gal/yr)

¢. Volume of solids applied, A3 (28) 2,716 (287) 7,545 (7N
Uye (gal/yr)

2. Colorecoat - Solvent based

s. Volume of costing sprayed, L/yr 5,822 (1,538) 44,561 (12,300) 116,409 (30,752)
(gat/yr)

b. VOC content of baseline coating 0.74 (6.2) 9.74 (6.2) 0.74 (6.2)
k9 VOC/L (ib VOC/gal) coating

c. X solids by volume at gun 13.02 13,02 13.0% 13.08  13.0% 13.0%

d. volume of YOC sprayexd, 5,065 (1,338) 40,508 (10,701) 101,276 (26,754)
Uyr (gal/yr) )

e. Volume of solids applied, 199 (50) 2,119 (360) S, 885 €1,555)
yr (gal/syr)

3. Colorcoat/Texture cost - salvent-based

a. Volume of coating sprayed, L/yr 4,852 (1,282) 38,800 (10,250) 97,008 (25,527)
(gal/yr)

B. VOC content of baseline coating, .28 (6.2) 0.76 (6.2} 0.74 (6.2}
kg VOC/L (b VOC/gel) costing

c. % solids by volume et gun 3.0 13.0% 13.02 13.02 13.0% 13.0%

d. Volume of VOC sprayed, 4,221 (1,119) 33,736 (8,918) 84,397 (2,29
Lyr (gal/yr)

e. Volume of solids applied, 158 t42) 1,763 (46h) 4,904 (1,296)
L/yr (gal/yr)
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TABLE 2-13 MODEL PLANT PARAMETERS FOR BUSINESS MACHINES
(CONTINUED)

b
Paramater Plant A Plant § Plant C

4. ENI/RF1 Solvent-borne nickel- or copper-
filled acrylic for EMI/RF1 Sheilding

8. Volume of coating sprayed, L/yr 6,793 (1,794) 54,321 (14,350) 135,811 (35,87
(gal/yr)

b. VOC content of baseline coating, 0.66 (5.%) 0.66 (5.5) 0.46 (5.5)
kg VOC/L (lb voCc/gal) costing

¢c. X solids by volume st gun 27.08 27.0% 27.0% 27.0%  27.0% 27.0%

d. Volume of VOC sprayed, 4,959 (1.310) 30,654 (10,478) 99,142 (26,191)
L/yr (gal/yr)

e. Volume of solids applied, 459  (191) 5,113 (1,3%8) 14,2680 (3,767
L/yr (gatl/yr)

8. Coating equipment
1. Conveyorized lines Q 1

2. Booths per Line
3. off-line booths
4. Afr atomized spray gune (25X TE)

a. Narual 2 3 4

b. Robotized 0 0 ]
5. Electrostatic spray guns (50X TE)

a, Manusi )

b. Robotized 0 o
6. High volume low pressure (NVLP) (S0X TE)

a. Marual e 2 5

b. Robotized 0 0 0
7. Ory filter spray booths 2 H é
8. Recirculating waterwash spray booths y 0 0

(Side draft for sutomated spray,
down draft for sanual spray)

9. Sprsy booth ventil. rate (man.), 4.7 4.7 4.7

B/ (actm) (10, 000) (10,000) ¢10,000)
10. Sprey booth ventil. rate (auto.), N/A N/A 16.1
T/ N/A N/A (30,000)
(acfm)
11. Gas-fired curing ovens 1 2 2

C. Costing application
1. Aversge tramsfer efficiency

a. primer, colorcoat, or clearcoat 5% p5-7 3 39%
2. Aversge film thickness

e. primer 2 nil 2 ail 2 mil

b. colorcoat 1 ait 1 atl 1 mit

€. clearcost 3 =it 3 il 3 mil

d. total film thickness applied é mil 6 mil 4 mil
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TABLE 2-13 MODEL PLANT PARAMETERS FOR BUSINESS MACHINES
(CONTINUED)

e e

Parameter Plant A Plant § Plant C

3. Aversge flash-off period

8. primer Variable 12 nin 12 min

b. colorcoat Variable 12 nin 12 min

¢. clearcoat Variabie 12 min 12 min
4. Curing temperature and time in bake oven (%C/min)

a. primer air dry 140 30 ain 140 30 ain

b. colorcoat esir dey 140 30 ain 140 310 ain

¢c. clearcoat air dry 140 30 min 1640 30 min
5. Aversge conveyor speed, a/s (ft/min) N/A Q.04 0.04

(8) (8)
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TABLE 2-14. BASELINE COATINGS FOR THE BUSINESS MACHINE SECTOR

e ——
VOC Content

lb/gal of coating

Type of Coating less water
Primer 4.5
Colorcoat 4.8
Colorcoat/texture coat 4.8
EMI/RFI Shieldingﬁ 4.9
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presented in the memorandum summarizing information from the
coating database.?® For colorcoats and color/texture coats, a
baseline of 4.8 lb/gal, less water was chosen. All
color/texture coats and the majority of colorcoats reported
also can achieve this level. 1In addition, all State
regulations in effect as of 1991 are at least this stringent.

For primers, the baseline was selected as 4.5 lb VOC/gal
coating, less water; for EMI/RFI shielding, a baseline level
of 4.9 1lb VOC/gal coating, less water, was selected.
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3.0 EMISSION CONTROL TECHNIQUES

3.1 INTRODUCTION

Volatile organic compound emissions occur when organic
solvents evaporate from coatings during coating and curing
processes. This chapter describes techniques that are
available to control VOC emissions from the surface coating of
plastic parts. The control techniques discussed are the use
of lower-VOC coatings, process modifications, and add-on
controls. Section 3.2 presents a discussion of potential
coating reformulation options, including waterborne coatings
and higher-solids coatings. Section 3.3 discusses potential
process modifications that could reduce VOC emissions before
they are generated and Section 3.4 presents potential add-on
control options to reduce the amount of VOC's that escape to
the atmosphere. )
3.2 USE QOF COATINGS WITH LOWER VOLATILE ORGANIC COMPOUND

CONTENT

One method to reduce the amount of VOC's emitted to the
atmosphere during the plastic parts surface coating process is
through the use of lower-VOC coatings. The two principle
types of lower-VOC coatings are waterborne and higher-solids
coatings. Although additional lower-VOC coating systems
exist, waterborne and higher-solids coatings have been
identified as the only technologies that are suitable to a
wide variety of applications. They are, consequently, the two
lower-VOC technologies that are focused on in this document,
and are discussed in Sections 2.3.1 and 3.2.2, respectively.
For the sake of completeness, Secticn 3.2.3 describes some
other less widely applicable coatings.



In waterborne coatings, organic solvent is replaced with
water (producing either a waterborne or water-reducible
coating). Higher-solids coatings increase the volume percent
of solids in the coating, thereby reducing the amount of
solvent and the amount of coating required to apply a given
amount of solids.

The coatings discussed in this chapter were identified in
the data-gathering effort to support development of this CTG.
Information was obtained from questionnaires, gite wvisits, and
from data gathered from States in support of their rulemaking
efforts. This information was compiled in a coatings
database. The development and use of the database is
discussed in separate memoranda.!”? All coating contents
provided in the database are "as sprayed," and follow
recommended dilution instructions.

3.2.1 Waterborne Coatings

Waterborne coatings are those that contain water as the
major solvent or disbursent. A generally accepted definition
of a waterborne coating is "a coating containing more than
5 weight percent water in its volatile fraction."® Waterborne
coatings can contain 5 to 40 percent organic co-solvent to aid
in wetting, viscosity control, and pigment dispersion,
resulting in a much lower VOC content than that of traditional
coatings. Waterborne coatings can be applied with the normal
application methods found in the painting industry, although
airless and electrostatic techniques are less common for
waterborne coatings. In addition, all fittings on spray
equipment must be made of stainless steel to prevent
corrosion.*® The major advantages of waterborne coatings are
that they reduce VOC emissions, reduce fire hazard, tend to
lower toxicity, and use basically the same application
equipment as solvent-borne paints. Color, impact resistance,
gloss, weatherability, corrosion resistance, and repairability
characteristics are similar to those of conventional coatings.
Primary limitations of waterborne formulations include:



o Stainless steel or plastic pipe fittings are often
recommended for the coating equipment;

L Some formulations must be protected from freezing
(once waterborne coatings have frozen, they cannot
be recovered) ;¢

L Better control of booth temperature and humidity may
be required;

L Longer flash-off time may be needed; and

o Some plastics may be difficult to coat and may have

poor adhesion.

The performance of waterborne coatings compared to
organic-solvent-based coatings is debated by coaters and
coating manufacturers. Many coaters feel that the adhesion,
durability, and gloss of waterborne coatings are inferior to
those achieved with solvent-based coatings.” However, some
coaters feel the quality of the finish obtained with
waterborne coatings is acceptable.”® One of the coaters said
that a waterborne EMI/RFI shielding coating outperformed its
solvent-based counterparts.’

3.2.1.1 Waterborn in he Automotive
Transportation Sector. There is limited information on the
use of waterborne coatings in the automotive industry.
Waterborne coatings are primarily used in interior coatings
because of the more stringent durability and gloss
requirements for exterior c¢oatings. Automotive industry
groups have raised several issues concerning waterborne
coatings: (1) color matching with solvent-borne coatings is
difficult; (2) waterborne coatings require increased drying
time and/or the use of plastics that can withstand drying oven
temperatures; (3) stainless steel piping and spray equipment
are required; and (4) waterborne coatings have not been
developed to meet many coating performance specifications.!?
The only waterborne coatings in the current database for the
automotive segment are five automotive interior colorcoats,

ranging in VOC content from 2.5 to 3.2 lb VOC/gal coating,
less water.?



3.2.1.2 Waterborne Coatings for the Buginegs Machines
Sector. Waterborne exterior decorative/ protective coatings
that can be cured at low temperatures are presently used on
some plastic business machine parts, although they are not as
commonly used as organic-solvent-based coatings. Waterborne
coatings are being used to coat structural foam parts that
require substantial coating f£ilms and to coat straight-
injection-molded parts with molded-in color and texture that
require films of 0.5 mil or less. Several large business
machine manufacturers have approved waterborne coatings for
use on their products.

The current plastic parts surface coating database
contains 12 waterborne coatings. Each is discussed in the
appropriate section below.

3.2.1.2.1 Primergs. One waterborne primer, manufactured
by Lilly, is available for use on business machines. This
coating is reported to have a VOC content of 1.19 1lb VOC/gal
coating, less water.®

3.2.1.2.2 Colorcoats. Eight waterborne colorcoats or
color/texture coatings are included in the current database.
These coatings are manufactured or distributed by Armitage,
Lilly, Komac, and Sherwin Williams and range in VOC content
from 1.06 to 2.25 lb VOC/gal coating, less water.®!!

3.2.1.2.3 (Clearcoats. Information was obtained on one
waterborne clearcoat manufactured by Lilly. This coating has
a VOC content of 2.5 lb VOC/gal coating, less water.!

3.2.1.2.4 Electromagnetic interference and radio
r ncy in ferenc i ings. Information was obtained

on one waterborne shielding: a waterborne nickel shielding
coating with a VOC content of 2.5 lb VOC/gal, less water.’
3.2.2 Higher-Soli atin

Higher-solids coatings are typically solvent based and
contain greater than normal amounts of pigment and binder.
Higher-solids paints can reach the 50- to 65-percent solids
range, or higher. Higher-solids coatings reduce VOC emissions
by allowing less coating to accomplish the same coating job.
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For example, a coater using a coating that has 0.25 gallon of
solids per gallon of coating will need to use 4 gallons of
coatings to apply 1 gallon of solids (at a 100 percent
transfer efficiency). Assuming that the remaining coating is
VOC, 3 gallons of VOC will be emitted. If the coater switches
to a coating containing 0.5 gallon solids per gallon of
coating, only 2 gallons of the new coating will need to be
used to apply 1 gallon of solids, emitting only 1 gallon of
VOC. As the transfer efficiency decreases from 100 percent,
the differences become even more pronounced.

Higher-solids coatings have the following additional
advantages:

® Less solvent is emitted into the atmosphere;

L Less coating must be shipped, stored, pumped, and
sprayed;

o Lower oven air volumes are required;

° Spray -booths may sometimes be smaller;

L Formulations may be less expensive to produce on a

solids basis; and

® Less energy is needed for solvent evaporation.
Operating cost savings of 20 to 30 percent are common when a
coating process switches from higher-solvent coatings to .
higher-solids coatings.!

The limitations of higher-solids coatings include:

L High-viscosity coatings must often be heated to
around 93°C (2009F) to achieve sprayability;

° They may exhibit poor performance in dip tanks and
flow coaters because of excessive viscosity;

L Films may be much thicker at the bottom of the parts
than at the top;

® Difficulty in pumping and atomizing may be
experienced, especially when cold;

L The cleaning quality of the coating may be more

important than for conventional paints because there
is less solvent present to "clean as it coatsg;"
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® Overspray is difficult to clean up because it
remains in the uncured state and is sticky; and

L The added viscosity may preclude the use of some
spray systems, which could lead to additional
capital expenditures for new equipment.

3.2.3 Non-Volatile- ic- -Emjittin catin

This section describes lower-VOC coating technologies
other than waterborne and higher-solids technologies. Most of
these alternatives are applicable to specialized uses.

