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CHAPTER 1: INTRODUCTION

NESHAP, CTG, Title I, Title III, Title V, MACT, RACT - you may have heard these acronyms
over the past several years as the United States Environmental Protection Agency (U.S. EPA) has
begun implementing the various requirements of the Clean Air Act Amendments of 1990 (CAAA). 
But what do all these terms mean to manufacturers of pressure sensitive tapes and labels, and to
those who regulate them?  This Manual was written to answer these questions and to present vital
information about methods for reducing air emissions.  This Manual presents federal regulations
established to reduce air emissions to the outdoor environment and not within manufacturing
facilities.

U.S. EPA has identified the paper and other web coating industry as the largest source of methyl
ethyl ketone (MEK) and the third largest source of toluene emissions in the Toxic Release
Inventory (TRI).1  Therefore, U.S. EPA is developing new regulations for this industry under the
CAAA.  The manufacture of pressure sensitive tapes and labels is a subcategory of this more
general paper and other web coating industry grouping.  Paper and other web coating refers to
manufacturers of a diverse group of end-products such as photographic film, wallpaper, sandpaper
and packaging.  U.S. EPA has grouped these industries together for regulatory purposes because
they all use a similar manufacturing process: a roll of substrate (e.g. paper, film or foil) is
unwound, coated, cured, and either rewound or cut into smaller sizes in a continuous process with
an integrated set of equipment.  However, in order to present meaningful technical information, this
Manual focuses on the manufacture of pressure sensitive tapes and labels.

This Manual is divided into four chapters.  Chapter 1 contains background information on the
reasons for regulating emissions from pressure sensitive tapes and labels manufacturing including
an overview of the health effects of the solvents used in the largest quantities, sources of emissions
from a typical manufacturing facility, and a summary of federal regulatory developments.  Chapter
2 defines pollution prevention (P2) and discusses the elements of a successful P2 program. 
Chapter 2 is somewhat general and is included as a reference to provide companies with a
framework for evaluating the pollution prevention opportunities presented in Chapter 3 and for
developing a comprehensive pollution prevention program, if desired.  Chapter 3 presents the
various P2 opportunities available for pressure sensitive tape and label coating, cleaning, and
housekeeping operations.  Chapter 4 concludes with recommended pollution prevention strategies.

Appendix A presents a history of the regulatory developments leading up to the CAAA and
includes an outline of the various sections, known as Titles, of the CAAA.  Appendix B contains a
list of the chemicals that are considered hazardous air pollutants (HAPs) under the CAAA. 
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Finally, Appendix C contains a list of technical assistance and regulatory agencies, and other
resources where companies can obtain further information.

1.1 Pressure Sensitive Tapes and Labels

Pressure sensitive tapes and labels are designed to bond without the use of heat or moisture.  They
have many applications and are rapidly gaining market share from wet glue tapes and labels.2 
Pressure sensitive tapes have a wide variety of consumer, commercial and industrial applications. 
Most familiar adhesive tapes are pressure sensitive: Scotch™ tape, masking tape, packaging tape,
medical and athletic tape, electrical tape, and duct tape.  In addition, pressure sensitive tapes can
have specialized applications such as clear protective barriers on appliances and automobile
components, reflective material on signs, and attaching one surface to another, either permanently
or temporarily.  When the tape or label is designed to withstand diverse or extreme environmental
conditions, such as the outdoor environment, it is known as high-performance; tapes and labels
designed for moderate conditions are known as low-performance.

Pressure sensitive labels can be used on a wide variety of substrates although their dominant use is
on plastic.  In addition, pressure sensitive labels are almost universally used as mailing labels -
even most U.S. postage stamps are now pressure sensitive.  Pressure sensitive labels are the only
labeling technology that can withstand the environment created by thermal, ink jet, bar code,
impact, and dot matrix printers, which now account for over 50 percent of all pressure sensitive
label consumption.3

The traditional formulation of the coatings and adhesives used by pressure sensitive tapes and
labels manufacturers is solvent-based.  Solvents are used as carriers, allowing the formation of a
liquid that is easily transported and applied to the substrate material (the web).  The solvents are
removed through evaporation and the rubbers, resins and other coating solids remain on the web
when the coating is dry.  Solvents are also used to remove excess coating material from equipment
and surrounding areas.  The pressure sensitive tapes and labels sector uses significant quantities of
toluene due to its ability to place solid ingredients into solution.  Some manufacturers use heptane
or a toluene/heptane mixture.  Other solvents such as mineral spirits, MEK and xylene are also
commonly used for special dilution requirements and for equipment cleaning.

Toluene, heptane, MEK, xylene and mineral spirits are flammable liquids that quickly evaporate in
air.  In addition, the U.S. EPA considers them volatile organic compounds (VOCs) that can
contribute to ambient air quality problems.  Toluene, MEK and xylene are classified as HAPs that
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Firms that implement P2 techniques
often realize a financial benefit.

This Manual can help both large and
small firms make cost-effective P2
improvements.

can cause adverse health effects.4  The use of solventborne coatings and adhesives can generate
significant VOC and HAP emissions.  VOCs and HAPs are emitted when solventborne coatings
are mixed, when they are applied to the web, and when they dry.  Therefore, the pressure sensitive
tapes and labels sector is currently regulated by the states and the U.S. EPA.  However, the U.S.
EPA is developing additional regulations under the CAAA that will significantly affect the use of
HAPs and VOCs by the pressure sensitive tapes and labels sector.

This Manual was prepared to promote a pollution prevention (P2) approach to compliance with
the new regulations developed under the CAAA.  In addition to improving conditions for
employees and reducing environmental
impacts, firms that implement P2 techniques
often realize a financial benefit.  Financial
gains can be substantial and are typically
realized from reductions in coating use, waste
generation, labor requirements, fire insurance premiums, and record keeping and reporting
burdens.  In some cases, investing in P2 can improve a facility’s productivity.  A P2 project or
group of projects might enable a facility to
lower its air emissions to below levels that
will be regulated by the federal NESHAP
and/or state air toxics and VOC control
programs.  If a regulation no longer applies,
then record keeping and reporting
requirements are significantly reduced, often
requiring firms to prove only that the regulation does not apply.  This Manual can help both large
and small firms make cost-effective P2 improvements.

1.2 Adverse Health Effects5

Some coatings and adhesives are over 90 percent solvent.  The most common solvent used by
manufacturers of pressure sensitive tapes and labels is toluene.  The other solvent used in large
quantities by some manufacturers is heptane.  Other chemicals commonly used in smaller quantities
are mineral spirits, MEK and xylene.  Of these commonly used chemicals, toluene, MEK and
xylene are included in the CAAA list of HAPs.  In addition, several Northeast6 states have
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Breathing toluene, xylene or MEK vapors
can cause:

C  headaches
C  fatigue
C  nausea

and other symptoms.  Long-term
exposure can cause more serious health
effects.

included these solvents in state-specific air toxics control programs.  Heptane and mineral spirits
are also toxic at certain doses and can be associated with health effects similar to those discussed
below for toluene, MEK and xylene.

Chemicals enter the body via three primary routes: inhalation, ingestion or direct contact with the
skin.  In the work environment, the primary
exposure route to volatile HAPs is inhalation. 
Accidental direct contact or ingestion is
possible, particularly if employees are not
adequately trained and/or appropriate
housekeeping practices are not implemented. 
For persons living near the facility, the
primary exposure route also could be
inhalation.  This section only addresses health
effects associated with exposure by inhalation.

The HAPs traditionally used by pressure sensitive tapes and labels manufacturers can result in
adverse health effects at certain levels of exposure.  The adverse health effects associated with
these three HAP compounds are well documented.  The following presents a summary of the health
effects associated with inhalation exposure to relatively high concentrations of toluene, xylenes
and MEK.7

Toluene:  Both short- and long-term inhalation of toluene affects the central nervous system and
can cause symptoms such as headaches, fatigue and nausea.  Long-term exposure to toluene can
also cause irritation of the upper respiratory tract, eyes and throat; as well as impaired speech,
hearing and vision.  Developmental effects have been reported in children born to women exposed
to toluene during pregnancy.  An increased risk of miscarriage has been associated with paternal
exposure to toluene.  There is no evidence linking exposure to toluene with cancer.

Xylenes:  Short-term inhalation of xylenes results in irritation of the eyes, nose and throat; nausea;
vomiting; and neurological damage. Long-term exposure to xylenes can result in central nervous
system effects such as headaches, dizziness, fatigue, tremors and impaired coordination.  Long-
term exposure can also impair lung function; increase heart palpitation and chest pain; and
possibly affect the blood and kidney.  Animal studies also show developmental damage in
offspring born to mothers who inhaled xylenes.  There is no evidence that xylenes are
carcinogenic.
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Methyl Ethyl Ketone (MEK):  Short-term inhalation of MEK irritates the eyes, nose and throat,
depresses the central nervous system; and causes headaches and nausea.  Long-term exposure to
MEK can affect the central nervous system, liver and respiratory system.  There is no evidence
linking exposure to MEK with cancer.

In addition to being HAPs, toluene, xylenes and MEK also are classified as VOCs.  The other
solvents used in significant quantities, heptane and mineral spirits, are not HAPs; however they are
VOCs.  Once released to the atmosphere, VOCs react with nitrogen oxides and sunlight to form
ground-level ozone.  Ground-level ozone can affect respiratory function adversely, particularly
among sensitive people with asthma or pre-existing respiratory disease.  Broad areas of the
Northeast region are in non-attainment of the existing 1-hour ozone standard intended to protect
public health.8  Furthermore, the new 8-hour ground-level ozone standard is likely to increase the
areas of non-attainment in this region.

1.3 General Production Process and Sources of Air
Emissions and Waste Generation

The manufacture of pressure sensitive tapes and labels is a complex business segment.  Some
facilities manufacture a constant product, or set of products, that are marketed directly to the
consumer, such as 3M tapes or Avery Dennison business form labels.  These facilities are known
as large dedicated production facilities.  Large dedicated production facilities can also
manufacture large quantities of low performance products that are sold to other companies as a
commodity product.  Many facilities manufacture a vast array of custom products for a regular set
of customers in one or more niche markets.  Some facilities also manufacture on a contract basis. 
These niche market and contract manufacturers can be large or small and are known as batch
production facilities.  These batch production facilities can change the product produced every
few hours or days, and it is not uncommon for such a facility to formulate 50 or more different
adhesives and manufacture hundreds of different products.  In either case, dedicated or short-run
batch production, the facility typically employs several technicians who formulate coatings and
design process improvements.  Labels are often printed and some manufacturers also print and dye
cut the labels for individual customer orders.  Others sell the laminated label material in bulk to
independent printing operations.

Pressure sensitive tapes and labels are manufactured by coating a web, a large continuous roll of
substrate on automated equipment. The web is unrolled, coated, dried and/or cured, and rerolled.9 
The substrate web material is known as the face sheet in label production and as the backing in
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tape production. The face sheet/backing material varies with the intended product application. 
Labels are often paper or plastic film, and tapes are often fabric, film, foam, metal foil or paper. 
Most pressure sensitive tapes and labels manufacturers purchase the face sheet or backing web
(e.g. paper, fabric, plastic film or metal foil).  However, some tape and label manufacturers that
use a film substrate also manufacture the film web at their facility by an extrusion process.  The
typical substrates used in tapes and labels manufacturing are listed in Table 1.1 along with their
common uses, and other comments such as important attributes.

Table 1.1: Typical Substrates in Tapes and Labels Manufacturing10

Substrate Subcategories Use Comments

Paper flat or creped labels
masking tape

most common substrate
relatively low cost

Film cellophane
acetate
polyester
vinyl
polypropylene
polyethylene 

labels
office and general tapes
electrical insulation
packaging tapes
carpet installation tapes
masking of metal surfaces for
plating

and soldering

impermeability
thinness
smooth surface
good dielectric properties
chemical inertness
substrate costs decreasing

Fabric medical and athletic tapes
duct tape

high tensile strength
high flexibility

Foil aluminum
lead
copper

vibrational/acoustical dampening
radiation shielding
electrical applications
heating and air conditioning
   insulation
high-temperature masking

aluminum creates moisture
   shield
lead resistant to chemicals and
   blocks radiation

Foam polyethylene
vinyl
urethane
polychloroprene

gaskets and other sealants
mounting various items
thermal and acoustical insulation

(in combination with foil or
film)

can conform to uneven surfaces
   and distribute force loads

Generally, the manufacture of pressure sensitive labels involves laminating the label face sheet to
a release liner.  When the customer is ready to use the label, the release liner is peeled off and the
face sheet (label) is applied to the customer’s product where it adheres when pressure is applied. 
The release liner is typically paper that is coated with a silicone release coating.  Manufacturers
that use a release liner often purchase the release liner web already coated with the release
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Figure 1.1  Typical Production Process (with release liner)
(Source: U.S. EPA, Solvent-Based to Waterbased Adhesive-Coated Substrate
Retrofit - Volume IV, EPA-600/R-95-011d, December 1995, page 3-3)

coating.11  The manufacturer applies the adhesive to the silicone-coated side of the release liner
and then laminates the face sheet to the adhesive-coated side of the release liner in a process
similar to that shown in Figure 1.1.  The adhesive remains with the face sheet when the release
liner is removed.  The type of adhesive used depends upon the face sheet material and the
product’s end use.  The type of release coating used depends upon the adhesive formulation and

the face sheet material.

Generally, pressure sensitive tapes do not have a release liner.  The substrate, known as the
backing, is coated with an adhesive on one side then rewound onto itself.  Many tapes have a
release coating, also known as backsizing, on the side opposite the adhesive to promote easy
unwinding.  Some tapes have adhesive on both sides and use a release liner to enable unwinding,
and their manufacturing process is similar to that for labels.

Significant VOC and/or HAP emissions are
generated at numerous points during the
conventional pressure sensitive tapes and
labels production process: mixing, storage,
transport, application, curing and cleaning, as
shown in Figure 1.2.  The greatest portion of
emissions results from coating application and
drying and/or curing; however, the other
sources should not be overlooked when
seeking opportunities to reduce emissions.

1.3.1 Application Equipment

Significant VOC and/or HAP emissions can
be generated at numerous sources in
the production process:

• mixing
• storage
• transport
• application
• curing
• cleaning
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Production begins with large master rolls of substrate material (the web) loaded onto the
automated coating machine.  Master rolls are typically 60 to 80 inches wide and up to 5,000
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Figure 1.3 Direct Roll Coating  (with coating
reservoir)
(Source: Walter, Jan C., The Coating Process, TAPPI Press, Atlanta,
Georgia, 1993, page 108.)

yards long.12  The web is unwound and a coating is applied and dried and/or cured.  The web is
then moved onto another coating application, lamination or further processing.  The finished
product is rewound and sold in bulk, cut into smaller sizes, or converted into the final product.

The typical components of application equipment for solventborne coatings and their function are
listed in Table 1.2.  The application of some alternative coatings such as 100 percent solids
solventless and radiation-cure coatings often require different techniques which are discussed in
Chapter 3.  Application equipment for solventborne coatings can also apply many of the
waterborne coatings, as long as any component that contacts the coating is corrosion resistant, as
well as some formulations of radiation-cure coatings.

Table 1.2: Coating Application Equipment Components13

Component Function

Wind/Unwind rollers Supplies the web to the coating area

Tension rollers Maintains tension on the web to allow for even
application of coating

Coating head Supplies coating to the reservoir

Reservoir Holds coating for transfer to the application
rollers

Application rollers Receives coating from the reservoir and applies it
to the web

Metering device Controls thickness of coating on the web

Trough Captu
res
coatin
g
overfl
ow 

Roll Coating

Application of the coating to the web is
typically by roll coating.  A roller can spin in a
trough or pan of coating to pick up the coating as
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shown in Figure 1.3 or the coating can flow onto the roller from the side with dams preventing
overflow as shown in Figure 1.4.
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Figure 1.4 Direct Roll Coating  (without coating reservoir)
(Source: U.S. EPA, Solvent-Based to Waterbased Adhesive-Coated Substrate
Retrofit - Volume IV, EPA-600/R-95-011d, December 1995, page 3-4.)

Roll coating can be:

• direct roll
• offset roll
• reverse roll

Direct roll is when the same cylinder contacts both the coating and the web and the cylinder and
the web are moving in the same direction when they contact each other, as shown in Figure 1.3.14 
When the cylinder and the web are moving in opposite directions when they meet, it is known as
reverse roll coating.  Reverse roll coaters can produce a smoother and more uniform coating than
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Figure 1.5  Offset Roll Coating
(Source: Walter, Jan C., The Coating Process, TAPPI Press, Atlanta,
Georgia, 1993, page 108.)

direct roll coaters.15  Finally, if two rollers are used with one cylinder that contacts the coating and
transfers it to a counter-rotating cylinder that contacts the web, it is known as offset coating as
shown in Figure 1.5.16  Offset coating can apply the coating more precisely than direct or reverse

roll coating.

Metering Devices

The thickness of the coating on the substrate typically is controlled by one of five types of metering
devices:

• doctor blade
• metering rod
• air knife
• metering roller
• nip rollers

In most cases, the excess coating which is removed by the metering device is collected, filtered
and recycled back into the coating reservoir.

Doctor Blade:  The most common metering device is a doctor blade.  Doctor blades scrape excess
coating either from the application roller prior to contact with the substrate, or from the substrate



Chapter 3: Pollution Prevention Opportunities

17 Ibid.

18 Walter, Jan C., The Coating Process, TAPPI Press, Atlanta, Georgia, 1993.

19 Ibid.

20 Ibid.

14

Figure 1.6a  Metering with Mayer Rod
(Source: U.S. EPA, Solvent-Based to Waterbased Adhesive-Coated Substrate
Retrofit - Volume II, EPA-600/R-95-011b, January 1995, page 4-11.)

Figure 1.6b  Mayer Rod Metering Device
(Source: Walter, Jan C., The Coating Process, TAPPI Press, Atlanta, Georgia, 1993, page 84.)

after coating application as shown in Figures 1.3 and 1.5.  Doctor blades are most appropriate for
metering an already fairly well-controlled coating layer.17  If the doctor blade needs to remove a
lot of coating, the blade can foul, closing the gap and removing more coating than intended.

Metering/Mayer Rod:  A metering rod, also known as a Mayer rod, is traditionally a small
diameter (1/4 inch) rod wound with wire, as shown in Figure 1.6a and 1.6b.  A metering rod is
used after the coating is applied to the
web, and controls coating thickness with
the space between the wire coils.  After
passing the metering rod, the coating is a
series of stripes that almost immediately
spread to join each other and form a
uniform coat.  Since the 1980s, metering
rods contain machine threads that create
grooves in the rod rather than having
wire wound around the rod.18  Metering
rods tend to produce an uneven quality
finish with high-viscosity coatings, such as some high-solids formulations.19  However, smooth
surface metering rods can produce a smooth coating finish and can handle higher viscosity coatings
than a wire coil or machine threaded metering rod.20

Air Knife:  Air knives use high velocity air to prevent excess coating on the web from passing
beyond it as shown in Figure 1.7.  Excess coating is collected in a blowoff containment system. 



Chapter 1: Introduction

21 Walter, Jan C., The Coating Process, TAPPI Press, Atlanta, Georgia, 1993.

22 Ibid.

23 Ibid.

15

Figure 1.7  Air Knife Metering Device
(Source: U.S. EPA, Solvent-Based to Waterbased Adhesive-Coated
Substrate Retrofit - Volume II, EPA-600/R-95-011b, January 1995, Page 4-
13.)

Air knife metering can lay down an even
thickness of coating on substrate with uneven
surfaces.  A smoothing roll, similar to a smooth
metering rod, is often placed prior to the air knife
to assist
in metering, particularly on high-speed systems.21 
Machine threaded metering rods can replace most
air knives to produce a higher quality coating and
accommodate high-solids coatings.22  However,
air knives are most appropriate for metering
coatings that are abrasive or corrosive, or
coatings that cannot accept mechanical contact.23  

Metering Roller:  A metering roller is a large
diameter roller that is set at a precise distance
from the application roller and restricts the
amount of coating that can pass through the gap
and on to the substrate as shown in Figure 1.4. 
Excess coating tends to migrate to the outer edges
of the rollers, increasing cleaning requirements. 
A metering roller system is sometimes referred to as nip controlling because the small gap
between the two rollers is known as the nip.

Nip Rollers:  Nip rollers meter a coating applied to both sides of the web such as when a saturant
is applied to a paper tape.  The saturated web passes through the narrow opening between the two
rollers as shown in Figure 1.8.
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Figure 1.9  Offset Gravure Coating
(Source: Walter, Jan C., The Coating Process,
TAPPI Press, Atlanta, Georgia, 1993, Page 119.)

Figure 1.8  Nip Rollers - “Dip and Squeeze”
(Source: U.S. EPA, Solvent-Based to Waterbased Adhesive-Coated Substrate
Retrofit - Volume II, EPA-600/R-95-011b, January 1995, Page 4-12.)

Gravure Coating

Some manufacturers of pressure sensitive tapes and labels apply coating with a rotogravure
system.  In gravure coating, the rotating cylinder is engraved, rather than smooth as with roll
coating.  Coating is held in the engraving and a
doctor blade is typically used to remove
excess coating from the cylinder.  Gravure
systems are more common for printing than
coating, but a uniform layer can be achieved
for coating applications.  The gravure roll can
be in direct contact with the coating reservoir
or a roller known as a furnish roll can be used
to transfer coating from the reservoir to the
gravure roll.  The gravure roll then can be in
direct contact with the web, known as direct
gravure, or can transfer the coating to a rubber
roll which then contacts the web, a process
known as offset gravure.  Figure 1.9 shows an
offset gravure coater with a furnish roll. 
Because the gravure roll engraving pattern is
unique to each coating and substrate
combination, gravure coating is most
appropriate for high-speed production of the same item over an extended period of time.24  A
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gravure roll can be engineered to apply most types of coatings, including higher viscosity coatings
such as some high-solids coatings.

Drying and Pollution Control

After a solventborne coating is applied and metered, it is dried typically by passing the web
through a thermal dryer.  Dryers use a combination of air flow and high temperature to rapidly
evaporate the carrier liquid, traditionally a solvent such as toluene that volatilizes in a short period
of time.  If the oven is too hot, the coating may dry too quickly causing voids in the coating; if the
oven temperature is too low, long residence times are required.25  Most of the solvent volatilizes
within the drying oven while approximately 1 percent26 remains in the coating until the tape and/or
label is used.27  If too much solvent remains in the adhesive, it can cause the bond to fail.  If too
little is left, it can negatively affect performance as well.

To overcome these problems, many manufacturers use multi-zone ovens where the temperature
increases in each subsequent oven zone.  Ovens with as many as twelve zones are used with the
temperature increasing from 110oF in the first zone to 400oF in the last.28  A line with a single
coating application and a two zone drying oven is shown in Figure 1.10.  To improve energy use
efficiency, a portion of the dryer exhaust can be recirculated to the oven.  However, National Fire
Protection Association (NFPA) and insurance requirements mandate that the concentration of
solvent within the oven is kept below 10 to 25 percent of the lower explosive limit (LEL) to
prevent an explosion.  To prevent explosions, improve energy efficiency, and allow concentration
of the solvent for recovery, some manufacturers use inert atmosphere dryers that utilize a nitrogen
blanket.
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Figure 1.10  Two Zone Drying Oven (without recirculation)
(Source: U.S. EPA, Solvent-Based to Waterbased Adhesive-Coated Substrate
Retrofit - Volume II, EPA-600/R-95-011b, January 1995, Page 4-19.) 

