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1. EXECUTIVE SUMMARY

This chapter summarizes the major elements and most
significant findings of the study to determine the economic
impact of implementing Reasonably Available Control Tech-
nology (RACT) guidelines in the state of Ohio. Further
discussion and data are presented in detail in the subsequent
chapters of the report. This Executive Summary is divided
into three sections:

. Objectives, Scope and Approach

Statewide Aggregate Economic Impact for the
Fifteen RACT Guidelines

Economic Implications of Each RACT Guideline.






1.1 OBJECTIVES, SCOPE AND APPROACH
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1.1 OBJECTIVES, SCOPE AND
APPROACH

The Clean Air Act Amendments of 1977 required the states
to revise their State Implementation Plans (SIPs) to provide
for the attainment and maintenance of national ambient air
guality standards in areas designated as nonattainment. The
Amendments require that each state submit the SIP revisions
to the U.S. Environmental Protection Agency (EPA) by January
1, 1979. These proposed regulations should contain an oxidant
plan submission for major urban areas to reflect the applica-
tion of Reasonably Available Control Technology (RACT) to
stationary sources for which the EPA has published guidelines.
The Amendments also require that the states identify and analyze
the air quality, health, welfare, economic, energy and social
effects of the plan provisions.

1.1.1 Objectives

The major objective of the contract effort was to
determine the direct economic impact of implementing RACT
standards for industrial categories in four states (Illinois,
Wisconsin, Ohio and Michigan) of Region V of the U.S. Environ-
mental Protection Agency. These studies will be used pri-
marily to assist EPA and state decisions on achieving the
emission limitations of the RACT standards.

1.1.2 Scope

The scope of this project was to determine the costs
and direct impacts of control to achieve RACT guideline
limitations. The impact was addressed for each industry
and for each state so that the respective studies are ap-
plicable to individual state regulations. Direct economic
costs and benefits from the implementation of the RACT
guidelines were identified and quantified. While secondary
(social, energy, employment, etc.) impacts were addressed,
they were not a major emphasis in the study. In summary,
direct economic impact analysis of each industrial category
was aggregated on a statewide basis for the RACT categories
studied.

. In Ohio, the economic impact was assessed
for the following 15 RACT industrial cate-
gories:

- Surface coating of cans

- Surface coating of coils

- Surface coating of paper

- Surface coating of fabrics
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- Surface coating of automobiles and light
duty trucks

- Surface coating of metal furniture

- Surface coating for insulation of
magnet wire

- Surface coating of large appliances
- Solvent metal cleaning
- Bulk gasoline terminals

- Refinery vacuum producing systems,
wastewater separators and process
unit turnarounds

- Bulk gasoline plants

- Storage of petroleum liquids in
fixed roof tanks

- Service stations--Stage I
- Use of cutback asphalt.

In the determination of the economic impact of the
RACT limitations, the following are the major study guidelines:

. The emission limitations for each industrial
category were studied at the control level
established by the RACT guidelines. These
are presented in Exhibit 1-1, at the end of this
section. (In addition an alternate scenario for the
surface coating of automobiles is presented in
this report.)

. The timing requirement for implementation of
controls to meet RACT emission limitations
was January 1, 1982.

. All costs and emission data were presented
for 1977.

. Emission sources included were existing
stationary point sources in most of the applicable
industrial categories with VOC emissions
greater than 3 pounds in any hour or 15
pounds in any day.l

b For some industrial categories (i.e., solvent metal cleaning
and fixed roof tanks) size characteristics are used as the
basis for inclusion, rather than emissions.



. The guidelines were assumed to be adopted
statewide (including all nonclassified
and attainment ozone areas as well as
rural areas).

. The following volatile organic compounds were
exempted:

- Methane

- Ethane

- Trichlorotrifluorethane (Freon 113)

- 1,1,1-trichloroethane (methyl chloroform).l

The cost of compliance was determined from the current
level of control (i.e., if an affected facility already
had control in place, the cost of compliance and the
resulting VOC emissions reduction are not included in this
analysis).

1.1.3 Approach

The approach applied to the overall study was: a study
team with technology and economic backgrounds utilized avail-
able secondary sources to estimate the emissions, statistics
and costs for each RACT industrial category:; then, the study
team completed, calibrated and refined these estimates based
on approximately 60 interviews with a cross-section of industry
representatives in the four states. Because of the number
of point sources and the data available in the state emission
inventory, the methodology was specific for each RACT industrial
category studied. However, the general methodology applied
for two major classes of industrial categories was:

. Surface coating RACT industrial categories
(cans, coils, fabrics, paper, automobiles and
light duty trucks, metal furniture, magnet wire
and large appliances)--the potentially
affected facilities, emissions and emission
characteristics were studied by Booz, Allen
with assistance from the Ohio EPA. Therefore,
the following generalized methodology was
applied:

- A list of potentially affected
facilities was compiled from
secondary reference sources.

- Data from the emission inventory
was categorized and compiled for
some of the affected facilities
in each RACT industrial category
by the Ohio EPA.

1 The exemption status of methyl chloroform under these
guidelines may be subject to change.
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- Firms not substantiated in the
emission inventory were identified.
A sampling of these facilities were
then interviewed by telephone when
there was doubt concerning their
inclusion.

- Emissions, emission characteristics,
control options and control costs
were studied for relevant firms.

- Interviews were conducted to determine
applicable control options and potential
control costs.

- The study team then evaluated the con-
trol cost to meet the RACT requirements
and the potential emission reduction.

. Nonsurface coating RACT industrial categories (bulk
gasoline plants, bulk gasoline terminals and
refineries service stations, fixed roof tanks
and solvent metal cleaning)--each category either
represented an exhaustive list of potentially affected
facilities or emissions data were not available
(or categorized) for these types of sources.
Therefore, the following generalized methodology
was applied:

- Industry statistical data were collected
from secondary reference sources.

- Statewide emissions were estimated by
applying relevant factors (e.g., emissions
per facility or throughput).

- Control options and estimated costs
to meet the RACT guidelines were re-
viewed.

- Interviews were conducted to determine
applicable associated control options
and the cost of control.

1.1.4 Quality of Estimates

The quality of the estimates that are presented in this
report can be judged by evaluating the basis for estimates
of the individual study components. In each of the chapters
that deal with the development of estimated compliance cost,
the sources of information are fully documented.
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In the determination of the economic impact for each
industrial category studied, the estimated compliance cost
is subject to variations due to inherent variations in

procedures for estimating:
. Engineering costs

The number of sources affected.

Engineering cost estimates, when performed for an individual
modification with specific equipment sized at the desired capacity,
are typically subject to variations of 25 percent. When engineering
cost estimates are performed on technologies not commercially
proven for a specific facility, the variations are much greater,
many times over 100 percent.

Many of the RACT categories studied (such as solvent metal
cleaning) represent an exhaustive list of potentially affected
facilities that have not been previously identified or categorized.
Therefore, the actual number of facilities affected by a given
RACT industrial category had to be estimated from available data

sources.

If a study with unlimited resources were performed, to
estimate the specific cost to each individual facility affected
within the state, the study would be subject to a 25 percent to
50 percent variation because of the inherent variability of
engineering estimates and the uncertainty involved in the selection
and demonstrated capabilities of the control alternatives. Fur-
thermore, a study of this type would take years to perform.

Therefore, to put a perspective on the estimates presented
in this report, the study team has categorically ranked by quali-
tative judgment the overall data quality of the major sources and,
therefore, of the outcomes. These data quality estimates were
ranked into three categories:

High gquality ("hard data")--study inputs
with variation of not more than + 25 per-
cent.

Medium gquality ("extrapolated data")--study
inputs with variation of + 25 to + 75 percent.

. Low qguality ("rough data")--study inputs with
variation of + 50 to + 150 percent.

Each of these data quality estimates is presented in
the individual chapters. The overall quality ranking of the
study inputs for each RACT industrial category was generally
in the medium quality range.



EXHIBIT 1~1(1)
U.S. Environmental Protection Agency
LISTING OF EMISSION LIMITATIONS THAT REPRESENT
THE PRESUMPTIVE NORM TO BE ACHIEVED THROUGH
APPLICATION OF RACT FOR FIFTEEN INDUSTRY CATEGORIE

Category RACT Guideline Emission Limitations?
Surface Coating Categories Based on
Low Organic Solvent Coatings (1bs.
solvent per gallon of coating, minus

water)
Surface Coating Of:

Cans 2.8
. Sheet basecoat (exterior and interior)

Overvarnish

Two-piece can exterior (basecocat and overvarnish)
. Two and three-piece can interior body spray 4.2

Two-piece can exterior end (spray or rollcoat)
. Three-piece can side-geam spray 5.5
. End sealing compound 3.7
Coils
. Prime and topcoat or single coat 2.6
Paper 2.9
Fabrics and vinyl coating
. Fabric 2.9
. Vinyl 3.8
Automobiles and Light Duty Trucks
. Prime application, flashcff and oven 1.9
. Topcoat applicatiqn, flashoff and oven 2.8
. Final repair application, flashoff and oven 4.8
Metal Furniture
. Prime and topcoat or single coat 3.0
Magnet Wire 1.7
Large appliance
. Prime, single or topcoat 2.8

Solvent Metal Cleaning

. Cold cleaning Provide cleaners with: cover; facility

to drain clean parts; additional free-
board; chiller or carbon absorber.
Pollow suggested procedures to minimize
Larryout.

« Conveyorized degreaser Provide cleaners with: refrigerated chille:
or carbon adsorption system; drying tunnel
or rotating basket; safety switches; cover:
Follow suggested procedures to minimize
carryout.

. Open top degreaser Provide cleaner with: safety switches;
‘ powered cover; chiller; carbon absorber.
Follow suggested procedures to minimize
carryout.

Petroleum Refinery Sources
« Vacuum producing systems No emissions of any noncondensible VOC

from condensers, hot wells Or accumulators
to a firebox, incinerator or boiler.



EXHIBIT 1-1(2)
U.S. Environmental Protection Agency

Category RACT Guidelines Emission Limitations?
. Wastewater separators Minimize emissions of VOC by providing

covers and seals on all separators and
forebays and following suggested operating
procedures to minimize emissions

. Process unit turnaround Minimize emissions of VOC by depressurizatic
' venting to vapor recovery, flare or firebox.

No emissions of VOC from a process unit

or vessel until it's internal pressure

is 136 kilo pascals (17.7 psia) or less

Bulk Gasoline Terminals Equipment such as vapor control system
to prevent mass emissions of VOC from
control equipment to exceed 80 milligrams
per liter (4.7 grains per gallon) of gaso-
line loaded

Bulk Gasoline Plants Provide submerged filling and vapor bal-
ancing so that VOC emissions from control
equipment do not exceed 80 milligrams
per liter (4.7 grains per gallon) of
gasoline loaded

Storage of Petroleum Liquids in Fixed Provide single seal and internal floating
Roof Tanks roof to all fixed roof storage vessels
with capacities greater than 150,000
liters (39,000 gal.) containing volatile
petroleum liquids for which true vapor
pressure is greater than 10.5 kilo
Pascals (1.52 psia)

Service Stations (Stage I) h Provide submerged fill and vapor balance
for any stationary storage tank located
at a gasoline dispensing facility

Use of Cutback Asphalt The manufacture, mixing, storage, use
or application may be approved where:
long-life stockpile storage is necessary;
the use or application is an ambient tem-
perature less than 100C (50°F) is necessary;
or it is to be used solely as a penetrating
prime coat

Note: An alternative scenario to the recommended RACT guidelines for surface coating
of automobiles is also studied. It assumes that requirements are modified
to meet specific technologies.

a. Annotated description of RACT guidelines
Source: Regulrtory Guidance for Control of Volatile Organic Compound Emissions fr m 15

Categcries of Stationary Sources, U.S. Environmental Protection Agency, EPA-90512-
75-581 April 1978.
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1.2 STATEWIDE AGGREGATE ECONOMIC IMPACT
FOR THE FIFTEEN RACT GUIDELINES

The implementation of RACT emission limitations for fifteen
industrial categories in Ohio involves an estimated $383 million
capital cost and $63 million annualized cost per year. The net
VOC emission reduction is estimated to be 186,000 tons annually.
Exhibit 1-2, on the following page, presents a quantitative
summary of the emissions, estimated cost of control, cost indi-
cators and cost effectiveness of iTplementing RACT guidelines
for fifteen industrial categories.

. Approximately 43,440 facilities are potentially
affected by the fifteen RACT guidelines in Ohio.

- Approximately 98 percent of the
potentially affected facilities
are represented by the solvent
metal cleaning 20,000 facilities
and service station (22,600 facili-
ties) industrial categories.

- Less than 1 percent (108 facilities)
of the potentially affected facilities
are represented by the eight surface
coating industrial categories (cans,
coils, paper, fabrics, automobiles,
metal furniture, magnet wire and large
appliances).

. In 1977, the estimated annual VOC emissions (in-
cluding those already controlled) for the fifteen
RACT industrial categories totalled approximately
264,000 tons.

- Three gas marketing categories (tank truck
loading terminals, bulk gas plants and service
stations) represented 31 percent of the total
VOC emissions.

- Eight surface coating categories repre-
sented 24 percent of the total VOC
emissions.

- Use of cutback asphalt represented 20
percent of the total VOC emissions.

1. An alternative scenario for the surface coating of automobiles
is also presented ..n the text of the next section. The EPA
recommended RACT limitations for automobile assembly plants
represent a waterborne topcoat system which would require
extensive modification of the current production lines. Under
the alternate scenario it is assumed that RACT requirements
are modified to meet specific technologies that are more
cost and energy effective.
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EXHIBIT 1-2
U.S. Invirommental Protection Agency
SUMMARY OF IMPACT OF IMPLEMENTING RACT
GUIDELINES IN 15 INDUSTRIAL CATEGOMIES~-OMIO

Cost
Emissions Cost of RACT Control Cost Indicators Effectiveness
Estimated Annualized
Number of VOC Emissions Cost as Annualized Annualized
Facilities After Met VOC Percent of Cost Per Cost (credit)
Potentaally 1977 voC  Implementing Bmission Capital Annualised Value of unit Per Ton of voC
Industry Category Affected Emigsions RACT Meductions Cost® Cost _{credat) SMEnub Shipment Reduction
(tons/yr.) {tons/yr.) (tons/yr.} (§ millions) ($ millions) {percent) (cost per unit) ($ per tons/yr.)
Surface coating 23 3,400 1,100 2,300 2.7 0119 [} 0 247
of cans
Surface coating 16 4,400 785 3,615 2.5 0.7% [ | 207
of coils
Surface coating 30 30,000 6,000 24,000 25.0 9 1. Increase of 1.3% 300
of paper
Surface coating 6 7,500 1,500 6,000 10 1 0.3 - 170
of fabrics
Surface coating H 13,700 2,800 10,900 280 4" 0.8 $38/Vehacle 4,040
of autowmob:les
Surface coating of 16 1,500 1,300 200 0.93 0.04 0.014 - 32
metal furniture
Surface costing for 2 218 118 100 [} 0 0 - (o}
insulation of
magnet wire€
Surface coating of 10 3,500 1,000 2,500 4.0 0.92 0.04 $0.2/Household 374
large appliances Appliance
Solvent metal 20,000 48,000 36,700 11,400 9.2 1.1 0.002 0.01n 105
cleaning
Refinery vacuum ? 15,000 700 14,300 0.6 (0.4) 4] [s] (26)
wastewater
separators and
turnarounds
Tank truck gasoline 50 17,400 1,700 15,700 15.3 (1.4) (0.1} - (32)
loading termunals
Bulk gasoline 670 19,400 5,300 14,100 10.0 2.6 0.7 SO.Dold/qlllond 188
plants
Storage of , rcleum 6 1,200 120 1,080 0.78 0.007 NA o] 64
liquids 1 fixed
rocf tanks
Service stations 23,600 45,500 19,000 26,500 21.5 5.2 0.2 $0.002/gallon 19%
(Stage 1)
Cutback Asphalt e 53,100 0 53,100f 0.2 ° [ 0 4
Total
43,440 264,000 78,000 186,000 383 63

Note Figures presented in this exhibit are rounded and approximated for cONPATiSOn purposes.

Includes one time costs

Value of shipments represents the total value in the specific industry category for the state being studied.

All magnet wire coating facilities have implemented controls prior to the RACT guidelines and are assumed with compliance.
This represents the industrywide increase: small operations will be sub)ect to a $0.00) gallon increase

Estimate use of cutback asphalt in 1977 was 265,000 tons.

Based on replacing all cutback asphalt with esulsions.

This credit includes an anticipated savings of $900,000 that is attridbutable to materials savings from fewer coatings

on two-piece cans. Excluding this credit the annualized cost is estimated to be $785,000.

w rmhanNn U

Source- Booz, Allen & Hamilton Inc.



- Solvent metal cleaning represented 18
percent of the total VOC emissions
(from the fifteen RACT categories
studied).

- Fixed roof tanks represented less than
one percent of the total VOC emissions.

The net emission reduction achievable by implementing
the fifteen RACT guidelines is estimated to be

186,000 tons annually. The approximate percent of the
total VOC emissions reduced by implementing RACT

by industrial category group is:

- Gas marketing categories--30 percent of VOC
emission reduction

- Use of cutback asphalt--29 percent of VOC
emission reduction

- Surface coating categories--27 percent of
VOC emission reduction

- Refinery vacuum systems--8 percent of VOC
emission reduction

- Solvent metal cleaning category--6 percent
of VOC emission reduction

- Fixed roof tanks--less than 1 percent of
VOC emission reduction

The capital cost for the fifteen industrial categories
to achieve the RACT guidelines is estimated to be

$383 million. Approximately 73 percent of the total
estimated capital cost is for control of automobile
assembly plants.

- The capital reguired to meet RACT guidelines
for automobile surface coating is estimated
to be $280 million. (An alternative scenario
to the recommended RACT limitations for
automobiles is also developed. This alterna-
tive scenario would represent an estimated
capital cost of $34 million.)

- The four industrial categories dealing with
petroleum (bulk gasoline plants, bulk gasoline
terminals, service stations and fixed roof tanks)
account for approximately $48 million (or 13
percent of the total) of the estimated capital
cost.



- The paper coating category is estimated
to require $25 million in capital (or 7
percent of the total).

- The solvent metal cleaning category is
estimated to require $9.2 million
in capital (or 2 percent of the total).

- The fabric coating category is estimated
to require $10 million in capital (or
3 percent of the total).

- The other seven RACT categories collectively
represent a estimated capital cost of
$10.9 million (or 3 percent of the total).

The annualized cost of the fifteen RACT industrial
categories to achieve the RACT guidelines is
estimated to be $63 million. The control of
automobile assembly plants is estimated to be

$44 million annualized cost (the alternate

scenario for auto assembly has an estimated
annualized cost of $5 million). 1In terms of

cost indicators, the annualized compliance cost

per value of shipments will have the largest effect
on the following industrial categories:

- Paper coating--The annualized costs rep-
resent approximately 1.3 percent of the
1977 statewide value of shipments.

- Bulk gasoline plants--The annualized
compliance costs represent approximately
0.7 percent of the 1977 statewide value
of shipments.

Technology developments and delivery of egquipment
could present problems in achieving the 1982
timing requirements of the RACT guidelines.

- The recommended RACT guidelines for
automobile assembly plants would require
a waterborne top coating. Manufacturers
could not convert facilities on a nation-
wide basis to waterborne top coat systems.

- Low so.vent coating technology requires
further development for cost- and energy-
effective implementation of the RACT guide-
lines in the following industrial categories:



. Surface coating of automobiles
. Surface coating of large appliances

. Surface coating of cans (end sealing
compound) .

- Equipment delivery and installation of control
equipment were identified as potential problems
in the following industrial categories:

. Surface coating of paper

.. Solvent metal degreasing

.. Tank truck gasoline loading terminals
. Bulk gasoline plants

. Surface coating of fabrics

.. Gasoline service stations.

With the exception of bulk gasoline plants the
implementation of the RACT guidelines are not
expected to have major impact on statewide
productivity or employment. Capital cost re-
guirements for bulk gasoline plants could

further concentrate a declining industry. Many
small bulk plants today are marginal operations

and further cost increases may result in additional
plant closings.

The implementation of the RACT guidelines is ex-
pected to create further concentration for some in-
dustrial sectors requiring major capital and annual-
ized cost increases for compliance. RACT regquirements
may have an impact on the market structure and trends
of the following RACT industrial categories:

- Bulk gasoline plants
- Service stations
- Surface coating of paper.

The implementation of the RACT guidelines for the
fifteen industrial categories is estimated to represent
a net energy savings of approximately 38,000 eguivalent
barrels of oil annually; or 0.03 percent of the state-
wide energy demand for all manufacturing. Assuming a
value of oil at $1Z per barrel, this is an equivalent
energy savings of $0.5 million annually. Exhibit 1-3,
following the next page, pres:nts the estimated change
in energy demand from implementation of the RACT
guidelines in Ohio.



- RACT compliance requirement for the eight
surface coating industrial categories (cans,
soil, paper, fabrics, automobiles, metal
furniture, insulation of magnet wire and
large appliances) represent a net energy
demand of approximately 456,000 equivalent
barrels of o0il annually.

- RACT compliance requirements for refinery
systems represent a net energy savings of
approximately 102,000 equivalent barrels of
0il annually.

- RACT compliance requirements for the four
industrial categories dealing with petroleum
marketing (service stations, fixed roof tanks
bulk gasoline terminals, bulk gasoline plants)
represent a net energy savings of approximately
392,000 barrels of o0il annually. However, the
control efficiency has not been fully demonstrated
and these estimates are likely to overstate
the achievable energy savings for bulk gasoline
plants and service stations.

In 1977, the statewide value of shipments of the fifteen
industrial categories potentially affected by RACT was $16.1
billion, which represents approximately 18 percent of Ohio's
total value of shipment of manufacturing goods. The esti-
mated annualized cost of implementing the RACT guidelines
($63 million) represents 0.3 percent of the value of shipments
for the fifteen RACT industrial categories affected. The
annualized cost represents 0.06 percent of the statewide total
value of shipment of all manufactured goods.
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EXHIBIT 1-3
U.S. Environmental Protection Agency
ESTIMATED CHANGE IN ENERGY DEMAND RESULTING
FROM IMPLEMENTATION OF RACT GUIDELINES IN OHIO

Industry Category

Energy Demand Change
Increased (Decrease)

(Equivalent barrels of oil)

Energy Demand Change
Cost/(Savings) @

{($ million)

Surface coating of cans 5,000 0.07

Surface coating of coils NA NA

Surface coating of paper 175,000 2.3

Surface coating of fabrics 34,000 0.40

Surface coating of automobiles 250,000 3.2

Surface coating of metal furni- None None
ture

Surface coating for insulation None None
of magnet wire

Surface coating of large (8,000) (0.10)
appliances

Solvent metal cleaning Negligible Negligible

Refinery systems (102,000) (1.3)

Tank truck gasoline loading (107,000) (1.4)
terminals

Bulk gasoline plants (97,000) (1.3)

Storage of petroleum (7,500) (0.10)
liguids in fixed
roof tanks

Service stations (ST..GE I) (181,000)

Use of cutbaks asphalt Noneb None

TOTAL (38,500) (0.5)

NA = Not available

a. Based on the assumption that the cost of o0il is $13 per barrel.

b. There is not anticipated to be any energy demand
replaced with emulsions a maximum energy savings
to manufacterers (not users) and this represents
processing and laying of cutback asphalt (50,200

Source: Booz, Allen & Hamilton Inc.

change at the user level. However, if all cutback asphalt was
could be over 500,000 barrels per year. This savings would accrue
the difference in total energy associated with the manufacturing,
BTU/gallon) versus emulsions (2,830 BTU/gallon).
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1.3 ECONOMIC IMPLICATIONS OF EACH RACT GUIDELINE

This section presents a summary of the economic impact
for each of the fifteen RACT industrial categories studied.
Following this section is a series of summary exhibits which
highlight the study findings for each industrial category.

1.3.1 Surface Coating of Cans

Currently there are 23 major can coaters in the state
of Ohio. The industry-preferred method of control to meet
the RACT requirements is to convert to low solvent (water-
borne) coatings. However, low solvent coatings for end sealing
compounds are presently not available and may not be available
by 1982. To meet the RACT requirements, can manufacturers may
convert some facilities to waterborne two-piece can lines (where
commercially feasible) and install thermal incineration for
controlling high solvent coatings. It is possible that some
precoated stock will be manufactured out of state for cost-
effectiveness, in addition to meeting RACT requirements. Emis-
sion controls are expected to cost $2.7 million in capital and
represent a savings of $150,000 in annualized costs in meeting
the RACT guidelines. This savings includes a credit of $900,000
for reduced material and energy savings that are anticipated
from reducing the number of coatings on two piece cans. Excluding
this credit, the annualized cost of compliance is estimated to
be $785,000.

1.3.2 Surface Coating of Coils

Currently there are an estimated 23 coil coating facilities
in the state of Ohio. Most of those firms currently control VOC
emissions and for purposes of this study are assumed to require
minimal cost to meet the RACT guidelines. For those firms re-
quiring VOC control, the capital requirements is estimated to
be $2.5 million and the annualized costs is approximately $750,000.
No major market structure, employment or productivity impacts are
anticipated.

1.3.3 Surface Coating of Paper

This study covered 25-30 plants expected to be affected
by the RACT guideline. Excluded from this study are facilities
engaged in publishing, who may coat paper as a segment of the
processing line. The study assumes that these facilities would
fall under other RACT guidelines currently being developed, such
as Graphic Arts. Further definition of the paper coating cate-
gory needs to be established prior to regulatory implementation.

The retrofit situations and installation costs for
add-on controls are highly variable. Based on these variations,
the estimated capital cost to the industry is between §$18
million and $33 million, with an annual operating cost of $6
million to $11 million (approximately 1.3 percent of the
statewide value of shipments).
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The smaller firms have indicated they may not be able to
secure the necessary capital funding for add-on systems.
The effect on employment will be a function of the number of
firms that may opt to cease production rather than invest in
retrofit equipment for control.

Assuming 70 percent heat recovery, the annual energy
requirements are expected to increase by approximately
175,000 equivalent barrels of oil per year. Energy consumption
may decrease if further efficient recovery of incinerator
heat is possible.

Incinerator equipment manufacturers have stated that
there may be significant problems in meeting the anticipated
demand for high heat recovery incinerators on a nationwide
basis.

1.3.4 Surface Coating of Fabrics

There are six firms in Ohio identified as coaters of
fabric and affected by the proposed RACT guidelines. Most
of these firms potentially affected by the proposed guidelines
were not fully aware of their inclusion in this category.
These facilities will be required to invest an estimated $10
million in capital and approximately $1.0 million in annualized
cost to meet RACT limitations.

No significant productivity, employment or market
structure dislocations should be associated with the im-
plementation of the RACT guideline.

Assuming a 70 percent heat recovery, about 34,000 barrels
of additional fuel o0il per year would be required to operate
the control equipment.

1.3.5 Surface Coating of Automobiles

There are three major companies operating five automobile
assembly plants in Ohio. Ohio is the third largest state in
terms of automobile production in the U.S. and the value of
shipments of automobiles represents approximately 6 percent
of the statewide value of manufacturing shipments. The EPA
recommended RACT guidelines would require conversion to
waterborne paints. However, the EPA is currently considering
some modifications of the RACT requirements for automobile
assembly plants. Therefore, there are two scenarios of RACT
guidelines studied:
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Scenario I--Current RACT limitations implemented by 1982.
Under this scenario, it is assumed that automobile assembly
plants will convert facilities to the following available
paint technologies to meet the RACT requirements:

. Cathodic electrodeposition for prime coat
. Waterborne enamels for topcoat
. High solids enamels for final repair.

The implementation of these technologies would require
extensive modification to all five facilities in Ohio. The
capital required would be approximately $280 million or 340
percent of the estimated current annual capital appropriations.
The estimated annualized compliance cost is $44 million and
would represent an increased energy demand of approximately
250,000 barrels of o0il annually. If this increased cost
were passed on directly it would represent an increase in
price of $38 per automobile manufactured. These major
modifications would require approximately three to four
years for completion and although possibly achievable in
Ohio, all assembly plants in the U.S. could not convert to
these technologies by 1982.

Scenario II--RACT requirements are modified to meet
specific technologies. Under this scenario it is assumed
that automobile assembly plants will develop and apply the
following paint technologies:

. Cathodic electrodeposition for prime coat

. High solids enamels, urethane enamels, powder
coating or equivalent technologies for topcoat

. High solids enamels for final repair.

The major area of modification in this scenario is the
technology applied for topcoat paints. It is assumed that
manufacturers currently using enamel paints would develop
higher solids enamels that would approach or achieve the
emission reduction of waterborne paints. At General Motor's
facilities (which use lacquer paints) the conversion to
other technology developments is still likely to require
major plant modifications. The capital requirements for
Scenario II are estimated to be $34 million or 40 percent
of the current annual capital appropriations in the state. The
estimated annualized compliance cost is $5 million. 1If this
increased cost were passed on directly, it would represent
an increase in price of $4 to $5 per vehicle manufactured.
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1.3.6 Surface Coating of Metal Furniture

There are 16 facilities in Ohio identified as manufac-
turers and coaters of metal furniture and potentially affected
by the proposed RACT guidelines. These facilities will be .
required to invest an estimated $1 million in capital and
approximately $40,000 in annualized costs (approximately
0.01 percent of the value of shipment) to meet the RACT
limitations.

No significant productivity, employment or market
structure dislocations should be associated with the im-
plementation of the RACT guideline.

1.3.7 Surface Coating for Insulation of Magnet Wire

This study has identified two facilities currently
coating magnet wire for insulation in the state of Ohio.
Both of these facilities have already implemented controls
which for the purpose of this study are assumed to be in accordance
with the RACT guidelines. Therefore, in Ohio, the implementation
of RACT guidelines for magnet wire coating is not expected
to have any substantial economic impact or to reduce emissions.

1.3.8 Surface Coating of Large Appliances

There are ten facilities identified as major coaters of
large appliances in Ohio. The industry statewide is esti-
mated to invest approximately $4.0 million in capital and incur
additional annualized cost of $920,000 (approximately 0.04
percent of industry statewide value of shipments) to meet the
emission limitations.

Assuming a "direct cost pass-through," the cost increase
for household appliances relates to a price increase of
approximately $0.2 per unit. Certain manufacturers could
incur disproportionate compliance costs, which could further
deteriorate the profit position of a marginally profitable
operation. Of the firms with marginally profitable operations
that may be affected, none of the companies contacted indicated
that they might be forced out of business. No major productivity,
employment or market structure dislocations appear to be associated
with implementation of the RACT guidelines.



The high solids (greater than 62 percent by volume)
topcoat application technique preferred by the industry has
not been proven under normal operating conditions, although
it appears to be technically feasible.

1.3.9 Solvent Metal Cleaning

This category includes equipment to clean the surface
for removing oil, dirt, grease and other foreign material by
immersing the article in a vaporized or liquid organic
solvent. The cleaning is done in one of three devices: a
cold cleaner, an open top vapor degreaser or a conveyorized
degreaser. This type of cleaning is done by many firms in
many different types of industries.

Implementation of the proposed RACT guidelines for an
estimated 20,000 facilities is expected to have a negligible
economic effect on industry because of the relatively minor
changes required. Statewide, the many facilities potentially
affected represent a capital cost of $9.2 million and an
annualized cost of $1.1 million (less than 0.0l percent of
industry value of shipments).

Because of the large number of degreasers that require
retrofit to meet RACT and the inability of manufacturers to
provide equipment on such a large scale, it is doubtful if
all degreasers nationwide can be retrofitted within the 1982
timeframe.

No major productivity, employment and market structure
dislocations will result from RACT implementation.

1.3.10 Refinery Vacuum Systems, Wastewater Separators
and Process Unit Turnarounds

There are seven refinery facilities in the state of
Ohio, potentially affected by the proposed RACT guidelines.
All the refinery operations were reported to have systems
that are compatible with the RACT reqguirements except for
five uncovered wastewater separators and ten process units.
Achieving the equipment requirements represents a capital
investment of approximately $600,000 and an annualized credit
of approximately $400,000. The annualized credit is due to
the projected recovery of gasoline equivalent to approximately
100,000 barrels annually.

No significant productivity, employment or market
structure dislocations should be associated with the implementation
of the RACT guideline.



1.3.11 Tank Truck Gasoline Loading Terminals

There are 50 facilities identified in the state of Ohio
as tank truck gasoline loading terminals. Emission control
of these facilities is expected to require a capital investment
of $15.3 million. Product recovery of gasoline will be accrued
to bulk terminal operations, not only from bulk terminal emission
control installations, but also from the recovery of vapors from
service stations and bulk gasoline plants. This recovery
represents approximately 46,000 tons of emissions. Based
on this savings, the annualized credit for implementation
of RACT for bulk gasoline loading terminals is estimated
to be $1.4 million.

No significant productivity, employment or market structure
dislocations should be associated with implementing the RACT
guidelines.

1.3.12 Bulk Gasoline Plants

This industry is characterized by many small plants.
Of these plants, only a few percent are either new or modernized.
The majority of the plants are over 20 years old. Most bulk
plants are located in rural areas where implementation of
RACT to stationary sources may not be required. However, the
economic analysis presented includes all bulk gas plant facilities,
regardless of location.

To meet the RACT requirements, bulk gas plants must be
equipped with vapor balance and submerged fill systems.
This recommended control system is not cost-effective for
the bulk plant operator as most of the economic credit (for
recovered vapors) would be accrued to a bulk terminal or refinery.

The estimated capital cost and annualized cost to meet
compliance requirements for the 670 facilities in the state
of Ohio represent $10 million and $2.6 million (approximately
0.7 percent of industry statewide value of shipments),
respectively. Industrywide, the price of gasoline (assuming
a "direct cost pass-through") would be increased $0.0014 per
gallon, but the smaller volume operators would be more
severely affected, with costs increasing between $0.005 per
gallon and $0.01 per gallon. Because of the competitiveness
and low profit structure in the industry, further cost increases
could force some marginal operations out of the business, thus
further concentrating the market structure. In urban areas,
the bulk gasoline plant markets have been declining because of
competition from retailers and tank truck terminals, and are
expected to continue to decline regardless of the RACT guidelines.
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Those bulk gas plants that close would represent an
average loss of 4.6 jobs per plant.

The implementation of the RACT alternatives of bottom
filling and vapor balancing could produce an energy saving
equivalent to 97,000 barrels of oil per year assuming a
control efficiency as defined by the RACT guidelines. This
assumed control efficiency has not been fully demonstrated.

1.3.13 Storage of Petroleum Liquids in Fixed Roof Tanks

There are approximately 100 fixed roof tanks, each of
which is greater than 40,000 gallons and used for storing
petroleum liquids. With the exception of six tanks, all
are located in priority I areas and are reportedly egquipped
with floating roof tanks because of current regulations.

These tanks are owned by major oil companies, large
petrochemical firms and bulk gasoline tank terminal companies.
The capital cost to equip these six fixed roof tanks with a
single-seal floating roof is estimated to be $0.8 million. The
estimated annualized cost is approximately $7,000.

No significant productivity, employment or market
structure dislocations will be associated with the implementation
of the RACT guidelines.

1.3.14 Service Stations

Of the estimated 22,000 gasoline disposing facilities
located in Ohio, 5 percent are considered small gasoline stations
(throughput less than 10,000 gallons per month). These
stations will experience a cost increase less than $0.0046
per gallon to implement RACT; larger stations will experience
a much smaller unit cost ‘increase. Statewide, the industry
capital cost is $21.5 million and annualized cost is $5.2
million (approximately 0.2 percent of the statewide value of
gasoline sold) for implementing submerged fill and vapor
balancing. The service stations could experience some loss
of business while vapor control systems are being installed.

Implementation of the RACT guidelines may accelerate
the trend to high throughput stations because of the in-
creasing overhead costs. However, the RACT guidelines will
not cause major productivity and employment dislocations to
the industrv as a whole.

It is estimated that implementing RACT guidelines for
service stations in Ohio will result in a net energy savings
equivalent to 181,000 barrels of oil per year. The assumed.
control efficiency has not been fully proven. The economic
benefit of the recovered gasoline vapors will not accrue to
the service stations.
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1.3.15 Use of Cutback Asphalt

In 1977, it is estimated that 265,000 tons of cutback
asphalt was utilized in the state of Ohio. Replacement of
the solvent based asphalt with asphalt emulsion will cause
no dislocation in employment or worker productivity. Capital
investment is estimated at $200,000.

It is anticipated that sufficient lead time is available
to assure an adequate supply of asphalt emulsion to meet the
increased demand and provide training for municipal employees.

* * * *

A summary of the direct economic implications of
implementing RACT in each of the 15 industrial categories
studied is presented in Exhibits 1-4 through 1-18, on the
following pages.



EXHIBIT 1-4
U.S. Environmental Protection Agency
SUMMARY OF DIRECT ECONOMIC IMPLICATIONS OF
IMPLEMENTING RACT FOR CAN MANUFACTURING PLANTS
IN THE STATE OF OHIO

Current Situation Discussion

Number of potentially affected There are about 23 can manufacturing facilities

facilities

Indication of relative importance The 1977 value of shipments was about $360

of industrial section to state million

economy

Current industry technology trends Beer and beverage containers rapidly charcing
to two-piece construction

VOC emissions 3,400 tons per year (Booz, Allen ectimate);
theoretical uncontrolled level is 4,600 tons
per year

Industry preferred method of VOC Low solvent coatings (waterborne)

control to meet RACT guidelines

Assumed method of contrcl to meet Low solvent coatings (waterborne)

RACT guidelines

Affected Areas in Meeting RACT
Capital anvestment (statewide) $2.7 million from uncontrolled state

(0.4 million above 197~ ir-place level).
Current investments are $15 million to $30
million

Annualized credit (statewide) $0.15 million credit--less than 0.1 percent
of current direct annual operating costsl

Prace No price increase
Energy Increase of 5,200 eguivalent barrels of o1l

annually to operate incinerators (virtually
no increase from 1977 level)

Productavity No major impact
Employment No major impact
Market structure Accelerated technology conversion to

two-piece cans

Further concentration of sheet coating
operations ainto larger facilities

Problem area Low solvent coating techt~-‘'»ncy for end
sealing compound

VOC emission after RACT control 1,100 tons per year (29 percent of current
emission level)

Cost effectiveness of RACT control $247 annualized cost/annual ton of VOC
reduction from theoretical level attributed
to implementation of RACT

1'rhis savings includes a credit of $900,000 for reduced material and energy costs that arise
from reducing the number of coatings on two-piece cans. Excluding this credit, meeting the
RACT limitations would represent an annualized cost of $785,000 (approximately 0.2 percent
of the value of shipments).

Source: Booz, Allen & Hamilton Ine.



EXHIBIT 1-5
U.S. Environmental Protection Agency
SUMMARY OF DIRECT ECONOMIC IMPLICATIONS OF
IMPLEMENTING RACT FOR COIL COATING FACILITIES IN
THE STATE OF OHIO

Current Situation Discussion
Number of potentially affected facilities There are 16 coil coating facilities

potentially affected by the coil coating
RACT guideline in Ohio. Five firms
currently meet RACT emission limitations

Current industry technology trends Due to the pressures of energy availability
as well as environmental protection, most
firms have or are installing regenerative
type incinerators

1975 vOC »~i1ssions (actuyal) 4,400 tons per ‘zar

Industry preferred method of vOC control Regenerative thermal incineration
to meet RACT guidelines

Assumed method of control to most RACT Regenerative thermal incineration
guidelines
Affected Areas in Meeting RACT Discussion
Capital Investment (statewide) $2.5 million incremental capital required by

eight firms if they were to 1install controls
on 10 processing lines

Annualize” ~<t (statewide) $.75 mi’ v

T Small increase< ¢ - .7 -unption for re-
generative incineration

cosdusriviey No major impact
Employment No major impact
Market structure The captive coil coating operations not

meeting the RACT limitation may opt to
purchase coated material in lieu of in-
vesting significant capital requirements

RACT timing requirements (1982) Since most coil coating facilities in
Ohio meet the RACT limitations, timing
requirements should be met

Problem area Low solvent coating technology is currently
inadequate to meet product requirements

VOC emission after control 785 tons per year (18 percent of 1975 VOC
emission level)

Cost effectiveness of control $207 annualized cost/annual ton of VOC re-
duction,

Source: Booz, Allen & Hamilton Inc.



EXHIBIT 1-6(1)
U.S. Environmental Protection Agency
SUMMARY OF DIRECT ECONOMIC IMPLICATIONS OF
IMPLEMENTING RACT FOR PAPER COATERS

Current Situation

Number of potentially affected facilities

Indication of relative importance of

Current industry technology trends

1977 VOC emissions (actual)

Industry preferred method of VOC control
tc meet RACT guidelines

Assamed methol of control tc meet RACT
guidelines

Affected Areas in Meeting RACT

Capital investment (statewide)

Annualized cost (statewide)

Price

Energy
Productavity
Employment

Market structure

RACT timing requirements (1982)

Problem areas

IN THE STATE OF OHIO

Discussion

Approximately 25-30 plants in the state are
expected to be affected by these regulations.
However, if this category is interpreted to
include all types of paper coating, including
publishing, far more firms would be affected

The 1977 value of shipments of these is
estimated to be $600 million. These plants
are estimated to employ 8,000-10,000 employees

Gravure coating replacing older systems

Approximately 28,000-35,000 tons per year were
identified from the emission inventory. Actual
emissions are expected to be hagher

Though low solvent coating use is increasing,
pqogress 1s slow, Add-on control systems will

probably be used

Thermal incineration with primary and secondary
heat recovery

Discussion

Estimated to be $18 million to $33 million
depending on retrofit situations. This is
likely to be more than 100 percent of normal
expenditures for the affected paper coaters

$6.0 million to $11.0 million annually. This
ma& represent 1.1 to 1.6 percent of the 1977
annual sales for the affected paper coaters

Assuming a "direct cost pass-through"--1.1 to 1.
percent

Assuming 70 percent heat recovery, annual energy
requirements would increase by approximately
175,000 equivalent barrels of o0il annually

No major impact

No major impact

Smaller firms may be unable to secure capatal
funding for add-on systems

RACT guideline needs clear definition for

rule making

Equipment deliverables and installation of in-
cineration systems prior to 1982 may present
problems

Retrofit situations and installation costs are
highly variable



EXHIBIT 1-6(2) \
U.S. Environmental Protection Agency

Affected Areas in Meseting RACT Discussion

VOC emissions after control 5,000-7,000 tons/year (20 percent of 1977

VOC emission level)

Cost effectiveness of control $250 - $350 annualized cost/annual ton of VQC

reduction

Source: Booz, Allen & Hamilton Inc.



Current Situation

Number of potentially affected facilities

Indication of relative importance of
industrial section to state economy

Current industry technology trends

1977 VOC emissions (actual)

Industry preferred method of VOC
control to meet RACT guidelines

Assumed method of VOC control to
meet RACT guidelines

hffected Areas in Meeting RACT

Cap:tal investment (statewide)
Annualizecd operating cost (statewide)

Price

Energy

Productivaty
Employment

Market Structure

RACT timing requirements (1982}

Problem areas

VOC emissions after RACT control

Cost effectiveness of RACT contrul

Source: Booz, Allen & Hamilton Inc.

EXHIBIT 1-7
U.S. Environmental Protection Agency
SUMMARY OF DIRECT ECONOMIC IMPLICATIONS OF
IMPLEMENTING RACT FOR FABRIC COATERS
IN THE STATE OF OHIO

Discussion

Six firms were identified as being affected
by the proposed regulation

Total value of shipments by the plants
identified could not be determined. These
plants employ about 2,600 persons

Newer plants are built with integrated coating
and emission control systems; older plants are
only marginally competitive now

Current emissions are estimated at about 7,500
tons/year

Direct fired incineration or carbon adsorption
for short range; low solvent coatings are a
long range goal

Direct fired incineration with primary and
secondary heat recovery and carbon adsorption
with distillation

Discussion
Study team estimate is about $10 million
Approximately $1.0 million

Assuming a "direct pass-through of costs"
prices of coated fabrics will increase by abou
0.3 percent

Assuming 70 percent heat recovery about 34,000
equivalent barrels of additional fuel o1l woul
be required per year

No major impact

No major impact

No change in market structure within the state
is anticipated; firms affected have d;fferent
product lines or are about the same size

Plants may have problem in control eguipment
deliveries

Additional capital and operating costs may mak
the plants uncompetitive with more modern and
efficient ones

Capital and operating coOsts can'only be approx
mated because of unknown retrofit situations

1,500 tons/year (20 percent of 1977 VOC emissi

$170 annualized cost/annual ton of VOC reducti



EXHIBIT 1-8(1)
. U.S. Envirommental Protection Agency
SUMMARY OF DIRECT ECONOMIC IMPLICATIONS
OF IMPLEMENTING RACT SCENARIO 1 FOR
AUTOMOBILE ASSEMBLY PLANTS IN THE
STATE OF OHIO

SCENARIO I
(RACT Limitations
Implemented By 1982)

Current Situation Discussion
Number of potentially affected facilities Three companies operating five assembly plants
Indication of relative importance of indus~ 1977 value of shipments was approximately
trial section to state enconomy $5.6 billion which represents approxi-

mately 6.2 percent of the state's manu-
facturing industry. Of all states,
Ohio ranks third in automobile
production

Current industry technology trends Prime coat-~cathodic electrodeposition
Topcoats=-~high solids enamels for
manufacturers using enamel systems

1977 VOC emissions {(actual) Approximately 13,700 tons per year
Industry preferred method of VOC control Cathodic electrodeposition for prime

to meet RACT guidelines coat. High solids enamel for topcoat.
Assumed method of control to meet RACT Cathodic electrodeposition for prime coat
guidelines Waterborne enamels for topcoat

High solids enamels for final repair

Affected Areas in Meeting RACT
Scenario I Discussion

Capital investment (statewide) $280 million (approximately 340 percent
of current annual capital expenditures
for the industry in the state)

Annualized cost (statewide) $44 million (approximately 0.8 percent
of the industry's 1977 statewide value
of shipments)

Price Assuming a "direct cost pass-through"
approximately $38 per automobile manu-
factured

Energy Increase of 250,000 equivalent barrels

of oil annually primarily for operation
of waterborne topcoating systems

Productivity and employment Conversion to waterborne systems would
require total rework of existing pro-
cessing lines. Major modifications
would probably increase efficiency and
line speed in some facilities.



EXHIBIT 1-8(2)
U.S. Environmental Protection Agency

SCENARIO I
(RACT Limitations
Implemented By 1982)

Current Situation Discussion
«Market structure No major effect
"RACT timing requirements (1982) Conversion of all automobile assembly

plants to topcoating waterborne systems
cannot be achieved by 1982

Problem areas Prime coat RACT limitations are based
s on anodic electrodeposition systems

and need to be modified to reflect
cathodic processing., Topcoat RACT
limitations are based on waterborne
coatings, which is not a cost or energy
effective alternative. Final repair
RACT limitations are based on high
solids enamel technology which would
require major modifications for man-
ufacturer's using lacquer systems

VOC emission after RACT control 2,750 tons per year (20 percent of 1977
emission level)

Cost effectiveness of RACT control $4,040 annualized cost/annual ton of
VOC reduction



EXHIBIT 1-9(1)

U.S. Environmental Protection Agency
SUMMARY OF DIRECT ECONOMIC IMPLICATIONS

STENARIO II

OF IMPLEMENTING RACT SCENARIO II FOR
AUTOMOBILE ASSEMBLY PLANTS IN THE

STATE OF OHIO

RACT Requirements Are
Modified To Meet Specific

Technologies

Current Situation

Number of potentially affected facilities

Indication of relative importance of indus-
trial section to state economy

Current industry technology trends

1977 VOC emissions (actual)

Industry preferred method of VOC control
to meet RACT guidelines

Assumed method of control to meet RACT

guidelines

Affected Areas in Meeting RACT
Scenario II

Capital investment (statewide)

Annualized cost (statewide)

Price

Energy

Productivity and employment

Discussion

Three companies operating five assembly
plants.

1977 value of shipments was approximately
$5.6 billion which represents approximately
6.2 percent of the state's manufacturing
industry. Of all states, Ohio ranks

third in automobile production

Prime coat--cathodic electrodeposition
Topcoats--high solids enamels for
manufacturers using enamel systems

Approximately 13,700 tons per year

Cathodic electrodeposition for prime
coat. High solids enamel for topcoat.

Cathodic electrodeposition for prime coat
High solids enamels for topcoat. High
solids enamel for final repair.