3.2.3.1 Electromagnetic Interference and Radio Frequency
Interference Shieldingg. Alternative coatings that provide
EMI/RFI shielding but usually do not emit VOC's include zinc-
arc spraying, electroless plating, and vacuum-metallizing or
sputtering. Considerations other than VOC emissions greatly
influence the EMI/RFI shielding techniques used. Two
important considerations are shielding effectiveness and the
cost of a given technique. Cost factors are discussed in
Chapter 5.0. Simple comparisons of EMI/RFI shielding
effectiveness cannot be made among the different shielding
techniques. Shielding effectiveness depends on the type of
material used for shielding, coating thickness, coating
uniformity, and the frequency of the EMI/RFI signals.

The three methods of non-VOC EMI/RFI coatings are briefly
discussed below. Techniques that provide EMI/RFI shielding
without application of any surface coating are discussed in
Section 3.3.2.2.

3.2.3.1.1 Zinc-arc spraying. 2Zinc-arc spraying is a
two-step process in which the plastic surface is roughened by
sanding or grit-blasting, and a coating of molten zinc is
sprayed onto the roughened surface. Advantages of zinc-arc
spraying include high shielding effectiveness over a wide
range of frequencies and the fact that it is a widely
demonstrated EMI/RFI shielding technique. Disadvantages



include the need for special equipment such as a zinc-arc
spray gqun, a spray gun air supply, a face shield and breathing
air supply or respirator for the operator, hearing protection,
and a waterwash spray booth or baghouse dust collector.®

3.2.3.1.2 Electrolesg plating. Electroless plating is a
dip process in which a f£ilm of metal is deposited from aqueous
solution onto all exposed surfaces of the part. The plastic
parts are prepared for electroless plating by oxidizing their
surfaces with aqueous chromic and sulfuric acids or with
gaseous sulfur trioxide. Foilowing the oxidizing sﬁep, a
metal film (usually copper, nickel, or chrome) is
electrolessly plated onto the plastic part.

Advantages of electroless plating include the ability to
coat the plated parts electrostatically, low materials and
labor costs, and good shielding effectiveness. One
disadvantage is the incompatibility of electroless plating
with molded-in color unless masking is used. Another
disadvantage is the potential for VOC emissions if coatings
that emit VOC's are applied prior to the plating step so that
only selected areas of the parts are plated.!S

3.2.3.1.3 ¥ -m lizing or sputtering. Vacuum-
metallizing and sputtering are two similar techniques in which
a thin film of metal is deposited onto the plastic substrate
from the vapor phase. Although no VOC emissions occur during
the actual metallizing process, solvent-based prime coats and
topcoats are often sprayed onto parts to promote adhesion and
prevent degradation of the metal film. The VOC emissions
reduction potential of these techniques depends on the extent
to which VOC-containing prime coats and topcoats are used, and
the VOC content of the coatings used. A disadvantage of these
techniques is the need to purchase additional equipmént.

3.2.3.2 Qther Coatings. Other coating technologies
that emit little or no VOC's are powder coatings, UV or
electronic-beam cure coatings, and vapor-cure coatings. These
coating technologies are currently more limited in their use
on plastic parts than are waterborne and higher-solids
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coatings, but are growing in popularity for some coating
applications. A description of the three systems follows.
3.2.3.2.1 Powder coatings. Powder coating is a coating
that is applied in the form of a finely ground dry powder.
The powder weakly adheres to a substrate by means of
electrical attraction. After application, parts are heated to
melt the powder, which is then cooled to form a solid film.
The major advantages of powder coating are:

4 No solvent emissions. and/or related costs;

. Less fire'hazard;

i Less toxicity;

. No water pollution;

* No liquid mixing or pumping required;

. Less make-up air required;

o No flash-off time needed;

i Less tendency to trap air-borne dirt; and

. Less shrinkage stress developed during curing.

The most serious limitations of the powder coating process
are:

. Limited use on plastics because of the high cure
temperature requirement;

L High-quality appearance often difficult;

. Powder must remain dry at all times prior to

spraying; and

* Color change is a problem because overspray must be
collected for reuse, and each color must be kept
separate from the others.

Because of the limitations of powder coftings, they are
not used to a significant degree in the plastic coating
industry, mainly because many plastics cannot be heated to the
temperatures necessary to melt the coating.V



3.2.3.2.2 Ultra-violet and electron beam coatings.
Ultraviolet cure coatings involve the absorption of light
energy by an uncured coating material, resulting in a chemical
reaction that cures and hardens the cocating. The entire
process may take less than one second. The advantages of
UV-curable technology is the high-solids nature of the coating
(80 to 100 percent solids) and the low temperatures at which
the process operates. Disadvantages include the need for
specialized equipment for the curing process and the safety
hazards associated with this equipment.”

In the electron beam coating process, high-energy
electrons are produced from an electron beam radiation source.
These high-energy electrons cure specially formulated
coatings. Like UV-cured coatings, electron beam coatings
typically contain low volumes of VOC's, if any. In addition,
both UV and electron beam products have lower energy
requirements than a typical thermal cure line, and the rapid
cure time of these products allows for a high production rate.

Disadvantages of this method includes its ability to cure
only what is in the "line-of-sight," higher material costs,
possible product hazards, and some problems with adhesion.
However, ongoing research is addressing each of these
concerns, and the increased emphasis on developing low-VOC
coatings is leading to the growth of both UV and electronic
beam coatings.!®

The plastic parts surface coating category accounted for
approximately 36 percent of the $110 million radiation-cured
(including both UV and electronic beam) coatings market in
1989. The primary use of these coatings is in the coating of
parts such as plastic cosmetic caps, containers,
ready-to-assemble furniture, speaker enclosures, and headlight
bezels for automobiles. One industrial source projects a
12-percent annual growth for radiation-cured products.!

3.2.3.2.3 Vapor-cure coatings. Vapor cure coatings are
urethane coatings that are cured primarily by exposure to an
amine vapor. The coated parts are exposed to the vapor either

-
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in a separate curing chamber, or the air to the paint spray
device is enriched with the amine vapor. . In the latter case,
the curing process is initiated as the paint-air mixture
leaves the spray gun. Advantages of this coating system
include the ability to cure at or near ambient temperatures,
short processing cycles, and compatibility with many plastic
substrates. The major limitation of this coating system is
the fact that it is new, with only a limited number of
coatings currently available.?’

3.3 PROCESS MODIFICATIONS

Process modifications can also be employed to reduce the
amount of VOC's that are emitted into the atmosphere. The two
major types of process modifications are changes in spray
equipment and process changes that allow finishing to be
completed without the use of solvent-laden coatings. These
two modifications are discussed below.

3.3.1 Spray Equipment

Changes in spray equipment can reduce VOC emissions by
increasing the transfer efficiency of the process. As
discussed in Chapter 2.0, transfer efficiency is defined as
the ratio of the amount of coating solids that adheres to the
surface of the coated part to the amount of coating solids
used (typically, sprayed). Transfer efficiency is dependent
on many factors, including part configuration, spray
equipment, coating characteristics, and operating parameters
(such as distance from nozzle to part and spray booth
ventilation rate).

Because equipment type is only one variable in
determining transfer efficiency, it is impossible to
accurately assign values to the transfer efficiency of
specific spray equipment. A discussion of the various spray
systems is included in Chapter 2.0. Although actual transfer
efficiency values are controversial, there is anecdotal
evidence that HVLP systems can reduce coating usage by 20 to
60 percent, with both turbine and non-turbine HVLP guns
regularly achieving 20 percent reduction.?
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3.3.2 Process Changes

Another method of reducing the emissions of VOC is to
eliminate the coating process. Several methods for
accomplishing this are discussed below.

3.3.2.1 Molded-in Color and Texture. The major non-VOC-
emitting technique employed to provide an attractive finish on
plastic parts is the use of molded-in color and texture. This
method is used primarily on business machines, office
equipment, and on the internal components of some machines
where color matching and finish are not of primary concern.®
This method relies on the use of straight injection molding
techniques in which pigment is added to the resin before or
during the injection molding step to provide the desired
color. Molded-in texture requires that the mold itself be
tooled in such a way as to provide the desired raised texture
pattern on the molded parts. Parts with molded-in color and
texture cannot be produced using structural foam injection
molding.

The use of molded-in color and texture has been the
method of choice for some producers of plastic parts for
business machines and miscellaneous equipment.%!® Some coaters
feel that the technology of molded-in color and texture does
not provide satisfactory color reproductibility and color
stability, and does not protect the plastic parts from
environmental stress. Some coaters report that plastic parts
with molded-in color and texture still require some surface
coating. If too much coating is applied, however, the molded-
in texture may be masked.®!

Cost considerations also influence the use of molded-in
color and texture. ' The mold used for straight injection
molding is more expensive than the mold used for structural
foam injection molding. The reduction in finishing costs
realized by using molded-in color and texture (a straight
injection molding process) must, therefore, offset the higher
cost of the mold. The cost considerations affecting this
choice are complex and depend on many factors, including the
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size of the part, the complexity of the shape of the part, and
the number of parts produced from the mold.

3.3.2.2 Electromagnetic Intexrference/Radio Frequency
Interference Shieldings. There are two types of EMI/RFI
shielding techniques that eliminate or reduce the need for
surface coating of plastic business machine components:
conductive plastics and metal inserts. These are discussed
below. )

3.3.2.2.1 Conductive plasticg. Conductive plastics,
which are mixtures of resins and conductive fillers, are not
widely used for EMI/RFI shielding at the present time.
However, these materials are being studied extensively for
their usefulness in business machine applications, and some
conductive plastics are already being used to make business
machine enclosures. Available resin types include ABS,
polycarbonate blends, PPO, nylon 6/6, PVC, and PBT.
Conductive fillers include aluminum, steel, metallized glass,
and carbon.

Advantages of using conductive plastics include
elimination of the EMI/RFI shielding finishing step and
improved resistance to warping. Disadvantages include high
materials cost; less effective EMI/RFI shielding, especially
when structural foam molding is used; and the addition of a
cosmetic finishing step to improve the surface appearance.

3.3.2.2.2 Metal insertgs. The use of metal inserts to
house electronic components within a plastic housing is a
demonstrated EMI/RFI shielding technique. The metal insert
can be a metal box within a plastic housing, metal foil
laminated between layers of compression-molded plastic, metal
foil glued inside the housing, or metal screens or fibers
placed within a plastic housing. Shielding effectiveness is
comparable to that obtained with metal housings. Many
equipment manufacturers are switching to metal inserts instead
of coatings. The inserts are less expensive and provide a
consistent, known shielding ability.®



3.4 ADD-ON CONTROL EQUIPMENT

Add-on control equipment such as carbon adsorbers,
incinerators, and condensers are presently being used to
control VOC emissions at many surface coating facilities,
including magnetic tape coaters, fabric coaters, and
automobile coaters. Some facilities using add-on control
devices have been identified in the plastic parts surface
coating industry, including some automotive plastic part
coaters who use afterburners on some curing ovens.?®? Most
of the solvent-laden air in these facilities comes from the
application/flash-off area. The concentration of VOC's in
this air is very low because it is diluted to protect workers
from exposure to harmful levels of organic solvents and
overspray. One plastic business machine parts coater uses an
adsorption/incineration system to control VOC emissions from
the spray booths, flash-off areas, and curing oven.

The amount of VOC's in the air exhausted from the curing
ovens is low because the majority of the solvent evaporates
before the coated parts enter the oven. Therefore, only a
small percent of the total emissions can be reduced by ducting
oven emissions to a control device.

The solvent-laden air from the application/flésh-off area
can be captured and ducted to a control device, but the high
volume of air and the low concentration of VOC's make this a
costly method of control. Volatile organic compound
concentrations in the solvent-laden air would typically range
from 10 to 100 ppmv. The actual concentration in the exhaust
stream sent to the control device would be affected by
variables such as VOC content of the coatings and flow rate of
the booth exhaust, a function of blower capacity.

In some cases, such as with automated spray systems, it
may be feasible to recirculate the booth exhaust to
concentrate the VOC's. This would reduce operating costs of
the control device. However, consideration must be given to

product quality and safety, thus limiting the applicability of
recirculation.



The general principles behind carbon adsorption,
incineration, and condensation are discussed in the following
sections.

3.4.1 Carbon Adsorption

Carbon adsorption uses a bed of activated carbon to
remove organic vapors from an incoming airgstream. The
mechanism of VOC removal is complex, but the removal
efficiency is enhanced by specific characteristics of the
carbon. Its high surface-to-volume ratio and its affinity for
organics make activated carbon an effective adsorbent of
VOoC's.

The VOC adsorption efficiency across a carbon bed can be
at least 95 percent if the bed is properly maintained and if
inlet VOC concentration levels are sufficiently high.™"
Because plastic parts coatings often contain ketones
(e.g., methyl ethyl ketone and methyl isobutyl ketone) in
their formulations, they pose significant operation concerns
for carbon adsorption equipment because of the potential for
ketones to cause fires on the carbon bed. Safety precautions,
in the form of nitrogen blanketing, restrict the chance for
such occurrences but require a more elaborate equipment
configuration. ' '

After a carbon bed has adsorbed a certain amount of
VOC's, .a breakthrough is reached beyond which VOC removal
efficiency decreases rapidly. The bed must be regenerated
before the. breakthrough is reached; otherwise, saturation will
occur and removal efficiency will approach zero. Typically, a
carbon bed is regenerated by passing steam through the carbon,
countercurrent tCo the regqular air flow, to strip the solvent
from the carbon. The effluent is either condensed and then
separated from the residual water by decantation or it is
incinerated. The solvent collected by condensation may be
reused, sold, or disposed of as hazardous waste.