Because significant VOC emissions result from the application of solventborne coatings, the
pressure sensitive tapes and labels industry has been closely regulated, particularly in areas that
have not attained the ground-level ozone ambient air standard.  Therefore, when solventborne
coatings are used, the dryer is typically exhausted to a pollution control device.  Emissions from
the coating head and reservoir are subject to a vacuum so they are captured and directed to the
control device, typically via the drying oven.  At one facility, approximately 4 percent of the
toluene used in the coatings is not captured by the control equipment and becomes fugitive
emissions29 - emissions to the air within the plant and eventually to the outside through doors,
windows and uncontrolled exhaust points.  New state-of-the-art solventborne coating lines can
have a permanent total enclosure (PTE) constructed around the coating head/reservoir/ application
roller portion of the equipment to provide more complete capture of emissions.  However, use of a
PTE can be difficult when a inert atmosphere oven is used due to the different atmospheric
environments.

There are four common methods of emission control devices:

• thermal oxidizers
• catalytic oxidizers
• carbon adsorption
• condensation
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Thermal and Catalytic Oxidizers:  Thermal oxidizers destroy solvent compounds through high-
temperature oxidation.  Catalytic oxidizers use a catalyst to enhance oxidation of the solvent so
destruction can occur at lower temperatures.  Catalytic oxidizers have higher capital costs than
thermal oxidizers, but can have lower operating costs.  However, thermal oxidizers can handle a
wide variety of waste stream characteristics, while catalytic oxidizers are better suited to
emissions whose chemical type and concentration do not fluctuate significantly and do not
contaminate the catalyst.

Oxidation, otherwise known as incineration, breaks complex hydrocarbon compounds such as
solvents essentially into carbon dioxide (CO2) and water (H2O).  Oxidation typically requires a
supplemental fuel source to achieve and sustain the high temperature needed for destruction. 
Combustion of the supplemental fuel,
commonly natural gas, can produce oxides of
nitrogen (NOx) and sulfur (SOx).  Carbon
monoxide (CO) is also produced when
insufficient oxygen is supplied during
incineration.  CO is relatively stable,
remaining in the atmosphere for 2 to 4 months
before it is oxidized to CO2.30  NOx, SOx and
CO emissions are ambient air quality criteria
pollutants and their emission is regulated by
the states under CAAA requirements.  CO2

emissions may be regulated in the near future to comply with the greenhouse gas reduction efforts
agreed to in Kyoto, Japan, in December 1997.

Carbon Adsorption: Another significant drawback to oxidizers is they destroy the carrier solvent
so that the purchase of virgin solvents is constantly required.  Carbon adsorption and condensation
systems can recycle the carrier solvent for reuse.  Carbon adsorbers remove solvent particles by
absorbing them in activated carbon filters.  Two or more carbon filter beds are used so that at any
given time one carbon bed is undergoing regeneration by using hot air, steam or nitrogen to desorb
the solvent particles and produce a concentrated waste stream.  If the incoming airstream contains
a single type of solvent, or perhaps a combination of two, then recovering the solvent for reuse
using a distillation unit can be practical.  If the incoming airstream contains several different types
of solvents, or if solvent recovery is not practiced, then the concentrated waste from hot air
regeneration systems is typically destroyed using a thermal oxidizer.  The concentrated waste from
steam regeneration systems is typically drummed and disposed of as a hazardous waste.

Condensers:  Condensers are another air emission control device that can recover solvent for
reuse.  Condensers are used either alone or following a steam regenerated carbon adsorption unit. 
Condensers are typically a group of chilled tubes on which the solvent(s) in the airstream

There are two main drawbacks to the
use of oxidation:
• Oxidation can generate the criteria

pollutants NOx, SOx and Co whose
emissions are regulated by the states.

• The carrier solvent is destroyed so
the purchase of virgin solvent is
constantly required.
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condense and flow to the bottom where the liquid is recovered.  As with carbon adsorption, if the
incoming airstream contains a single type of solvent, or perhaps a combination of two, then
recovering the solvent for reuse using a distillation unit can be practical.  If the incoming airstream
contains several different types of solvents, or if solvent recovery is not practiced, then the
concentrated waste is typically drummed and disposed of as a hazardous waste.  When used by
themselves condensers are typically not standard add-on control technology, as oxidation and
carbon adsorption units are, but rather are designed for the particular production conditions and
installed with the manufacturing equipment.  Therefore, condensers are generally not feasible on
lines that manufacture a variety of products or on dedicated lines that were not initially constructed
with a condenser.

1.3.2 Coatings

The types of coatings applied by a manufacturer of pressure sensitive tapes and/or labels can vary
from one to four.  A manufacturer of high-end tape can apply all four coatings: saturant, tie/primer
coating, release/backsize coating, and adhesive.  Some tapes might not have a release coat and
consist of just the substrate and the adhesive.  Likewise, a label facility that purchases the release
liner, and does not need a saturant or tie coat also can apply just one coating: the adhesive.  Many
manufacturers of tapes do not use a release liner and apply two coatings directly to the tape
substrate: a release coating and an adhesive coating.  For some tape applications a saturant is
applied, particularly with paper substrates.  Some tape and label applications require a tie coat,
particularly with film substrates and high-end paper.  Each of these types of coatings are described
in the following sections.

Saturant

Some tapes have a saturation step prior to adhesive and release coating application.  Saturation is
when the uncoated web is literally saturated with a coating to add a particular property to the tape
such as increasing strength.  For example, masking tape is made from paper that has been saturated
to improve its internal strength and its resistance to environmental conditions.  The saturant is
typically applied by immersing the web in the coating reservoir and metering the coating thickness
with nip rollers, a process known as Dip and Squeeze that was illustrated in Figure 1.8.  Many
tape manufacturers do not apply saturants in their operations.  Some manufacturers purchase the
web already saturated.  Other substrate/end-use combinations do not require that the web is
saturated.  Saturants are most common with paper and fabric substrates.  Most saturants are
waterborne, although solventborne saturants are also used.

Tie/Primer Coat

Some tape and label manufacturers apply a tie coat, also known as a primer coat, to the side of the
face sheet or backing that contacts the adhesive.  A tie coat is applied to improve the bond
between the adhesive and the substrate.  Tie coats are primarily used with film substrates;
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however, high-end paper tapes and labels may also incorporate one.  Tie coats are typically
applied in thin coats.  With paper substrates, the primer coat is typically waterborne; with film
substrates, the primer coat is typically solventborne.  Solventborne tie coats are generally high in
solvent content.

Release/Backsize

Release or backsize coatings are typically applied in tape manufacturing when the tape will be
wound around itself.  As discussed in a later section, labels and some tapes typically use a
separate release liner that is purchased already coated.  The release coating is typically applied by
a roll coater and is a light (thin) coating on the web.  The formulation of release coatings depends
upon the characteristics of the adhesive and the substrate, and is commonly a silicone or acrylic
resin.  Solventborne release coatings are typically 30 to 50 percent solids, and 50 to 70 percent
solvent.31  However, some coatings can be less than 1 percent solids and over 99 percent solvent. 
Other release coatings are waterborne or radiation-cure.  These are considered alternative
coatings due to their very low air emission generation, and are discussed further in Chapter 3.

Adhesive

The adhesive provides the tape web with the ability to permanently or temporarily adhere to its
intended end-use material and is the most critical coating that is applied.  The traditional
formulation of adhesives used in pressure sensitive tapes and labels production is natural or
synthetic rubber resins dissolved in solvent.  The rubber resin adhesives are typically 30 to 60
percent solids, and 40 to 70 percent solvent.32  The most common synthetic rubbers are block
copolymers and styrene-butadiene rubber (SBR) copolymers.33  Block copolymers also can be 100
percent solids and, therefore, solventless.  Other resins used in adhesive formulations are silicone
and acrylic.  Silicone adhesives tend to be solventborne, and acrylic formulations tend to be
waterborne.34

Often the adhesive must perform under a wide range of environmental conditions such as under
both high and low temperatures and high and low moisture, or in the presence of chemicals and/or
sunlight.  In addition to the primary rubber, resin and carrier solvent, adhesive formulations
typically include tackifying resins to improve tack and peel adhesion, and other additives such as
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antioxidants and fillers.35  Solventborne adhesives have been formulated to withstand a wide
variety of demanding performance criteria.  For some applications, waterborne, 100 percent solids
solventless, and radiation-cured adhesives can perform satisfactorily.  These technologies have
low or no air emissions, and are discussed further in Chapter 3.

Performance of adhesives is generally characterized by two measurements: tack and bond
strength.36  Tack is the ability to form an immediate initial bond with the surface to which the tape
or label is applied.  High tack adhesives are referred to as aggressive.37  Adhesive bond strength is
the ability to resist detachment from the surface to which the adhesive is applied.  Adhesive bond
failures are characterized as cohesive failure or adhesive failure.  Cohesive failure occurs when
molecules of the adhesive fail to remain bonded to each other, so that the tape or label comes off
with some adhesive on it while some adhesive remains on the surface to which it was applied. 
Adhesive failure occurs when the adhesive fails to remain bonded with the surface to which it was
applied.  Adhesive bonds are also characterized by their resistance to peel and shear (sliding)
mechanical forces.  Peel adhesion is the force required to break the bond between the tape/label
and the surface to which it was applied.  Shear strength is the ability of the adhesive to prevent the
tape/label from sliding relative to the surface to which it was applied.
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Production Process

The tapes and labels production process can generally be divided into products that have a release
liner and those that do not.  Production of products with a release liner, such as peel-off labels,
generally involves coating just one side of the web and laminating two webs together with the
adhesive in between.  Products without a release liner, such as masking tape, do not include
lamination and typically involve coating both sides of the web, one side with a release coat and
the other with the adhesive.  The following sections on coating application are divided into those
products with and those without a release liner.

Products Without a Release Liner:  Many tapes do not have a release liner layer, including such
rolled consumer products as athletic, packaging, duct, Scotch,™ and masking tapes.  If the web is
paper, fabric, or another porous material, the first coating applied can be a saturant.  The next
coating application, or the first if saturation is not required, is application of the release coating. 
A release coating allows the tape to unwind by creating a barrier between the adhesive and one
side of the tape web.  Some tapes, particularly film tapes, can have a primer coat applied to help
the adhesive “bite” into the substrate.  Therefore, the primer coat is applied to the side of the tape
opposite the release coating (i.e. the side that will have the adhesive applied).

The final coating step is application of the adhesive.  The adhesive must be applied to the opposite
side of the tape web from the release coating.  Therefore, some facilities rewind the web after the
release coating is cured and transfer the roll to a separate adhesive coating line.  Other facilities
have equipment capable of applying the adhesive to the opposite side of the web in a sequential
process so that the web is coated with both the release and adhesive material on the same line. 
The adhesive is typically applied by roll coating and the finished web is rewound after drying.

Some tapes incorporate reinforcing materials to enhance the tape’s strength.  Reinforced tapes are
generally a polyester substrate (backing) with fiberglass strands laminated to the web with the
adhesive applied over the strands.38  Higher quality reinforced tapes tend to have more reinforcing
strands than lower quality tapes.  The release coating is applied to the opposite side of the web as
it is with tapes that are not reinforced.  

Products With a Release Liner:  Labels and some tapes use a release liner, particularly double-
sided tapes.  Generally, the release liner is made from paper.  The release liner protects the
adhesive and is removed and discarded when the tape or label is used.  The production process is
similar to that outlined above with a few exceptions.  As stated previously, many manufacturers
purchase the release liner web already coated with the release coating.  At the tape or label
manufacturing facility, the adhesive is applied to the side of the release liner web that has the
release coating.  The adhesive is typically solventborne.  After adhesive application and curing,



Chapter 3: Pollution Prevention Opportunities

24

Figure 1.11  Production Process Example (with release liner)
(Source: U.S. EPA, Improved Equipment Cleaning in Coated and Laminated Substrate
Manufacturing Facilities (Phase II) , EPA-600/R-95-097, July 1995, Page A-36.)

the release liner web is laminated to the face sheet as shown in Figure 1.11 (Note: the production
flow is from right to left).  The adhesive bonds to the face sheet so that when the release liner is
peeled off, the adhesive remains with the face sheet (tape or label).  For double-sided tapes,
adhesive is applied to the other side of the web before further processing or rewinding.  A tie coat
can be applied to the face sheet/backing web prior to lamination in order to improve the bond
between the adhesive and the substrate.  With paper substrates, the tie coat is typically waterborne;
with film substrates, the tie coat is typically solventborne.

Some tape and label production facilities manufacture their own release liner.  Typically, the
manufacturer purchases the paper substrate and applies the release coating.  Release coatings for
release liners are typically silicone-based.  A substantial portion of silicone coating material is
solventborne and is typically applied by roll coating techniques.  However, manufacturers are
increasingly using a silicone release liner coating that is 100 percent solids solventless material
and that is thermally cured.  Other alternative silicone coatings, such as thermal cure waterborne
and radiation-cured silicone coatings, are also used for coating the release liner.  100 percent
solids solventless, waterborne, and radiation-cured silicone release coatings are considered P2
options due to their low air emissions.  These technologies are discussed further in Chapter 3.

1.3.3 Housekeeping

Housekeeping encompasses the activities not directly related to application of coatings to the web
such as mixing and transfer of coatings, and cleaning of equipment and the facility itself.  Solvents
are often used in housekeeping activities and create relatively small quantities of VOC and/or
HAP emissions from a variety of sources.  These so-called fugitive emissions are not easy to
capture and are, therefore, usually uncontrolled.  When all sources of fugitive emissions are added
together, their cumulative quantity can be significant.  For example, one tape manufacturing facility
estimates that approximately 10 percent of the toluene they purchase is lost in the handling process
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and becomes fugitive emissions.39  The following section covers the major housekeeping activities
that can result in fugitive emissions of solvents, including mixing and cleaning, as well as sources
of solid and hazardous waste generation.

Mixing

Many large manufacturers mix their own saturants, tie coatings, release coatings and/or adhesives
on site in well-guarded confidential formulations developed by their chemists.  Some
manufacturers purchase some or all of their coatings pre-mixed and ready-to-use, particularly
those used in smaller quantities.  Manufacturers can also customize the pre-mixed, ready-to-use
coatings by adding small amounts of performance-enhancing chemicals directly to the delivery
container such as a 55-gallon drum.40  Most large manufacturers mix their coatings on site in a
mixing room.  Significant VOC and/or HAP emissions can occur when solventborne coatings are
mixed.  When solvents are used, facilities must have all explosion-proof equipment and constantly
monitor the air to ensure that the lower explosive limit (LEL) is not reached.

Release and other non-adhesive coatings are typically mixed in stainless steel mix tanks with high-
or variable-speed dispersers.41  Solventborne rubber adhesives are typically prepared in two
steps.  In the first, a thick adhesive feed stock is made by blending the raw materials (e.g. natural
and/or synthetic rubber, hydrocarbon resins, oils and fillers) in a Banbury, which is similar to a
bread mixer.42  The feedstock is transferred from the Banbury to a mill where it is extruded, cut
into sheets, and stored on pallets until needed.  Before use, the rubber sheets are often chopped or
diced to allow it to go into solution quickly when the solvent is added.  The adhesive feedstock is
sent to the mixing room where it is mixed with the solvent(s) and additional resins, rubbers and/or
oils.  Once the adhesive is mixed, it must be used within a relatively short timeframe or it will
begin to cure and become a waste product.

To minimize emissions, most mix tanks are covered and manifolded with piping to the storage
container.  Emissions are generally limited to those generated from the raw materials being added
to the mix tank and from open sampling ports in the tanks.  Samples are taken periodically during
mixing to ensure that the coating has the correct properties.  Some manufacturers keep the mixing
room under negative pressure by exhausting the contaminant-laden air to an air pollution control
device, typically via the drying oven.
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43 U.S. EPA, Improved Equipment Cleaning in Coated and Laminated Substrate Manufacturing Facilities
(Phase I), EPA-600/R-94-007, January 1994.

44 Ibid.
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After mixing, the adhesive or coating is transferred to bulk storage tanks, movable tote vessels or
55-gallon drums, depending upon the size of the facility and/or the particular job order.  When
storage container are filled, the solvent vapors can be displaced and exit via the vent(s), creating
air emissions.  At large dedicated production facilities, coatings are directly piped from the mixing
room to the storage tanks and from the storage tanks to the coating head on the application machine. 
VOC and/or HAP emissions can result from leaks in the coating/adhesive supply line(s) and/or
leaks in the seals on the mix and storage tanks.  Coatings used in smaller quantities are generally
not continuously piped from mixing to application.  In these cases, coatings are mixed and then
transferred via flexible piping to a tote vessel, which is an enclosed tank on wheels or a 55-gallon
drum.  When needed for production, the tote vessel or 55-gallon drum is wheeled to the
application equipment where flexible piping supplies the coating head.  Emissions can occur when
the flexible piping is attached to and unattached from the tote vessel or 55-gallon drum, as well as
from associated spills.

Cleaning

Industrywide, an estimated 10 percent of all solvent emissions occur during equipment cleaning.43 
Further investigation by the U.S. EPA found that cleaning produces approximately 1 percent of
emissions at large dedicated production facilities, 3 percent at smaller dedicated production
facilities, and up to 75 percent at small batch production facilities.44  All equipment that comes
into contact with the coating and/or adhesive requires cleaning, including the mixing, storage,
transfer, and application equipment.  Coatings will harden on the application equipment as the
solvent evaporates and can interfere with web transport and coating quality.  Therefore,
manufacturers routinely clean their equipment to ensure optimum performance.

Emissions from cleaning are difficult to collect, and, therefore, are uncontrolled.  As indicated
above, cleaning can be the most significant source of emissions at facilities that operate on a
contract basis where cleaning is required
between the mixing and application of the
coatings used for each job.  Thorough cleaning
can occur several times in a single day.  At
dedicated production facilities, routine
cleaning is performed when production is
shutdown, typically once a week.

Cleaning is also required at all types of
facilities when an error occurs such as a break
in the web.  When the web breaks, or another

Industrywide, an estimated 10 percent
of all solvent emissions occur during
equipment cleaning.  Further
investigation by the U.S. EPA found that
cleaning produces approximately 1
percent of emissions at large dedicated
production facilities, 3 percent at
smaller dedicated production facilities,
and 75 percent at small batch
production facilities.
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45 U.S. EPA, Improved Equipment Cleaning in Coated and Laminated Substrate Manufacturing Facilities
(Phase II), EPA-600/R-95-097, July 1995.
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error occurs, coating can be released directly onto the equipment and the surrounding area.  The
spilled coating emits VOCs and/or HAPs as it dries and also requires the use of solvents to clean
the equipment, floor, and other areas, thereby increasing emissions.

Generally, daily cleaning involves using a solvent-soaked rag to dissolve and wipe coatings from
the equipment.  The entire cleaning process can take up to 1 hour to complete.45  Small containers
of solvent are commonly kept in the coating room and can be emission sources if not continuously
covered.  Physical scraping of application rollers and other surfaces can supplement wiping to
reduce solvent use.  Non-dedicated coating supply lines and associated pumps are typically
flushed with virgin solvent at coating changes or at the end of the day if the operation is not on a
24-hour basis.  More extensive cleaning is performed less frequently and can involve removing
and soaking various pieces from the application equipment in solvent such as the coating reservoir
components and the metering device.

Wastewater, Solid and/or Hazardous Waste Generation

Typically, four waste streams are generated from a solventborne paper coating operation:

• cleaning wastes
• waste substrate
• unused coating
• pollution control by-products

Cleaning wastes include used cleaning solvents, rags and other adsorbents.  Waste substrate is
generated at the beginning and end of a run, when an error occurs, and from cutting during end-
product processing.  Potentially significant quantities of unused coating are generated when
production does not require the entire quantity
of coating that was mixed.  Generation of
unused coating is more of an issue at facilities
that do not manufacture a constant set of
products, but rather apply a wide variety of
coating formulations.  However, facilities that
mix their own coatings may occasionally
generate a significant quantity of unusable
coating if it is formulated incorrectly.  Finally,
pollution control by-products are produced by
emission control devices, including wastewater from steam regeneration of carbon and solid
residue from thermal and catalytic oxidizers.

Typically, four waste streams are
generated from a solventborne paper
coating operation:

• cleaning wastes
• waste substrate
• unused coating
• pollution control by-products.
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46 States can have regulations prohibiting or otherwise affecting the use of on site distillation units.  Contact the
local permitting authority to determine applicable requirements.

47 States can have regulations affecting the management of used rags.  Contact the local permitting authority to
determine applicable requirements.

48 U.S. EPA, Improved Equipment Cleaning in Coated and Laminated Substrate Manufacturing Facilities
(Phase II), EPA-600/R-95-097, July 1995.
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If waste material is a listed or characteristic waste, as defined by the Resource Conservation and
Recovery Act (RCRA), then it must be handled and disposed of as a hazardous waste.  RCRA
cites specific waste streams from specific processes as listed wastes. The paper coating industry
is not among these processes.  However, spent solvents are a listed hazardous waste and must be
handled accordingly.  Other wastes are classified as characteristic wastes if they are corrosive,
toxic, ignitable and/or reactive.  Generally, wastes from paper coating are RCRA characteristic
wastes because of ignitability and/or toxicity.  The only way to verify that a waste is not ignitable
or toxic, as defined by RCRA, is to have the waste material analyzed.  If the material is not a listed
or characteristic waste, it can be disposed of as solid waste.

Cleaning Wastes:  Used cleaning solvents are generated from spill cleanup, daily equipment
cleaning , and scheduled maintenance operations.  Collected solvent can be reused for cleaning. 
When reuse is no longer feasible, used solvents can be recycled on site by distillation46 or sent off
site for recycling or disposal as a hazardous waste.  On-site distillation results in still bottoms that
require disposal as a hazardous waste, although in much smaller quantities than the used solvent.

Typically, used rags containing solvents can be sent off site for disposal as a hazardous waste or
cleaned at an industrial laundry for reuse.47  Facilities generally prefer to avoid hazardous waste
disposal costs by sending used rags to an industrial laundry for cleaning.  The laundry must be
permitted to handle solvent-containing fabrics, and the rags cannot contain any free liquid.  Most
spill control absorbents are designed for one use with disposal as a hazardous waste when
solvents are absorbed.

Waste Substrate:  When a new roll of substrate is loaded onto the machine, it is threaded through
the equipment and the machine is brought up to speed before the coating is applied.  This uncoated
substrate, as well as the initial portion of coated material, is known as make-ready.  Make-ready is
a solid waste product and can be produced in large quantities, as much as 500 feet per roll.48 
Additional waste is generated when the coated or uncoated roll is inadvertently damaged. 
Typically, the outer damaged layers are cut away from the roll and become a waste for disposal. 
Many facilities convert the large rolls of product into smaller sizes, sometimes down to individual
rolls of various consumer tapes or individual sheets of address labels.  During converting, waste
product is generated.  For example, when the web is coated, it is generally not coated over a very
narrow width at the edge of each side so as to avoid the coating spilling over the edge and
increasing cleaning requirements.  However, this edge on each roll is unusable and is cut away
during converting to become a waste material.
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49 On June 6, 1996, Caprolactam was removed from the original list of 189 HAPs.

50 EPA revised their original list of source categories on June 4, 1996, and again on February 12, 1998.  The
February 12, 1998 Federal Register contains the current list of source categories.

51 Section 112(c)(6) of the CAAA focuses special regulatory attention on specific chemicals or families of
compounds (e.g. polycyclic organic matter (POM) such as napthalene) and the industries that use them.  The
proposed list of industries for special attention under 112(c)(6) was published in the Federal Register on April
10, 1998, and includes users of adhesives.  Therefore, sources of all sizes could be affected.
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1.4 Regulation of the Paper and Other Web Coating
Source Category

The manufacture of pressure sensitive tapes and labels is a major source of VOCs and HAPs and
will be regulated under the CAAA, including Titles I (VOCs) and III (HAPs).  Each of these
regulatory programs is discussed in the following sections, along with implementation issues.

1.4.1 Hazardous Air Pollutants

Under Section 112 of the CAAA, the U.S. EPA is required to regulate emissions of 188 hazardous
air pollutants (HAPs)49 by focusing on industries that are major sources of the listed pollutants.  On
July 16, 1992, EPA published a list of 174 industry source categories to be regulated.50  Paper and
other web coating (POWC) is a listed source category and pressure sensitive tapes and labels
manufacturing has been identified as a process that is included in the paper and other web coating
category.  The CAAA requires U.S. EPA to develop National Emission Standards for Hazardous
Air Pollutants (NESHAPs) for each listed source category.  Each NESHAP specifies emission
control measures, known as maximum achievable control technology (MACT), that industry must
implement.  Therefore, the NESHAP often is referred to as the MACT standard.