Discussion
$34 million (approximately 40 percent
of current annual capital appropriations
for the industry in the state)
$5 million (approximately 0.1 percent of
the industry's 1977 statewide value of
shipments)
Assuming a "direct cost pass-through"
approximately $4 to $5 per automobile manufac-
tured

Dependent on technology applied

No major effect



SCENARIO 11

s Current Situation
Market structure

RACT timing requirements

_Problem area

VOC emission after RACT control

Cost effectiveness for RACT control

Source: Booz, Allen & Hamilton Inc.

EXHIBIT 1-9(2)

U.S. Environmental Protection Agency

Discussion
No major effect

Primer and final repair “imitations could
be implemented at most facilities by 1982

Topcoat limitations could be set at a 40
percent to 62 percent solids by 1985
dependent on technology developments

Limitations for topcoat are dependent
on technology development

2,750-5,000 tons per year (20 percent to
37 percent of 1977 emission levels dependent
on limitations)

$460-$580 annualized cost/annual ton
for VOC reduction



Current Situation

Number of potentially affected
facilities

Indication of relative importance of
industrial section to state economy

Current industry technology trends
1977 VOC emassions (actual)

Industry preferred method of VOC
control

Assumed method of control to meet
RACT guidelines

Affected Areas in Meeting RACT

Capital investment {(statewide)

Anrnualized cost (statewide)
Price

Energy

Productivity

Employment

Market structure

RACT timing requirement (1982)

Problem area

VOC emissions after RACT

Cost effectiveness of RACT

Source: Booz, Allen & Hamilton Inc.

EXHIBIT 1-10
U.S. Environmental Protection Agency
SUMMARY OF DIRECT ECONOMIC IMPLICATIONS OF
IMPLEMENTING RACT FOR SURFACE COATING OF
METAL FURNITURE IN OHIO

Discussion

There are 16 metal furniture manufacturing
facilities

1977 value of shipments was $284 million

Trend is towards the use of a variety of colors
1,532 tons per year

Low solvent coatings

Low solvent coatings

Discussion
$929,000

$41,000 (approximately 0.014 percent of
current value of shipments)

Varies from a few cents to more than $1 per
unit of furniture depending upon surface area
coated

No major impact

No major impact

No major impact

No major impact

Companies using a variety of colors may face
a problem

Low solvent coating in a variety of colors
providing acceptable quality needs to be
developed

249 tons per year (16 percent of current
emissions level)

$32 annualized cost/annual ton of VOC
reduction



Current Situation

Number of potentially affected
facilities

Indication of relative importance

of industrial section to state
economy
1877 VOC emissions (actual)

Industry preferred method of VOC
control to meet RACT guidelines

Assumed method of VOC control to
meet RACT guidelines

Affected Areas in Meeting RACT

Capital investment (statewide)

Annualized cost (statewide)

Prace

Energy

Productivity
Employment
Market structure

RACT timing requirements (1982)

Problem area

VOC emission after RACT control

EXHIBIT 1-11
U.S. Environmental Protection Agency
SUMMARY OF DIRECT ECONOMIC IMPLICATIONS OF

IMPLEMENTING RACT FOR SURFACE COATING OF LARGE

APPLIANCES IN THE STATE OF OHIO

Discussion

There are ten major large appliance manufacturer
and coaters

1977 statewide value of shipments was estimated
at $2.4 billion and represents 10 percent of

the estimated $15 billion U.S. value of shipment
of the major appliance industry

3,500 tons per year

Waterborne primecoat and high solids topcoat

Waterborne primecoat and high solids topcoat

Discussion
$4.0 million

$920,000 which represents 0.038 percent of the
industry's 1977 statewide value of shipments.

Assuming a "direct cost pass-through"--increase
of $0.21/unit for household appliances (based on
a price of $230 per unit appliance)

Reduced natural gas requirements in the curing
operation (equivalent to 8,000 barrels of oil
per year)

No major impact

No major impact

No major impact

Possible problems meeting eguipment deliveries
and installation are anticipated

Commercial application of high solids (greater
than 62% by volume) has not been proven

1,050 tons/year (30 percent of 1977 emission
level)

Cost effectiveness of RACT control $374 annualized cost/ton VOC reduction

Source: Booz, Allen & Bamilton, Inc.



Current Situation

Number of potentially affected
facilities

Indication of relative importance

of industrial section to state
economy

Current industry technology trends
1977 VOC emissions (actual)
Industry preferred method of VOC
control to meet RACT guidelines
Assumed method of VOC control

meet RACT guidelines

Affected Areas in Meeting RACT

Capital investment (statewide)

Annualized operating cost (statewide)

Price

Energy

Productivity

Employment

Market Structure

RACT timing reguirements (1982)

Problem Areas

EXHIBIT 1-12
U.S. Environmental Protection Agency
SUMMARY OF DIRECT ECONOMIC IMPLICATIONS OF

IMPLEMENTING RACT FOR SOLVENT METAL DEGREASING

IN THE STATE OF OHIO

Discussion

About 20,000 plants

Value of shipments of firms in SIC groups af-
fected is in the range of $55 billion, about
one-half of the state's 1977 value of
shipments.

Where technically feasible, firms are sub-
stituting exempt solvents

48,100 tons/year (of which 20,000 tons are
subject to RACT)

Substitution. Otherwise lowest cost option
as specified by EPA will be used.

Equipment modifications as specified by the
RACT guadelines

Discussion
$9.2 million

$1.1 million, (less than 0.002 percent of the
1977 statewide value of shipments)

Metal cleaning is only a fraction of manu-
facturing costs; price affect expected to
be less than 0.01 percent

Less than a 1500 equivalent barrels of oil
per year in reduction

5~10 percent decrease for manually operated

degreasers. Will probably not affect conveyorize

cleaners.

No effect except a possible slight decrease
in firms supplying metal degreasing solvents

No change

Equipment availability--only a few companies

now supply the recommended control modifications

No significant problem areas seen. Most
firms will be able to absorb cost.

36,700 tons/year (76 percent of 1977 VOC_em;ssion
level--however, this does not include emission
controls for exempt solvents)

VOC emission after RACT control

Cost effectiveness of RACT control $105 annualized cost per ton of emissions reduced

Source: Booz, Allen & Hamilton Inc.
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EXHIBIT 1-13
U.S. Environmental Protection Agency

SUMMARY OF DIRECT ECONOMIC IMPLICATIONS OF IMPLEMENTI
RACT FOR REFINERY VACUUM PRODUCING SYSTEMS, WASTEWAT

Current Situation

Number of potentially affected
facilities

Indication of relative impor-
tance of industrial section to

state economy

Current industry technology
trends

1977 VOC actual emissions
Industry preferred method of
VOC control to meet RACT

guidelines

Estimated method of VOC
control to meet RACT guidelines

Affected Areas in Meeting RACT

Capital investment (statewide)

Annualized credit
(statewide)

Price

Energy

Productivity

Employment

Market structure

VOC emission after control

Cost effectiveness of control

SEPARATORS AND PROCESS UNIT TURNAROUNDS

IN THE STATE OF OHIO

Discussion

1977 industry sales were $3 billion. The
estimated annual crude odl throughput was
215million barrels

Most refineries have installed controls equi

alent to RACT with the exception of 5 uncove

wastewater separators and 10 uncontrolled
process units

15,000 tons per year
Vapor recovery of emissions by piping

emissions to refinery fuel gas system or
flare and by covering wastewater separators

Vapor recovery of emissions from process
unit to refinery fuel gas system, cover
wastewaster separators and piping emissions
from process units to flare

Discussion

$571,000

$383,000

No major impact

Assuming full recovery of emissions
—net savings of 101,600 barrels annually

No major impact
No major impact
No major impact
764 tons per year

$26 annualized credit/snnual ton of
VOC reduction

Source: Booz, Allen & Hamilton Inc.



Current Situation

Number of potentially affected
facilities

Indication of relative importance
of industrial section to state
economy

Current industry technology trends

1977 VvOC actual emissions

Industry preferred method of VOC
control to meet RACT guidelines

Affected Areas in Meeting RACT

Capital investment (statewide)

Annualized credit (statewide)

Price

Energy

Productivity
Employment
Market structure

Problem area

VOC emissions after control from
terminal operations only

Cost effectiveness of control

Source: Booz, Allen & Hamilton Inc.

EXHIBIT 1-14
U.S. Environmental Protection Agency
SUMMARY OF DIRECT ECONOMIC IMPLICATIONS OF
IMPLEMENTING RACT FOR TANK TRUCK GASOLINE
LOADING TERMINALS IN OHIO

4

Discussion

50

1977 industry sales were $1,480 million, with
annual throughput of 3.484 billion gallons.
The primary market is rural accounts.

New terminals will be designed with vapor
recovery equipment

17,378 tons per year

Bottom or submerge fill and vapor recovery

Discussion
$15.3 million

$1.494 million (approximately 0.1 percent of
value of shipments)

No change in price

Assuming full recovery of gasoline from
terminal emissions only-—net savings of
106,830 barrels annually from terminal
emissions

No major impact
No direct impact

No direct impact

Gasoline credit from vapors from bulk gasoline
plants and gasoline service stations require
uniform RACT requirements throughout the state

1,738 tons per year

$32 annualized credit/annual ton of VOC con-
trolled from terminals, and emissions returned
from bulk gascline plants and gasoline service
stations (i.e., 46,308 tons per year).
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Current Situation

Number of potentially affected
facilities

Indication of relative importance
of industrial section to state

economy
Current industry technology trends
1977 VOC actual emissions

Industry preferred method of VOC

control to meet RACT guidelines

Affected Areas in Meeting RACT

Capital investment (statewide)

Annualized cost (statewide)

Price

Enerqgy

Productivity

Employment

Market structure

Problem area

VOC emission after control

Cost effectiveness

Source: Booz, Allen & Hamiiton, Inc.

EXHIBIT 1-15
U.S. Environmental Protection Agency
SUMMARY OF DIRECT ECONOMIC IMPLICATIONS ¢
IMPLEMENTING RACT FOR
BULK GASOLINE PLANTS IN OHIO

Discussion

670

1977 industry sales were $693 million, wit
annual throughput of 1.631 billion gallons
The primary market is rural accounts

Only small percent of industry has new/
modernized plants

19,440 tons per year

Top submerge or bottom fill and vapor

balancing (cost analysis reflects top
submerge fill, not bottom fill)

Discussion
$10.1 million

$2.66 million (approximately 0.36
percent of value of shipment)

Assuming a "direct cost passthrough"
Industrywide—$.0014 per gallon incre
. Small operations—§$.003 per
gallon increase

Assuming full recovery of gasoline—net
savings of 96,800 barrels annually

No major impact

No direct impact; however for plants closi:
potential average of 4.6 jobs lost per
plant closed

Regulation could further conctentrate a de-
clining industry. Many small bulk gas plar
today are marginal operations; further cost
"increases could result in some plant closir

Severe economic impact for small bulk plar:
operations. Regulation could cause further
market imbalances. Emission control effi-
ciency of cost effective alternatives has
not been fully demonstrated

5,262 tons per year (27 percent of current
level)

$188 annualized cost/annual ton of VOC
reduction



Current Situation

Number of potentially affected
storage tanks

Indication of relative importance
of industrial section to state

economy

Current industry technology trends

VOC emissions

Preferred method of VOC control to
meet RACT guidelines

Affected Areas in Meeting RACT

Capital investment (statewide)

Annualized cost (statewide)

Price

Energy

Productivity -

Employment

Market structure

Problem area

VOC emission after control

Cost effectiveness of control

Source:

Booz, Allen & Hamilton Inc.

EXHIBIT 1-16
U.S. Environmental Protection Agency

SUMMARY OF DIRECT ECONOMIC IMPLICATIONS OF
IMPLEMENTING RACT FOR STORAGE OF PETROLEUM LIQUIDS

IN THE STATE OF OHIO
Discussion
Six

The annual throughput was an estimated
214 million gallons

Internal floating roof tanks utilizing
a double seal have been proven to be
more cost effective

1,217 tons per year

Single seal and internal floating roof

$780,000

$70,000

No change in price anticipated
Assuming 90 percent reduction of
current VOC level, the net energy
savings represent an estimated savings
of 7,479 equivalent barrels of oil
annually

No major impact

No major impact

No major impact

No problems anticipated

122 tons per year

$64 annualized cost/annual ton
of VOC reduction
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Current Situation

Number of potentially affected
facilities

Indication of relative impor-
tance of industrial sector to
state economy

Current industry technology
trends

1977 VOC actual emissions

Industry preferred method of VOC
control to meet RACT guidelines

Affected Areas in Meeting RACT
Capital investment (statewide)

Annualized cost
(statewide)

Price

Energy

Productivity
Employment
Market structure
Problem area

VOC emissions after control

Cost effectiveness of control

Source:

EXHIBIT 1-17
U.S. Environmental Protection Agency
SUMMARY OF DIRECT ECONOMIC IMPLICATIONS OF
IMPLEMENTING RACT FOR GASOLINE DISPENSING
FACILITIES IN THE STATE OF QHIO
Discussion

22,600

Industry sales are $2.6 billion with a yearly
throughput of 5.116 billion gallons

Number of stations has been declining and throughput
per station has been increasing. By 1980, one-half
of facilities in U.S. will be totally self-service
45,506 tons per year from tank loading operation

Submerged fill and vapor balance

Discussion
$21.46 million

$5.18¢ million (approximately 0.2 percent of the
value of gasoline sold)

Assuming a "direct cost pass-through"~—less than
$0.002 per gallen increase

Assuming full recovery of gasoline-——net savings of
181,000 barrels annually

No major impact
No major impact
Compliance reguirements may accelerate the industry
trend towards high throughput stations (i.e., mar-

ginal operations may opt to stop operations)

Older facilities face higher retrofit costs-—potential
concerns are dislocations during installation

18,983 tons per year from tank loading operation tank
breathing, vehicle refueling and spillage

$195 annualized cost/annual ton of VOC reduction

Booz, Allen & Hamilton Inc.



Current Situation

Use potentially affected

Indication of relative importance
of industrial section to state
economy

Current industry technology trends

1977 VOC actual emissions

Industry preferred method of VOC
contrcl to meet RACT guidelines

Affected Areas in Meeting RACT

Capital investment (statewide)
Annaalized cost (statewade)
Fraice

Energy

Productivity

Employment

Market structure

Problem area

VOC emission after control

Cost effectiveness of control

EXHIBIT 1-18
U.S. Environmental Protection Agency
SUMMARY OF DIRECT ECONOMIC IMPLICATIONS OF
IMPLEMENTATING RACT FOR USE OF CUTBACK ASPHALT
IN THE STATE OF OQOHIO

Discussion

In 1977, estimated use of cutback asphalt was
265,000 tons®

1977 sales of cutback asphalt were estimated
to be $24.3 million

Nationally, use of cutback asphalt has been
declining

53,100 tons annually

Replace with asphalt emulsions

Discussion
$0.2 million
No change in paving costs are expected
No change in pavings costs are expected
No major impact to the user?b
No major impact
No major impact
No major impact

Winter paving
Short range supply of asphalt emulsions

Net VOC emission reduction is estimated to be
up to a maximum of 53,100 tons annually€®

$0 annualized cost/annual ton of VOC reduction

a. A1l Of this use may not be affected by the regulations because of likely exemptions.

b. I1f all cutback asphalt were replaced with emulsions, up to 530,000 equivalent tarre.s

of 0il savings might accrue to the manufacturer, not user. This is based on the
difference in total ene.'gy associated with manufactuiing, processing and laying of
cutback asphalt (50,200 BTU per gallon) and emulsions (2,830 BTU per gallon).

One ton of cutback asphalt or emulsion contains 256 gallons and one barrel of

o0il contains 6.05 million BTUs.

c. Based on replacing all cutback asphalt with emulsions.

Source: Booz Allen & Hamilton Inc.
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2.0 INTRODUCTION AND OVERALL STUDY APPROACH

This chapter presents an overview of the study's purpose,
scope, methodology and quality of estimates. This chapter
is divided into six sections:

Background

Purpose of the contract effort
Scope

Approach

Quality of estimates
Definitions of terms used.

The approach and quality of the estimates are discussed
in detail in the respective chapters dealing with the speci-
fic RACT industrial categories (Chapters 3 through 18).



2.1 BACKGROUND

To reduce volatile organic compound (VOC) emissions from
stationary sources, the U.S. Environmental Protection Agency
(EPA) is developing a series of emission limitations based
on application of control technology. These regulations are
meant to guide the states in revising their State Implementa-
tion Plan (SIP) to achieve the mandated National Ambient Air
Quality Standards for oxidants. The Clean Air Act Amendments
of 1977 require that each state submit a SIP revision to EPA
by January 1, 1979 for approval by July 1, 1979.

Specifically, the EPA requires that the oxidant plan
submissions for major urban areas should contain regulations
to reflect the application of Reasonably Available Control
Technology (RACT) to stationary sources for which the EPA
has published guidelines. Recommended VOC limitations repre-
sentative of RACT have been prepared for the following indus-
trial categories.

. Control Of Volatile Organic Emissions From Existing
Stationary Sources--Surface Coating Of:

- Cans

- Coils

- Paper

- Fabrics

- Automobiles

- Light-Duty Trucks

- Metal Furniture

- Insulation Of Magnet Wire
- Large Appliances

. Control Of Volatile Organic Emissions From Solvent
Metal Cleaning

. Control Of Refinery Vacuum Producing Systems,
Wastewater Separators And Process Unit Turnarounds

. Gasoline Marketing--Control Of:

- Tank Truck Gasoline Loading Terminals

- Volatile Organic Emissions From Bulk
Gasoline Plants

- Volatile Organic Emissions From Storage
Of Petroleum Liquids In Fixed-Roof Tanks

- Service Stations--Stage I

. Control Of Volatile Organic Compounds From Use Of
Cutback Asphalt.
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Under the direction of Region V, the EPA commissioned Booz,
Allen and Hamilton Inc. (Booz, Allen) to determine the economic
impact of implementing RACT standards in four states:

. Illinois

. Michigan

. Ohio
Wisconsin.

The assignment was initiated on June 1, 1978, and the
research stage of the project was completed over a three-month
to four-month pericd, depending on the individual state require-
ments. A report was issued for each of the four states being

studied.
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2.2 PURPOSE OF THE CONTRACT EFFORT

To determine the economic impact of implementing RACT
standards for industrial categories in four states (Illinois,
Michigan, Ohio and Wisconsin) of Region V of the U.S.
Environmental Protection Agency. These studies will be used
primarily to assist EPA and state decisions on achieving the
emission limitations of the RACT standards.



2.3 SCOPE

The primary task of this project is to determine the costs

and impact of control to achieve RACT guideline limitations.

The

impact must be addressed for each industry and for each state so

that the respective studies are applicable to individual state
regulations. Direct economic costs and benefits that can be

realized from RACT implementation shall be identified and quan-
tified. While secondary (social, energy and employment) impacts

are to be addressed, they are not to be the major emphasis in

the study. In summary, an economic impact will be analyzed for

each of the industry categories in each state and the economic
impact of the RACT guidelines will be aggregated statewide.

In Ohio, the economic impact is assessed for the following
fifteen RACT industrial categories:

. Surface
. Surface
. Surface
. Surface
. Surface

coating
coating
coating
coating
coating

duty trucks

. Surface coating of metal furniture

. Surface coating for insulation of magnet wire

. Surface coating of large appliances

. Solvent metal cleaning

. Refinery vacuum producing systems, wastewater
separators and process unit turnarounds

. Bulk gasoline terminals

. Bulk gasoline plants

. Storage of petroleum liquids in fixed roof tanks

. Service Stations--Stage I

. Use of cutback asphalt.

In the determination of the economic impact of the RACT
guidelines, the following are the major study guidelines:

of cans

of coils

of paper

of fabrics

of automobiles and light

. The emission limitations for each industrial
category were studied at the control level

established by the RACT guidelines.
presented in Exhibit 2-1, on the following page.
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EXHIBIT 2-1(1)
U.S. Environmental Protection Agency

LISTING OF EMISSION LIMITATIONS THAT REPRESENT
THE PRESUMPTIVE NORM TO BE ACHIEVED THROUGH
APPLICATION OF RACT FOR FIFTEEN INDUSTRY CATEGORIES

Category

Surface Coating Of:
Cans
. Sheet basecoat (exterior and interior)
Overvarnish
Two-piece can exterior (basecoat and overvarnish)

. Two and three-piece can interior body spray
Two-piece can exterior end (spray or rollcoat)

. Three-piece can side-seam spray
. End sealing compound
Coils
Prime and topcoat or single coat
Paper
Fabrics and vinyl coating
. Fabric
. Vinyl
Automobiles and Light Duty Trucks
Prime application, flashoff and oven
Topcoat application, flashoff and oven
. Final repair application, flashoff and oven
Metal Furniture
. Prime and topcoat or single coat
Magnet Wire
Large appliance
. Prime, single or topcoat
Solvent Metal Cleaning

. Cold cleaning

. Conveyorized degreaser

. Open top degreaser

Petroleum Refinery Sources

. Vacuum producing systems

RACT Guideline Emission Limitations?
Surface Coating Categories Based on
Low Organic Solvent Coatings (lbs.
solvent per gallon of coating, minus
water)

2.8

Provide cleaners with: cover; facility
to drain clean parts; additional free-
board; chiller or carbon absorber.
Follow suggested procedures to minimize
carryout.

Provide cleaners with: refrigerated chillers;
or carbon adsorption system; drying tunnel
or rotating basket; safety switches; covers.
Follow suggested procedures to minimize
carryout,

Provide cleaner with: safety switches;
powered cover; chiller; carbon absorber.
Follow suggested procedures to minimize
carryout.

No emissions of any noncondensible VOC
from condensers, hot wells or accumulators
to a firebox, incinerator or boiler.



Category

Wastewater separators

. Process unit turnaround

Bulk Gasoline Terminals

Bulk Gasoline Plants

Storage of Petroleum Liquids in Fixed
Roof Tanks

Service Stations (Stage I)

Use of Cutback Asphalt

EXHIBIT 2-1(2)
U.S. Environmental Protection Agency

RACT Guidelines Emission Limitations?@

Minimize emissions of VOC by providing
covers and seals on all separators and
forebays and following suggested operating
procedures to minimize emissions

Minimize emissions of VOC by depressurizatic
venting to vapor recovery, flare or firebox.
No emissions of VOC from a process unit

or vessel until it's internal pressure

is 136 kilo pascals (17.7 psia) or less

Equipment ‘such as vapor control system

to prevent mass emissions of VOC from
control eguipment to exceed 80 milligrams
per liter (4.7 grains per gallon) of gaso-
line loaded

Provide submerged filling and vapor bal-
ancing so that VOC emissions from control
equipment do not exceed 80 milligrams

per liter (4.7 grains per gallon) of
gasoline loaded

Provide single seal and internal floating
roof to all fixed roof storage vessels
with capacities greater than 150,000
liters (39,000 gal.) containing volatile
petroleum liquids for which true vapor
pressure is greater than 10.5 kilo
Pascals (1.52 psia)

Provide submerged fill and vapor balance
for any stationary storage tank located
at a gasoline dispensing facility

The manufacture, mixing, storage, use

or application may be approved where:
long-life stockpile storage is necessary:;
the use or application is an ambient tem-
perature less than 10°C (50°F) is necessary;
or it is to be used solely as a penetrating
prime coat

Note: An alternative scenario to the recommended RACT guidelines for surface coating

of automobiles is also studied.

to meet specific technologies.

a. Annotated description of RACT guidelines

It assumes that requirements are modified

Source: Regulatory Guidance for Contrcl of Volatile Organic Compound Emissions from 15

Categories of Stationary Sources, U.S. Environmental Protection Agency, EPA-90512-

78-001, April 1978.



. The timing requirement for implementation of
controls to meet RACT emission limitations was
January 1, 1982.

. All costs and emission data were presented
for 1977.

. Emissions sources included were existing
stationary point sources in the applicable
industrial categories with VOC emissions greater
than 3 pounds in any hour or 15 pounds in any day.

. The impact of each of the RACT guidelines
was studied statewide (i.e., attainment areas,
nonclassified areas and other areas that
might not be regulated to the guidelines
stated above are included in this analysis).

. The following volatile organic compounds were
exempted:

- Methane

- Ethane

- Trichlorotriflorethane (Freon 113)

- 1,1,1-trichloroethane (methyl chloroform) .l

. The cost of compliance was determined from the
current level of control, (i.e. if an affected
facility currently had an incinerator in place,
the cost of compliance and resulting VOC emission
reduction are not included in this analysis.)

iThe exemption status of methyl chloroform under these
guidelines may be subject to change.
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2.4 APPROACH

This section describes the overall approach and methodology
applied in this assignment. 1In general, the approach varied
for each state and also for each industrial category studied.
This section specifically describes the overall approach that
was applied for the state of Ohio. The methodology applied
to determine the economic impact for each of the fifteen RACT
industrial categories in Ohio is described in further
detail in the first section of each chapter dealing with the
specific RACT category.

There are five parts to this section to describe the
approach for determining estimates of:

. Industry statistics

. VOC emissions

. Process descriptions

. Cost of controlling VOC emissions

. Comparison of direct cost with Selected Direct
Economic Indicators.

2.4.1 Industry Statistics

The assembly of economic and statistical data for each
industrial category was an important element in establishing
the data base that was used for projection and evaluation of
the emissions impact. Some of the major variables for each
industrial category were:

. Number of manufacturers
. Number of employees
. Value of shipments
. Number of units manufactured
. Capital expenditures
. Energy consumption
. Productivity indices
Current economics (financial) status
. Industry concentration
. Business patterns (small vs. large; downstream integration)
. Age distribution of facilities
. Future trends and developments.

Some of the industrial categories studied cover a large
number of potentially affected facilities. For these cate-
gories, industry statistical data were collected by applying a
categorical approach ra:her than by attempting to identify all
the individual firms likely to be affected. The industrial
categories studied by this approach included:

. Solvent metal cleaning
. Bulk gasoline plants
. Storage of petroleum liquids in fixed roof tanks.
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For these industrial categories, secondary data sources
and nonconfidential Booz, Allen files served as the primary
resources for the data base. Industry and association
interviews were then conducted to complete, refine and
validate the industry statistical data base.

For the eight surface coating RACT industry categories
studied (cans, coils, paper, fabrics, automobiles and light
duty trucks, metal furniture, magnet wire and large appliances)
the number of facilities potentially affected was in a manageable
range (generally less than 30 facilities per RACT industrial
category); therefore, a more deliberate approach was applied:

. As a first step, the facilities potentially af-
fected by the RACT guidelines were identified from
secondary data sources.

- This compiled list was then corro-
lated to identify the facilities
potentially affected but not listed as VOC
emitters in the Ohio emission data.

- The Booz, Allen study team then performed
telephone interviews with a sampling of the
facilities identified where there was doubt
concerning inclusion. (For industrial
categories where only a few facilities were
identified, such as coil coating, all the
potentially affected facilities were contacted.)

. Industry category statistical data were compiled
using secondary sources such as:

- Department of Commerce

- Census of Manufactures

- Trade associations

- Bureau of Labor Statistics

- National Technical Information Services.

. The industry statistical data were refined by two
mechanisms:

- Assessing the statistical data for reason-
ableness in comparison to the list of po-
tentially affected facilities

- Using industry and association interviews for
completion and validation.
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2.4.2 VOC Emissions

An approach to make maximum utilization of the existing
Ohio emission inventory was explored.

. State EPA representatives were interviewed to
determine the completeness and validity of emis-
sion data available for each RACT industrial
category. It was determined that:

- VOC emission data for major industrial
sources appeared to be missing a signifi-~
cant number of potentially affected facili-
ties.

- The emission inventory did not provide
relevant data that could be utilized
for economic evaluation, i.e., air flow
rate, type of process, the input and
emission factors. That data had to be
estimated from industry interviews.

- The data base would not provide a baseline
for economic impact analysis.

. Therefore, a project task was established by the
Ohio EPA to collect emission data for the
surface coating industrial categories. These
RACT industrial categories were:

- Cans

- Coils

- Fabrics

- Paper

- Automobiles

- Metal furniture
- Large appliances
- Magnet wire

- Fixed roof tanks.

. For some of these RACT categories, Ohio could
not complete the updating of the emission in-
ventory in a timely fashion and Booz, Allen had
to estimate the emissions from these categories
by utilizing other technicues. For instance,
some emission estimates were based solely on in-
dustry interviews, such as the automobile RACT
category.



. For the other RACT categories to be studied, the
emissions were estimated by applying relevant
factors (VOC emissions per facility, throughput,
etc.) that had been developed by EPA studies.
Although this categorical approach cannot be
validated to the degree of a point source by point
source approach, the emissions can be reasonably
estimated on a statewide basis because of the
large number of sources in each RACT industrial
category. Emissions were estimated by this
approach for the following RACT industrial categories:

- Bulk gasoline plants

- Bulk gasoline terminals

- Solvent metal cleaning

- Service stations

- Cutback asphalt

- Miscellaneous refinery sources.

. The emission estimates for each of the fifteen RACT
industrial categories studied were refined during
industry interviews.

2.4.3 Process Descriptions

For each of the industrial categories, the basic
technology and emission data were reviewed and summarized
concisely for subsequent evaluation of engineering alter-
natives., In this task, the RACT documents‘that had been
prepared for each industrial category and other air pol-
lution control engineering studies served as the basis for
defining technological practice. Additional alternatives to
control that met the requirements of the RACT guidelines were
identified from literature search. The most likely control
alternatives were assessed and evaluated by:

. Technical staff at Booz, Allen
. Interviews with industry representatives

. Interviews with EPA representatives
. Interviews with equipment manufacturers.
2.4.4 Cost of Controlling VOC Emissions

The cost of control to meet the requirements of the
RACT guidelines had been presented in the RACT documents,
other technical EPA studies and trade journal technical docu-
ments and by industry representatives. The approach applied
in develoring cajpital and annualized cost estimates was to:

. Utilize available secondary source information as
the primary data source.

. Validate the control alternatives industry is
likely to apply.

. Calibrate these cost estimates provided in tech-
nical documents.
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It was not within the purpose or the scope of this
project to provide detailed engineering analyses to estimate
the cost of compliance.

Cost data presented within the body of the report were
standardized in the following manner:

. All cost figures are presented for a base year,
1977.

. Capital cost figures represent installed equipment
cost including:

- Engineering
- Design

- Materials

- Equipment

- Construction.

The capital cost estimates do not account for costs
such as:

- Clean-up of equipment

- Lost sales during equipment downtime
- Equipment startup and testing

- Initial provisions (spare parts).

. Capital related annual costs are estimated at 25
percent of the total capital cost per year (unless
explicitly stated otherwise). The estimation pro-
cedure applied was built up from the following factors:

- Capital recovery factor for interest and
depreciation of 16.3 percent, based on a
10 percent interest rate and 10 year life
of equipment.

- Maintenance--4 to 5 percent
- Taxes and insurance--4 percent.

The capital-related annual costs do not account
for investment costs in terms of return on invest-
ment parameters (i.e., the "opportunity cost" of
money is not included).

. Annual operating costs of compliance with the
RACT guidelines were estimated for each of the
control alternatives studied. The annual oper-
ating costs included were:

- Direct labor
- Raw material costs (or savings)
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- Energy
- Product recovery cost (or savings)

Other types of costs, not included in this analysis,
involve compliance costs, such as:

- Demonstration of control equipment
efficiency

- Supervisory or management time

- Cost of labor or downtime during

installation and startup.

The annualized cost is the summation of the
annual operating costs and the capital related
annual costs.

Comparison of Direct Cost with Selected Direct
Economic Indicators

In each of the industrial categories studied, after the
costs (or savings) of compliance had been determined, these
costs were compared with selected economic indicators. This
comparison was performed to gain a perspective on the com-
pliance costs rather than to estimate price changes or other
secondary effects of the regulation. Presented below are
typical comparisons of direct costs with indicators that are
presented in this study.

Annualized cost in relation to current price-To
gain a perspective on the compliance cost in re-
lation to current prices of the manufactured items
at the potentially affected facilities the annu-
alized cost is presented in terms of a price in-
Crease assuming a direct pass-through of costs to
the marketplace.

- This analysis was based on the average cost
change (including those facilities that may
have little or no economic impact associated
with meeting the proposed standards) divided
by the average unit price of goods manufac-
tured.

- For this reason as well as many others (that
might be addressed in a rigorous input-output
study to estimate eventual price increase),
this analysis should not be interpreted as
forecast of price changes due to the proposed
standards.



. Annualized costs as a percent of current value of
shipment-The annualized costs applied are for all
those facilities potentially affected divided by
the estimated value of shipments for the statewide
industrial category (i.e., including those facili-
ties which currently may meet the proposed stand-
ard). This approach tends to understate the effect
to those specific firms requiring additional ex-
penses to meet the proposed standard. Therefore,
when available, the compliance cost is also pre-
sented as a percent of the value of shipments for
only those firms not currently meeting the pro-
posed regulation.

. Capital investment as a percent of current annual
capital appropriations--Estimated statewide capital
investment for the potentially affected facilities
divided by the estimated capital appropriations for
the industry affected as a whole in the state (in-
cluding those facilities that may not require any
capital investment to meet the proposed standard.)

2.5 QUALITY OF ESTIMATES

The guality of the estimates that are presented in this
report can be judged by evaluating the basis for estimates
of the individual study components. In each of the chapters
that deal with the development of estimated compliance cost,
the sources of information are fully documented. 1In addition,
the study team has categorically ranked the overall data qual-
ity of the major sources and, therefore, of the outcomes. These
data gquality estimates were ranked into three categories:

. High quality ("hard data")--study inputs
with variation of not more than + 25 per-
cent

. Medium quality ("extrapolated data")--study
inputs with variation of + 25 to + 75 percent

. Low gquality ("rough data")--study inputs with
variation of + 50 to + 150 percent.

the individual chapter The overall quality ranking of the
study inputs for each CT industrial category was generally
in the medium quality range.

Each of these dataAquality estimates are presented in
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2.6 DEFINITIONS OF TERMS

Listed below are definitions of terms that are used
in the body of the report:

. Capture system--the equipment (including
hoods, ducts, fans, etc.) used to contain,
capture, or transport a pollutant to a
control device.

. Coating applicator--an apparatus used to
apply a surface coating.

. Coating line--one or more apparatuses or
operations which include a coating appli-
cator, flash-off area and oven, wherein
a surface coating is applied, dried and/
or cured.

. Control device--equipment (incinerator,
adsorber or the like) used to destroy
or remove air pollutant(s) prior to dis-
charge to the ambient air.

. Continuous vapor control system--a vapor
control system that treats vapors displaced
from tanks during filling on a demand basis
without intermediate accumulation.

. Direct cost pass-through--the relationship
of the direct annualized compliance cost
(increase or decrease) to meet the RACT
limitations in terms of units produced
(costs per unit value of manufactured goods.)

. Emission--the release or discharge, whether
directly or indirectly, of any air pollutant
into the ambient air from any source.

. Facility=--any building, structure, installa-
tion, activity or combination thereof which
contains a stationary source of air contam-
inants.

. Flashoff area--the space between the appli-
cation area and the oven.

. Hydrocarbon--any organic compound of carbon
and hydrogen only.



Incinerator--a combustion apparatus designed
for high temperature operation in which solid,
semisolid, liquid or gaseous combustible
wastes are ignited and burned efficiently

and from which the solid and gaseous residues
contain little or no combustible material.

Intermittent vapor control system--a vapor
control system that employs an intermediate
vapor holder to accumulate vapors displaced
from tanks during filling. The control
device treats the accumulated vapors only
during automatically controlled cycles.

Loading rack--an aggregation or combination
of gasoline loading equipment arranged so
that all loading outlets in the combination
can be connected to a tank truck or trailer
parked in a specified loading space.

Organic material--a chemical compound of
carbon excluding carbon monoxide, carbon
dioxide, carbonic acid, metallic carbides
or carbonates, and ammonium carbonate.

Oven--a chamber within which heat is used
to bake, cure, polymerize and/or dry a
surface coating.

Prime coat--the first film of coating
applied in a two-coat operation.

Reasonably available control technology
(RACT)--the lowest emission limit as defined
by EPA that a particular source is capable
of meeting by the application of control
technology that is reasonably available
considering technological and economic
feasibility. It may require technology

that has been applied to similar, but not
necessarily identical, source categories.

Reid vapor pressure--the absolute vapor
pressure of volatile crude o0il and volatile
nonviscous petroleum liguids, except liqui-
fied petroleum gases, as determined by
American Society for Testing and Materials,
Part 17, 1973, D-323-72 (Reapproved 1977).

Shutdown--the cessation of operation of
a facility or emission control equipment.

2-15



Solvent--organic material which is

liquid at standard conditions and which is
used as a dissolver, viscosity reducer or
cleaning agent.

Standard conditions~-a temperature of 20°0C
(68°F) and pressure of 760 millimeters of
mercury (29.92 inches of mercury).

Startup--the setting in operation of a source
or emission control equipment.

Stationary source--any article, machine,
process equipment or other contrivance from
which air pollutants emanate or are emitted,
either directly or indirectly, from a fixed
location.

Topcoat—--the final film of coating applied
in a multiple coat operation.

True vapor pressure--the equilibrium partial
pressure exerted by a petroleum liquid as
determined in accordance with methods described
in American Petroleum Institute Bulletin 2517,
"Evaporation Loss from Floating Roof Tanks,"
1962.

Equivalent barrel of oil--energy demand is
converted into barrels of oil at the conver-
sion rate of 6,000,000 BTU per barrel of
oil.

Vapor collection system--a vapor transport
system which uses direct displacement by the
liquid loaded to force vapors from the tank
into a vapor control system.

Vapor control system--a system that prevents
release to the atmosphere of at least 90
percent by weight of organic compounds in
the vapors displaced from a tank during

the transfer of gasoline.

Volatile organic compound (VOC)=--any compoc-ind
of carbon that has a vapor pressure greater
than 0.1 millimeters of mercury at standard
conditions excluding carbon monoxide, carbon
dioxide, carbonic acid, metallic carbides

or carbonates and ammonium carbonate.
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3.0 THE ECONOMIC IMPACT OF
IMPLEMENTING RACT FOR
CAN MANUFACTURING PLANTS
IN THE STATE OF OHIO

This chapter presents a detailed economic analysis of
implementing RACT controls for can manufacturing plants in the
State of Ohio. The chapter is divided into five sections:

Specific methodology and quality of estimates
Industry statistics

. The technical situation in the industry

Cost and VOC reduction benefit evaluations for
the most likely RACT alternatives

Direct economic implications.
Each section presents detailed data and findings based
on analyses of the RACT guidelines, previous studies of can

manufacturing plants, interviews and analysis.

3.1 SPECIFIC METHODOLOGY AND QUALITY OF ESTIMATES

This section describes the methodology for determining
estimates of:

. Industry statistics

. VOC emissions

. Processes for controlling VOC emissions

. Cost of controlling VOC emissions
Economic impact of emission control

for can manufacturing plants in Ohio.

The quality of the estimates is described in detail in
the latter part of this section.



3.1.1 Industry Statistics

Industry statistics on can manufacturing plants were
obtained from several sources. All data were converted to
a base year 1977 based on specific scaling factors. The
number of establishments for 1977 was based on a review of
the 1976 County Business Patterns and supplemented by inter-
views with selected can manufacturing corporations. The
number of employees was obtained from the 1976 County Business
Patterns and refined based on information supplied by the Can
Manufacturers Institute.

The number of cans manufactured was based upon scaling up
1972 published data to 1977.

The 1972 Census of Manufactures reported a total
U.S. volume of shipments of 78 billion units with
a value of $4.5 billion.

. The value of shipments in the East North Central
Region was reported as:

Value of Percent of
State Shipments, 1972 U.S. Total
($ Million)
Ohio 236.5 5.24
Illinois 465.9 10.33
Michigan 74.0 1.64
Wisconsin Withheld 7.76
Indiana Withheld
TOTAL 1,126.5 24.97

The value of shipments for 1976 in the U.S. was reported
to be $6,357 million. Based upon the same ratio of
state production to total U.S. production as in 1972,

the 1976 production in the states was estimated to
have been:

1976 Value of Units Produced
State Shipments 1976
($ Million) (Billion)
Ohio 333.3 4.4
Illinois 656.7 8.6
Michigan 104.3 1.4
Wisconsin 304.8 4.0



. For 1977, the U.S. Industrial Outlook, 1977 indicates
that the increase in production is 3 percent, with a
10 percent increase in value of shipments. This factor
was used to estimate 1977 can production and the value

of shipments.

. The product mix of the types of cans currently produced
in the state was estimated using the national average
and refined using data obtained from the Ohio emis-
sions inventory and from interviews.

3.1.2 VOC Emissions

The data for determining the current level of emissions
was estimated by the study team because the Ohio emissions
inventory was incomplete at the time this study was undertaken.
The estimate was based upon the Wisconsin Point Source Emission
inventory and the relative can production by each can type (two-
piece beer and beverage, three-piece beer and beverage, three-
piece food) in the states of Ohio and Wisconsin. Most can manu-
facturing plants employ similar technology to produce the same
product, so that there is a good correlation between can produc-
tion and cocating consumption once the type of can manufactured
is known.

3.1.3 Processes for Controlling VOC Emissions

Processes for controlling VOC emissions for can manufacturing
plants are described in Control of Volatile Organic Emissions
from Stationary Sources, EPA-450/2-77-008. The data provide
the alternatives available for controlling VOC emissions from
can manufacturing plants. Several studies of VOC emission con-
trol were also analyzed in detail, and the industry trade
association and can manufacturers were interviewed to ascertain
the most likely types of control techniques to be used in can manu-
facturing plants in Ohio. The specific studies analyzed were
Air Pollution Control Engineering and Cost Study of General
Surface Coating Industry, Second Interim Report, Springborn
Laboratories, and informational literature supplied by the Can
Manufacturers Institute to the state EPA programs.

The alternative approaches to VOC control as presented in
the RACT document were supplemented by several other approaches.
The approaches were arrayed and the emissions to be reduced from
using each type of control were determined. This scheme forms the
basis of the cost analysis, for which the methodology is described
in the following paragraphs.



3.1.4

Cost of Control Approaches and the Resulting Reduction

in VOCs .

The costs of VOC control approaches were developed by:

Separating the manufacturing process into discrete
coating operations:

- By can manufacturing technology
- By type of can manufactured; i.e., beer vs. food

Determining the alternative approaches to control
likely to be used for each type of coating operation

Estimating installed capital costs for each
approach

Estimating the probable use of each approach to
control considering:

- Installed capital cost

- Annualized operating cost

- Incremental costs for materials and energy
- Technical feasibility by 1981

(This estimate was based on discussions with
knowledgable individuals in the can manufacturing
industry.)

Aggregating costs to the total industry in Ohio.

Costs were determined from analysis of the previously
mentioned studies:

Control of Volatile Organic Emissions from
Stationary Sources, EPA-450/2-77-008

Air Pollution Control Engineering and Cost
Study of General Surface Coating Industry,
Second Interim Report, Springborn Laboratories

and from informational data supplied by the Can Manufacturers
Institute and from interviews with major can manufacturing

companies.

The cost of compliance and the expected emission reduction
in Ohio were developed based on can industry operational data
and refined using interviews with can manufacturers. Based
upon the assessment of the degree and types of controls currently
in place, the cost of VOC emission control and the net reduction
in emissions were estimated.



3.1.5 Economic Impact

The economic impact was analyzed by considering the lead
time requirements needed to implement RACT, assessing the
feasibility of instituting RACT controls in terms of available
technology, comparing the direct costs of RACT control to
various state economic indicators and assessing the secondary
impacts on market structure, employment and productivity from
implementing RACT controls in Ohio.

3.1.6 Quality of Estimates

Several sources of information were utilized in assessing
the emissions, cost and economic impact of implementing RACT
controls on can manufacturing plants in Ohio. A rating
scheme is presented in this section to indicate the quality of
the data available for use in this study. A rating of "A"
indicates hard data, "B" indicates data were extrapolated from
hard data and "C" indicates data were estimated based on inter-
views, analyses of previous studies and best engineering judg-
ment. Exhibit 3-1, on the following page, rates each study
output and overall quality of the data. However, emission
data are only as good as the assessment of the 1977 technical
approach to emission controls, particularly the degree of
usage of "exempt" solvents and the percentage of solvent
that is actually incinerated.



EXHIBIT 3-1
U.S. Environmental Protection Agency
DATA QUALITY

A B C
Hard Extrapolated Estimated
Study Outputs Data Data Data
Industry statistics X
Emissions X
Cost of emissions X
control
Statewide costs of X
emissions
Overall quality of X
data

Source: Booz, Allen & Hamilton Inc.
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3.2 INDUSTRY STATISTICS

Industry characteristics, statistics and business trends
for can manufacturing plants in Ohio are presented in this
section. The source of industry statistics was the Ohio
emissions inventory, The Can Manufacturer's Insitute and the
individual can manufacturing companies. Data in this section
form the basis for assessing the impact of implementing RACT
to VOC emissions from can manufacturing plants in the state.

3.2.1 Size of the Industry

_ There are approximately 23 major can manufacturing facilities
in Ohio. The Columbus area is becoming the most important
can manufacturing center in the state.

. Exhibit 3-2, on the following page, presents a
summary of can manufacturing facilities in the
state.

Approximately 4.6 billion cans were shipped in 1977.
The value of industry shipments in 1977 is estimated
at about $360 million.

The estimated number of employees in 1977 was 4,100. Can industry
capital investments in Ohio are estimated to have been $15

million to $30 million in 1977. (Based upon an extrapolation

of 1972 data--which reported that 7.1 percent of total, industry
capital expenditures, were in Ohio--the total 1977 expenditures
would be about $15 million. Since Ohio's share of total industry
expenditures has not been determined, the $10 million to $20
million range was used.)

3.2.2 Comparison of the Industry to the State Economy

The Ohio can manufacturing industry employs 0.2 per-
cent of the state labor force, excluding government employees.
The state is one of the largest producers of cans in the nation.

3.2.3 Characterization of the Industry

The can industry is composed of independent and captive
manufacturers. Nationwide, about 70 percent of &ll cans are
produced by independent manufacturers and about 30 percent by
captive producers. The majority of captive can producers use
the cans to package canned food/soup and beer.

The independent can producers generally operate on a "job
shop" basis, producing cans for several customers on the same
production facilities. 1In addition to differences in can
size and shape, there are differences in coatings resulting
from:



EXHIBIT 3-2 (1)
U.S. Environmental Protection Agency
LIST OF METAL CAN MANUFACTURING FACILITIES
POTENTIALLY AFFECTED BY RACT IN OHIO

Name of Firm Location Product Notes
. American Can Companya Whitehouse 2-piece beer cans Steel cans
, Continental Can Company Columbus 3-piece beer and soft Assembly only
drink assembly
Continental Can Company Cincinatti (Bedford Hts.) 3-piece beer and soft Sheet coating and sealing, assembly
drink cans
National Can Company Marion 3-piece food cans
National Can Company Warren General purpose cans The plant is a major coating facility
assembly supplying coated stock to other plants
National Can Company Archbold Food can assembly
National Can Company? Columbus (Obetz) 2-piece beer cans 2 production lines
3-piece beer and soft
- drink cans

3-piece food cans

Heekin Can Company? Cincinatti (Anderson) 3-piece beer and soft The plant is a major coating facility

drink cans supp ying coated stock to other plants
3-piece food cans

Metal Container Corp.3 Columbus 2-piece beer cans 2 production lines; steel cans
(Anhausser Busch)

Crown Cork and Seal Cleveland

Crown Cork and Seal Perrysburg

Ball Metal Container? Findlay 3-piece beverage cans
Buckeye Stamping Co. Columbus

Cambell Soup Company Napoleoun

Central States Can Company?d Massillon



Name of Firm Location
Davis Can Solon
Libby McNeil and Libby Lime
Owens 1llinois Perrysburg
Pet Inc. Byran
Robertson Can Springfield
.. Ross Labs Columbus
Sherwin Williams Hubbard
.Stolle Corporation Sidney
a. Emission data supplied by Ohio EPA.

EXHIBIT 3-2 (2)
U.S. Environmental Protection Agency

Product Notes

Paint cans

Source: Booz, Allen & Hamilton Inc. assessment of data provided by the Ohio Environmental Protection Agency and
the Can Manufacturers Institute.

primarily involved with the production of metal barrels, drums and pails (SIC 3412) have been excluded

from this inventory.

Organizations on the Ohio EPA VOC--RACT listing that are totally or



. The need to protect different products with vary-
ing characteristics from deterioration through
contact with the metal can

. The decoration requirements of customers and
requirements for protection of the decoration.

Nationally, the can industry produces more than 600 dic<fer-
ent shapes, types and sizes to package more than 2,500 products.
A relatively few can sizes and coating combinations employed for
packaging beverages and food represent about 80 percent of the
market. The approximate percentage of total can production
represented by the major groups follows.

Percent of

Type of Can Total Production
Beer and soft drink 54
Fruit and vegetable 18

Food cans in the category
that includes soup cans
Other 2

TOTAL 10

o

o

In Ohio, the can industry is focused on meeting the
needs of the brewing, soft drink and canning industries in
the state.