Figure 3-1 shows a typical carbon adsorption system. The
two-bed configuration allows for continuous operation of the
coating facility because one adsorber can be regenerated while
the other is on line.

3.4.2 Abgorption (Scrubbing)

Absorption involves the scrubbing of soluble organic gas
components by a relatively non-volatile liquid. The
absorption step is only the collection step. After the gas is
dissolved, it must be recovered or reacted to an innocuous
form and then reclaimed or disposed of. Common adsorbents for
organic vapors are water, non-volatile organics, and aQueous
solutions. ,

This control method is not demonstrated to adequately
remove organic solvents from an air stream. Scrubbing towers
must be quite large to provide sufficient contact time to
solubilize, react, or condense small quantities of organic
compounds. Because solubility is generally a function of
pollutant concentrations, large volumes of liquid may be
required, and this liquid ultimately requires treatment.
Because of the expense and limited efficiency of this control
method, it is normally not considered a viable control method
for reduciﬁg coating operation emissions.!

3.4.3 Incineration

The incineration process converts incoming VOC to carbon
dioxide and water vapor. The two main types of incinerators
are thermal incinerators and catalytic incinerators. Heat
recovery may be used on both types of incinerators to reduce
operating costs. However, capital costs increase as the
extent of heat recovery increases.

3.4.3.1 Thermal Incineration. A schematic diagram of a
thermal incinerator is shown in Figure 3-2. 1In this
particular design, the solvent-laden air is preheated by
primary heat exchange with waste heat from the combustion
chamber. A burner is supplied with additional fuel that
ignites the preheated air stream.
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Three important design considerations of the combustion
chamber are time, temperature, and turbulence. The residence
time, which must be sufficient to permit complete combustion
of the VOC's, is typically 0.2 to 0.8 seconds. The necessary
temperature range for combustion of VOC's using thermal
incineration is generally 760°C to 870°C (1400°F to 1600°F).
Turbulence facilitates the mechanical mixing of oxygen, heat,
and VOC's necessary for maximum destruction efficiency. A
properly designed incinerator can achieve destruction
efficiencies of 98 percent if VOC concentration levels are
sufficiently high.?®

3.4.3.2 (Catalytic Incineration. Figure 3-3 shows a
typical catalytic incinerator. The solvent-laden air enters
the device from the oven or application area. It is preheated
to 260°C to 4609C (500°F to 860°F) and blown across a catalyst
site, where oxidation occurs. About 98 percent of the
incoming VOC's can be removed in this manner.®

The catalyst accelerates the rate of oxidation without
undergoing a chemical change itself. Typical materials used
are noble metals such as platinum or palladium, dispersed on
an alumina support. Combustion temperatures are lower for
catalytic incinerators than for thermal incinerators.

3.4.4 Combination of Carbon Adsorption and Incineration

This system is designed to concentrate dilute
solvent-laden emissions using carbon adsorption prior to final
treatment by solvent recovery or catalytic/thermal
incineration. The key component of the system is a rotor that
consists of a honeycomb structure element made of activated
carbon fiber paper in a corrugated form. The rotor is divided
into two sectors (one for adsorption and one for desorption)
and rotates continuously at slow speed.

The VOC-laden process exhaust flows through tubular paths
in the honeycomb. Hydrocarbons in the process exhaust are
adsorbed in the activated carbon filter in the adsorption
sector of the rotor. A small air stream is used to desorb the
VOC's from the carbon filter. The desorbed air stream is only
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one-fifth to one-fifteenth the volume of the original solvent-
laden air stream entering the adsorber and, as a result, the
solvent concentration 5 to 15 times greater. Therefore, the
costs to incinerate this desorbed air stream are lower than
those associated with the original solvent-laden stream. Heat
from the incinerator is recovered and used to heat the air
used in the desorption process of the carbon adsorber--another
cost-saving feature of the system.
3.4.5 Condensation

Condensation is a method of controlling VOC emissions by
cooling solvent-laden gases to the dew point of the solvent
and collecting the liquid droplets. Liquid nitrogen and air
are typical coolants used in the shell and tube surface
condenser shown in Figure 3-4. Heat is extracted from the
incoming air stream as it passes through the cooled metal
tubes. When the vapor condenses, it is collected and either
reused or discarded, depending on its purity.
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4.0 ENVIRONMENTAL IMPACT

This chapter presents a discussion of the environmental
impacts associated with the control of VOC emissions from
plastic parts surface coating operations. An analysis of VOC
emissions impacts was performed using the model plants
presented in Chapter 3.0 and three different VOC control
levels representing two control technologies--coating
reformulation and thermal incineration. The VOC emissions
reductions achieved by each control level at each model plant
were calculated. Other environmental impacts were evaluated
qualitatively. Section 4.1 presents the three control levels.
Sections 4.2, 4.3, and 4.4 cover air emissions, water quality,
and solid waste impacts, respectively. Section 4.5 discusses
energy consumption. Health and safety impacts are addressed
in Section 4.6 and other environmental concerns are discussed
in Seciton 4.7.

4.1 CONTROL LEVELS

Three control levels were developed to estimate potential
VOC emissions reductions. Two of the levels, Level 1 and
Level 2, are based on reformulation (i.e., use of waterborne
or higher-solids coatings); the third control level, Level 3,
is based on thermal incineration. These technologies were
selected for analysis because of their availability and
feasibility for the range of coating applications covered by
this ACT. A detailed discussion of these control levels and
how they were chosen are presented in a separate memorandum.'



4.1.1 Reformulation

Table 4-1 presents a summary of the coating reformulation
control levels for automotive and business machines plastic
parts, as well as baseline VOC levels. Both reformulation
options represent VOC levels for types of coatings that would
achieve gignificant VOC emissions reductions and that are
currently available. For more information on exterior
automotive coatings see Section 6.1. For more information on
business machine coatings see Section 6.2.

The technology is not now available to formulate
specialty coatings with reduced VOC content. Since these
coatings are generally used in such small quantities,
reformulation may not be cost effective. The recommended
control options for specialty coatings are therefore equal to
the baseline levels. The baseline levels are based on data
obtained from trade associations, industry, and EPA's coating
data base.??*’

One important exception is adhesion primers (adhesion
promoters) which are used in large quantities at some
automotive bumper painting facilites. In the past year
several automobile manufacturers have approved waterborne
adhesion promoters for use by their suppliers. These
waterborne coatings have been used in production by some
coaters, but there are still concerns about how coating
performance may vary with variations in the resin used to meld
the plastic parts.

4.1.2 Thermal Incineration

Control Level 3 is the use of thermal incineration for
destruction of VOC's from surface coating operations. As
described in Section 3.4, VOC concentrations in coating
operation exhaust streams are typically low--about 10 to
100 ppmv. Auxiliary fuel is therefore required for
incineration. For the purposes of impact analysis, 80 percent
capture efficiency and 98 percent destruction efficiency were
assumed for thermal incineration.



TABLE 4-1. REFORMULATION CONTROL LEVEL (LOW-VOC COATINGS)

Baselin Control Control

(1b level 1 level 2

VOC/gal) (1b (1b

Coating category Voc/gal) voC/gal)
Auto interiors
High-bake colorcoat 4.5 4.3 4.1
High-bake primer 5.4 4.3 3.8
Low-bake colorcoat 6.0 5.0 3.2
Low-bake primer 6.0 3.5 3.5
. Auto exteriors!
Flexible
High-bake colorcoat 4.6 4.3 4.1
High-bake clearcoat 4.3 3.8 3.5
High-bake primer 5.4 5.0 4.5
Low-bake colorcoat 5.7 5.4 5.1
Low-bake clearcoat 4.2 4.0 3.7
Low-bake primer 6.0 5.5 5.5
Nonflexible

High-bake colorcoat 4.6 4.3 4.1
High-bake clearcoat 4.3 3.8 3.5
High-bake primer 4.2 4.0 3.0
Low-bake colorcoat 5.7 5.4 5.1
Low-bake clearcoat 4.2 4.0 3.7
Low-bake primer 6.0 5.5 5.5

! For additional information on exterior automobile coatings
see Section 6.1.
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TABLE 4-1. REFORMULATION CONTROL LEVEL (LOW-VOC COATINGS)
(CONTINUED)

Baseline Control Control
(1b level 1 level 2
VOC/gal) (1b (1b
Coating category voc/gal) voc/gal)

Auto Specialty

Group A coatings: 5.5 5.5 5.5
Black and reflective
argent
Air bag cover
coatings
Soft coatings
Vacuum metalizing
basecoats
Texture basecoats

Group B coatings: 6.4 6.4 6.4
Gloss reducers
Vacuum metalizing
topcoats
Texture topcoats

Group C coatings: 6.8 6.8 6.8
Stencil
Adhesion primers
Ink pad
Electrostatic prep
Resist

Headlamp lens coatings 7.4 7.4 7.4



TABLE 4-1. REFORMULATION CONTROL LEVEL (LOW-VOC COATINGS)
: (CONTINUED)

Baseline Control Control
(1b level 1 level 2
VOC/gal) (1b (1b
Coating category vOC/gal) VOC/gal)
Business Machines?
Colorcoat 4.8 3.5 2.3
Colorcoat/texture coat 4.8 3.5 2.3
Primer 4.5 2.9 1.2
EMI/RFI shielding 4.9 4.0 4.0
Business Specialty
Soft coatings 4.3 4.3 4.3
Plating resist 5.9 5.9 5.9
Plating sensitizers 7.1 7.1 7.1

? For additional information on business machine coatings
see Section 6.2
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4.2 AIR EMISSIONS IMPACTS

The air impacts of each control option are presented in
Section 4.2.1 in terms of VOC emissions. Consideration to
other air emissions occurring during the coating process is
given in Section 4.2.2.



4.2.1 Volatile Organic Compound Emissions

Volatile organic compound emissions can occur at several
points during the plastic parts coating process: in the spray
booth, in the flash-off area, and in the curing oven (as
described in Chapter 2.0, some operations do not include a
curing oven). The percent of total emissions occurring at
each of these points depends on a number of factors, including
the transfer efficiency of the operation and the amount of
time the parts spend in the flash-off area before entering the
oven. However, in all cases, the majority of the emissions
occur in the spray booth.

The percentage of emissions occurring at the spray booth
depends on the transfer efficiency because only the coating
that actually adheres to the part has the potential to dry
(and thus release VOC's) outside the confines of the spray
booth. For example, if an average transfer efficiency for a
coating operation is 25 percent, at least 75 percent of the
coating remains in the spray booth or the overspray filter.
Therefore, at least 75 percent of the emissions occur in the
spray booth.

It is reasonable to assume that an additional percentage
of emissions occurs in the spray booth as the ccatings
adhering to the part begin to dry. Furthermore, coatings
applied to plastic parts must dry at lower temperatures than
metal parts coatings, so they often contain solvents with
lower boiling points. The rapid evaporation of these lower-
boiling-point solvents in the spray booth and flash-off area
means that only a small portion of the VOC's are emitted in
the curing oven (if a curing oven is used). According to some
estimates, 80 to 90 percent of VOC emissions occur in the
spray booth.%"

Emissions reductions are calculated from the difference
between the emission level at a model plant using baseline
coatings and the emission level at a model plant using
coatings that meet a given option. Table 4-1 shows a summary
of the VOC content for two potential control levels for which
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emissions reductions are calculated. The emissions reduction
over baseline and the percent emissions reduction achieved by
each option at each model plant are shown in Table 4-2.
Reductions range from a low of 21 percent for Level 1 controls
for automotive/transportation model plants applying exterior
coatings to a high of 86 percent calculated for each interior
automotive/transportation model plant using the Level 2
control option.

Among the control options requiring coatings with reduced
VOC content (Levels 1 and 2), the highest reduction is
achieved using Level 2 controls for automotive interior
coatings. All four sizes of model plants (A through D) show
VOC emissions reductions greater than 80 percent for
automotive interior coatings at Level 2. Percent reductions
are greatest for automotive interior coatings because this
category includes coatings with some of the highest baseline
VOC content coatings. Percent reductions are smallest for
exterior flexible cocatings. Emissions reductions from
business machine/miscellanecus coatings are equivalent at all
sizes of model plants, with Level 2 achieving the greatest ‘
percent reductions for lower-VOC-content coatings.

Emissions reductions would be even greater for the model
plants by replacing conventional sprayers with more efficient
sprayers (e.g. HVLP) in addition to reduced-VOC-content
coatings. By increasing transfer efficiency, HVLP sprayers
decrease overspray as well as the total amount of coating
used.

As described in Chapter 3.0, coaters can achieve lower
VOC content by using waterborne or higher-solids coatings. In
addition to containing a lower percentage of VOC's, fewer
gallons of a higher-solids coating are required to apply a
given amount of solids.