The U.S. EPA is currently in the process of developing the Paper and Other Web Coating
NESHAP and has convened a stakeholder workgroup to provide input.  The stakeholder group
consists of representatives from state and local government, U.S. EPA regions, individual
companies, and industry trade associations.  The final NESHAP is scheduled for promulgation in
November 2000.  To meet this deadline, the U.S. EPA plans to propose the NESHAP in the
Federal Register in March 2000.  Existing facilities typically have to comply with a NESHAP
within 3 years from the promulgation date of the final rule.  New facilities (i.e. those constructed
after the NESHAP was proposed) have to comply immediately upon promulgation.  Information
about U.S. EPA’s development of the Paper and Other Web Coating NESHAP can be obtained on
the internet at http://www.epa.gov/ttn/uatw/coat/paper/paper_web.html.

A NESHAP typically applies to manufacturing facilities that are major emission sources of
hazardous air pollutants.51  A major source is defined in Title III of the CAAA to be a facility that
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52 Current EPA policy also recognizes practically enforceable limits.  Contact the state permitting authority for
the current potential to emit definition and requirements.

53 Many state permitting programs get their authority from the U.S. EPA through various delegation programs so
a state-issued permit can be federally enforceable.  Check with the state permitting authority to determine
whether particular permit conditions are federally enforceable.
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If potential emissions are reduced to
below major source status prior to the
first compliance date of the standard,
the facility is no longer subject to the
federal NESHAP requirements.  However,
if the emission reduction occurs after
the first compliance date, the facility
must comply with the NESHAP
requirements for the life of the
operation.  Therefore, facilities should
lower their potential to emit before
their compliance date.

has the potential to emit 10 tons per year (tpy) or more of a single HAP, or 25 tpy or more of a
combination of HAPs.  When determining whether a facility is a major source, all HAP emissions
from the facility must be included even those from activities unrelated to the manufacture of
pressure sensitive tapes or labels.  Facilities that are not major sources are known as area sources. 
Typically, area sources are not subject to the NESHAP but can be subject to other air quality
regulations within a particular state.

Potential to emit refers to the maximum level of emissions that would be possible under
unrestricted operation of the facility.  Unrestricted operation implies continuous 24 hour-per-day
production at the maximum output possible given the facility’s physical and operational design. 
The only restrictions to an operation that limit the potential to emit are those that are federally
enforceable.52  Federally enforceable means all limitations and conditions that are enforceable by
the U.S. EPA.  Examples of federally enforceable limitations include, but are not limited to,
emission standards issued by the U.S. EPA or restrictions in a permit issued under the authority of
the U.S. EPA.53 Unrestricted operation also assumes that air pollution control (treatment) devices
are not in place unless they are required under a federally enforceable permit.  Therefore, the
potential to emit at most manufacturers is likely to be substantially greater than the actual
emissions.

Facilities can use several mechanisms  to limit their potential to emit.  For example, a facility that 
is a major source can implement P2 methods such as those discussed in Chapter 3 Pollution
Prevention Opportunities, to lower their
potential HAP emissions to a level below that
of major source classification.  Facilities can
also obtain a federally enforceable permit
condition from their state permitting authority
that restricts their potential to emit.  If
potential emissions are reduced to below
major source levels prior to the first
compliance date of the standard, the facility is
no longer subject to the federal NESHAP
requirements.  However, if the emission
reduction occurs after the first compliance
date, the facility must still comply with the
NESHAP requirements for the life of the
operation regardless of the level of potential
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54 The U.S. EPA issued this policy known as “once in, always in” in a May 16, 1995 memo “Potential to Emit for
MACT Standards - Guidance on Timing Issues.”  Contact the state permitting authority for the current policy.
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emissions.54  This U.S. EPA “once in, always in” policy provides an incentive to make changes to
lower potential to emit before the NESHAP compliance date.

Paper and Other Web Coating Presumptive MACT

As the NESHAP development process begins, U.S. EPA often issues what is known as a
presumptive (P)-MACT.  The P-MACT is a non-regulatory guidance document that publicizes U.S.
EPA’s preliminary understanding of what MACT could be.  States can use the P-MACT as
guidance in developing any permits they have to issue prior to promulgation of the NESHAP.  The
P-MACT also provides a focus for discussions with stakeholders and information gathering efforts
during the NESHAP development.  The U.S. EPA published a P-MACT for the paper and other
web coating source category in May 1997.  The P-MACT was established after the EPA received
input from federal, state and local regulatory agencies, and from industry.  Due to the many
similarities in printing and coating of paper and other webs, U.S. EPA based the  P-MACT for
paper and other web coating on the emission limits contained in the NESHAP for the printing and
publishing industry as well as other data provided by industry.

The Paper and Other Web Coating P-MACT specifies three alternative emission limits for coating
lines:

1. at least 95-99 percent overall control efficiency (i.e. capture and control) using an add-on
control device for emissions from a coating line, as calculated over a calendar month; or

2. no more than 0.20 pounds of HAP applied per pound of coating solids applied, as calculated on
a weighted average basis for each calendar month for all coatings used; or

3. no more than 0.20 pounds of HAP emitted per pound of coating solids applied, as calculated on
a weighted average for all coatings used each calendar month.

Options 2 and 3 were included so that users of alternative coatings could directly determine
compliance.  U.S. EPA is now further defining MACT.  For existing sources, the minimum MACT
(commonly known as the MACT floor) is established by surveying the source category to
determine the average emission limitation achieved by the best 12 percent of the industry in terms
of pollution control.  EPA can propose a standard more stringent than the MACT floor.  For new
sources, the MACT standard represents the emission limit achieved in practice by the best
controlled similar source.  The level of control specified in the NESHAP is based upon the MACT
for that industry.  The preliminary results of this industry survey indicate that the MACT standard
is likely to be more stringent than the P-MACT.
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55 “National Emission Standards for Hazardous Air Pollutants; Final Standards for Hazardous Air Pollutant
Emissions From the Printing and Publishing Industry,” Federal Register, May 30, 1996, p. 27142.

56 The products produced under publication rotogravure (e.g. magazines, catalogues, telephone directories, and
advertising materials) are not similar to those covered under the Paper and Other Web Coating source
category, therefore, the publication rotogravure requirements are not presented in this Manual.
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Overlap with the NESHAP for the Printing and Publishing Industry

Many aspects of the paper and other web coating production process are similar to that of the
printing process, particularly flexographic and rotogravure printing.  In many cases, the same
production line can perform both coating and printing of the substrate.  The Printing and Publishing
NESHAP defines a printing operation as “...the formation of words, designs, and pictures on a
substrate...” and a coating operation as “...the application of a uniform layer of material across the
entire width of a substrate.”55

The Printing and Publishing NESHAP is applicable to publication rotogravure, product and
packaging rotogravure, and wide-web flexographic operations located at a major source of HAPs. 
The requirements outlined in this section are those pertaining to wide-web flexographic and
product and packaging rotogravure sources.56  The wide-web flexographic and product and
packaging rotogravure subcategory includes the production of many products that overlap with the
paper and other web coating source category such as flexible packaging, labels, gift wraps and
decorative laminates.

A facility can exclude a particular printing press from the Printing and Publishing NESHAP
requirements if both of the following conditions are met:

1. the press is used primarily for coating, laminating, or other operations; and

2. the sum total of inks, coatings, varnishes, adhesives, primers, solvents, thinners, reducers and
other materials applied each month by all wide-web flexographic and product and packaging
rotogravure print work stations on the press never exceeds 5 percent (by weight) of the total
mass of inks, coatings, varnishes, adhesives, primers, solvents, thinners, reducers and other
materials applied by the press each month.

U.S. EPA assumes that these exempted presses are primarily performing coating and will be
regulated by the Paper and Other Web Coating NESHAP.

The Printing and Publishing NESHAP also contains a provision that allows a facility to include,
under certain circumstances, stand-alone coating equipment in its compliance strategy so that the
same facility is not subject to the requirements of both the Printing and Publishing and the Paper
and Other Web Coating NESHAPs.  The stand-alone coating equipment and at least one printing
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57 In the remainder of this section, the term printing press refers only to product and packaging rotogravure and
wide-web flexographic printing presses.

58 All of the Northeast states are in the Ozone Transport Region.  Therefore, all manufacturers that have the
potential to emit VOCs at or above the major source threshold are subject to Title I requirements, regardless of
the attainment status of their particular geographic location.  See Appendix A for more information on
attainment and the Ozone Transport Region.

59 Under Section 183(e) of the CAAA, the U.S. EPA is required to issue a National Rule for all significant
sources of VOC emissions from commercial and consumer products, including coatings.  A National Rule
applies to the VOC content of the coatings themselves and affects coating manufacturers.  End users of the
coatings have no regulatory requirements, but are affected because available coating formulations are limited. 
EPA can issue a CTG for specific industry source categories instead of a National Rule if a CTG is
substantially as effective in ozone non-attainment areas as a National Rule.

60 Except in the metropolitan New York City area of Connecticut, New Jersey and New York, where the major
source threshold is 25 tons VOC per year.  This area is classified as severe non-attainment of the ground-level
ozone standard.  Contact the state permitting authority to determine how a particular location is classified.
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press57 must either share a control device, process the same substrate, or apply one or more of the
same solids-containing materials.  If a facility chooses to include one stand-alone coating process
in its compliance strategy, then it must include all stand-alone coating processes that meet the
eligibility requirements.  In addition, if a facility excludes any printing presses under the NESHAP
exemption discussed above, then the facility cannot use this provision to include stand alone
coating equipment.

For all applicability and compliance information regarding the Printing and Publishing NESHAP,
please refer to the full text of the rule in “National Emission Standards for Hazardous Air
Pollutants; Final Standards for Hazardous Air Pollutant Emissions From the Printing and
Publishing Industry,” Federal Register, May 30, 1996.  The final rule, as well as other information
about the Printing and Publishing NESHAP can be found on the internet at
http://www.epa.gov/ttn/uatw/print/printpg.html.

1.4.2 Volatile Organic Compounds

The ground-level ozone, carbon monoxide, and PM-10 non-attainment provisions contained in
Title I of the CAAA can also affect pressure sensitive tapes and labels manufacturers.  The CAAA
Title I program controls seven ambient air quality criteria pollutants, including ground-level
ozone.  A major component of Title I includes requirements for the control of VOCs emitted in
areas that do not meet EPA’s ground-level ozone standard.58  EPA can issue a VOC control
technique guidance (CTG) for specific industry source categories that is applicable to sources in
ozone non-attainment areas.59  U.S. EPA sets the applicability threshold for a particular CTG,
typically at major source levels or lower.  In the Northeast, major sources of VOCs are facilities
that have the potential to emit 50 tons per year VOC or more.60
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61 U.S. EPA, Control of Volatile Organic Emissions from Existing Stationary Sources - Volume II: Surface
Coating of Cans, Coils, Paper, fabrics, Automobiles, and Light-Duty Trucks, EPA-450/2-77-008, May 1977. 
The CTG specifically applies to “... pressure sensitive tapes regardless of substrate (including paper, fabric or
plastic film)...”
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CTGs recommend reasonably available control technology (RACT) to reduce VOC emissions
from the source category.  States must use the CTG and RACT to develop regulations that are at
least as strict as the federal recommendations.  The Northeast states all have programs to limit
VOC emissions as part of their ambient air quality attainment plans required by the U.S. EPA.  The
current VOC emission limits for paper and other web coating are based on a CTG that was issued
in 1977.61  The U.S. EPA will develop a revised CTG for the paper, film and foil coating source
category at the same time as it is developing the Paper and Other Web Coating NESHAP. 
Therefore, many of the applicable requirements are likely to be similar.

1.4.3 Implementation of HAP and VOC Control Programs 

All HAP and VOC control requirements for major sources will be incorporated into what is
commonly known as a Title V permitting program.  Title V of the CAAA provides the framework
for the states to develop and issue permits to sources subject to regulation by the CAAA.  Title V
permits are intended to bring all of a facility's air emissions and compliance requirements into a
single comprehensive permit that is renewable at 5-year intervals.  All major sources of HAPs or
VOCs are required to submit a Title V permit application even if they are not covered by a
specific NESHAP or CTG.  Many facilities do have applicable requirements from existing state
surface coating rules for VOCs.  Because the NESHAP and new CTG are not yet promulgated, the
Title V permits issued by states will only contain the existing state VOC-control requirements. 
After the Paper and Other Web Coating NESHAP and new CTG are developed, the Title V permit
for each facility will contain the applicable requirements from the NESHAP and from the state
rules that are developed from the revised CTG.

The Title V permit programs are designed and implemented by each individual state after U.S.
EPA approval.  In general, a Title V permit includes the following types of information, although
the exact requirements and format can vary from state to state:

C basic facility information such as SIC code(s), location and ownership
C descriptions of products and production processes
C emission sources, emission control measures, and emission types and quantities from each

source
C applicable state and federal requirements (such as the NESHAP or CTG requirements)
C monitoring, recordkeeping and reporting requirements
C compliance assurance plan and compliance certification

Facilities should contact their permitting authority to determine their particular Title V permit
requirements.
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1.5 Summary

The pressure sensitive tapes and labels industry is a major emitter of VOCs and HAPs.  Most of
the Northeast states have regulated both VOCs and individual air toxics from this source category. 
However, the U.S. EPA is now developing new VOC and HAP regulations for the industry that
will be more stringent than many existing regulations.  Existing and future regulations focus
primarily on add-on pollution control approaches to air emissions.  However, the new regulations
will likely contain a P2-oriented option to comply by placing emissions limits on the HAP and/or
VOC content of the coatings used.

The purpose of this Manual is to promote pollution prevention approaches to reducing VOC and
HAP emissions when facilities are considering changes in response to the upcoming federal
regulations.  Facilities that will not need to retrofit to comply with new regulations might also
benefit from implementing cost-effective P2 technologies.  Chapter 2 introduces the concept of P2
and the benefits of a P2 approach, and provides an overview of how to establish a comprehensive
P2 program at a facility.  Chapter 2 provides a framework for companies to evaluate the P2
options presented in Chapter 3.
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62 U.S. EPA, “Environmental Protection Agency Pollution Prevention Directive,” May 13, 1990.
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The quantity of air emissions and other
wastes generated is an indicator of a
facility’s efficiency.

Many P2 projects improve process
efficiency and save money.  Therefore,
P2 should be integral to continuous
improvement efforts.

CHAPTER 2: POLLUTION PREVENTION OVERVIEW

The quantity of waste generated from a manufacturing process provides an indication of the
efficiency of that process; the more efficient
the process, the less waste is created. 
Reducing inefficiencies typically results in
long-term cost savings for a company. 
Increasing process efficiency is a major focus
of pollution prevention (P2).  In many
situations, P2 is analogous to the business
concept of continuous improvement because many P2 projects improve process efficiency and
save money.

There are numerous benefits to implementing P2.  Pollution prevention not only improves a
company’s bottom line through reduced
operating costs and other savings, but also
improves working conditions and
environmental quality.  The benefits of
embracing a P2 strategy and a step-by-step
approach to implementing facilitywide P2
activities are presented in this chapter.

To reap the maximum benefit, companies should establish a comprehensive P2 program to provide
a formal framework for evaluating current practices, receiving employee suggestions and making
process changes where appropriate.  This chapter presents an ideal P2 program and P2 project
evaluation methodology.  Realities at a particular company can make some of the procedures
impractical.  However, many of the concepts can help companies comply with air quality
requirements and save money.  Many perceived obstacles to P2 might have to be overcome at the
facility or corporate level before cost-effective P2 projects can be implemented.  These issues are
discussed in the following sections.

2.1 Defining Pollution Prevention

What is pollution prevention?  The U.S. EPA defines pollution prevention as “...the use of
materials, processes, or practices that reduce or eliminate the creation of pollutants or wastes at
the source.  It includes practices that reduce the use of hazardous materials, energy, water, or other
resources and practices that protect natural resources through conservation or more efficient
use.”62
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What is Pollution Prevention?

 “...the use of materials, processes, or
practices that reduce or eliminate the
creation of pollutants or wastes at the
source.  It includes practices that reduce
the use of hazardous materials, energy,
water, or other resources and practices
that protect natural resources through
conservation or more efficient use.”

Pollution Prevention Act of 1990 Waste
Management Hierarchy

Most Desirable Source Reduction

Recycling

Treatment

Least Desirable Disposal

The U.S. EPA believes that out-of-process
recycling is worthwhile, but does not
consider it a pollution prevention strategy
because recycling does not encourage a
reduction in the manufacture or use of
hazardous substances, and waste materials are
still generated.  The term waste minimization
is analogous to P2 when it refers to efforts
that minimize waste generation.  This Manual
uses the U.S. EPA’s definition to present
pollution prevention practices and techniques
in this Chapter and Chapter 3.

The Pollution Prevention Act of 1990 includes an environmental management hierarchy that has
gained widespread acceptance.  The hierarchy places pollution prevention, also known as source
reduction, at the top as the most desirable
method of environmental protection.  Next is
recycling, followed by treatment and lastly
disposal.  The 1990 Act directed the U.S.
EPA to establish programs to encourage
pollution prevention.  Virtually all state
governments have pollution prevention
programs dedicated to reducing institutional
barriers to P2, assisting companies with
developing P2 programs, integrating P2 into
other regulatory activities, and promoting P2. 
Many states now have pollution prevention or
toxics use reduction planning requirements in
which P2 planning by industry is mandatory, but implementation is not.

Essentially five different types of activities are considered pollution prevention:63

Input Substitution: a hazardous substance is replaced by a less (or non-) hazardous
substance as an input to a manufacturing process to make essentially the
same product.  In pressure sensitive tapes and labels manufacturing,
this could include switching to low/no HAP and VOC coatings and
adhesives.

Product Reformulation: alter the formulation of a product so a hazardous substance is replaced by
a less (or non-) hazardous substance; the function and/or appearance of the
product might change.  In pressure sensitive tapes and labels



Chapter 3: Pollution Prevention Opportunities

64 U.S. EPA, Facility Pollution Prevention Guide, EPA/600/R-92/088, May 1992.

65 Ibid.

38

manufacturing, this could include altering the substrate so a solventborne
coating is no longer required.

Efficiency Improvement: change the production process to use hazardous substances more
efficiently, so smaller quantities are needed to produce the same output. 
An example in manufacturing pressure sensitive tapes and labels is
installing equipment that allows more precise application of coatings
so that the performance objective is achieved using no more coating
than necessary.

In-Process Recycling: collection using dedicated piping, separation and refinement of waste
streams with the recycled material input directly into processes on site
using dedicated piping.  Recovery and reuse of toluene is common in the
manufacture of pressure sensitive tapes and labels.  To qualify as P2, and
not general recycling, the recovered toluene should be reused in a
continuous process with dedicated equipment and piping.

Housekeeping: items such as improvements in leak detection, spill prevention,
inventory control and employee training can all prevent pollution at the
process level.

Several waste management methods are NOT pollution prevention:64

C out-of-process recycling, whether performed on or off site
C waste treatment (e.g. thermal oxidation of air contaminants)
C concentration of hazardous or toxic constituents to reduce volume (e.g. dewatering)
C diluting constituents to reduce their hazard or toxicity
C transfer of hazardous or toxic constituents from one environmental medium to another (e.g.

collection of air contaminants on carbon adsorbers).

2.2 Benefits of Pollution Prevention65

The thousands of facilities that have implemented pollution prevention projects have benefitted in
one or more of the following ways:

C reduced operating costs
C reduced regulatory compliance issues
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Benefits of pollution prevention
include:

C reduced operating costs
C reduced regulatory compliance

issues
C reduced liability
C improved employee morale
C enhanced company image
C increased public health and

environmental benefits

Main savings from P2 in the
manufacture of pressure sensitive tapes
and labels are from reductions in:

C virgin material use
C operation of air pollution control

equipment

Additional savings can result from
reductions in:
C   solid and/or hazardous waste disposal 
C   record keeping and reporting

C reduced risk of criminal and civil
liability

C improved employee morale and
participation

C enhanced company image in the
community

C increased public health and
environmental benefits

Each of these possible benefits is discussed in
the following sections.

2.2.1 Reduced Operating Costs

Cost is perhaps the most important factor that a business considers when evaluating P2
opportunities.  Some P2 efforts involve some up-front expenditure, but this is typically more than
offset by a reduction in operating costs.  The
two most common areas of savings come from
a reduction in the quantity of virgin materials
that need to be purchased and a reduction in
the quantity of pollutants and other wastes that
require control, treatment, storage or disposal
(TSD).  Many P2 improvements, such as
solvent recovery, reduce the quantity of virgin
materials required.  These savings and others
are discussed further in Chapter 3 Pollution
Prevention Opportunities.

When a facility switches from solventborne coatings and adhesives to alternative materials, the
operation of pollution control equipment might not be required.  In addition to reducing operating
expenses, reductions in the use of combustion
equipment can reduce NOx and CO emissions,
helping the facility to comply with the
regulatory programs that focus on those
ambient air quality criteria pollutants.  In
addition, combustion produces CO2 which is
likely to be more stringently regulated based
on the recent Kyoto agreement on greenhouse
gas emission reductions.  Accompanying the elimination or reduction in the quantity of pollutants
that require management is a savings in the labor needed to follow regulatory developments, obtain
necessary permits, and complete the required monitoring and record keeping.
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Improving the efficiency of production scheduling, material handling, inventory control and
equipment maintenance can reduce emissions and costs.  For example, splicing the beginning of the
next web roll onto the end of the previous roll can reduce the frequency of application equipment
cleaning and the quantity of web material wasted during the roll changeover.  A facility might also
realize a savings in energy and other utility costs because of improvements in equipment and/or
operation and maintenance procedures.

P2 also can reduce insurance premiums.  The pressure sensitive tapes and labels manufacturing
process typically uses many highly flammable and explosive substances that also have potentially
adverse health effects.  Eliminating, or at least cutting back on, the quantity of flammable and
explosive substances used can have significant effects on hazard insurance rates.  Workman’s
compensation insurance also takes into account the potential for employee exposure to hazardous
substances and injury from fire and explosion when determining the assessed rates.

Eliminating or reducing the use of explosive materials can eliminate or reduce the risk of
explosion in the drying ovens and throughout the facility.  An explosion can destroy the oven,
injure workers, and cost thousands of dollars in lost production.  When explosive materials are no
longer used, the equipment and the physical structure itself no longer need to be explosion proof,
allowing the use of less expensive components.

2.2.2 Reduced Regulatory Compliance Issues

By implementing P2 projects, a facility can comply with environmental regulations, such as the
CAAA’s Paper and Other Web Coating NESHAP emission standard, without having to install
additional control technologies.  A P2 project also might reduce emissions and/or waste
generation so that the operation of an existing control technology is no longer needed.  Finally, a
P2 project might reduce waste generation to such low levels that a given regulation no longer
applies to the facility.  This is an ideal situation because of the accompanying reduction in
permitting, recordkeeping and reporting requirements.

The CAAA contains a requirement for U.S. EPA to evaluate each NESHAP after it has been in
effect for 8 years to determine if public health is adequately protected.  If the residual risk review
determines that additional protection is needed, the NESHAP requirements could be strengthened. 
A facility that does the minimum to meet NESHAP requirements might find that they will have to
make a second round of changes if the regulations are revised after the U.S. EPA’s residual risk
review.  A facility that implements P2 now might not need to alter operations to comply with the
Paper and Other Web Coating NESHAP or with regulations that are developed in the future that
are more stringent than the NESHAP requirements.
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Participating in pollution prevention
efforts can increase communication
among departments that might result in
additional product quality enhancement
and cost saving ideas unrelated to P2.