2.0 billion beer and soft drink cans were produced
using two-piece construction.

. 0.8 billion three-piece beer and soft drink cans
were produced.

1.8 billion food, general cans and aerosol cans
were produced almost entirely of three-piece
construction.

Of the 4.6 billion cans produced in Ohio in 1977, 2.8
billion (61 percent) were beer and soft drink cans with the
balance beer, food and general purpose cans.

The can industry in Ohio, as well as nationally, has
experienced rapid technological changes since 1970 caused by
the introduction of new can making technology--the two-piece
can. These changes in can manufacturing technology have
resulted in the closing of many can plants producing the
traditional three-piece product and replacing the capacity



* et

with two-piece cans. An above-average amount of two-piece
capacity has been installed in Ohio as compared to the other
states. There is evidence that the technological trend will
continue, so that by 1981 about 80 percent of the beer and
beverage cans and a relatively small but growing percentage
of other cans will be of two-piece construction.

3-8



3.3 THE TECHNICAL SITUATION IN THE INDUSTRY

This section presents information on can manufacturing
operation, estimated VOC emissions, the extent of current
emission control and the likely alternatives which may be
used for controlling VOC emissions in Ohio.

3.3.1 Can Manufacturing Operations

The can industry produces cans using two fundamental
technologies, the traditional three-piece method and the
newer two-piece technology.

The three-piece can technology consists of two separate
operations: sheet coating and can fabrication (assembly). Sheet
coating and can assembly operations are frequently performed in
separate facilities. The major can manufacturers operate cen-
tralized facilties for the coating and decorating of flat sheets.
These centralized plants are often called "feeder plants." Sheets
are coated at a rate of about 2.5 base boxes per minute, which
is equivalent to approximately 1,250 twelve-ounce cans per
minute. The specific operations in three-piece can manufacture
are summarized below.

. Sheets of metal are coated and decorated with
28 or 35 can bodies (outs). This is accomplished
in two steps.

- The sheets are base coated on the interior
side and then passed through a wicket oven.

- Food cans, as well as some beer and soft drink
cans, are given an exterior base coat.

- In the case of beer and soft drink cans,
the base coated sheets are decorated (printed),
over coated with varnish and then cured in a
smaller wicket oven.

- Exhibits 3-3 and 3-4, on the following page,

present flow diagrams of the base coating
and decorating operations.

3-9



EXHIBIT 3-3
U.S. Environmental Protection Agency
SHEET BASE COATING OPERATION

o APLICATION
™av ROLLER
o WCKETS
E=== -
=—= rt
ST PLATE) 8008 COATER WICKET Ve
sezeen

Source: U.S. Environmental Protection Agency



EXHIBIT 3-4
U.S. Environmental Protection Agency
SHEET PRINTING OPERATION

- Y
W ;:‘a'."' -
S (=0 A%

3

Source: U.S. Environmental Protection Agency



. Ccan bodies are formed from the coated sheets.

- The printed sheets are slit into individual
body blanks and fed into the "body maker."

- The blank is rolled into a cylinder and
soldered, welded or cemented.

- The seam is sprayed (striped) on the
inside and outside with an air dry lacquer
to protect the exposed metal. Sometimes
this is done only on the inside surfaces.

. Can ends are formed from coated sheet stock and
fed to the end seamer where final fabrication is
completed.

- Can ends are stamped from coated stock and
perimeter coated with synthetic rubber com-
pound gasketing.

- Solvent-based compounds are air-dried and
water-based compounds are oven-dried.

. The can is fabricated from the body and the end in an
"end sealer," leak tested and palletized for shipment.
Exhibit 3-5, on the following page, presents a schematic
of can end and three-piece can fabricating operations.

Two-piece cans are generally manufactured in an integrated
high-speed process capable of producing 600 or 800 cans
per minute.

. Coil stock is formed into a shallow cup.

. The cups are drawn and ironed into the form
of a can.

. The cans are washed to remove the lubricant.

. An exterior base coat is applied (if required)
by reverse roller coating and cured in a con-
tinuous oven.

. The cans are printed and then coated with a
protective varnish. The coating is then baked
in an oven. Steel cans are sometimes given two
separate interior coatings.



EXHIBIT 3-5
U.S. Environmental Protection Agency
CAN END, AND THREE-PIECE BEER AND BEVERAGE
CAN FABRICATING OPERA1 10N

LEAR TesTER

Source: U.S. Environmental Protection Agency



The cans are necked, flanged and tested.

The interior of the cans are spray coated
and baked in the oven.

An exterior end spray coating is applied:

- For aluminum cans to prevent blocking

- For steel cans to prevent rusting.

Exhibit 3-6, on the following page, is a process
diagram of a two-piece can fabricating and coating
operation.

Two-piece cans are largely made from aluminum.

- Virtually all aluminum cans are of two-piece
construction.

- Aluminum lends itself to two-piece construction,
yet offers no advantage to warrant converting
three-piece can lines to aluminum.

Although there are a limited number of two-piece

steel can production facilities, two major plants

are located in Ohio:

- American Can, Whitehouse

- Metal Container Corp., Columbus.



EXHIBIT 3-6
U.S. Environmental Protection Agency
TWO-PIECE ALUMINUM CAN FABRICATING AND COATING

OPERATION
cANS
SADORSL
e . e
waLt SASE COAT TRAY
[ cowen [ WANER CATEMIOR BASE COATER —-—r
' ( coend
CANS

|

| .

unuiD
PRINTER ARG SVER-VARIIEN
COATER
i VARRNN WY
4 [ )
. Ve INVYEMOR DODY SPRAY LEAR BECUER AND o °
_ARO ENTEMOR E80 SPRAY fesven FLARGER
ARG/DR BOLL COATER

Source: U.S. Environmental Protection Agency




3.3.2 Emissions and Current Controls

The can industry is moving toward products with inherently
lower VOC emissions during manufacture. Differences in the
manufacturing process between two-piece and three-piece cans
allow for a 50 percent to 60 percent reduction in emissions in
converting from a three-piece beer can to a two-piece beer can
decorated in a similar manner. This is caused by a greater
number of interior coating operations for three-piece cans, as
well as a tendency to eliminate certain exterior coatings on
two-piece beer and soft drink cans. The exhibits, on the
following pages, present the emissions from typical can coating
operations based upon average coating properties, can production
rates and annual hours of operation. They present data for
conventional systems, as well as for low solvent systems. It is
important to note that, in most instances, can manufacturing
does not require all the coatings.

Exhibit 3-7 presents VOCs resulting from coating
operations used in the manufacture of two-piece
cans.

. Exhibit 3-8 presents VOCs resulting from sheet
coating operations used in the manufacture of
three-piece cans.

. Exhibit 3-9 presents VOCs resulting from typical
three-piece can assembly operations.

The emissions from the industry, developed through the
analysis of typical coating operations and the assumed product
mix, total an uncontrolled level of 4,600 tons. Emissions from
producing typical products are included in Exhibits 3-12 and 3-13
under the 1978 base case alternatives.

Can Type Quantity vocC Total VOC
(million) (tons/million) (tons)

2-piece beer and 2,000 0.67 1,340
soft drink
3-piece beer and 800 1.79 1,432
drink
3-piece food and 1,800 0.99 1,782
other

TOTAL 4,554



EXHIBIT 3-7 (1)

U.S. Environmental Protaction Agency
EMISSIONS FOR TYPICAL COATING
OPERATION USED IN THE MANUPACTURE
OF TWO-PIECE CANS

Coating Properties

Organic
Operation Density Solids Solvent Water voc voc Yield
(1b./gal.) (wt. §) (wt. 8) (1b./gal.) (gal./gal. (1b. solvent/ {(1b. solvent/ (1000 can/
coating) gal. less water) gal. incl. water) gal.)
Organic Systems
Print and varnish 8.0 45 100 4.40 V] 4.40 4.40 12
Size and print 8.0 40 100 4,80 (o) 4.80 4.80 20
White base coat and
print 11.0 62.5 100 4.13 0 4.13 4.13 9
Interior body spray 7.9 26 100 5.85 0 5.85 5.85 6*
End coating Al 8.0 45 100 4.40 o 4.40 4.40 200
End coating steel 8.0 45 100 4.40 ] 4.40 4.40 40
Low Solvent Systems
Waterborne
Print and varnish 8.5 35 20 1.11 0.53 2.36 1.11 11
Size and print 8.5 30 20 1.19 0.57 2.76 1.19 17
white base coat and
print 11.7 62 20 0.89 0.43 1.55 0.88 8
Interior body spray 8.55 20 20 1.37 0.66 3.99 1.36 s&
End coating Al 8.5 35 20 1.11 0.53 2.36 1.11 200
End coating steel 8.5 35 20 1.11 0.53 2.36 1.11 40

UV Cure High Solids
Print and varnishP 8.0 95 100 0.40 o 0.40 0.40 25



EXHIBIT 3-7 (2)
U.S. Environmental Protection Agency

Operation Production Coating Consumed voC

(Million
{(cans/min.) cans/yr.) (gal./hr.) (1000 gal./yr.) (l1b./hr.) (tons/yr.) (1b./million cans)

Organic Systems

Print and varnish 650 253.5 3.25 21.1 14.3 46.5 364

Size and print 650 253.5 1.95 12.7 9.4 30.6 241

white base coat 650 253.5 4.33 28.1 17.8 57.9 457
and print

Interior body 650 253.5 6.50 42.3 38.0 123.5 974
spray

End coating Al 650 253.5 0.20 1.3 0.9 2.9 23

End coating steel 650 253.5 0.98 6.4 4.3 14.0 110

Low Solvent Systems

Waterborne
Print and varnish 650 253.5 3.55 23.1 3.9 12.7 100
Size and priat 650 253.5 2.29 14.9 2.7 8.8 69
White base coat 650 253.5 4.88 31.7 4.3 14.0 110
and print
Interior body 650 253.5 7.80 50.7 10.6 34.5 272
spray
End coating Al 650 253.5 0.20 1.3 0.2 0.7 6
End coating steel 50 253.5 0.98 6.4 1.1 3.6 28
UV Cured High solids
Print and varnishb 650 253.5 1.56 10.1 0.6 2.0 15

a. Assuming 75 percent beer cans, all given a single coat, and 25 percent soft drink cans, given a double coating
b. Booz, Allen & Hamilton Inc. estimate based on data supplied by CMI, individual can manufacturers and the EPA
document 450/2-77-008

Source: Booz, Allen & Hamilton Inc. estimates based on data supplied by Can Manufacturers Institute and interviews
with can companies.



EXHIBIT 3-8 (1)

U.S. Environmental Protection Agency
COATING AND PRINTING OPERATIONS USED IN
THE MANUFACTURE OF THREE-PIECE CANS
(Sheet Coating Operation)

Operation Coating Properties Dry Coating Thickness
Organic
Density Solids Solvent Water vocC voC (Mg { 1b.
(1b./gal.) (wt 8) (wt %) (ilb./gal.) (gal/gal (lb. solvent/ (1lb. solvent/ 4in<) basebox)
coating) gal. less gal. including
water) water)

Conventiocnal Organics Systems

Sizing and print 8.0 40 100 4.80 0 4.80 4.80 5 0.086
Inside basecoat 8.05 40 100 4.83 ] 4.83 4.83 20 0.346
Outside white and print 11.0 62.5 100 4.13 o 4.13 4.13 40 0.692
Outside sheet printing and 8.0 45 100 4.40 ] 4.40 4.40 10 0.172
varnish
Low Solvent Systems
Sizing (waterborne) 8.5 30 20 1.19 0.57 2.76 1.19 5 0.086
Inside basecoat
High solids 8.0 80 100 1.60 0 1.60 1.60 20 0,346
Waterborne 8.8 40 20 1.06 0.51 2.15 1.05 20 0. 346
Outside white
High solids 12.0 80 100 2.40 0 2.40 2.40 40 0.692
Waterborne 11.7 62 20 0.89 0.43 1.55 0.88 40 0.692
Outside sheet print and 8.5 35 20 1.11 0.53 2.36 1.11 10 0.172

varnish (waterborne)



e

EXHIBIT 3-8 (2)
U.S. Environmental Protection Agency

eration Production Coating Consumption vOC
Operation
(base box (1000 base boxesa {(gallon {gallon (1000 gal. {1b. {tons ( 1bs
hr.) year) basebox) hour) year) hour) year) 1000 base boxes)

Conventional Organics Systems

Sizing and print 150 240 . 027 4.1 6.6 19.7 15.8 130
Inside basecoat 150 240 .107 l6.1 25.7 77.8 62.2 517
Qutside white and print 150 240 .100 15.0 24.0 62.0 49.6 413
Outside sheet printing and varnish 150 240 .048 7.2 11.5 31.7 211
low Solvent Systems
Sizing (waterborne) 150 240 .034 5.1 8.1 6.1 4.9 41
Inside basecoat
High solids 150 240 .054 8.1 13.0 13.0 10.4 87
Waterborne 150 240 .098 14.7 23.5 15.4 12.3 103
Outside white
High solids 150 240 .072 10.8 17.3 25.9 20.7 172
Waterborne 150 240 . 095 14.3 22.9 12.6 10.1 841
Outside sheet print and varnish 150 240 .057 8.6 13.8 9.5 7.6 63
{watexrborne)
a. Assuming 1,600 hours per year of operation.

Source: Booz, Allen & Hamilton Inc. estimates based on data supplied by CMI and individual can companies.



Operation

Organic Systems

Interior body spray
(beer)

Inside stripe
(beer & bev.)
(food)

Outside stripe
(beer)

End sealing compound
(beer & bev.)
(food)

Low Solvent Systems (water borne)

Interior body spray
{beer)

Inside stripe
(beer & bev.)
(food)

Outside stirpe
(beer)

End sealing compound
(beer & bev.)2
(food)2

Coating Properties

EXHIBIT 3-9 (1)

U.S. Environmental Protection Agency
EMISSIONS OF TYPICAL COATING
OPERATIONS USED IN THREE-PIECE

CAN ASSEMBLY

Density
(1b./gal.)

Solids
(wt. 8)

13.5

39
39

20

36
36

36

40
40

(wt. %) (1b./gal.)

100

100
100

100

100
100

20

20
20

20

Organic
Solvent

Water
(gal./gal.
coating)

voC
(l1b. solvent/
gal. less wa

vOoC Yield
(lb. solvent/ (1000 can/
ter) gal. incl. water) gal.)
5.85 4
6.92 70
6.92 70
6.92 50
4.33 10
4.33 10
1.36 )
1.08 70
1.08 70
1.08 45
0.16 10
0.16 10



EXHIBIT 3-9 (2)
U.S. Envaronmental Protection Agency

Operation Production® Coating Consumed voC
(Million
(cans/min.) cans/yr.) (gal./hr.) (1000 gal./yr.) (1b./hr.) (tons/yr.) (l1b./million cans)

Organic Systems

Interior body 400 120 6.00 30.0 35.1 87.8 1,463
spray (beer)
Inside stripe

(beer & bev.) 400 120 0. 30 1.5 2.1 5.3 88
(food) 400 72 0.30 0.9 2.1 3.2 88
Outside stripe 400 120 0.48 2.4 3.3 8.3 138
{beer)
End sealing
compound
(beer & bev.) 400 120 2.40 12.0 10.4 26.0 433
(food) 400 72 2.40 7.2 10.4 15.6 433
Low Solvent Systems
(Waterborne)
Interior body 400 120 4.8 24.0 6.5 16.3 272
spray (beer)
Inside stripe
(beer & bev.) 400 120 0.30 1.5 0.3 0.8 13
(food) 400 72 0.30 0.9 0.3 0.5 13
Outside stripe 400 120 0.53 2.6 0.6 1.5 25
(beer)
End sealing
compound
(beer & bev.)?2 400 120 2.40 12.0 0.4 1.0 17
(food)? 400 72 2.40 7.2 0.4 0.6 17

a. Waterborne systems are currently only used on aerosol and oil cans.

b. Assumes 4,000 hours per year, as an average of 3,000 hours for food cans and 5,000 hours for beer and beverage cans.

Source: Booz, Allen & Hamilton Inc. estimates based on data supplied by CMI and individual can companies



An analysis of the interview notes and the partially completed
Ohio emissions inventory indicates that emissions in 1977 were about
25 percent below the theoretical level or about 3,400 tons. This
reduction was achieved by the wide-spread usage of waterborne coat-
ings in two-piece can plants.

3.3.3 RACT Guidelines

The RACT Guidelines for VOC emission control are specified
as the amount of allowable VOC, in pounds per gallon of coating,
minus any water in the solvent system. To achieve this
guideline, RACT suggests the following options:

. Low solvent coatings

- Waterborne

- High solids

- Powder coating
- Ultraviolet curing of high solids coatings

. Incineration

. Carbon adsorption.

The RACT guidelines have established different limitations
for each of four groups of can coating operations. Exhibit
3-10, on the following page, presents the recommended VOC
limitations, compared with typical, currently available, conven-

tional coatings.

3.3.4 Selection of the Most Likely RACT Alternatives

Projecting the most likely industry response for control
of VOC emissions in can manufacturing facilities is complicated
by the thousands of different products offered by the can
industry. Based on industry interviews, several general assump-
tions can be made regarding the industry in Ohio as well as nation-
ally.

. The industry preferred response will be to use low
solvent coatings (primarily waterborne) wherever
technically feasible because of their low cost--see
incremental cost comparisons on Exhibits 3-12 and
3-13.

- The choice between thermal incinerators
and catalytic incinerators will be based
on the availability of fuel and the pref-
erence of the individual companies.



EXHIBIT 3-10
U.S. Environmental Protection Agency
RACT GUIDELINES FOR CAN COATING OPERATIONS

Typical Currently

Available
Coating Operation Recommended Limitation Conventional Coatings
kg. per liter ibs. per gallon ibs. per gallor
of coating of coating of coating
{minus water) (minus water) (minus water)
Sheet basecca: (exteracr) 0.34 2.8 4.1-5.5
ancd interior; and over-
varn.sn; two-piece can
exterior (basecoat and
overvarnish’
™o~ and three-piece can 0.51 4.2 €.0
irtericr bod, Spray,
two-piece can exterior
erd (sgray or roll coat)
Three~piece can side-seam 0.6¢ 5.5 7.0
spray
EnZ sealinc compound 0.44 3.7 4.3

Source: U.S. Environmental Protection Agency



- Incinerators with primary heat recovery
will be used in preference to those with
secondary recovery or no heat recovery.

. The industry will not install carbon adsorption

systems because of

the very poor performance record

established to date in sever:'l can plants that have
evaluated this control approach.

. Ten likely control

alternatives, as well as the three

base cases, are discussed in the paragraphs below.
The percentage of cans likely to be manufactured by
each of the control option alternatives, by 1982, is
summarized in Exhibit 3-11, on the following page.
The resulting emissions are summarized in Exhibits
3-12 and 3-13, at the end of this section. For
cases involving incineration, the following assump-

tions were made.

Energy cost is $2.25 per million BTUs.

- Capital cost is $20,000 per CFM.

- Incinerators operate at 10 percent of the lower
explosive limit.

- 90 percent of
collected and

- 30 percent of
are collected

The assumptions on cost

the roller coating emissions are
incinerated.

the interior spray coating emissions
and incinerated.

operating parameters and likely in-

dustry response to each control alternative were based upon dis-
cussions with knowledgeable industry sources and on Air Pollution

Control Engineering and Cost

Study of General Surface Coating

Industry, Second Interim Report, Springborn Laboratories.

3.3.4.1 Two-Piece Beer and

Soft Drink Cans--1978 Base Case

At the present time, the majority of beer and soft drink
cans produced in Ohio are produced with one exterior coating,

a procedure defined as print

. The can is printed
and then varnished

and varnish.

directly over the base metal
using a low solids organic-

borne varnish--eliminating the base coat.

. The interior of the can is sprayed, using a non-
comforming interior body spray.



EXHIBIT 3-11
U.S. Environmental Protection Agency
PERCENTAGE OF CANS MANUFACTURED
USING EACH ALTERNATIVE

Low Solvent
Water- Coatings
borne or Thermal Except UV Cured
Other Low Incineration Print Only, End Sealant Outside Varnish
Solvent with Primary All Low Solvent which Is Waterborne
Can e Coatings Heat Recovery Coatings Incinerated Inside Spray
2-piece beer 40 0 60 - o]
and soft
drink
3-piece beer 25 20 -- 55 -
and soft
drink
3-piece focod 25 20 - 85 -
and other
cans
Sheet coating 60 40 - - -

and end com-
pounding in
feeder plants
of material
to be shipped
for assembly
elsewhere

Note: The percentage of cans produced using each control alternative is based
upon interviews with individuals in the can industry.

Source: Booz, Allen & Hamilton Inc.



. The end of the can is spray coated, using a non-
comforming body spray.

In this base case alternative, no incineration is assumed
although, in fact, most of the operations in Ohio currently
incinerate some of th: emissions. The coating consumption is
approximately 250 gallons per million cans, resulting in emis-
sions of 0.67 tons per million cans.

3.3.4.2 Two-Piece Beer and Soft Drink Cans--Waterborne
Coatings as Proposed in RACT

In this alternative, all the coating operations currently
employed in the base case have been converted to waterborne
coatings. The cost of converting to waterborne systems was
assumed to be minimal.

. The capital cost for converting each of three
coating operations was estimated to be $10,000.
This results in an annualized cost of $30 per
million cans--assuming that the annualized cost
of capital is 25 percent of the total installed
capital cost and that 250 million cans are
produced annually on the coating line.l

. The cost of the coatings is the same as for con-
ventional coatings--industry sources believe that
by 1980 this will be the case.

. The energy consumption is the same--this would
appear reasonable since most energy consumed is
used to heat the belt and the metal cans.

. The yield (spoilage) is the same--it appears that
the industry will continue to encounter significant
spoilage in changing over to new coatings. However,
as the technology is established, it is assumed

that spoilage will decline to currently acceptable
levels.

The total incremental annualized compliance cost of using
waterborne solvents is estimated to be about $30 per mil'ion
cans. This represents a direct cost increase of less than 0.05
percent. The emissions would be reduced to 0.19 tons per million
cans--a 75 percent reduction at a cost of about $62 per ton
of VOC removed.

lannualized capital cost includes depreciation, interest, taxes,
insurance and maintenance.



It is estimated that 40 percent of the two-piece bee;
and soft drink cans would be produced using this alternative
by 198l--primarily for steel cans.

3.3.4.3 Two-Piece Beer and Soft Drink Cans--Base Case with
Thermal Incinerators and Primary Heat Recovery

This alternative assumes that all coating operations cur-
rently employed in the base case are retrofitted with thermal
incinerators. This alternative is presently employed on several
two-piece can lines in Ohio.

. The capital required for three incinerators would be
about $66,000--at $20,000 installed cost per CFM.

. The annualized capital cost would be about $66
per million cans.

. The energy costs to operate the incinerators would
be about $62 per million cans, at $2.25 per million
BTUs.

. Material cost would be comparable to the base
case.

The total incremental cost to incinerate emissions from
conventional coatings would be about $128 per million cans.
This represents a cost increase of approximately 0.2 percent,
to reduce emissions by about 42 percent to 0.39 tons per million
cans. The reason for the low overall efficiency is that a
considerable portion of the VOC escapes as fugitive emissions
prior to incineration.

. 90 percent of the exterior coating emissions reach
the incinerator.

. 30 percent of the interior spray coating emissions
reach the incinerator.

The cost of incineration is about $441 per ton of emission
removed. It is estimated that no two-piece can production will
utilize this alternative by the end of 198l--incinerators currently
in use will be shut down.

3.3.4.4 Two-Piece Beer and Soft Drink Cans--Supplemental
Scenario I

This alternative is based upon combining low solvent coatings

with industry product trends that lower the product cost. It
includes:
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. Print only, eliminating all coating operations--
this is used for some aluminum cans at the present
time

. Waterborne interior body spray as proposed by
RACT

. End coatings using a low solvent varnish--either
waterborne or high solids.

The elimination of one coating operation would result
in a net saving of about $750 per million cans, comprised of
a material savings of about $540 and an energy saving of
about $230 per million cans. The incremental capital cost
would be $20 per million cans. Emissions are reduced by 79
percent to 0.14 tons per million cans, at a saving of about
$1,450 per ton of emissions reduced or about $1,300 per ton
of emission controlled. It is estimated that 60 percent of
the cans produced in 1982 will utilize this method.

However, it is questionable whether, in determining the
economic impact of VOC regulations, the implementation of RACT
can be given credit for market driven changes in product con-
figuration. Without the credit, the annualized cost would be
$20 per million cans.

3.3.4.5 Two-Piece Beer and Soft Drink Cans--Supplemental
Scenario II

This scenario is based upon the use of an experimental
UV cured varnish, a waterborne interior body spray and an end
coating using a low solvent varnish.

Because of the current high cost of UV cured varnishes,
this approach is only experimental. Based on today's
prices of about $6.50 per gallon for conventional varnishes
and $16.25 for UV cured varnishes, this is the most expensive
approach to emission reduction, about $734 per million cans.

. The incremental varnish cost is about $810 per
million cans.

. The energy saving is about $105 per million cans.
. The annualized capital cost for converting the

coating systems to UV cured and waterborne coatings
is about $30 per million cans.
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This scenario provides a 78 percent reduction in emissions
from the base case, to 0.15 tons per million cans at a cost
of about $1,400 per ton of emission reduced. Because of the
high cost, it is not expected that this approach will be
implemented by 1982.

3.3.4.6 Three-Piece Beer and Soft Drink Cans--Base Case

At the present time, the majority of three-piece beer
and soft drink cans are produced by the following coating
operations:

. Interior base coat

. Decoration and over varnish
. Interior and exterior stripe
. Interior spray coating

. End sealant.

The production of beer cans differs from the production of
soft drink cans in some respects, the impact of which has not been
considered in this study.

. Beer cans almost always have an exterior stripe,
but soft drink cans frequently do not.

. Beer cans always have an inside spray coating but
soft drink cans usually do not. However, soft
drink cans frequently have a heavier inside base
coat to offset the elimination of the spray
coating.

Consideration of these differences has been elminated to reduce
the complexity of the study. Because of the declining importance
of three-piece beer and beverage cans, the impact will be smaller
in 1982 than it would be currently.

The total emissions from this alternative are 1.79 tons
per million cans (2.5 times the emissions from a similar two-
piece can).

3.3.4.7 Three-Piece Beer and Soft Drink Cans--Waterborne
Coatings as Proposed in RACT

In this alternative, all the coating operations currently
employ~d in the base case have been converted to waterborne
coatings. The cost of converting to waterborne systems was
assumed to be minimal.

4
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. The capital cost for converting each of five
coating operations was assumed to be $10,000.
This results in an annualized capital cost of
$104 per million cans--assuming that the cost of
capital and maintenance is 25 percent of the total
installed capital cost and that 120 million cans
are produced annually on the coating line.

. The raw material cost of coatings is the same as
for conventional coatings.

. The energy consumption is the same~-this would
appear reasonable since most of the energy is
consumed to heat the wickets and belts and also
the can metal.

. The yield (spoilage) is the same--it appears that
the industry will continue to encounter signi-
ficant spoilage in changing over to new coatings.
However, as the technology is established, it is
assumed that spoilage will decline to currently
acceptable levels.

The total incremental cost to convert to waterborne
coatings is estimated to be about $100 per million cans.
This represents a cost increase of about 0.15 percent. The
emissions would be reduced to 0.34 tons per million cans, an
80 percent reduction at a cost of about $72 per ton.

It is estimated that 25 percent of all beer and soft
drink facilities will employ this option. The acceptance of
this technology will be retarded by the lack of a complete
line of available coatings.

3.3.4.8 Three-Piece Beer and Soft Drink Cans--Base Case with
Thermal Incinerators and Primary Heat Recovery

This alternative assumes that all coating operations
currently employed in the base case are retrofitted with
thermal incinerators. Several thermal incinerators
are currently being employed on coating lines in Ohio.

The capital required for five incinerators would be
about $320,000--assuming an installed cost of $20,000 per CFM.

. The annualized capital cost would be about $668
per million cans.

. The energy cost to operate the incinerators would
be $166 per million cans.
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The material costs would be the same as the base
case.

The total incremental cost of adopting thermal in-
cineration is estimated to be about $834 per million cans.
This represents a cost increase of about 0.2 percent. The
emissions would be reduced by 59 percent to 0.74 tons per
million cans at a cost of $794 per ton of emissions
removed. Because of the prohibitively high costs of this
alternative, it is estimated that it will be employed only
on 20 percent of all three-piece beer and soft drink cans
manufactured in Ohio in 1982.

3.3.4.9 Three-Piece Beer and Soft Drink Cans--All Waterborne
Except End Sealant, Which Is Thermally Incinerated

It is likely that the can industry will adopt a hybrid
system which will focus on waterborne or possibly other
low solvent coatings and thermal incineration of the end
sealant and which probably will not be universally available
by 1982. Because end sealing compounds represent approximately
12 percent of the VOC from three-piece beer and soft drink can
manufacture, this case was developed under the assumption that
technology-based exceptions will not be granted.

The capital cost of converting four coating
operations and adding one incinerator would be
about $340 per million cans.

The additional energy costs of one incinerator
would be about $93 per million cans.

. Material cost would be the same.

The total incremental cost of this scenario would be
about $171 per million cans. This represents a cost in-
crease of about 0.2 percent, to reduce emissions by 80
percent. It is estimated that about 55 percent of the beer
and soft drink cans will be produced using this technology.

3.3.4.10 Three-Piece Food Cans--Base Case

Three-piece food cans are currently produced
utilizing the following coating operations:

. Interior base coat
. Exterior base coat
. Interior stripe

. End sealant.

The emissions from this case are estimated to be 0.99
tons per million cans.
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3.3.4.11 Three-Piece Food Cans--Waterborne as Proposed in RACT

In this alternative, all the coating operations
currently employed in the base case have been converted to
waterborne coatings.

The total incremental cost to convert to waterborne
coatings is estimated to be $113 per million cans. A 76
percent reduction in emissions is achieved, to 0.24 tons per
million cans. It is unlikely that a complete spectrum of
waterborne coatings will be available to meet industry
requirements by 1982 because:

. The focus of research is on two-piece beer and
soft drink cans, which is the most rapidly
growing market segment.

. The need to achieve FDA approval for the broad
spectrum of products required has caused coating
manufacturers to focus on the large-volume coatings
required for beer and soft drinks.

As a result, it is estimated that only 25 percent of
the cans will be produced using this control approach.

3.3.4.12 Three-Piece Food Cans--Base Case with Thermal
Incinerators and Primary Heat Recovery

This alternative assumes that all coating operations
currently employed in the base case are retrofitted with thermal
incinerators.

The total incremental cost of adopting this approach is
estimated to be about $690 per million cans; about $595
in capital cost and $95 in energy costs. Emissions
would be reduced by 81 percent, to 0.19 tons per million

cans. An estimated 20 percent of the cans would be produced
using this approach.

3.3.4.13 Three-Piece Food Cans--All Waterborne Except
End Sealant, Which Is Thermally Incinerated

Because waterborne and other low solvent coatings
are not available, it is likely that the industry will
develop a hybrid approach utilizing waterborne coatings
where available and incinerating the balance of the emissions.
The end sealing compound appears to be the coating most likely
to be unavailable in low solvent form by 1982--end sealing
compounds release about 18 percent of the VOC emissions from
food can manufacturing operations.
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The total incremental cost of this scenario is about
$200 per million cans; $500 in capital cost and $100 in
energy costs. The emissions are reduced by about 79 percent
to 0.25 tons per million cans. It is estimated that 55 percent
of the cans would be produced using this approach.

3.3.4.14 Sheet Coating Feeder Plant--Low Solvent As
Proposed in RACT

In this alternative all the sheet coating and end
compounding operations will be converted to waterborne. The
total incremental cost to convert to waterborne is estimated
to be about $15 per million cans. It is unlikely that a
complete spectrum of waterborne coatings will be available
to meet industry requirements by 1982; as a result, 60 percent
of the stock will be coated with waterborne coatings.

3.3.4.15 Sheet Coating Feeder Plant--Thermal Incinerators
And Primary Heat Recovery

This alternative assumes that all sheet coating
and end compounding lines are retrofitted with incinerators.
At the present time a significant number of sheet coating lines
in Ohio already are operating incinerators. Because of the
already installed incinerators and the lack of a complete
spectrum of coatings, it is estimated that 40 percent of the
stock will be coated using thermal incinerators for VOC control.
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Alternative

Capital

Annualized Incremental Costs ($/million cans)

Annualized
Capital Cost

Materials Enerqy

Total

($/million

1978 BASE CASE

Print and varnish
Nonconfirming interior
body spray (exempt
solvents)

End coating

WATERBORNE AS PROPOSED
IN RACT

BASE CASE WITH THERMAL
INCINERATORS &
PRIMARY HEAT RECOVERY

SUPPLEMENTAL SCENARIO 1
Print only

Waterborne interior
body spray

End coating using a
low varnish solvent

SUPPLEMENTAL SCENARIO 2
Print

UV cured varnish
Waterborne interior
body spray

End coating using a
low solvent varnish

a. Not Applicable

cans)

120

266

80

120

30

66

20

30

Source: Booz, Allen & Hamilton Inc. estimates

(540) (230)

810 105

30

128

(750)

734

EXHIBIT 3-12

U.S. Environmental Protection Agency

EMISSIONS FROM COATING TWO-PIECE ALUMINUM
BEER AND SOFT DRINK CANS

Emissions
Coating voc voc Incremental
Input Emissions Decrease Cost
{gals./million (tons/million (tons/million {($/ton)
cans) cans) cans)
250 0.67 a a a
340 0.19 0.48 75 63
250 0.39 0.29 42 441
200 0.14 0.53 79 (1415)
240 0.15 0.52 78 1411



Case

1978 BASE CASE
Interior base coat
Decoration and/or

varnish
Interioring and
exterioring stripe
Interior spray

End sealant

WATERBORNE AS PROPOSED
IN RACT

BASE CASE WITH THERMAL
INCINERATORS AND HEAT
RECOVERY PRIMARY

SUPPLEMENTAL SCENARIO _
Waterborne except end

sealant which is incin-

erated

1978 BASE CASE
Interior base coat
Exterior base coat
Interior stripe
End sealant

WATERBORNE AS PROPOSED
IN RACT

BASE CASE WITH THERMAL
INCINERATORS AND
PRIMARY HEAT RECOVERY

SUPPLEMENTAL SCENARIO 4
All waterborne except
end sealant which is
incinerated

a. Not/Applicable

Source: Booz, Allen & Hamilton Inc.

Annualized Incremental Costs ($/million cans)
Annualized

Capital
Capital Cost/Millions Materials Energy Total
{$/million
cans)
BEVERAGE CANS
0 0 o] [+ 0
416 104 0 0 104
2670 668 0 166 834
686 171 g 20 191
FOOD CANS
0 0 0 o a
453 113 0 0 113
2380 595 0 25 687
768 192 0 17 209
estimates

U.S. Environmental Protection Agency
EMISSIONS FROM COATING THREE-PIECE CANS

EXHIBIT 3-13

Coating And Emissions

Coating voC voc Incremental
Input Emissions Decrease Cost
(gals./million {tons/million (tons/million ($/ton)
cans) cans) cans)
894 1.79 a a a
720 0.34 1.45 81 72
694 0.74 1.05 59 794
715 0.35 1.44 80 133
424 0.99 a a a
439 0.24 0.75 76 151
424 0.19 0.80 81 859
435 0.23 0.76 7”7 275



3.4

COST AND VOC BENEFIT EVALUATIONS FOR THE MOST LIKELY

RACT ALTERNATIVES

Costs for alternative VOC emission controls are presented

in this section based upon the costs per million cans developed
for each alternative in the previous section. The extrapolation
is based upon can production and emission for actual can
manufacturing processes and not upon the representative plants.

3.4.1

Costs for Alternative Control Systems

Although there is no typical can manufacturing facility,

the following four representative plants describe the situation
in most can manufacturing facilities.

Representative Plant A produces two-piece beer and
soft drink cans on two lines. Each line operates
at 650 cans per minute for 6,500 hours annually,
to produce approximately 250 million cans--total
plant production is 500 million cans.

Representative Plant B produces 80 percent three-
piece beer and soft drink cans and 20 percent three-
piece food cans using three assembly lines. The
sheet coating lines operate at 2.5 base boxes per
minute for about 4,000 hours per year, to support
the three assembly lines. Each can assembly line
operates at 400 cans per minute, the beer lines

for 5,000 hours annually and the food can lines

for 3,000 hours annually.

Representative Plant C coats and decorates flat
stock for use in satellite assembly plants. The
pPlant coats at 2.5 base boxes per minute. Its
operating rate is approximately 1,000 hours per
satellite plant production line. Assuming the
plant supports four lines, its operating rate would
be 4,000 hours annually.

Representative Plant D produces food cans from
precoated stock. It contains two can assembly
lines, each of which operates at 400 cans per
minute for 3,000 hours annually. The total plant
production is 144 million cans.
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Capital and annual operating costs for each of the repre-
sentative plants are presented for each applicable alternative on
Exhibit 3-14, on the following page. In summary, the capital cost
to adopt the alternative controls to the four representative plants
ranges from $20,000 to convert the can assembly plant to waterborne
coatings) to more than $400,000 (to retrofit the three-piece
coating and assembly plant with incinerators). The incremental
operating costs (energy plus 25 percent of capital) range from
a savings of $375,000 (for the two-piece beer and soft drink
plant that was converted to "print only") to a cost of $387,000
(for operating incinerators at the three-piece coating and
assembly plant).

3.4.2 Extrapolation of the Costs to the Statewide Industry

The costs developed are incremental costs based on the
production volume and mix estimate for 1977. 1Industry changes
related to plant closings, conversion to two-piece lines, con-
sumption patterns or other areas not directly related to RACT
implementation were not included. One exception is that the
trend to print-only on existing lines was addressed and the
portion allocated to RACT was estimated and included in the
final figures.

The can manufacturing industry in Ohio is part of an
integrated nationwide network (the greatest volume of cans are
produced by firms with nationwide operations for customers who
source their products nationwide), of facilities using established
and nonproprietary technology. Therefore, Ohio costs can be
readily estimated from data developed on a nationwide bases.

Extrapolation of the costs to the statewide industry requires,
first, segmenting the industry in Ohio according to the types and
number of major cans produced, quantifying emissions from each
type of can production and identifying the 1977 level of controls,
if any, to develop a 1977 baseline case. Second, the likely
industry response to the regulations must be developed; and
finally, the cost of implementing this response must be calculated.
The data and estimates necessary to perform this extrapolation
have been presented in previous sections.

. Can production (in units) by type was presented in
section 3.2.3.

. Emissions (per million cans) from the production of
cans using the various coating operations was pre-
sented in Exhibits 3-7, 3-8 and 3-9 and combined
on Exhibits 3-12 and 3-13, for several control
alternatives for the major types of cans (including
print only).
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Mapresentative Plant Waterborne

Thermal Incinerators

EXHIBIT 3-14
U.S. ENVIRONMENTAL PROTECTION AGENCY
COST OF IMPLEMENTING RACT ALTERNATIVES FOR
REPRESENTATIVE CAN MANUPACTURING PLANTS ($1,000)

Waterbome
Print Only/Waterborne UV Cured/saterborne Incinerate End Sealant

Capital Annual

Expense

A. 2-piece bser & soft 60 15
drink can
2 lines
500 million cans

B. J-piece beer & soft 100 25
drink and food can
coating and assembly
plant
1 coating line
1 sheet varnish line
3 assembly lines
310 million cans

C. Sheet coating facility 30 ]

for 500 beer cans &

508 food cans

1 sheest coating line

1 sheet varnishing line

1 end compounding line

Supplies stock for 290

million cans

D. Pood can assembly plant 20 5
2 assembly lines
with inside striping
144 million cans

a. Not applicable

b. Not considered to be a likely response by 1982

Source:

Booz, Allen & Hamilton Inc, estimates

Capital

132

415

255

60

Annual
Ex

64

387

143

20

Capatal Annual Capital Annual Capital Annual
Expense Expense Expense

40 (375) 60 367 a a



Theoretical uncontrolled emissions were calculated
by multiplying the number of cans of each type by
the 1977 least case alternative on Exhibits 3-12

and 3-13. This estimate of 4,554 tons was presented
in section 3.2.2.

. Because the data in the Ohio emissions inventory
were incomplete and had several inaccuracies (e.g.,
total coating consumption at Metal Container Corpora-
tion and fraction of emissions to the control equip-
ment), the assessment of the current situation was
based primarily on the data collected from the inter-
views and the work completed for other states in EPA
Region V. Net emissions were reduced 1,200 tons in
1977 to the 1977 base line of 3,400 tons:

- 600 tons through incineration

- 600 tons through waterborne and other low
solvent coatings.

The industry response in 1982 to the RACT alternatives was
presented in section 3.3.4 and summarized on Exhibit 3-11. It
included a discussion of the cost and emission reductions from
the theoretical level of uncontrolled emission. Exhibit 3-15,
on the following page, shows that likely industry capital expen-
ditures of $2.7 million will be required to comply with RACT.
The annual compliance cost is estimated at $785,000), excluding
a credit of $900,000 for reduced material and energy costs that
arise from reducing the number of coatings on two-piece cans
to enhance their cost effectiveness against other packages. It
is estimated that emissions will be reduced by 3,200 tons from
the theoretically uncontrolled level of 4,600 tons, excluding an
additional 300 ton reduction that is expected to result through
the increased usage of print o-'y

Based on the above assumptions, the compliance costs are
estimated at $2.68 million in capital expenses. Because of the
annual cost savings involved, the industry will probably take
the steps indicated for two-~piece cans whether or not the regu-
lation is in place. The capital cost applicable to the regula-
tion is estimated at $2.68 million. It would be $2.73 million
without the conversion to print only.

Annual average unit cost of emission reduction is estimated

to be $247 per ton. Three-piece food and other cans have the
highest unit cost, $360 per ton.
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Can Production

EXHIBIT 3-15(1)

U.S. Environmental Protection Agency
COST OF COMPLIANCE TO RACT FOR THE
CAN MANUFACTURING INDUSTRY IN OHIO

Capital Investment
(thousands of §)

CAN TYPE (millions of units)
Low Solvent Low Solvent
Water- Coatings Water- Coatings
borne or Thermal Except borne or Thermal Except
Other Low Incineration Print Only, End Sealant Other Low Incineration Print Only, End Sealant
Solvent with Primary All Low Solvent wWhich Is ) Solvent with Primary All Low Solvent Which Is
Coatings Heat Recovery Coatings Incinerated Total Coatings Heat Recovery Coatings Incinerated Total
2-piece
beer and
soft drink 800 1200 a 2,000 96 0 96 a 192
3-piece
beer and
soft drink 200 160 a 440 800 83 426 0 246 755
3~-piece
food and
other cans 450 360 a 990 1,800 113 856 a 759 1,728
Subtotal 4,600 292 1,282 96 1,005 2,675
Amount Not
Resulting
From RACT a a a {100)
Total
Applicable
To RACT 292 1,282 96 1,005 2,675



Annual Compliance Cost

EXHIBIT 3-15(2)
U.S. Environmental Protection Agency

Emission Reduction

CAN TYPE (thousands of §) (tons)
Low Solvent Low Solvent
Water- Coatings Water- Coatings
borne or Thermal Except borne or Thermal Except Unit
Other Low Incineration Print Only, End Sealant Other Low Incineration Print Only, End Sealant Cost of
Solvent with Primary All Low Solvent Which Is Solvent with Primary All Low Solvent Which Is Emission
Coatings  Heat Recovery Coatings Incinerated Total Coatings Heat Recovery Coatings Incinerated Total Reduction
{$ per ton
2-piece
beer and
soft drink 24 0 (900) a (876) 384 o} 636 a 1,020 (858)
3-piece
beer and
soft drink 21 133 a 75 229 290 166 a 634 1,090 209
3~piece
food and
other cans 51 247 a 198 496 337 288 a 752 1,377 360
Subtotal 96 380 (900) 273 (151) 1,011 454 636 1,386 3,487 (43)
Amount Not
RACT a a 936 a 936 a a (313) a (313)
TOTAL
RACT 96 380 36 273 785 1,011 454 323 1,386 3,174 247

a. Not applicable,

Source:

Booz, Allen & Hamilton Inc.



The substantial cost of developing, testing and obtaining
FDA approval of low solvent coatings has not been included in
this evaluation, because it is outside the scope of this study
and the bulk of it will probably be incurred at the national
level. An evaluation of these costs and the degree to which they
should properly be allocated to each state must be undertaken
on a national basis.

A factor that should be taken into account is that the
analysis assumes that production lines will be converted in
proportion to the number of cans made by each production mode.
Where a single line makes several types of cans, a portion of
which can be converted to low solvent systems, the production
line might still require installation of afterburner control
under RACT requirements, though its use would only be intermit-
tent. The potential effect of this on the cost estimates is
difficult to quantify. It is discussed below.

If we assume that all sheet coating and three-piece
assembly lines were required to install incinerators, to main-
tain capability to utilize both conventional and low solvent
coatings, the projections would be changed as follows:

Capital expenditure would be increased by $3.1
million or 115 percent.

. Annual cost would increase by $775,000. This
represents the capital related costs only.

. Emissions reduction estimates would be unchanged.

The figures presented above represent outside limits with
actual experience likely to fall somewhere between the two
figures. Since most of the can fabrication facilities in Ohio
are dedicated to beverage cans, for which low solvent coatings
systems are likely to be developed by 1982, the effect of
this capability maintenance factor will be felt on relatively
few production lines.

Assuming that 1977 baseline emissions were 3,400 tons,
implementation of RACT will reduce emissions by approximately
2,000 tons to the same 1,380 tons (excluding the additional
300 ton reduction for conversion to print only. The 1982
reduction is expected to emphasize waterborne coatings rather
than incineration. Assuming that no new incinerators will be
constructed, the capital cost for converting from the existing

level of control in 1977 to meet the RACT guidelines would be
about $400,000.
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3.5 DIRECT ECONOMIC IMPLICATIONS

This section presents the direct economic implications
of implementing RACT controls to the statewide industry, in-
cluding: availability of equipment and capital; feasibility
of the control technology; and impact on economic indicators
such as value of shipments, unit price, state economic variables
and capital investment.

3.5.1 RACT Timing

RACT must be implemented statewide by January 1, 1982.
This implies that can manufacturers must have either low
solvent coatings or VOC control equipment installed and
operating within the next three years. The timing of RACT
imposes several requirements on can manufacturers including:

Obtaining development guantities of low solvent
coatings from their suppliers and having them
approved by their customers

. Having coating makers obtain FDA approval where
necessary

Obtaining low solvent coatings in sufficient
quantity to meet their volume requirements

Acquiring the necessary VOC control eguipment
Installing and testing incinerators or other VOC
control equipment to insure that the system
complies with RACT.

The sections which follow discuss the feasibility and the economic
implications of implementing RACT within the required timeframe.

3.5.2 Feasibility Issues

Technical and economic feasibility issues implementing
RACT controls are discussed in this section.

The can manufacturing industry, in conjunction with coating
suppliers and incinerator vendors, has extensively evaluated
most of the approaches to meeting RACT. The feeling in the
industry is that, but for one notable exception, RACT can be
achieved by January 1, 1982, using low solvent coatings--
primarily waterborne. The coating most likely to be unavailable
in 1982 is the end sealing compound. The physical characteristics
of this material, as well as its method of application, do not lend
themselves to incineration. Currently, the coating is air dried
over a period of 24 hours.
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The can manufacturers have shut down a significant nu@ber
of three-piece can manufacturing facilities. It appears likely
that the implementation of RACT will acce}erate th}s trend
because of the lower cost of compliance with two-piece cans and
the probable reluctance on the part'of can manufagturers to
invest capital in facilities producing products with declining

demand.

3.5.3 Comparison of Direct Cost with Selected Direct
Economic Indicators

This section presents a comparison of the net increase
in the annualized cost of implementing RACT with the total
value of cans sold in the state.

The net incremental annualized cost from the uncontrolled
level to can manufacturers is estimated to be a savings of
$0.115 million (less than 0.1 percent) of current manufacturing
costs. However, this savings includes a credit of $900,000 for
reduced material and energy costs that arise from reducing the
number of coatings on two piece cans. Excluding this credit
meeting the RACT limitations would represent an annualized cost
of §785,000 (approximatety 0 7 perce't of the value of shipments).

3.5.4 Ancillary Issues Relating to the Impact of RACT

This section present two related issues that were developed
during the study.