4.2.2 Qther Air Emigsiong

Other air emissions that occur during coating coperations
include nickel particles from spraying nickel-filled EMI/RFI
shielding coatings, aluminum oxide particles from grit
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blasting prior to iinc-arc spraying, and zinc oxide fumes from
zinc-arc spraying operations. Paint solids from powder
coatings are also emitted during spray application. Although
free of solvent, the powder can be abrasive.’” Dry filters and
water walls in spray booths often have particulate removal
efficiencies in excess of 99 percent; therefore, emissions of
the above substances are expected to be minor.!?

Amine vapors are emitted during the curing of vapor-cure
coatings; however, special equipment and separate curing
chambers control and minimize emissions from vapor-cure
operations.

Certain proprietary compounds are often used in
conductive coatings, but their emissions are not known. The
conductive coatings are often composed of alcohol, water,
organic salt, and proprietary compounds that may produce air
emissions during the baking stage. However, these emissions
do not appear to be significant. Conductive coatings are
applied to the substrates by conventional spray.
Electrostatic spray technology may increase the transfer
efficiency of conductive coating application.

Cleaning spray booths and spray guns with solvents also
produces VOC emissions. Guns can be cleaned by soaking them
in vats of solvent.!! Manual guns can also be cleaned by
spraying solvent through the gqun.'? Automatic spray systems
can be cleaned with intermal solvent circulation systems.
Only the tips of the automatic guns or bells require manual
solvent cleaning, thus reducing air emissions.’ Another
method of reducing emissions is to reclaim the solvent used
for booth and spray gun cleaning through distillation.
Distillation can be performed on site or off site, with
recoveries of roughly 80 percent.?’

The following hazardous air pollutants (HAP's) are
typically contained in some combination in plastic parts
coatings and are emitted during the coating processes:
formaldehyde, methanol, methyl ethyl ketone, ethyl benzene,
ethylene glycol, methyl isobutyl ketone, toluene, xylene, and
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glycol ethers. All of these HAP's are VOC's and would be
controlled to some extent by each of the alternmatives.

Incineration may produce negligible amounts of nitrogen
oxides and carbon monoxide from the high temperatures and
incomplete combustion of hydrocarbons.

4.3 WATER IMPACTS

Plastic parts surface coating facilities may use water in
waterwash spray booths, gun cleaning systems, and dip tanks
for electroless plating. Waterwash spray booths are equipped
with a water curtain that removes overspray particles from the
spray booth exhaust. Water pollution results from the
entrainment of coating solids and from the dissolution of
soluble overspray components into the water. Water pollution
also results from gun-cleaning solvents in waterwash systems.
Some systems allow the captured paint and water (oil/water
emulsion) to be routed to large vats, where chemicals are
added to deactivate the paint, forming a flocculent that can
be skimmed off through filtering.’®

Plastic parts may undergo multi-stage washing cycles that
require water in order to prepare the substrates for
coatings.*?" wWater is also used in pressurized systems to
clean paint build-up from grating and carriers.® In addition,
metal conveyor rods are often dipped into salt water baths to
remove dried paint.’

The types of water pollutants likely to result from spray
coating operations include organic solvents, resins, pigments
such as lead chromates and titanium dioxide, nickel particles
from EMI/RFI shielding coatings, and zinc from zinc-arc
spraying.!

Water pollution from electroless plating processes for
EMI/RFI shielding results from dragout, which is defined as
the volume of solution carried over the edge of a process tank
by an emerging piece of work. This solution usually ends up
in the water used to clean the application area or in process

>
]
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drains. Examples of water pollutants emitted from plating
processes are sulfuric acid and nickel and chromium
compounds . !!

Only Wisconsin has specific water pollution regulations
for the electroplating industry. The Wisconsin Administrative
Code, Chapter NR 260, establishes effluent limitations,
standards of performance, and pretreatment standards for
discharging by electroplaters. Federal water pollution
regulations for the electroplating and other industries are
governed by the Water Pollution Control Act.! This Act
specifies several levels of control: (1) for existing plants,
best practical control technology currently available and best
practical treatment (BPCTCA/BPT) by 1977; (2) for existing
plants, best available technology econocmically achievable and
best available treatment (BATEA/BAT) by 1983. The Act allows
States to establish more stringent control levels than Federal
standards if desired.

Methods currently employed by the coating industry to
handle wastewater and sludge include discharging to a sanitary
sewer, recycling, incineration, and hauling to a licensed
disposal site. Facilities can reduce water pollution by
improving transfer efficiency and by using dry filter spray
booths and in-plant controls. Use of dry filter spray booths
instead of waterwash spray booths will reduce the amount of
wastewater, but increase the amount of solid waste generated
by a plant. Examples of in-plant controls include separating
process and non-process water and reusing and recycling water.

The regulatory altermative of using higher-solids
coatings would not appreciably affect water usage or
contamination in waterwash spray booths. Regulatory
alternatives such as HVLP and electrostatic spray methods
reduce overspray and, thus, can decrease the volume of
contamination in the wastewater from waterwash spray booths.
However, if a scrubber is used as part of an emissions control
system, water may need to be discharged into a sewer system.



4.4 SOLID WASTE DISPOSAL IMPACTS

The majority of solid waste generated by the surface
coating process is the coating overspray collected by dry
filter and waterwash spray booths. Solid waste is usually in
the form of dirty filters from dry filter spray booths and
sludge from waterwash spray booths. Paint also accumulates on
metal carriers, grates, and booths.

Reducing overspray by using HVLP and electrostatic spray
techniques can decrease the amount of solid waste generated by
coating operations. Paint recirculation systems that
constantly agitate and move the paint can also minimize the
amount of paint wasted.’

Another means of reducing solid waste is a paint recovery
system. In one type of system, paint overspray collects onto
baffles. The paint solids then drop from the baffles into a
barrel, where they are recovered, reduced, and reused.’ Using
only zinc-arc spray for EMI/RFI shielding also reduces solid
waste production, if the zinc overspray is recovered and sold
by coaters.

Using the reformulations control options, solid waste
from coating operations could be significantly reduced where
higher-sclids coatings are used. Fewer gallons of higher-
solids coating are needed to apply the same amount of solids
than are needed for conventional coatings. Consequently, less
coating is sprayed, and fewer coating containers are disposed
of. The use of HVLP's significantly decreases the amount of
overspray and, hence, the amount of dry filter and sludge
waste.

4.5 ENERGY IMPACTS

Because coatings for plastic parts must cure at a low
temperature to avoid damaging the plastic, the energy
consumption for this process is lower than for similar metal
coating processes. Many of the organic-solvent-based coatings
used on plastic parts can be cured at room temperature, but
most manufacturers recommend a baking schedule to achieve
optimum finish quality.



Waterborne coatings generally require a low-temperature
oven cure. Most coaters use low-temperature ovens to speed up
production regardless of the types of coatings used. Some
coaters feel that increased oven air flows, and even
intermediate baking between coats, are necessary to produce an
acceptable finish with waterborne coatings.’ Regulatory
alternatives that require the exclusive use of waterborne
exterior coatings or waterborne EMI/RFI shielding coatings
might increase energy consumption at some surface coating
plants because of the higher air flow rates or longer curing
times. However, waterborne coatings are cured at temperatures
in the range of 50°C to 60°C (1259F to 149°F), similar to
those used for organic-solvent-based coatings. Therefore, the
energy impact of the regqulatory alternatives specifying
waterborne coatings is expected to be negligible.

Regulatory alternatives such as emission control
equipment and application equipment with better transfer
efficiency (e.g., HVLP and electrostatic spray devices) could
require additional energy in the form of electricity or fuel
consumption. _

4.6 HEALTH AND SAFETY IMPACTS

Some of the regulatory alternatives intended to reduce
VOC emissions may affect the health and safety standards for
workers at surface coating plants. Worker exposure to some of
the materials used in the surface coating process must be
controlled through the use of respirators and proper
ventilation. For example, vapor cure and powder coatings can
reduce VOC emissions, but worker exposure to the fumes and
particles must be considered. Electrostatic spray devices can
also reduce emissions by improving transfer efficiency.
However, these applicators have greater potential fire and
shock hazards than conventional air spray. Examples of
regulated materials that might be affected by the regulatory
alternatives are listed in Table 4-3.
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Regulatory alternatives that promote the use of
waterborne coatings could reduce worker exposure to ofganic
solvents and isocyanates. Fire hazards could also be reduced
by use of waterborne coatings.

Regulatory alternatives that promote the use of non-VOC-
emitting EMI/RFI shielding methods could reduce worker
exposure to the organic solvents and nickel particles present
in nickel-filled EMI/RFI shielding coatings; however, other
occupational hazards are associated with non-VOC-emitting
EMI/RFI shielding methods. Z2Zinc-arc spray operators must be
protected from zinc oxide fumes and noise. Electroless
plating techniques employ acids and soluble nickel and
chromium compounds that are toxic. The EMI/RFI shielding
options presented in the regulatory alternative have different
types of health risks associated with them, each of which
should be evaluated accordingly.

Guidance regarding fire and electrical hazards can be
obtained from the National Fire Protection Association. The
Occupational Safety and Health Administration, the National
Institute of Occupational Safety and Health, among other
government agencies, provide specific guidance on worker
safety and health.

4.7 OTHER ENVIRONMENTAL CONCERNS
4.7.1 Irrevergible and Irretrievable Commitment of Resources

For many of the regulatory altermatives, such as the use
of HVLP's and add-on control devices, additiomal equipment
would be required. Manufacturing such equipment would consume
steel and other raw materials. However, compared to current
coating industry use of these resources, the increase in
consumption would be insignificant.
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5.0 CONTROL COSTS ANALYSES

This chapter presents the costs associated with the VOC
emissions control options described in Chapter 4.0 for the
plastic parts surface coating industry. Section 5.1 explains
cost derivations for add-on thermal incineration systems and
for substituting currently used coatings with coatings having
lower VOC and/or higher solids content for the automotive/
transportation sector. Section 5.2 presents the same type of
information for the business machine/miscellaneocus sector.
All costs are provided in first-quarter 1990 dollars. When
necessary, equipment and materials costs were updated using
chemical engineering cost indices. Labor rates and utility
prices were obtained from recent publications by the
U. S. Department of Labor and the U. S. Department of Energy.
(See Appendix C for sample calculations of cost analysis.)
5.1 AUTOMOTIVE/TRANSPORTATION SECTOR
5.1.1 Add-on Thermal Incineration tems

As discussed in Chapter 3.0, the use of add-on thermal
incineration systems is an effective strategy for controlling
VOC emissions at surface coating facilities. Thermal
incineration is the predominant type of add-on control used in
this industry. Incinerator system costs were develcoped using
the methodology in Chapters 2.0 and 3.0 of the Office of Air
Quality Planning and Standards (OAQPS) Control Cost Manual.!
Scrubbers were neither required nor costed because the VOC's
in the coatings are not halogenated.

Table 5-1 presents the operating parameters used for
thermal incineration design and cost estimations for the
automotive/transportation model plants described in

5-1
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Chapter 2.0. Other information used as input to the costing
program included an operating temperature of 1,600°F and a
destruction/removal efficiency of 98 percent, as discussed in
Chapter 4.0. The inlet stream heat value ranged from 0.044 to
0.344 British thermal units per standard cubic foot (Btu/scf),
as determined from the heat value of the dilute VOC's in the
booth exhaust.

The cost-effectiveness of a system using recirculation to
concentrate the VOC level (and thus the heat content) in the
stream was also investigated. For automated lines,
recirculation may be a cost-effective alternative. However,
recirculation is not feasible on nonautomated coating lines
because worker exposure levels would be unacceptable;
therefore, on a plant-by-plant basis, it was not
cost-effective.?

Annual operating hours of 6,000 hours per year for
automotive/transportation model plants D-1, D-2, and D-3 and
4,000 hours per year for all other model plants were used to
calculate the emission rates as well as operational costs such
as labor and utilities.

Capital costs, annual costs, and cost-effectiveness are
discussed below.

5.1.1.1 (Capital Costg. The cost analysis followed the
methodology outlined in the OAQPS Control Cost Manual.!
Equipment cost correlations were based on data provided by
various vendors. Each correlation is valid for flow rates in
the 500 to 50,000 standard cubic feet per minute (scfm) range.
For flow rates above 50,000 scfm, additional incinerators were
costed.

Equipment costs for thermal incinerators are a function of
total volumetric throughput (Qrot), expressed in scfm. Four
different heat recovery scenarios were evaluated in the cost
estimation procedures. The cost algorithm includes systems
with heat recoveries of 0, 35, 50, and 70 percent. The 7
equipment costs for each model plant size were calculated by
using the following equations:

-
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Heat Recovery (%) Equipment Cost ($)

0 10,294 x (Qeor) 9-2355
35 13,149 x (Qeor) 0-2609
50 17,056 x (Qeor) 0-2502

6 21,342 x (Qpop) 0-2500

where Qror is the sum of all streams fed to the incinerator:
vent stream, auxiliary fuel, combustion air, and dilution air.