2.2.3 Reduced Liability

Environmental regulations contain penalty provisions and civil and criminal liability for non-
compliance.  The greater the quantity of hazardous substances used or waste generated at a facility,
the greater the risk that one or more of the numerous and ever-tightening requirements could be
inadvertently missed, that an accidental spill could happen, or that other non-compliance situations
could occur.  For example, companies have “cradle to grave” responsibility for hazardous wastes
that are produced.  This means that a hazardous waste shipped off site for treatment or disposal
creates an ever-present potential liability should the treatment or disposal facility have
environmental problems at any point in the future.  If the wastes are eliminated and there is no need
for treatment or disposal, this future liability also is eliminated.

The presence of hazardous substances at a facility also creates a potential environmental liability
if a spill or another type of accidental release should occur.  Releases to the environment, even
permitted air emissions, could potentially endanger human health in the area surrounding the
facility, or could at least create the perception of human health impacts, thereby exposing a
company to the potential for civil litigation.

2.2.4 Improved Employee Morale and Participation

The successful design and implementation of a P2 project depends upon meaningful input from
employees throughout the facility, particularly those whose work will be affected by the project. 
Employees who have the opportunity to provide input to company initiatives, particularly those
that will improve working conditions, and
employees who believe that their ideas were
heard usually feel more positively toward
their employer.  This can translate into
increased productivity and greater
commitment and loyalty from employees. 
Participating in pollution prevention efforts
can increase communication among
departments that might result in additional product quality enhancement and cost saving ideas
unrelated to P2.  Finally, improvements in the work environment might increase employee morale
and the health and safety of employees.

2.2.5 Enhanced Company Image

When companies implement P2 projects and publicize their efforts, the surrounding community,
environmental advocacy groups, and government regulators might feel more positively about them. 
The potential for hostile relations with, and legal suits initiated by, local community members,
environmental groups, or government regulators might be diminished.  In addition, the company
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P2 Program Steps:
C management establishes P2 as a

priority
C firm establishes a P2 team
C P2 team conducts a preliminary

evaluation
C P2 team performs an in-depth

feasibility study to:
< understand current process
< screen P2 options
< evaluate technical feasibility
< evaluate return on investment
< evaluate environmental

benefits
C facility implements option(s)
C firm implements continuous

improvements

can include a positive environmental message in its marketing efforts, thereby improving the
customers’ feelings about their products.  This could result in increased market share.

2.2.6 Increased Public Health and Environmental Benefits

Reducing the use of hazardous substances has potential benefits over the entire life cycle of those
substances.  Upstream, ecological damage and human exposure because of raw material extraction,
refining operations, and transportation are reduced.  Downstream, the risk of exposure during
transportation, recycling, treatment, storage, or disposal of wastes are all diminished.  As
mentioned previously, the risk of an accidental release to the environment is reduced if the facility
minimizes the quantity of virgin hazardous substances or hazardous wastes handled at the site.

Establishing an ongoing P2 program is the best way to realize the benefits outlined above.  The
next section describes the elements of both a P2 program and a P2 project evaluation.

2.3 Establishing a Pollution Prevention Program

Ideally, facilities should establish a comprehensive P2 program.  However, a comprehensive P2
program might not be feasible at all facilities.  For smaller companies lacking sufficient resources,
it is possible to short-circuit some of the comprehensive program steps if there is a commitment to
reach a common goal and the right partnership is
formed.  To successfully alter a coating or
adhesive material, the facility’s operators and
the equipment and coating suppliers should form
a partnership.  Multiple vendors should be
enlisted in the development and evaluation of
options to help ensure that the best solution is
found.  State and local technical assistance
programs are another source of information and
help.  A listing of vendors and technical
assistance providers is provided in Appendix C.

A comprehensive P2 program is a natural
outgrowth of continuous improvement programs
that are now prevalent at many companies.  Most
facilities with successful P2 programs report that
corporate management must establish P2 as a
priority and provide visible leadership. 
Evaluating and implementing P2 opportunities
requires employee time and typically involves
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Setting specific goals for the P2 program
can help ensure its success.

Ideally, the P2 team has representatives
from all levels of employees at a facility,
including the plant manager,
environmental compliance staff, the
production supervisor, and equipment
operators.

The coating formulation and the
application equipment used at each
application step should be evaluated
with a concentration on air emissions
and solid and/or hazardous waste
generation.

some up-front cost.  In order to expend the time and money on P2, upper management support is
critical to getting approval for the necessary financial and personnel resources.

Setting specific goals for the P2 program can help ensure its success.  Goals can be either
numerical (e.g. a target percent reduction in
coating use) or technical (e.g. switching
solventborne coatings to waterborne coatings). 
After goals are set, the next step is to establish
an internal team of employees with an interest
in P2 to evaluate the facility and identify P2
options that are technically and economically feasible.

2.3.1 Establishing a P2 Team

Ideally, representatives from all levels of employees at a facility are involved in P2 efforts,
including the plant manager, environmental compliance staff, the coating formulation chemists, the
production supervisor, and the operators of the actual process and/or equipment targeted for P2. 
Operators of the existing system often know
where deficiencies are and what measures can
be feasibly implemented at the process level. 
P2 efforts often succeed or fail based upon the
degree of operator acceptance; therefore, their
participation is vital.  The production
supervisor has extensive knowledge of the
whole process and can evaluate the effect of a
change in one area on the overall system.  The
environmental manager knows the various regulations that affect the current process and can
evaluate the regulatory impact of any changes.  Few changes can be made without the support of
the plant manager.  Finally, the members of the team must be given the time that they need to
effectively participate in the group’s efforts.

2.3.2 Preliminary Evaluation66

Once the P2 team is established and given the
necessary support and resources by top
management, members should perform an
assessment of current operations.  In
manufacturing, pollution prevention takes place
at the process level.  Each specific process
should be examined for source reduction
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opportunities, and ways to reduce the amount of hazardous substances used in or generated by the
process.  This typically begins with a walk through of the entire manufacturing operation by the
committee.  Employees in each area are interviewed.  Then the committee should meet to discuss
their impressions of each process and where improvements are possible.  From this, the team can
develop a list of processes, operations and/or waste streams that should be pursued further.  At a
pressure sensitive tapes and labels facility, this list would most likely include the coating
formulations and the application equipment used at each application step and would concentrate on
air emissions and solid and/or hazardous waste generation.  Another helpful exercise is to examine
raw material purchase and waste disposal records and attempt to determine why and where
hazardous substances are used, and why and where pollutants and other wastes are generated. 
This exercise can direct the committee toward production areas that can be examined in greater
depth.

Once a list of general ideas is developed, the team should set some priorities.  Criteria for
prioritizing waste streams for further evaluation can include:

C cost of raw materials
C compliance with current and anticipated regulations
C current costs of pollution control and other waste management activities (e.g. operating

control equipment and treatment systems, and off site treatment and/or disposal costs)
C quantities and costs of materials not incorporated into finished products
C quantities of releases to the environment
C hazardous properties of the pollutants and wastes generated
C safety hazards to employees associated with the current system
C available budget for the pollution prevention assessment program and projects
C potential for environmental and safety liability
C potential for removing inefficiencies in production or waste treatment
C potential for recovery of valuable by-products
C potential for minimizing wastewater discharges and/or air emissions
C potential for reducing energy use

2.3.3 In-Depth Study67

After the team prioritizes the ideas, the high priority items should be studied in-depth.  At this
point, the P2 committee can split into sub-groups based on individual interest and bring in
additional expertise to properly analyze each idea.  Such expertise can be found both within the
facility and in outside agencies or firms.  These outside sources can be professional consultants,
state or local P2 technical assistance providers, vendors, trade associations and/or literature such
as trade journals and government reports.  A list of appropriate informational resources for
pressure sensitive tapes and labels manufacturers is contained in Appendix C.
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The goal of the in-depth evaluation is to gather and analyze information to quantify, to the extent
possible, the costs and benefits of the P2 possibilities.  To do this, the current process must be
well understood to provide a set of data to compare with the P2 project.

Understanding the Current Process

To analyze the current process, a simple process diagram and mass balance of the existing
operation can be helpful.  A mass balance can be performed for each input material and should
account for the entire input quantity.  A simple mass balance equation is presented below.

Mass in   = Mass out (in product) + Mass out (in solid and hazardous waste and in wastewater)
+ Mass out (released directly to environment such as air emissions)

The costs associated with each term of the mass balance can be determined, including virgin
material and waste management costs.  Waste management costs include all on-site labor involved
with collection, transport, record keeping, treatment, storage and/or disposal.

To ensure that all inputs and outputs are accounted for, the operation should be visited again. 
Operations can be observed from start to finish so that all functions are directly observed as they
happen, including housekeeping and waste management practices.  If there is more than one shift,
observations should be made during each shift to detect any differences.  The existing personnel
costs associated with each aspect of the process also should be determined.  If all of the steps of
the operation are not clear, the P2 team members should ask the employees to clarify any
questions.  In addition, the team should ask the employees if they have any suggestions for
improvements.

Screening Pollution Prevention Options

Once the current operation is well understood, the next step is to evaluate pollution prevention
options.  The team should brainstorm possible improvements to the process.  P2 options can range
from repairing leaks to substituting non-HAP coatings for solventborne systems, as described at
the beginning of this chapter.  The U.S. EPA encourages P2 evaluations to “...look first at true
source reduction options, such as improved operation procedures and changes in technology,
materials, and products.  Then [at] options that involve reuse, or closed-loop recycling... [and
finally,] off-line and off-site recycling and alternative treatment and disposal methods.”68  The list
of P2 options can be screened to eliminate options that are not worth further analysis.  Suggested
screening questions can include:

C what are the main benefits to be gained by implementing this option?
C does the necessary technology exist to implement the option?
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C will the goal of reducing the generation of pollutants and other wastes be achieved?
C can the option be implemented within a reasonable amount of time without disrupting

production?
C does the option have a good previous track record?  If not, is there reason to believe it will

work here?
C what other areas will be affected if the P2 option is implemented?
C what is the impact on the long-term efficiency of operations?

Options that survive this screening can then be subjected to detailed technical, economic and
environmental feasibility evaluations.

Technical Evaluation

Everyone at the facility that will be directly affected if the P2 option is adopted should be
consulted during the technical evaluation.  Typical questions asked during a technical evaluation
include:

C will product quality be improved or maintained?
C is the required space available?
C will application and other equipment need to be changed?
C what drying or curing time and temperature settings are needed?  Is a new oven required to

meet production needs?
C are additional surface preparation techniques required?
C will additional labor be needed to implement the option?
C will additional labor or retraining of existing personnel be required to maintain and operate

the new system?
C are new utility services needed, and what are the associated costs?
C how long will production be stopped during installation?
C will the vendor provide acceptable assistance and service?

In order to answer these questions, the facility can conduct a pilot-scale study.  Vendors can assist
in these efforts.  Depending on the type of testing required, a vendor might be willing to perform
pilot studies at their facility, avoiding any possible disruption of production.  The options that still
appear feasible after undergoing the technical evaluation should be evaluated for their economic
effects.
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Direct P2 savings include:
C raw materials
C production labor
C compliance costs (e.g. fees, testing)
C waste treatment and/or disposal

Indirect P2 savings include:
C special handling and storage

requirements
C safety training
C paperwork
C fire insurance costs

Economic Evaluation

Many P2 projects have financial benefits that are easy to quantify.  These include reductions in:69

C raw materials
C production labor
C compliance costs (e.g. permit fees, and

monitoring and laboratory analysis)
C waste transportation and treatment and/or

disposal

Another financial benefit that might apply to a
particular situation and is easy to quantify is the
avoided cost of having to install and operate a
pollution control device or upgrade an existing
pollution control system.  This situation
typically arises when the facility is affected by
a new regulation, or an existing regulation
becomes more stringent.  If changes are not
made to the coatings used, many facilities will have to upgrade existing control devices to comply
with the NESHAP.  Therefore, by implementing P2 to reduce emissions from coatings, a facility
can avoid the costs associated with upgrading control devices.

There are often indirect cost savings as well, resulting from reductions in:70

C special handling and storage requirements
C hazardous materials training
C paperwork involved in monitoring, record keeping, permitting and disposal of hazardous

materials
C insurance expenses related to storage of flammable or hazardous materials

Quantifying costs of a P2 project begins with identifying the cost to purchase and install the
required new equipment, including (facility-provided) personnel costs.  The total of these up-front
expenditures are the capital cost of the project.  Next, the effects on operation and maintenance
(O&M) should be evaluated.  The person analyzing the cost impact should ask:

C what quantity of input material will be required?
C how much labor is required to operate the new system, and what are the associated costs?
C what wastes will be generated, and what are the associated waste management costs?
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Payback Period

Total capital costs ÷  Annual operating 
 cost savings (net) 

C what is the as-applied per unit cost of the required inputs?71

C will hazard insurance rates change?

The O&M cost information should be compared to the existing situation to see if there is an
incremental change.  Because O&M is an ongoing expenditure, it should be calculated on an annual
basis.  If there is a change in O&M costs, these will continue over time.  Many businesses evaluate
capital expenditures in terms of the length of the payback period, that is, the amount of time
required for the annual savings to add up to the capital costs.  Simply, the payback period is
calculated as:

Payback period (years) = Total capital costs ÷ Annual net operating cost savings

Many companies consider a payback period of less than 2 years to be acceptable and justification
for implementing the project.  Some firms are
willing to tolerate a longer payback period
because they believe that the qualitative
benefits, such as a reduction in liability, are
important enough to outweigh the longer
payback period.  Payback period is a simple
financial analysis.  A more sophisticated
analysis would take into account such things
as the time value of money (i.e. the discount rate).72

Many of the important benefits of pollution prevention are not easy to quantify.  This can present a
challenge when attempting to justify some P2 projects in purely monetary terms.  Some of the
qualitative benefits are:73

C reduced long-term liability risk associated with cradle-to-grave responsibility for toxic
material use and disposal

C improved public image as an environmentally responsible business
C new potential to take advantage of green market trends
C improved employee health and safety
C enhanced relationships with local communities
C reduced regulatory headaches
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Qualitative benefits include:
C reduced long-term liability
C improved employee health &

safety
C improved Public Image
C green market potential
C reduced regulatory headaches

The two main qualitative benefits for pressure sensitive tapes and labels manufacturers are
improved working conditions for employees
and reduced liability for future problems such
as environmental contamination.  Improving
working conditions for employees might
result in lower employee absences due to
illness and improvements in productivity. 
Reducing the risk of future employee health
problems can also result in potential savings
in insurance premiums.

Liability for on-site or off-site environmental contamination is not easy to quantify, and can range
from never having a problem to a multi-million dollar responsibility.  Eliminating the use of
hazardous substances and/or the generation of hazardous waste products at the site could remove
this potential liability.  Reducing use or waste generation would reduce the risk of future liability.

Options that still appear feasible after the technical and economic evaluations should undergo an
environmental evaluation.

Environmental Evaluation

In conjunction with the technical evaluation, the P2 team should evaluate the advantages and
disadvantages of each option with respect to the potential environmental impact.  Four primary
questions are:

C will the option reduce the production of pollutants or other wastes?
C will the option increase or decrease energy requirements?
C will the system create other environmental problems?
C is the system safe for employees?

If the use of hazardous substances is reduced without generating additional waste, there is a clear
environmental advantage.  This typically occurs when the P2 effort involves improved
housekeeping and process efficiency.  However, some options can decrease the use of one
hazardous material and increase the use of another, and/or increase production waste.  In these
cases, the relative toxicity of the new input material and/or new pollutants or waste must be
evaluated.  The production of energy also generates pollutants.  Therefore, a change in energy use
is also an important factor to evaluate.  Finally, the impact on employee health and safety also
should be examined.

In addition, the impact on the regulatory status of the facility should be analyzed.  In many cases, a
P2 project can reduce the regulatory burden by reducing or eliminating the use and/or generation of
a regulated substance.  However, in some cases, one regulatory requirement could be replaced by
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another.  The relative impact of the new requirement should be evaluated against the existing
situation.

If the technical, economic and environmental evaluations are all favorable, most facilities would
implement the P2 option.  If this involves investing in a new system, most facilities would first
undertake a rigorous pilot test74 to ensure that the system works as well as promised by the
vendor(s).  The potential vendor(s) of the new system can be a valuable resource that facilities
should rely on for cost and operating information.  Facilities should take advantage of these
resources to the greatest extent possible.  The provider of any new system, including design and
sales staff, is a new partner at the facility both during installation and operation.75

2.3.4 Continuous Improvement

Facilities should apply the principles of continuous improvement to their pollution prevention
program and subject the effort to periodic evaluation to maximize its effectiveness and efficiency. 
The impacts of P2 efforts on the quantity of hazardous substances used and/or wastes generated
should be evaluated, as well as the financial costs and benefits.  Technology and markets
constantly change and efforts should be made to keep ahead of new developments and to re-
evaluate P2 ideas that were not implemented previously in light of new information.  Employees
should have an ongoing mechanism to present P2 and other ideas for evaluation.  Pollution
prevention awareness also should be part of regular employee training programs.

The pollution prevention team members should serve voluntarily and change periodically to ensure
that fresh viewpoints are always welcome.  Numerous firms have established recognition and cash
award programs to stimulate employee interest and participation.  Some firms also have included
pollution prevention progress and willingness to implement change as criteria in employee
performance reviews, particularly for managers.76

2.4 Overcoming Possible Barriers to Pollution Prevention

P2 often means altering the status quo and there can be resistance to change at any manufacturing
facility.  Concerns typically center around five main items:

C perceived problems with product quality and customer acceptance
C possible negative impacts on production rates
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C availability of time and resources
C reluctance to alter regulatory status
C lack of information

Some of these concerns might be valid and should be evaluated during the in-depth study phase 
described earlier.  Another barrier is that many facilities have already purchased expensive
pollution control equipment and the operation of that equipment is considered a normal part of
manufacturing.  Because they can manufacture with solventborne coatings and already have all the
control equipment, there can be reluctance to examine alternatives.

2.4.1 Product Quality and Customer Acceptance

Many manufacturers are reluctant to alter a winning formulation.  In these cases, the facility might
have obtained its customer base because of the performance of its product.  In addition, the
traditional solventborne formulation of release coatings and adhesives is familiar to technicians
and equipment operators.  However, the winning formulation may have performance
characteristics that are more than the end use requires, and firms might have mistakenly made
assumptions about customer requirements.  Many P2 options can increase product quality and
enhance customer acceptance, or leave the quality unchanged.  In addition, the performance of
alternative coatings is continuously improving, so keeping in touch with multiple vendors is
important because they might have addressed previous product quality problems.

2.4.2 Effect on Production Rates

A P2 option can increase or decrease the labor required to support a given process through
changing O&M, housekeeping and/or waste management requirements.  Some pollution prevention
options can increase productivity while others can increase cycle time, sometimes substantially. 
All of these factors should be assessed when evaluating a P2 project.

2.4.3 Time and Resources

All P2 efforts will require an investment in terms of the time of one or more of a facility’s
employees.  Time is required to assess the current situation, and to gather information about
alternatives and evaluate them.  When a P2 project is implemented, the affected employees might
have to spend time being trained on the new system.  A P2 option also might require an investment
of capital by the company, sometimes a substantial outlay.  Facilities that have been operating for
decades have equipment designed for the application of solventborne materials.  Switching to
solventless or UV-cured release coatings can involve substantial equipment changes.  However,
not all P2 projects are large and complex; some require only simple, inexpensive changes.

The required human and capital costs can be real constraints for a given company, particularly
smaller firms.  The burden on in-house personnel can be lessened by taking advantage of vendor
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services and/or state or local technical assistance programs.  A listing of appropriate resources for
the pressure sensitive tapes and labels industry is contained in Appendix C.  There can be outside
sources of financial assistance for P2 projects such as commercial bank loans, various U.S. Small
Business Administration (SBA) loan programs, and state-affiliated P2 and community
development loan programs.77  U.S. EPA Region I - New England published a resource, The Eco-
Efficiency (E2) Financing Resource Directory that is available on the internet at
http://www/epa.gov/region01/steward/e2. 

2.4.4 Regulatory Status

It can be difficult for many companies to keep track of all the different government regulations that
apply to their particular business.  The federal government and the states recognize these
problems, and some have instituted programs to help companies negotiate the maze of regulations,
and determine which apply and what they mean to a particular facility.  When management
believes that they understand all of these requirements and are in compliance, there can be a
reluctance to make any changes that could alter their regulatory status.  For example, P2
improvements can create a need to change existing permits to reflect the new conditions.  In most
cases, implementing a P2 option will lessen the regulatory burden and is worth the up-front effort.

2.4.5 Lack of Information

A firm’s management or employees often assume that there are no feasible alternatives to the
current practice or that change will be too costly and time consuming to be worth the effort.  These
assumptions often can be overcome by actively investigating useful and relevant information. 
Information about P2 can be obtained from a variety of sources such as professional consultants,
state or local P2 technical assistance providers, vendors, trade associations and/or literature,
including trade journals and government reports.  A list of potential resources for the pressure
sensitive tapes and labels industry can be found in Appendix C.  In some rare cases, the initial
assumption that there is no way to improve on existing conditions can prove true after further
investigation.  The requirements of some end-use applications might not be obtained from coatings
that are not solventborne.  However, this is not typically the case.  With information about P2
specific to the manufacture of pressure sensitive tapes and labels, it might be possible to overcome
resistance to change whether from management or operators.



Chapter 1: Introduction

53

2.5 Conclusions

This chapter presented the concept of pollution prevention, its definition and the benefits of P2,
and outlined how to establish a P2 program and conduct a P2 evaluation at a facility.  Even if a
facility does not have the capacity to implement a comprehensive P2 program, many of the
concepts presented can be valuable on their own.  The next chapter provides specific information
about P2 options for the pressure sensitive tapes and labels industry.  Wherever possible,  real-
world, facility-specific examples of P2 successes at pressure sensitive tapes and labels facilities
are also included in Chapter 3.
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CHAPTER 3: POLLUTION PREVENTION
OPPORTUNITIES

This chapter is intended to provide ideas on the types of projects that firms within the pressure
sensitive tapes and labels industry have undertaken.  A facility or government official might find
P2 opportunities and/or technical information that they had not previously considered.  The
feasibility of the P2 opportunities presented in this Manual can vary from facility to facility. 
However, technology is constantly changing, particularly in the development of alternative
coatings.  In addition, business conditions and production needs change as well.  Therefore,
facilities should evaluate each of the P2 suggestions contained in this chapter now and on an
ongoing basis.

Pollution prevention opportunities for the
pressure sensitive tapes and labels sector can
be divided into four subcategories: coatings,
application equipment and techniques,
cleaning, and housekeeping.  The P2
opportunities within each of these four
categories are discussed in the following
sections.

3.1 Coatings

The coatings traditionally used by manufacturers of pressure sensitive tapes and labels are
solventborne.  Solventborne coatings can be formulated to meet a wide variety of performance
characteristics.  In addition, manufacturers are familiar with solventborne coating chemistry and
application methods.  However, the use of
solventborne coatings has two main
drawbacks.  First, solvents are toxic and
volatile resulting in highly regulated use. 
Second, the use of solventborne coatings
creates a strong potential for explosions and
fire.  Therefore, there are numerous benefits to
reducing or eliminating the use of
solventborne coatings.