The can manufacturers are seeking to have the guidelines
altered to encompass a plantwide emissions basis. This would
allow a credit from one operation, where emissions were reduced
to below the RACT recommended level, to be applied to another
operation that is not in compliance. The plant would be in
compliance if the total emissions were reduced to the level
proposed in RACT. It appears that the impact of this proposed
regulation, if accepted, would be to further concentrate the
difficult-to-control emissions, such as end sealing compounds,
into the largest facilities and to reduce further the number of
can assembly plants.

High solvent coatings represent a considerable fire hazard.
The conversion to low solvent coatings has reduced fire insurance
costs for at least one can manvfacturing facility.

* * * *

Exhibit 3-16, on the following page, presents a summary
of the current economic implications of implementing RACT
for can manufacturing plants in the State of Ohio.
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EXHIBIT 3-16
U.S. Environmental Protection Agency
SUMMARY OF DIRECT ECONOMIC IMPLICATIONS OF
IMPLEMENTING RACT FOR CAN MANUFACTURING PLANTS
IN THE STATE OF OHIO

Current Situation Discussion

Number of potentially affected There are about 23 can manufacturing facilities

facilities

Indication of relative importance The 1977 value of shipments was about $360

of industrial section to state million

economy

Current industry technology trends Beer and beverage containers rapidly changing
to two-piece construction

VOC emissions 3,400 tons per year (Booz, Allen ecstimate);
theoretical uncontrolled level is 4,600 tons
per year

Industry preferred method of VOC Low solvent coatings (waterborne)

control to meet RACT guidelines

Assumed method cof control to meet Low solvent coatings (waterborne)

RACT guidelines

Affected Areas in Meeting RACT
Capital investment (statewide) $2.7 million from uncontrolled state

(0.4 million above 197" in-place level).
Current investments are $15 million to $30
million

Annualized credit (statewide) $0.15 million credit--less than 0.1 percent
of current direct annual operating costs

Price No price increase
Energy Increase of 5,200 equivalent barrels of oal

annually to operate incinerators (virtually
no increase from 1977 level)

Productivity No major impact
Employment No major impact
Market structure Accelerated technology conversion to

two-piece cans

Further concentration of sheet coating
operations into larger facilities

Problem area Low solvent coating tech~-'ncy for end
sealing compound

VOC emission after RACT control 1,100 tons per year (29 percent of current
emission level)

Cost effectiveness of RACT control $247 annuvalized cost/annual ton of VOC
reduction from theoretical level attributed
‘to implementation of RACT

1This savings includes a credit of $900,000 for reduced material and energy costs that arise
from reducing the number of coatings on two-piece cans. Excluding this credit, meeting the
RACT limitations would represent an annualized cost of $785,000 (approximately 0.2 percent
of the value of shipments).

Source: Booz, Allen & Hamilton Inc.
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4,0 THE ECONOMIC IMPACT OF IMPLEMENTATION
OF RACT GUIDELINES TO THE SURFACE COATING
OF COILS IN THE STATE OF OHIO

As will be shown in this chapter, the coil coating business
in the state of Ohio will be affected by the implementation of
RACT standards. The economic impact, although signif'.cant to
some of the individual firms affected, is minor relative to the
overall industry capital investment and operating cost.

This chapter is divided into four sections:

. Specific methodology and quality of estimates

. Applicable RACT guidelines and control technology

. Coil coating operations in the state of Ohio

. Direct economic implications



4.1 SPECIFIC METHODOLOGY AND QUALITY OF ESTIMATES

This section describes the methodology for determining
estimates of:

. Industry statistics
. VOC emissions
. Processes for controlling VOC emissions
. Economic impacts

for the surface coating of coils in Ohio.

An overall assessment of the quality of the estimates is
detailed in the latter part of this section.

4.1.1 Industry Statistics

The coil coating is listed under Standard Industrial
Classification (SIC) 3479. Our methodology to gather statewide
statistical data on coil coating in Ohio was as follows:

. A list of potentially affected facilities was
compiled in conjunction with state EPA authori-
ties and trade association sources.

. Interviews were performed with those companies
appearing on the list of emitters to validate
their participation in this industry sector (this
list was not 100 percent validated).

4.1.2 VOC Emissions

In the state of Ohio, 16 coil coating facilities with at
least 29 coating lines were identified. The following sources
were utilized to identify VOC emitters in this industry category:

Ohio EPA emission inventory
National Coil Coaters Association
Thomas Register

Direct industry contact

4.1.3 Processes for Controlling VOC Emissions

Processes for controlling VOC emission for the surface
coating of coils are described in Control of Volatile Organic
Emissions From Existing Sources, Volume "11; Surface Coatings
of Cans, C C01ls, Paggr, Fabrics, Automobiles and Light Duty
Trucks, EPA-405/2-77-008, May 1977.




4.1.4

4.1.5

assessing the secondary effects on market structure,

Cost of Control of VOC Emissions for Surface
Coating of Coils

The costs of control of volatile organic emissions for
surface coating of coils were developed by:

Determining the alternative types of control
systems likely to be used

Estimating the probable use of each type of control
system

Defining system components

Defining a model plant

Applying the costs developed by Springborn
Laboratories (under EPA contract number 68-02-2075,
August 23, 1977) to the most likely alternative
types of control:

- Installed capital cost

- Direct operating cost
- Annual capital charges
- Energy requirements

Extrapolating model costs to individual industry
sectors

Aggregating costs to the total industry for the state.

Economic Impacts

The economic impacts were determined by analyzing the
lead time requirements to implement RACT, assessing the
feasibility of instituting RACT controls in terms of capital
availability and equipment availability, comparing the direct
costs of RACT control to various state economic indicators and

and productivity as a result of implementing RACT controls in

Ohio.

employment



4.1.6 Quality of Estimates

Several sources of information were utilized in assessing
the emissions, cost and economic impact of implementing RACT
controls on the surface coating of coils in Ohio. A rating
scheme is presented in this section to indicate the quality of.
the data available for use in this study. A rating of "A" indicates
hard data (data that is published for the base year), "B" indicates
data that was extrapolated from hard data and "C" indicates data
that was not available in secondary literature and was estimated
based on interviews, analysis of previous studies and best
engineering judgment. Exhibit 4-1, on the following page, rates
each study output listed and the overall quality of the data.
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EXHIBIT 4-~-1

U.S. Environmental Protection Agency
SURFACE COATING OF COILS

DATA QUALITY

B C
A Extrapolated Estimatec

Study Outputs Hard Data Data Data
Industry statistics X
Emissions X
Cost of emissions control X
Economic impact X
Overall quality of data X

Source: Booz, Allen & Hamilton Inc.



4.2 APPLICABLE RACT STANDARDS AND CONTROL TECHNOLOGY

This section includes a review of:
. Applicable RACT standards

. The technology of coil coating

. Commercial aspects of the business
. Approved control technologies
. Estimated capital and operating costs to control

VOC emissions.

4.2.1 Approved RACT Standards

. As indicated in the EPA guidelines Article XX.9204, subpart
(d) (1):

...N0 owner or operator of a coil coating line...
may cause, allow or permit discharge into the
atmosphere of any volatile organic compounds in
excess of 0.31 kilograms per liter of coating
(2.6 pounds per gallon), excluding water,
delivered to the coating applicator from prime
and topcoat or single coat operations.

Thus, of the approximately 4 to 6 pounds of VOC contained
in a gallon of paint to be applied with coil coating techniques,
the operator must not allow emission of more than 2.6 pounds.
The reduction in emissions may be achieved by utilization of
low solvent content coating technology, thermal incineration
or other approved methods.

4.,2.2 The Technology of Coil Coating

Coil coating is the coating of any flat metal (aluminum
or steel typically) sheet or strip that comes in rolls or coils.
This process consists of taking the coil through a series of
steps in one continuous process. Generally, these steps include:*

. Cleaning=--removal of mill-applied protective oils,
dirt, rust and scale

. Rinsing--removal of the products of the cleaning
process

. Pretreating-~-with chemicals such as iron and zinc

phosphates, chromates and complex oxides to prepare
the metal for coatings

. Rinsing--after the pretreatment

*Source: National Coil Coaters Association brochure
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. Painting--commonly by application of primer and finish
coats with a "reverse" roller technique in which
the roll applying the coating turns in the opposite
direction of the metal being coated

. Curing--all coatings are cured in seconds as they
pass through ovens, mostly of the convention or
heat air type. At the end of the curing operation,
the coated metal is recoiled for shipment.

Configurations of coil coating lines differ. On some
lines, the metal is uncoiled at one end of the line and recoiled
at the opposite end. On other lines, called "wrap around"
lines, the metal is uncoiled and recoiled at about the same
point on the line. Some coil coating lines have a single coater
and one curing or baking oven; others, called "tandem" lines,
have several successive coaters each followed by an oven, so that
several different coatings may be applied in a single pass.
Exhibit 4-2, on the following page, is a schematic of a "tandem"
coil coating line.

The metal on the coil coating line is moved through the
line by power-driven rollers. It is uncoiled as the process
begins and goes through a splicer, which joins one coil of meta:
to the end of another coil for continuous, nonstop production.
The metal is then accumulated so that, during a splicing operation,
the accumulator rollers can descend to provide a continuous
flow of metal throughout the line. The metal is cleaned at
temperatures of 120°F to 1600F, brushed, and rinsed to remove
dirt, mill scale, grease and rust before coating begins. The
metal is then treated for corrosion protection and for proper
coating adhesion with various pretreatments, depending on the
type of metal being coated and the type of coatings applied.

The first coat or primecoat may be applied on one or both
sides of the metal by a set of three or more power-driven rollers.
The pick-up roll, partially immersed in the coating, transfers
the coating to the applicator roll. The metal is coated as
it passes between the applicator roll and the large back-up
roll. The metal is typically reverse roll coated. Exhibit 4-3,
following Exhibit 4-2, is a schematic of a typical roll coater.

A third roll, called a "doctor" roll, may be used to control
film thickness when applying a high viscosity coating, by making
contact with the pick-up roll.



EXHIBIT 4-2
U.S. Environmental Protection Agency
DIAGRAM OF A COIL COATING LINE

ACCUMULATOR

ACCUMULATOR
Wﬁ" E? PRIME
A Q COATER PRIME PRIME
OVEN QUENCH
L
SPLICER METAL CLEANING PRETREATMENT
@‘“ O L ----- =
|-
u OO —
UNCOILING TOPCOATY TOPCOAT TOPCOATY RECOILING
METAL COATER OVEN QUENCH METAL

Source: Control of Volatile Organic Emissions from Existing Stationary Sources-Volume II; Surface
Coatings of Cans, Coils, Paper, Fabrics, Automobiles and Light Duty Trucks (EPA,
405/2-77-008, May 1977).




EXHIBIT 4-3
U.S. Environmental Protection Age
TYPICAL REVERSE ROLL COATER

o INTO OVEN
APPLICATOR ROLL

) PICKUP ROLL

APPLICATOR ROLL

PICKUP ROLL

FLOWOFMETALINTO COATER
—

Source: Control of Volatile Organic Emissions from Existing Stationary
Sources-Volume II; Surface Coatings of Cans, Coils, Paper,

Fabrics, Automobiles and Light Duty Trucks (EPA, 405/2-77-008,
May 1977).




The applied coating is usually dried or baked in a
continuous, catenary or flotation or a double-pass oven that
is multizone and high production. The temperatures of the
preheat, drying or baking zones may range from 100°F to
1000CF depending on the type and film thickness of coating
used and the type of metal being coated. The flow rates of
the ovens' exhausts may vary from approximately 4,000 scfm
to 26,000 scfm. Many of these ovens are designed for
operation at 25 percent of the room-temperature lower explosive
level when coating at rated solvent input. As the metal
exits the oven, it is cooled in a guench chamber by either a
spray of water or a blast of air followed by water cooling.

A second coat or topcoat may be applied and cured in a
manner similar to the primecoat. The topcoat oven, however,
is usually longer than the primecocat oven and contains more
zones.

Another method of applying a primecoat on aluminum coils
or a single coat on steel coils is to electrodeposit a water-
borne coating to either one or both sides of the coil. The
coil enters a V-shaped electrocoating bath that contains a roll
on the bottom. As the metal goes around the roll, electrodes on
each side can be activated and permit the coagulation of the paint
particles on either one or both surfaces of the coil. The coated
coil is then rinsed and wiped by squeeges to remove the water and
excess paint particles. For steel coils, the electrodeposited
coating must be baked in an oven. For aluminum coils, however,
the primecoat is stable enough to go over rolls immediately to
the topcoat coater without destroying the finish, and then be
baked as a two-coat system.

After cooling, the coated metal passes through another
accumulator, is sheared at the spliced section, usually waxed
and finally recoiled. The accumulator rolls rise during the
shearing process, collecting the coated metal to ensure
continuous production.

Organic vapors are emitted in three areas of a coil
coating line: the areas where the coating is applied, the oven
and the quench area. The oven emits approximately 90 percent
of the organic vapors and a majority of the other pollutants.
Of the remaining 10 percent of hydrocarbons emitted, approxi-
mately 8 percent are emitted from the coater area and approxi-
mately 2 percent are emitted from the gquench area.



4,2.3 Commercial Aspects of the Business

Coil coating was first practiced in the 1930s as a
technique to coat metal for venetian blinds. As the tech-
nical, operating and economic advantages became apparent,
the industry experienced remarkable growth. Since 1962, for
example, estimated shipments have shown an average annual
growth rate of some 16.5 percent. By 1977, as shown in
Exhibit 4-4, on the following page, more than four million
tons of aluminum and steel were coated using this method.

In terms of dollars, the four million tons of coated
coil produced in the U.S. in 1977 represented a total product
value of some $3.5 billion. Other pertinent indicators of
the scale of this business include the following:

. Approximately 13 billion square feet of coated
coil were produced.

. Organic coatings of several types currently
utilized by the coil coaters in North America
represent 19 million gallons. These, coupled
with various types of film laminates, represent
a total estimated value of $140 million in
coatings.

. Chemical pretreatment for coil coaters is es-
timated at a value of $10 million.

. It requires approximately 12.8 billion cubic feet
of natural gas and 4.1 million gallons of propane
to cure these coatings. To coat the equivalent
metal by "post painting" would require approxi-
mately five times this amount of energy.

. Today, there are 182 coil coating lines in North
America, ranging in maximum coil width capacity
from 2 to 60 inches and capable of running at
maximum speed from 100 to 700 feet per minute.

. If all these lines were running at full capacity,
it is estimated that they could coat more than 20
billion square feet of metal per year.

4.2.4 Approved Control Technologies

Per the Environmental Protection Agency Guidelines in
Article XX.9204, subpart (d) (2), the emission limit shall be
achieved by:

. The application of low solvent content coating
technology; or



EXHIBIT 4-4
Environmental Protection Agency
ESTIMATED TONNAGE OF METAL COATED IN THE
U.S. IN 1977 WITH COIL COATING TECHNIQUES

$tee1 Algminum
Market Shlggﬁgts Shlggﬁ:ts
Building products 1,100,000 610,000
Transportation 1,400,000 100,000
Appliances 140,000 25,000
Containers, packaging 80,000 200,000
Furniture, fixtures
and equipment 110,000 15,000
Other uses 220,000 50,000
3,050,000 1,000,000

Source: National Coil Coaters Association statistics.



. Incineration, provided that 90 percent of the
nonmethane volatile organic compounds (VOC measured
as total combustible carbon) which enter the
incinerator are oxidized to carbon dioxide and
water; or

. A system demonstrated to have control efficiency
equivalent to or greater than provided under
the preceding paragraphs. . .and approved by
the Director.

4.2.5 Estimated Capital and Operating Costs to Control VOC
Emissions

Estimates of capital and operating costs to control VOC
emissions from coil coating operations were prepared by
Springborn Laboratories, Inc., for the Environmental Protection
Agency (Contract No. 68-02-2075, August 23, 1977). These
estimates are discussed in this section.

The model chosen handles material 40 inches wide and
coats at a speed of 300 feet per minute. This yields a
yearly production of 204 million square feet when operated
for 4,000 hours per year. The material usage is 344,630
gallons of paint and 34,460 gallons of solvent per year.

Case 1 The base case with no controls for emissions;
shows the cost of a new line using conventional
enamel coating which does not meet RACT

Case II The use of waterborne coating materials with
no additional treatment of emissions

Case III The base case with a thermal incinerator on
each of the primecoat and topcoat ovens.
Due to the relation of the coating appli-
cator to the curing oven, the oven exhausts
are assumed to be 90 percent of total emissions.
The incinerator is figured with primary heat
exchange to minimize the fuel costs and
operates at an average 90 percent efficiency.

Emission control costs for each of the cases studied
are summarized in Exhibit 4-5, on the following page. As
indicated, additional capital costs to install emission control
systems range from $50,000 to $254,000 over the base case
capital cost depending on the alternative selected. Operating
costs range from $8,000 to $75,000 more than the base case, or
0.3 percent to 2.5 percent increased cost per unit. Costs per
ton of solvent range from $11 to $112.



Output 204,000,000 SF/yr.
(18,950,000 sq. meters)

4,000 hours/year

Case

I Base Case -
solvent-borne
pramecoat
& topcoat

II Waterborne
primecoat
& topcoat

I1I1 Base Case with
thermal incin-
erators on
ovens; primary
heat recovery

Increased Increased
Increase Total Annual Cost Cost/Unit Cost Per
Total over Annual over 1000 SF 1000 SF
Investment Base Case Cost Base Case (1000 SM) over Base
$ $ $ $ $ $ L
3,300,000 - 2,977,400 - 14.59 - -
(157.05)
3,350,000 50,000 2,985,800 8,400 14.64 0.05 0.3
(157.58)
3,554,260 254,260 3,052,860 75,460 14.96 0.37 2.5
(161.03)

EXHIBIT 4-5
U.S. Environmental Protection Agency
SUMMARY OF EMISSION CONTROL COSTS

Tons Decreased Cost/Ton
(Metric Tons) Emission (Metric Ton)
Solvent over Base Emission To Remove
Emitted/Yr. (Metric Tons) Reduction Solvent

L Y $
832.3 - -
(755)
98.9 733.4 88 11.45
(89.9) (665.1) (12.63)
158.1 674.2 8l 111.93
(143.5) (611.5) (123.40)



4.3 COIL COATING OPERATIONS IN THE STATE OF QHIO

From information provided by Ohio EPA and from Booz,
Allen study team interviews, it was determined that there are
16 coil coating facilities in the state of Ohio. It was
assumed that each of the facilities for which no detailed
information from the emission inventory was available has a
single line. Therefore, there are 29 coating lines in Ohio
as some facilities had more than one line. Details pertinent
to these operations are shown in Exhibit 46, on the following
page. Many of these facilities currently have incinerators
and for purposes of this study they were assumed to meet the
RACT requirements.



EXHIBIT 4-6
U.S. Environmental Protection Agency
COIL COATING OPERATIONS IN OHIO

N/A = Information not available

Source: Booz, Allen & Hamilton Inc.

Emission 1975, VOC 1975, vOC
No. of Control Emissions, Emissions,
Company Plant Location Lines Equipment Tons 1b/gal Comment
Alcan Aluminum Warren OH 1 None 769 4.10
Alside Aluminum N. Hampton Township OH 3 None 878 5.60
American Metal West Lake OH 2 Thermal Incin- 472 4.18 As of 1978, assumed to
(Don Products) cerators N meet RACT
Anaconda Gnadeanhutten OH 8 Incinerator plus 24 0.21 Assumed to meet RACT
(Alsco) high solids
Armco Steel Middletown OH 1 Incinerator 190 1.05 Assumed to meet RACT
Brainard Div. Howland OH N/A N/A N/A N/A
(Sharon Steel)
Epic Metals Oregon OH 1 None 59 4.67
Kaiser Aluminum Toledo OH 3 Incinerator plus 154 0.54 Assumed to meet RACT
waterborne
Lifeqguard Ind. Cincinnati OH N/A N/A N/A N/A
Norandex Walton Hills OH 1 Incinerator 15 1.76 Assumed to meet RACT
- Repulbic Steel Youngstown OH 1 None 404 4.44
Reynolds Metals Ashville OH 1 None N/A N/A
.Elwin G. Smith Cambridge OH 1 None N/A N/A
(Cyclops Corp.)
Stolle Sidney OH 2 Incinerator (oper- 1,324 5.00
ates poorly)
Thomas Steel Warren OH 1 None 24 5.77
Wheeling-Pittsburg Cornfield OH 1 None 86 5.56
{Pittsburg-Corn-
field)
4,389



4.4 DIRECT ECONOMIC IMPLICATIONS

As was shown in Exhibit 4-6, five coil coating firms in
Ohio (with 15 coating lines) are already in compliance with
RACT standards. 1In addition, three firms (with 4 coating lines)
are in the process cof installing controls and it was assumed
that no additional economic impact will be felt. Therefore, if
we assume that in each case where no information was available,
one line uncontrolled must be brought within standards, ten lines
must be brought into control. For each line, the capital cost of
control is estimated at $250,00 and the operating cost is esti-
mated at $75,000 per year. Therefore, approximately $2.5 million
investment will be required to bring the industry within RACT
standards. Annual operating costs will be about $0.75 million.

* * * *

Exhibit 4-7, on the following page, summarizes the findings
presented in this chapter.
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Current Situation

Number of potentially affected facilities

Current industry technology trends

1975 VOC emissions {(actual)

Industry preferred method of VOC control
to meet RACT guidelines

Assumed method of control to most RACT
guidelines

Affected Areas in Meeting RACT

Capital Investment (statewide)

Annualized Cost (statewide)

Energy

Productivity
Employment

Market structure

RACT timing requirements (1982)

Problem area
VOC emission after control

Cost effectiveness of control

Source: Booz, Allen & Hamilton Inc.

EXHIBIT 4-7
U.S. Environmental Protection Agency

SUMMARY OF DIRECT ECONOMIC IMPLICATIONS OF
IMPLEMENTING RACT FOR COIL COATING FACILITIES IN

THE STATE OF OHIO

Discussion

There are 16 coil coating facilities
potentially affected by the coil coating
RACT guideline in Ohio. Five firms
currently meet RACT emission limitations

Due to the pressures of energy availability
as well as environmental protection, most
firms have or are installing regenerative
type incinerators

4,400 tons per year

Regenerative thermal incineration

Regenerative thermal incineration

Discussion

$2.5 million incremental capital required by
eight firms if they were to install controls
on 10 processing lines

$.75 million

Small increased fuel consumption for re-
generative incineration

No major impact
No major impact

The captive coil coating operations not
meeting the RACT limitation may opt to

purchase coated material in lieu of in-
vesting significant capital requirements

Since most coil coating facilities in
Ohio meet the RACT limitations, timing
requirements should be met

Low solvent coating technology is currently
inadequate to meet product requirements

785 tons per year (18 percent of 1975 VOC
emission level)

$207 annualized cost/annual ton of VOC re-
duction,
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5.0 THE ECONOMIC IMPACT OF IMPLEMENT-
ING RACT FOR PLANTS SURFACE COATING
PAPER IN THE STATE OF OHIO

This chapter presents a detailed analysis of the impact
of implementing RACT for plants in the State of Ohio which
are engaged in the surface coating of paper. This is meant
to include protective or decorative coatings put on paper, pressure-
sensitive tapes regardless of substrate, related web coating
processes on plastic film and decorative coatings on metal
foil, but does not include conventional printing processes which
apply inks. The chapter is divided into five sections:

. Specific methodology and gquality of estimates
. Industry statistics
. The technical situation in the industry

. Cost and VOC reduction benefit evaluations
for the most likely RACT alternatives

. Direct economic impacts.

Each section presents detailed data and findings based
on analyses of the RACT guidelines; previous studies of paper
coating; interviews with paper coaters, coating egquipment and
materials manufacturers; and a review of pertinent published
literature.
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5.1 SPECIFIC METHODOLOGY AND QUALITY OF ESTIMATES

This section describes the methodology for determining
estimates of:

Industry statistics

VOC emissions

Processes for controlling VOC emissions
Cost of controlling VOC emissions
Economic impacts

for plants engaged in the surface coating of paper. The
quality of these estimates is discussed in the last part of
this section.

5.1.1 Industry Statistics

Paper coating is practiced in a number of industries.
Among products that are coated using organic solvents are:
adhesive tapes; adhesive labels; decorated, coated and
glazed paper; book covers; office copier paper; carbon
paper; typewriter ribbons; photographic film; paper cartons;
and paper drums. The firms coating paper are classified in
a number of groupings in the U.S. Department of Commerce's

Standard Industrial Classification system. The major coaters

may be found in the following 16 SIC groups:

sIc Description

2611 Pulp mills

2621 Paper mills, except building paper mills

2631 Paperboard mills

2641 Paper coating and glazing

2643 Bags, except textile bags

2645 Diecut paper and paperboard and cardboard

2649 Paper converting, n.e.c.

2651 Folding paperboard boxes

3291 Abrasive products

3292 Asbestos products

3293 Gaskets, packing and sealing devices

3497 Metal foil and leaf

3679 Electronic components, n.e.c.

3842 Orthopedic, prothetic and surgical
appliances and supplies

3861 Photographic equipment and supplies

3955 Carbon paper and inked ribbons



This list does not include plants listed in the SIC category
2700 (Printing, Publishing and Allied Industries), where
paper coating other than printing may also be a part of the
overall processing of the printed product.

Statistics concerning these industries were obtained
from a number of sources. All data where possible were
converted to the base year 1977 for the state using scaling
factors developed from U.S. Department of Commerce data as
presented in County Business Patterns. The primary sources
of economic data were the 1972 Census of Manufactures
and 1976 Annual Survey of Manufactures. Industry oriented
annuals such as Lockwoods' Directory and Davidson's Blue Book
and the Thomas Register of American Manufacturers were used
to identify some of the individual companies engaged in
paper conversion (i.e., coating of paper in roll form for
sale to other manufacturers) and to identify other paper
coating firms in the state.

The actual number of firms expected to be affected by
the proposed regulations was obtained by a comparison of a
tentative list of firms with the Ohio Environmental Protection
Agency emission inventory. This comparison was made with the
assistance of the Agency's personnel. The inventory did not
appear to be complete and it was necessary to extrapolate the
available Ohio data using information developed by Booz, Allen
on similar paper coating RACT implementation economic impact
studies completed for the states of Illinois, Michigan and
Wisconsin.

5.1.2 VOC Emissions

The Ohio -emission inventory was used as a basis for estima-
tion of the total paper coating VOC emissions in the state.
As mentioned above, the inventory appeared to be incomplete and
it was necessary to extrapolate the emissions estimated on the
basis of the inventory alone. This extrapolation was made using
an estimated emission rate per employee in the affected plants.

5.1.3 Processes for Controlling VOC Emissions

Processes for controlling VOC emissions from sources
included in the paper coating category are described in Control
of Volatile Organic Emissions from Existing Stationary Sources,
Volume II (EPA-450/2-76-028). The feasibility of applying the
various control methods to paper coating discussed in this docu-
ment was reviewed with coating firms, coating suppliers,
coating equipment manufacturers and industry associations.

These methods include both coating reformulation and the use of
control devices, such as incinerators and carbon adsorbers.




Because of the wide variety of coating processes and
coating materials in use, most methods of control will find
some applicability. The percentage of emissions to be con-
trolled by reformulation and by control devices was esti-
mated based on a review of the literature and on information
obtained from the interviews described above.

5.1.4 Cost of Control and Estimated Reduction of VOC
Emissions

The overall costs of control of VOC emissions in accord
with the proposed regulations were determined from:

. Estimated current emissions

. Estimated type of control to be used
A development of capital, operating and energy
requirements for an average-sized model installa-

tion

. Extrapolation of the model plant costs to an
industry total based on current emissions.

Model plant costs were primarily based on information provided
from:

. Control of Volatile Organic Emissions from
Stationary Sources, Volume I (EPA-450/2-76-028)

. Air Pollution Control Engineering and Cost
Study of General Surface Coating Industry, Second
Interim Report, Springborn Laboratories.

Additional cost data was supplied by equipment and material
suppliers and published literature sources. Major coaters were
consulted to determine industry views on acceptable control
methods and, in some cases, to provide direct estimates of their
projected control costs and experience in control equipment
installations.



5.1.5 Economic Impacts

The economic impacts were determined by analyzing the
lead time reguirements to implement RACT, assessing the
feasibility of instituting RACT controls in terms of capital
and equipment availability, comparing the direct costs of
RACT control to various state economic indicators and as-
sessing the secondary effects on market structure, employ-
ment and productivity as a result of implementing RACT
controls in the state.

5.1.6 Quality of Estimates

Several sources of information were utilized in as-
sessing the emissions, cost and economic impact of imple-
menting RACT controls on the surface coating of paper in
Ohio. A rating scheme is presented in this section to
indicate the quality of the data available for use in this
study. A rating of "A" indicates hard data (data that are
published for the base year), "B" indicates data that were
extrapolated from hard data and "C" indicates data that were
not available in secondary literature and were estimated
based on interviews, analysis of previous studies and best
engineering judgment. Exhibit 5-1, on the following page,
rates each study output listed and the overall quality of
the data.



Study Outputs

Industry statistics

Emissions

Cost of emissions control

Economic impact

Overall quality of data

EXHIBIT 5-1 .
U.S. Environmental Protection Agency
DATA QUALITY--~-SURFACE COATING OF PAPER

A Extragolated Estigated
Hard Data Data Data
X
X
X
X
X

Source: Booz, Allen & Hamilton Inc.



5.2 INDUSTRY STATISTICS

Industry characteristics, statistics and trends for
paper coating in Ohio are presented in this section.
This information forms the basis for assessing the total
impact of implementing RACT for control of VOC emissions in
the state and for the affect upon individual firms. Though
there are a number of firms which coat paper as a part of
the manufacturing process, this discussion concentrates
primarily on those firms whose major activity is paper
coating only.

5.2.1 Size of the Industry

The Bureau of Census reports a total of about 409 firms
in 16 SIC categories in Ohio where paper coating, as
defined in proposed RACT guidelines, is the main business
of the firm or may be a part of its manufacturing activity.
The number of firms and other relevant statistics in each
SIC grouping are summarized in Exhibit 5-2, on the following

page.

Total value of shipments for these firms is estimated
to be about $2.2 billion, with a total of about 35,000
employees. New capital expenditures are estimated to be
about $96 million annually, based on the most recent
(1976) Annual Survey of Manufactures. The 39 firms in SIC
category 2641, those expected to be most affected by the pro-
posed regulations, have estimated shipments of $254 million,
with a total of 4,985 employees.

However, in Ohio a total of only 25 to 30 plants are
expected to be affected by the proposed paper coating regu-
lations. This estimate is based upon a review of paper con-
verters in Lockwood's Directory and the Ohio Industrial
Directory, a review of the current Ohio emission inventory
and telephone interviews with major paper coating firms.

The total annual value of shipments of these firms is esti-
mated at about $600 million, based on paper coating statistics
for similar RACT impact studies.

5.2.2 Comparison of the Industry to the State Economy

A comparison of the value of shipments of plants in the
SIC categories listed above with the state economy indicates
that these plants represent about 2.6 percent of the total
value of manufacturing shipments in Ohio. The industry employs
2.7 percent of all manufacturing employees in the state.
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SIC Code

2611
2621

2631
2641
2643
2645

2649
2651
3291
3292
3293

3497
3679
3842

3861

3955

Total

Description
Pulp mills

Paper mills, except building
paper mills

Paperboard mills
Paper ocoating and glazing
Bags, except textile bags

Diecut paper and paperborad
and cardboard

Paper oconverting, n.e.c.
Folding paperboard boes
Abrasive products
Asbestos products

Gaskets, packing and sealing
devices

Metal foil and leaf
Electronic components, n.e.c.
Orthopedic, prothetic and

surgical appliances and supplies

Photographic equipment and
supplies

Carbon paper and inked ribbons

Number Total
of Nuwber of
Plants Erployees
3 60
18 7,622
20 2,680
39 4,985
20 1,440
27 1,004
17 660
39 3,700
35 2,825
9 764
36 1,831
6 1,478
59 2,421
63 2,557
14 594
_ 4 370
409 34,987

EXHIBIT 5~-2

U.S. Environmental Protection Agency
1376 INDUSTRY STATISTICS--SURFACE
COATING OF PAPER SIC GROUPS IN CHIO

Total Estimated Value Estimated
Payroll of Shipments3 New Expendi tures?
{51,000) {31,000 (51,000)

c 7,800 1,400
114,671 536,600 20,300
40,674 219,700 18,800
67,897 254,200 16,400
15,664 96,000 2,700
10,209 67,400 1,900
5,891 37,300 700

c ‘242,000 5,900
35,488 194,300 11,300

7,623 45,500 9200
18,434 67,600 2,400
19,482 117,000 2,800
21,150 101,500 4,200
23,918 108, 300 3,700

7,057 48,600 1,900

c 27,900 500
388,158 2,171,700 95,500

a. Estimated by using ratios of (value of shipment/total salary and wages) and (capital expenditures/total salary and wages) for
as published in 1976 Annual Survey of Manufacturers where value of shipments or expenditures are not tabulated for the state.

b. None listed.

c. Not listed to protect proprietary information.

Source: Booz, Allen & Hamilton Inc.:

each SIC group

1976 County Business Patterns, and 1976 Annual Survey of Manufactures, U.S. Department of Cammerce



5.2.3 Historical and Future Patterns of the Industry

The nationwide value of shipments in the industries expected
to be affected by the proposed paper coating regulations, in
general, exceed the growth rate of the economy. As summarized in
Exhibit 5-3, on the following page, the value of shipments
increased in every category between 1972 and 1976, with an average
annual growth rate of about 12.1 percent over the period. Com~
pared to an average inflationary rate of 6 to 8 percent, this is
equivalent to a real growth rate of 4 to 6 percent. In some
individual categories, growth rates were even greater. Paper
production increased by an uncorrected average annual growth
rate of 16.5 percent; metal and foil by 16 percent; paper
coating and glazing by about 12 percent, only slightly less
than the average.

It is expected that the growth rate will continue at
these rates for the near future.



EXHIBIT 5-3
U.S5. Environmental Protection Agency
HISTORICAL TRENDS IN VALUE OF SHIPMENTS OF
U.S. PLANTS ENGAGED IN PAPER COATING ($ millions)

SIC Code 1972 1973 1974 1975 1976
2611 710 849 1,525 1,630 2,055
2621 6,385 7,514 9,942 9,650 11,768
2631 4,153 4,862 6,516 6,055 6,724
2641 1,954 2,284 2,645 2,626 3,074
2643 1,886 2,183 2,867 2,980 3,379
2645 676 747 923 943 1,027
2649 631 833 1,079 1,090 1,288
2651 1,487 1,644 1,890 1,952 2,223
3291 888 1,067 1,235 1,222 . 1,433
3292 763 823 963 300 988
3293 665 723 835 843 1,020
3499 702 753 973 1,065 1,267
3679 3,060 3,430 3,210 3,450 4,120
3842 1,450 1,620 1,800 2,090 2,240
3861 5,624 6,435 7,490 7,627 8,844
3955 237 268 309 285 294
Total 31,271 36,0135 42,400 44,408 51,744

Source: 1976 Annual Survey of Manufactures, U.S., Department of Commerce.



5.3 TECHNICAL SITUATION IN THE INDUSTRY

This section presents a description of the principal
processes used in the surface coating of paper and similar
products proposed to be included under the RACT Surface
Coating of Paper regulations. These products include a myriad
of consumer and industry oriented items, such as pressure-
sensitive tapes, adhesive labels, book covers, milk cartons,
flexible packaging materials and photographic film. Although
many of these products are also printed in one manner or
another, the emissions from printing inks are not included
in the RACT regulations pertaining to paper coating; only the
emissions specifically issuing from the coating operation
are included. An estimate of these emissions for the state
is also presented in this section.

5.3.1 General Coating Process Description

In organic solvent paper coating, resins are dissolved
in an organic solvent mixture and this solution is applied
to a web (continuous roll) of paper. As the coated web is
dried, the solvent evaporates and the coating cures. An
organic solvent has several advantages: it will dissolve
organic resins that are not soluble in water, its components
can be changed to control drying rate, and the coatings show
superior water resistance and better mechanical properties
than most types of waterborne coatings. In addition, a
large variety of surface textures can be obtained using
solvent coatings.

Most organic solvent-borne coating is done by paper
converting companies that buy paper from the mills and apply
coatings to produce a final product. The paper mills them-
selves sometimes apply coatings, but these are usually
waterborne coatings consisting of a pigment (such as clay)
and a binder (such as starch or casein). However, much
additional coating is done by firms only as part of the
manufacturing process. For instance, many printed items
(e.g., periodical covers, playing cards and cartons) are
printed first and then coated in the printing plant with a
protective coating which can provide abrasion resistance,
water resistance or decorative effects.



Nationwide emissions of organic solvents from paper
coating have been estimated to be 0.56 million tons per
year. This estimate includes resin emissions from sol-
ventless polyethylene extrusion coatings applied to milk
cartons and resin emissions from water emulsion coatings and
from rubber adhesives used to glue paper bags and boxes. A
lower estimate, based on solvent emissions from the type of
coating operations found in SIC 2641, is 0.35 million tons
per year. The true total emission rate, however, is probably
closer to the 0.56 million tons per year value. This is
slightly less than 3.0 percent of the estimate of 19 million
tons per year of hydrocarbon emissions from all stationary
sources previously reported by EPA.Z2 Manufacturing of
pPressure sensitive tapes and labels, the largest single sol-
vent emission source in SIC 2641, alone accounts for 0.29
million tons per year.

Solvent emissions from an individual coating facility
will vary with the size and number of coating lines. A
plant may have one or as many as 20 coating lines. Uncon-
trolled emissions from a single line may vary from 50 pounds
per hour to 1,000 pounds per hour, depending on the line
size. The amount of solvent emitted also depends on the
number of hours the line operates each day.

Exhibit 5-4, on the following page, gives typical
emission data from various paper coating applications.

5.3.2 Nature of Coating Materials Used

The formulations usually used in organic solvent-borne
paper coatings may be divided into the following classes:
film-forming materials, plasticizers, pigments and solvents.
Dozens of organic solvents are used. The major ones are:
toluene, xylene, methyl ethyl ketone, isopropyl alcohol,
methanol, acetone and ethanol.

Although a single solvent is frequently used, often a
solvent mixture is necessary to obtain the optimum drying
rate. Too rapid drying results in bubbles and an "orange
peel" effect in the coating; whereas, slow drying coatings
require more time in the ovens or slower production rates.
Variations in the solvent mixture also affect the solvent
qualities »f the mix.

l. T. W., Hughes, et al., Source Assessment: Prioritization
of Air Pollution from Industrial Surface Coating Operations,
Monsanto Research Corporation, Dayton, Ohio. Prepared
for U.S. Environmental Protection Agency, Research Triangle
Park, N.C., under Contract No. 68-02-1320 (Tech. 14)
Publication No. 650/2-75-019a.

2. EPA-450/2-76-028, Op. Cit.
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EXHIBIT 5-4
U.S. Environmental Protection Agency
EMISSION DATA FROM TYPICAL PAPER COATING PLANTS

Number
of coating Solvent Solvent Control Control
lines Usaga Emissions Efficiency (%)@ Device
(15.7gay) (1b.day)
2 10,000 10,000 - None
5 15,000 15,000 - None
8 9,000 9,000 - None
2 1,200 1,200 - None
10 24,000 950 96 Carbon
adsorption
20 55,000 41,000 90 Carbon
adsorption
(not all lines
controlled)
3 5,000 1,500 90 Carbon
adsorption
3 21,000 840 96 Carbon
adsorption
1 10,500 500 96 Afterburner

a. Neglecting emissions that are not captured in the hooding system.

Source: Control of Volatile Organics from Stationary Sources, Vol. II, EPA-450/2-77-008.




The main classes of film formers used in conventional
paper coating are cellulose derivatives and viqyl resins.
The most commonly used cellulose derivative, nitrocellulose
has been used for paper coating decorative paper, book
covers and similar items since the 1920s. It is relatively
easy to formulate and handle, and it dries quickly, allowing
lower oven temperatures than vinyl coatings. The most
common vinyl resin is the copolymer of vinyl chloride and
vinyl acetate. These vinyl copolymers are superior to
nitrocellulose in toughness, flexibility and abrasion re-
sistance. They also show good resistance to acids, alkyds,
alcohols and greases. Vinyl coatings tend to retain solvent,
however, so that comparatively high temperatures are needed.
In general, nitrocellulose is most applicable to the dec-
orative paper field, whereas vinyl copolymers are used for
functional papers, such as some packaging materials.

In the production of pressure-sensitive tapes and
labels, adhesives and silicone release agents are applied
using an organic solvent carrier. The adhesive layer is
usually natural or synthetic rubber, acrylic or silicone.
Because of their low cost, natural and synthetic rubber
compounds are the main film formers used for adhesives in
pressure-sensitive tapes and labels, although acrylic and
silicone adhesives offer performance advantages for certain
applications. In most cases tapes and labels also involve
the use of release agents applied to a label carrier or the
backside of tape to allow release. The agents are usually
silicone compounds applied in a dilute solvent solution.

5.3.3 Coating Process Most Commonly Used

Exhibit 5-5, on the following page, shows a typical
paper coating line. Components include an unwind roll, a
coating applicator (knife, reverse roll or gravure), an
oven, various tension and chill rolls and a rewind roll.

The unwind, rewind and tension rolls display various degrees
of complexity, depending on the design of the line.

The_coating applicator and the oven are the main areas
of organic emission in the paper coating facility.

_ Coat@ngs.may be applied to paper in several ways. The
main application devices are knives, reverse rollers or
rotogravure devices.

A knife coater (Exhibit 5-6, following Exhibit 5-5,
consists of a blade that scrapes off excess coating on the
paper. The position of the knife (relative to the paper
surface) can be adjusted to control the thickness of the

cgating. The knife coater is simply constructed and easy to
clean.
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EXHIBIT 5-5
U.S. Environmental Protection Agency
TYPICAL PAPER COATING LINE

ZOME 1 20NE 2
EXHAUST EXHAUST

NEATED AIR

-—»
URNER .
FAOM 0 n NOT AIR NOZZLES

REVERSE AOLL - o] o) Xo) \‘ mmon AoLLs
COATER 7 \0‘\\0\
OVEN

\I REWNRS

Source: Control of Volatile Organic Emissions from Existing Sources, Volume II;
Surface Coating of Cans, Coils, Paper Fabrics, Automobiles and Light-
Duty Trucks, EPA 450/2-77-008, May 1977.




EXHIBIT 5-6
U.S. Environmental Protection Agency
KNIFE COATER

BLADE .

EXCESS COATING COATED wEd

e

<*— ROLL

PAPER WES

Source: Control of Volatile Organic Emissions from Existing Sources, Volume II;
Surface Coating of Cans, Coils, Paper, Fabrics, Automobiles and Light-
Duty Trucks, EPA 450/2-77-008, May 1977.




The reverse roll coater (Exhibit 5-7, on the following
page) applies a constant thickness of coating to.the_paper
web, usually by means of three rolls, each rotating in the
same direction. A transfer roll picks up the.coatlng solu-
tion from a trough and transfers it to a coating ;oll:
(Sometimes there is no transfer roll and the coating %s
pumped directly onto a coating roll.) A "doctor roll
removes excess material from the coating roll. The gap
between the doctor roll and the coating roll determines the
thickness of the coating. The web is supported by a rubber
backing roll where the coating roll contacts the paper. The
coating roll turns in a direction opposite to that of.the .
paper, hence the name "reverse roll." This reverse direction
of the coating roll reduces striations in the coating that
can form if the coating roll is turned in the same direction
as the paper web.

Knife coaters can apply solutions of much higher vis-
cosity than roll coaters and thus, less solvent is emitted
per pound of coating applied. Knife coaters handle coatings
with viscosity up to 10,000 centipoise (cp). Reverse roll
coaters operate best in a much more dilute range, where
viscosity is 300 to 1,500 cp. Roll coaters, however, can
usually operate at higher speeds and show less tendency to
break the paper.

Rotogravure, another type of application method used by
paper coaters, is usually considered a printing operation.
With it, the image area on the coating or rotogravure roll
is recessed relative to the nonimage area. The coating is
picked up in the recessed area of the roll and transferred
directly to the substrate. The gravure printer can print
patterns or a solid sheet of color on a paper web. Roto-
gravure can also be used to apply materials, such as silicone
release coatings for pressure-sensitive tapes and labels.
Because of the similarities, the regulation is applicable t
gravure as well as knife and roll coating.

Most solvent emissions from coating paper come from the
dryer or oven. Ovens range from 20 feet to 200 feet in
length and may be divided into two to five temperature
zones. The first zone, where the coated paper enters the
oven, is usually at a low temperature (110°F). Solvent
emissions are highest in this zone. Other zones have
progressively h.gher temperatures that cure the coating
after most of the solvent has evaporated. The typical
curing temperature is 250°F, although in some ovens tem-
peratures of 4000F are reached. This is generally the
maximum because higher temperatures can damage the paper.
Exhaust streams from oven zones may be discharged indepen-
dently to the atmosphere or into a common exhaust and sent
to some type of air pollution control device. The average
exhaust temperature is about 200°F.



EXHIBIT 5-7
U.S. Environmental Protection Agency
REVERSE ROLL COATER

DOCTOR ROLL

COATING ROLL

METERING GA'——/

COATED PAPER WED

TRANSFER AOLL

N AN -
<

COATING RESERVOIR

Source: Control of Volatile Organic Emissions Coils, Paper, Fabrics, Automobiles,
and Light-Duty Trucks, EPA 450/2-77-008, May 1977




However, in some coatings, such as in the manufacture
of photographic films or thermographic recording paper, the
heat sensitivity of the films requires that temperatures
considerably lower than this must be used. Exhaust temper-
atures may be as low as 100°F. Thus, much larger relative
volumes of air must be used than is possible with common
paper coating.

5.3.3 Current VOC Emissions

Current emissions from paper coating operations in Ohio
are believed to range from about 28,000 to 38,000 tons per year.
This estimate is based upon extrapolation of emission data for
this paper coating category developed by Booz, Allen for the
states of Illinois, Michigan and Wisconsin. The emission data
for these three states were confirmed by detailed examination
of emission inventory records and an exhaustive telephone survey
of companies expected to be affected by the regulations.

Extrapolation was done using an average emission rate
per employee in SIC plant groups in each state expected to
coat paper as a major part of their operations. In Exhibit 5-8,
on the following page, are tabulated the total number of plants
and their employees in three combinations of SIC groupings for
Ohio, Illinois, Michigan and Wisconsin and the total and averaged
paper coating emissions for Illinois, Michigan and Wisconsin.
The most reliable average emission rates for extrapolation t.
Ohio emissions in the study team's opinion are considered to be
those based upon SIC groups 2641, 2649 and 3955 and the emission
rates for the states of Illinois and Michigan. Based on experience
with paper coating studies in other states, most firms in which
the principal activity is paper coating are included in these
three SIC groups. Furthermore, both of these states are highly
industrialized and are expected to have an indus:._al }I._nt
profile most like Ohio's.

5.3.4 RACT Guidelines

The RACT guidelines1 for control of VOC emissions from
the surface coating of paper require that emission dis-
charges of VOCs be limited to 2.9 pounds per gallon of
coating material delivered to the coating applicator.

1 Requlatory Guidance for Control of Volatile Organic Compounds

Emissions from 15 Categories of Stationary Sources, EPA
950/2-78-001.




ILLINOIS

Number of plants
Number of employees

Total paper coating emissions—-33,500

for the state (tons/year)
Average emissions
(tons/year/employee)

MICHIGAN

Number of plants
Number of employees

Total paper coating emissions—-13,000

for the state (tons/year)
Average emissions
(tons/year/employee)

WISCONSIN

Number of plants
Number of employees

Total paper coating emissions--6, 300

for the state (tons/year)
Average emissions
(tons/year/employee)

OHIO

Number of plants
Number of employees

EHIBIT 5-8
U.S. Environmental Protection Agency
SUMMARY OF DATA USED FOR ESTIMATION
OF PAPER COATING EMISSIONS IN CHIO

SIC Groups2

A B ¢

72 171 563

5,272 12,989 34,987
6.35 2.58 0.95

38 85 397

2,735 7,435 22,990
4.75 1.7 0.56

22 49 255

3,658 5,348 29,380
1.72 1.2 0.21

60 127 409

6,015 11,140 37,611

a. As obtained fram 1976 County Business Patterns, U.S. Dept. of Coamerce

Group A includes SIC Codes 2641, 2649, 3955

Group B includes SIC Codes 2631, 2641, 2643, 2645, 2649, 3955

Group C includes SIC Codes 2611, 2621, 2631, 2641, 2643, 2645, 2649, 2651,
3291, 3292, 3293, 3499, 3679, 3842, 3861, 3955

See Exhibit 5-2, following page 5-6, for description of SIC Codes.

Source: Booz, Allen & Hamilton Inc.