The amount of heat exchange that occurs is decided by an
economic optimization routine, with the least-cost system
being selected as the logical choice for a control device.
Total capital and annual costs are based on the most cost-
effective configuration. The trade-off between the capital
cost of the equipment and the operating cost of fuel for the
system determines the optimum level of energy recovery. For
each of the model plants, 70-percent heat recovery was
selected as the optimum level.

The cost of the ductwork and fans required to carry the
vent stream from the spray booth to the incinerator are not
included in the above equations. The costs for this auxiliary
equipment were based on the assumption of 1/8-inch carbon
steel ducting, 2 feet in diameter, with two elbows per
100 feet of ducting.’? The fans were assumed to be 24-inch
diameter and able to produce the pressure increase necessary

to move the vent stream. The equations for these costs are as
follows:

Duct Cost = [(210 x d0-839)+(e x 4.52 x d1-43)] x 1
x (355.6/352.4)

where:

d = diameter (in inches),



e = number of elbows per 100 feet,

1 = length of duct work (in hundreds of
feet), and

355.6/352.4 = cost conversion from February 1989
dollars to 1st-quarter 1990 dollars.

amcost =N a53540.y ST

where:
N = number of incinerators required,
Qv = Vent stream flow rate (scfm), and
(355.6/342.5) = cost conversion from 1988 (avg.)

dollars to 1lst-quarter 1990 dollars.

The sum of the incinerator, ductwork, and fan costs is the
equipment cost. Table 5-2 presents factors used to calculate
purchased equipment cost. The total direct cost is then
calculated as a function of the purchased equipment cost, as
is the total indirect cost. Total capital cost is the sum of
purchased equipment costs, direct costs, and indirect costs,
or 1.61 times purchased equipment cost, as shown in Table 5-2.
Table 5-3 presents a summary of total capital costs for the
12 automotive/transportation model plants

5.1.1.2 Annual Costs. Total annual costs for the thermal
incinerator system include annualized capital costs, as well
as operating and maintenance costs. The assumptions used for
determining annual costs are presented in Table 5-4.
Table 5-3 presents a summary of the annual costs of control.

5.1.1.3 Cost-Effectiveness. Cost-effectiveness is
defined as the total annualized cost per megagram of VOC
emissions reduction. The information required to calculate
cost-effectiveness for thermal incineration is summarized in
Table 5-5. The costs per emission reduction were determined
by applying the costing methodologies described in previous
sections to the individual model plant emissions reductions of
VOC. The method for determining model plant emissions
reductions of VOC was described in Chapter 2.0.
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TABLE 5-2. CAPITAL COST FACTORS FOR THERMAL INCINERATORS

Direct Costs

Equipment Costs (EC):

Incinerator + Auxiliary
Equipment2

Instrumentation

Sales Taxes

Freight

Purchased equipment cost (PEC)
Direct Installation Costs

EC
0.10 EC
0.03 EC

0.05 EC
PEC = 1.18 EC

Foundation and Supports 0.08 PEC
Handling and Erection 0.14 PEC
Electrical 0.04 PEC
Piping . 0.02 PEC
Insulation for Ductwork 0.01 PEC
Painting 0.031 PEC
Total Direct Cost (DQC) 0.30 PEC
Indirect Costs (Installation)
Engineering 0.10 PEC
Construction and Field
Expenses 0.05 PEC
Contractor Fees 0.10 PEC
Start-up 0.02 PEC
Performance Test 0.01 PEC
Contingencies Q.03 PEC
Total Indirect Cost (IC) 0.31 PEC

Total Capital Cost (TCC)

TCC = PEC + DC + IC
= PEC + 0.30PEC +
0.31PEC
= 1.61PEC

dDuctwork and tan(s).




‘UOTIRIISTUTWPE pUR ‘SOURINSUT ‘Xe] 'pesyIsAo STeTIsjew 'IOQeT S83apNTOUIp
‘u3tIobie Burasod pazraaindwoo woxz andinQ,
*$-G BIqe] uUT x0303 Axda009y Teltde) uo pesedq

“I°T°T°G UOTIDSS UT uaath poyisw Aq paje(noiede

000°0%E’9 000’ S8¢ 000°'0S0°1 000°0LL’Y 000’862 000°006"Y £01v
000°0%s’9 000's8gE 000°050°1 000°014'y 000°86L 000°006’y Z0ly  abuey
000°0%€’9 000°S8¢ 000°050°1 000°0LL"Y 000°962 000°006'Y Laiv Asap
000'00%'2 000994 000’16 000°02%'1 000°6.¢ 000°0£€°2 £21¥
000°068'2 000'95} 000°'16€ 000°09%°}) 000°6€ 000°0£g’2 2y
000°065'2 000951 000 16§ 000°09%°1L 000°625, 000°08§'2 1oty atuey
000’016 cao“~a 000°%6 000°615 000° %02 000°092°1 €81V
000°016 000°26 000°%6 000°61S 000° %02 000°092"1 ri:Il}
000°0l6 - 000°26 000°%6 000’615 - 000°%02 000°092°1 181V unipoN
000°225 000°9Yy 000°29 000’ i€ 000’ €0} 000’959 gVl
000°22S 000°9% 00029 000°YL€ 000°€01 000°9£9 vy
000°%2S 000°'9Y 000°29 000°21E 000°£01 000°'9€9 vy )jews
[ELI73) L»amw (X7s) (3X78) (A7) qis09 ®
3502 jeMuue 18301 vuuoo *a 42430 23802 A3191432913 53500 sef jeanjeN Asanooad yeyide) g1S09 1e21de) a1 ue)d yapon

NOILYLYOdSNVIL/IATLOWOLNY Y04
NOLLWYAEANIDONI TVIWRIHEHL A€ TOULNOD 40 SLSOD 40 AYVWWAS “t-S ATHYL



TABLE 5-4. ASSUMPTIONS FOR CALCULATING ANNUAL
COSTS OF THERMAL INCINERATION

Annual Opera

. Automotive/Transportation Model 6,000
Plants D-1, D-2, D-3

. All Other Model Plants 4,000
Operating Labor Rate ($/hr) 15.64
Operating Labor Required (hrs/8-hour shift) 0.5
Supervisor Cost (¥ of Operating Labor) 15
Maintenance Labor Rate ($/hr) 17.21
Maintenance Labor Required (hrs/8-hour 0.5
shift)
Annual Maintenance Material 100% of

. Maintenance Labor

Utilities

o Electricity ($/1000 KW-hr) 61.0

. Natural Gas ($/106 Btu) 3.30
Overhead (% of Operation and Maintenance) 60
Administrative Charges 2% TCC
Property Taxes 1% TCC
Insurance : 1% TCC
Capital Recovery Factor (10% interest, 0.16275

10-year lifetime)

TCC = Total capital cost.



TABLE 5-5. SUMMARY OF COST-EFFECTIVENESS FOR APPLYING THERMAL
INCINERATION TO MODEL PLANTS IN THE
AUTOMOTIVE/TRANSPORTATION SECTOR

Total VOC emission Overall cost-

;ﬁﬁiﬁi reduction effectiveness

Model cost

plant ($/yx) [Mg/yr (tons/yr)] [$/Mg ($/ton)]
Ald 524,000 31.7 (34.9) 16,600 (15,000)
A2a 524,000 = 26.4 (29.0) 19,900  (18,100)
aA3a 524,000 25.0 (27.5) 21,000 (19,100)
B1b 910,000 71.9 (79.1) 12,700 (11,500)
B2b 910,000 60.1 (66.1) 15,200 (13,800)
B3b 910,000 56.8 (62.5) 16,000 (14,600)
C1¢ 2,390,000 257 (283) 9,281 (7,600)
C2¢ 2,390,000 215 (236) . 11,107 (9,000)
C3c 2,390,000 203 (224) 11,807 (9,600)
pid 6,340,000 791 (870) 8,000 (7,300)
p2d 6,340,000 661 (727) 9,600 (8,700)
p3d 6,340,000 625 (688) 10,100 (9,200)

aSmall model plants.
bMedium model plants.
CLarge model plants.

dvVery large model plants.



These analyses show that, in general, VOC reduction from
dilute streams (e.g., the exhausts from each of the model
plants) requires significant investment of capital. 1In
addition, large quantities of auxiliary fuel are needed, which
significantly increases annual operating costs. Combining
these conditions with the emissions reductions achieved
produces high cost-effectiveness values, ranging from
$8,000/Mg ($7,300/ton) removed for the largest model plants up
to $21,000/Mg ($19,100/ton) removed for the smallest model
plants.

5.1.2 ituting Lower-Volatile-Or ic-Compound Coatin

Using coatings with lower VOC and/or higher solids content
was discussed in Chapter 3.0 as an effective emissions control
strategy. To develop control costs for this strategy, the
baseline and optional VOC levels were first selected as
described in Chapter 4.0. Equations for estimating the cost
of coatings with varying levels of VOC's, were developed and
used to calculate the cost impact and cost-effectiveness at
both option levels for each Eype of coating used bytthe model
plants.

5.1.2.1 Capital Costs. No capital costs were estimated
for the reformulation control options. This is based on the
assumption that a facility's existing equipment can apply the
reformulated coatings without a capital expense.

5.1.2.2 Annual Costs. Total annual costs for
reformulated coatiné application is calculated from the
difference in annual coating cost between the given option
level and the baseline level. The equations used to calculate
coating cost are as follows:

Colorcoat Cost ($/gal)
Clearcoat Cost ($/gal)
Primer Cost ($/gal)

-14.43 x Cyge + 99.76
'12-98 p < Cvoc + 89.79
-7.21 x Cvoc + 49.88

where Cyoc is the amount (lb/gal) of VOC in the coating.



The estimated cost associated with each coating was based on
information provided by the NPCA and coating formulators.*

All costs are provided in first-quarter 1990 dollars.
Representative cost estimates for each coating corresponding
to its level of VOC content are presented in Table 5-6.

Table 5-6 shows the VOC level and cost of each coating for the
baseline and both control options. The total annual coating
cost over baseline is estimated by the following equation:

n
TAC = Y [0 x VOC ] -
i=1 i

nt“1b

. [Os x VOC,|

where:
Uc = Usage of control level coating in gal/yr.
Ub = Usage of baseline coating in gal/yr.
VOC. = VOC content of control level coating in lb/gal.

VOCs = VOC content of baseline coating in lb/gal.

The coating use for an option was estimated based on the
agsumption that the total amount of solids applied remains
constant when substituting the lower-VOC coating for the
baseline coating.

5.1.2.3 Cost-Effectiveness. The cost-effectiveness was
calculated for each option on a model plant basis and on an
overall basis. The equation for cost-effectiveness is:

TAC ($/yr)
[Emigsions reduction (1lb/hr) /2000 (lb/ton)]

CE ($/tomn) =

Emission reductions for each model plant are calculated as in
Chapter 4.

w
'

11



‘peseyoand se uoireb/$ q
‘197em gs8aT ‘burieon 1eb/DOOA AT e

5-12

8y°ee g8t 0y 09°61 7y Jawyud ayeq-yBiy
9£° %Y St %0°12 8¢ 86°¢¢ £y 00219913 3Neq-ybIN
09°0% L% 2%°0Y £ ;1A 1% 9% 190340103 a%eq-yBiH
(FAF31
£2°01 $°S $°S 29°9 0°9 Jawyad ayeq-mo
9L LY L' €201 0y 12°s¢ Y 320348313 9%eq-MO
21792 I°s 18°1¢ ¥s 3994} VA 3180340109 9yeq-mol
8y°12 a|qixayJuoN
Y1 L1 Sy 0°S $6°01 ¥s Jouwyud axeq-ySiH
9€° %Y S°E 1313 8¢ 86°¢¢ £y 3e02389)2 3%eq-yBIN
09°0% Ly 19°0% £y ;i3 11 9y 380240109 axeq-ybiy
FAF31
Jawyad 3xeq-mo)
£2°01 $°s §°S 29°9 09 180248212 9)eq-M0]
oL LYy 1t £e°0l 0"y 42°5¢ 2y 380310109 3yeq-mMol
21°92 981 1818 y°s 15721 P ACIRCAE
8y 12
0] J91X3 SA|I0WOINY
8y°22 8¢ 88°81 €Y S6°01 S Jowyad axeq-yBiH
09°0% 1384 [YAF1Y £y 198 3% 9y 180930)09 ¥yeq-yYsiN
9° % S°E c9°%2 1381 29°9 09 Jowyad axeq-mo
85°ES 3 19°22 0°S 813 0°9 40709 ajeq-moy
q3%03 «J0A q¥503 2J0A qis0d @JOA
2 18Ad L 19497 auljoseq

¥OLOAS NOILVIYOdSNVIL/HAILOWOLAY JHL NI
SONILYOD A0 SINFLNOD GNNOdWOD DINVDIO HTILVIOA ANY SILS0D JALVWILSH °"9-S5 dTHUL



The results of the cost-effectiveness calculations are
shown in Table 5-7. The cost-effectiveness for each type of
model plant (interior, exterior flexible, and exterior non-
flexible) was constant, regardless of size. Table 5-7 also
shows the incremental cost-effectiveness, i.e., the cost-
effectiveness of the emissions reductions achieved by moving
from control Level 1 to control Level 2.