Generally, three types of coatings might replace solventborne coatings: waterborne, 100 percent
solids solventless, and 100 percent solids radiation-cured coatings.  Each of these technologies
are described in this section, along with their associated benefits and drawbacks as compared to

Facilities should evaluate the P2
suggestions contained in this manual
now and over time because:
• technology constantly changes
• business conditions change
• production needs change

There are several drawbacks to using
solventborne coatings:
• solvents are toxic
• their use is highly regulated
• strong potential for explosions and

fire
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traditional solventborne coatings.  The two main benefits of using alternative coatings are outlined
below:

C There are minimal air quality problems associated with coatings that are not solventborne . 
Solventborne coatings typically contain 5
to 6 pounds of VOCs per gallon and all or
a substantial portion of the VOCs are also
HAPs.  Alternative coatings generally
contain less than 0.1 pounds of VOCs per
gallon.  The reduction or elimination of
solvents has three associated benefits:

i. The operation and maintenance of incineration or solvent-recovery equipment is no longer
required.  Production downtimes associated with operational problems with the pollution
control equipment are also eliminated. 
An associated savings occurs because
new pollution control equipment will
not have to be purchased as it would
when existing equipment wears out.  A
thermal oxidation unit can have capital
costs of well over $1 million.

ii. The permitting, monitoring, recordkeeping and reporting requirements associated with the
use of solventborne coatings are significantly reduced or eliminated, often generating large
savings for the facility.  In addition,
facilities applying alternative coatings
might be able to expand production
without triggering costly and time
consuming air permitting requirements.

iii. Eliminating the use of solvents
improves the workplace environment,
possibly increasing employee
productivity and loyalty to the company.

C There are no explosion concerns when alternative coatings are used.  There are three main
benefits associated with the elimination of explosion concerns:

i. Extensive and costly LEL monitoring throughout the facility is not required.  LEL meters can
cost up to $10,000 each, are difficult to maintain, and require trained personnel for

Solventborne coatings typically contain
5 to 6 pounds of VOCs per gallon. 
Alternative coatings generally contain
less than 0.1 pounds of VOCs per gallon.

Operation and maintenance of pollution
control devices is not needed and
associated production downtimes are
eliminated.

Permitting, monitoring, recordkeeping
and reporting requirements are
significantly reduced or eliminated. 
Expansion of production might not
trigger costly and time consuming air
permitting requirements.
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monitoring.78  In addition, explosion-proof storage facilities and equipment are not needed. 
Explosion-proof equipment can cost up to twice as much as equipment that is not explosion-
proof.  In addition, accidental oven
explosions can occur when solventborne
coatings are used, often destroying the
oven and requiring its replacement
which can result in an expense of over
$1 million. 

ii. Air exhaust throughout the plant can be
reduced, reducing workspace heating
and cooling requirements.

iii. Eliminating the storage and use of
explosive materials can reduce hazard
insurance premiums up to 50 percent.

As discussed in Chapter 1, pressure sensitive tapes and labels manufacturers can use several types
of coatings including adhesives, saturants, and release and tie coats.  Many available saturants, and
release and tie coats are waterborne or 100
percent solids.  A manufacturer still applying
solventborne saturants, and release or tie coats
should evaluate these alternatives, because the
technology appears to be readily available and
suitable for many applications.

As mentioned previously, adhesives are the
most critical coating that is applied and,
therefore, can have the most demanding performance requirements.  Suitable alternatives to
solventborne adhesives can be more difficult to develop, and are the focus of most P2 efforts
regarding coatings for the pressure sensitive tapes and labels sector.  Most of the benefits and
potential drawbacks discussed in this section on coatings are not limited to adhesives, and are
applicable to all types of coatings even though most research and literature focuses on alternatives
to solventborne adhesive technology.

3.1.1 Waterborne

Many coating users have a negative perception of waterborne coatings that is typically based on
past experiences that sometimes occurred over a decade ago.  Fortunately, technology advances

There are no explosion concerns with
alternative coatings:
• LEL monitoring is not required
• explosion-proof equipment and

storage facilities are not needed
• air exhaust can be reduced, saving

heating and cooling requirements
• hazard insurance premiums can be

reduced by 50 percent 

Many available saturants, and release
and tie coats are waterborne or 100
percent solids.  A manufacturer still
applying solventborne saturants, and
release or tie coats should evaluate
these alternatives
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have overcome many of the earlier problems with waterborne coatings.  Waterborne adhesives can
now be feasible for most low-performance applications and perhaps even for many high-
performance applications.  Technology will continue to advance and facilities should periodically
review waterborne formulations if today’s coatings are not adequate.  

Waterborne adhesives are primarily natural latex and acrylic resin emulsions.  In emulsions,
adhesive particles are dispersed in water, rather than dissolved as with solvent formulations. 
When the water evaporates during drying, the particles join together to form the coating.  The
viscosity of the coating is independent of its
molecular weight, meaning that waterborne
coatings can have higher solids content than
solventborne coatings.79  Most waterborne
coatings can be applied with the same
equipment that is used for solventborne
coatings, but several modifications are
typically required.  For example, with
waterborne coatings all storage, transport and
application equipment needs to be corrosion
resistant, which is not typically a concern
with solventborne coatings.  Natural latex waterborne coatings are more shear sensitive during
application and often cannot be applied on the same equipment as solventborne coatings.  A
summary of the processing requirements for solvent- and waterborne adhesive coating is presented
in Table 3.1.

Benefits

There are numerous benefits of switching to waterborne coatings, the first two of which were
introduced at the beginning of Section 3.1.

C Pollution Control Equipment Not Needed:  There are minimal air quality problems associated
with waterborne coatings.  Waterborne coatings typically contain less than 0.1 pounds of VOCs
per gallon, therefore, emission reductions when compared to solventborne coatings are over 98
percent, and drying ovens are exhausted directly to the ambient air without treatment. However,
many large manufacturers use such large quantities of coatings that they are still considered a
major source of air emissions.

C No Explosion Concerns:  There are no explosion concerns with the use of waterborne coatings,
so LEL monitoring throughout the facility is not required.  When solvents are not used, air
recirculation in the drying ovens can be increased.  This enable the facility to reduce energy

Technology advances have overcome
many of the earlier problems with
waterborne coatings.  Waterborne
adhesives can be feasible for most low-
performance applications and perhaps
even for many high-performance
applications that even a few years ago
were not appropriate.



Chapter 3: Pollution Prevention Opportunities

58

requirements by using some of the hot oven exhaust to heat the incoming air to the oven. 
However, recirculation rates must be low enough to avoid condensation of moisture

Table 3.1 Processing Requirements for Solvent- and Waterborne Adhesive Coating
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inside the oven.  There can be other
equipment benefits as well.  For example,
as a result of no longer having explosion
concerns, one facility was able to replace
its non-static web support belts with less
expensive belts, reducing the time required
for belt cleaning from 12 to 24 hours to 1 to
2 hours and significantly cutting wastewater
production.80

C Higher Solids Content:  Waterborne formulations can have a higher solids content than
solventborne and are still easily pumped and applied evenly to the web.81  These higher solids
waterborne coatings can cost more on a per gallon basis.  However, because their solids
content can be higher, less coating is
typically required to provide the same web
coverage, offsetting the higher cost.

C Minimal Application Equipment Changes: 
Waterborne coatings usually can be applied
with most types of existing application
equipment such as direct and offset roll, or
gravure coating which minimizes retrofit
costs.  However, some modification of
equipment or operating parameters is often
required, particularly to minimize foaming. 
Items such as line speed, coating application
thickness, and oven temperature and zoning
tend to be different for waterborne coatings
than for solventborne application.  These
changes are discussed in the Equipment
section below.

C Lower Operation & Maintenance Costs: 
Many users of waterborne coatings purchase
the coatings already formulated for use. 
Eliminating mixing reduces labor and
equipment operation and maintenance (O&M) costs and reduces the amount of equipment that
would need to be replaced to be compatible with a waterborne system.

There are numerous benefits to
switching from solventborne to
waterborne coatings:
• Minimal air quality problems

< pollution control equipment not
needed

< lower utility costs
• No explosion concerns

< no LEL monitoring
< explosion-proof equipment is not

needed
< lower hazard insurance premiums
< increased air recirculation in ovens

possible
• Solids content can be higher
• Minimal changes to application

equipment
• Decreased hazardous waste

generation
• Lower tack and higher bond strength
• Less fouling of cutting blade

A facility was able to replace its non-
static web support belts with less
expensive belts, reducing the time
required for belt cleaning from 12 to 24
hours to 1 to 2 hours and significantly
cutting wastewater production.
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Nashua Corporation
Omaha, Nebraska

Nashua Corporation’s Omaha facility manufactures large quantities of a small number of paper
substrate products for application in moderate conditions (e.g. relatively constant temperature
and humidity).  The facility gradually replaced most of its solventborne coatings with waterborne
adhesives and 100 percent solids catalyzed silicone release coatings.  The facility discontinued
production of those products for which substitution was not feasible.  Few clients were lost and
the facility remained profitable during the transition.

Nashua cites three main cost reasons to switch to waterborne adhesives: elimination of the
carbon adsorption solvent recovery system, elimination of various monitoring requirements, and
reduced spent solvent disposal costs.  Nashua also notes that making the switch was the
environmentally correct thing to do for their employees and community.  Capital costs for the
conversion were:

• A new drying oven was not required; however, zone configuration and temperatures were
changed.  Two infrared heaters were added for a cost of approximately $60,000.

• A new coating head was not required; however, modifications were required and cost
approximately $200,000.  A reverse roll was also added to their direct gravure system for extra
metering, modifying it to an offset gravure system, and the gravure roll engravings were
altered for the new coatings.

• Other capital costs were: $90,000 for two storage tanks, $15,000 for two heat exchangers, and
$4,000 for three air pumps and 500 feet of PVC piping.*

  
The following operational changes were noted:

C The carbon adsorption system is no longer needed, saving approximately $75,000 per year.

C Spent solvent requiring disposal decreased from 360 drums per year to 12 drums per year, for
a savings of approximately $157,000 per year.

C Storage tanks and equipment are cleaned with high-pressure water and manual scraping. 
Wastewater disposal costs $18,000 per year.

C Make-ready waste increased, raising disposal costs from $3,500 to $17,500 per year.

C Some O&M has increased but some has decreased, so overall there is no net change.

C The cost of waterborne adhesives is approximately the same as for solventborne.

Total capital costs of the conversion were approximately $370,000 and annual
operating cost savings are approximately $200,000, for a payback period of 22 months.

Source: U.S. EPA, Solvent-based to Waterbased Adhesive-Coated Substrate Retrofit - Volume III: Label Manufacturing
Case Study: Nashua Corporation, EPA-600/R-95-011c, December 1995, except information noted by * which was not
detailed in Volume III and was taken from the more general discussion in Volume II: Comparative Analysis.
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C Lower Tack and Higher Bond Strength:  Generally, waterborne adhesives have lower tack than
solventborne adhesives.82  This can be a benefit for applications where removable tapes and
labels are desired such as consumer products where the consumer may not apply the tape
correctly on the first try.  For applications where higher tack is desired, tackifiers can be added
to the formulation.  The final bond strength of waterborne adhesives is often higher than for
solventborne adhesives.83

C Less Fouling of Cutting Blade:  For manufacturers that also convert the bulk coated web into
smaller products, waterborne coatings tend to remain rigid during cutting and do not foul the
cutting blade as easily as solventborne coatings.  This reduces the downtime required for
cleaning.  Natural latex adhesives tend to be softer and can foul the cutting blade.

C Decreased Hazardous Waste Generation:  Hazardous waste generation can decrease because
solvent use for cleaning is significantly reduced and off-spec solventborne coatings are no
longer produced.  A large masking tape manufacturer who switched from solvent- to
waterborne coatings estimates that waste solvent production was reduced from approximately
thirty 55-gallon drums per month to one 55-gallon drum per month, saving approximately
$60,000 per year in disposal costs.84

Potential Drawbacks

Potential drawbacks to switching to waterborne coatings center around three issues: coating
performance, equipment needs, and housekeeping changes, and are discussed in the following
sections.

Performance

C High Performance Applications:  Waterborne adhesives do not perform well under the diverse
environmental conditions encountered in some applications.  Many waterborne adhesives do
not continue to adhere well under exposure to high humidity and/or high or low temperature
extremes, as well as exposure to ultraviolet (sun)light and ozone; conditions common to outdoor
applications.  Waterborne coatings generally contain additives not found in solventborne
coatings such as surfactants to reduce the tendency to foam.  These additives can lower the
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adhesive bond strength, adversely affecting performance for some applications.  At this time,
waterborne adhesives are generally more attractive for low-performance applications.

C Substrate and End-Use Surfaces:  Waterborne coatings are generally compatible with paper
substrates and end-use surfaces. However, the range of other appropriate substrate materials
and end-use application surfaces is more limited with waterborne coatings than with
solventborne.  Because water has a relatively high surface tension, it does not spread out, also
known as wetout, easily and evenly over substrates that have a lower surface energy.  Smooth,
slick surfaces, such as some films and foils, have lower surface energies relative to waterborne
coatings.  However, adhesive bond strength is maximized when the surface energy of the
substrate is slightly higher than the adhesive material.85  Therefore, waterborne coatings might
not be feasible for some film and foil substrates.  Chemical, or more commonly corona
pretreatment of the substrate is sometimes performed to increase its surface energy and,
therefore, the strength of the adhesive bond.86  The same adhesive bond strength problem also
exists when the tape/label is applied to a low surface energy end-use surface, such as some
plastic or metal surfaces.  Therefore, appropriate end use applications can be limited for
waterborne adhesive products.  Solvents are relatively low surface tension liquids and do not
have as many compatibility problems.

Equipment

C Coating Buildup:  When waterborne coatings are stored, the dispersed particles tend to settle
out, leaving a coating that builds on the walls.  Once the coating has built up, it will not
redissolve as it does with solvent formulations.  Eventually the build up can clog transfer lines
and pumps, requiring difficult and costly cleaning.  Some facilities overcome this obstacle by
using PVC piping that they dispose of and replace rather than clean.  In addition, small clumps
of particles can form as the particles settle and can create defects in the coating  when they are
transferred to the web.  Users of waterborne coatings install a filter in the coating line to screen
out any clumps that develop.  Coating agglomeration and buildup can be reduced by agitating
the coating in the storage tanks.  In addition, agitation helps ensure that the coating particles are
evenly dispersed throughout the coating when it is applied to the web.  However, if the
agitation is too vigorous, the coating can foam leading to application and quality problems. 
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Speeds of less than 60 rpm are recommended.87  To minimize foaming, the high-shearing pumps
typically used with solventborne coatings are usually replaced with low-shearing air pumps
that can cost from $500 to $2,000 each.88

C Viscocity:  Constant coating viscosity is difficult to maintain in waterborne coatings, because
the coating is an emulsion and there is the tendency for particles to settle.  Some facilities
install heat exchangers in the coating supply system to ensure a constant viscosity at application. 
Heat exchangers can cost up to $5,000 each with another $2,000 to $3,000 apiece for
installation.89

C Storage:  Due to fire codes and insurance requirements, many users of solventborne coatings
store their materials outside.  However, waterborne coatings cannot be stored outside where
temperatures can go below freezing.  To prevent freezing, some facilities install heat jackets on
their outdoor storage tanks.  High temperatures should also be avoided since they can increase
the tendency for the coating particles to agglomerate and settle.  Waterborne coatings can
corrode storage tanks, piping, pumps, application equipment and the interior of driers that are
not resistant.  For large volume users that receive coatings via rail or tanker truck, on-site metal
storage tanks are often replaced with fiberglass tanks.  A fiberglass tank can cost $5,000 or
more with installation costs of $10,000 or more per tank.90  Metal piping is typically replaced
with PVC.

C Higher Oven Temperature and/or Residence Times:  The energy required to evaporate water
from the coating is greater than that required for solvents.  Therefore, drying waterborne
coatings may require higher oven temperature and/or longer residence times.  Higher oven
temperature may adversely impact the substrate web and longer residence times can slow
production rates.  Metal foil substrates are unaffected by higher temperatures, but paper and
film substrates may deform.  When a relatively thick coating is required (e.g. several mils),
waterborne coatings might not dry fast enough to be feasible even after oven modification. 
Most manufacturers that apply waterborne coatings to a paper substrate install a re-moisturizing
system in the last oven zone or at the oven exit.91  Residence times can be reduced with
supplemental infrared (IR) heating and/or altering air flow configurations.  For multi-zoned
ovens, it is more efficient to have higher initial temperatures followed by lower ones, the
opposite of the profile for drying solventborne coatings.  One facility reported that, although the
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temperature and air flow settings in its ovens have changed for the waterborne coatings, the
overall energy consumption and air flow has remained approximately the same.92

C Changeover Difficulties:  Some manufacturers might find waterborne coatings suitable for
some, but not all their applications.  If all the coatings applied on one coating line cannot be
converted to waterborne, the different equipment setting requirements (e.g. coating head and
oven temperature and airflow configuration) might make changeover between solventborne and
waterborne coating application, and vice versa, too time consuming to be economically
efficient.  A large manufacturer of masking tape estimates that a waterborne production run
needs to be at least 2,500 yards before it is considered profitable, compared to just 250 yards
for solventborne production.93   Switching to waterborne coatings is most clearly applicable for
dedicated production lines, or batch processors that can convert all coatings applied on a
particular equipment line to waterborne.

When a facility can convert some, but not all, of the coatings applied on one line to waterborne
coatings, the switch can result in many of the same benefits as a total facilitywide conversion,
although to a lesser degree.  For example, if a facility does apply both waterborne and
solventborne coatings on the same equipment line, the pollution control device must remain
operational.  A bypass is required to direct water vapor to the atmosphere, because it can foul a
carbon adsorption unit and water is very expensive to incinerate.94  Coating storage, transport to
the coating head, and cleaning and waste disposal requirements might become more complex
when both waterborne and solventborne coatings are applied on the same line.

Housekeeping

C Cleanup:  When waterborne coatings are still wet, they can be cleaned from equipment with
water and soap, if necessary.  However, once the coating begins to dry (e.g. when it builds up),
it will not rewet and is difficult to remove from the mixing, transfer and application equipment. 
Solvents are required to remove the coating, and often more labor is required than for removal
of solventborne coatings.  Users of both waterborne and solventborne coatings can reduce
solvent use and labor requirements through the various techniques outlined in Section 3.3 such
as lining coating reservoirs and overflow trays.

C Coating Buildup:  Even with stirring, coating solids do build up on storage tank walls.  A large
facility that manufactures masking tape needs to clean its fiberglass storage tanks once every 6
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months at an average labor cost of $1,000 per tank.95  Tanks storing solventborne coatings
rarely require cleaning.  However, with waterborne coatings there are no maintenance costs
associated with pollution control equipment, so overall maintenance requirements can remain
approximately the same.96  Cleaning off the coating build-up can increase wastewater
generation, and solids require disposal, typically as a solid waste.  However, cleaning solvent
waste generation and associated disposal costs can decrease, generally offsetting the costs
associated with the increased wastewater and solid waste.

C Increased Solid Waste:  Solid waste generation might increase, because it often requires more
time to perfect the equipment operating parameters for waterborne coating runs.  This can
increase the quantity of make-ready waste generated.

Costs

The capital costs of adding a new waterborne coating line will be substantially less than for
adding a new solventborne line, because explosion-proof equipment, and the costly LEL
monitoring and air pollution control devices, are not required.  A comparison of waterborne and
solventborne system capital costs for a dedicated high-volume masking tape production line are
shown in Table 3.2.  The following operational parameters were assumed to be the same for both
the solventborne and the waterborne coatings in this and subsequent tables:

C coating line is designed to manufacture 239,000 square yards of product per day
C line speed is approximately 600 feet per minute
C coating line operates 350 days per year
C dry coating thickness is 0.001 inches (1 mil) on the substrate (backing)
C average energy cost is $5.49 per MMBTU
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Table 3.2: Example Comparing Capital Costs for New Waterborne and
Solventborne Coating Lines97

Equipment Waterborne Solventborne

Release Coater $235,000 $235,000

Release Cure/Dryer System $600,000 $700,000

Adhesive Coater $400,000 $400,000

Adhesive Cure/Dryer System $1,000,000 $1,100,000

Thermal Oxidizer NA $2,000,000*

Subtotal $2,235,000 $4,435,000

Installation (22% of purchase
costs)

$492,000 $536,000*

Total Capital Costs $2,727,000 $4,971,000

  * Thermal oxidizer cost includes installation

As Table 3.2 illustrates, the pollution control device is the largest cost associated with a new
solventborne line.

Operational costs are typically lower for waterborne coating because air pollution control
equipment is not operated and hazardous waste generation tends to be lower.  In some cases,
waterborne coatings can contain higher solids than solventborne coatings, decreasing overall
coating costs.  Any increases in equipment maintenance and cleaning requirements and/or
wastewater or solid waste generation are typically offset by reductions in hazardous waste
disposal and O&M associated with the air pollution control equipment.  Generalized operational
costs associated with waterborne and solventborne adhesive systems at a large dedicated masking
tape producer are shown in Table 3.3.
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Table 3.3: Annual Operating Cost Example Comparing Waterborne and
Solventborne Adhesive Coating Lines98

Item Waterborne

Solventborne
with Thermal
Oxidation

Solventborne
with Solvent
Recovery

Waste Disposal :

Wastewater $18,200

Spent Solvent
($450 per 55-gallon drum)

$5,400
(12 drums/year)

$162,000
(360 drums/year)

$162,000
(360 drums/year)

Solid Waste: make-ready
($39.50 per ton) $17,500 $3,500 $3,500

Operating Costs:

Drying Oven $343,000 $228,700 $228,700

      Pollution Control
Device

NA
$1,000,000 to

$2,000,000
$97,500 (carbon

adsorption)

Adhesive Coating Cost: $8,657,800  $12,986,700 $9,090,700

Total Annual Costs $9,041,875
$14,380,900 to

$15,380,900 $9,582,400

As illustrated in the example contained in Table 3.3, operating costs for a waterborne line are
significantly lower than for a solventborne line with a thermal oxidation control device.  Even
when solvent recovery is practiced in this example, the annual operating cost of a waterborne line
is more than $540,000 lower.  Several of the cost savings associated with waterborne lines, such
as the cost of LEL monitoring and hazard insurance premiums, and the labor for regulatory
monitoring, recordkeeping, and reporting, were not included in the comparison.  If these costs
were quantified, the operating cost advantage of a waterborne line would increase over that shown
in Table 3.3.  In this example, the solids content of the solventborne and waterborne adhesives
were the same.

The actual costs and savings associated with conversion of an existing solventborne system to
waterborne coatings is highly facility dependent.  Significant research and pilot testing are
required to find waterborne coatings that perform adequately and to determine the optimal
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application equipment and drying oven configurations and settings.  The purchase of new
equipment, such as pumps, heat exchangers and infrared (IR) heaters, can be necessary.  At some
facilities, a new coating head and/or drying oven is required to make waterborne coatings work. 
General capital costs associated with conversion of an existing solventborne adhesive application
system to waterborne for a large dedicated masking tape production line are shown in Table 3.4.

Table 3.4 Capital Cost Example to Retrofit an Existing Solventborne Coating Line to
Waterborne99

Item Waterborne Solventborne

Adhesive Transfer:

Storage Tanks (2) $90,000 Existing

Piping (500 feet) $300 Existing

Air Pumps (3) $3,600 Existing

Heat Exchangers (2) $15,000 Not Required

Coating Application:

Coating Head
0 (minimal alterations) to
$600,000 (new)

Existing

Drying/Curing Oven:

IR Heaters (2) $60,000 Not Required

New Oven
0 (altering settings on existing
oven) to $1,000,000 (new)

Existing

Total Retrofit Costs $168,900 to $1,768,900 None

When the capital costs of conversion shown in Table 3.4 are compared to the annual operating
costs shown in Table 3.3, conversion from
solventborne to waterborne coating systems is
financially attractive.  The annual operating
cost savings range from $540,525 when
solvent recovery is practiced to over $5.3
million when incineration is used, while the
cost of conversion ranges from $168,850 to
$1.77 million.  For this example, the payback
period for converting an existing solventborne
line to a waterborne line varies from between

Solventborne to Waterborne Conversion
Payback Period

• 4 to 39 months when solventborne
line includes solvent-recovery

• less than 2 weeks to 4 months when
solventborne line includes thermal
oxidation 
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4 months and 39 months when solvent recovery is practiced, and from less than 2 weeks up to 4
months when thermal incineration is used.  There are labor costs and productivity interruptions
associated with conversion of an existing line to waterborne coatings but even if these are
significant, payback periods are still much less than 1 year for most scenarios and the conversion
should remain financially attractive to a facility.