The recommended methods of achieving this requirement
are:

. The application of low solvent content coatings;
or
. Incineration, provided that 90 percent of the

nonmethane VOCs (measured as combustible carbon)
which enter the incinerator are oxidized to carbon
dioxide and water; or

. A system demonstrated to have control efficiency
equivalent to or greater than provided by either
of the above methods.

In the following section are discussed several methods
of low solvent and solventless systems, which have been
demonstrated to be applicable to some paper coating prod-
ucts, and the two principal add-on systems, incineration and
carbon adsorption, generally used for emission control.

This information has been extracted principally from the
previously cited EPA report, Control of Volatile Organic
Emissions from Existing Sources, Volume II, which should be
consulted for a more thorough discussion. In some instances,
additional comment was obtained from coaters, coating mate-
rial suppliers and control equipment manufacturers.

5.3.5 Low Solvent and Solventless Coatings

In Exhibit 5-9, on the following page, are listed
several types of coating materials, which have found utility
in paper coating, and an estimate of expected solvent reduction.

5.3.5.1 Waterborne Coatings

Waterborne coatings have long been used in coating
paper to improve printability and gloss. The most widely
used types of waterborne coatings consist of an inorganic
pigment and nonvolatile adhesive. These waterborne coatings
are useful but cannot compete with organic solvent coatings
in properties such as weather, scuff and chemical resistance.
Newer waterborne coatings have been developed in which a
synthetic insoluble polymer is carried in water as a colloidal
dispersion or an emulsion. This is a two-phase system in
waich water is the continuous phase and the polymer resin is
the dispersed phase. When the water is evaporated and the
coating cured, the polymer forms a film that has properties
similar to those obtained from organic-solvent-based coatings.
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EXHIBIT 5-9
U.S. Environmental Protection Agency
ACHIEVABLE SOLVENT REDUCTIONS USING LOW
SOLVENT COATINGS IN PAPER COATING INDUSTRY

Type of Low Solvent-Coating Reduction Achievable (%)2
Waterborne coatings 80-99
Plastisols 95-99
Hot melts 99+
Extrusion coatings 99+

Pressure-sensitive adhesives

Waterborne 80-99
Hot melts 99
Prepolymer 99

Silicone release agents

100 percent nonvolatile coatings 99+
Waterborne emulsions 80-99

a. Based on comparison with a conventional coating containing 35 percent solids by volume
and 65 percent organic solvent by volume.

Source: EPA 450/2-77-008, op. cit.



5.3.5.2 Plastisols and Organisols

Plastisols are a colloidal dispersion of synthetic
resin in a plasticizer. When the plasticizer is heated, the
resin particles are solvated by the plasticizer so that they
fuse together to form a continuous film. Plastisols usually
contain little or no solvent, but sometimes the addition of a
filler or pigment will change the viscosity so that organic
solvents must be added to obtain desirable flow character-
istics. When the volatile content of a plastisol exceeds 5
percent of the total weight, it is referred to as an organisol.

Paper is coated with plastisols to make such products
as artificial leather goods, book covers, carbon paper and
components of automobile interiors. Plastisols may be
applied by a variety of means, but the most common method is
probably reverse roll coating. One advantage of plastisols
is that they can be applied in layers up to 1/8 thick. This
avoids the necessity of multiple passes through a coating
machine.

Although organic solvents are not evaporated from
Plastisols, some of the plasticizer may volatilize in the
oven. This plasticizer will condense when emitted from the
exhaust stack to form a visible emission.

5.3.5.3 Hot Melt Coatings

Hot melt coatings contain no solvent; the polymer resins
are applied in a molten state to the paper surfaces. All the
materials deposited on the paper remain as part of the coating.
Because the hot melt cools to a solid coating soon after it is
applied, a drying oven is not needed to evaporate solvent or to
cure the coating. Energy that would have been used to heat an
oven and to heat makeup air to replace oven exhaust is therefore
saved. Considerable floor space is also saved when an oven is
not used. In addition, the paper line speed can be increased
because the hot melt coating cools faster than a solvent coat-
ing can dry.

One disadvantage with hot melt coatings is that materials that
char or burn when heated cannot be applied by hot melt. Other

materials will slowly degrade when they are held at the necessary
elevated temperatures.

Hot melts may be applied by heated gravure or roll coaters
and are usually applied at temperatures from 150°F to 450°F.
The materials with a lower melting point are generally waxy
materials with resins added to increase gloss and hardness. The
materials with a higher melting point form films that have superior
scuff resistance, transparency and gloss. These coatings form
excellent decorative finishes. One particular advantage of
hot melts is that a smooth finish can be applied over a rough
textured paper. This is possible because the hot melt does not
penetrate into the pores of the paper.
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5.3.5.4 Extrusion Coatings

A type of hot melt coating, plastic extrusion coating is a
solventless system in which a molten thermoplastic sheet 1is
discharged from a slotted dye onto a substrate of paper, paper-
board or snythetic material. The moving substrate and molten
plastic are combined in a nip between a rubber roll and a chill
roll. A screw-type extruder extrudes the coating at a temperature
sometimes as high as 600°F. Low and medium density polyethylene
are used for extrusion coating more than any other types of resins.

5.3.5.5 Pressure-Sensitive Adhesive Coatings

In 1974, sales of pressure-sensitive adhesives in the
United States exceeded $1 billion, and the growth rate was
about 15 percent per year. Products using pressure-sensitive
adhesives include tapes and labels, vinyl wall coverings and
floor tiles. Nationwide, organic solvent emissions from
pPressure-gsensitive tape and label manufacture have been esti-
mated to be 580 million pounds per year.

Waterborne adhesives have the advantage that they can be
applied with conventional coating equipment. Waterborne emul-
sions, which can be applied less expensively than can solvent-
borne rubber-based adhesives, are already in use for pressure-
sensitive labels. A problem with waterborne adhesives is that
they tend to cause the paper substrate to curl and wrinkle.

Pressure-sensitive hot melts currently being marketed
consist mostly of styrene~butadiene rubber block copolymers.
Some acrylic resins are used, but these are more expensive. Thc
capital expense of hot melt coating equipment is a problem for
paper cocaters that have already invested heavily in conventional
solvent coating eguipment.

Prepolymer adhesive coatings are applied as a liquid
composed of monomers containing no solvent. The monomers
are polymerized by either heat or radiation. These prepolymer
systems show promise, but they are presently in a developmental
stage only.

5.3.5.6 Silicone Release Coatings

Silicone release coatings, usually solvent-borne, are
sometimes used for pressure-sensitive, adhesive-coated products.
Two low-solvent alternatives are currently on the market. The
first is a 100 percent nonvolatile coating which is usually
heatcured, but may be radiation cured. This is a prepolymer
coating which is applied as a liquid monomer that is crosslinked
by the curing process to form a solid film. The second system
is water emulsion coatings which is lower in cost than the pre-
polymer coating. However, because of wrinkling and other applica-
tion problems the waterborne coating may be of limited value.
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Some silicone coating materials which are under development
use single solvent systems that can be readily recoyered by car-
bon adsorption. Current coatings are troublesome since some
silicone is carried into the adsorber where it clogs the carbon
pores to reduce adsorption efficiency.

5.3.6 Incineration

Catalytic and direct thermal incineration processes convert
hydrocarbons to carbon dioxide and water at high temperatures.
Incineration is widely accepted as a reliable means of reducing
hydrocarbon emissions by 90 percent or more.

Generally, the major disadvantage of this approach is
the increased energy required to raise the exhaust gas tem-
peratures above 1,200°F for direct incineration and 7000F
for catalytic incineration. Natural gas is the most commonly
used fuel though fuel oils, propane or other fluid hydrocarbons
can be employed. Fuel oil is not generally acceptable because
of the sulfur oxides generated in combustion or possible catalyst
poisoning in the oil. Another problem is the generation of
nitrogen oxides in direct fired incinerators because of the
exposure of air to high-temperature flames.

The increased energy consumption can, in some cases, be
reduced or eliminated by heat exchange of the exhaust gases with
fresh emissions (primary heat recovery) or by use of the hot in-
cinerator exhaust gases in process applications (secondary heat
recovery). Typical use of secondary heat recovery is for oven
heat in drying or baking ovens. In fact, with efficient primary
exchange and secondary heat recovery, total fuel consumption of
an incinerator-oven system can be less than that for the oven
before the incinerator is added. The heat required to sustain
the system comes from the combustion of the volatile organic
compounds in the exhausts.

' Both catalytic and direct fired systems are capable of
high heat recovery efficiency if several conditions occur:

. VOC concentrations are or can be increased
to 8-10 percent or more of their LEL
(lower explosion limit).

. Oven temperatures are sufficiently high to
be able to use most of the sensible heat in the
exhaust gases after primary heat exchange.
Usually, temperatures above 140°F to 150°F can
be sufficient to allow 85 percent or more over-
all heat recovery.

. Where catalytic incinerators are used, no
compounds must be present in the gases
treated which could poison or blind the
catalyst.
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In most paper coating operations, except for heat-sensitive
products such as photographic paper and film, these condi-
tions can be met. In other cases, 50-85 percent primary
heat recovery can be attained and at least a portion of the
incinerator exhaust heat can be used for in-plant energy
requirements.

Paper coaters who use coating machinery for a multi-
plicity of processes have commented that catalytic incin-
eration would probably not be used because of the possibility
of catalyst poisoning. Direct fired incineration would be
used.

5.3.7 Carbon Adsorption

Carbon adsorption has been used since the 1930s for
collecting solvents emitted from paper coating operations.
Most operational systems on paper coating lines were in-
stalled because they were profitable. Pollution control has
usually been a minor concern. Carbon adsorption systems at
existing paper coating plants range in size from 19,000 scfm
to 60,000 scfm. Exhausts from several paper coating lines
are often manifolded together to permit one carbon adsorption
unit to serve several coating lines. Paper products that
are now made on carbon-adsorption-controlled lines include
pressure-sensitive tape, office copier paper and decorative
paper.

Carbon adsorption is most adaptable to single solvent
processes. Many coaters using carbon adsorption have re-
formulated their coatings so that only one solvent is re-
quired. Toluene, a widely used solvent for paper coating,
is readily captured in carbon adsorption systems.

The greatest obstacle to the economical use of carbon
adsorption is that, in some cases, reusing recovered sol-
vents may be difficult. In many coating formulations, a
mixture of several solvents is needed to attain the desired
solvency and evaporation rates. Also if different coating
lines within the plant use different solvents and are all
ducted to one carbon adsorption system, then there may be
difficulty reusing the collected solvent mixture. In some
cases, such as in the preparation of photographic films or
thermographic recording paper, extremely high purity sol-
vents are necessary to maintain product performance and even
distillation may be insufficient to produce the quality of
recovered solvent needed. For most other coating formulations,
distillation is adequate.



Separation of solvent mixtures by distillation is a
well-established technology and several plants are already
doing this. One paper coating plant has been using such
distillation procedures since 1934. Distillation equipment
can be expensive, however, and it is hard to build flexibility
into a distillation system. Flexibility is needed because
many paper coaters, especially those who do custom work for
others, are constantly changing solvent formulations.

However, in some plants where mixed solvents are used,
azeotropic mixtures can occur which can be separated only by
specialized techniques. Even large coaters have commented
that they did not have the knowledge at hand necessary for
the complex distillation and separation procedures needed.

Another problem with carbon adsorption is the potential
of generating explosive conditions in the adsorber because
of the localized increases in combustible organic material
concentrations. Ignition apparently can be caused by static
electricity in systems where dry air at high flow rates is
treated. Several explosions of absorbers have been reported
in paper coating and other plants.

Also, adsorption of solvents containing water soluble
compounds (such as alcohols, ketones or esters) can present
a secondary pollution problem where steam is used for re-
generation. Additional treatment of the condensed steam
with its content of dissolved organics would be required,

increasing the complexity of the solvent recovery system and
its cost.
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5.4 COST AND VOC REDUCTION BENEFIT EVALUATIONS
FOR THE MOST LIKELY RACT ALTERNATIVES

This section discusses the projected costs of control
for paper coating in the state, based on the emissions as
discussed on page 5-12 of this report. Where possible,
the validity of the costs were confirmed with coating firms
and equipment manufacturers.

Though some coaters will substitute low solvent or
solventless coating for current high solvent systems, no
reliable information was available to estimate the amount of
such coatings which might be used. Several coaters also
commented that though they had low solvent coatings under
development the coatings would not be sufficiently evaluated
to meet proposed compliance schedules. Therefore, it has
been assumed (for cost estimating purposes) that either incin-
eration or carbon adsorption will be used to comply with the
proposed regulations.

5.4.1 Costs of Alternative Control Systems

Exhibits 5-10 and 5-11, on the following pages, present
costs for typical incineration and carbon adsorption systems
as developed by EPA sources. Both systems are based on the
assumption that exhaust air flow rates can be reduced suf-
ficiently to attain LEL levels of 25 percent. This is
possible with well-designed ovens where excess air can be
reduced or where product characteristics allow.

Several paper coaters indicate that this may not be
possible with older coating lines or with certain types of
coating. Coating drying rate is a function of air flow
rate, temperature and vapor concentration in the air. If
air flow rates are to be reduced, drying temperatures or
drying times must be increased. Because of the heat sen-
sitivity of some coating, temperature increases may not be
possible. Increase in drying time will necessitate either
more time in the ovens or reduced production rates. Several
coaters of heat sensitive products indicated that in order
to achieve special characteristics they could not increase
emission concentrations above 5 to 6 percent of LEL and
could not use oven temperatures above 140 F. Plants manu-
facturing conventional coated products, hcwever, can de-
crease air flow rates sufficiently to increase VOC con-
centrations in the exhausts to 40-50 percent with only
moderate increases in temperatures or changes in production
rates. We have assumed for cost estimation purposes that a
25 percent LEL can be attained on the average.



EXHIBIT 5-10
U.S. Environmental Protection Agency
INCINERATION COSTS FOR A TYPICAL PAPER
COATING OPERATION

Incineration Device Installed Cost Annualized Cost Control Cost
(%) ($/yxr.) ($/ton of solvents
recovered)

No heat recovery

Catalytic 155,000 100,000 51
Noncatalytic 125,000 105,000 54
{Afterburner)

Primary heat

recovery

Catalytic 180,000 75,000 39
Noncatalytic 150,000 66,000 34
(Afterburner)

Primary and
secondary heat

recovery

Catalytic 220,000 54,000° 282

Noncatalytic 183,000 26,0002 132
(Afterburner)

Note: Typical operation parameters are: process rate of 15,000 scfm; temperature of 300°F,
operation at 25 percent of LEL. See Volume I, Chapter 4, for costs for other
operating parameters. Costs are believed to be valid only for mid-1974.

a. Assumes heat is recovered and used at a total heat recovery of 70 percent.

Source: EPA-450/2-76-028



EXHIBIT 5-11
U.S. Environmental Protection Agency
CARBON ADSORPTION COSTS FOR PAPER COATING INDUSTRY

Installed Cost Annualized Cost Control Cost
(s) ($/yr.) ($ ton of solvent
recovered)
No credit for recovered 320,000 127,000 125
solvent
Recovered solvent credited 320,000 60, 000 40
at fuel value
Solvent credited at market 320,000 (100,000) % (50)2

Note: Operating parameters are: process rate of 15,000 scfm, temperature of 170°F,
operation at 25 percent of LEL. See Volume I, Chapter 4, for details on cost
estimates. Costs are believed to be valid only for mid-1974.

a. Costs in parenthesis indicate a net gain.

Source: EPA-450/2-76-028



Both incinerator costs and adsorber costs are a func-
tion of equipment size and vary generally with air floy
rate. It was assumed for projection of overall costs 1n.the
state that control equipment, on the average, would be 51ged
for 15,000 scfm per unitl. In most plants, it is impractical
to manifold exhausts so that all exhausts could be treated
in one add-on emission control system. In the case of
incinerators, it would be difficult to use secondary heat
recovery on ovens where the incinerator is remote from the
oven.

This assumption of 15,000 SCFM per unit can lead to
errors in both capital costs and annualized costs because of
economies of scale. For instance, as shown in Exhibit 5-10,
the capital costs of a 15000 SCFM noncatalytic incinerator
are equivalent to about $8.30/SCFM as estimated in EPA 450/
2-76-028. In the same report, a 7500 SCFM unit would have a
cost of $110,000 or $14.60/SCFM and a 30,000 SCFM unit a cost
of $15,000 or $5.00/SCFM. The 15,000 SCFM assumption is,
therefore, considered to lead only to an approximation of
compliance costs and may understate actual costs. Until the
actual number of firms affected and their emissions are
known, a more accurate estimate is probably not possible.

The major problem in estimating total installed costs
of control systems is the added cost of installation. The EPA
estimates were made on the assumption of an easily retrofitted
system. In practice coaters have found actual installed costs
to be three to five times those summarized in Exhibits 5-10
and 5-11. For instance, E.I. DuPont de Nemours, based on
their experience on actual installed equipment, estimates?
$1.2 million for a carbon adsorber to treat 15,000 scfm of
exhaust gases. Recent prices from recuperative type incinerator
manufacturers for a 15,000 scfm direct-fired, ceramic bed
Primary recuperative heat exchanger are about $150,000 for
the incinerator alone; installed costs, with provision for
return of exhausts for secondary heat recovery, are estimated
to be more than $300,000. The estimates in Exhibits 5-10
and 5-11 indicate installed costs of $320,000 for an
equivalent adsorber, and $140,000 for the incinerator.

1Using assumptions itemized in Exhibit 5-12, an average of 13,500

SCF? per unit is estimated if 25 firms are assumed have one unit
eac .

2 .
T.A. Kittleman and A.B. Akell, "The Cost of Controlling Organic

Emissions," Chemical Engineering Progress, April 1978.
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5.4.2 Estimated Statewide Costs

The total emissions considered to be applicable under RACT,
as discussed on page 5-12 of this report, are about 28,000 to
38,000 tons per year. Based on this emission rate and EPA
costs as summarized in Exhibits 5-10 and 5-11, capital costs
are estimated as $6.0 million to $8.2 million, with annual costs
of $1.0 million to $1.4 million per year. All bases and assumptions
used in this estimate are summarized in Exhibit 5-12, on the
following page. The costs presented in Exhibits 5-10 and 5-11
were increased by 25 percent to account for inflationary increases
from mid-1974 to mid-1977.

However, as discussed on page 5-20, experience has shown that
these adjusted costs are probably low by as much as three to
four times because of difficult retrofit situations or the need
for modification of ovens or collection systems. Actual capital
costs are, therefore, estimated to range from $18 million to $33
million rather than $6.0 million to $8.2 million. Adjusting the
capital cost component of the annual costs as estimated in
EPA 450/2-78-028 for this increased capital costs, equivalent
annualized costs are estimated to be $6.0 million to $11.0 million.

5.4.3 Estimated Emission Reduction

Assuming that 90 percent of all solvents used in coating
operations can be collected by properly designed hoods and ovens,
emissions could be reduced by 23,000 to 31,000 tons per year.
This is based on a 90 percent capture of emissions by a carbon
adsorber or destruction in an incinerator, an overall reduction
in emissions of 81 percent.

In many cases this may result in a much lower emission rate
than required by the 2.9 pound per gallon RACT limit proposed.
A plant may, by proper selection of exhaust streams, reduce the
cost of compliance by treating only those emissions which would
result in an average emission rate of 2.9 pounds per gallon of
coating. However, the RACT limit of 2.9 pounds per gallon is
based on typical coatings now used in the industy in concert
with 81 percent overall reduction in emissions. Unless solvent
coatings are used, compliance can only be achieved plantwide

by using a system which provides an emission reduction level of
81 percent.
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EXHIBIT 5-12
U.S. Environmental Protection Agency
SUMMARY OF ASSUMPTIONS USED IN COST ESTIMATE

Assumptions

75 percent of emissions are controlled by incineration with primary and
secondary heat recovery; 25 percent by carbon adsorption with recovered
solvent credited at fuel prices. (Based on estimated distribution of
methods of control from interviews with coating firms.)

25 percent LEL is equal to 3,000 ppm of toluene by volume.
Air flow can be reduced to reach 25 percent LEL.

The price of a 15,000 SCFM system can be used as an average. No costs are
added for distillation or additional waste disposal.

33,500 tons of emissions are treated per year over an operating period of
5,840 hours per year.

Other assumptions regarding incinerator and adsorber prices, as estimated in
Control of Volatile Organic Emissions from Existing Stationary Sources,

Vol. I: Control Methods for Surface-Coating Operations, EPA-450/2-76-028,
are valid.

Source: Booz, Allen & Hamilton Inc.



5.5 DIRECT ECONOMIC IMPACTS

This section presents the direct economic implications of
implementing the RACT guidelines for surface coating of paper
on a statewide basis. The analysis includes the availability
of equipment and capital; feasibility of the control technology;
and impact on economic indicators, such as value of shipments,
unit price (assuming full cost pass=-through), state economic
variables and capital investment.

5.5.1 RACT Timing

Current proposed guidelines for paper coating suggest
several compliance deadlines for alternative methods of
compliance. Generally, for add-on systems they call for
installation of equipment and demonstration by mid-1980 or
late 1980; for low solvent systems, by late 1980 or mid-1981,
depending upon the degree of research and development needed.
Major coaters, material suppliers and equipment manufacturers
believe these deadlines to be unattainable.

. Normally, large incinerator and carbon adsorption
systems will require about a year or more from
receipt of purchase to install and start up the
system. Engineering may require three months
or more, fabrication three to six months and
installation and startup as long as three
months. A major coater with considerable
experience with similar installations estimates
that the complete cycle of installation, from
initial selection of control method to testing
of the system, would require 37 months plus an
additional 12 months to establish an economically
sound method of control.

. Only a small number of companies manufacture
incineration systems with proven high heat recovery.
The cumulative effect of equipment requirements by
all firms in the U.S. needing control devices could
severely impede the ability of these firms to supply
equipment. In some cases, the most efficient devices
are only now undergoing initial trials, and no pro-
duction capacity has been developed.

1

Regulatory Guidance for Control of Volatile Organic Compound
Emissions from 15 Source Categories, EPA-905/2-78-001
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A major coating firm estimates that the use of

low solvent or solventless coatings may take

as long as 68 months from initial research,

through product evaluation and customer acceptance

to final production. Product and process development
alone may take as long as 24 months and product
evaluation over 14 months.

In general, it appears that if either add-on control
systems are used or new low solvent systems need to be developed,

deadlines must be extended.

5.5.2 Technical Feasibility Issues

Though low solvent or solventless materials are used in
many paper coating operations at present, many types of solvent-
based systems have no satisfactory replacement. The alternative
materials do not meet the product quality standards demanded
by the coaters. Additional development is needed and will require
the combined efforts of both the coaters (who must maintain
product quality) and the coating material suppliers. 1Ideally,
the new coating materials should be adaptable to existing coat-
ing equipment to minimize additional capital investment.

As discussed above, both incineration and carbon adsorption
are not completely satisfactory add-on control systems.
Incineration requires large volumes of additional fuel if good
heat recovery is not accomplished; carbon adsorption is not
usable on many coating systems because of the multiplicity
of compounds used in solvent mixtures.

5.5.3 Comparison of Direct Cost with Selected Direct
Economic Indicators

The net increase in annual operating costs to coaters was
estimated at $6.0 million to $11.0 million. Based on similar
economic impact studies, these additional costs are projected
to represent 1.1 percent to 1.6 percent of the total annual value
of shipments of the firms affected by the proposed regulations.
Assuming a "direct pass-through" of these costs, prices will
increase by about the same fraction.

The major economic impact in terms of cost to most indivi-
dual companies will be the large capital expenditures required
for add-on devices, rather than increased annual operating costs.
For most companies, these costs would exceed their current level
of capital expenditures for plant improvement and expansion. A
large pressure-sensitive paper coater in another state, for
instance, has estimated that a capital investment of about $2
million would be needed to meet proposed guidelines. His current

cgpital expenditure program is normally in the range of $1.5
million.
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A typical case is a Michigan firm which manufacturers
various types of recording paper and produces 40 percent of the
electrocardiogram paper used in this country. Although with
additional development, some of its coating solutions could
be replaced with low solvent or waterborne ones, incineration
or carbon adsorption would be the only method of complying with
the regulation as now proposed. Based on projected costs for
either of these add-on control systems, the firm is seriously
considering terminating or moving operations. Similar financial
difficulties are foreseen for marginally profitable firms which
have limited capital access or for which the added annual costs
of compliance are prohibitive.

5.5.4 Selected Secondary Economic Impacts

This section discusses the secondary impact of implementing
RACT on employment, market structure and productivity.

Employment is expected to be only moderately affected.
Employment would be reduced if marginally profitable facilities
closed, but the present indication from the industry is that
plant closures may occur only for small firms with limited
capital access. However, even some large firms may be forced
to close down marginally profitable coating lines with a
resultant decrease in employment.

It is likely that market stucture may be affected by the
closure of firms with limited capital access, with their sales
being absorbed by larger firms. The number of closures, however,
is expected to be small if capital resources can be made
available to the companies, since operating costs have only a

small effect on sales price and would be the same for all firms
affected.

No significant effect on overall productivity is foreseen
except for a small change resulting from the need for add-on
control system operating and maintenance personnel.

Exhibit 5-13, on the following page, summarizes the
conclusions reached in this study and the implications of
the estimated costs of compliance for paper coaters.
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EXHIBIT 5-13
U.S. Environmental Protection Agency
SUMMARY OF DIRECT ECONOMIC IMPLICATIONS OF
IMPLEMENTING RACT FOR PAPER COATERS
IN THE STATE OF OHIO

Current Situation Discussion
Number of potentially affected facilities Approximately 25-30 plants in the state are

expected to be affected by these regulations.
However, if this category is interpreted to

include all types of paper coating, including
publishing, far more firms would be affected

Indication of relative importance of The 1977 value of shipments of these is
estimated to be $600 million. These plants
are estimated to employ 8,000-10,000 employees

Current industry technology trends Gravure coating replacing older systems
1977 VOC emissions (actual) Approximately 28,000-35,000 tons per year were

identified from the emission inventory. Actual
emissions are expected to be higher

Industry preferred method of VOC control Though low solvent coating use is increasing,
to meet RACT guidelines progress is slow. Add-on control systems will
probably be used
Assumed method of control to meet RACT Thermal incineration with primary and secondary
guidelines heat recovery
Affected Areas in Meeting RACT Discussion
Capital investment (statewide) Estimated to be $18 million to $33 million

depending on retrofit situations. This is
likely to be more than 100 percent of normal
expenditures for the affected paper coaters

Annualized cost (statewide) $6.0 million to $11.0 million annually. This
may represent 1.1 to 1.6 percent of the 1977
annual sales for the affected paper coaters

Price Assuming a "direct cost pass-through”"--1.1 to 1.6
percent
Energy Assuming 70 percent heat recovery, annual energy

requirements would increase by approximately
175,000 eqguivalent barrels of oil annually

Productivity No major impact
Employment No major impact
Market structure Smaller firms may be unable to secure capital

funding for add-on systems

RACT timing requirements (1982) RACT guideline needs clear definition for
rule making

Equipment deliverables and installation of in-~
cineration systems prior to 1982 may present
problems

Problem areas Retrofit situations and installation costs are
highly variable



EXHIBIT 5-13(2)
U.S. Environmental Protection Agency

Affected Lreas in Meeting RACT Discussion

5,000-7,000 tons/year (20 percent of 1977

VOC emissions after control
VOC emission level)

$250 - $350 annualized cost/annual ton of VOC

Cost effectiveness of control
reduction

Source: Booz, Allen & Hamilton Inc.
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Private conversations at the following:

Armak Company, Marysville, Michigan, and Alliance, Ohio
American Can Company, Greenwich, Connecticut
Fasson, Painesville, Ohio
Presto Adhesive Paper Co., Miamisburg, Ohio
3M Company, St. Paul, Minnesota
Morgan Adhesives, Milan, Ohio
National Flexible Packaging Association, Cleveland, Ohio
Pressure Sensitive Tape Council, Chicago, Illinois
Continental Can Company, Newark, Ohio
General Electric Company, Coshocton, Ohio
Mead Corporation, Chillicothe, Ohio
St. Regis Paper Company, Battle Creek, Michigan,
and Troy, Ohio
World Wild Games, Radnor, Ohio
TEC Systems, DePere, Wisconsin
Overly Inc., Neenah, Wisconsin
Bobst-Champlain, Roseland, New Jersey
REECO, Inc., Morris Plains, New Jersey
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6.0 THE ECONOMIC IMPACT OF IMPLEMENTING
RACT FOR PLANTS SURFACE COATING
FABRICS IN THE STATE OF OHIO

This chapter presents a detailed analysis of the impact of
implementing RACT for plants in the State of Ohio which are
engaged in the surface coating of fabrics and vinyls. This RACT
category is meant to include the roll, knife or rotogravure
coating and oven drying of textile fabrics (to impart strength,
stability, appearance or other properties), or of vinyl coated
fabrics or vinyl sheets. It includes printing on vinyl coated
fabrics or vinyl sheets to modify appearance but not printing
on textile fabrics for decorative or other purposes. It does
not, however, include the coating of fabric substrates with
vinyl plastic polymers, which are usually applied as melts or
plastisols, that result in only minor amounts of emissions. The
chapter is divided into six sections:

. Specific methodology and quality of estimates

. Industry statistics

. The technical situation in the industry

. Alternative control methods

. Cost and VOC reduction benefit evaluations
for the most likely RACT alternatives

. Direct economic impacts.

Each section presents detailed data and findings based on
analyses of the RACT guidelines; previous studies of fabric
coating; interviews with fabric and vinyl coaters, coating
equipment and materials manufacturers and add-on control equip-
ment manufacturers; and a review of pertinent published literature.



6.1 SPECIFIC METHODOLOGY A5k IA7 77 ~% ESTIMATES

This section describes the methodology fur zsc2rmining
estimates of:

. Industry statistics

. VOC emissions

. Processes for controlling VOC emissions
. Cost of controlling VOC emissions

. Economic impacts

for plants in the state engaged in the surface coating of fabrics
and vinyls. The quality of these estimates is discussed in the
last part of this section.

A Trduetey Gh-latiog

The coating of fabrics is used to producs 3 large variety
~¢ ~ommecn consumer and industrial products. Ty _.cal products
are raincoats, upholstery, wall covering, tablecloths, window
shades, gasketing, diaphragms, lifeboats and bookcovers. 1In
most cases the finished product is manufactured by firms who
purchase the coated fabric from a manufacturer whose principal
activity is fabric coating. However, there are a number of
vertically integrated firms (the major automobile manufacturers
are typical) which both coat fabrics and manufacture finished
goods from them. Other exceptions are firms which both manu-
facture fabrics and coat them. Thus firms which coat fabrics
or vinyl coated fabrics or sheeting can be found in a number
of Standard Industrial Classification categories; these are
listed below:

sIc Description

2211 Broad woven fabric mills, cotton

2221 Broad woven fabric mills, man-made and silk

2241 Narrow fabrics and other, small wares mills

2258 Warp knit fabric mills

2261 Finishers of broad woven fabrics of cotton

2262 Finishers of broad woven fabrics of man-made
fiber and silk

2269 Finishers of textiles, n.e.c.*

2295 Coated fabrics, not rubberized

2297 Nonwoven fabrics

3069 Fab:icated rubber products, n.e.c.*

3079 Miscellaneous plastics products

3291 Abrasive products

3293 Gaskets, packing, sealing devices

*not elsewhere classified



General statistics concerning the firms included in these
SIC groupings were obtained from the most recent Census of
Manufactures, County Business Patterns and other economic
summaries published by the U.S. Department of Commerce.

Data on industrywide shipments of coated fabrics was
obtained from the Textile Economics Bureau (New York City, N.Y.).
Identification of individual candidate firms which might be
affected by the proposed regulation was made by review of
industry directories:

. Davidson's Textile Blue Book
. Rubber Red Book
. Modern Plastic Encyclopedia
. Thomas Register of American Manufacturers
Ohio Directory of Manufacturers
Membership list of the Canvas Products Association.

A list of establishments expected to be affected by the
proposed fabric coating RACT regulations in the state was sent
to the Ohio EPA for comparison with its emission inventory.
Six firms were located which have fabric coating operations.

6.1.2 VOC Emissions

The Ohio Environmental Protection Agency emission
inventory was used as a basis for the estimation of the total
VOC emissions from the fabric coating plants identified.

They are believed to represent 90 percent or more of the
emissions in this RACT category. Emissions from fabric
coating plants not identified in the state, if they exist, are
expected to be small and negligible.



6.1.3 i fomsno2s foy Controlling VOC Evissions

Processes for con--......7 ‘A emiss . Trom YnLriw
coating processes are described in Control of Vois = Organic
Emissions from Existing Stationary Sources, Volume .I
(EPA-450/2-77-008). The report suggests the use of various
low solvent or solventless coatings which have found some

use in the industry, as well as add-on devices, such as
incinerators or carbon adsorbers. In = += cases waterborne

of other low solvent coatings can oo .=d.

6.1.4 Cost of Control and Estimated Reduction of VOC Emissions

The overall costs of control of VOC emissions were determined
by an independent estimate of control costs by the study team
based upon emissi~ns obtained from the Ohio Environmental
Protection Agency inventory.

This estimate used design and cost information provided by
incinerator and carbon adsorber manufacturers or available
in the published literature and in the following EPA reports:

. Control of Volatile Organic Emissions from Stationary
Sources, Volume I (EPA-450/2-76-028)

. Air Pollution Control Engineering and Cost Study of
General Surface Coating Industry, Second Interim
Report, Springborn Laboratories.

Estimates of emission reduction are largely dependent upon
the efficiency with which solvents can be collected from the
coating operation. 1In formulation of the proposed regulation
EPA has estimated that, by proper collection system design, at
least 90 percent of the solvents in the applied coating
material can be collected. This 90 percent is not meant to
include solvents which might be lost in the compounding of
the coating or used for cleaning of the process equipment
or fabric.

Practically all fabric coating emissions in the state result
from vinyl coating operations. In most cases, single solvenF
systems are used and are readily amendable to carbon adsorption
recovery. Compliance costs were therefore estimated assuming
that carbon adsorption would be used to control 75 percent of
the emissions and incineration with heat recovery to control the
remaining 25 percent. This assumption was generally ggreeq to
in telephone interviews with representatives of all six Ohio

coaters contacted.



6.1.5 Economic Impacts

The economic impacts were determined by: analyzing the
lead time requirements to implement RACT; assessing the
feasibility of instituting RACT controls in terms of capital
availability and equipment availability; comparing the direct
costs of RACT control to various state economic indicators; and
assessing the secondary effects on market structure, employment
and productivity as a result of implementing RACT controls in
Ohio. Because of the confidential nature of value of shipments
and other financial details, none of the six companies inter-
viewed would disclose this information. Comments are thus
based on estimated amounts of such quantities as capital expen-
ditures and value of shipments.

6.1.6 Quality of Estimates

Several sources of information were utilized in assessing
the emissions, cost and economic impacts of implementing RACT
controls on the surface coating of fabrics in Ohio. A
rating scheme is presented in this section to indicate the
quality of the data available for use in this study. A rating
of "A" indicates hard data (data that are available for the
base year), "B" indicates data that were extrapolated from
hard data and "C" indicates data that were not available in
secondary literature and were estimated based on interviews,
analysis of previous studies and best engineering judgment.
Exhibit 6-1, on the following page, rates each study output
listed and the overall quality of the data.
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EXHIBIT 6-1
nvironmental Protection Aagency
LIiT

U.s. E
s DV~ -SURFACE COATING OF FABRICS

DATA QUA

A Extragolated Estigated

Study Outputs Hard Data Data Data
Industry statistics X

Emissions xa

Cost of emissions control X
Economic impact X
Overall quality of data X

a. Emission data supplied by Ohio Environmental Protection

Agency, state emission inventory.

Source: Booz, Allen & Hamilton Inc.



6.2 INDUSTRY STATISTICS

Industry characteristics, statistics and trends for
fabric coating are presented in this section. This information
forms the basis for assessing the total impact of implementing
RACT for control of VOC emissions in this category upon the
state economy and upon the individual firms concerned. The
effects upon the firms involved are somewhat different because

of their relative sizes, though proportionately the effects
are similar.

6.2.1 Size of the Industry

The Bureau of Census, in 1976 County Business Patterns,
reported a total of about 808 plants in SIC categories in
which plants coating fabrics in Ohio would be expected
to be tabulated.

Pertinent data concerning these plants are summarized
in Exhibit 6-2, on the following page. As mentioned earlier
based on a review of industrial directories and other published
information, six plants were found in which fabric coating,
as defined in the proposed "fabric coating" regulation, is
being used. Statistics concerning these six plants are
summarized in Exhibit 6-3, following Exhibit 6-2.

As shown, these firms are estimated to employ a
total of 2,600 people.

6.2.2 Comparison of the Industry to the State Economy

A comparison of the value of shipments of these plants
with the state economy indicates that these plants represent
about 0.4 percent of the total value shipments by manufac-
turing plants and employ about 0.2 percent of manufacturing
workers in Ohio.

6.2.3 Historical and Future Patterns of the Industry

The fabric coating industry in the U.S., except for the
general economic slump in 1975, has shown a gradual but
steady growth in sales and shipments over the last several
years as demonstrated by Exhibits 6-4 and 6-5, following
Exhibit 6-3. The largest growth in terms of dollar value of
shipments was for vinyl coated fabrics which increased by.
$215.5 million in shipments from 1972 to 1976, compared w1th.
an increase of $301 million for all coated fabrics. Pyroxylin
(cellulose nitrate) coatings, because of their low cost and



SIC

2211
2221
2241
2258
2261
2262

2269
2295
2297
3069
3079
3291
3293

U.S. Environmental Protection Agency

EXHIBIT 6-2

INDUSTRY STATISTICS FOR PLANTS IN SIC CATEGORIES

Name

Broad woven fabric mills, cotton

Broad woven fabric mills, man-made and silk

Narrow fabrics and other, small wares mills

Warp knit fabric mills

Finishers of broad woven fabrics of cotton

Finishers of broad woven fabrics of man-
made fiber and silk

Finishers of textiles, n.e.c.

Coated fabrics, not rubberized

Nonwoven fabrics

Fabricated rubber products, n.e.c.

Miscellaneous plastics products

Abrasive products

Gaskets, packing, sealing devices

a. Not reported to protect proprietary information.

b. None listed

Source:

WHERE FABRIC COATING MAY BE USED IN OHIO

Number of

Firms

o N o gile\ ¥R o S o 5

808

1976 County Business Patterns, U.S. Department of Commerce.

Number of
Employees

417

370

750
2,353

21,612
39,966
2,825
1,831
69,707

Annual
Payroll
{$000s)

a
30,571
272,460
464,349
35,488
18,434

821,302
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Cogganz

Borden Chemical Co.
Columbus Coated
Fabrics Div.

Chrysler Corp.

Custom Coated Products

General Tire Corp.,
Textile Leather Div.

Inmont Corp.

Uniroyal

a. Obtained from Ohio Environmental Protection Agency

s

Location

Columbus

Sandusky

Cincinnati

Toledo

Toledo

Port Clinton

Source: PBooz, BAllen & Hamilton Inc.

[ers

EXHIBIT 6-3

U.S. Environmental Protection Agency
FIRMS EXPECTED TO BE AFFECTED BY FABRIC
COAT REGULATIONS

Approximate
Number of Estimated?
Employees Emissions

1,000 1,399

325 1,850

30 926

650 798

325 1,857

300 1,472

2,630 7,472

emission inventory.

Activity

Vinyl coating and lamination

Vinyl coating

Fabric coating

Vinyl coating

Vinyl coating

Vinyl coating



EXHIBIT 6-4
U.S. Environmental Protection Agency
U.S. ANNUAL VALUE OF SHIPMENTS OF COATED FABRICS
($ millions)

Item 1972 1973 1974 1975 1976
Pyroxylin-Coated Fabrics 26.3 27.3 34.5 28.0 32.5
Vinyl Coated Fak.ics 601.9 693.7 728.7 681.5 817.4
Other Coated Fabrics 154.1 188.0 212.6 202.7 a 213.8
Coated Fabrics, not rubberized 26.3 29.4 (13.6)3 (1.4 (33.8)2
Rubber Coated Fabrics 67.9 73.6 83.5 72.0 80.0

TOTAL 876.5 1,011.9 1,156.5 985.6 1,177.5
Notes:
a. Values obtained by difference from gross shipments of all coated fabrics, not rubberized

b. Booz, Allen estimate based on shipments of "Other Rubber Goods, N.E.C.", SIC Code 30698

Source: 1976 Annual Survey of Manufactures




EXHIBIT 6-5
U.S. Environmental Protection Agency
U.S. ANNUAL SHIPMENTS OF BACKING MATERIALS FOR
COATED FABRICS
(in millions of pounds)

1972 1973 1974 1975 1976

Transportation Fabric, all fibers? 95.4 100.9 64.6 65.3 81.5
Coated and Protective FabricsP 133.7 149.3 167.5 137.8 177.6
TOTAL 229.1 250.2 232.2 203.1 259.1

Notes:

a.

Transportation fabric includes auto seat upholstery and slipcovers, sidewall, headlining
and sheeting. The cotton poundage include the knit and woven fabric used as the backing
for vinyl sheeting. The item includes convertible auto tops & replacements thereof, as
well as upholstery used in other kinds of transportation, such as airplanes, railroad &
subway cars, buses, etc. It does not include seat padding, transportation rugs window
channeling flocking, tassels, trim, etc., or the textile glass fiber used in reinforced
plastic seating for subways, buses, etc.

Coated and protective fabrics includes parachutes, deceleration chutes and tow targets;
awnings; beach, garden & tractor umbrellas; inflatable dunnage and cushions, air-supported
structures and automotive air-spring diaphragms; boat and pool covers; tarpaulin covers
for athletic fields, etc.; also, the substrates used for vinyl sheeting. The cotton
poundage include awnings, boat covers, tarpaulins and tents. Not included here are the
cotton poundages used for vinyl substrates; such poundages are tabulated with their
appropriate end use, i.e., transportation upholstery, upholstery etc. Does not include
man-made fiber surfaces for recreational fields.

Source: Textile Economics Bureau, Technicon, November 1977



ease of application, still continue to occupy a steady though
proportionately smaller share of the market. Natural and
artifical rubber coated fabrics, because of unique properties
not obtainable with plastic materials, also maintain a sub-
stantial (about 10 percent) share of the coated fabric market.
Vinyl and urethane coatings, however, are replacing a larger
share of both markets.



6.3 TECHNICAL SITUATION IN THE INDUSTRY

This section describes the principal materials and
processes used in fabric and vinyl coating and various
methods which are considered to be reasonably available to
control technology to meet proposed regulations. The
proposed RACT guidelines for fabric coating and an estimate
of the total VOC emission reduction possible if the guide-
lines are implemented in the state are also presented.

6.3.1 General Coating Process Description

Fabrics are coated primarily to render them resistant
to penetration by various fluids or gases, improve abrasion
resistance or modify the appearance or texture. Typical
examples are materials used in shower curtains; rubber life
rafts; ballons; drapery material; synthetic leathers for
shoes, upholstery or luggage; table cloths; and outdoor
clothing. The base fabrics can be asbestos fiber cloth,
burlap and pite, cotton drill, duck canvas, glass fabrics,
knit cotton or rayon, nonwoven fabrics or nylon sheeting.

In the case of coating of vinyls, the substrate is a flexible
vinyl sheet or cloth-supported vinyl on which & coating is
applied to enhance the appearance or durabilii, <. the vinyl
surface.

Typical coating materials are rubber compounds, vinyl
resins of various types, polyesters, polyurethanes, nitro-
cellulose resins, oleo resins, phenolic resins, epoxy resins
and polyethylene. Various techniques are used for applying
these coatings as melts, plastisols, latexes, solutions
or other forms. Since these proposed guidelines are primarily
concerned with coatings applied as solutions, where large
volumes of volatile organic materials can be emitted, the
following discussions will be limited primarily to processes

for coating with coating materials dissolved in organic
solvents.

Eghibi; 6-6, on the following page, shows the general
operatlops lnvolvgd in most fabric or vinyl coating operations.
Four basic operations are involved:

. Milling -~ Milling is primarily restricted to
coatings containing rubber. Natural and synthetic
rubbers are usually milled with pigments, curing
agents and fillers to produce a homogeneous mass
that can be dissolved in a suitable solvent.
Organic solvents are not usually involved in the

mi}ligg process; thus, there are seldom any organic
emissions from this operation.
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EXHIBIT 6-6
U.S. Environmental Protection Agency
TYPICAL FABRIC COATING OPERATJION

AUBBER
PMGMENTS CURING AGENTS
SOLVENT
MILLING —. MIXING
ORVING AND COATING
Mt
CURING - APPLICATION
io— FABAIC

. » COATED PROOUCY

Source: Control of Volatile Organic Emissions from Stationary
Sources, Volume 1 (EPA-450/2-76-028)
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Mixing -- Mixing is the dissolution of solids
from the milling process in a solvent. The
formulation is usually mixed at ambient
temperatures. Sometimes only small fugitive
emissions occur. However, some vinyl coaters
estimate that as much as 25 percent of plant
solvents are lost in mixing operations.

Coating Application -- Fabric is usually coated
by either a knife or a roller coater. Both
methods are basically spreading technigues

used for high speed application of coatings

to flat surfaces. In some unique situations,
dip coating may be used.

Drying and Curing =-- Finally, the coating is
dried or cured in a final operation using
heat or radiation to remove the solvents

or set the coating.

In general, the coating line is the largest source of
solvent emissions in a fabric coating plant, and the most
readily controllable. Some coating plants report that over
70 percent of solvents used within the plant are emitted
from the coating line. Other plants, especially those
involved in vinyl coating, report that only 40 to 60
percent of solvents purchased by the plant are emitted
from the coating line. Remaining solvents are lost as
fugitive emissions from other stages of processing and in

cleanup.

1.

These fugitive losses are generated by:

Transfer from rail cars or tank trucks to
storage tanks, and subsequent transfer to
processing tanks

Breathing losses from vents on storage
tanks

Agitation of mixing tanks which are vented
to the atmosphere

Solvent evaporation from cleanup of the
coating applicator when coating color or
type is changed

Handlinq, storage and disposal of solvent
soaked cleaning rags

Waste ink disposal -- Waste ink is usually
d@st@lled to recover much of solvent. After
distillation the sludge, which still contains

gome solvent, is usually dumped in a land-
i1l



7. Losses from drums used to store coatings
which are being pumped onto a coating appli-
cator. These are usually drums which are
not hooded and may not even be covered

8. Cleaning empty coating drums with sol-
vent
9. Cleaning coating lines with solvent
10. Evaporation of solvent from the coated fabric

after it leaves the coating line. From 2-3
percent of total plant solvent usage
remains in the product. Half of this may
eventually evaporate into the air.

Control techniques for the above types of sources
include tightly fitted covers for open tanks, collection
hoods for areas where solvent is used for cleanup and
closed containers for solvent wiping cloths.

6.3.2 Nature of Coating Materials Used

Coating formulations used in organic solventborne
coatings normally incorporate film-forming materials,
plasticizers, pigments and solvents. A multitude of
organic solvents are used; solvents such as acetone toluene,
heptane, xylene, methyl ethylketone, isobutyl alcohol and
tetrahydrofuran are widely used in rubber, vinyl and ure-
thane coating formulations.

In some cases, a single solvent is used, but more
generally mixed solvents are employed to obtain optimum
drying rates and coating mixture properties. Too rapid
drying results in undesirable surface properties such
as "orange peel" or other effects; improper viscosity or
solvency of the coating mixture may prevent proper coating
of the substrate; slow drying can limit production rates.

As discussed earlier, a number of film-forming
materials are used. Typical coating materials are epoxy
resins, melamine-formaldehyde resins, nitrocellulose resins,
oleoresinous compounds, phenolic resins, polyesters, poly-
urethanes, rubber compounds and vinyl resins. Miscellaneous
resins such as polyethylene and ethylene copolymers, starch
and casein compounds, and acrylic r:sins are not discussed here
since most use coating techniques which are not solvent related.
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Plasticizers are added where the flexibility of the
coating is important, such as in clothing or upholstgry
fabric. Pigments or opacifiers are added to clear film
formers to provide the colors or other appearance effectg
desired or are used in inks as a separate coating operation
to modify the surface of the coating. Pigments applied
as a printed coating are normally further coated with a
clear finish coat to provide the luster desired and provide
protection from wear.

6.3.3 Coating Processes Commonly Used

Exhibits 6-7 and 6-8, on the following pages, illustrate
the two major methods of applying solvent-based coatings--
knife coating and roll coating.

. Knife coating is probably the least expensive
method. The substrate is held flat by a roller
and drawn beneath a knife that spreads the
viscous coating evenly over the full width
of the fabric. KXnife coating may not be
appropriate for coating materials such as
certain unstable knitgoods, or where a
high degree of accuracy in the coating
thickness is required.