5.2 BUSINESS MACHINE SECTOR
5.2.1 Add-on Thermal Incineration System

As with the automotive/transportation sector, capital
costs, annual costs, and cost-effectiveness were calculated
using the methodology given in the OAQPS Control Cost Manual.!
Table 5-8 presents system parameters for adding thermal
incineration to the model plants for the business machine
gsector described in Chapter 2.0.

5.2.1.1 gCapital Costs. The costing equations and
relationships used to calculate total capital costs are shown
in Section 5.1.1.1. The capital costs for applying thermal
incineration to the business machines model plants are
presented in Table 5-9, and range from $590,000 for the small
model plant to $1,870,000 for the large model plant.

5.2.1.2 Annual Costs. The costing equations and
relationships used to calculate total annual costs are shown
in Section 5.1.1.2. The annual costs for applying thermal
incineration to the business machines model plants are
presented in Table 5-9, and range from $373,000/yr for the
small model plant to $1,490,000/yr for the large model plant.

5.2.1.3 Cogt-Effectivenegs. The costing equations and
relationships used to calculate cost-effectiveness are shown
in Section 5.1.1.3. The cost-effectiveness values for
applying thermal incineration to the business machines model
plants are presented in Table 5-10. These cost-effectiveness
values range from $7,560/Mg removed ($6,860/ton removed) for
the largest model plants up to $37,900/Mg removed ($34,500/ton
removed) for the smallest model plant.



TABLE 5-7. COST-EFFECTIVENESS OF APPLYING REFORMULATION
CONTROL LEVELS TO
AUTOMOTIVE/TRANSPORTATION MODEL PLANTS
$/Mg($/ton)

Model plant Ipa Level 1 Level 2 Incremental
Interior coatings 694 (630) 729 (662) 832 (756)
Exterior flexible 674 (612) 666 (605) 655 (8595)
coatings

Exterior nonflexible 735 (667) 736 (668) 737 (669)
coatiggs o

dRefers to model plants described in more detail in
Chapter 3.0.



5-15

‘uryatxobTe Burasoo woxy Indano ,

-wnjy1xobie Butisoo 03 Indur q

-gy8di1eue

STyl I0J Pasn aIam Jp0091 JO danjeiaduwa] purjzezado ue pue jusoaad g6 JO ADUSTOTII® [OIIUOD V ¢
£5°1 e 0007501 3 0021 "002} 1T 00006 s6ae7 (3)
o1l 28870 000°2S 2 0sz 899 £y 000°0S untpon (8)
14,91 o 008’22 1 (]44 192 ve'g 000°02 11eus (V)

4(wdd) (J4y/91) IN{TED)] oP341nbad (1994) 5(w}os) ay/qy) (u1438) a1

U0 § 3843UIIU0T uac_vno_ ajed MO)) sJojeJdauiauy 1Bu2) 2384 Mo}y nw:._uno. oms.. noys uma_a

20A 3191300 JOA 33130 3213no jeio} J0 JoquNny RIonionp jelol seff jeanjeyN J0A 32Ul 19)ul WeINS 13poN

ed0LO3S NOILVILYOd SNYYL/JIAILOWOLNY HHL
‘8-S #149Y.L

J04d SYALIANYIYd WHLSAS NOLLYAFANIDNI TYVWEIHL



"UOTIBIISTUTWPE pUR ‘SOUBINSUT ‘Xe] ‘PESYISAO STRTISIBW ‘IOqe] S3PNTOUIp
‘uy3tTaobte burasoo paziaxaandwoo wox3z ndano,

‘$-6 arqel, ur xolioeg Axsa009y TelTde) UO pasedq

*I°T°T°'G UOTIDOS ut uaaibh vonums Aq pa3ernotede

T 00006%'1 00085} 000'€6 0007256 000'50€ 000708"1 sBie (2)
000°298 000°06 000°2¢ 000°62S 000961 000°'012°¢ wnipen (8)
000°5.S 000°%% 000°22 000112 001’96 000’065 1iews (V)

(SA/8) (JA/S) pS3sod (JA/8) (JA/$) (JA/¢) 3500 ($) p1s0d 1e11d8) a] 3jue)d )3apoN
3509 jenuue 130} jenuie "Jayio 93509 A1391439313 43502 seB jeanjeN ax._o>ouo.. 123 1de)

SANIHOVW SSHENISNH Y04 NOILVIANIONI 'TVWIHHL X€ TOUINOD 40 LSOO 40 AYVAWNS ~“6-S HTHVL

5-16



TABLE 5-10. COST-EFFECTIVENESS OF APPLYING THERMAL

INCINERATION TO THE BUSINESS MACHINE
MODEL PLANTS

Model Total annual Total VOC

plant costs emissions Cost-effectiveness
Ipa ($/yx) reduction $/Mg ($/ton)

(A) Small 373,000 11.9 (10.8) 38,000 (34,500)
(B) Medium 867,000 95.4 (86.7) 11,000 (10,000)
(C) "Large 1,490,000 238 (217) 7,600 (6,900)

e

daRefers to model plants described in more detail in
Chapter 3.0.

(5]
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5.2.2 Substituting Lower-Volatile-Organic-Compound Coatings

As discussed in.Chapter 2.0 and Section 5.1.2,
substituting lower-VOC- and/or higher-solids-content coatings
is a cost-effective control strategy. The costs, emissions
reductions, and cost-effectiveness calculations parallel those
shown in sections 5.1.2.1, 5.1.2.2, and 5.1.2.3.

5.2.2.1 Capital Costs. No capital costs were estimated
for the reformulation control options. This is based on the
assumption that a facility's existing equipment can be used to
apply the reformulated coatings without a capital expense.

5.2.2.2 Annual Costs. The annual costs of implementing
coatings specified by an option were calculated as detailed in
Section 5.1.2.2. The following equations were used to
estimate coating cost ($/gal):

Colorcoat, colorcoat/texture coat,

Clearcoat, and primer = -9.04 x Cygc + 62.57
Solventborne EMI/RFI = -35.07 x Cyoc + 247.20
Waterborne EMI/RFI = -36.09 x Cyge + 249.85

where Cygc is the coating VOC content in lb/gal. Cost curves
were developed based on coating costs reported in the business.
machine surface coating New Source Performance Standards.’

Table 5-11 shows the VOC level and calculated cost per
gallon of each coating at the baseline and both option levels.
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5.2.2.3 Cogt-Bffectivepnegsgs. The cost-effectiveness of
each option may be calculated in exactly the same manner as
presented in Section 5.1.2.3. Table 5-12 shows the results
these calculations.

(7]
t
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TABLE 5-12. COST-EFFECTIVENESS OF APPLYING REFORMULATION
CONTROL LEVELS TO BUSINESS
MACHINE MODEL PLANTS
$/Mg ($/ton)

Model plant Level 1 Level 2 Incremental

(A) Small 517 (470) 529 (480) 1,199 (1,088)
(B) Medium 517 (470) 522 (474) 520 (481)
(C) Large 517 (470) 517 (470) 518 (470)

5-21
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6.0 ADDITIONAL TECHNICAL INFORMATION

This chapter presents additional technical information to
supplement the information on low VOC content coatings
presented in Chapters 3, 4 and 5. Section 6.1 presents
additional information on exterior coatings for
automotive/transportation parts. Section 6.2 presents
additional information on coatings for business machine parts.

6.1 EXTERIOR AUTOMOTIVE COATINGS

The development of lower VOC content exterior coatings
for the automotive/transportation industry is a complicated
process involving product development such as new or modified
substrates, coating performance (weatherability, durability,
etc.), and assessment of changing customer demands. As
described in Chapter 2 and Table 2-4, the industry has reduced
exterior coating VOC content and emissions over the past
decade by developing many new lower VOC content materials.

Improvements in exterior coating performance in some
cases has required higher VOC loadings than the lower VOC
content coatings in control levels 1 and 2 in Chapters 4 and
5. Recent information presented by the industry indicate that
some of the lower VOC exterior coatings in control levels 1
and 2 were based on out-of-date or incorrect data. Table 6-1
presents a new exterior coating option (control level 4) for
exterior automotive coatings. The reasons for changes from
the options presented in Chapters 4 and 5 are:

- Red and black colorcoats require higher VOC content
than other colors to achieve the same performance
due to pigment particle size (see discussion in
Section 2.3);



- Flexible primers require higher VOC content than the
initial lower VOC formulations to avoid masking
problems for multiple color systems;

- Non-flexible primers require higher VOC content than
the initial lower VOC formulations to provide smooth
finishes to match other body parts;

- Primers with the initial lower VOC levels had poor
weatherability. Higher VOC levels are needed to
achieve acceptable performance;

- Clearcoats with the initial lower VOC levels did not
provide adequate acid etch resistance. Recent
clearcoats with slightly higher VOC content provide
adequate acid etch resistance;

- The original colorcoat database did not span the
full range of colors used in the industry; and

- The low-bake clearcoat data originally reported by
the coating manufacturers did not reflect correct
as-applied VOC levels.

Tables 6-2 and 6-3 compare control level 4 with the
control levels presented in Chapters 4 and 5 for exterior low-
bake and high-bake coatings. Emission reductions and cost-
effectiveness of control level 4 were determined as discussed
in Chapters 4 and 5 for control levels 1 and 2. Table 6-4
compares the national impacts of control levels 1, 2 and 4.
Other environmental impacts of control level 4 are equivalent
to those for levels 1 and 2, as discussed in Chapter 4.

6.2 BUSINESS MACHINE COATINGS

The appropriateness of particular lower VOC content
coatings for business machine parts may be influenced by the
conditions in which the final product will be used. Many
machines are used in a home or office setting, while others
are used in a more hostile factory or field environment. The
coatings used on parts destined for factory or field use must
be able to withstand the conditions present in those
environments. This may preclude the use of some of the lower
VOC content materials suitable for parts destined for home or
office use on parts destined for factory or field use.

6-2



TABLE 6-1. AUTOMOTIVE/TRANSPORTATION NEW EXTERIOR COATING OPTION

(CONTROL LEVEL 4)

Low-Bake Flexible and Nonflexible Coatings

Coating Type

Primers

Colorcoats
Red and Black
All other colors

Clearcoats

VOC Content
(lb/gal)@d

5.5

High-Bake Coatings

Coating Type

Primers
Flexible
Nonflexible

Colorcoats

Clearcoats

E

VOC Content
(lb/gal)d

* All VOC contents are measured as pounds of VOC per gallon of

coating less water.
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Pucci, Mike

ATSESET

Rm B-2236

131 Morristown Rd.
Bushing Ridge, NJ 07920

Dougherty, David

ABB Power T and D Co.

Post Office Box 9533

2728 Capitol Blvd.

Raleigh, North Carolina 27604

Williams, John

AIMCO

Post Office Box 80153
Conyers, Georgia 30208

Marg, Ken

Marketing Director
Accuspray

Post Office Box 391525
Cleveland, Ohio 44139

Swisher, Doug

Engineer

Advanced Plastics, Inc.

100 Main Street

Sherman, Mississippi 38869

Lowe, Ronnie

Alr Power, Inc.

2304 Atlantic Avenue
Post Office Box 41165
Raleigh, North Carolina
27629-1165

Jurczyszyn, Robert
Corporate Manager

Akzo Coatings, Inc.
Regulatory Affairs

Post Office Box 7062

Troy, Michigan 48007-7062

Hickman, Bob

Executive Vice President
Alladin Plastics, Inc.
Post Office Box 129
Surgoinssville, Tennessee
37873

Maty, Joseph

Editor

American Paint & Coatings
Journal

2911 Washington Avenue
St. Louis, MO 63103

Walberg, Arvid

President

Arvid C. Walberg and Co.

Post Office Box 9055

Downers Grove, Illinois 60515

McConnell, John .
Manager, Environmental Affairs
Autostyle Plastics, Inc.

5015 S2nd Street S.E.

Grand Rapids, Michigan 49512

Bobowski, David

BASF Chemicals

Coatings and Inks Division
5935 Milford Avenue
Detroit, Michigan 48210



Young, Barry

Engineer

Bay Area Air Quality
Management District

939 Allis Street

San Francisco, California

94109

Horne, Reggie

Bee Chemical Company
Division of Morton Thiockol
2700 East 170th Street
Lansing, Illinois 60438

Chalikian, Peter

Director of Marketing

Binks Manufacturing Co.

9201 West Belmont Avenue
Franklin Park, Illinois 60131

Rankin, Tim

Blue Ridge Hardware & Supply
Industrial Division

P.O. Box 547

Bassaett, VA 24055

Russel, Cheryl
Boeing Corp.

Bunnell, Michael
President/C.E.O.
Can-Am Engineered Products,
Inc.
30850 Industrial Road
Livonia, Michigan 48150

Heuertz, Matt

Executive Director

Chemical Coaters Association
Post Offica Box 241

Wheaton, Illinois 60189

Fair, Paul

Contour Technologies
Design Engineering Group
850 Stephenson, Suite 306
Troy, Michigan 48083

Pond, Bob

Cook Paint and Varnish Co.-
919 East 14th Avenue

Kansas City, Missouri 64116

Lumby, Mick

Vice President

Croix Air Products, Inc.
520 Airport Road

Fleming Field

South St. Paul, Minnesota
55075

Reese, Jinm

Desoto Paint Company

Coatings and Polymers Division
1700 South Mount Prospect Road
Des Plaines, Illinois 60017

Robinson, Frank
Director of Marketing
DevVilbiss Co.