3.1.2 100 Percent Solids Solventless

Generally, 100 percent solids solventless coatings are radiation-cured, hot-melt or calendared
adhesives.  Radiation-cured coatings are discussed in the next section.  This section focuses on
hot-melt and calendared adhesives.  Release/backsize, tie/primer and saturants cannot be
formulated as hot-melt or calendared materials.  Therefore, this section is limited to adhesive
applications.  In addition to their use in pressure sensitive tapes and labels, hot-melt adhesives are
used extensively for book binding, and case and carton sealing.

Hot-melts are solid at room temperature and are applied after heating the solids until they melt
becoming less viscous, typically at temperatures of 250 to 350oF.  After application to the web,
they are cooled and become solid again.  Hot-melt adhesives are composed of high molecular
weight polymers, most commonly ethylene vinyl acetate (EVA), styrene-isoprene-styrene (SIS)
and styrene-butadiene-styrene (SBS).100  Numerous additives, such as tackifying resins and
antioxidants, are also included to give the adhesive the required characteristics.  

Many manufacturers formulate their own hot-melt coatings.  Hot-melt coatings are compatible with
existing solventborne coating mix and storage tanks, except that they must be heated to melt the
coating for transport and application.  The mix and storage tanks must be properly sized and the
heating monitored to prevent charring of the coating.  When the coating is purchased in solid form,
it is heated just prior to application either in a drum or in the delivery system, and therefore,
heated mix and storage tanks are not required.

Application of hot-melt coatings is typically by slot die, which allows a precise thickness of
coating to pass through the die onto the web.  Occasionally, a roll coater is used to apply hot-melt
adhesives.  Hot-melt coating line speeds can range from 50 to 2,500 fpm, with the average line
operating at 1,800 fpm.101  The slot die has heated lips and roll coaters have heated rollers and
metering devices.  After coating, the web passes through a chilled roller to cure the hot-melt
coating.  Drying ovens are not required for hot-melt or calendared adhesives, and because the
coating contains no solvents, the operation of a pollution control device is not required.
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Calendared adhesives are similar to hot-melts; although, high temperatures are not required for
application.  Application is typically similar to a reverse roll system except the rolls are large in
diameter and are heated to reduce the viscosity of the coating.  The solid adhesive is applied to the
web by squeezing it through the small opening between the rollers.  The nip roller leaves a very
smooth surface on the adhesive.  All of the calendared adhesive is removed cleanly from the roll
during application.  In roll coating of liquid adhesive, the adhesive actually splits with some
adhering to the web and some remaining on the roll.

Benefits

There are several benefits associated with the use of 100 percent solids coatings, the first two of
which were detailed at the beginning of Section 3.1:

C Pollution Control Equipment Not Needed:  There are no air quality problems associated with
traditional hot-melt coatings.  Therefore,
the operation and maintenance of
incineration or solvent-recovery
equipment is no longer required.

C No Explosion Concerns:  There are no
explosion concerns with the use of
traditional hot-melt coatings, generating
several benefits:  LEL monitoring is not
required, air exhaust throughout the plant
can be reduced, and hazard insurance
premiums are lower.

C Drying Oven Not Needed:  The setting of
100 percent solids solventless coatings
does not require the use of a thermal
drying oven.  This will substantially
decrease utility requirements associated
with the coating line and the amount of
floor space required by the equipment,
freeing up potentially valuable production
space at a facility.  Fewer employees are
required to operate an 100 percent solids
line because it is shorter and less complex
than a solventborne line.

C Application Thickness: Hot-melt adhesives can be applied at a variety of thicknesses
comparable to those of solventborne adhesives. Hot melt adhesives can be applied at a

There are several benefits to switching
to hot-melt adhesives:

• minimal air quality problems
< pollution control equipment not

needed
< lower utility costs

• no explosion concerns
< no LEL monitoring
< explosion-proof equipment is not

needed
< lower hazard insurance premiums

• drying oven not needed
< reduces utility requirements
< substantially reduces floorspace

requirements
• shorter and less complex system that

requires fewer employees
• decreased hazardous waste

generation
• application thickness range is

comparable to solventborne
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thickness as low as 0.1 mil (1 mil = 1/1000th of an inch).  Hot-melts are particularly well
suited when thick films are desired.

C Increased Line speed: Hot-melt adhesives can be applied at line speeds that are substantially
faster than for solventborne adhesives.  Hot-melt line speeds average approximately 1,800 fpm
where solventborne line speeds average approximately 600 fpm.  Solventborne line speeds
tend to be lower because of the time required to evaporate the solvent.

Potential Drawbacks

The main drawback to conventional hot-melt adhesive technology is that the adhesive begins to
remelt at elevated temperatures.  Therefore, end-use applications of hot-melt adhesive coated
products are limited.  Generally, hot-melt adhesives are used for low-performance items such as
some labels and packaging tapes.  However, a number of adhesive companies are now developing
pelletized, free-flowing, 100 percent solid hot-melt pressure sensitive adhesives that have the
higher heat resistance, solvent and plasticizer resistance and/or extremely high cohesive strength
required for high performance applications.  These products are being introduced now and should
be available in commercial quantities in the next year or two.

The high performance pelletized hot-melts are fed into an extruder and applied through a die-
coater onto the web.  The extrusion process creates enough sheer and heat to reduce the viscosity
of these high molecular weight polymers to make them free-flowing for application without
solvents or added heat.  Handling of pelletized hot-melts is much easier and cleaner because the
pellets can be air conveyed from bulk containers.  Changeover is relatively rapid because the
unused pelletized coatings are simply dumped out of the feedstock hopper.  Only the residual
adhesive in the extruder requires cleanup.  Therefore, in addition to saving time, there is minimal
waste generation.  Finally, an advantage over traditional hot-melts is that the heat history, both in
production and application, is much shorter, improving color and performance, and significantly
reducing the potential for charring.

Costs

The capital costs of adding a new hot-melt coating line is substantially less than for adding a new
solventborne line because explosion-proof equipment, and LEL monitoring and air pollution
control devices are not required.  A comparison of hot-melt and solventborne system capital costs
for a large dedicated masking tape production line are shown in Table 3.5.  The comparison in this
and subsequent tables in this subsection assumes:

C coating line is designed to manufacture 239,000 square yards of product per day
C line speed is approximately 600 feet per minute
C coating line operates 350 days per year
C dry coating thickness is 0.001 inches (1 mil) on the substrate (backing)
C average energy cost is $5.49 per MMBTU
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  Table 3.5: Example Capital Cost Comparison for New Hot-Melt and Solventborne
Adhesive Lines102

Equipment Hot-Melt Solventborne

Adhesive Coater $465,000 $400,000

Adhesive Cure/Dryer System NA $1,100,000

Thermal Oxidizer NA $1,000,000*

Subtotal $465,000 $2,500,000

Installation (22% of purchase
costs)

$102,300 $330,000*

Total Capital Costs $567,300 $2,830,000

  * Thermal oxidizer cost includes installation

As Table 3.5 illustrates, the thermal dryer and pollution control device are the largest costs
associated with a new solventborne line.

Operational costs in most cases are also lower for hot-melt coating because they are 100 percent
solids versus approximately 40 percent solids for solventborne coatings, so overall coating costs
are lower.  In addition, the thermal dryer and air pollution control equipment are not operated on
the adhesive line, and hazardous waste generation tends to be lower.  Generalized operational
costs associated with hot-melt and solventborne adhesive systems are shown in Table 3.6.  Some
costs and savings are not included in the comparison such as labor for cleaning: and regulatory
monitoring, recordkeeping and reporting; as well as hazard insurance premiums.
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Table 3.6: Annual Operating Cost Example Comparing Hot-Melt and Solventborne
Adhesive Coating Lines103

Item Hot-Melt

Solventborne
with Thermal
Oxidation

Solventborne
with Solvent
Recovery

Waste Disposal :

Spent Solvent
($450 per 55-gallon drum)

$900
(2 drums per year)

$162,000
(360 drums/year)

$162,000
(360 drums/year)

Solid Waste: make-ready
($39.50 per ton)

$3,500 $3,500 $3,500

Operating Costs:

Energy

$5,500
(heated application
and chilled roller) 

$228,700
(thermal drying

oven)

$228,700
(thermal drying

oven)

Pollution Control
Device

NA $1,000,000 to
$2,000,000

$97,500 (carbon
adsorption)

Adhesive Coating Cost:* $8,700,000  $12,986,700 $9,090,700

Total Annual Costs $8,709,900
$14,380,900 to

$15,380,900 $9,582,400

* From conversations with vendors and manufacturers, the price of hot melt adhesives is generally 40-50    
percent of comparable solventborne acrylic adhesives, but some are approximately the same cost.

As illustrated in the example contained in Table 3.6, operating costs for a hot-melt line can be
significantly lower than for a solventborne line with a thermal oxidation control device.  Even
when solvent recovery is practiced, the annual operating cost of a hot-melt line is over $870,000
lower in this example.  Several of the cost savings associated with hot-melt lines, such as the cost
of LEL monitoring and hazard insurance premiums, and the labor for regulatory monitoring,
recordkeeping and reporting, are not included in the comparison.  The reduced floorspace
requirement might also be valuable at many facilities.  If these costs were quantified, the operating
cost advantage of a hot-melt line would increase over that shown in Table 3.6.
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The actual costs and savings associated with conversion of an existing solventborne system to hot-
melt coatings is highly facility dependent.  Significant research and pilot testing are required to
find hot-melt coatings that perform adequately and to determine the optimal application equipment. 
The cost to convert an existing solventborne line to hot-melt is basically the same as for
installation of a new hot-melt line, because the application and curing mechanisms are different.  In
addition, conversion requires removal of the existing solventborne application, thermal dryer and
pollution control equipment.  If resale is possible, the sale can partially or fully offset the cost to
dismantle the equipment, and might even exceed removal costs and help lower capital costs.

When the capital costs of a new hot-melt line shown in Table 3.5 are compared to the annual
operating costs shown in Table 3.6, conversion from solventborne to hot-melt coating systems is
financially attractive.  The annual operating
cost savings range from $872,500 when
solvent recovery is practiced to over $5.67
million when incineration is used, while the
cost of a new hot-melt line is $567,300.  For
this example, the payback period for
converting an existing solventborne line to a
hot-melt line is 8 months when solvent
recovery is practiced, and less than 6 weeks
when thermal incineration is used.  There are
labor costs and productivity interruptions
associated with conversion of an existing line to hot-melt coatings, but even if these are significant,
payback periods are still much less than 1 year and the conversion should remain financially
attractive to a facility.

3.1.3 Radiation-Cured

Two primary reasons to install a radiation-cured coating system are to increase productivity
and/or to reduce VOC and HAP air emissions while maintaining or exceeding the performance of
solventborne coatings.  Radiation-cured coatings include electron beam (EB) and ultraviolet (UV)
coating systems.  Full curing of UV- or EB-cured coatings generally occurs within 1 second of
exposure to the curing mechanism.  EB systems are more expensive to purchase and operate than
UV-cured coating systems.  However, EB-cured systems can run at line speeds of over 1,600 feet
per minute (fpm), whereas UV-cured lines speeds are generally in the range of 100 to 800 fpm.104 
Solventborne coating line speeds generally range from 300 to 900 fpm.  Due to their high capital
costs and fast line speeds, EB-cured systems are most suited for use on high volume, dedicated
production lines that operate around the clock.  However, EB-curing equipment manufacturers and
coating vendors are working to improve the economic feasibility of this technology for smaller

Solventborne to Hot-melt Conversion
Payback Period

• 8 months when solventborne line
includes solvent-recovery

• less than 6 weeks when solventborne
line includes thermal oxidation 
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firms.  The lower capital cost of UV-cured lines might make them feasible for a wider variety of
facilities.

Radiation-cured coatings are liquids with low viscosity that are 100 percent solids and contain no
HAPs when shipped from the supplier.  Through chemical reaction, 100 percent of the coating
dries and little, if any, is lost in the conversion.  This eliminates HAP and VOC emissions from the
coating steps where radiation-cured coatings are used.  Although the use of UV-cured pressure
sensitive adhesives is not widespread in the United States, their use in Europe is becoming
common, indicating that UV-cured coatings are feasible for use in pressure sensitive tapes and
labels products.  Several large U.S. manufacturers of pressure sensitive tapes and labels are
currently using EB-cured systems.

UV-cured adhesives are specially formulated to polymerize when exposed to UV light and contain
monomers, polymers, pigments, fillers, inhibitors, and photoinitiators.  Monomers reduce coating
viscosity and provide application
characteristics, polymers provide the adhesive
properties, inhibitors increase shelf-life, and
photoinitiators react upon exposure to UV
light, initiating the curing process.  A UV
curing system consists of the UV light(s)
suspended above the web, a light reflector, a
radiation shield, and a cooling system
contained in an enclosure to protect employees from the UV light.
 
EB-cured adhesives do not contain the photoiniator and are cured when the electrons generated
with the EB equipment react directly with the monomers and polymers in the coating.  Generally,
EB-cured adhesives are similar to 100 percent solventless hot-melt adhesives.  Some EB-cured
adhesives are fluid at lower temperatures and are known as low-melt EB adhesives.  Application
of EB-cured coatings is typically performed in a nitrogen inert atmosphere to increase the cure
rate.  

The main difference between traditional solventborne coating systems and radiation-cured coating
systems is the curing mechanism.  For solventborne systems, the coatings dry and/or cure by
solvent volatilization in the thermal drying oven, whereas UV-cured coatings cure with exposure to
UV light, and EB-cured coatings cure by reacting with electrons.  Because the cure times are so
short, the UV- and EB-curing equipment is much smaller and does not require the floor space that a
thermal cure oven requires.  The smaller equipment footprint can free up space in the production
room that can be valuable to some facilities.

Benefits

Numerous benefits are associated with the use of radiation-cured coating systems, with details of
the first two introduced at the beginning of Section 3.1.

The use of UV-cured pressure sensitive
adhesives is becoming common in
Europe, indicating that UV-cured
coatings are feasible for use in pressure
sensitive tapes and labels products.
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C Pollution Control Equipment Not Needed:  VOC and HAP emissions are virtually eliminated,
thereby reducing or eliminating regulatory burdens.  The operation of pollution control devices
is not required, significantly reducing operating costs and eliminating future capital
expenditures to replace aging equipment.  In addition, high exhaust air flows in the workplace
are not necessary for worker protection, further reducing utility costs.

C No Explosion Concerns:  The fire and explosion hazard associated with solventborne coatings
is eliminated, significantly decreasing hazard insurance premiums and eliminating the need for
LEL monitoring and explosion-proof equipment.

C Dying Oven Not Needed:  Full curing of the coating occurs within seconds of exposure to the
UV or EB source, enabling fast production rates, particularly for EB systems.  The complete
radiation-cured coating application and curing equipment system requires much less floor space
than a solventborne system, because long drying ovens are no longer needed.  This can free up
potentially valuable space within the facility.  The amount of uncoated substrate that has to be
threaded through the machine before
production starts is less, generating less
make-ready waste on each production run. 
The lower volume of make-ready waste
can reduce solid waste disposal costs.  In
addition, because thermal drying ovens are
not needed, their associated utility costs
are eliminated.

C Compatible with Other Coatings: 
Radiation-cured coatings can be
compatible with solventborne or
waterborne coatings.  For example, UV-
cured adhesive can be applied to a
substrate with a solvent-borne release coat. 
Therefore, a facility does not have to
convert their entire production to a UV- or
EB-curing system.

C Higher Performance:  Radiation-cured
adhesives have higher chemical resistance
and higher shear strength at elevated
temperatures as compared to hot-melt
adhesives, making them potentially feasible for high-performance applications.

C Existing Application Equipment Often Compatible:  Radiation-cured coatings can often be
applied with existing application equipment.  Depending on their viscosity, both UV- and EB-

There are numerous benefits to
switching to radiation-cured coatings:

• minimal air quality problems
< pollution control equipment not

needed
< lower utility costs

• no explosion concerns
< no LEL monitoring
< explosion-proof equipment is not

needed
< lower hazard insurance premiums

• full curing in seconds
< fast production rates

• no drying oven
< small equipment footprint
< lower utility costs

• decreased hazardous waste
generation

• application with existing equipment
• minimal cleanup requirements
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cured coatings typically can be applied with roll coaters or with extrusion slot-die systems like
hot-melt adhesives.

C Lower Utility Costs:  Operation of the UV lamps has associated electricity costs, as does EB
generation and operation of the nitrogen inerting system.  However, workplace ventilation,
thermal drying ovens, and pollution control equipment are no longer needed, so utility costs
might actually decrease.  A study of energy costs on an offset printing line showed total hourly
utility costs of $43.55 for solventborne, $36.75  for UV-cured, and $21.66 for EB-cured.105

C Decreased Cleaning:  Although UV- and EB-cured coatings are 100 percent solids, they are in a
liquid state and remain fluid until exposed to UV light or electrons, respectively.  Therefore,
they are completely liquid and ready for use even after sitting in the coating reservoir for
several days.  This characteristic eliminates the need for frequent equipment cleaning that is
required with solventborne coatings.  This could result in significantly reduced labor and
hazardous waste disposal costs.  Unreacted coatings can be cleaned from equipment without the
use of solvents.

Potential Drawbacks

Some potential drawbacks associated with radiation-cured coating systems that can limit their
application include:

C Higher Coating Cost:  The per gallon cost of radiation-cured coatings is substantially higher
than for other types of coatings.  However, because radiation-cured coatings are 100 percent
solids, much less material is required to achieve the same dry mil thickness.  Although
radiation-cured coatings are more expensive than other coatings on a per gallon basis, they are
100 percent solids, so fewer gallons are needed to coat the same amount of product.  Therefore,
the cost difference is not as great as it first appears.

C Sunlight Can Initiate Curing (UV):  Exposure to sunlight or other types of lighting can initiate
curing of UV coatings causing them to thicken and eventually harden, clogging the system.  To
avoid this, care must be taken to keep covers closed and ensure that the coating is always
protected from exposure to light throughout the storage, transport and application system.  Once
the coating hardens, solvents, such as MEK, are needed to remove it.

C Difficult to Cure Color Coatings (UV):  Colored UV systems can have trouble curing thick or
colored adhesive layers, whereas EB systems do not have this limitation.  UV light can only
cure coatings that it can “see” therefore, thick layers of coating or pigments block the
penetration of UV rays from typical UV systems.
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C Increased Monitoring and Control (EB):  With EB systems, the amount of EB energy produced
must be carefully controlled.  The appropriate setting for a particular coating and substrate
combination is within a narrow range.  EB systems can damage the substrate if the ratio of
energy to raw materials is not properly calculated.  This challenge has been adequately
addressed in the numerous industrial installations of EB systems that are currently operating. 
However, EB generation parameters require monitoring and control during production.

C Different Health Risks:  Radiation-cured coatings do present some health risks to employees,
but traditional solventborne coatings also present risks that are potentially more harmful.
Acrylate resin radiation-cured coatings contain acrylate monomers which have associated
human exposure concerns.  Direct skin exposure to unreacted radiation-cured coatings is
associated with potentially severe skin irritation.  To protect employees from the uncured
coating and the radiation source, the coating application and curing processes are fully
automated and enclosed.  In addition, the equipment includes safeguards so that the system
cannot be inadvertently opened while the radiation source is activated.  For UV systems,
exposure to the UV lights can cause damage similar to exposure to the sun, including skin
darkening, dryness and/or burning, and potentially severe eye damage.  Studies have shown that
uncured radiation-cured coatings are not carcinogenic.  Once cured, the coatings are non-
hazardous and there is no skin irritation associated with handling the coated substrate. 
Regularly updated employee training is essential to prevent harmful exposures.

Costs

The capital costs of adding a new radiation-cured coating line will be substantially less than for
adding a new solventborne line because explosion-proof equipment, thermal drying ovens, LEL
monitoring and air pollution control devices are not required.  A comparison of radiation-cured
and solventborne system capital costs are shown in Table 3.7.  The comparison in this and
subsequent tables in this subsection assumes:

C coating line designed to manufacture 239,000 square yards of product per day
C line speed of approximately 600 feet per minute
C coating line operates 350 days per year
C dry coating thickness of 0.001 inches (1 mil) on the substrate (backing)
C average energy cost of $5.49 per MMBTU
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 Table 3.7: Example Capital Costs for New Radiation-Cured and Solventborne
Coating Lines106

Equipment UV* EB Solventborne

Release Coater $350,000 $350,000 $235,000

Release Cure/Dryer System $90,000 $750,000 $700,000

Adhesive Coater $360,000 $360,000 $400,000

Adhesive Cure/Dryer System $90,000 $750,000 $1,100,000

Thermal Oxidizer NA NA $2,000,000**

Subtotal $890,000 $2,210,000 $4,435,000

Installation (22% of purchase
costs)

$196,000 $486,200 $536,000**

Total Capital Costs $1,086,000 $2,696,200 $4,971,000

*   Assumes a 60 inch wide web.  The cost of a UV-curing system is dependent on width - approximately
  $15,000 per 10 inches .

** Thermal oxidizer cost includes installation

As Table 3.7 illustrates, the thermal dryer and pollution control device are the largest costs
associated with a new solventborne line.  Although an EB-cure system is more expensive than a
UV-cure system, it is still significantly less expensive than a new solventborne line.

Generalized operational costs associated with radiation-cured and solventborne adhesive systems
are shown in Table 3.8.  Some costs savings are not included in the comparison such as labor for
cleaning, and regulatory monitoring, recordkeeping and reporting, as well as hazard insurance
premiums.  Another potentially significant saving associated with radiation-cured coating use that
is not included in the total cost comparison is the benefit of decreased floorspace requirements.
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Table 3.8: Annual Operating Cost Example Comparing Radiation-Cured and
Solventborne Adhesive Coating Lines107

Item UV-Cured EB-Cured

Solventborne
with
Thermal
Oxidation

Solventborne
with Solvent
Recovery

Waste Disposal :

Spent Solvent
($450 per 55-gallon
drum) NA NA

$162,000
(360

drums/year)

$162,000
(360

drums/year)

Solid Waste: make-
ready ($39.50 per ton) $200 $200 $3,500 $3,500

Operating Costs:

Energy
$150,000

(UV lights) 
$87,000

(inc. nitrogen)

$228,700
(thermal

drying oven)

$228,700
(thermal

drying oven)

Pollution Control
Device NA NA

$1,000,000 to
$2,000,000

$97,500
(carbon

adsorption)

Adhesive Coating Cost: $25,973,400* $10,038,000+  $12,986,700 $9,090,700

Total Annual Costs $26,123,600 $10,125,200

$14,380,900
to

$15,380,900 $9,582,400

* From conversations with vendors and manufacturers, the price per dry pound of UV-cured adhesives is
generally twice that of comparable solventborne acrylic adhesives, with some more and some less. 
Because the price of solvent is so inexpensive, the as-applied cost is also approximately two times greater.
+ From conversations with vendors, the as-applied cost of EB-cured coatings can range from approximately
equal to solventborne coatings up to three times more, depending upon the particular coating formulation.

As can be seen from Table 3.8, for a large manufacturer that uses thermal oxidation, EB-cured
coatings can be less expensive to use than solventborne coatings.  Actual operating costs for UV-



Chapter 3: Pollution Prevention Opportunities

108 All values from U.S. EPA, Evaluation of Barriers to the Use of Radiation-Cured and Hot Melt Coatings in
Coated and Laminated Substrate Manufacturing, EPA-600/R-96-026, March 1996, except the cost of the
UV-curing equipment is from personnel conversations with vendors.

84

cured, and some EB-cured systems can be higher than for solventborne systems, due to higher
adhesive cost.  As the technologies mature, UV- and EB-cured coating costs are expected to
decrease.  The primary benefits of radiation-cured coating over solventborne are lower capital
costs, less floorspace, and fewer safety and regulatory compliance issues.  In addition, EB systems
can substantially increase line speeds.  For some manufacturers, one or more of these benefits
outweigh the higher adhesive cost.