. Roller coating is done by applying the
coating material to the moving fabric, in
a direction opposite to the movement of the
substrate, by hard rubber or steel rolls.
The depth of the coating is determined by
the gap between rolls (A and B as shown
in Exhibit 6-7). The coating that is trans-
ferred from A to B is then transferred to
the substrate from roll B. Unlike knife
coaters, roller coaters apply a coating
of constant thickness without regard to
fabric irregularities.

Rotogravure printing is widely used in vinyl coating
of fabrics and is a large source of solvent emissions. Roto-
gravure printing uses a roll coating technique in which the
pattern to be printed is etched as a series of thousands
of tiny recessed dots on the coating roll. 1Ink from a
reservoir is picked up in these recessed dots and is trans-
ferred to the fabric surface. Shadow prints are used to
simulate leather grain. A variety of patterns are printed
on such items as vinyl wall paper. A transparent protective
topcoat over the printed pattern is also applied with roto-
gravure techniques.
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<@—— KNIFE

COATEO FABRIC TO ORVER
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Source:

EXHIBIT 6-7
Environmental Protection Agency
KNIFE COATING OF FABRIC

EXPANDED COATED FASNIC
{( /
COATING
SUBSTRATE

Control of Volatile Orqganic Emissions from Stationary

Sources, Volume 1

(EPA-450/2-76-028)
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EXHIBIT 6-8
U.5. Environmental Protection Agency
ROLLER COATING OF FABRIC

COATED FABRIC o

SUBSTRATL ==K

Source:

Control of Volatile Organic Emissions from Stationary
Sources, Volume 11 (EPA-450/2-76-028)




Solvent emissions from the coating applicator account
for 25 to 35 percent of all solvent emitted from a coating
line. This solvent may be collected by totally enclosing
the coating applicator in a small room or booth and sending
all booth exhaust to a control device. However, a total
enclosure of the coater may be difficult to retrofit on
many existing lines. Another alternative is to cover the
coater with a hood which can collect most of the solvent
emissions.

The final operation in the coating process is the
drying and curing of the applied coating material. Sixty-
five to 75 percent of solvent emissions from the
coating line usually occur in this step. In most ovens,
almost all solvent emissions are captured and vented with
exhaust gases. On some coating lines the emissions from
the coating applicator hood are ducted to the oven and
included with the oven exhaust.

Estimated and reported solvent concentration levels
from drying operations range between 5 and 40 percent of
the LEL (lower explosion limit). Typically, drying ovens
are designed to process fabric on a continuous basis, opera-
ting with a web or conveyor feed system. Ovens can be
enclosed or semienclosed and, depending on size, may
exhaust from a few thousand to tens of thousand of cubic
feet per minute of air. If an add-on control device is
to be installed, it is generally in the owner's best
interest to minimize the volume of air since the cost of
add-on control devices is largely determined by the
amount of air treated.

The oven heat increases the evaporation rate of the
solvent and, with some coatings, will produce chemical
changes within the coating solids to give desired proper-
ties to the product. In many cases, evaporation rates are
;ogt;olled to give the desired properties to the coated

abric.

Many drying ovens in older plants are only semienclosed.
As a consequence, they draw in excessive dilution air. Sol-
vent concentrations range between 5 and 12 percent of the LEL
according to both calculations and reports by industry. How-
ever, levels of up to 50 percent of the LEL are possible if
p ‘oper safety devices are used. At least three plants in the
United States are operated at 40 to 50 percent of LEL.
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6.3.4 Emissions and Current Controls

As discussed earlier, six fabric or vinyl coaters have
been identified in Ohio. As shown in Exhibit 6-3, the total
VOC emissions from coating lines is estimated (from data
supplied by the Ohio Environmental Protection Agency) to be
7,500 tons. Only the Textile Leather Division of the General
Tire Company is known to have an emission control system
(carbon adsorption) in operation at this time on a portion of
the emissions from the plant.

6.3.5 RACT Guidelines

The RACT guidelines for control of VOC emissions from
fabric coating require that emissions from coating lines
be limited to a level of 2.9 pounds per gallon of coating
for coating of fabric substrates_and 3.8 pounds per gallon
for coating of vinyl substrates.l These limits are achiev-
able for the use of add-on control devices, 60 percent solids
organicborne coatings, or 24 percent solids waterborne coating,
which is 80 percent water/20 percent organic solvent. Typi-
cally, for add-on control devices, it is anticipated that
reduction would be 81 percent, requiring that 90 percent of
the VOC be captured and delivered to the control device which
also must have an efficiency of 90 percent.2

1. Regulatory Guidance For Control of Volatile Organic
Compounds Emissions From 15 Categories of Stationary
Sources, EPA-905/2-78-001

2. Control of Volatile Organic Emissions From Existing
Stationary Sources (page vi), Vol. II, EPA-450/2-77-008
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6.4 ALTERNATIVE CONTROL METHODS

In this section are briefly discussed methods of low
solvent and solventless systems, which have been demon-
strated to be applicable to some fabric coating products,
and the two principal add-on systems, incineration and
carbon adsorption, generally used for emission control.
This information has been extracted principally from the
previously cited EPA report, Control of Volatile Organic
Emissions from Existing Sources, Volumes I and 1I, which
should be consulted for a more thorough discussion. 1In some
instances, additional comment was obtained from coaters,
coating material suppliers and control equipment manufac-
turers.

6.4.1 Low Solvent and Solventless Coatings

Organic emissions can be reduced 80 to 100 percent
through use of coatings which inherently have low levels of
organic solvents. Both high-solids and waterborne coatings
are used. The actual reduction achievable depends on the
organic solvent contents of the original coating and the new
one. Using a coating which has a low organic solvent con-
tent may preclude the need for an emission control device.
Often the coating equipment and procedures need not be
changed when a plant converts to coatings low in organic
solvent.

Although a number of fabric coaters through the country
have converted to low solvent coating, either in part or in
total, one may not presume them to be universally applicable.
Each coating line is somewhat unique and many coated fabrics
have different specifications.

None of the plants identified were aware of suitable
alternative coatings currently available which would meet
the quality and performance standards required in all of
their products. Most firms believe that if sufficient time
were allowed for research and development, a majority of their
coatings could be replaced by low solvent ones. There may be
some coatings which could not be replaced.
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6.4.2 Incineration

Catalytic and direct thermal incineration processes
convert hydrocarbons to carbon dioxide and water at high
temperatures. Incineration is widely accepted as a reliable
means of reducing hydrocarbon emissions by 90 percent or
more.

Generally, the major disadvantage of this approach is
the increased energy required to raise the exhaust gas
temperatures over 1,2000F for direct incineration and 700°F
for catalytic incineration. Natural gas is the most commonly
used fuel though propane, fuel oils, or other fluid hydro-
carbons can be employed. Fuel o0il is not generally acceptable
because of the sulfur oxides generated in combustion or the
presence of catalyst poisons in the o0il. Another problem is
the generation of nitrogen oxides in direct fired incinerators
resulting from the exposure of air to high-temperature flames.

The increased energy consumption can, in some cases, be
reduced or eliminated by heat exchange of the exhaust gases
with fresh emissions (primary heat recovery) or by use of
the hot exhaust gases in process applications (secondary
heat recovery). Typical use of secondary heat recovery is
for oven heat in drying or curing ovens. In fact, with
efficient primary exchange and secondary heat recovery,
total fuel consumption of an incinerator-oven system can be
less than that for the oven before the incinerator is added.
The heat required to sustain the system comes from com-
bustion of volatile organic compounds in the exhausts.

Both catalytic and direct fired systems are capable of
high heat recovery efficiency if several conditions occur:

VOC concentrations are or can be increased to 8-10

percent or more of their LEL (lower explosion
limit).

. Oven temperatures are sufficiently high to enable
use of the sensible heat in the exhaust gases
after primary heat exchange. Usually, oven
temperatures above 1400F are sufficient to allow
85 percent or more overall heat recovery.

. Where catalytic incinerators are used, no com-

pounds must be pr.:sent in the gases treated which
could poison or blind the catalyst.
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In most coating operations, drying and curing tem-
peratures are 250°F or higher. By reduction of air flow to
reach exhaust levels of 8-10 percent or higher and proper
design of the heat recovery system, it may be possible to
achieve overall heat recoveries of 85 percent or greater.

For purposes of cost estimation, however, it was assumed that
only 70 percent heat recovery efficiency could be reached.

6.4.3 Carbon Adsorption

Carbon adsorption has been used since the 1930s for
collecting solvents emitted from paper coating operations.
Most operational systems on coating lines were installed
because they were profitable. Pollution control has usually
been a minor concern. Carbon adsorption systems on coating
lines range in size from a few thousand to tens of thousands
of cubic feet per minute. Exhausts from several coating
lines are often manifolded together to permit one carbon
adsorption unit to serve several coating lines.

The greatest obstacle to the economical use of carbon
adsorption is that, in some cases, reusing solvent may be
difficult. In many coating formulations, a mixture of
several solvents is needed to attain the desired solvency
and evaporation rates. If this solvent mixture is recovered,
it sometimes cannot be reused in formulating new batches of
coatings. Also if different coating lines within the plant
use different solvents and are all ducted to one carbon
adsorption system, then there may be difficulty reusing the
collected solvent mixture. In this case, solvents must be
separated by distillation.

_ However, in some cases azeotropic, constant boiling,
mixtures can occur which can be separated only by spe-
cialized techniques. Most coating firms would not have the
skills necessary for the complex distillation and separation
procedures needed. For small adsorption systems, the ad-

ditional separation expenses would probably exceed the cost
of fresh solvent.

Also, adsorption of solvents containing water soluble
compounds (such as alcohols, ketones or esters) can present
a secondary pollution problem where steam is used for bed
regeneration. Additional treatment of the condensed steam
with its content of dissolved organics would be required,

@ncreasing the complexity of the solvent recovery system and
its cost.
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The Textile Leather Division of the General Tire Company
has had a carbon adsorption system in operation for several
years on a coating line using methyl ethyl ketone. The system
uses steam regeneration of the bed and requires distillation
of the recovered solvent to remove its water content. No major
difficulty has been encountered with the operation of the com-
bined system; they would probably use carbon adsorption again
to comply with the proposed regulations particularly if solvent
prices continue to increase. Most other vinyl coaters also
thought the carbon adsorption would probably be the most cost
effective system in the long run.
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6.5 COST AND VOC REDUCTION BENEFIT EVALUATIONS
FOR THE MOST LIKELY RACT ALTERNATIVES

This section discusses the projected costs of control
for fabric coating in the state. Where possible, the validity
of the costs were confirmed with coating firms and equipment
manufacturers.

6.5.1 Estimated Compliance Costs

Exhibits 6-9 and 6-10, following the next page, summarize
costs for typical incineration and carbon adsorption systems as
developed by EPA sourcesl. These are based on the assumption
that exhaust flow rates can be reduced sufficiently to obtain
LEL levels of 25 percent. This is possible with well-designed
capture systems where intake air flows can be reduced.

The major problem in estimating individual installed
costs of control systems is the added cost of installation.
The EPA estimates were made on the assumption of an easily
retrofitted system. In practice, coaters have found actual
installed costs to be three to five times those summarized
in Exhibit 6-9 and 6-10. For instance, E.I. DuPont de Nemours,
based on their experience on actual installed equipment,
estimates? $1.2 million for a carbon adsorber to treat
15,000 scfm of exhaust gases. Recent prices from recuper-
ative type incinerator manufacturers for a 15,000 scfm
direct fired, ceramic bed primary recuperative heat exchanger
are about $150,000 for the incinerator alone. Installed
costs, with provision for return of exhausts for secondary
heat recovery, are estimated at more than $300,000. The
estimates in Exhibits 6-9 and 6-10 indicated costs of $320,000
for an equivalent adsorber, and $140,000 for the incinerator.

lepa 450/2-76-028 Op. Cit.

27, A. Kittleman and A.B. Akell, "The Cost of Controlling Organic
Emissions," Chemical Engineering Progress, April 1978.
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The study team has, for the purposes of this report,
multiplied the capital costs provided in the EPA report by
three to provide what is believed to be a more realistic
add-on device equipment cost. In addition, costs have been
added to adsorber systems for the installation of a dis-
tillation and solvent purification system for recovery and
reuse of solvent. From discussions with the coaters affected,
methyl ethyl ketone is the primary solvent used. For recovery,
a distillation system will be required for separation of the
solvent from the condensed steam used for carbon bed regenera-
tion.

Overall compliance costs were based on the assumption
that air flow rates could be reduced to allow operation at
25 percent of LEL and that volatile organic compounds were
emitted only during actual coating periods. Total actual
coating time per year was assumed to be 3,120 hours. This is
eguivalent to 260 days per year at 12 hours per day and was
selected as a reasonable average yearly operating period on
the basis of discussions with personnel from the plants
affected.

Total estimated capital and annual operating costs for
all affected plants in Ohio are summarized in Exhibit 6-11,
following Exhibit 6-11. The annual direct operating costs are
based primarily on cost data presented in the previously refer-
enced EPA report (EPA 450/2-76-028)1 adjusted for reduced
operating time, capital cost charges increased by a factor of
three, the addition of distillation solvent purification costs
and, in the case of adsorption, savings due to recovery of
methyl ethyl ketone. Other general assumptions are summarized
in Exhibit 6-11, following Exhibit 6-10.

Total compliance costs are estimated as summarized in
Exhibit 6-12 at about $10 million in capital and $1 million
in annualized costs. The low annual cost is due largely to
the savings from recovered solvent when carbon adsorption is
used. Slight savings in fuel costs are also effected by the
use of secondary heat recovery in the incinerator systems.
Both capital and annualized costs are subject to a number of
errors because of the assumptions used. The basic one is
the installation costs of the control system used because of
uncertainties concerning retrofit situations, the need for
drying oven or coating-machine. 1Individual site costs may
be considerably higher (or lower) than those estimated on an
average basis as done here because of characteristics and
needs of the actual coating operations. A more accurate
estimate can only be made by a detailed examination of each
plant site and coating line.

l7his report should be reviewed for details on capital and
annualized cost estimation methods.
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EXHIBIT 6-9
U.S. Environmental Protection Agency
CAPITAL COST FOR DIRECT FLAME AND CATALYTIC
INCINERATORS WITH PRIMARY AND SECONDARY
HEAT EXCHANGE
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EXHIBIT 6-10
US. Environmental Protection Agency
ESTIMATED INSTALLED ADSORBER SYSTEM COST
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EXHIBIT 6-11
U.S. Environmental Protection Agency
SUMMARY OF ASSUMPTIONS USED IN COST ESTIMATE

Assumptions

25 percent of emissions are controlled by incineration with primary and
secondary heat recovery and 75 percent by carbon adsorption followed by
distillation. 90 percent of solvent emissions from the coating lines
are collected and the add-on control removes 90 percent of this. Total
reduction is 81 percent. This degree of reduction may not be required
in some cases where lower solvent concentration coatings are used.

25 percent LEL is equal to 4,250 ppm of methylethyl ketone by volume at 200°F.

Air flow can be reduced to reach 25 percent LEL

Emission rate is constant over a period of 3,120 hours per year.

Other assumptions regarding incinerator prices and operating parameters, as estimated
in Control of Volatile Organic Emissions from Existing Stationary Sources, Vol. I:
Control Methods for Surface-Coating Operations, EPA-450/2-76-028, are valid except

that capital costs are increased by 300 percent and direct costs are increased
by 25 percent to account for cost escalations from 1974-1977.

Source: Booz, Allen & Hamilton Inc.
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EXHIBIT 6-12
U.S. Environmental Protection Agency
SUMMARY OF ESTIMATED COMPLIANCE COSTS
FOR FABRIC COATING IN OHIO

Solvent Recovery Net
System Capital Savings Annual Costs
Incineration $ 1,600,000 - $ 360,000
Carbon Adsorption 8,400,000 $2,050,000 650,000
Total $10,000,000 $2,050,000 $1,010,000

Source: Booz, Allen & Hamilton Inc.



6.6 DIRECT ECONOMIC IMPACTS

This section presents the direct economic implications of
implementing the RACT guidelines for surface coating of fabrics
on a statewide basis. The analysis includes the availability
of equipment and capital; feasibility of the control technology:
and impact on economic indicators, such as value of shipments,
unit price (assuming full cost pass-through), state economic
variables and capital investment.

6.6.1 RACT Timing

Current proposed guidelines for fabric coating suggest
three sets of compliance deadlines for alternative methods of
compliance.l Generally, for add-on systems they call for
installation of equipment and demonstration by mid-1980 or
late 1980; for low solvent systems, by late 1980 or mid-1981,
depending upon the degree of research and development needed.
Major coaters, material suppliers and equipment manufacturers
believe these deadlines to be unattainable.

. Normally, large incinerator and carbon adsorp-
tion systems will require about a year or more
from receipt of purchase to install and start
up the system. Engineering may require three
months or more, fabrication three to six months
and installation and startup as long as three
months. A major paper coater with considerable
experience with similar installations estimates
that the complete cycle of installation, from
initial selection of control method to testing
of the system, would required 37 months plus an
initial 12 months to establish an economically
sound method of control.

. Only a small number of companies manufacture
incineration systems with proven high heat
recovery. The cumulative effect of equipment
requirements by all firms in the U.S. needing
control devices could severely impede the
ability of these firms to supply equipment.
In some cases, the most efficient devices
are only now undergoing initial trials, and
no production capacity has been developed.

lrequlatory Guidance for Control of Volatile Organic Compound
Emissions from 15 Source Categories, EPA-905/2-78-001.

2refer to list of firms interviewed.
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. A major coating firm estimates that the use of
low solvent or solventless coatings may
take as long as 68 months from initial research,
through product evaluation and customer accept-
ance to final production. Product and process
development alone may take as long as 24
months and product evaluation over 14 months.

In general, it appears that if either add-on control
systems are used or new low solvent systems need to be
developed, deadlines may need to be extended.

6.6.2 Technical Feasibility Issues

As discussed above, low solvent or solventless mater-
ials are used in many coating operations. At present, however,
many types of solvent-based systems have no satisfactory re-
placement. The alternative materials do not meet the product
quality standards demanded by the coaters. Additional
development is needed and will require the combined efforts
of both the coaters (who must maintain product gquality) and
the coating material suppliers. Ideally, the new coating
materials should be adaptable to existing coating equipment
to minimize additional capital investment.

As discussed above, both incineration and carbon
adsorption are not completely satisfactory add-on control
systems. Incineration requires large volumes of additional
fuel if good heat recovery is not achieved; carbon adsorp-
tion is not useable on many coating systems because of the
multiplicity of compounds used in solvent mixtures.

6.6.3 Comparison of Costs with Selected Economic
Indicators

The net increase in the annual operating costs to
coaters cannot be estimated with a high degree of confi-
dence since operating costs are highly sensitive to various
retrofit situations, the efficiency of heat recovery and
other factors, as discussed above. Based on the estimated
annual costs of about $1.0 million as presented in Exhibit
6-11, and the estimated value of shipments (about $3.0 million)
of the firms affected compliance costs would be about 013
percent of the value of shipments. In a recent report,- increased
annual costs for control of emissions from a rubber coating line
using ceérbon aisorption with recovered solvent priced at fuel
value only were estimated to be about 0.9 percent of the price
of the finished rubberized fabric.

lSpringborn Laboratories, Inc., op. cit.
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The major economic impact in terms of cost to indi-
vidual companies will probably be a result of capital related
rather than increased annualized costs. The capital required
for RACT compliance will represent a significant amount of capi-
tal appropriations for most firms and may force some plants
to shut down noncompetitive operations (a comment made by
several firms interviewed).

6.6.4 Selected Secondary Economic Impacts

This section discusses the secondary impact of implg-_
menting RACT on employment, market structure and productivity.

Tctal employment in the state is expected to be marginally
affected since about 2,600 workers are employed by the plants
identified. Some plants may terminate some coating operations
if compliance costs are prohibitive.

Within the state, the market structure will probably
not be appreciably affected by the prcocposed regulation.
Five of the firms have essentially the same product line
(coated vinyl fabric) and would be affected about equally.
A special situation may occur, however, fcr marginally
profitable plants, which may find the added cost of compliance
prohibitive and may be forced to close operations. This was
not investigated. The sixth firm, has a different product
line and would be affected differently from the other firms;
exactly how was not evaluated. All firms, however, may be
affected by an uneven imposition of compliance to competitors
in other states. This would affect their competitiveness in
the marketplace, since costs of compliance could increase
the price of coated goods by about 0.3 percent or more.

Productivity is not expected to be affected except for
a short period when lines must be shut down for modifications
or installation of equipment.

* * * *

Exhibit 6-13, on the following page, summarizes the
conclusions and projected implications of the results from
this study.
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Current Situation

Number of potentially affected facilities

Indication of relative importance of
industrial section to state economy

Current industry technology trends

1977 VOC emissions (actual)

Industry preferred method of VOC
control to meet RACT guidelines

Assumed method of VOC control to
meet RACT guidelines

Rffected Areas in Meeting RACT

Capital investment (statewide)
Annualized operating cost (statewide)

Price

Energy

Productivity
Employment
Market Structure

RACT timing requirements (1982)

Problem areas

VOC emissions after RACT control

Cost effectiveness of RACT control

Source: Booz, Allen § Hamilton Inc.

EXHIBIT 6-13
U.S. Environmental Protection Agency
SUMMARY OF DIRECT ECONOMIC IMPLICATIONS OF
IMPLEMENTING RACT FOR FABRIC COATERS
IN THE STATE OF OHIO

Discussion

Six firms were identified as being affected
by the proposed regulation

Total value of shipments by the plants
identified could not be determined. These
plants employ about 2,600 persons

Newer plants are built with integrated coating
and emission control systems; older plants are
only marginally competitive now

Current emissions are estimated at about 7,500
tons/year

Direct fired incineration or carbon adsorption
for short range; low solvent coatings are a
long range goal

Direct fired incineration with primary and

secondary heat recovery and carbon adsorption
with distillation

Discussion
Study team estimate is about $10 million
Approximately $1.0 million
Assuming a "direct pass-through of costs”
prices of coated fabrics will increase by about
0.3 percent
Assuming 70 percent heat recovery about 34,000
equivalent barrels of additional fuel oil would
be required per year
No major impact
No major impact
No change in market structure within the state
is anticipated; firms affected have different

product lines or are about the same size

Plants may have problem in control equipment
deliveries

Additional capital and operating costs may make
the plants uncompetitive with more modern and
efficient ones

Capital and operating costs can only be approxi-
mated because of unknown retrofit situations

1,500 tons/year (20 percent of 1977 VOC emission

$170 annualized cost/annual ton of VOC reduction
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Private conversations at the following:

Canvas Products Manufacturers Association

Bobst-Champlain

REECO, Inc.

Overly, Inc.

Textile Economics Institute

Technical Systems

Borden Chemical Company, Columbus Coated Fabrics
Division, Columbus, Ohio

Chrysler Corporation, Sandusky, Ohio

Custom Coated Products, Cincinnati, Ohio

General Tire Corporation, Textile Leather Division,
Toledo, Ohio

Inmont Corporation, Toledo, Ohio
Uniroyal, Port Clinton, Ohio
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7.0 THE ECONOMIC IMPACT OF
IMPLEMENTING RACT GUIDELINES
FOR SURFACE COATING OF AUTOMOBILES
IN THE STATE OF OHIO

This chapter presents a detailed analysis of the impact
of implementing RACT for surface coating of automobiles in the
State of Ohio. ‘

The capital cost and energy requirements to achieve the
recommended RACT limitations were anticipated to be higher
than for any other industrial category studied. 1In addition,
the EPA is currently considering modifying the limitations in
certain areas. Therefore, the economic impact and analysis
for surface coating of automobiles is presented in two scenarios
of RACT implementation:

. RACT compliance by 1982

. Modified RACT timing requirements (and possible
limitations) to meet developing technologies.

To the extent that light duty trucks are also manufactured in
the same automobile assembly plant, their impact is included.
The chapter is divided into six sections including:

. Specific methodology and quality of estimates

. Industry statistics
. The technical situation in the industry
. Emissions and current controls

. Cost and VOC reduction benefit evaluations for
the most likely RACT alternatives

. Direct economic impacts.

Each section presents detailed data and findings based
on analyses of the RACT guidelines, previous studies of the
application of surface coatings on automobiles, interviews,
industry public hearing submissions and analysis.



7.1 SPECIFIC METHONOT.OGY AND QUALITY OF ESTIMATES

This section describes the methodology for determining
estimates of:

. Industry statistics

. VOC emissions

. Processes for controlling VOC emissions
. Cost of controlling VOC emissions

. Economic impact

for the surface ccating of automobiles in Ohio.

An overall assessment of the gquality of the estimates
is detailed in the latter part of this section.

7.1.1 Industry Statistics

The potentially affected facilities were identified
from the emission inventory and from Ward's Automotive Yearbook.
Detailed industry statistical data for value of shipments,
capital expenditures, employment, etc., were not available for
the state in secondary sources. Therefore, these estimates
were factored from national data based on the number of
units output in the state and study team analysis.

The number of units manufactured in 197¢ was obtained
from Ward's Automotive Yearbook.

7.1.2 VOC Emissions

Booz, Allen estimated the 1977 VOC emissions based on
information provided by industry interviews, submissions to
public hearings and typical emission rates for automobile
assembly plants that were reported in other states studied
in EPA Region V.

7.1.3 Processes for Controlling VOC Emissions

Processes for controlling VOC emmission for the surface
coating of automobiles are described in Control of Volatile
Organic Emissions from Existing Stationary Sources--Volume II
(EPA-450/2-77-008, May 1977). Manufacturers were interviewed
to ascertain the most feasible types of control for organic
emissions in the coating of automobiles.
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7.1.4 Cost of Control of VOC Emissions

The costs of control of volatile organic emissions were
developed by:

. Determining the alternative types of control
systems likely to be used

. Estimating the probable use of each type of
control system

. Defining system components

. Developing installed capital costs for modifi-
cations of likely coating processes based on
industry estimates, EPA estimates and Booz, Allen
study team judgment

. Developing costs of control for the likely coating
processes on a model plant basis:

- Installed capital costs

- Direct operating costs

- Annual capital charges
" - Energy requirements

. Applying model plant costs to the specific facilities
affected in the state and aggregating costs to the
total industry for the state.