Post Office Box 913
Toledo, Chio 43692

McClinton, Roy

Delta Environmental Services
6701 Carmel Road

Charlotte, NC 28226



Coletta, Tony

DuPont

Automotive Products

Post Office Box 7013

Troy, Michigan 48007-7013

Turowski, Daniel

Project Development Engineer
Durr Industries, Inc.
Finishing Systems

Post Office Box 2129

Plymouth, Michigan 48170-4297

Schultz, Karl

Environmental Consultant

E.I. DuPont de Nemours & Co.
Automotive Products

1007 Market Street

Wilmington, Delaware 19898

Steck, Paul

Manager

Exothermic Molding, Inc.
199 West Clay Avenue
Roselle Park, New Jersey
07204

Bernhim, Ed4d

Sales Executive

Exxene Corp.

5939 Holly Road

Corpus Christi, Texas 78414

Oyler, Bill

Fawn Industries

Engineering Department

Hunt Valley, Maryland 21030

Lannefors, Hans

Flagt, Inc., Alpha Division
Environmental Research Dept.
29333 Stephenson Highway

Madison Heights, Michigan
48071

Lennon, Joseph

Environmental Control Engineer
Ford Motor Company
Environmental Quality Office
15201 Century Drive

Dearborn, Michigan 48120

Scheaffer, Scott

Vice President

GET Plastics

4157 North Kings Highway
St. Louis, Missouri 63115

Peters, Gregory

Environmental Activities Staff
General Motors Corp.

30400 Mound Road

Warren, Michigan 48090-9015

Flores, James

Districk Manager

Graco Inc.

7158 Open Hearth Drive
Kernersville, North Carolina
27284

Richter, Dick

Manager, Advertising
Graco, Inc.

Post Office Pox 1441
Minneapolis, Minnesota
55440-1441



England, Kevin

Corporate Environmental
Engineer

Hasbro, Inc.

1027 Newpert Avenue

Pawtucket, Rhode Island 02862

Merrill, Ken
President

Hi-Line Plastics
Post Office Box 247
Olathe, Kansas 66062

Dionne, Edanm
IBM
Naismith, Ann .
IBM
Department 559, Building 002
P.O. Box 12195
Research Triangle Park, NC
27709

Jewett, Jim
Intel

Armitage, Norman
President
John L. Armitage and Company
1259 Route 46
Parsippany, New Jersey 07054

Mullen, Marjorie

Kentucky Division of Air
Quality

316 st. Clair

Frankfort, KXY Allen, Andy
Marketing/Materials Engineer
Lexalite International Corp.
Post Office Box 498
Charlevoix, Michigan 49720

Bailey, Robert

Senior Vice President

Lilly Industrial cCoatings
Corporata Marketing

P.Q. Box 946

Indianapolis, Indiana 46206

Chalfant, Bob

Lockwood Green Engineers
1330 West Peachtree St.
Atlanta, GA 30367

Beaman, Joe

Vice President

Luster Coate

32 East Buffalo

Churchville, New York 14428

Forberger, Stave

MXL Industries

Engineering Dept.

1764 Rohrerstown Road
Lancaster, Pennsylvania 17601

Steading, Dale

Finishing Manager

Mack Molding

Post Office Box 815

Inman, South Carolina 29349

York, Carl

Maryland Air Management
Administration

2500 Broeing Highway

Baltimore, Maryland 21224



Wagner, John

Environmental Engineer
Masco Corp.

Suite 110, Westpark Center
5111 Auto Club Drive
Dearborn, Michigan 4812s

Irvine, Robert

Michigan Dept. of Nat.
Resources

Air Quality Division
Box 30028

Lansing, Michigan 48909

Haddock, Bryon

Technical Sales Representative
Morton International, Inc.
Specialty Chemicals Group

2700 East 170th Street
Lansing, Illinocis 60438

Koreck, Joseph

Color Services Manager
Morton International, Inc.
2910 Waterview Drive
Rochester Hills, Michigan
48309

Praschan, Eugene

Manager, Emissions and Control

Motor Vehicle Manufacturers
Association

7430 Second Ave, Suite 300

Detroit, Michigan 48202

Schafer, Larry

NCR Corp.

7240 Moorefield Hwy.
Liberty, SC 29857

Nelson, Bob

Director, Environmental
Affairs

National Paint & Coatings
Assoc.

1500 Rhode Island Avenue, NW
Washington, D.c. 20005

Banks, Richard

National Semiconductor
Reddy, Beth

New Jersey of Environmental
Protaection

CN=-027

Trenton, New Jersey

08625-0027

Dalton, Kathy

New York Division of Air
Quality

50 Wolf Road

Albany, New York 12233

Waffen, Bruce
Director of Marketing
Nordson Corp.

555 Jackson Street
Amherst, Ohio 44001

Reinhardt, David

Director of Operations

North American Reiss Corp.
Kenkor Molding Division

Dept. I, Mount Vernon Road
Englishtown, New Jersey 07726

Lawson, Daviad

Manager, Materials Technology
PPG Industries, Inc.

Coatings and Resins Group
Post Office Box 9 (JPCLS)
Allison Park, Pennsylvania
15101



Suss, Naomi

PPG Industries, Inc.
Automotive Technical Center
Post Office Box 3510

Troy, Michigan 48007-3510

Cyr, Dick

President

Plas-Tec Coating, Inc.

70 Mascola Road

South Windsor, Connecticut
06074

Rafson, Harold

Quad Environmental Technology
3605 Woodhead Drive

Suite 103

Northbreook, IL 60062

Brown, Kate

Ransburg-Gema, Inc.

Marketing Department

Post Office Box 88220 .
Indianapolis, Indiana 46208

Lutterbach, Mark

Red Spot Paint and Varnish Co.
Post Office Box 418
Evansville, Indiana

47703-0418

Caine, John
Vice President Sales
Reeco Regenerative
Environmental

Equipment Co., Inc.
Box 600, 520 Speedwell Ave.
Morris Plains, NJ 07950-2127

Gregory, Ellen
Seyforth Shaw

55 East Monroe
Suite 4300
Chicago, IL 60603

Kirby, Art

Chemical Coatings Division
Sherwin-Williams Company
101 Prospect Avenue, North
West .

Cleveland, Ohio 44115-1075

Ocampo, Gregory

Product Manager
Sherwin-Williams Company
101 Prospect Avenue, N.W.
Cleveland, Ohio 44115-1075

Bankoff, Barbara

Siemens

Ulrich, Darryl

Executive Director

Society of Mfg. Engineers
Assoc. for Finishing Processes
Post Office Box 930

Dearborn, Michigan 48121

Thomas, Larry

President

Society of Plastic Industries
1275 K Street N.W.

Suite 400

Washington, D.C. 20005

Forger, Robert

Executive Director

Society of Plastics Engineers
14 Fairfield Drive

Brookfield, Connecticut 06805



Hopps, Don

South Coast Air Quality
Management District

9150 Flair Drive

El Monte, California 91731

Sweetman, Bill

Senior Environmental Engineer

Spaulding Sports Worldwide
425 Meadow Street
Chicopee, Missouri 01013

Glenn, George

Technical Director

Speeflo Manufacturing Corp.
8605 City Park Loop

Suite 200

Houston, Texas 77013

Rosania, Stanley

President

Structural Foam Plastic, Inc.
Post Office Box 5208

North Branch, New Jersey
08876

Donahue, Tim

Executive Vice President
TS Polymers

4750 Ashley Drive
Hamilton, Ohio 45011

Teten, Lance

Director, Research &
Development

Texstar, Inc.

802 Avenue J East

Grand Prairie, Texas 75053

Hynds, Jim

President

Turbo-Spray Midwest, Inc.
24047 Research Drive
Farmington Hills, Michigan
48024

West, Thayer

Union Carbide Chemicals and
Plastics Co., Inc.

39 0l1d Ridgebury Road

Danbury, Connecticut

06817=-0001

Gates, George

Project Engineer

Webb Manufacturing Co.
Post Office Box 707
Conneaut, Ohioc 44030

Lluch, Jaime

Wiggin & Dana

1 Century Tower

New Haven, CT 06508-1832

Labak, Larry

Environmental Engineering
Manager

Wilson Sporting Goods

8840 West Palnm

River Grove, Illinois 60171

Ayer, Matthew

Environmental Coordinator
Worthington Industries, Inc.
4219 U.S. Route 42

Mason, Ohio 45040

Barefield, Larry
YDK America

P.0O. Box 1309
Clinton, GA 30114



APPENDIX B
EMISSIONS CALCULATION

1. BASELINE
A. Automotjve

Baseline VOC levels were determined for each coating
category for each model plant based on information reported by
NPCA. The volume of each coating used at each model plant was
multiplied by the estimated baseline VOC level, to get an
estimate of model plant baseline VOC emissions (see Example B-1l).

ample B-1: VOC Emissions Calculation (Model Plant ATAl)

Usage VOC Content Emissions
Coating (gal/yr) (lb YOC/gal) (lb YOC/yr)
Highbake Colorcoat 450 x 4.6 L] 2,070
Highbake Primer 150 x 5.4 L 810
Lowbake Colorcoat 8,550 x 8.0 = 51,300
Lowbake Primer
2,850 x 6.0 = ’ 17,100
Total 12,000 gal/yr 71,280 b voc/yr
L _

(71,280 b vOC/yr)(1 ton/2,000 tb) = 35.6 tons VOC/yr - 3§ tons VOC/yr

It was assumed that 100 percent of coating VOC content was
emitted. Tables B-1, B-2, B-3, and B-4 present the model plant
usage, VOC level, and emissions for each category at baseline and
each option. Options 1 and 2 are reformulation options, and
Option 3 applies incineration as an add-on control. Note that as
vOoC content is lowered due to reformulation, total usage is

B3=1
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reduced. This is based on the assumption that the total amount
of solids required remains constant across the options (Example
B-z) L ]

mple B-2: Reformulated Coating Usage
(Highbake Colorcoat, Model Plant ATA1l)

7. 1l baseline

Reformulated Usage = Usage at Baseline x C

L 7.1 ] option level

7.1‘h.--un- = 402 gal/yr

Usage at Level 1 = 450 gal/yr x ( 4.3

{ 7-14 level 1

The emissions from the add-on control option (Option 3) were
calculated from the assumption of 98 percent destruction
efficiency by thermal incineration. Emissions are therefore
2 percent of baseline emissions (Example B-3).

mple B=3: Emissions After Control (Model Plant ATAl)
Emissions from Example B-1= 36 tons
Option 3 emissions = Baseline Emission #* 0.02

= 36 tons/yr (0.02) = 0.7 tons/yr

B-6



B. Buginess Machines

Coating usage and VOC levels were determined for each
coating type for each model plant size based on information
collected from the industry as explained in Chapter 2. VOC
emissions from each model plant were then calculated by
multiplying gallons used by VOC content per gallon as in Example
B-1. Table B-5 shows model plant coating usage, VOC level, and
calculated emissions for each coating at each option for all
three business machine model plant sizes.

As in the automotive sector, add-on control was incineration
with a destruction efficiency of 98 percent. Thus, emissions
were estimated to be 2 percent of baseline emissions (see
Example B-3).

2. EMISSION REDUCTIONS

Emission reductions are calculated as the difference between
baseline emissions and the emissions at a given control option
for every case. Table B-6 shows the emissions reduction for each
control option for both the automotive and the business machine
sectors. Example B-4 shows the emissions reduction calculation
for ATAl.

ample B-4: Emission Reduction Calculation
(Model Plant ATAl, Option 2)

Emissions at Baseline = 36 tons/yr
Emissions at Option 2 = 6 tons/yr (from Table 1)
Emissions Reduction = 36 tons/yr - 6 tons/yr = 30 tons/yr
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APPENDIX C
COST CALCULATIONS

Costs of control for both the Automotive/Transportation and
Business Machine/Miscellaneous sectors were developed in an
identical manner; however, the approach differed between the
reformulation options (1 and 2) and the add-on control
option (3). Reformulation costs were developed from cost data
supplied by manufacturers. The data was used to develop cost
equations based on VOC content. To calculate the cost of a
reformulation option, the cost of each of the individual coatings
must first be calculated at both baseline and option levels. The
cost equations are taken from Chapter S. Example C-1 shows the
required calculations for model plant ATAl.

ample C-1: Coating Cost Calculations

voc Cost Coating Cost
Coating (lb/gal) Equation ($/qal)
Highbake Colorcoat 4.6 =14.43" (4.6) * 99.76 = 33.38
Highbake Primer 5.4 -7.21*7 (5.4) - 49.88 = 10.95
Lowbake Colorcoat 6.0 =16.43* (6.0) * 99.76 s 13.18
Lowbake Primer 6.0 -7.21* (6.0 . 49.38 = 6.62
R S ————— S —T—




Option 1

0

Coating ( lbv/?al ) E:l::;ﬂ' Cu(t‘i,?“(:)“t

Highbake Colorcoat 4.3 <14.43* (4.3) + 99.76 = 7.7

Highbake Primer 4.3 -7.21* (4.3) * 49.88 ] 18.88

Lowbake Colorcoat 5.0 ~16.63* (5.0 * 99.75 ] 27.61

Lowbake Primer 3.5 -7.21* (3.5 + 49.a8 s 26.64
S S —

See Table 5-6 for the VOC content and calculated cost of each
coating at baseline and both options.