A UV-cured line can be attractive to a smaller facility whose production level cannot support the
capital and operating costs of drying ovens,
and oxidation or solvent recovery systems.  A
UV-cured line can also be advantageous at
facilities that use smaller quantities of several
types of coatings.  Solventborne coating costs
will be higher when purchased in smaller
quantities, lowering the cost differential.  The
addition of a UV-cured line can also allow a
facility to increase production without
exceeding their air permit emission limit.

The cost of converting an existing
solventborne adhesive line to a radiation-curing line can vary and is illustrated in Table 3.9.  If
existing application equipment can be used with only minor modifications, conversion will mainly
involve replacing the drying oven with the radiation-curing system.  However, if new application
equipment is also needed, the cost of conversion is basically the same as for installation of a new
line.

 Table 3.9: Capital Cost Example to Retrofit an Existing Solventborne Adhesive Line
to Radiation-Cured108

Equipment UV* EB Solventborne

Adhesive Coater $0 to $360,000 $0 to $360,000 Existing

Adhesive Cure/Dryer System $90,000 $750,000 Existing

Subtotal $90,000 to
$450,000

$750,000 to
$1,110,000

NA

Installation (22% of purchase
costs)

 20,000 to
$100,000

$165,000 to
$244,000

NA

The primary benefits of radiation-cured
coating over solventborne are:
• significantly lower equipment capital

costs
• higher production speeds
• significantly less floorspace required
• safety - no explosion concerns
• regulatory compliance
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Total Capital Costs $110,000 to
$550,000

$915,000 to
$1,354,000

None

*   Assumes a 60 inch wide web.  The cost of a UV-curing system is dependent on width - approximately
  $15,000 per 10 inches .

In this example, the cost of converting an existing solventborne system to a radiation-cured system
varies from $915,000 to $1,354,000 for EB and from $110,000 to $550,000 for UV.  When the
capital costs of conversion shown in Table 3.9 are compared to the annual operating costs shown
in Table 3.8, conversion from a solventborne to a radiation-cure adhesive coating system appears
financially attractive only if the conversion is to EB-cure adhesives and thermal oxidation was
used on the solventborne line.  For this scenario the payback period is between 2 and 4 months.

The actual costs and savings associated with conversion of an existing solventborne system to
radiation-cured coatings is highly facility dependent.  For some manufacturers, one or more of the
benefits of UV- and EB-cure systems outweigh the higher coating cost.  In addition, UV- and EB-
cured coating costs are expected to decrease over time.  Research and pilot testing are required to
find radiation-cured coatings that perform adequately and to determine the optimal application
equipment and settings.  Radiation-cure technology has made great advances in just the past year or
two such that most manufacturers should be able to find radiation-cured coatings that can perform
adequately for their end-use markets.  Therefore, each facility should examine its particular
circumstances and future production needs to determine if a radiation-cured coating system can
make sense for them.

3.1.4 Solvent Recovery

Many manufacturers practice solvent recovery.  Solvent recovery meets the definition of P2 if the
system is continuously hard-piped from the collection through reuse points.  Other solvent
recovery systems are technically recycling and not pollution prevention as defined in Chapter 2;
however, in most instances, solvent recovery is preferable to destroying the solvent with
incineration systems.  Solvent recovery allows the reuse of solvents rather than the one-time use of
virgin material associated with other pollution control methods such as thermal and catalytic
oxidation.  In addition to destroying the valuable solvent resource, the use of an oxidation
treatment system, particularly thermal oxidizers, requires significantly more energy to operate than
a solvent recovery system.  Oxidation also generates CO2 and NOx emissions, targets of other U.S.
EPA regulatory programs.

Solvent recovery systems are generally 85 to 95 percent efficient, meaning that 85 to 95 percent of
the solvent used is recovered for reuse.  A recovery efficiency of 85 to 95 percent corresponds to
an overall control efficiency109 of 85 to 95 percent for regulatory purposes.  This might not meet
the standard that will be set in the Paper and Other Web Coating NESHAP discussed in Section
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1.3.  However, solvent recovery combined with some coating reformulation to reduce HAP
content and/or converting one or more lines to apply an alternative coating might enable a facility
to meet the NESHAP standard.

The primary benefit of solvent recovery is that for every 100 gallons of solvent required for
production, 85 to 95 gallons is reused product and only 5 to 15 gallons is virgin solvent.  When
only 5 to 15 gallons is lost per 100 gallons
used per production run, the recovered
solvent is used over and over again,
potentially up to 20 times before all the
original solvent is gone.  One manufacturer
recovers over 2.5 million gallons of solvent
per year.  Therefore, there can be substantial
cost savings associated with solvent recovery
just from the reduction in purchases of virgin
material.  This cost savings was illustrated in
the previous alternative coating sections in
Tables 3.3, 3.6, and 3.8 where adhesive
coating costs were 30 percent less when solvent recovery is practiced, saving the example facility
almost $4 million per year.

Solvent recovery is generally performed utilizing carbon adsorption.  Carbon adsorbers remove
solvent particles by absorbing them in activated carbon filters.  The carbon is typically
continuously regenerated using hot air, steam or nitrogen to desorb the solvent particles and
produce a concentrated waste stream.  When the incoming airstream contains one or two types of
solvent, then recovering the solvent for reuse using a distillation unit can be practical.  Due to the
significant savings associated with solvent recovery, manufacturers should evaluate the feasibility
of reformulating so that only one or two solvents are used in all the coatings applied on all the
lines that are routed to a common pollution control device.

When reformulation to one or two solvents is not possible for all coatings routed to a common
control device, the system should be evaluated to determine if a different control device
configuration might be feasible.  For example, if a manufacturer has two coatings lines, both
applying coatings that contain a mixture of solvents and both routed to a single thermal oxidation
unit, perhaps all the coatings applied on one line could be reformulated to contain a single solvent
and the emissions could be routed to a solvent recovery system.  The emissions from the other line
would continue to undergo thermal oxidation.  When adding a new solventborne production line,
manufacturers should attempt to produce products using a single solvent on that line and install
solvent recovery as the pollution control device.

Condensers are another air emission control device that is sometimes used either alone or
following a steam regenerated carbon adsorption unit.  Condensers are typically a group of chilled
tubes on which the solvent(s) in the airstream condense and flow to the bottom where the liquid is

The primary benefit of solvent recovery
is that for every 100 gallons of solvent
required for production, 85 to 95 gallons
is reused product and only 5 to 15
gallons is virgin solvent.  The recovered
solvent is used over and over again,
potentially up to 20 times before all the
original solvent is gone.



Chapter 1: Introduction

87

recovered.  In a stand alone system, condensers, in combination with an inert gas oven, allow a
coating line to increase the concentration of solvent in the oven to 30 to 50 percent (total, not of
LEL).  Condensation can then recover over 95 percent of the solvents and the inert gas is returned
to the oven.  With only 5 percent of the inert gas/solvent atmosphere exhausted, a small secondary
treatment system is feasible, such as a 55 gallon activated carbon canister system.  Therefore, total
treatment efficiency can be greater than 99 percent.  However, due to fugitive losses at the coating
head, overall control efficiency is lower because capture efficiency is not 100 percent.  When an
inert oven is used, installation of a permanent total enclosure (PTE) to improve capture efficiency
before the web enters the oven is technically difficult on an existing line.  A PTE is not
economically practical on any line due to the need for oxygen for workers and for keeping below
LEL requirements at the coating head, and the simultaneous need for keeping oxygen out of the
oven.

As with carbon adsorption, if the incoming airstream to a condenser contains a single type of
solvent, or perhaps a combination of two, then recovering the solvent for reuse using a distillation
unit can be practical.  If the incoming airstream contains several different types of solvents, or if
solvent recovery is not practiced, then the concentrated waste is typically drummed and disposed
of as a hazardous waste.  When used by themselves, condensers are typically not standard add-on
control technology, as oxidation and carbon adsorption units are, but rather are designed for the
particular production conditions and installed with the manufacturing equipment.  Therefore,
condensers are generally not feasible on lines that manufacture a variety of products or on
dedicated lines that were not originally constructed with one.

3.2 Application Equipment and Techniques

There are several changes to application equipment and production techniques that can reduce the
quantity of coatings used and, therefore, the quantity of emissions generated.  Other options can
reduce the quantity of waste substrate or coating generated.  P2 opportunities related to application
equipment and techniques include: enhancing
application control, and increasing coating
solids, run dry and splice-on-the-fly.  Each of
these P2 opportunities is described in the
following sections.

3.2.1 Enhancing Application
Control  

Some application equipment controls coating
thickness more accurately than others.  In some
instances, a manufacturer may be applying
more coating than is needed to meet the

Even a 5 or 10 percent reduction in
coating use can translate into
meaningful savings that can occur year
after year.  Converting a direct roll
application system to an offset system
can improve coating application control. 
Metering the coating before application
to the web can control coating
application thickness better than
metering after application, and also
might reduce equipment cleaning
requirements.
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product specifications due to the application equipment used.  Gravure coating is one of the more
precise application methods.  Although a gravure roll costs more than a smooth application roller,
this added cost can be recouped from a reduction in coating use.  When large volumes of coating
are applied, even a 5 or 10 percent reduction in coating use can translate into meaningful savings
that can occur year after year.  Other application equipment changes, such as converting a direct
roll application system to an offset system, can also improve coating application control.  Metering
the coating before application to the web can control coating application thickness better than
metering after application, and also might reduce equipment cleaning requirements.

3.2.2 Increasing Solids Content

Solventborne coating formulations typically contain 30 to 40 percent solids, corresponding to 60
to 70 percent solvent content.  Therefore, 60 to 70 percent of the coating applied to the web
evaporates and becomes air emissions. 
Increasing the solids content of the coatings
applied has two benefits.  First, less coating
volume is required to produce the same amount
of product.  Second, on a per gallon basis, less
solvent is contained in the coatings that are
used.  These factors combine to significantly
reduce the air emissions generated.  For
example, if the solids content can be increased
from 40 to 50 percent, the quantity of coating required to produce the same dry mil thickness on the
web decreases by 20 percent.  The corresponding emission reduction is 33.3 percent.

Increased solids content coatings can be more expensive than low-solids coatings on a per gallon
basis.  However, because less coating is required to coat the same web area, the quantity of
coating that needs to be purchased, stored and handled is reduced.  Therefore, higher solids
coatings can be less expensive to use.  In addition, a decreased thickness of coating needs to be
applied to the web, so adjustments to metering
device settings, or replacement with a more
compatible device, are also required.  Gravure
rollers are well suited to application of higher
solids content coatings.  Another benefit to
higher solids coatings is that production line
speeds can be increased because there is less
solvent that needs to be removed in the drying
oven.

Increasing the solids content can require
modification of the coating head, since higher
solids coatings can be more viscous and have
different wet out properties.  In order to make

If the solids content can be increased
from 40 to 50 percent, the quantity of
coating required to produce the same
dry mil thickness on the web decreases
by 20 percent.  The corresponding
emission reduction is 33.3 percent.

There are several benefits to increasing
the solids content of coatings:
• decreased air emissions
• less coating to coat the same web

area
< reduced volume to purchase, store

and handle
< typically offsets higher per gallon

cost
• increased line speeds

< less solvent to evaporate in oven
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a higher solids coatings behave more like a low solids coating and be more compatible with
existing application equipment, it might be necessary to heat the coating to reduce its viscosity. 
However, heat will cause the solvents in the coating to evaporate faster which could increase
fugitive emissions at the coating head.  In addition, some coatings are thermally active, meaning
that heat initiates curing.  These coatings cannot be heated prior to application.

3.2.3 Run Dry

Run dry is an operating method that is designed to reduce the quantity of unused coating that
becomes a waste.  Reducing the quantity of unused solventborne coating reduces associated air
emissions and hazardous waste disposal volume.  Run dry involves closely calculating the quantity
of coating required to cover the planned production run so that the quantity of coating mixed is not
significantly greater than what is needed. 
When the end of the production run is
approaching, only enough coating is added to
the reservoir to finish the run.  The coating and
web end at approximately the same time and
reservoir cleaning requirements are
minimized.

Implementing a run dry policy involves
increased planning and oversight, but the
benefits can be significant.  Reducing the
quantity of coating mixed reduces coating
material purchase costs and reduces the quantity of waste generated during cleaning, as well as the
associated disposal costs.  In addition, facilities save time and labor when cleaning equipment
between production runs.110  Increasing changeover efficiency can increase production potential,
an important improvement at some facilities.

3.2.4 Splice-on-the-fly

Splice-on-the-fly is another method to reduce waste and improve changeover efficiency.  Splice-
on-the-fly can be applied when production involves coating two or more rolls of the same
substrate with the same coating.  The beginning of the second roll is spliced onto the end of the
first roll so that the coating process can run continuously during the roll changeover.  Otherwise,
the changeover from one roll to the next requires that the equipment is shut down and the new roll
is thread through the machine before production resumes.

Reducing the quantity of coating mixed
reduces coating material purchase costs. 
Reducing the quantity of waste coating
reduces the quantity of waste
generated during cleaning, as well as the
associated disposal costs.  In addition,
facilities save time and labor when
cleaning equipment between
production runs.
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Although performing splice-on-the-fly requires special roll handling equipment and operator
finesse, there are numerous benefits of this technique.  Splice-on-the-fly greatly reduces the length
of uncoated substrate generated from threading the beginning of each roll through the machine; the
make-ready for all rolls after the first is only the few feet in the spliced area.  Make-ready is
typically a solid waste, and reducing the
quantity generated reduces the costs
associated with its handling and disposal. 
These savings can be significant because up to
500 feet of each roll becomes make-ready
waste, and some large facilities generate more
than 15,000 feet of waste substrate each
day.111

Splice-on-the-fly reduces the quantity of
substrate required to produce a given quantity
of product, possibly reducing substrate
purchase costs.  Another benefit arises from
the increased production efficiency gained
from eliminating the need to stop production
during roll changeover.  When the equipment can continuously apply coating, there is no need to
clean solidifying coating from the equipment before production can resume.  This reduces air
emissions, spent solvent and waste coating generation from cleaning.

3.3 Cleaning

As mentioned previously, the use of solvents for equipment cleaning can account for a significant
portion of air emissions from manufacturers of pressure sensitive tapes and labels, with estimates
ranging from 3 percent at large dedicated production facilities112 to over 70 percent at small batch
facilities.  The most obvious method to reduce air emissions from cleaning is to switch from using
solvents to alternative materials for cleaning.  However, this might not be suitable at all facilities. 
At facilities that cannot switch to alternative cleaners, there are several options that can reduce the
air emissions associated with the use of solvents for equipment cleaning.  For example, fugitive
emissions can be reduced by replacing open solvent containers in the workplace with safety cans
that have spring lids to keep the solvents covered when not in use.  There are also several methods
that can reduce cleaning requirements, thereby reducing associated air emissions, such as lining

Splice-on-the-fly reduces:
• the quantity of substrate required to

produce a given quantity of product
• the generation of make-ready waste
• the need to stop production during

roll changeover
• the need to clean solidifying coating

from the equipment before
production can resume

• air emissions, spent solvent and
waste coating generation from
cleaning
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floors and trays, and coating tension idler and winding rolls.  Finally, used cleaning solvents can
be recycled.  Each of these options are discussed in the following sections.

3.3.1 Alternative Cleaners113

Most manufacturers of pressure sensitive tapes and labels use solvents, typically MEK and
toluene, to clean equipment and other surfaces such as floors.  Some manufacturers use 1,1,1
tricholorethane (TCA), also known as methyl chloroform for cleaning.  Various CAAA
requirements have caused manufacturers to investigate alternatives to solvent cleaners.  For
example, TCA is no longer manufactured due to implementation of the Montreal Protocol on
substances that deplete the ozone layer, and TCA, MEK and toluene are HAPs.  However, most
manufacturers have found that alternatives to solvent cleaners are not as effective, and in some
cases, the increased labor required to manually scrape the equipment is prohibitive.  The
suitability of cleaning alternatives varies with the type of coating that needs to be removed and the
type of surface that requires cleaning and, therefore, is facility specific.

Some facilities have experimented with citrus-based terpene cleaners.  In addition to reduced
cleaning capability, citrus-based terpene cleaners tend to be expensive and have a strong offensive
odor so that their acceptance is limited.  Some
manufacturers successfully use mineral spirits
for cleaning.  However, mineral spirits, such
as the brand name Varsol, are a combination
of various hydrocarbons, such as hexane and
heptane, with smaller quantities of compounds
such as toluene, xylene and ethylbenzene.
Hexane, toluene, xylene and ethylbenzene are
all HAPs so that the use of mineral spirits
does not constitute P2.  Aqueous cleaning can
be effective for some cleaning needs when
combined with additives and applied at increased temperature and/or pressure.  However, the
additives can increase wastewater collection, treatment and disposal requirements.

Some facilities have successfully used ultrasonic cleaning for smaller parts that can be placed in
the cleaning unit.  With ultrasonic cleaning, sound waves create tiny bubbles in the aqueous fluid
that implode against the part’s surface to clean it.  The type of cleaning fluid used can affect
whether the part can be cleaned at an ultrasonic power level that does not damage the parts. 
Ultrasonic cleaning solutions typically used to clean metal parts in other industries are limited in
their ability to remove adhesives from the metal, rubber and plastic equipment components
common on a tape or label coating line.  Benefits of an ultrasonic cleaner include rapid and

Mineral spirits, such as the brand name
Varsol, are a combination of various
hydrocarbons, such as hexane and
heptane, with smaller quantities of
compounds such as toluene, xylene and
ethylbenzene, which are all HAPs, except
heptane.
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thorough cleaning at a low operating cost.  However, the cost of ultrasonic cleaning units can range
from $10,000 to $150,000, depending on the size needed.  And ultrasonic cleaning cannot be used
to perform on-line cleaning of equipment.

The most efficient P2 opportunity may not be to eliminate the use of solvents for cleaning, but to
consolidate solvents and minimize their use to the extent possible, as discussed in other portions of
this section and in Section 3.4.  An effective
method for minimizing solvent use in cleaning
is to increase mechanical scraping.  Equipment
should be scraped, typically with a putty knife
or wire brush, to remove as much coating
prior to the solvent wipe.  After the coatings
are loosened by the application of solvents,
the rest of the coating is removed by
mechanical scraping.  Solvents should only be
used to loosen and break the coating bonds, not to completely dissolve the coating.  A light solvent
wipe can follow mechanical scraping to ensure that all the coating is removed.

3.3.3 Lining Floor and Trays

Many facilities line the floor under the coating line with off-spec substrate, such as the make-ready
waste.  Some facilities also use make-ready waste to line the various trays that catch coatings that
overflow or drip from the application equipment.  These practices greatly reduce or even
eliminate solvent use and waste disposal requirements associated with floor and drip/overflow
tray cleaning.  In addition, the make-ready waste is readily available at no cost and the labor to
keep floors and trays clean is reduced.  Some facilities also coat the trays with a teflon, plasma or
silicone coating to reduce the ability of the coating to stick to it, making cleaning easier.

3.3.4 Coating Idler, Tension and Winding Rolls

Facilities can coat idler, tension and winding rolls with non-stick materials such as teflon, plasma
or silicone.  The coating helps prevent the adhesive from sticking to the rollers, reducing coating
quality problems and web breaks, and minimizing the need for equipment cleaning.  In addition, the
coating can help reduce the amount of time and cleaning solvent required to clean the rollers. 
However, the coating can make the rollers more delicate, requiring increased care when cleaning
is performed.  A variation on coating rollers with a permanent coating is to wrap the rollers with a
low-surface tension material, such as foil, that can be removed and disposed of when cleaning is
necessary.  This will reduce solvent cleaning requirements, but the waste wrap material will
increase solid waste generation.

Solvents should only be used to loosen
and break the coating bonds, not to
completely dissolve the coating.  A light
solvent wipe can follow mechanical
scraping to ensure that all the coating is
removed.
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3.3.5 Recycle Spent Cleaning Solvent

Recycling cleaning solvents can save money in two ways: by reducing the quantity of new solvents
that need to be purchased, and by reducing the quantity of waste solvent that must be disposed of as
a hazardous waste.  Some facilities distill used cleaning solvent and use it again as a cleaning
solvent.  At facilities that mix their own coatings, some add the distilled solvent to their coating
formulation if the distilled solvent is the same as the solvent used in the coating.  The relatively
small portion of distilled cleaning solvent used does not adversely affect coating quality when
large volumes of coatings are produced.  In fact, distillation may not be required before waste
cleaning solvents are added to new coating formulations.  Simple filtration to remove large
particles might be all that is necessary.

Recycling used cleaning solvent can be most feasible when all cleaning is performed with one
solvent, and that one solvent is also used as the carrier solvent in coating formulations.  Recycling
used cleaning solvents by adding them to coating formulations might not be practical at facilities
that purchase pre-formulated coatings or at batch processors that only mix small quantities of each
coating used.

3.4 Housekeeping

As waste disposal costs have increased over the past two decades, manufacturers have searched
for methods to reduce the volume of solid and hazardous wastes that they generate.  In addition to
the production process modifications discussed in Section 3.2 and the methods for reducing
cleaning requirements presented in Section 3.3, there are several more general housekeeping
practices that can be implemented to reduce solid and hazardous waste generation.  These include
spill prevention, purchasing and handling control, and solvent consolidation.  Each of these
housekeeping improvements is discussed in the following sections.

3.4.1 Spill Prevention

Facilities can add edge guards and shields in coating application areas to reduce the potential for
coatings to splash and/or overflow onto the equipment and/or floor.  The edge guards and shields
will require cleaning and might hinder accessability to the equipment for repairs.  Some facilities
also install pneumatic or electronic edge guides at various locations along the web transport line
to keep the web properly aligned.  This minimizes errors such as coating overflows along the edge
of the web and contamination of the application equipment and/or the floor.  In general, spills can
be reduced by training personnel in improved material handling and spill prevention methods. 
Training should include how to properly transfer coatings to and from storage vessels; proper
procedures for mixing coatings; and proper use of rags, mops or absorbents to clean up spills.  

3.4.2 Purchasing and Handling of Raw Materials
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Controlling the purchasing and handling of materials can reduce waste generation significantly. 
Many companies allow their operators to enter the materials storage area and take the supplies that
they need, often relying on the operator to log out the material.  However, this is not always done
reliably.  Metering materials usage,
particularly solvent usage involves instituting
standard use policies and preferably, locking
the storage room door and assigning one
person the responsibility of retrieving needed
materials and maintaining the use log. 
Facilities that institute material use metering
generate useful data to identify areas where
material is being used indiscriminately. 
Consequently, operators are more
conscientious of how they are using the
materials.  Reducing the quantity of
flammable solvents in the workplace also
increases facility safety.

Other materials handling policies also can
reduce waste generation.  Coatings that have
passed their expiration date become a waste
and should not be used.  Therefore, facilities
should purchase coatings in as small a
quantity as practical to avoid exceeding
expiration dates.  Facilities should label
materials with shelf life dates and have a
first-in, first-out policy to ensure that they
have not degraded.  Finally, management
should work with suppliers to take back off-
spec and empty containers.

3.4.3 Solvent Consolidation

Another option that is technically not pollution prevention, but may be helpful to manufacturers is
solvent consolidation.  Solvent consolidation is a method that can reduce recordkeeping and
reporting burdens substantially.  Use of each solvent is reported annually to the Toxic Release
Inventory (TRI) under the SARA Title III program on what is known as a Form R.  Fulfilling Form
R requirements can be time consuming for the environmental manager.  An opportunity to minimize
this time commitment is to reduce the number of different chemicals used at the facility that are
subject to Form R reporting.  Many facilities use some solvents, such as MEK, only for cleaning. 
With a minimal change in procedures, a facility often can replace these cleaning-only solvents with
a solvent that is also used in the coating formulations.

Cleaning Solvent Use Minimization Case
Study

A tape manufacturing facility began
monitoring the use of cleaning solvents
and found that different operators
were dispensing varying amounts of
solvent, from 2 to 5 gallons, to do the
same cleaning job.  Upon further study,
they observed that operators used
approximately 2 gallons to accomplish
the cleaning task and then disposed of
the rest as hazardous waste.