These costs were presented for two scenarios of RACT
~~~~~ implementation:

. RACT compliance by 1982

. Modified RACT timing requirements and possible
limitations to meet developing technologies.

Under the first scenario (RACT compliance by 1982), a
waterborne system similiar to the systems used in developing
RACT guidelines was studied.

Under the second scenario, a high solids enamel topcoat
system (or other equivalent technology) that is not fully
developed (commercially for automobile coatings) was studied.



7.1.5 Economic Impacts

The economic impacts were determir2d by analyzing the
lead time requirements to implement RACT, assessing the
feasibility of instituting RACT controls in terms of capital
availability and equi»ment availability, comparing the direct
costs of RACT control to various state economic indicators and
assessing the secondary effects on market structure, employment
and productivity as a result of implementing RACT controls in
Ohio.

7.1.6 Quality of Estimates

Several sources of information were utilized in assessing
the emissions, cost and economic impact of implementing RACT
controls on the surface coating of automobiles in Ohio.

A rating scheme is presented in this section to indicate the
quality of the data available for use in this study. A rating
of "A" indicates hard data, (data that are published for the
base year), "B" indicates data that were extrapolated from hard
data and "C" indicates data that were not available in secondary
literature and were estimated based on interviews, analysis of
previous studies and best engineering judgment. Exhibit 7-1,

on the following page, rates each study output listed and the
overall quality of the data.



EXHIBIT 7-1
U.S. Environmental Protection Agency
SURFACE COATING OF AUTOMOBILES
DATA QUALITY

A B C
Extrapolated Estimated

Study Outputs Hard Data Data Data
Industry statistics X
Emissions X
Cost of emissions control X
Economic impact X
Overall quality of data X

Source: Booz, Allen & Hamilton Inc.



7.2 INDUSTRY STATISTICS

Industry characteristics, statistics and business trends
for automobile assembly plants in Ohio are presented in this
section. Data in this section form the basis for assessing
the impact of implementing RACT for control of VOC emissions
for automobile manufacturing plants in the state.

7.2.1 Size of the Industry

There are five major automobile and light duty truck
manufacturing facilities that would be affected by the RACT
guidelines in Ohio. General Motors has two assembly plants in
Lordstown and Norwood. Ford has two assembly plants in Lorain
and Avon Lake, and American Motors has an assembly plant in
Toledo. Exhibit 7-2, on the following page, presents the
potentially affected facilities and the approximate number
of automobiles manufactured.

In 1977, there were approximately 700,000 automobiles
manufactured in Ohio, approximately 8.7 percent of the
automobiles manufactured in the U.S. There are two states that
currently manufacture more automobiles than Ohio, but only
one (Michigan) has appreciably more automobile production.

The table below presents the percent of U.S. car production by
state for the 1976 model year.

Percent of U.S. Total
State Automobile Production

W

HOOMNANOOGOOWW

Michigan
Missouri
Ohio

New Jersey
California
Georgia
Wisconsin
Other states

~ A0~ N

8]

Additionally, there were approximately 430,000 light duty
trucks manufactured at the facilities in Ohio. The 1977 value
of shipments of automobile and light duty trucks in Ohio is
estimated to be $5.5 billion. These manufacturing facilities
employ approximately 31,000 employees. The capital expenditures
for these five plants is not available; however historically the
auto industry nationwide expenditures for new jlant and new equip-
ment is 1-2 percent of the value of shipments.



EXHIBIT 7-2
U.S. Environmental Protection Agency
LIST OF POTENTIALLY AFFECTED
FACILITIES BY THE RACT
GUIDELINE FOR SURFACE COATING
OF AUTOMOBILES--OHIO

Company or Make and Type of Automobile Production Truck Production
Division Location Vehicle Manufactured for 1976 Model Year for the 1976 Model Year

Ford-Automotive Lorain LTD II 175,000 -——

Assembly Division Cougar

Econoline Vans

Ford Avon Lake Club wagons 44,000 174,000
General Motors: Lordstown Chevrolet 234,000 129,000
GM Assembly Buick

Oldsmobile

Pontiac

Chevrolet GMC wvans

General Motors:

GM Assembly Norwood Chevrolet 252,000 ———
Pontiac

Jeep Corporation
(American Motors
Corp.) Toledo Jeep-trucks, wagoneers, -— 127,000
CJ-5, CJ-7, Cherokee

Total, Ohio (Approximately 8.7 percent of U.S. total
automobile production) 706,000 430,000

Source: Plants of U.S. Motor Vehicle Manufacturers, 1978, Motor
Vehicle Manufacturers Association of the United States, Inc.



7.2.2 Comparison of the Industry to the State Economy

The Ohio automobile and light duty truck assembly industry
employs 2.4 percent of the state labor force, excluding government
employees. The value of shipments from automobile assembly
plants represents approximately 6.2 percent of the statewide
value of products manufactured.

7.2.3 Characterization of the Industry

The RACT guidelines apply only to automobile assembly plants
and not to custom shops, body shops or other repainting operations.
The automobile assembly industry receives parts from a variety
of sources and produces finished vehicles. Various models,
usually of the same general body style, may be built on an
assembly line. Assembly lines typically operate at 30 to 75
vehicles per hour and produce approximately 4,000 vehicles per
year.

The automobile manufacturing industry is unique in that
these companies are large and have extensive expertise in the
coatings technology developed. The surface coating of the
automobile must offer adequate protection against corrosion as
well as provide an attractive appearance and durability for the
customer. In developing technologies to meet the market needs,
the manufacturers have invested extensive capital in specific
technologies. The major difference in current technology
within the industry is the raw material and the associated equipment
used for top coating applications. General Motors has tradi-
tionally utilized lacquer systems while other manufacturers
traditionally utilize enamel coatings. In 1977, there were
only two plants using waterborne enamels, Van Nuys and South
Gate California, both General Motors facilities. For prime
coating of automobiles there has been a recent trend towards
water-based cathodic electrodeposition because of the increased
coverage, uniformity and paint recovery. Some of the anodic
electrodeposition facilities installed in the late 1960s
and 1970s have converted to cathodic to eliminate odor
problems and further improve corrosion protection. However,
the majority of the plants in the U.S still utilize spray,
dip or flow coating with solvent-based coatings.



7.3 THE TECHNICAL SITUATION IN THE INDUSTRY

This section presents an overview of the types of coating
process alternatives that might be used to reduce emissions
from the surface coating of automobiles.

7.3.1 Process Description of Surface Coating of Automobiles

There are two major progess areas for the surface coating
of automobiles:

. Prime coat
. Topcoat,
Processes for assembly of automobiles are described in

Control of Volatile Organic Emissions from Existing Stationary
Sources--Volume II (EPA-450/2-77-008, May 1977).

This section provides a summary of central technologies
that may be used for reducing solvent emissions.

7.3.1.1 Primers

The prime coat serves the dual function of protecting the
surface from corrosion and providing for good adhesion of the
topcoat. Currently, most primers used are organic solvent-borne
and are applied by a combination of manual and automatic spray,
dip or flow coating methods. However, there are a number of
new low-organic solvent-based primers, now used in limited
quantities, that could replace these:

. Electrodeposition primers--These are electro-
phoretically deposited waterborne primers.
The process can be either cathodic or anodic.
The cathodic, which was developed more recently,
offers an improved corrosion protection but
does have slightly more VOC emissions than the
anodic process. Many automobile assembly facili-
ties have recently invested substantial capital
to convert facilities to the cathodic electro-
deposition process.

. Waterborne primers--These are waterborne
primers that are applied by spray, dip or flow
coating processes. The processes require less
capital than an electrodeposition process
but do not offer the product quality advantages.

. Powder primers--This technology is still in early
development stages but it could offer significant
emission reductions. Major technical problems to
date have been the significant processing changes
required and product smoothness.
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7.3.1.2 Topcoats

Two types of topcoats are currently used in industry--
lacquers and enamels. Most General Motors facilities are
based on lacquer technology while the other automobile manu-
facturers all employ enamel topcoats. There are a number of
technology developments which may apply in future periods.

. Waterborne topcoats--Reductions in organic solvent
emissions of up to 92 percent from topcoat spray booths
and ovens are achievable using waterborne topcoats.
The exact reduction depends on both the original
coating and the replacement. If, for example, the
lacquer (6.5 pounds of organic solvent per gallon
of coating) and the waterborne had 2.8 pounds of
organic solvent per gallon of coating (as do M
coatings in California), reduction would be 92
percent. If the original coating were 33 volume
percent solids, reduction would be 70 percent.

Waterborne topcoats are currently being used at

two General Motors automobile assembly plants in
California on a full-scale basis. Although there

can be no argument as to the technical feasibility

of waterborne topcoats, the number of major process
modifications necessary to retrofit this technology
to an existing plant are significant (often requiring

a completely new processing line). Also, the utili-
zation of energy is much greater than for solvent
systems.

Powder coatings--Acrylic powder coatings have been
evaluated as topcoats for General Motors and Ford
cars on a development basis at Framingham, Massachu-
setts, and Metuchen, New Jersey. Along with process
color change and other difficulties that are poten-
tially correctable, the greatest remaining obstacle
to powder utilization as an automotive topcoat is
the lack of an acceptable metallic color. This
commercial unacceptability of powder metallic

colors would be a particular problem, since over

50 percent of cars manufactured over the past
several years have been metallic.

Although very low in hydrocarbon emissions, powder
coating do not represent a viable approach for
automobile manufacturers in the near-term future.
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High solids (60-80 percent by volume solids) two-
component urethanes--Considerable research effort
is being devoted to high solids (60-80 percent by
volume solids) low-temperature curing urethane
systems. Experience with urethanes in general

in the aircraft industry indicates excellent
weathering and environmental resistance at the

low coating weights required on aircraft, although
the urethanes used are not at 60-80 percent solids
as applied.

At this point in time, there does not appear to
have been any major evaluation by automotive manu-
facturers of the high solids materials.

High solids urethane systems do offer significant
potential in reducing emissions and energy costs,
but would not be expected to be available for auto-
motive use in the near future.

An additional problem with urethanes is the expo-
sure to isocyanates from the coatings. Exposure woul.
have to be minimized to assure worker safety.

High solids (35-55 percent by volume solids) disper-
sion lacquers--Many suppliers have taken an inter-
mediate approach to high solids systems. For
example, a 55 percent solids dispersion system

is currently in use on trucks in Canada on an
advanced development basis. High solids dispersion
systems (35 percent) have also recently been
evaluated at an Oldsmobile plant.

None of these, however, have been production proven on
automotive lines and additional development would be
required to evaluate their performance.

High solids (30-62 percent by volume solids) enamels--
All major automobile manufacturers other than

General Motors use enamel topcoats. The average
solids content of enamels currently being applied

is approximately 30 percent; metallic colors

usually have a lower solids content. Paint suppliers
and the automotive industry are actively attempting

to achieve higher solid enamels.
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7.3.2

In the short term (one to two years) some high .
solids colors may be available for use; however, it

is unlikely that the full color offering (especially

metallics) could be converted to high solids tech-

nology.

Emissions And Current Controls

This section presents the estimated VOC emissions from
automobile assembly facilities in Ohio in 1977 considering the
current level of emission controls implemented in the state.
Exhibit 7-4, on the following page, shows the estimated emissions
in 1977 from the three major companies. The VOC emissions are
estimated based on the following level of current control and
coating processes:

General Motors has two facilities, located at
Lordstown and Norwood. The total VOC emissions from
these facilities are approximately 10,000 tons per

year.

The Lordstown automobile assembly facility currently
utilizes the following types of coating systems:

.o Cathodic electrodesposition primers

.o A solvent-based primer surfacer (15 to 20
percent solids)

. A dispersion acrylic lacquer topcoat
(approximately 18 percent solids).

For light duty trucks manufactured at
Lordstown the assembly facility utilizes
the following type of coating systems:
. Cathodic electrodesposition primer

. A solvent-based primer surfacer (15 to
20 percent solids)

. An enamel topcoat (approximately 28-32 percent solids

The Norwood automobile assembly facility currently
utilizes the following types of coating systems:

. Cathodic electrodesposition primer

.o A solvent-based primer surfacer (15 to
20 percent solids)

. An acrylic lacquer topcoat (approximately
13 percent solids).
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EXHIBIT 7-4
U.S. Environmental Protection Agency
OHIO VOC EMISSIONS--SURFACE
COATING OF AUTOMOBILES AND
LIGHT DUTY TRUCKS

Estimated

1977 voC
Company Name Locations Emissions
(tons per year)

General Motors Lordstown, Norwood 10,000
Ford Motor Company Lorain, Avon Lake 2,500
American Motors Toledo 1,150

Total, 1977
13,650

Source:

Booz, Allen & Hamilton Inc., analysis of emission

estimates supplied by industry, reported current controls
and processes at the affected facilities, and VOC emissions
for similiar coating technologies reported in other states
of EPA Region V.



Ford Motor Company has two facilities located at
Lorain and Avon Lake. The total VOC emissions from
these facilities are approximately 2,500 tons per

year.

The coating systems utilized are similiar at

both plants.

Cathodic electrodesposition is used for the
prime coat.

The primer surfacer used is a 55 percent
volume solids (guide coat).

A 28 to 32 percent solids enamel is used for
the top coat.

American Motors has an assembly facility in Toledo,

Ohio.

The VOC emission from this facility is

approximately 1,150 tons per year.

!

There are two different primer coats applied
to the auto bodies:

.o An epoxy dip primer at 38 percent solids

.o A reinforcement spray primer at 30 percent
sclids.

The topcoat is an enamel system at 30 percent
solids (+5 percent).



oy

7.3.3 RACT Guidelines

The RACT guidelines (as recommended in EPA-450/2-77-008)
for VOC emission control specify the amount of allowable
VOC in pounds per gallon of coating, minus any water in the
solvent system. The RACT guidelines have established different
limitations for each process operation. These recommended
limits are shown in the table below.

Average Lbs. VOC/

Affected Gallons of Coating
Process Operations Minus Water
Prime application and flash-off 1.9

area and oven

Topcoat application, flash-off 2.8
area and oven

Final repair application, flash- 4.8
off area and oven

These limits apply to all objects surface coated in the
plant, including the body, fenders, chassis, small parts, wheels
and sound deadeners. They do not apply to adhesives.

These guidelines, as stated, are very specific to certain
types of control options, either in emission limit or timing,
that may be subject to change by the EPA, in the near future.

The prime coat application limitations were based
on an anodic electrodeposition system followed

by a 25 percent solids waterborne surface coat

for thickness and improved adhesion of the top-
coat. Since the guideline development, it has

been recognized that a cathodic electrodeposition
system offers additional benefits especially

in the areas of increased corrosion protection

and odor control. With current coating technology,
the 1.9 pounds per gallon limitations of the RACT
guidelines cannot be achieved with a cathodic system
(emissions would be approximately 2.1 pounds per
gallon). In light of continued technology develop-
ment and potential change in limits, it was assumed
for purposes of this anaylsis, that a cathodic
electrodeposition process with emissions of
approximately 2.1 pounds per gallon would meet

the RACT requirements.



7.3.4

The topcoat limits were based on water
borne systems that were introduced at the
General Motors South Gate and Van Nuys,
California, facilities to meet Los Angeles
emission regulations. For purposes of
this analysis, two scenarios were assumed
in which RACT topcoat limitations could
be met(l) waterborne coatings and (2)
other technology with equivalent emission
character. It is anticipated that new
technology will be developed which will
effect reductions equivalent to water
borne coatings at lower costs and energy
use,.

Selection of the Most Likely RACT Alternatives

Projecting the most likely industry response for control

of VOC emissions in automobile assembly facilities is compli-
cated by the different processing techniques manufacturers
have in place and the potential change of recommended RACT
limitations. Several general assumptions can be made.

The RACT limitations as recommended (EPA-450/2-77-
008) for prime coat application, flash-off area and
oven are specifically based on use of an anodic
electrodeposition system followed by a 25 percent
solids waterborne coating. Recent technology
developments in cathodic electrodeposition provide
an improved system (versus anodic electrodeposition)
and, therefore, this is likely to be the preferred
industry response wherever feasible. A cathodic
system has somewhat higher solvent content than
anodic electrodeposition systems, the capital and
operating costs for both electrodeposition systems
are similar.

The RACT limitations, as recommended for topcoat
application, flash-off area and oven, are specifically
based on use of waterborne coatings at two General
Motors facilities. Although this alternative is
extremely capital and energy intensive, it is the

only currently available proven alternative that

would meet the recommended RACT limitations, if
compliance is required by the 1982 timeframe.

Other topcoat coating technologies (such as high
solids enamels, urethane enamels or powder coatings)
could potentially offer significant emission reduc-
tion and be cost effective for manufacturers. However,
these technologies are at various stages of develop-
ment and none have been technically proven for an
automotive assembly plant.



. The industry will install incinerators only as a

last resort if there is no economically feasible

low solvent coating technology available. The

annual cost of energy requirements for the incineration
- of large volume and low concentration air flows (such
as would be required to control the total facility)
is generally cost prohibitive. Incineration may, however,
be vsed in combination with coatings of reduced solvent
content to produce emission levels in accord with the
- RACT guidelines. For instance, an assembly plant using

a topcoat enamel system may use a higher solids enamel
= and incinerate a portion of the emission from the spray

booths or ovens.

. Carbon adsorption systems are not a likely control
alternative because of the large air flow rate of
the spray system.

Due to the uncertainty of the industry response to the
RACT recommended limitations, two scenarios of selection of
alternatives were developed for purposes of this study.

. Scenario I (High Side)--the industry response to
meet the recommended RACT limitations by 1982 would
be:

- Prime coat--anodic or cathodic
electrodeposition

- Topcoat--waterborne coating

- - Final repair--solvent-borne enamel with
35 percent solids

. Scenario II (Technology Dependent)~--RACT timing
requirements and possibly emission limitations are
modified to meet developing technologies.

Exhibit 7-5 and 7-6, on the following pages, present the
selection of the most likely RACT alternatives under the two
scenarios. '



Processing

Aren

Primer

Topcoat

Repair

Source:

Booz,

EXHIBIT 7-5

U.S. Environmental Protection Agency
SELECTION OF THE MOST LIKELY RACT

ALTERNATIVES UNDER SCENARIO I
COMPLIANCE BY 1982)

Control
Alternatives

Anodic electrodeposition
primer followed by water-
borne "surfacer"

Cathodic electrodeposi-
tion primer followed by

~a waterborne or high

solids "surfacer"

Spray, dip or flow coat
solvent-based primers
with incineration

Waterborne enamels

35 percent solids
enamel

Current or modified
coatings with incin-
eration

Allen & Hamilton Inc.

(RACT

Discussion

Very low VOC emission
levels are achievable
yet system has some
technology disadvantages
to other alternatives

Offers improved corrosion
protection and eliminates
odor problem of anodic
"E-coat"

VOC emission levels are
moderately higher than
the recommended RACT
limitations

High operating cost for
energy demands

Only technologically
proven alternative that
would meet the RACT
requirements

Extremely high capital
cost and energy regquire-
ments

Technology is not fully
developed, i.e., some
colors cannot be matched
with currently available
coatings

High operating cost for
energy demands



Processing
Area

Primer

Topcoat

EXHIBIT 7-6(1)

U.S. Environmental Protection Agency
SELECTION OF THE LIKELY RACT
ALTERNATIVES UNDER SCENARIO II
({MODIFIED RACT TIMING AND POSSIBLY

Control
Alternatives

Anodic electrodeposition
primer followed by water-
borne "surfacer"

Cathodic electrodeposi-
tion primer followed by
a waterborne or high
solids "surfacer"

Other spray, dip or
flow coat primers with
incineration

Powder coatings

Waterborne enamels

LIMITATIONS)

Discussion

Very low VOC emission
levels are achievable
yet system has some
technology disadvantages
to other alternatives

Offers improved corrosion
protection and eliminates
odor problem of anodic
"E-coat"

VOC emission levels are
moderately higher than
the recommended RACT
limitations

High operating cost for
energy demands

Undeveloped technology
however, has potential
applications for use

on steel or as "surfacer"

Low VOC emission levels
might be achievable and
cost effective

Only technologically
proven alternative that
would meet the RACT
requirements

Extremely high capital
cost and energy require-
ments



Processing
Area

Repair

EXHIBIT 7-6(2)

U.S. Environmental Protection Agency

Control
Alternatives

High solids enamels

Urethane enamels

Powder

35 percent solids
enamel

Discussion

Technology to achieve
the 62 percent solids
required by RACT limi-
tations is not developed.
However, paint suppliers
are optimistic for
potential application

of up to a 55 percent
solids enamel

If technology develops,
only minor modifications
would be required -+
facilities curren.

using enamels

Major modifications
would still be required
for facilities using
lacquer coatings

Technology is not
developed

Potentially large
energy savings and
improved properties

Toxicity protection is
required for workers

Technology is not
developed

Potential energy and
recovery savings

Color limitations

Technology is not fully
developed, i.e., some
colors cannot be matched
with currently available
coatings
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Processing
Area
Source: Booz,

EXHIBIT 7-6(3)
U.S. Environmental Protection Agency

Control
Alternatives Discussion
Current or modified coat- High operating cost for
ings with incineration energy demands

Allen & Hamilton Inc.



7.4 COST AND VOC BENEFIT EVALUATIONS FOR THE MOST LIKELY RACT
ALTERNATIVES

Costs for the two assumed scenarios of alternative VOC
emission controls are presented in this section. Under Scenario
I, it is assumed that the RACT requirements would be met by a
waterborne system. Under Scenario II, it is assumed that the
RACT timing requirements (and possibly limitations) are modified
to meet developing technologies. The costs presented in this
section are based on studies performed by the EPA and automobile
manufacturers to determine the estimated costs for actual plants.
The study team utilized published data to develop the cost estimate
presented in the section. The final section presents an extra-
polation of the typical costs for automobile assembly plants
to meet the RACT requirements for the two scenarios.

7.4.1 Costs for Alternative Control Systems under Scenario I

Under Scenario I, it is assumed that the RACT reguirements
must be met with existing proven technology. Therefore, the
following control alternatives are assumed:

Cathodic or anodic electrodeposition of
primers. Although the RACT requirements of
1.9 pounds of VOC emissions per gallon of
coating are specific for the anodic process,
this analysis assumes that cathodic electro-
deposition of waterborne coatings would meet
the RACT requirements

. Waterborne topcoat system
. 35 percent volume solids enamel repair system.

A electrodeposition waterborne system can be used only
directly over metal or other conductive surfaces. Although the
system offers an improved product advantage over other types of
primer application methods, the conversion represents a signifi-
cant capital cost. The cost of conversion for a typical electro-
deposition system at an automobile assembly plant is presented
below.l Costs will vary significantly depending on the retrofit
situation.

. The installed capital cost would be approximately
$10 million to $12 million, not including additional
energy regquirements (if necessary).

. Direct operating costs (utilities, direct labor
and raw materials) would be approximately $20,000
less annually than conventional application
techniques.

1 These cost estimates were developed by the Booz, Allen study team after a
review of operating costs reported in "Control of Volatile Organic Emissions
From Existing Stationary Sources” - Volume II (EPA~450/2-77-008) and estimates
provided by General Motors, Ford MOtor Company, and American Motors in
Technical Support Documentation for the States of Ohio, Illinois and Wisconsin.

- .
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. Interest, depreciation, taxes and insurance are
estimated to be approximately $1.5 million annually
(assuming 15 percent of capital investment based
on a 20-year equipment life).

. Therefore, the total annualized cost of the conver-
sion to an electrodeposition waterborne system would
be approximately $1.5 million.

. The additional energy demands are estimated to be
approximately 5 million to 6 million kilowatt hours per
year.

If the electrodeposition system were anodic, the resulting
VOC emissions for the priming operation including primer surfacer
would be approximately 1.9 pounds of VOC per gallon of coating.
If the electrodeposition system were cathodic, the resulting VOC
emissions would be approximately 2.5 pounds of VOC per gallon
of coating. For purpose of economic analysis it is assumed that
both anodic and cathodic EDP require essentially equivalent capital
and operating costs.

The conversion of the topcoat application to a waterborne
system would require extensive modification of the existing
facilities, essentially equivalent to the cost of new line. The
conversion would require changes, such as humidification equip-
ment, a longer spray booth, new ovens, replacement of existing
piping with stainless steel piping, sludge handling equipment,
floor conveyors (for some facilities) and additional power
generating equipment. The conversion cost for a waterborne
system has been estimated by the EPA and all the major automobile
manufacturers. These estimates may differ by 100 percent, depending
on the particular facility being studied. After an evaluation
of these cost estimates, the study team found that a typical
facility is likely to incur the following costs to convert to
a waterborne system.

. The installed capital cost would be approximately
$40 million to $50 million, including additional
power requirements.

. Incremental direct operating costs (utilities,
direct labor and raw materials) would be approxi-
mately $750,000 annually, mostly for energy.

. Interest, depreciation, taxes, and insurance
are estimated to be approximately $7 million
annually (assuming 15 percent of capital
based on a 25-year equipment life and 10
percent interest rate).

L These cost estimates were developed by the Booz, Allen Study team after a
review of operating costs reported in "Control of Volatile Organic Emissions
From Existing Stationary Sources" - Volume II (EPA-450/2-77-008) and
estimates provided by General Motors, Ford Motor Company and American Motors
in Technical Support Documentation for the states of Ohio, Illinois and
Wisconsin.
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. The annualized cost of the conversion to
a waterborne system would be approximately
$8 million.

. The additional energy demands are estimated
to be equivalent to approximately 38,000
equivalent barrels of o0il annually.

The resulting VOC emission from a waterborne topcoat
system would be approximately 2.8 pounds of VOC per gallon (f
coating.

The cost of conversion to a 35 percent enamel for topcoat
repair is assumed to be minimal in relation to the conversion costs
for the other coating applications. A 35 percent topcoat repair
enamel cannot be obtained today for all types of paints applied.
However, this limitation might be met by incinerating a portion
of the total emissions to achieve the equivalent of a 4.8 pounds
per gallon limitation.

7.4.2 Cost for Alternative Control Systems under
Scenario II

Under Scenario II, it is assumed that the RACT requirements
are modified based on the following control alternatives.

. Cathodic or anodic electrodeposition of
primers is used.

. High solids enamels, urethane enamels or
powder coatings technologies are developed
for topcoat application.

. 35 percent solids enamel is used for topcoat
repair.

The conversion cost for a electrodeposition waterborne
system would be the same as developed for Scenario I.

The conversion of the topcoat application to a high
solids enamel, urethane enamel or powder coating would
depend on the particular system applied and the current
coating technology used by the manufacturer.

. Since three facilities in Ohio currently use
enamel topcoating, this analysis assumes
that they would meet the RACT requirements
with high solids enamel technology develop-
ments..
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- Under this scenario, minimal capital
and operating costs changes would
be required as the existing eguipment
is likely to be adjustable to higher
solids coatings.

- The average VOC emissions per gallon of
coating would depend on the high solids
enamels that are developed. Depending
on the timing constraints high solid
enamels ranging from 40 percent to 63
percent could be achieveable based on
projected technology developments
that are currently being applied by
other industrial sectors.

For manufacturers that are currently using lacgquer
topcoat systems, there is likely to be significant
capital reguirement to meet further technology
development:

- A conversion to high solids enamel is
likely to regquire changes in egquipment,

such as:

.o conveyor systems

. ovens

.o in-house repair

- spray systems

.. sludge disposal system

- The conversion regquirements for urethane
enamels or powder coatings is at too
early a stage to estimate costs.

- The equipment modifications would depend
on the particular technology adapted at
these facilities and the available equip-
ment. Based on Booz, Allen study team
estimates, the anticipated capital
costs are likely to be less than $10
million per facility. Therefore, for
purposes of this study, a judgmental
analysis leads to the following cost
determination to convert current lacguer
processing:

. Capital cost of $10 million

.o Annualized cost of $1.5 million
(assuming 15 percent of capital
cost)
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Exhibit 7-7, on the following page, presents the conversion
costs for the two scenarios developed.

7.4.3 Extrapolation to the Statewide Industry

Exhibit 7-8, following Exhibit 7-7, presents the extra-
polated costs of meeting the RACT guidelir es under two scenarios
that were developed. These costs are based upon:

. The estimates of cost of compliance under the two
scenarios that were presented in sections 7.4.1 and
7.4.2.

. The current processing techniques at the five potent-
ially affected facilities in the state.

. Applying the model plant costs developed under each
scenario to each specific facility affected in the
state and aggregating the results (i.e., if cathodic
electrodeposition is already in operation at a specific
facility the cost compliance and the resulting potent-
ial emission reductions would not be included in this
analysis).



SCENARIO I

Primer
Topcoat
Final Repair
Total,

Scenario I

SCENARIO II

Primer

Topcoat
(Enamel
Facilities/
Lacquer
Facilities)

Final Repair

Total,
Scenario II

Source: Booz,

- Capital Cost

(S millions)

10-12

40-50

50-62

10-12

<i/<10

10-22

Direct
Operating Cost

EXHIBIT 7-7

U.S. Environmental Protection Agency

ESTIMATED COST FOR MODEL PLANT TO
MEET AUTOMOBILE RACT REQUIREMENTS

Annualized
Capital Cost

Annualized
Cost--Rounded

Energy
Demand

($ millions)

(0.02)

Allen & Hamilton Inc.

($ millions)

1.5-1.8

6.0-7.5

7.5-9.3

1.5-1.8

<1.5

1.5-3.3

(S millions)

<l.5

1.6-3.1

(equivalent
barrels of oil)

13,000

37,000

50,000

13,000

13,000



EXHIBIT 7-8
U.S. Environmental Protection Agency
STATEWIDE COSTS TO MEET THE RACT GUIDELINES
FOR AUTOMOBILE ASEMBLY PLANTS

Characteristic Scenario I Scenario Il
Number of plants 5 5
1977 VOC emissions 13,650 13,650

(tons per year)

Potential emission
reduction 10,900 8,650-10,9002
(tons per year)

VOC emissions after 2,750 2,750-5,000
RACT
(tons per year)

Capital cost 280 34
{($ millions, 1977)

Annualized cost 44 5
($ millions, 1977)

Annualized cost per 4,040 460-580
ton of emission reduction

a. Emission reduction based on average solids concentration
of topcoat of 40 percent to 62 percent.

Source: Booz, Allen & Hamilton Inc.



7.5 DIRECT ECONOMIC IMPLICATIONS

This section presents the direct economic implications
of implementing RACT controls to the statewide industry, in-
cluding: availability of equipment and capital; feasibility
of the control technology; and impact on economic indicators,
such as value of shipments, unit price, state economic
variables and capi:al investment. 1In this section, both
scenarios that were developed for surface coating of auto-
mobiles are discussed.

7.5.1 RACT Timing

Under Scenario I, it is assumed that the recommended
RACT guidelines must be implemented statewide by 1982. This
implies that the automobile manufacturers must have either
low solvent coatings or VOC control equipment installed and
operating within the next four years. The timing of RACT
is discussed for each of the major processes within auto-
mobile facilities.

. To meet the RACT requirement for primer coating
operations, cathodic or anodic electrodeposition
will have to be installed. In general, the
industry has been installing the cathodic electro-
deposition process over the past few years
and four of the five affected facilities in Ohio
already have a cathodic electrodeposition
process.

- Nationwide, these timing requirements for primers

represent a moderate forcing of the
current technology trend for most
manufacturers.

- For American Motors the conversion
to an electrodeposition process represents
significant changes in their current process.
Construction plans would have to start
immediately to meet the 1982 timeframe.

. To meet the RACT requirements for topcoating
operations, the only proven technology existing
today is waterborne coating.

- Conversion to waterborne coatings
represents a complete changeover of
existing facilities. Essentially,
new production lines would have to
be installed at all facilities in Ohio.
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- Construction alone would probably take
between three to four years. Although
this deadline of construction might be
met if Ohio were the only state
implementing RACT, it could not be
met on a nationwide basis by automobile
manufacturers.

. To meet the RACT requirements for final repair,
the equivalent of a 35 percent solids enamel
must be achieved.

- At American Motors, Ford, and the
General Motors light duty trucks,
which utilize enamel systems, it has
not been proven that high solids enamels
can be achieved for metallic colors. The
timing requirements might have to be met
with add-on equipment in the short run (until
technology developments are proven for
high solids enamel repairs).

Under Scenario II, it is assumed that the RACT requirements
are modified, to meet specific technologies. The only major
processing area where significant timing modifications need
to be adapted would be for topcoating.

. It is likely that high solids enamels technol-
ogies will be developed over the next two or
three years, although it is highly unlikely
a 62 percent solids enamel could be developed
before 1982.

. Topcoat changes at all facilities are likely to
be substantial unless an adaptable technology
can be developed.

The sections which follow further discuss the feasibility
of implementing RACT within the required timeframe and the
economic implications.
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7.5.2 Feasibility Issues

Technical and economic feasibility issues of implementing
RACT controls are discussed in this section.

The automobile manufacturing industry has extensively
evaluated most of the approaches to meeting RACT. The feeling
in the industry is that RACT cannot be achieved by January 1,
1982, using low solvent coatings~-primarily waterborne.

. The capital construction requirements to
achieve waterborne topcoat RACT limitations
cannot be achieved on a nationwide basis
by 1982.

The RACT controls for primer operations could
be achieved by a 1982 timeframe if they are
modified to incorporate the cathodic electro-
deposition processing technology. However,
in some older facilities where changes are
extensive, additional time may be required.

It is probable that the final repair
limitations could be achieved (with moderate
technology’ advances) at all automobile facili-
ties currently using enamel systems.

7.5.3 Comparison of Direct Cost with Selected Direct
Economic Indicators

This section presents a comparison of the net increase
in the annual operating cost of implementing RACT with
automobiles manufactured in the state, the value of wholesale
trade in the state and the unit value of automobiles.

Under Scenario I, which assumes that the recommended
RACT limitations are met with electrodeposition for primers,

waterborne topcoat processes and a 35 percent solids enamel
topcoat:

. The capital requirement is estimated to be
$280 million, which represents approximately
340 percent of normal capital expenditures
(assuming current capital expenditures
represent 1.5 percent of value of shipments).

. The net annualized cost increase is esti-
mated to be $44 million, which represents
approximately 0.8 percent of the statewide
auto industry's value of shipments.



. Assuming a "direct cost pass-through" the net
price increase would be approximately $38 per
car manufactured.

. The automobile manufacturing industry represents
approximately 6 percent of the statewide economy
and the direct cost increase of compliance
represents approximately 0.05 percent of
the value of shipments statewide (all manu-
facturing industry).

Under Scenario II, which assumes that the RACT requirements
are modified to meet specific technologies;

. The capital requirement is estimated to
be approximately $34 million, which
represents approximately 40 percent of
normal capital expenditures (assuming
capital expenditures represent 1.5 per-
cent of value of shipments).

The net annualized cost increase is approxi-
mately $5 million, which represents approximately
0.1 percent of the value of shipments.

. Assuming a "direct cost pass-through" the price
increase would be approximately $4 to $5 per car
manufactured.

. The direct cost increase of compliance represents
less than 0.01 percent of the value of shipments
statewide (all manufacturing industry).

7.5.4 Ancillary Issues Relating to the Impact of RACT

The automobile manufacturers are seeking to have the
guidelines altered to encompass a plant-wide emissions basis.
This would allow a credit from one operation, where emissions
were reduced to below the RACT recommended levels, to be
applied to another operation that is not in compliance under
this proposal. The plant would be in compliance if the total
emissions were reduced to the level proposed in RACT. It
appears that the impact of this proposed regulation, if
accepted, would be a reduction in compliance cost of the
RACT requirements. For instance, a manufacturer might
lower the emissions from prime coats below the RACT standard
to avoid installing emission control equipment for final
repair coating operations.
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7.5.5 Selected Secondary Economic Impact

This section discusses the secondary impact of implementing
RACT in employment, market structure and productivity.

The automobile assembly industry represents approximately
6 percent of Ohio's manufacturing industry and Ohio ranks as
the third largest automobile manufacturing state in the
nation.

. If the recommended RACT limitations (Scenario 1I)
require waterborne coating technology, the
effect would probably be a total remodeling
of existing lines and facilities. This might
represent a slight decrease in employment at these
facilities and a moderate increase in productivity.

. If the RACT limitations are modified to meet
developing technologies, no significant effects
on employment and productivity are forecast.

Regardless of the RACT scenario implemented, no signi-
ficant change in market structure is likely to occur.

. Under Scenario I, all manufacturers would
incur cost increases and none of the manu-
facturers stated that this would result
in market structure changes.

. Under Scenario II, General Motors is likely
to incur higher costs than other manufacturers
but less cost per facility than under Scenario
I. General Motors feels that all of the currently
proven technology alternatives and final repair
would result in quality tradeoffs (with the
exception of retrofit control equipment).

* * * *

Exhibits 7-9 and 7-10, on the following pages, present
a summary of the current economic implications of implementing
RACT under the two scenarios studied for automobile assembly
plants in the state of Ohio.



EXHIBIT 7-9(1)

U.S. Environmental Protection Agency
SUMMARY OF DIRECT ECONOMIC IMPLICATIONS
OF IMPLEMENTING RACT SCENARIO I FOR
AUTOMOBILE ASSEMBLY PLANTS IN THE

STATE OF OHIO

SCENARIO I
(RACT Limitations
Implemented By 1982)

Current Situation Discussion
Number of potentially affected facilities Three companies operating five assembly plants
Indication of relative importance of indus- 1977 value of shipments was approximately
trial section to state enconomy $5.6 billion which represents approxi-

mately 6.2 percent of the state's manu-
facturing industry. Of all states,
OChio ranks third in automobile
production

Current industry technology trends Prime coat~-cathodic electrodeposition
Topcoats--high solids enamels for
manufacturers using enamel systems

1977 VOC emissions (actual) Approximately 13,700 tons per year
Industry preferred method of VOC control Cathodic electrodeposition for prime

to meet RACT guidelines coat. High solids enamel for topcoat.
Assumed method of control to meet RACT Cathodic electrodeposition for prime coat
guidelines Waterborne enamels for topcoat

High solids enamels for final repair

Affected Areas in Meeting RACT
Scenario I Discussion

Capital investment (statewide) $280 million (approximately 340 percent
of current annual capital expenditures
for the industry in the state)

Annualized cost (statewide) $44 million (approximately 0.8 percent
of the industry's 1977 statewide value
of shipments)

Price Assuming a "direct cost pass-through"
approximately $38 per automobile manu-
factured

Energy Increase of 250,000 equivalent barrels

of o0il annually primarily for operation
of waterborne topcoating systems

Productivity and employment Conversion to waterborne systems would
require total rework of existing pro-
cessing lines. Major modifications
would probably increase efficiency and
line speed in some facilities.



EXHIBIT 7-9(2)
U.S. Environmental Protection Agency

SCENARIO I
(RACT Limitations
Implemented By 1982)

Current Situation

o

I .rket structure

<

RACT timing requirements (1982)

5

"roblem areas

C emission after RACT control

(..t effectiveness of RACT control

Discussion
No major effect

Conversion of all automobile assembly
plants to topcoating waterborne systems
cannot be achieved by 1982

Prime coat RACT limitations are based
on anodic electrodeposition systems
and need to be modified to reflect
cathodic processing. Topcoat RACT
limitations are based on waterborne
coatings, which is not a cost or energy
effective alternative. Final repair
RACT limitations are based on high
solids enamel technology which would
require major modifications for man-
ufacturer's using lacquer systems

2,750 tons per year (20 percent of 1977
emission level)

$4,040 annualized cost/annual ton of
VOC reduction



EXHIBIT 7-10

U.S. Environmental Protection Agency
SUMMARY OF DIRECT ECONOMIC IMPLICATIONS

SCENARIO II

OF IMPLEMENTING RACT SCENARIO II FOR
AUTOMOBILE ASSEMBLY PLANTS IN THE

STATE OF OHIO

RACT Requirements Are
Modified To Meet Specific

Technologies

Current Situation

Number of potentially affected facilities

Indication of relative importance of indus-
trial section to state economy

Current industry technology trends

1977 VOC emissions (actual)

Industry preferred method of VOC control
o meet RACT guidelines

issumed method of contrel to meet RACT

juidelines

Affected Areas in Meeting RACT
Scenario II

Capital investment (statewide)

Annualized cost (statewide)

Price

gnergy

Productivity and employment

Discussion

Three companies operating five assembly
plants,

1977 value of shipments was approximately
$5.6 billion which represents approximately
6.2 percent of the state's manufacturing
industry. Of all states, Ohio ranks

third in automobile production

Prime coat--cathodic electrodeposition
Topcoats~-high solids enamels for
manufacturers using enamel systems

Approximately 13,700 tons per year

Cathodic electrodeposition for prime
coat. High solids enamel for topcoat.

Cathodic¢ electrodeposition for prime coat
High solids enamels for topcoat. High
solids enamel for final repair.

Discussion
$34 million (approximately 40 percent
of current annual capital appropriations
for the industry in the state)
$5 million (approximately 0.1 percent of
the industry's 1977 statewide value of
shipments)
Assuming a "direct cost pass-through"
approximately $4 to $5 per automobile manufac-
tured

Dependent on technology applied

No major effect



EXHIBIT 7-10 (2)
U.S. Environmental Protection Agency

SCENARIO II

~ Current Situation

M rket structure
il

RACT timing requirements

vt
Problem area
.

VOC emission after RACT control

a4

C»st effectiveness for RACT control

iy

-

Serce: Booz, Allen & Hamilton Inc.

-

e

Discussion
No major effect

Primer and final repair “imitations could
be implemented at most facilities by 1982

Topcoat limitations could be set at a 40
percent to 62 percent solids by 1985
dependent on technology developments

Limitations for topcoat are dependent
on technology development

2,750-5,000 tons per year (20 percent to
37 percent of 1977 emission levels dependent
on limitations)

$460-$580 annualized cost/annual ton
for VvOC reduction
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8.0 THE ECONOMIC IMPACT OF
IMPLEMENTING RACT FOR
SURFACE COATING OF METAL
FURNITURE IN THE STATE OF
OHIO

This chapter presents a detailed economic analysis
of implementing RACT controls for surface coating of metal
furniture in the State of Ohio. The chapter is divided
into six sections:
Specific methodology and quality of estimates
Industry statistics
The technical situation in the industry

Cost and VOC reduction benefit for the most
likely RACT alternatives

Direct economic implications
Selected secondary economic impacts.
Each section presents detailed data and findings

based on analyses of the RACT guidelines, previous studies
of metal furniture plants, interviews and analysis.

8-1



8.1 SPECIFIC METHODOLOGY AND QUALITY OF ESTIMATES

This section describes the methodology for estimating:

. Industry statistics

. VOC emissions

. Processes for controlling VOC emissions
. Cost of controlling VOC emissions

. Economic impact of emission control
for surface coating of metal furniture in Ohio.

The quality of the estimates is described in detail
in the last part of this section.

8.1.1 Industry Statistics

Industry statistics on metal furniture manufacturing
plants were obtained from several sources. All data were
converted to a base year 1977, based on specific scaling
factors. The number of establishments for 1977 was based
on the data provided by the Chio EPA and supplemented by
a review of the 1976 County Business Patterns, Moody's
Industrial Manual and interviews with selected metal fur-
niture manufacturing corporations. The total number of
employees was obtained from the 1976 County Business
Patterns. The number of employees for individual companies
was based on information obtained during interviews with
selected metal furniture manufacturers and from the Qhio
Manufacturers Directory.

The industry value of shipments was estimated by
scaling up 1972 and 1976 published data to 1977. Because
of the lack of uniform data, different approaches were
used for the household and business/institutional furniture
subcategories of this industry, as discussed below.

8.1.1.1 value of Shipments for Household Metal
Furniture

The 1976 Current Industrial Reports presented the 1976
U.S. value of shipments of househocld metal furniture (SIC
2514) as $1,161 million and indicated an 8.7 percent in-
crease in the value of shipments for 1977. The 1972 Census
of Manufacturers reported that the value of shipments in




the East North Central region was 25 percent of the U.S.
value of shipments. The breakdown of the value of ship-
ments in this region was reported as follows:

Percent of Percent of

State Regional Total U.S. Total
Ohio 7 l.8
Illinois 52 13.0
Michigan 4 1.0
Wisconsin 16 4.0
Indiana 21 5.3

The 1977 value of shipments of metal household fur-
niture in Ohio was estimated by scaling up the 1976 U.S.
value of shipments to 1977 and applying the above
regional breakdown.

8.1.1.2 Value of Shipments for Business/Institutional
Metal Furniture

Business/institutional metal furniture includes
office furniture (SIC 2522), metal partitions (SIC 2542)
and public building furniture (SIC 2531). The value of
shipments for each of these groups was obtained as
follows:

. For office furniture, the 1976 Current Indus-
trial Reports presented the U.S. value of
shipments as $1,002 million and indicated an 8§
percent increase in the value of shipments for
1977. It also reported a 47.4 percent share
of the U.S. value of shipments for the East

North Central region. Since the regional break-

down of wvalue of shipments was not available,
the regional breakdown by the Number of estab-
lishments with 20 or more employees (as given
in the Current Industrial Reports) was used to
estimate the value of shipments for individual

states:
Percent of Regional
State Number of Establishments

Chio 22
Illinois 15
Wisconsin 7
Michigan 50
Indiana 6

8-3



The 1977 value of shipments was estimated by scaling
up the 1976 U.S. value of shipments to 1977 and using the
above breakdown.

. For metal partitions, which also include shelv-
ing, lockers, storage racks and accessories and
miscellaneous fixtures, the 1972 Census of
Manufactures reported the value of shipments
tfor Ohio as $85.6 million. The 1977 value of
shipments was estimated by assuming a 6 percent
linear rate of growth between 1972 and 1977.

. For public building furniture which includes
metal, wocod and plastic furniture for stadiums,
schools and other public buildings, the 1972
Census of Manufactures reported the U.S. value
of shipments as $546.9 million and the value of
shipments for Ohio as $20 million. Since the
breakdown among metal, wood and plastic furni-
ture was also not reported, half of the total
value of shipments was assumed to be for metal
furniture. The 1977 value of shipments was
estimated by assuming a 6 percent linear rate
of growth between 1972 and 1977.

g§.1.2 VOC Emissions

The VOC emission data were obtained in two ways. For
the plants that are listed in the Ohio EPA's emissions
inventory, the emissions data were obtained for the inven-
tory through personal communication with Mr. Bill Juris of
Ohio EPA and were verified for selected manufacturers
through interviews with the manufacturers. For those
plants not listed in the inventory, the emissions data were
estimated by multiplying the number of employees by a
factor of 0.3 tons per year per empoyee. This factor was
derived from the data for surface coating of metal furni-
ture in Illinois and it compared favorably for the several
facilities in Ohio, for which similar data were available.

8.1.3 Processes for Controlling VOC Emissions

Processes for controlling VOC emissions for metal
furniture plants are described in Control of Volatile
Organic Emissions from Stationary Sources, EPA-450/2-
77-032. The data provide the alternatives available for
controlling VOC emissions from metal furniture manufactur-
ing plants. Several studies of VOC emission control were
also analyzed in detail, and metal furniture manufacturers
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were interviewed to ascertain the most likely types of
control techniques to be used in metal furniture manufac-
turing plants in Ohio. The specific studies analyzed
were Air Pollution Control Engineering and Cost Study of
General Surface Coating Industry, Second Interim Report,
Springborn Laboratories, and informational literature
supplied by the metal furniture manufacturers.

8.1.4 Cost of Controlling VOC Emissions for Surface
Coating of Metal Furniture

The costs of control of volatile organic emissions
for surface coating of metal furniture were developed by:

Determining the alternative types of control
systems likely to be used

Estimating the probable use of each type of
control system

. Defining equipment components

. Developing installed capital costs for modifi-
cations of existing systems

Aggregating installed capital costs for each
alternative control system

. Defining two model plants

Developing costs of a control system for the
model plants:

- Installed capital cost
- Direct operating cost
- Annual capital charges
- Energy requirements

. Extrapolating model costs to individual industry
sectors

. Aggregating costs to the total industry for the
state.

The model plants used as the bases for estimating the
costs of meeting RACT were solvent-based dipping and elec-
trostatic spraying operations. The cost of modifications
to handle waterborne or high solids was not considered to
be a function of the type of metal furniture to be coated,



since no modifications to the production lines are
necessary. Modifications are required only to the coatings
handling and pumping and spraying equipment, and these
would not differ for different types of furniture pieces.

8.1.5 Economic Impacts

The economic impacts were determined by analyzing the
lead time requirements to implement RACT, assessing the
feasibility of instituting RACT controls in terms of capi-
tal availability and equipment availability, comparing the
direct costs of RACT control to various state economic
indicators and assessing the secondary effects on market
structure, employment and productivity as a result of
implementing RACT controls in Ohio.

8.1.6 Quality of Estimates

Several sources of information were utilized in
assessing the emissions, cost and economic impact of im-
plementing RACT controls on the surface coating of metal
furniture in Ohio. A rating scheme is presented in this
section to indicate the gquality of the data available
for use in this study. A rating of "A" indicates hard
data (data that is published for the base year), "B"
indicates data that was extrapolated from hard data and
"C" indicates data that was not available in secondary
literature and was estimated based on interviews, analy-
sis or previous studies and best engineering judgment.
Exhibit 8-1, on the following page, rates each study
output listed and the overall quality of the data.



EXHIBIT 8-1
U.S. Environmental Protection Agency
SURFACE COATING OF METAL FURNITURE DATA QUALITY

A B C
Extrapolated Estimated
Study Outputs Hard Data Data Data
Industry
statistics X
Emissions X
Cost of
emissions )
control X
Economic impact X
Overall guality
X

of data

Source: Booz, Allen & Hamilton Inc.



8.2 INDUSTRY STATISTICS

Industry characteristics, statistics and business
trends for metal furniture manufacturing plants in Ohio
are presented in this section. Data in this section
form the basis for assessing the impact of implementing
RACT f:.r control of VOC emissions from metal furniture
manufac=uring plants in the state.

8.2.1 Industry Characteristics

Metal furniture is manufactured for both indocor and
outdoor use and may be divided into two general categor-
ies: office or business and institutional, and
household. Business and institutional furniture is
manufactured for use in hospitals, schools, a*-letic
stadiums, restaurants, laboratories and othe. types of
institutions, and government and private ofrfices. House-
hold metal furniture is manufactured mostly for home and
general ocffice use.

8.2.2 Size of the Industry

The Ohio EPA reports and Booz, Allen interviews have
rdentified 15 companies with 16 plants participating in
zne manufacture and coating of metal furniture, as shown
in Exhibit 8-2, on the following page. These companies
accounted for an estimated $50 million in household metal
furniture shipments and $234 million in business/institu-
tional metal furniture shipments in 1977. This is
equivalent to about 10 percent and 4 percent of the U.S.
value of shipments of household and business/institutional
metal furniture, respectively. The estimated number of
employees in the entire metal furniture industry in Ohio
for 1977 was 7,300.

8.2.3 Comparison of the Industry to the State Economy

A comparison of the value of shipments of metal
furniture with the state economy indicates that the metal
furniture industry represents about 0.3 percent of the
total Ohio value of shipments of all manufactured goods.
The industry employs 0.6 percent of all people employed
in manufacturing in Ohio.
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Exhibit 8-2

U.S. Environmental Protection Agency
LIST OF METAL FURNITURE MANUFACTURERS
POTENTIALLY AFFECTED BY RACT IN OHIO

Facility
Albion Industries, Inc.
Columbus Showcase Co.
Dayton Display
Diebeold, Inc.
Frick-Gallagher Manufacturing Co.
G.F. Business Equipment Co.
Harvard Division, Rusco Industries, Inc.

Miami Carey Co.

Nutone Division, Scovill Manufacturing Co.

Republic Steel Manufacturing Division
Shott Manufacturing Division

Sperry Univac (sold to RQA Office Supply
Products, Inc.)

Toledo Guild Products, Inc.
Tocledo Metal Furniture Co.

Zerbee Textile Co.

Location
Cleveland
Bellevue
Dayton
Wooster
Wellston
Youngstown
Bedford
Monroe
Cincinnati
Canton
Cincinnati

Marietta

Toledo
Toledo

Bellefontaine

Source: Booz, Allen & Hamilton Inc. and Chio EPA



8.3 THE TECHNICAL SITUATION IN THE INDUSTRY

This section presents information on metal furni-
ture manufacturing operation, estimated VOC emissions,
the extent of current control and the likely alterna-
tives which may be used for controlling VOC emissions
in Ohio.

8.3.1 Metal Furniture Manufacturing and Coating
Operation

Manufacturing of metal furniture consists of the
following steps: fabrication of furniture parts, ccating
and final ass=smbly. Coating operations usually include
surface prepa:ation, coating and curing.

The surface preparation typically consists of
cleansing, pretreating, hot and/or cold rinse and drying.
Depending on individual facilities, these steps may be
eliminated by substituting an organic solvent cleaning
operation or cleaning pieces in a shot-blast chamber.

Most metal furniture is finished with a single coat
applied by spraying, dipping and flow coating. The
latter two technigues are generally used when manufac-
turers only use one or two colors. Spraying is used
when a variety of colors are offered and is accomplished
by electrostatic spraying or by the conventional airless
or air spray methods. If the product requires two coats,
a primecoat is applied by one of the same methods used
for the topcoat or single coat.

Most painted furniture or furniture pieces are baked
in an oven; however, in some cases they are air dried.
After the coating application and before baking, the
solvent in the coating film is allowed to rise slowly in
a flash-off area to avoid popping of the film during
baking. The common steps in the coating operations are
illustrated in Exhibit 8-3, on the following page.

Most of the coatings applied to metal furniture are
enamel, although some lacquers and metallic coatings are
also used., Coating thickness generally varies from 0.7
to 1.5 mils.
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Ixhibit 8-3
U.S. Environmental Protection Agency
COMMON TECHNIQULS USED IN COATING OF METAL
FURNITURE PIECES
ELECTROSTATIC OR
CONVENTIONAL AIR OR
AINLESS SPRAY COATING
rase I .L | I
WACISE SNOP [~ TR i y Y0 FINAL
\ o A ASEEMBLY
kel S R
::.‘ [ XXXl
PRMSE COAT, FLASHOFF AREA "
AND OVEN W COATING vt
CLEARTING AND (0PTIONAL)
PRLYREATIENTY

FLOWCOAYVING

TOPCOAT OR SINGLE
COAT APPLICATION

Source: U.S. Environmental Protection Agency



8.3.2 Emissions and Current Controls

This section presents the estimated VOC emissions
from metal furniture manufacturing facilities in Ohio
in 1977 and the current level of emission controls
implemented in the state. Exhibit 8-4, on the follow~
ing page, shows the total emissions from the 16 metal
furniture manufacturing facilities to be about 1,532
tons per year. None of the manufacturers interviewed
have implemented complete hydrocarbon emissions controls
systems, although Republic Steel has converted some of
their operations to waterborne coating and the Nictcne Co.
has implemented a waterborne flow coating line.

8.3.3 RACT Guidelines and Control Options

The emission limitations that can be achieved thrcugh
the application of Reasonably Available Control Technology
(RACT) for the metal furniture ccating industry are
present in Exhibit 8-5, on the following pages. This
emission limit is based on the use of low organic solvent
ccatings. It can also be achieved w.th waterborne coat-
1ngs and 1s approximately equivalent (on the basis of
solids applied) to the use of an add-on control device
that collects or destroys about 80 percent of the solvent
from a conventional high organic sclvent coating. In some
cases, greater reductions (up to 90 percent) can be
achieved by installing new eguipment which uses powder or
electrodeposited waterborne coatings. A comparison of the
warious control options is presented in Exhibit 8-6,
following Exhibit 8-5.

8.3.4 Selection of the Most Likely RACT Alternatives

The choice of application of control alternatives,
for the reduction of hydrocarbon emissions in existing
facilities for the surface coating of metal furniture,
requires a line-by-line evaluation. A number of factors
must be considered, based on the individual characteristics
of the coating line to be controlled. The degree of
economic dislocation is a function of these factors.

The first factor to be considered is whether the
existing equipment can be used by the substitution of a
coating material which will meet the RACT guideline.
This alternative would require the least capital expen-
diture and may minimize production downtime.

I1f the existing equipment has to be mcdified,
replaced or expanded, factors to consider are the kind



Exhibit 8-4
U.S. Environmental Protection Agency
1977 VOC EMISSIONS FROM SURFACE COATING
OF METAL FURNITURE IN OHIO

:::::

Current
Number of Coating Number of BEmissions
o Facility Name Employees Process Coating Lines (Actual)
- . (tons/yr!
. Albion Industries 10 N/A N/A 34
wa Columbus Showcase Co. 50 N/A N/A 15°
Dayton Display Co. 11 spray 1 32
'" Diebold Inc. N/A spray 3 >0
- Frick-Gallagher 91 N/A N/A 27"
- Manufacturing Co.
- G.F. Business Equipment Co. 1,520 spray 6 515
- Harvard Division, Rusco 150 dip 3 as®
—n Industries
. Miami Carey Co. 592 spray, dip 2 78
- Nutone Division, Scovill N/A spray, 3 35
e Manufacturing Co. flow coat
o Republic Steel N/A spray, dip 2 350
- Shott Manufacturing Co. 19 dip 1 1
h Sperry Univac,
Reno Plant N/A spray 4 339
- Green Street Plant N/A spray 2 29
Toledo Guild Products N/A N/A 182
' Toledo Metal Furniture 75 N/A N/A 222
- Zerbee Textile Co. 7 N/A N/A ____;Zi
- TOTAL 1,532

a. Estimated by assuming 0.3 tons/yrseimployee of VOC emissions based on
- the data from surface coating of metal furniture in Illinois and the
data available for the Chio facilities.

i

Source: Personal communication with Mr. William Juris of Ohio EPA and
Booz, Allen & Hamilton, Inc. estimates

EL]



VXHIBIT B-5
1.5, knvisonmental Protection Agency
EMISSION LIMITATIONS FOR RACT IN SURFACE
COATING OF METAL FURNITURE

Recommended lamitation

K; of organic wolvent lbs. of orgamic solvent
emitted per hiter of emitted per gallon ol
Affected Facility coating (minu:s water) coating {(minus water)
Metal furniture coating line 0. G J.0

Source: Environmental Protection Agqency.
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Control Options

Waterborne
(electrodeposition,
EDP)

Waterborne (spray dip

or flow coat)
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Affected Facilaty
and Application
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EXHIBIT 8-6(1)

U.5. Environmental Protection Agency
RACT CONTROL OPTIONS FOR THE METAL FURNITURE INDUSTRY

Typlcal Percent
Reduction

Primecoat or
single coat

All applications

90-952

60-90°

Comparison of Control Options

Provides excellent <overage
corrosion protection and
resistance

Fire hazards and potential
toxicity are reduced

Dry off oven may be omitted