The total cost of coating is found on a model plant basis by
multiplying the total usage of each coating by its cost and
summing each cost as shown in Example C-2.

Example C-2: Total Coating Cost for Model Plant ATAl

Baseline

Cost Usage Total Cost
Coating ($/g9al) (gal/yr) ($/yr)
Highbake Colarcoat 33.38 450 15,000
Highbake Primer 10.95 150 1,600
Lowbake Colorcoat 13.18 8,550 112,700
Lowbake Primer 5.82 2,550 18,900
Totals 12,000 143,200

Cost Usage Total Cost

Coating ($/gal) (gal/yr) ($/7yr)
Highbake Colorcoat 37.n 400 15, 100
Highbake Primer 18.88 90 1,700
Lowbake Colorcoat a27.81 4,480 123,700
_Lowbake Primer 28,64 1] 21,400
Totals 5,540 161,900




Table C-1 shows the total coating cost for each model plant at
baseline and at both levels. '

The cost of controlling a model plant at an option may then
be calculated by finding the ditférence in total coating cost
between the option cost and the baseline cost (Example C-3).
Table C-1 presents the annual cost of control by reformulation
for each model Plant at both control levels.

Example C-3: Annual Cost of Reformulation

Cost of Baseline (from Example C-2) = $148,200/yr

Cost of Option 1 (from Example C-2) = $161,900/yr

Cost of Control = $161,900/yr - $148,200/yr = $13,700/yr

The cost of controlling model plants with add-on
incinerators was calculated by a computer program based on
Chapter 3 of the OAQPS Control Cost Manual.! Table C-2 shows
the input to the program, and Tables C-3 and C-4 show the costing
output from the program.

1U.S. Environmental Protection Agency. OAQPS Control Cost
Manual. OAQPS/EPA. Research Triangle Park, North Carolina.
EPA-450/3-90-006. January 1990

C=3
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TABLE Cc-4,

CONTROL COSTS

Record Nurber of Incinerator Electrical Cost Naturel Ges Inctnerator Annuat VOC Cost Effectiveness

Number Source Description Incinerators Capital Cost ($) ($/yr) Cost ($/yr) Cost ($/yr) (Mg/Removed)

1 Intertor 1 635,907 62,357 3IN,e08 523,948 16,554

2 Exterfor, Flexible 1 635,923 62,360 314,462 526,718 19,9%

3 Exterfor, 1 635,923 62,380 314,462 526,718 21,052
Nonflexible

& Interior 2 1,256,690 94,209 519,497 910,425 12,668

H Exterior, Flexible 2 1,256,690 94,209 519,497 910,425 15,159

6 Exterfor, 2 1,256,690 94,209 519,497 910,425 16,023
Nonflexible

7 Interior 3 2,247,899 320,648 1,297,528 2,136,844 8,30%

8 Exterfor, flexible 3 2,247,899 320,668 1,297,528 2,136,844 9,939

9 Exterfor, 3 2,247,899 320,658 1,297,528 2,136,844 10,508
nonflexible

10 Interfor 6 4,903,670 1,051,842 4,108,838 6,343,361 8,016

1" Exterior, Flexible é 4,903,670 1,051,642 4,108,838 6,343,351 9,593

12 Exterfor, [ 4,903,670 1,051,642 4,108,838 6,343,361 10,142
nonflexible

13 Business 1 571,240 33,798 209,641 380,221 38,682
Machine/Misc.

16 Business 2 1,256,659 94,204 S14,892 905,808 11,505
Machine/Misc.

15 Business 2 1,480,004 239,536 918,516 150,047 7,621

Machine/Mise.




APPENDIX D

CTG MODEL RULE FOR SURFACE COATING OF PLASTIC PARTS

D. 1 INTRODUCTION

This appendix outline a sample rule to limit volatile
organic compound (VOC) emissions from the surface coating of
plastic parts. The sample rule is for informational purposes
only; it is intended to provide information concerning factors
that need to be considered in writing a rule to ensure that it
is enforceable.

This sample rule is general in nature; that is, the
applicability of the rule, and thus the stringency, are
determined when the emission limits are chosen by a State or
local agency. As mentioned in Chapter 1, this document does
not contain a recommendation on RACT; therefore, no emission
limits are specified in the sample rule.

The remainder of this appendix contains the sample rule.
Separate sections cover the following rule elements:
applicability, definitions, emission standards, compliance
demonstration, monitoring, recordkeeping and reporting.

D.2 APPLICABILITY

The provisions set forth in this sample rule apply to any

facility that coats plastic components for the following uses:

Automotive or other transportation equipment
including interior and/or exterior parts for
automobiles, trucks (light-, medium-, or heavy-
duty), large and small farm machinery, motorcycles,
construction equipment, vans, buses, and other
mobile equipment; and

Housings and exterior parts for business and
commercial machines including, but not limited to,
computers, copy machines, typewriters, medical
equipment, and entertainment equipment.
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This sample rule applies to in-house coating processes
located at the original equipment manufacturer (OEM) site, as
well as, to coating contractors specializing in molding and
coating plastic parts, and job-shops performing coating only.
This sample rule applies to coating operations including
coating application, flash-off and drying/curing.

This sample rule does not apply to plastic parts coated
on the main (body) paint line in automobile or light-duty
truck assembly plants. This sample rule does not apply to the
repair of plastic parts on fully assembled vehicles in
automobile or light-duty truck assembly plants. These parts
‘are covered under regulations for automobile and light-duty
truck coating operations. This sample rule also does not
apply to coating of interior and exterior parts for aircraft;
coating of exterior of completely assembled marine vessels;
refinishing of automobiles, trucks or other transportation
equipment; and coating of internal electrical components of
business and commercial machines.

The remainder of this appendix contains the sample rule.
Separate gections cover the following rule elements:
applicability, definitions, emission standards, emission
standards testing, monitoring requirements, and reporting/

recordkeeping.
D.3 DEFINITIONS
Add-on control device. An air pollution control device

such as a carbon adsorber or incinerator which reduces the
pollution in an exhaust gas. The control device usually does
not affect the process being controlled and thus is "add-on"
technology as opposed to a scheme to control pollution through
making some alteration to the basic process.

A ion m . A coating applied to
thermoplastic olefin (TPO) parts to promote adhesion of
subsequent coatings.

Affected facility. Any apparatus, to which a standard is
applicable, involved in the coating of plastic parts.



Aftermarket automobileg. Vehicles that have been
purchased from the original equipment manufacturer.

Bagecoat/clearcoat. A two-step topcoat system in which a
highly pigmented, often metallic, basecoat is followed by a
clearcoat, resulting in a finish with high-gloss
characteristics. It is often used on automotive parts.

As applied. The condition of a coating at the time of
application to the substrate, including any dilution solvents
added before application of the coating.

Capture efficiency. The fraction of all organic vapors
generated by a process that are directed to an abatement or
recovery device.

Clearcoat. A transparént coating usually applied over a
colored, opaque coat to improve gloss and provide protection
to the colorcoat below.

Coating. A material applied onto or impregnated into a
substrate for protective, decorative, or functional purposes.
Such materials include, but are not limited to, paints,
varnishes, sealants, adhesives, inks, maskants, and temporary
protective coatings.

Coating unit [or linme]. A series of one or more coating
applicators and any associated preparation and drying areas
and/or oven wherein a coating is applied, dried, and/or cured.
A coating unit [line] ends at the point where the coating is
dried or cured, or prior to any subsequent application of a
different coating. However, a coating unit does not
necessarily include an oven or a flash-off area, and may
consist of any preparation and application areas.

E ma. ic in feren io fr en interference
{EMI/RFI) coatingg., Coatings used in plastic business machine
housing to attenuate electromagnetic and radio frequency
interference signals that would otherwise pass through the
plastic housing.

Flash-off area. The area within a coating operation
where solvents evaporate from a coating during the interval
between coats or before the coated part enters a bake oven.
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Flexible coating. A paint with the ability to withstand
dimensional changes.

Gloss reducers. A low-gloss coating formulated to
eliminate glare for safety purposes on interior surfaces of a
vehicle, as specified under the U.S. Department of
Transportation Motor Vehicle Safety Standards.

High bake coatings. Coatings designed to cure at
temperatures above 194°F.

Higher-solids coating. Coating containing greater
amounts of pigment and binder than conventional coatings.
Solids are the non-solvent, non-water ingredients in the
coating. Higher-solids coating usually contain more than 60
percent solids by volume.

w_bak ingg. Coatings designed to cure at lower
temperatures (below 194°F).
Non-flexible coating. A paint without the ability to

withstand dimensional changes.

QEM. Original equipment manufacturer.

Overspray. The solids poftion of a coating which, when
sprayed, fails to adhere to the part being coated. The
applied solids plus overspray solids equal total coating
solids delivered by the spray application system.

Plastic Part. A piece made from a substance that has
been formed from resin through the application of pressure or
heat or both.

Primer. Any coating applied prior to the application of
a topcoat or color coat for the purpose of corrosion
resistance, adhesion of the topcoat, and color uniformity.

Solids content. The non-solvent, non-water ingredients
in the coating, consisting of pigment and binder, that do not
evaporate and have the potential to form a cured (dry) £ilm.
The solids content can be expressed as volume percent or
weight percent.

Specialty coatings. Coatings used for unusual job
performance requirements. These products include adhesion
primers, resist coatings, soft coatings, reflective coatings,
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electrostatic prep coatings, headlamp lens coatings, ink pad
printing coatings, stencil coatings, coatings (automotive),
vacuum metalizing coatings, and gloss reducers.

Topcoat. The final coat of paint applied to a substrate.
Several layers of topcoat may be applied in some cases.

Transfer efficiency. The ratio of the amount of coating
solids deposited onto the surface of the coated part to the
total amount of coating solids used.

Two-component paint. A coating that is manufactured in
two components that are mixed shortly before use. When mixed,
the two liquids rapidly crosslink to form a solid composition.

Volatile organic compound (VOC) content. The amount of
VOC in a coating as determined by Method 24. The VOC content
can be expressed as pounds of VOC per gallon (or kg VOC/L) of
coating, minus water and exempt compounds.

W orn ing. A coating that contains more than
five weight percent water in its volatile fraction.

D.4 STANDARDS

(a) Automotive/Transportation Sector. The VOC content
of any automotive/transportation plastic parts surface coating
shall not exceed the applicable limitations as specified in
Table 1.

(b) Business Machine Sector. The VOC content of any
business machine plastic parts surface coating shall not
exceed the applicabie limitations as specified in Table 2.

(c) Daily Weighted Average Alternative. The daily
weighted average VOC content of all coating used on a coating
unit that are subject to a single limit in (a) or (b) above
shall not exceed that limit.

(d) A facility may use a capture system and control
device in lieu of complying coatings on any coating unit. The
capture system and control device on a coating unit shall
achieve an overall control efficiency which is greater than or
equal to that needed to reduce the daily weighted average VOC
content of the coatings used on that unit to the applicable
emission limit on a solids basis.
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D.5 COMPLIANCE DEMONSTRATION, MONITORING, RECORDKEEPING AND
REPORTING

For information on possible compliance demonstration,
monitoring, recordkeeping and reporting requirements, see

M A i i R R n Available
i i u an

to Title I of the Clean Aixr Act, Staff Working Document, June
1992.



TABLE 1. COATING CATEGORIES FOR
AUTOMOTIVE/TRANSPORTATION COATINGS

Control
Level
Coating Category (1b
vOoC/gal)?d

I. Auto Interiors
1) High Bake Colorcoat

2) High Bake Primer
3) Low Bake Colorcoat

4) Low Bake Primer

II. Auto Exteriors (Flexible and Nonflexible)

1) High Bake
a) Colorcoat
b) Clearcoat
c) Primer-Flexible
d) Primer-Nonflexible

2) Low Bake
a) Primer
b) Colorcoat Red and Black
¢c) Colorcoat Others
d) Clearcoat

IIT. Auto Specialty
1) Group (A)b
2) Group (B)C
3) Group (C)d
4) Headlamp Lens

AVOC content values are expressed in units of mass of VOC (kg,
1b) per volume of coating (L, gal), excluding water and
exempt compounds, as applied.

bGroup A - Black and Reflective Argent Coatings, Soft

Coatings, Air Bag Cover Coatings, Vacuum Metalizing Basecoat
and Texture Coatings.

CGroup B - Gloss Reducers, Vacuum Metalizing
Topcoat, and Texture Topcoat.

dGroup C - Stencil Coatings, Adhesion Primers, Ink

Pad Printing Coatings, Electrostatic Prep Coats, and Resist
Coatings.



TABLE 2. COATING CATEGORIES FOR BUSINESS MACHINE
COATINGS

Control Level
Coating Category (1b voC/gal)?d

I. Primer

II. Colorcoat
IIT. Colorcoat/texture coat
IV. EMI/RFI Shielding

V. Specialty
1) Soft Coatings
2) Plating Resist
3) Plating Sensitizer

aVOC content values are expressed in units of mass of VOC (kg,

lb) per volume of coating (L, gal), excluding water and
exempt compounds, as applied.