A standard policy of limiting withdrawal
of solvent to 2 gallons was instituted
and is estimated to reduce hazardous
waste generation by 2,500 gallons per
year and save the company $28,000
per year in virgin solvent and hazardous
waste disposal costs.

Source:  U.S. EPA, Improved Equipment Cleaning in
Coated and Laminated Substrate Manufacturing
Facilities (Phase II), EPA-600/R-95-097, July 1995.
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When solvents that are not also constituents of the coatings are eliminated, their associated
recordkeeping and Form R reporting requirements are also eliminated.  When solvent
consolidation occurs in conjunction with solvent metering and/or increasing physical cleaning, the
benefits are more readily observable.  In addition, as discussed in Section 3.3.5, used cleaning
solvent sometimes can be added into the
coating during formulation when it is the same
solvent that is used in the coating.  This
practice can reduce hazardous waste disposal
costs and typically will not affect product
quality when the quantity of used cleaning
solvent is small compared to the overall
quantity of solvent used for coating
formulation.

Solvent Consolidation Case Study

A facility found that toluene, a solvent
used extensively in its adhesives,
performed satisfactorily for equipment
cleaning and could replace MEK, a
solvent used only for equipment
cleaning.  The quantity of toluene
required for cleaning was the same as
the quantity of MEK used, so overall
emissions did not increase, and the
facility does not have to track and
report MEK use anymore.

Source:  U.S. EPA, Improved Equipment Cleaning in
Coated and Laminated Substrate Manufacturing
Facilities (Phase II), EPA-600/R-95-097, July 1995.
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CHAPTER 4: CONCLUSIONS

The pressure sensitive tapes and labels manufacturing industry traditionally has been a significant
source of HAPs and VOCs.  Therefore, each of the Northeast states regulate this industry in some
capacity.  The U.S. EPA is in the process of developing new regulations that will be different than
the existing state regulations. This Manual presented overviews of the NESHAP development
process, possible overlap with the existing printing and publishing NESHAP, the federal VOC-
control program, and implementation of the HAP and VOC control programs.  The purpose of this
Manual is to alert companies to the changing regulatory environment, and to promote the reduction
or elimination of the use of solvents as an alternative compliance method to traditional add-on
control technologies.  This Manual presents the many P2 options available and illustrates the
benefits of P2 to pressure sensitive tapes and labels manufacturers and those who regulate them.

The new NESHAP and CTG that the U.S. EPA is developing can provide a catalyst for
manufacturers to make some positive changes to their operations.  Reducing air emissions
improves the environment both inside and outside of the plant.  Environmental improvement
combined with efficiency improvements and cost savings is an ideal win-win situation for a
company.  As this Manual illustrates, many pressure sensitive tapes and labels manufacturers of all
sizes can implement numerous win-win P2 projects.

Pollution Prevention Benefits

A pollution prevention project or group of projects can lower HAP and/or VOC emissions,
possibly to levels that will facilitate compliance with the new NESHAP and CTG, and benefit
public health and the environment.  Improved working conditions within the facility can translate
into increased employee productivity and company loyalty.  This Manual demonstrates several
other important themes about pollution prevention.

Cost Savings
Pollution prevention projects often can save a pressure sensitive tapes and labels manufacturer
money over time by:

C reducing coating and/or solvent use
C improving productivity
C reducing permit fees, and record keeping and reporting burdens
C reducing hazard insurance premiums
C reducing or eliminating waste treatment and/or disposal costs
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Increased Efficiency
Pollution prevention projects improve process efficiency and product quality.  Therefore, P2
should be integral to all of the strategies that businesses implement to stay competitive such as
continuous improvement programs.

Reduced Regulatory Burden
A pollution prevention project or group of projects might lower HAP and/or VOC emissions to
levels where current state requirements no longer apply.  In addition, a facility might lower the use
of HAPs and VOCs such that the future NESHAP and new CTG will not affect their operations.

Qualitative Benefits
There are also many less quantifiable benefits from pollution prevention projects that can become
real economic benefits such as:

C improved employee health and safety
C reduced long-term liability associated with hazardous material storage, use and disposal
C improved public image
C reduced regulatory headaches
C increased green marketing potential

Technical Recommendations

Chapter 3 illustrated the numerous ways that pollution prevention projects can save a company
money, increase process efficiency, improve product quality and reduce air emissions.  Some of
the projects require an upfront investment, but payback periods are typically short, sometimes only
weeks and often less than 2 years.  The primary technical recommendations are:

Evaluate Today’s Alternative Coatings
The performance characteristics of alternative coatings, such as waterborne, hot-melt and UV- and
EB-cured, have improved in recent years.  Pressure sensitive tapes and labels manufacturers
should evaluate today’s alternative coatings.  Firms should not rely on past negative experiences
with alternative coatings or anecdotes about another firm’s past negative experiences.  Several
newer alternative coatings not only meet demanding performance criteria and improve the work
environment within the facility, but also reduce air emissions to below regulated levels and save
the facility money.

The use of alternative coatings does not require operation of a pollution control device and may
reduce emissions to below regulated levels.  In addition, alternative coatings are associated with
lower risk of explosion and fire so LEL monitoring is not necessary, and hazard insurance
premiums are significantly reduced.  Hot-melt and UV-cured coatings do not require a thermal
drying oven for curing, saving the associated capital and operating costs, as well as significantly
increasing available floorspace.
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Partner with Vendors
Partnering with coating and equipment vendors is essential when making changes.  Multiple
vendors should be contacted to ensure that the best system is found in terms of product quality,
HAP and VOC reductions, and capital and operating costs.  The type of substrate used and product
end-use performance requirements differ among manufacturers so that changes which work for one
manufacturer might not produce an acceptable product at another facility.  Facilities should look
for vendors that are willing to work toward their particular goals.

Implement Solvent Recovery
Manufacturers that continue to use solventborne coatings should implement solvent recovery
wherever possible.  Solvent recovery allows the reuse of solvents rather than the one-time use of
virgin material associated with other pollution control methods such as thermal and catalytic
oxidation.  In addition to destroying the valuable solvent resource, the use of an oxidation
treatment system, particularly thermal oxidizers, requires significantly more energy to operate than
a solvent recovery system.  Oxidation also generates CO2 and NOx emissions, targets of other U.S.
EPA regulatory programs.  Due to the reduction in purchases of virgin material, solvent recovery
can result in substantial cost savings, perhaps lowering coating costs by up to 30 percent.

Increase Solids Content of Coatings
Manufacturers that continue to use solventborne coatings should evaluate increasing the solids
content of their coatings.  Increasing the solids content of coatings has two benefits.  First, on a per
gallon basis, less solvent is contained in the coatings.  Second, fewer gallons of coating are
required to produce the same amount of product.  These factors combine to significantly reduce the
air emissions generated.  Another benefit of higher solids coatings is that production line speeds
can be increased because there is less solvent that needs to be removed in the drying oven.

Increase Application Equipment Efficiency
Manufacturers using all types of coatings should evaluate improving application efficiency.  Due to
the application equipment used, some manufacturers might be using application equpment that
applies more coating than is required to meet product specifications.  Enhancing the control of
coating application can reduce the quantity of coating needed to produce an acceptable product. 
Even a 5 or 10 percent reduction in coating use can add up to significant cost savings that will
occur year after year, and will also reduce air emissions by a similar percentage.

The practice of run dry reduces the quantity of unused coating that becomes a waste and also
reduces cleaning requirements, increasing changeover efficiency.  Finally, the practice of splice-
on-the-fly can significantly improve production efficiency by eliminating the need to stop
production to thread a new roll of substrate through the machine.  Splice-on-the-fly reduces
cleaning requirements and the generation of make-ready waste.

Improve Cleaning Efficiency
There are several methods that can reduce the use of solvents for cleaning.  Reducing the quantity
of solvent use in cleaning can significantly reduce fugitive air emissions and the generation of
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hazardous waste.  A facility might also save money through reducing the need to purchase new
solvent and dispose of spent solvent and solvent-contaminated rags and absorbents.  The P2
methods that should be evaluated include:

C use alternative cleaners
C meter cleaning solvent use by employees
C line floor and trays
C coat idler, tension and winding rolls
C recycle spent cleaning solvents

Summary

There are numerous options to improve air quality and also save money through switching to
alternative coatings, reducing virgin solvent use and increasing production efficiency.  By
implementing the P2 options discussed in this Manual now, a manufacturer might lower HAP and
VOC use so that the future NESHAP and new CTG will not require additional changes when they
come into affect.  Therefore, manufacturers should take advantage of as many of the ideas
presented in this Manual as is feasible.  In addition to current vendors, numerous outside
resources, including those listed in Appendix C, can be used to obtain information, evaluate
alternatives and implement options.
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APPENDIX A

History of the Clean Air Act Amendments of 1990

The first federal law governing air pollution, the Air Pollution Control Act, was enacted in 1955. 
At the time, Congressional sentiment was that local and state governments should be responsible
for ensuring air quality.  However, Congress recognized a role for the federal government in
supporting research and training, both on the causes and effects of air pollution as well as methods
of air pollution control.  By the early 1960s the public recognized that the automobile was a
significant source of air pollution.  In 1962, Congress amended the Act to require the Surgeon
General to study the effects of motor vehicle exhaust on health.  In 1963, the Clean Air Act (CAA)
was passed.  The original CAA encouraged the automotive and fuel industries to work toward
preventing air pollution.  The 1963 CAA also required the development of air quality criteria for
use in setting air quality and emission standards.  The 1963 Act also stipulated that the federal
government could intervene in interstate conflicts.

In 1967, the Air Quality Act was passed.  The 1967 Act required state and local agencies to
develop air quality standards within a fixed timeframe.  The 1967 Act required development of air
quality criteria for specific pollutants upon which to base the air quality standards.  The 1967 Act
authorized the federal government to set the standards themselves if the state or local agency did
not act within the required timeframe.  The 1967 Act also designated the establishment of interstate
or intrastate air quality control regions with each region to determine the nature and extent of its air
quality problems.  Finally, the 1967 Act required the development of recommended air pollution
control techniques.

The main precursor to the current Clean Air Act was the Clean Air Amendments Act passed by
Congress in 1970.  The 1970 Act established national, as opposed to state or local, ambient air
quality standards (NAAQS) and also contained deadlines for compliance.  NAAQSs were set for
six "criteria" pollutants:  carbon monoxide, hydrocarbons, nitrogen dioxide, photochemical
oxidants, particulate matter and sulfur dioxide.  In 1976 lead was added, and in 1979 ground-level
ozone replaced photochemical oxidants.   The 1970 Act also required EPA to list each HAP that
was likely to cause an increase in deaths or serious illness, and then establish NESHAPs for
sources of each listed HAP.  The NESHAPs applied to both new and existing sources.  The 1970
Act also established performance standards for new stationary sources of air pollution,
requirements that industry monitor emissions and maintain records available for inspection on
demand, fines and criminal penalties for violations, standards for automobile and aircraft
emissions and provisions for citizens to bring suit "against any person, including the United States,
alleged to be in violation of emission standards or an order issued by the [EPA] administrator."114
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The states were responsible for meeting the requirements of the 1970 Act and developing a state
implementation plan (SIP) for approval by the EPA.

The CAA was amended again in 1977.  The main addition was the requirement that states that did
not meet all the NAAQSs develop plans known as new source review (NSR) requirements.  For
areas that had met or exceeded the NAAQS, the SIP had to ensure that there was no significant
deterioration of air quality, or prevention of significant deterioration (PSD).  Therefore, since the
1977 Act all new sources of air pollution or major modifications of existing sources have to
undergo a preconstruction approval process; NSR for facilities in non-attainment areas and PSD
for those in attainment areas.

By 1990, many cities in the United States still did not meet the criteria pollutant NAAQSs that
were established by the 1970 Act.  For example, 96 cities had not attained the national standard
for ground-level ozone, 72 had not attained the particulate standard and 41 did not meet the carbon
monoxide standard.115 The 1970 Act also stipulated the development of HAP standards using risk-
based analysis.  Setting risk-based standards created significant controversy and led to legal
challenges.  In the first 20 years of the air quality program, the EPA only established air emission
standards for seven HAPs:  asbestos, benzene, beryllium, inorganic arsenic, mercury,
radionuclides and vinyl chloride.

Prior to the Bush administration Congress made some attempts to amend the CAA, but the White
House was solidly opposed to any legislation that would strengthen the CAA or add any
provisions to control acid rain.  However, by the 1988 presidential election, the public was very
concerned about the environment and the effects of pollution on health.  In addition, by the late
1980s the regional and global problems of acid rain deposition and the depletion of the
atmospheric ozone layer also had surfaced and Canada was pressuring the United States to take
measures to curb acid rain.  Facing the twin realities that the goals of NAAQS and HAP programs
were not being met, President Bush proposed legislation to redesign the CAA, which Congress
began to debate in 1989.  Although Congress could not come to agreement in 1989, all of these
forces aligned to prevail in 1990, and President Bush signed the new Clean Air Act Amendments
(CAAA) on November 15, 1990.  A general description of the requirements of the 1990 CAAA is
presented in the following section.

General Requirements of the Clean Air Act Amendments of 1990

The Clean Air Act Amendments of 1990 (CAAA) direct the EPA to establish national ambient air
standards and to establish programs to achieve the standards.  The CAAA consists of the following
eleven Titles:
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Title I: Establishes NAAQS for the criteria pollutants:  ground-level ozone, particulates,
carbon monoxide, nitrogen dioxide, sulfur dioxide and lead.  Geographic areas that
meet NAAQS are classified as "attainment" areas, whereas areas that do not are
classified as "non-attainment" areas.  Non-attainment areas for ozone are further
classified as extreme, severe, serious, moderate and marginal depending on the degree
of non-compliance.  Each state must develop a SIP that determines the major sources
of pollutants and describes the measures that will be taken to bring non-attainment
areas into attainment.  Title I also contains the NSR and PSD provisions, which are
emission standards for new stationary sources within specific industrial categories.

A major component of the ground-level ozone control strategy is the reduction in VOC
emissions.  The VOC limitation requirements of the Title I program apply to non-
attainment areas.  With the exception of Vermont, all of the Northeast states contain
areas that are classified as in non-attainment.  The entire area of the states of
Connecticut, Massachusetts, New Jersey, and Rhode Island are non-attainment areas,
as well as the coastal portion of Maine, the southern portion of New Hampshire and
the metropolitan New York City portion of New York.  All of the Northeast states also
are part of U.S. EPA's designated Ozone Transport Region.  This region also contains
the states of Pennsylvania, Delaware and Maryland, as well as the Washington, DC
metropolitan area.  All areas in the Ozone Transport Region, even those designated as
being in attainment, are subject to many of the same requirements as non-attainment
areas.

Title II: Covers mobile sources of pollutants such as cars, trucks and airplanes.  Title II sets
vehicle emission standards and requires items such as reformulated gasoline and
emission control devices depending upon attainment status.

Title III: The requirements of Title III amend the NESHAP program, section 112, in Title I of the
1970 CAA.  Under Title III, EPA is required to regulate emissions of 189 listed toxic air
pollutants116 by focusing on industries that are major sources of the listed pollutants.  A
list of source categories to be regulated was to be published by November 15, 1991. 
Standards for 25 percent of the listed industries were to be promulgated by November 15,
1994, another 25 percent by November 15, 1997, and the remaining 50 percent by
November 15, 2000.

On July 16, 1992, EPA published a list of 174 industry source categories to be
regulated.117  The CAAA requires that the EPA develop NESHAPs for each source
category.  Each source category NESHAP specifies emission control measures, known
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as maximum achievable control technology (MACT), that industry must implement. 
For existing sources, the minimum MACT (commonly known as the MACT floor) is
established by surveying the source category to determine the average emission
limitation achieved by the best 12 percent of the industry in terms of pollution control. 
EPA can propose a standard above the MACT floor.  For new sources, the MACT
standard represents the emission limit achieved in practice by the best controlled
similar source.  The level of control specified in the NESHAP is based upon the
MACT for that industry.  Therefore, the NESHAP often is referred to as the MACT
standard.  The EPA is to evaluate the residual cancer risk remaining after the MACT
standards have been implemented and report to Congress whether additional control
measures are needed to protect public health.

The U.S. EPA promulgated the wood furniture NESHAP under Title III of the
CAAA.118  The wood furniture NESHAP was developed through a regulatory
negotiation process (called a reg-neg) that included a total of 25 representatives from
the wood furniture manufacturing industry, the coatings production industry,
environmental groups, and state government, as well as U.S. EPA staff.119  The wood
furniture negotiation and NESHAP development began in July 1993, and the draft
NESHAP was published on December 6, 1994.  After public comment, the U.S. EPA
published the final wood furniture NESHAP in the Federal Register on December 7,
1995.

Title IV: Addresses acid rain by establishing a program to reduce sulfur dioxide (SO2) and
nitrogen oxides (NOx) emissions from stationary sources, primarily the power
production industry.

Title V: Establishes the operating permit program for all major sources regulated under the
1990 CAAA.  One permit should cover all air emissions at the facility.  The permit
programs are to be designed and implemented by individual states with EPA approval. 
Title V outlines the minimum state program requirements for administrative
procedures, permit application content and operating permit content.

Title VI: Implements the Montreal Protocol for protecting the stratospheric ozone layer.  It
phases out the manufacture of certain ozone-depleting chemicals and regulates their
use.

Title VII: Contains the enforcement provisions, including establishing civil penalties (up to
$25,000 per day per violation), criminal fines and imprisonment criteria,
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administrative penalty authority, provisions for public involvement in settlements and
citizen-suit criteria.

Title VIII: Contains miscellaneous provisions such as changes to grant funding limits, incentives
for renewable energy and energy conservation, and requirements to analyze the costs
and benefits of the CAAA.

Title IX: Establishes clean air research programs.  These range from researching clean
alternative fuels to ecosystem implications to western states acid deposition.

Title X: Addresses disadvantaged business concerns.

Title XI: Provides employment training assistance to workers displaced from their jobs as a
direct result of the implementation of the CAAA.  This title was designed primarily to
aid coal industry workers who lose their jobs as a result of Title IV provisions.
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APPENDIX C

Information Resources

Alternative Coatings:

Douglas Gwost
H.B. Fuller
P.O. Box 64683
St. Paul, MN 55164
(651) 236-5468
doug.gwost@hbfuller.com
(hot-melt coatings)

Thomas Kauffman
H.B. Fuller
P.O. Box 64683
St. Paul, MN 55164
(651) 236-5619
tomkauffman@hbfuller.com
(radiation-cured and hot-melt coatings)

Alexander Ross
Radtech International
400 N. Cherry
Falls Church, VA 22046
(703) 534-9313
rossradtec@aol.com
(radiation-cured coatings)

Trade Association:

Pressure Sensitive Tape Council
401 North Michigan Avenue, #2200
Chicago, IL 60611
(312) 644-6610
pstc@sba.com

Trade Journals

Adhesives Age
6151 Powers Ferry Road, NW
Atlanta, GA 30339
(770) 618-0113

Converting Magazine
P.O. Box 7521
Highlands Ranch, CO 80163
http://www.cahners.com/mainmag/cv.htm

Paper Film Foil Converter
P.O. Box 12978

Overland Park, KS 66282

EPA Federal Air Regulation Information:

Susan Lancey
U.S. EPA Region I (CAP)
One Congress Street, Suite 2200
Boston, MA 02114
(617) 918-1656
lancey.susan@epamail.epa.gov

Umesh Dholakia
U.S. EPA Region II
290 Broadway
New York, NY 10007
(212) 637-3725
dholakia.umesh@epamail.epa.gov

Dan Brown
U.S. EPA
Emission Standards Division (MD-13)
Research Triangle Park, NC 27711
(919) 541-5305
brown.dan@epamail.epa.gov

Northeast States Air Regulation and Technical
Assistance Information:

Connecticut:

Chris James
CT DEP  Bureau of Air Management
79 Elm Street
Hartford, CT  06106-5127
(860) 424-3688
chris.james@po.state.ct.us

David Westcott
CT DEP  Bureau of Waste Management
79 Elm Street
Hartford, CT  06106
(860) 424-3666
david.westcott@po.state.ct.us

Maine:

Marc Cone
ME DEP  Bureau of Air Quality Control
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State House Station #17
Augusta, ME  04333
(207) 287-2437
marc.a.cone@state.me.us

Chris Rushton
ME DEP  Office of Innovation and Assistance
State House Station #17
Augusta, ME  04333
(207) 287-7100
chris.rushton@state.me.us

Massachusetts:

Yi Tian
MA DEP Bureau of Waste Prevention (Air)
One Winter Street, 8th Floor
Boston, MA  02108
(617) 292-5871
yi.tian@state.ma.us

Rick Reibstein
MA Office of Technical Assistance
Executive Office of Env. Affairs
100 Cambridge Street, Room 2109
Boston, MA  02202
(617) 727-3260, Ext. 631
Rick.Reibstein@state.ma.us

Paul Walsh
MA DEP  Toxics Use Reduction Program
One Winter Street, 7th Floor
Boston, MA  02108
(617) 556-1011
Paul.Walsh-EQE@state.ma.us

New Hampshire:

Michele Andy
NH DES  Air Resources Division
64 North Main Street
P.O. Box 2033
Concord, NH  03302-2033
(603) 271-1370
m_andy@des.state.nh.us

Rudolph Cartier
NH Small Business TAP
64 North Main Street
Concord, NH  03034
(603) 271-1379
r_cartier@des.state.nh.us

New Jersey:

William Etherington
NJ DEP Bureau of Operating Permits

401 E. State Street, 2nd Floor
Trenton, NJ  08625-0418
(609) 633-8245
betherin@dep.state.nj.us

Mike DiGiore
NJ DEP  Office of Pollution Prevention
401 East State Street CN 423
Trenton, NJ  08625
(609) 777-0518
mdigiore@dep.state.nj.us

Douglas Kretkowski, NJ TAP
NJ Institute of Technology
CEES Building
323 King Blvd.
Newark, NJ  07102
(201) 596-5863

New York:

Frances Craner
NY DEC  Division of Air Resources
50 Wolf Road
Albany, NY  12233
(518) 457-7688
fxcraner@gw.dec.state.ny.us

Sharon Rehder
NY DEC  Pollution Prevention Unit
50 Wolf Road,  Room 202
Albany, NY  12233-8010
(518) 457-2553
sarehder@gw.dec.state.ny.us

Rhode Island:

Gina Friedman
RI DEM  Division of Air and Hazardous Materials
291 Promenade Street
Providence, RI  02908
(401) 277-2808, Ext. 7016
gfriedma@dem.state.ri.us

Vermont:

Brian Fitzgerald
VT DEC  Air Pollution Control Division
103 South Main Street, Bldg. 3 South
Waterbury, VT  05671-0402
(802) 241-3848
brianf@qtm.anr.state.vt.us

Paul VanHollebeke
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VT DEC  Pollution Prevention Division
103 South Main Street
Waterbury, VT  05671-0404
(802) 241-3629
paulv@dec.anr.state.vt.us

Judy Mirro
VT DEC  Small Business Compliance Assistance
103 South Main Street
Waterbury, VT 05671
(802) 241-3745

Other Technical Assistance Providers:

Janet Bowen
U.S. EPA Region I (SPN))
One Congress Street, Suite 2200
Boston, MA 02114
(617) 918-1795
bowen.janet@epamail.epa.gov

Jennifer Griffith, P.E.
NEWMOA and NESCAUM
129 Portland Street, 6th Floor
Boston, MA 02114
(617) 367-8558, Ext. 303
newmoa@tiac.net

Steve Hillenbrand
Tennessee Valley Authority
Process & Prevention Services
(423) 632-8489
sjhillenbrand@tva.gov

Warren J. Weaver
PENNTAP
227 W. Market St.
York, PA 17401
(717) 848-6669
wjw5@psu.edu