after cleansing if an iron-
phosphate pretreatment is
used

Good quality control due to
fully automated process may
be offset by increased
electrical requirements for
the coating, refrigeration
and circulation systems if
EDP replaces waterborne
flow or dip coating opera-
tions. This would not be
true if EDP replaces a
spraying operation

EDP can be expensive on small-
scale production lines

This will likely be the first
option considered because of
the possibility that these
coatings can be applied
essentially with existing
equipment

ot



EXHIBIT 8-6(2)
U.5. Environmental Protection Agency
RACT CONTROL OPTIONS FOR THE METAL FURNITURE INDUSTRY

Affected Facilaty Typircal Percent
Control Options and Application Reduction

Comparison of Control Options

Waterborne (spray dip
or flow coat)
{continued)

Requires a longer flash-off
area than organic solvent-
borne coatings

Curing waterborne coatings
may allow a decrease in
oven temperature and some
reduction in airflow, but
limited reduction if high
humidity conditions occur

Spraying electrostatically
requires electrical isola-
tion of the entire system.
Large lines may be difficult
to convert because coating
storage areas may be
hundreds or thousands of
feet away from the
application area

Di1p or flow coating applica-
tion requires closer
monitoring due to its
sensitive chemistry

Weather conditions affect the
application, so flash-off
time, temperature, air
circulation and humidity
must be frequently wmonitored



Control Options

Waterborne (spray dip
or flow coat)
(continued)

Powder (spray or dip)

Affected Facility
and Application

EXHIBIT 8-6(3)

.S, knvironmental Protection Agency
RACT CONTROL OPTIONS FOR THE METAL FURNITURE INDUSTRY

Typtical Percent
Reduction

Comparison of Control Options

Top or single coat

95-992

Changes in the number of nozzles
may be reguired

Sludge handling may be more
difficult

No solid or liquid wastes to
dispose of

Powder may reduce energy
requirements in a spray booth
and the ovens because less
air is required than for
solvent~borne coatings and
flash-off tunnel 1s
eliminated

Powder can be reclaimed, result-
ing in up to 98% coating
efficiency

All equipment (spray booths,
associated equipment and
often ovens) used for liquid
systems must be replaced

Powder films cannot be applied
in thicknesses of less than
2 mils and have appearance
limitations

Powder coatings may be subject
to explosions



Control Options

Powder (spray or
dip) (continued)

High solids (spray)

Carbon adsorption

Affected Facility
and Application

EXHIBIT 8-6(4)

.5, Environmental Protection Agency
RACT CONTROL. OPTIONS FOR THE METAL FURNITURE INDUSTRY

Typical Percent
Reduction

Comparison of Control Options

Top or single coat

Prime, single or
top coat
(application
and flash-off
areas)

50-802

90

Excessive downtime (half-hour)
1s required during color
changes. If powders are hot
reclaimed in their
respective colors, coating
usage efficiency drops to
508 to 60%

May be applied with existing
equipment

Reduces enerqgy consumption
because it requires less
airflow 1n the spray booth,
oven and flash-off tunnel

Potential health hazard asso-
ciated with isocyanates used
in some high-solid two-
component systems

Although it is technically
feasible, no metal
furniture facilities are
known to use carbon
adsorption

Additional energy requirements
1S a possible disadvantage

Additional filtration and
scrubbing of emissions from
spray booths may be
tequired
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Control Options

Carbon adsorption
(continued)

Incineration

Af fected Facility
and Application

Prime, single or
topcoat (ovens)
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-
-
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EXHIBIT 8-6(5)

U.S. Environmental Protection Agency
RACT CONTROL OPTIONS FOR THE METAL FURNITURE INDUSTRY

Typical Percent
Reduction

90

Comparison of Control Options

There is little possibility
of reusing recovered solvents
because of the variety of
solvent mixtures

Many facilities may require
dual-bed units which require
valuable plant space

Particulate and condensible
matter from volatilization
and/or degradation of resin,
occurring in baking ovens
with high temperature, could
coat a carbon bed

These are less costly and more
efficient than carbon
adsorbers for the baking
ovens because the oven
exhaust temperatures are too
high for adsorption and the
high concentration of organics
in the vapor could provide
additional fuel for the
1ncinerator



EXHIBIT 8-6(6)
U.5. Environmental Protection Agency
RACT CONTROL OPTIUNS FOR THE METAL FURNITURE INDUSTRY

Af fected Facilaty Typical Percent
Control Options and Application Reduction Comparison of Control Options
Incineration . Heat recovery system to reduce
{continued) fuel consumption would be

iiesirable and would make
spplication and flash-off
area usage a viable option

a. The base case against which these percent reductions were calculated is a high organic
solvent coating which contains 25 volume percent solids and 75 percent organic solvent.
The transfer efficiencies for liquid coatings were assumed to be B0 percent for spray, 90
percent for dip or flow coat, 93 percent for powders and 99 percent for electrodeposition.

b. Thls percent reduction i1n VOC em1ssions 1s only across the control device and does not take
into account the capture eft.ciency.

Source: Control of Volatile Organic Emissions from Stationary Sources--Volume II1: Surface Coating
of Metal Furniture, LPA-450/2-77-032, December 1977,
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of changes that have to be made, the capital costs, the
change in operating costs, the length of time needed to
make the changes, the effect on the production rate, the
operational problems that will have to be handled and
the effect on the gquality of the product.

Interviews with industry representatives indicate
that most manufacturers will use their existing spraying
equipment and modify it to handle high solids or water-
borne coatings. The existing dipping or flow coating
equipment will be modified to handle waterborne coating.
One manufacturer will have to modify the existing dip

coating equipment to electrodeposition to meet the RACT
guidelines.



8.4 COST AND VOC REDUCTION BENEFIT EVALUATIONS FOR THE
MOST LIKELY RACT ALTERNATIVES

This section presents the cost for the most likely
control systems and associated VOC reduction benefit.
First the costs for the two types of model plants are
presented, which are then extrapolated to the statewide
industry. For one plant in the state, the costs were
obtained directly from the manufacturer.

8.4.1 Model Plant Costs and VOC Reduction Benefits

Two types of model plants, each with different
sizes, were selected for the surface cocating of metal
furniture. The first type included an electrostatic
spraying line with outputs of 3 million square feet and
48 million square feet of surface area coated per year.
The second type included a dip coating line with outputs
of 7 million square feet and 22.5 million square feet of
surface area coated per year. Assuming a one-color
single-coating line, the capital, operation and mainte-
nance costs for the model plant were estimated. The cost
of pretreatment facilities, ovens and plant building was
excluded from total capital costs. The annualized cost
includes ccating materials, utilities, operation and
maintenance labor, maintenance material and capital
charges (depreciation, interest, taxes, insurance and
administrative charges). General plant cverhead cost was
excluded from the annualized cost. The estimated costs
for the model base plant and the incremental costs for
the most likely control options are presented in Exhibit
8-7 for the electrostatic spraying and in Exhibit 8-8 for
dip coating lines, on the following pages.

The assumptions for the cost estimates are discussed
in the RACT guidelines document (EPA-450/2-77-032). It
should be noted that the incremental costs, or savings
can change significantly if the underlying assumptions
are changed., For example, if the base plant assumption
of 25 percent solids coating was 30 percent solids coat-
ing, no savings for conversion to higher solids (70 per-
cent) would result. Similarly, capital costs for
conversion to waterborne coating would increase
dramatically, if significant changes to the facility were
needed, compared to the assumption of cleaning and
corrosion protection only of existing dip tanks.



U.5. Environmental Protection Agency

ESTIMATED CO5T  OF CONTROL FOR MODEL

Exhibit 8-7

s

EXISTING ELECTROSTATIC SPRAY COATING LINES

Model Plant A-1
(3 Million Syuare Feet/Yr)

Model Plant A-2

(48 Million Square Feet/Yr)

Base Incremental Costs for Base Incremental Costs for
Plant conversion Plant Conversion
Cost Cost
25% Higher 25% Higher
Solids Solids Waterborne Powder Solids Solids Waterborne Powder
Installed capital cost ($000) 255 15 15 60 1,200 62 62 K3 W)
Direct operating costs (savings) 175 (6) 5 17 1,113 (81) 50 343
($000)
Capital charges ($000/yr) 48 3 3 11 224 12 12 59
Net annualized cost (credit) 223 {3) 8 28 1,337 {69) 62 402
{$000/yr)
Solvent emissions controlled N/A 21 20 24 N/A 336 314 380
(tons/yr)
Percent emissions reduction N/A 86 80 97 N/A 86 80 97
Annualized cost (credit) per ton N/A (143) 400 1,167 N/A (205) 197 1,076
of VOC controlled ($/ton)
Note: 1977 dollars ana—short tons
Source: Control of Volatile Organtc Emisoion, from KXo aing Stattonary sources, Volume 111:  Surtace

Coating of Metal Fuznxlurvj*EPA;QUU/J;77l63Q. becember 19717,

s



t xhiibat 8-
U.he bavironmental Protection Agency
ESTIMATED COLT OF CONTROL OPTIONS FOR
MODEL EXISTING DIP COATING LINES

Model Plant B-1} Model Plant B-2
{/ Million Square Feet/Yr) (22.5% Mallion Square Feet/Yr)

Base Base
Plant incremental Costs Piant Incremental Costs
cost tuor Conversion to Cost for Conversion to
25% waterborne 25% Waterborne
Solids Solids
Installed capital cost (3%000) 105 3 215 S
Di:.ct operating costs 135 10 450 17
($000)
Capital charges (5000/yr) 20 1 40 1
Net annualized cost ($000/yr) 155 11 490 18
Solvent emissions controlled N/A 27 N/A 122
{tons/yr)
Percent emissions reduction N/A 80 N/A a0
Annualized cost per ton of N/A 407 N/A 148

VOC controlled ($/ton)

Note: 1977 dollars and short tons

Source: Countrol of Volatile Organ' tmissions trom Lxisling Stationary Sources,
Volume 111: Surtace Coat . ¢y ot Mctdal burniture, LPR-H0/2-77-0132,
vecember 1977




8.4.2 Extrapolation of Control Costs to the
Statewide Industry

Exhibit 8-9, on the following page, presents the
extrapolated costs for meeting RACT guidelines for VOC
emission control for surface coating of metal furniture
to the statewide industry in Ohio. The estimates were
derived as follows.

. Based on emissions estimates given in
Exhibit 8-4, 16 plants would require
controls to comply with the RACT guide-
lines.

. The distribution of control options was based
on industry interviews, as well as Booz, Allen
estimates. In general, existing spray coating
lines are likely to convert to high solids
where high quality finish is required and to
waterborne where less emphasis is placed on
appearance.

. The capital cost of control was estimated by
scaling up the model plants A-1 and B-1l costs
by a capacity factor calculated as follows,
except for those manufacturers who provided
the data to Booz, Allen during interviews.
The capacity factor was estimated to be one for
the coating lines with emissions per line
equal to or less than those of the model plants.
For the coating lines with greater emissions per
line than those of the model plant, the capacity
factor per line was determined to be equal to:

0.6

(actual emissions/model plant emissions)

The annual capital charges were eitimated to be
18.7 percent of the capital cost.

. Based on the data from the U.S. EPA, the incre-
mental annual operating costs was determined to
be proportional to the amount of emissions reduc-
tion and was scaled up from the model plant costs.

The data in Exhibii 8-9 show that the control of VOC for
surface coating of metal furniture to meet the RACT guidelines
in Ohio would require a statewide capital investment of about
$929,000 and a statewide direct annualized cost of about $41,000.
The estimated capital cost for individual establishments varies
from $3,000 to $200,000. It should be noted that these findings

1Includes 12 year life, 10 percent interest, and 4 percent for
taxes and insurance.



Exhiibit 8-9
U.5. Environmental frotection Agency
STATEWLIDE COSTS FOR PROCESS MOULIFICATIONS OF
EXISTING METAL FURNITURE COATING LINES
TO MEET RACT GUIDELINES VOR VOC EMISSION CONTROL

Projected Control OGution

Characteristic High
Solids Waterborne Waterborne Total
Spray _Spray bp
Number of plantsa 8 7 2 16
Number of process lines 19 15 3 37
Uncontrolled emissions (ton/yr) 956 475 101 1,532
Potential emission reduction (ton/yr)b 822 380 8l 1,283
o c ¢
Install:d capital cost ($000) 441 477 11 929
Direct annual operating cost (credit) (2139) 94 31 (114)

($000) (1-3 shifts/day)€

Annual capktal charges (credit) 82 71 2 155
{5000)
; d (157)
Net annualized cost (credit) ($000) 165 33 41
Annualized cost (credit) per ton of (191} 434 407 32

emission reduced (5}

a. Total number of plants 1s less than the sum of i1ndividual columns because some
plants have both spraying and dipping lines.

b. Based on control efficiency ot Bb percent for high solids and 8o percent for
watcerborne coataing.

c. Based on cost for model plant A-1 and B-1 fcom Exhibits H-7 and 4-4, and from data
provided by -clected manufadd tacer ..

d. 18.7 percent of capital cost.

Source: Booz, Allen & Hamrlton Inc.
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are based on the assumption that all metal furniture manu-
facturing plants will experience average costs or savings
similar to those experienced by the model plants. However,
based on the data for other states, some plants in Ohio may
require substantial capital investment to modify the existing
facilities to meet the RACT, while others would experience

less.



8.5 DIRECT EONOMIC IMPACTS

This section presents the direct economic impacts
of implementing the RACT guidelines for surface coating
of metal furniture, on a statewide basis. The analysis
includes the availability of equipment and capital;
feasibility of the control technology:; and impact on
economic indicators, such as value of shipments, unit
price (assuming full cost passthrough), state economic
variables and capital investment.

8.5.1 RACT Timing

RACT must be implemented statewide by January 1,
1982. This implies that surface coaters of metal furni-
ture must have made their process modifications and be
operating within the next four years. The timing
requirements of RACT impose several requirements on metal
furniture coaters:

. Determine the appropriate emission control
system.

Raise or allocate capital to purchase new
equipment or modify existing facilities.

Acquire the necessary equipment or coating
material for emission control.

Install new equipment or modify existing
facilities and test equipment and/or new
materials to ensure that the system com-
plies with RACT and provides acceptable

coating gquality.

Generate sufficient income from current
operations to pay the additional annual
operating costs incurred with emission
control.

The sections which follow discuss the feasibility
and the economic implications of implementing RACT
within the requirement timeframe.

8.5.2 Feasibility Issues

Technical and economic feasibility issues of
implementing the RACT guidelines are discussed in this
section.



Several metal furniture manufacturers in Ohio, Illinois
and Wisconsin interviewed during this study have attempted
to implement the control systems discussed in this report.
One has already converted the entire facility to waterborne
electrostatic spray and dip coating during plant moderniza-
tion, whereas another has converted to powder coating.
Because these manufacturers use a limited number of colors,
they have been able to successfully convert their existing
operations to waterborne or powder coating. Others inter-
viewed use a variety of colors, some as many as 1,500, and
have experimented with high solids and waterborne coatings,
but have not succeeded in obtaining the desired quality
paint formulations in the variety of colors needed from the
suppliers. The development of suitable coating materials
in a variety of colors is the key to successful implementa-
tion of RACT in the required time.

Unless major modifications are required, such as
complete isolation of large coating facilities to convert
to electrostatically sprayed waterborne coating, the cost
of conversion to high solids or waterborne coatings is
not likely to have a significant effect on the implemen-
tation of the RACT guidelines for surface coating of
metal furniture.

8.5.3 Comparison of Direct Cost with Selected Direct
Economic Indicators

The net increase in the annualized cost to the coat-
ers of metal furniture represents approximately 0.014
percent of the industry's 1977 value of shipments manu-
factured in the state. This increase may translate to a
few cents per unit of furniture manufactured to more than
$1 per unit manufactured if the costs are passed through
to the customers depending on the furniture surface area
coated.

Based on the data presented in Exhibit 8-9, the major
economic impact in terms of cost to the other companies
will be capital related than from increased annual operating
costs. Several companies are estimated to require from
$45,000 to $200,000 capital investment, which may present a
capital appropriation problem for these companies. For the
remaining companies, capital appropriation would be a
problem only if significant facilities modifications were
required.
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In general, marginally profitable companies could be
severely affected, although none of the companies interviewed
had considered going out of business because of the projected
increased capital requirements and inability to pass on
these costs trhough higher prices.
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8.6 SELECTED SECONDARY ECONOMIC IMPACTS

This section discusses the secondary impact of imple-
menting RACT on employment, market structure and productivity.

Employment is expected to remain unchanged. Employment
would be reduced if marginally profitable facilities closed,
but the present indication from the industry is that no such
closures are anticipated.

The market structure for metal furniture industry is not
expected to be affected by the implementation of RACT in Ohio.

Productivity for those coaters who would be coating only
with high solids could be increased, because they will be able
to get more paint on per unit volume basis and reduce paint
application time.

* * *

Exhibit 8-10, on the following page, presents a summary of
direct economic implication of implementing RACT for metal
furniture coating in Ohio.
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Current Situation

Number of potentially affected
facilities

Indication of relative importance of
industrial secticn to state economy

Current industry technology trends
1977 VOC emissions (actual)

Industry preferred method of VOC
control

Assumed method of control to meet
RACT gu.delines

Affected Areas in Meeting RACT

Cag.zal investment (statewide)

.

Anrcalized sost [(statewide)

Pr.ce

144
)
@
"
Y]
N

V)
"
(8}
[
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-

Tivaetly
Emplc,ment
Market structure

RACT tuming requirement (1982)

Problem area

VOC emissions afcer RACT

Cost effectiveness of RACT

Sourcer Booz, Allen & Hamilton Inc.

EXHIBIT 8-10
U.S. Environmental Protection Agency
SUMMARY OF DIRECT ECONOMIC IMPLICATIONS OF
IMPLEMENTING RACT FOR SURFACE COATING OF
METAL FURNITURE IN OMIO

Discussion

There are 16 metal furniture manufacturing
facilities

1977 value of shipments was $284 million

Trend is towards the use of a variety of colors
1,532 tons per year

Low solvent coatings

Low aclvent coatings

Discussion
$929,000

$41,000 ‘approximately 0.014 percent of
current value of shipments)

Varies from a few cents tc more than $. per
unit of furniture depending upon surface area
coated

No major impact

No major impact

No major impact

No major impact

Companies using a variety of colors may face
a problem

Low solvent coating in a variety of colors
providing acceptable quality needs to be
developed

249 tons per year (16 percent of current
emissions level)

$32 annualized cost/annual ton of VOC
reduction
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9.0 THE ECONOMIC IMPACT OF IMPLEMENTING
RACT GUIDELINES FOR SURFACE COATING
FOR_INSULATION OF MAGNET WIRE IN
THE STATE OF OHIO

The State of Ohio EPA has identified two facilities that
surface crat magnet wire for insulation. The information
from the emission inventory indicates that both these facilities
have implemented controls that conform to the RACT guidelines
as acceptable control alternatives.

Exhibit 9-1, on the following page, lists the data provided
by the State of Ohio EPA on the magnet wire coaters. Exhibits
9-2, 9-~3 and 9-4, following Exhibit 9-1, summarize the emission
limitations and control options for surface coating for insula-
tion of magnet wire.

Based on the following assumptions, there will be no
economic impact in Ohio for implementing RACT in the industry
category of surface coating for insulation of magnet wire:

. All magnet wire coaters have been identified
by the Ohio EPA,

. The controls reported to the Ohio EPA have
been implemented by these facilities.

. The controls are sufficient to meet the RACT
guidelines.

One of the facilities utilizing catalytic
incineration has achieved only 75 percent
efficiency. Some additional costs might
be required to meet RACT requirements at
this facility.



Facility

Packard Electric

Phelps Dodge Magnet
Wire Co.

TOTAL

Source: Ohio EPA

Type of Control

Catalytic Incin-

eration EXT.
Incinerator

Thermal

Catalytic Incin-

eration EXT.
Incinerator

Thermal

Current
Hydrocarbon
Emission

(tons/yr.)

lé63

50

218

EXHIBIT 9-1
U.S. Environmental Protection Agency

MAGNET WIRE COATERS IN THE STATE OF OHIO

Average Control
Efficiency

(percent)

75

20

Potential Emission
Reduction through
RACT

(tons/yr.)

100

100
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EXHIBIT 9-2
U.S. Environmental Protection Agency
EMISSION LIMITATIONS FOR RACT IN THE
SURFACE COATING FOR INSULATION OF MAGNET WIRE

Recommended Limitations For
Low Solvent Coatings
kg solvent per liter lbs. solvent per gallon

Affected of coating of coating
Facility (minus water) (minus water)

Wire coating oven 0.20 1.7

Source: Control of Volatile Organic Emissions from Stationary
Source--Volume IV: Surface Coating for Insulation of
Magnetic Wire, EPA-450/2-77-033, December 1977.




EXHIBIT 9-3
U.S. Environmental Protection Agency
SUMMARY OF APPLICABLE CONTROL TECHNOLOGY
FOR CONTROL OF ORGANIC EMISSION FROM THE
SURFACE COATING FOR INSULATION
OF MAGNET WIRE

RPTION

WATERBORNE

HOT MELT (1)
LOW SOLVENT

ATINGS ULTRAVIOLET CURED(2)

ELECTRO DEPOSITION(3)

MAGNET WIRE COATING
EMISSION CONTROL
OPTIONS

POWDER COATINGS

(EPOXY)
INTERNAL CATALYTIC
. EXTERNAL CATALYTIC
INCINERATION

\\\\\;INTERNAL THERMAL
EXTERNAL THERMAL

Notes: (1) Has been used successfully in Europe.
(2) Available for specialized applications.
(3) Theoretically possible, but not commercially developed.

Source: Control of Volatile Organic Emissions from Existing Stationary
Sources--Volume IV: Surface Coating for Insulation of Magnet
Wire, EPA-450/2-77-033, December 1977.
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Affected Facility Control Options

Magnet wire coating ovens Incineration
Catalytic, internal

Catalytic, external

Thermal, internal

Thermal, external

Low solvent coating

Waterborne coatiny

Powder coating

™
ke
"
Aoy

Typical Percent
Reduction

s

LXHIBLIYT 9-4(1)
U.L. Lovironmental Protection Agency
RACT CONTROL OPTIONS FOR THE SURFACE
COATING FOR INSULATION OF MAGNET WIRE

Comparison of Control Options

75-95

75-995

98

98

80

All major wire oven designers now incorporate
internal catalysts into their design. This
design recirculates clean, heated air into
the wire drying zone. However, this option
will not be considered part of this study
since 1t is not a retrofit option.

An add-on option, this is energy intensive and
1s not easily adapted to primary heat
recovery. Catalytaic devices cannot be imple-
mented where polyester amide-imide coatings
are used, since they act as catalyst poison.
Experimental catalysts are being developed
to overcome this problem.

flot, clean gases can be recirculated back to
the drying zone but this type of incinerator
has not been popular with wire coaters
because 1t is a high energy user.

This option 1s readily adaptable to both pri-
mary and secondary heat recovery.

This option has not been developed with the
properties that meet all wire coating needs.

Presently being used in small quantities,
these are not available with properties suit-
able tor all wire coating applications and
don't have good high-temperature resistance.

Applied to wire on an experimental basis. The
upper temperature range of 130°C for epoxy
powder coating is well below the 220°C
operating temperature at which many types of
electrical equipment must operate. Powder
can be used only on large diameter wires.

For tiner wire, the powder particle approaches
the wire diameter and will not adhere well
to the wire,



EXHIBIT 9-4(2)
U.S. Environmental Protection Agency

Typical Percent

Affected Facility Control Options Reduction Comparison of Control Options
' Hot melt coating a This has been reported successful in Europe.
Ultraviolet cured coatings a This is available for specialized systems.
Electrodeposition coatings a This is theoretically possible; but once a

layer of coating is applied by the wire,
the surface is insulated against further
electrodeposaition.

a. Not available

Source: Control of Volatile Organic Emissions from Existing Stationary Sources--Volume IV:
Surface Coating for Insulation of Magnet Wire EPA-450/2-77-003, December 1977
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10.0 THE ECONOMIC IMPACT OF
IMPLEMENTING RACT GUIDELINES
FOR SURFACE COATING OF LARGE
APPLIANCES IN THE STATE OF

OHIO

This chapter presents a detailed analysis of the impact
of implementing RACT for surface coating of large appliances
in the State of Ohio. The chapter is divided into six

sections including:

Specific methodology and quality of estimates

Industry statistics
The technical situation in the industry
Emissions and current controls

Cost and VOC reduction benefit evaluations for
the most likely RACT alternatives

. Direct economic impacts.
Each section presents detailed data and findings based
on analyses of the RACT guidelines, previous studies of the

application of surface coatings on large appliances, inter-
views and analysis.
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10.1 SPECIFIC METHODOLOGY AND QUALITY OF ESTIMATES

This section describes the methodology for determining
estimates of:

Industry statistics

VOC emissions

Processes for controlling VOC emissions
Cost of controlling VOC emissions
Economic impacts

* L] L ] ® L

for the surface coating of large appliances in Ohio.

An overall assessment of the quality of the estimates
is detailed in the latter part of this section.

10.1.1 Industry Statistics

The major a;...ance industry contains six major indus-
trial areas as defined by the Standard Industrial Code (SIC).

SIC Code Description

3582 Commercial laundry

3585 Commercial refrigeration and air

conditioning

3589 Commercial cooking and dishwashing
363l Household cooking

3632 Household refrigerator and freezer
3633 Household laundry

3639 Household appliances, N.E.C.

(includes water heaters,
dishwashers, trash compactors)

Current Industrial Report provides detailed industry
statistical data for the major appliance industry on a national
basis. However, because of confidentiality and disclosure
problems, there is no individual data source which provides
a comprehensive analysis of the statistical data for each
individual state. Therefore, our methodology to provide
statewide major appliance statistical data was as follows:

. A list of potentially affected facilie-
ties was compiled from the state emission
inventory, associations and trade journals.
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Interviews were performed with some of
the manufacturers to validate the list
of potentially affected facilities (this
list was not 100 percent validated).

Secondary source data were collected for each
of the industry categories from sources such

as:

- Sales and Marketing Management
(April 25, 1978)

- 1972 Census of Manufactures

The Booz, Allen study team, utilizing all
available inputs, including interviews with
selected manufacturers, determined an esti-
mated, percent of the total U.S. value of
shipments applicable to the state in each

SIC category.

For those categories which included products not included
in this study, the value of shipments of these items were
factored out of the totals.

Data on number of units shipped were not available for
commercial appliances, so economic impact based on unit
costs for the total large appliance industry could not be

calculated.

10.1.2 VvOC Emissions

The Ohio EPA performed a preliminary study on hydrocarbon

emissions from the coating of large appliances and is in the
process of verifying the data. Only the total number of
facilities and total emissions were available from this report.

10.1.3 Processes for Controlling VOC Emissions

Processes for controlling VOC emission for the surface
coating of large appliances are described in Control of Volatile
Organic Emissions from Existing Stationary Sources--Volume V:
Surface Coating of Larje Appliances, (EPA-450/2-77-034,

December 1977). Several manufacturers of large appliances and
coating application equipment were interviewed to ascertain the
most feasible types of control for organic emissions in the

coating of large appliances.
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All manufacturers interviewed agreed that, currently,
consideration was being given to meeting the present RACT dead-
lines through one modification to the existing topcoating
equipment (i.e., high solids) and through two possible alter-
natives to primecoating operations (i.e., waterborne dip
or flow coat or high solids), depending on the type of
existing equipment. Therefore, the analysis for this report
was based on these alternatives. The methodology for the
cost analysis is described in the following paragraphs.

10.1.4 Cost of Control of VOC Emissions for Surface
Coating of Large Applliances

The costs of control of volatile organic emissions for
surface coating of large appliances were developed by:

. Determining the alternative types of control
systems likely to be used

Estimating the probable use of each type of control
system

. Defining system components

Developing installed capital costs for modifi-
cations of existing systems

Aggregating installed capital costs for each
alternative control system

Defining a model plant

Developing costs of a control system for the
model plant:

Installed capital cost
Direct operating cost

Annual capital charges
Energy requirements

. Extrapolating model costs to individual industry
sectors

. Aggregating costs to the total industry for the
state.



The model plant that was used as a basis for establishing
the cost of process modification to meet RACT was a solvent-
based dip (or flow coat) primecoat and a solvent-based electro-
static bell or disc topcoat. The cost of modification to water-
borne dip or flow coat primecoat and to high solids electrostatic
disc or bell topcoat was not considered to be a function of the
type of major appliance to be coated, since no modifications to
the production lines are necessary. Modifications are required
only to the coatings handling and pumping and spraying equipment,
and these would be approximately the same whether washers, dryers
or refrigerators were being coated.

Since industry interviewees indicated that about half the
household appliance industry primecoats before topcoating and
half does not, the costs of control for the industry will reflect
the additional cost that half the industry must incur in having to
convert both phases of its coating operation to meet RACT guide-
lines.

10.1.5 Economic Impacts

The economic impacts were determined by analyzing the
lead time requirements to implement RACT, assessing the
feasibility of instituting RACT controls in terms of capital
availability and equipment availability, comparing the direct
costs of RACT control to various state economic indicators and
assessing the secondary effects on market structure, employment
and productivity as a result of implementing RACT controls in
Ohio.

10.1.6 Quality of Estimates
4

Several sources of information were utilized in assessing
the emissions, cost and economic impact of implementing RACT
controls on the surface coating of large appliances in Ohio.
A rating scheme is presented in this section to indicate the
quality of the data available for use in this study. A rating
of "A" indicates hard data, (data that are published for the
base year), "B" indicates data that were extrapolated from hard
data and "C" indicates data that were not available in secondary
literature and were estimated based on interviews, analysis of
previous studies and best engineering judgment. Exhibit 10-1,
on the following page, rates each study output listed and the
overall quality of the data.
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Study Outputs

Industry statistics

Emissions

Cost of emissions control

Economic impact

Overall quality of data

EXHIBIT 10-1
U.S. Environmental Protection Agency
SURFACE COATING OF LARGE APPLIANCES

DATA QUALITY
B C
A Extrapolated Estimated
Hard Data Data Data
X
X
X
X
X

Source: Booz, Allen & Hamilton Inc.
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10.2 INDUSTRY STATISTICS

Industry statistics and business trends for the manufac-
ture and surface coating of large appliances in Ohio are
presented in this section. The discussion includes a descrip-
tion of the number of facilities, a comparision of the size
of the major appliance industry to the state economic indi-
cators, a historical characterization of the industry and an
‘assessment of future industry patterns. Data in this section
form the basis for assessing the impact on this industry
of implementing RACT to VOC emissions in Ohio.

10.2.1 Size of the Industry

The Ohio EPA has indicated ten companies participating
in the manufacture and coating of large appliances. These
companies accounted for between $2.0 billion to $3.0 billion
in shipments. The estimated number of employees was not
available. The data and the sources of information are
summarized in Exhibit 10-2, on the following page, and
indicate that Ohio shipped an estimated 13 percent to 19
percent of the U.S. value of shipments in the large appliance
industry.

10.2.2 Comparison of the Industry to the State Economy

A comparison of the value of shipments of large appliances
(in the SIC categories stated previously) with the state economy
indicates that the large appliance industry represents between
2.0 percent and 3.2 percent of the total Ohio value of ship-
ments of all manufactured goods. These figures are shown in
Exhibit 10-3, following Exhibit 10-2, along with the sources of
the data.

10.2.3 Historical and Future Patterns of the Industry

The shipments of major appliances have generally followed
the economic condition of the country. In the last ten years,
sales have generally increased annually, except during the
recession in 1974 and 1975. Shipments peaked in 1973 for all
major appliances.

Shipments picked up in 1976 and continued to grow in
1977. The outlook through 1982 is a continued annual growth
of about 3 percent to 5 percent.
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EXHIBIT 10-2
U.S. Environmental Protection Agency
INDUSTRY STATISTICS--SURFACE COATING OF LARGE APPLIANCES

OHIO
U.S. Totals?
1977 Ohio Totals?
Estimated Estimated Estimated Estimated Estimated
No. of Units Value of Percent of U.S. Value of No. of Units
SIC Code RACT Category Shipped Shipments Shipments Shipments Shipped
(thousand) ($ million) (3 miilion) {thousand)
3582 Commercial laundry b 200 4-8 8-16 b
3585 Commercial refrigeration b 9,500 12-18 1,200-1,700 b
and air conditioning
3589 Commercial cooking b 150 6-9 9-14 b
and dishwashing
3631 Household cooking 5,000 1,500 20-25 300-400 1,000-1,250
3632 Household refrigerator 7,300 2,000 15-20 300-400 1,100-1,500
and freezer
3633 Household laundry 8,500 1,500 15-18 220-270 1,200~-1,600
3639 Household appliances: 9,300 800 5-7 40-60 400-650
Water heaters
Dishwashers
Trash compactors
TOTAL 15,650 13-19 2,077-2,860 3,700-5,000

a. Current Industrial Reports, Major Household Appliances, 1977 (issued June 1978) for cateqgories 3631, 3632, 3633 and
3639. 1972 Census of Manufactures Service Industry Machine Shops (issued March 1975 and updated to 1977) for catedories
3582, 3585 and 3589. Sales and Marketing Management (April 25, 1977) for categories 3631, 3632, 3633 and 3585.

b. Not available

Source: Booz, Allen & Hamilton Inc.



EXHIBIT 10-3
U.S. Environmental Protection Agency
COMPARISON OF LARGE APPLIANCE STATISTICS WITH
STATE OF OHIO ECONOMIC DATA

Estimated Percent of Ohio
Manufacturing Economy Engaged
in Large Appliance Manufacturing

Estimated Ohio
Economic Indicators

Total 1977 value
of shipments of
all manufactured

goods

$89.8 Billion 2.0 to 3.2

Number of employees

in manufacturing 1.3 Million

a. Not availlable

Source:

Current Industrial Reports, Major Household Appliances, 1977 (issued June

1978) for categories 3631, 3632, 3633 and 3639. 1972 Census of Manufactures
Industry Machines and Machine Shops, (issued March 1975 and updated to 1 )
for categories 3582, 3585 and 3589. Sales and Marketing Management, (April 24
1978) for categories 3631, 3632, 3633 and 3585; Sales and Marketing Management,
April 25, 1977; Annual Survey of Manufactures, Statistics for States Standard

Metropolitan Statistical Areas, Large Industrial Counties and Selected Cities,
1976; Booz, Allen & Hamilton Inc.




The growth of the major appliance market will be reflected
in the growth of the housing industry and the socio-economic
effects of the trends toward smaller families, single~person
households, higher energy costs and the like.

Historical and future growth patterns are shown in
Exhibits 10-4 and 10-S, on the following pages.
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EXHIBIT 10-4
U.S. Environmental Protection Agency
HISTORICAL U.S. SALES FIGURES--SELECTED MAJOR
HOUSEHOLD APPLIANCES FOR 1968-1977
Appliance Sales (Millions of Units)

1968 1969 1970 1971 1972 1973 1974 1975 1976 19717
2.9 4.4 4.1 4.6 5.1 5.5 4.9 4.2 4.5 4.9
2.9 3.0 2.9 3.3 3.9 4.3 3.6 2.9 3.1 3.6
4.4 4.5 4.5 4.3 4.8 5.0 4.1 3.6 4.2 4.7
1.9 2.1 2.1 2.5 3.2 3.7 3.3 2.1 3.1 3.4
5.2 5.3 5.3 5.7 6.3 6.8 5.9 4.6 4.8 5.7

April 1978, pp. 37-40.

Source: Appliance,




liance
Washer
Dryer
" Range
Dishwasher

Refrigerator

EXHIBIT 10-5
U.S. Environmental Protection Agency
FIVE-YEAR U.S. SALES FORECAST FOR
SELECTED MAJOR HOUSEHOLD APPLIANCES
(1978-1982)

Appliance Estimates (Millions of Units)

1578 1379 1380 1581 1382
5.4 5.6 5.7 5.8 5.8
4.0 4.2 4.4 4.5 4.6
5.2 5.4 5.6 5.7 5.8
3.7 3.9 4.1 4.4 4.6
6.0 6.2 6.4 6.5 6.6

Source: Appliance, January 1978, pp. 54-55.




10.3 THE TECHNICAL SITUATION IN THE INDUSTRY

This section presents the process description for the prep-
aration, application and curing of surface coatings for large
appliances, estimated VOC emissions from facilities coating large
appliances in Ohio and the extent of current control in use.

10.3.1 Large \ppliance Process Description

A large appliance plant typically manufactures one or two
types of appliances and contains only one or two lines. The
lines may range from 1,200 to 4,000 meters (3/4 mile to 2-1/2
miles) in length and operate at speeds of 3 to 15 meters (10
to 50 feet) per minute.

Cases, doors, lids, panels and interior parts for large
appliances are stamped from sheet metal and hung on overhead
conveyors. The parts are transported to the cleaning and pre-
treatment sections which are typically located on the ground
floor of the plant.

Exhibit 10-6 and Exhibit 10~7, on the following pages,

describe and illustrate the pretreatment, coating and curing
processes for a typical large appliance facility.
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MANUFACTURING AND PRETREATMENT
PROCESS DESCRIPTION

Large appliance plant typically manu-
facturers one or two different types of
appliances and coatajins oaly one or
two lines

. Lines may range from 1,200 to
4,000 meters ()/4 to 2-1/2
siles) in length

. Lines may operate at speeds of
3 to 15 seters (10 to 50 feet)
per sinute

Parts are transported on overhead
conveyors

. Cleaned in an alkaline solution
. Rinsed

. Treated with zinc or iron phos-

phate
. Rinsed again

. Treated with chromate (if
iron phosphate is used)

. Dried at 300°F to 400°F in a
gas fired oven and cooled before
coating

Exterior parts may enter a prime
preparation booth to check the
pretreatment

. Parts can be sanded and tack-
raqged (wiped) to provide an
even finish

COATING PROCESS DESCRIPTION

Primecoat or interior single coat
(0.5 to 1.0 m1l8) 13 applied

. Dip coating occurs in a con-
tinuwously agitated tank

. Flow coating occurs in an
enclosed booth as the parts
move through on a conveyor
and are sprayed by station-
ary or oscillating nozzles

- Parts may enter a flash-
off tunnel to allow
coating to flow out
properly

. Spray coating occurs in booths
either by automatic e¢lectro-
static spraying or manually

- Flashoff of 7 minutes
to allow solvents to rise
slowly in the films to avoid
popping in the oven

Prior to topcoating, the parts are
checked for smoothness and manually
sanded, “tack-ragged” or retouched

with a spray gun

Topcoat or exterior single coat
{direct-to-metal topcoat (1.0 to
1.5 mils) 1s applied

. Usually applied by automated
electrostatic discs, bell or
other type of spray equipment

. Usually applied in many colors

Applied 1n side-draft or down-
draft spray booths equipped
with water wash and underguces
a l0-minute flashoff period

Inside of many exterior large appii-
ance parts ore sprayed with gelsonite
for additional moisture resistance

and for sound deadeniny

EXHIBIT 10-6
U.S. Envaronmental Protection MAgency
PRESENT MANUFACTURING TECHNOLOGY DESCRIPTION

TYPICAL COATINGS AND

CURING PROCESS DESCRIPTION SOLV;-_'I‘S
Coated parts are baked for about Coatings include:
20 minutes at l80°C to 230°C

(350°F to 450°F) i1n a multipass . Epoxy

oven

. Epoxy-acrylic

. Mrylic or polyesster
enamsls

. Alkyd resins
Solveats include:
. Esters

. Keytones

. Aliphatica

. Alcohols

. Aromatics

. Ethers

. Terpenss

Baked for 20 to )0 manutes at
140°C to 180°C (270°F to 350°F)
in a multipass oven

Source: <(ontrol Of Volatile Organic Emissions From Existing EME}LM‘L“ Volume V: Surtuce Couatings Of Large Appliances,

m LAl B Ava -~ —_ - -
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EXHIBIT 10-7
U.S5. Environmental Protection Agency
DIAGRAM OF A LARGE APPLIANCE COATING LINE

OIRECT YO METAL TOPCOAY

FLASNOP?P
(OPEN OR TUNNELED)
FLASHOFF
FROM SHEET METAL MANUFACTURING XK (onn‘ OR TUNNEL ED)
EXTERIOR PARTS PRIME SPRAY COAT
(CASES, LIDS AND DOORS) oR
OR S q
- i ok
= — =4~ OR
PRIME FLOWCOAT
INTERIOR CLEANSING AND DRY-OFF PRIME OVEN
PARTS PRETREATMENY OVEN
SECTION -l
PRIME DIP SINGLE COAT

TO ASSEMBLY

Source: Control Of Volatile Organic Emissions From Existing Stationary Sources--Volume V: Surface Coatinq Of
Large Appliances, EPA-450/2-77-034, December 1977.




10.4 EMISSIONS AND CURRENT CONTROLS

This section presents information on the distribution of VOC
emissions during the coating operation, the estimated VOC emis-
sions in Ohio in 1977 and the current level of emission control
implemented in the state.

VOC emisgions occur in three areas during the process of
coating large appliances. They are the application, flashoff and
oven areas. The percent distribution of VOC emissions by area
is as follows:

Percent of VOC Emisgsion

Application Application

Method and Flashoff Oven
Dip 50 50
Flow cocat 60 40
Spray 80 20

The percent reduction of emissions for prime coating with
waterborne dip of flow coat cperations was assumed to be 80
percent and for high solids (62 percent volume) top coat 60
percent. An overall average of 70 percent reduction in VOC
emissions is assumed in implementation of RACT guidelines for
surface coating of large appliances.

The total estimated emissions, as provided by the Ohioc
EPA, in tons per year in Ohio from 10 coating facilities of
major appliances are 3,500 per year. The identification of
individual companies and their respective emissions were not
available from the OChio EPA.

10.4.1 RACT Guidelines

The RACT guidelines for control of VOC emissions from the
surface coating of major appliances require the following:

. Use of waterborne, high solids (at least 62 percent
by volume) or powder coating to reduce VOC emissions

. Use of add-on control devices, such as incinerators
Oor carbon adsorbers.

Exhibits 10~-8, 10-9 and 10-10, on the following pages, sum-
marize the RACT emission limitations and control options for VOC
emissions control for surface coating of large appliances.
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Affected
Facility

Prime, single
or topcoat
application
area, flash-
off area and
oven

EXHIBIT 10-8
U.S. Environmental Protection Agency
EMISSION LIMITATIONS FOR RACT IN THE
SURFACE COATING OF LARGE APPLIANCES

Recommended Limitations For
Low Solvent Coatings
kg solvent per liter ibs. solvent per gallon

of coating of coating
(minus water) (minus water)
0.34 2.8

Source: Control of Volatile Organic Emissions from Stationary

Sources--volume V: Surface Coating of Large Appliances,

EPA-

- , December 1Y%7/7.



EXHIDIT 10-9
U.S. Bnvironmentsl Protection Agency
SUMMARY OF APPLICABLE CONTROL TECHNOLOGCY POR
COATING OF LARGE APPLIANCE OOORS, LIDS,
PANELS, CASES AND INTERIOR PARTS

wWaterbomme
Electrodeposition (EDP)

Siagle Coat

Waterporne
(Spray, Dip or Flow Cost)

Powder

Top, Exterior ot
Interior Single
Coat

Materborne
{Spray, Dip or Plow Coat)

7N\

LARGE APPLIANMCES "igh Solids {Spray)

Ooors

N

Top or Exterior

Single Coat and
Sound Deadener
Waterborne

(Spray, Dip or FPlow Coat)

Pansls

Iaterior Parts

Carbon Adsorption

Prime, Single or _/

Topcoat Application '

and Flashoff Areas \
Waterborne

(Spray, Dip or Flow Coat)

Incineration

Carbon Adsorption

urce: Contxol f Volatile Orqganic Emissions rom Existing Stationary Sources--Yolume Y: Surface Coating of Large Appliances, EPA-450/2-77-034,

December 1977.
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Affected Facility
and Application

Prime or interior
single coat

All applications

Control Options

Waterborne
(electrodeposition,
EDP)

Waterborne (spray
dip or flow coat)

Typical Percent
Reduction

90-952

70-902

EXHIBIT 10-10 (1)
U.S. Environmental Protection Agency
RACT CONTROL OPTIONS POR THE
LARGE APPLIANCE INDUSTRY

Comparison of Control Options

Provides excellent coverage corrosion protec-
tion and detergent resistance

Fire hazards and potential toxicity are reduced

Dry off oven may be omitted after cleansing if
an iron-phosphate pretreatment is used

Lower energy consumption via lower ventilation
requirements

Good quality control due to fully automated
process may be offset by increased electrical
requirements for the coating, refrigeration
and circulation systems if EDP replaces
waterborne flow or dip coating operations
This would not be true if EDP replaces a
spraying operation

EDP can be expensive on small-scale production
lines

This will likely be the first option considerd
because of the possibility that these
coatings can be applied essentially with
existing equipment

Requires a longer flash-off area than organic
solvent-borne coatings

Curing waterborne coatings may allow a de-
crease in oven temperature and some reduc-
tion in airflow but limited reduction if
high humidity conditions occur



Affected Facility
and Application

Top, exterior or
interior single
coat

Control Options

Powder

Typical Percent
Reduction

95-998

EXHIBIT 10-10 (2)
U.S. Environmental Protection Agency

Comparison of Control Options

Spraying electrostatically requires electriaal iso-
lation of the entire system. Large lines may
be difficult to convert because coati storage
areas may be hundreds or thousands of feet away
from the application area

Dip or flow coating application requires closer
monitoring due to their sensitive chemistry

Weather conditions affect the application, so both
flash-off time, temperature, air circulation and
humidity must be frequently monitored

Changes in the number of nozzles may be required
Sludge handling may be more difficult
No solid or liquid wastes to dispose of

Powder may reduce energy requirements in a spray
booth and the ovens because less air is required
than for solvent-borne coatings and flash-off
tunnel is eliminated

Powder can be reclaimed resulting in up to 98¢
coating efficiency

All equipment (spray booths, associated equipment
and often ovens) used for liquid systems must be
replaced

Powder films cannot be applied in thicknesses in

less than 2 mils and have appearance limita-
tions

Powder coatings may be subject to explosions

Excessive downtime (half-hour) is required during
color changes. If powders are not reclaimed
in their respective colors, coating usage
efficiency drops to 508 to 60%



Affected Facility
and Application

Top or exterior single
oocat and sound
deadenerx

Prime, single of top
coat application
and flash-off and
spray booths

[
o

Control Options

High solids (spray)

Carbon adsorption

Incineration

EXHIBIT 10-10 (3)
U.S. Environmental Protection Agency

Typical Percent
Reduction Comparison of Control Options

60-80° May be applied with existing eguipment

Reduces energy consumption because it requires
leas airflow in the spray booth, oven and
flash-off tunnel

Potential health hazard associated with iso-

cyanates used in some high-solid two-componeat
systems

9ob Although it is technically feasible, no larger

appliance facilities are known to use carbon
adsorption

Additional energy requirements is a possible
disadvantage

Additional filtration and scrubbing of emissions
from spray booths may be required

There is little possibility of reusing recovered
solvents because of the variety of solvent
mixtures

Many facilities may require dual-bed units which
will require valuable plant space

Particulate and condensible matter from
volatilization and/or degradation of resin
occuring in baking ovens with high temperature
could coat a carbon bed

90 These are less costly and more efficieat than
carbon adsorbers for the baking ovens because
the oven exhaust temperatures are too high for
adsorption and the high concentratioa of organics
in the vapor could provide additiomal fuel for
the incinerator

Hleat recovery system to reduce fuel consumption
a. The base case againet which these percent reductions were

calculated is a high organic solvent coating which con-
tains 25 volume percent solids and 75 percent organic

would be desirable and would make application
and flash-off area usage a viable option

solvent. The transfer efficiencies for liquid coatings
were calculated to be 80 percent, for powders about 93
Percent and for electrodeposition about 99 percent.

b. This percent reduction
control device and does
efficiency.

Source: C

in VOC emissions is only across the
not take into account the capture

ontrol of volatile Organic Emissions from Stationary Sources~-Volume V: Surface Coatings of Large Appliances

EPA-T5077-T7-034, Decesber TI7T-




10.4.2 Selection of the Most Likely RACT Alternatives

The choice of application of control alternatives, for the
reduction of hydrocarbon emissions in existing facilities for
the surface coating of large appliances, requires a line-by-line
evaluation. A number of factors must be considered, based on
the individual characteristics of the coating line to be con-
trolled. The degree of economic dislocation is a function of
these factors.

The first factor to be considered is whether the existing
equipment can be used by the substitution of a coating material
which will meet the RACT guideline. This alternative would re-
quire the least capital expenditure and minimize production
downtime.

If the existing equipment has to be modified, replaced
or added to, other factors to consider are the kind of changes that
have to be made, the capital costs, the change in operating
costs, the length of time needed to make the changes, the
effect on the production rate, the operational problems that
will have to be handled and the effect on the quality of the
product.

Interviews with industry representatives indicate a
unanimous opinion in the area of choesing the alternative(s)
for VOC emission control in coating large appliances. The
industry intends to use their existing topcoat application
equipment and modify it to handle high solids. Those companies
that use a primeccat will convert their conventional solvent
systems to either waterborne dip or flow coat or high solids
discs or bells. The alternatives are shown in Exhibit 10-13,
on the following page.

Other alternatives such as elactrodeposition for prime-
coating or powder coating for single coat application may be
implemented in special cases,i.e., where extensive corrosion
protection is required. These alternatives are not incorporated

into this study because their applicability was not specifically
identified in this state.



10.5 COST AND VOC REDUCTION BENEFIT EVALUATIONS FOR THE
MOST LIKELY RACT ALTERNATIVES

Costs for the VOC emission control systems are presented
in this section. The costs for the alternative primecoat
and topcoat applications are described individually. The
final section presents an extrapolation of typical costs for
surface coating of large appliances to the statewide industry.

10.5.1 Costs for Alternative Control Systems

Estimates of capital and annualized costs are presented
for controlling solvent emissions from application areas and
curing ovens in primecoats and topcoats of large appliances.
The estimates were provided by appliance coaters who have
either made conversions to the appropriate process modifications
or who are in the preliminary estimating stage prior to imple-
mentation of these modifications.

The process modifications involve the converting of a
solventborne primecoat or topcoat line to a coating system
which emits lesser amounts of VOC. The coating lines and
the costs for their modification are shown in Exhibit 10-12,
on the following page.

If an existing prime coat conventional-solvent-based
dip operation is converted to waterborne dip, the capital
costs cover the requirements for additional equipment for
close humidity and temperature control during flashoffs and
for changeover to materials handling system (pumps and
piping) that can handle waterborne coatings without corrosion
related problems. Based on these assumptions, the capital
installed cost of these modifications is estimated at between
$50,000 and $75,000. No additional floor space is required
so the capital allocated building costs remain unchanged.
The fixed costs associated with the increased capital requirements
are estimated at between $13,000 and $19,000. This includes
depreciation, interest, taxes, insurance, administration expenses
and maintenance materials.

For the conversion of primecoat or topcoat solvent-
based electrostatic disc or bell spray to high solids, the
cost of such conversion is based on a number of assumptions:
that the paint will have to be preheated to reduce the viscosity
prior to application, that the existing pumping system will
have to be replaced (including the installation of larger
capacity/head pumps and large diameter piping) and that high
speed (25,000 to 50,000 RPM) turbine or air drive discs or
bells will be required. Also, it is assumed that the type of
booth remains unchanged and that the existing painting configuration
(including the proper indexing layout) requires no change.



Coat Existing System

Prime Dip or flow coating

Conventional solvent

Top Electrostatic appli-
cation with discs or
bells of conventional
solvents

Source: Booz, Allen & Hamilton Inc.

EXHIBIT 10-11
U.S. Environmental Protection Agency
MOST LIKELY RACT CONTROL ALTERNATIVES FOR
SURFACE COATING OF LARGE APPLIANCES
IN STATE OF OHIO

Most Likely Alternative Control Techniques

Dip or flow coating with waterborne
solvent

Electrostatic application with discs
or bells of high solids coatings

. Preheat paint, or

Use high speed discs

or bells
Electrostatic application with discs or
bells of high solids coating

. Preheat paint, or

Use high speed discs
or bells



e

oat

one:
tian
s

Existing System

Source:

Primecoat

Conventional
solvent~based
dip or flow

Conventional
solvent-based
electrostatic
spray, disc
or bell

Topcoat

Conventional
solvent-based
electrostatic
spray, disc
or bell

a
sy
Ak,

Most Likely
Control Alternative

Waterborne dip of
flow coat

High solids
electrostatic

High solids
electrostatic

Booz, Allen & Hamilton Inc.

EXHIBIT 10-12

U.S. Environmental Protection Agency
ESTIMATED COST FOR PROCESS MODIFICATION
OF EXISTING LARGE APPLIANCE COATING LINES
TO MEET RACT GUIDELINES FOR VOC EMISSION CONTROL

Major Process
Modification

Instrumentation for close
control of temperature and
humidity

Total repiping and replace-
ment of pumps

Pre-heating system
Installation of high
disc or bells

Repiping for larger
line sizes and possible
coatings pump replace-
ments

Major revamp of booth
line configquration

and air handling system
in addition to changes
stated above

Preheating system
Installation of high
speed disc or bells
Repiping for larger
line sizes and
possible coatings
pump replacement

Major revamp of booth
configuration and air
handling system in
addition to changes
stated above

Capital Cost

Installed capital
$50,000 - $75,000

Annualized ccst
$13,000 - $19,000

Installed capital
$50,000 - $75,000

Annualized cost
$13,000 - $19,000

Installed capital
$150,000 - $250,000

Annualized cost
$37,000 ~ $63,000

Installed capital
$50,000 - $75,000

Annualized cost
$13,000 - $19,000

Installed capital
$150,000 -~ $250,000

Annualized cost
$37,000 - $63,000



Based on these assumptions, the capital installed cost of
these modifications is estimated at between $50,000 and
$75,000. No additional floor space is required so the capital
allocated building costs remain unchanged., The fixed costs
associated with the increased capital requirements are
estimated at between $13,000 and $19,000. This includes
depreciation, interest, taxes, insurance, administration
expenses and maintenance materials.

Each paint application conversion to meet RACT has its
own unique characteristics. Where such conversions require
major changes in booth structure, paint application techniques
and air handling system, the costs will be considerably higher
than the figures stated above. A first pass estimate, provided
from ind :y interviews with appliance coaters, at these major
changes . .icates a capital requirement of $150,000 to $250,000
per booth. The annualized costs would be $37,000 to $63,000.
Based on industry interviews and Booz, Allen judgment, it is
assumed that 50 percent of the topccating application units
will require major modifications.

The annual operating expenses will not change appreciably
because the manpower requirements remain the same for the
two systems., There will be a minor savings in the utilities,
associated with the oven curing of the high solids coating.
This could amount to about $1 per hour of operation time
($2,000 to $6,000 per year per line (equivalent to 700 cubic
feet of natural gas/hour/line).

The overall cost of coating materials may increase slightly
even though conversion to water-based or high solids coating
will eliminate the need for solvent thinning. This overall
increase is expected because of the anticipated price increases
in the coatings that will be required to meet the RACT guidelines.
At this time, difinitive numbers in change of paint prices cannot
be developed but an overall paint cost increase of between 10
percent and 20 percent may be anticipated.

10.5.2 Extrapolation to the Statewide Industry

Exhibit 10-13, on the following page, extrapolates the
costs for meeting RACT guidelines for VOC emission control
for surface coating of large appliances to the statewide
industry in Ohio. The estimates are based on the following
assumptions:

. All large appliance coaters will imple-
ment the control alternatives stated in this
report to comply with RACT.



EXHIBIT 10-13
U.S. Environmental Protection Agency
STATEWIDE COSTS FOR PROCESS MODIFICATIONS OF
EXISTING LARGE APPLIANCE COATING LINES
TO MEET RACT GUIDELINES FOR VOC EMISSION CONTROL

OHIO
Plants with Top- Plants with Primecoat
Characteristic coat Process Only and Topcoat Process Total
Number of plants 5 5 10
Mumber of process lines 10 10 20
Estimated value of shipments

($ billion) a a 2.0-3.0

Uncontrolled emissions (Ton/yr) a a 3,500

Potential emission reduction (Ton/yr) a a 2,450
Installed Capital CostP ($ Thousand) 1,625 2,375 4,000
Direct annual operating cost (credit)

($ Thousand) (1-3 shifts/day) (20-60) (20-60) (40-120)
Annual capital chargesP ($ Thousand) 406 593 999
Net Annual operating cost®

($ Thousand) 3469-386€ 533d-573€ g79d-959e
Annual cost per ton or emission

reduced (§) a a 358d-391e

a. Not available

b. Figures represent the upper limit of the installed capital cost, and annual

charges

c. Net annual operating cost is the summation of the airect annual operating cost and

the annual capital charges

d. Represents a three-shift/day operation
e. Represents a one-shift/day operation

Source: Booz, Allen & Hamilton Inc.



. The distribution of primecoat or topcoat
or both as applications, as per industry
interview, is: S50 percent of the coaters
topcoat only; the other half both primecoat
and topcoat the appliances, unless specific
information was available for individual
facilities.

. Each plant is assumed to have two process
lines.

. Also 50 percent of the topcoat applications
require major modifications to meet RACT.

. The ten plants identified by the Ohio
EPA represent the maiority of all the
s*+2te industry production of large

.1ances.

. For the specific alternatives listed in
Exhibit 10-12, the cost of process modifica-
tions for the prime or top coat operations are
the same.

Actual costs to large appliance coaters may vary depending
on the type of control alternative, manufacturer's equipment
and coating material selected by each manufacturing facility.

Based on the above assumptions, the total capital cost
to the industry in Ohio for process modifications to meet
RACT guidelines is estimated at $4.0 million. The annual cost
is estimated at $358 to $391 per ton of emission controlled.



10.6 DIRECT ECONOMIC IMPACTS

This section presents the direct economic impacts of
implementing the RACT guidelines for surface coating of large
appliances on a statewide basis. The analysis includes the
availability of equipment and capital; feasibility of the con-
trol technology; and impact on economic indicators, such as
value of shipments, unit price (assuming full cost passthrough),
state economic variables and capital investment.

10.6.1 RACT Timing

RACT must be implemented statewide by January 1, 1982.
This implies that surface coaters of large appliances must have
made their process modifications and be operating within the
next three years. The timing requirements of RACT impose several
requirements on major appliance coaters:

. Determine the appropriate emission control
system,

. Raise or allocate capital to purchase
equipment.

. Acquire the necessary equipment for emission
control.

. Install and test the emission control
equipment to insure that the system complies
with RACT.

. Generate sufficient income from current
operations to pay the additional annual
operating costs incurred with emission
control.

The sections which follow discuss the feasibility and the
economic implications of implementing RACT within the required
timeframe.

10.6.2 Technical Feasibility Issues

Technical and economic feasibility issues of implementing
the RACT guidelines are discussed in this section.

Only one major app’iance manufacturer interviewed has
attempted to implement the control alternatives discussed in
this report. The company has converted its conventional sol-
vent flow primecoat to water reducible flow coat.

10-14



Although a longer flash-off period for water reducible coatings

is usually required, there was not enough floor space available

to add the process line. However, additional heating was added

and the flash-off area temperature was elevated to 130°F-180°F.

Also, extensive humidity controls had to be added because of the
sensitivity of water reducible finish to moisture in the flash-

off area.

The facility also has attempted the application of medium
solids polyester (55 percent to 60 percent by volume) as a top-
coat, using the existing electrostatic discs. There have been
no attempts at pre-heating the paint, and the discs have been
run at 2,400 RPM to 3,300 RPM. The unit, as it is presently
constituted, will not apply 62 percent volume solids or higher.
Pre-heat and/or higher speed disc modifications will have to
be made to handle the more viscous coatings. Under the present
operating conditions, the facility is not meeting the RACT
guidelines for solvent emission control.

The egquipment manufacturers interviewed have indicated
that present technology is available to handle and apply high
solids (greater than 62 volume percent solids) using electrostatic
speed application. In addition, high solids coating material
suppliers indicated that sufficient quantities of paint would
be available to meet the expected market demand. Application
equipment manufacturers have indicated that, even with the
projected demand for their equipment, they can maintain a l0-week
to 12-week delivery schedule.

10.6.3 Comparison Of Direct Cost With Selected
Direct Economic Indicators

The net increase in the annual operating cost to the
coaters of large appliances represents approximately 0.038 per-
cent of the industry's 1977 value of shipments manufactured
in the state. This may translate to an approximate cost increase
of $0.21 per unit of household appliances coated; the average
cost of a unit is $230.

The major economic impact in terms of cost to individual
companies will be capital related rather than from increased
annual operating costs. The capital required for RACT com-
pliance may represent a significant amount of capital appro-
priations for the companies affected.

Any marginally profitable companies may be severely
affected, although none of the companies interviewed had con-
sidered going out of business because of the projected in-
creased capital requirements and inability to pass on these
costs through higher prices.
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10.6.4 Selected Secondary Economic Impacts

This section discusses the secondary impact of implementing
RACT on employment, market structure and productivity.

Employment is expected to remain unchanged. Employment may
be reduced if marginally profitable facilities closed, but the
present indication from the industry is that no such closures are
anticipated.

It appears that implementation of the RACT guidelines will
have no significant impact on the present market structure.
The major appliance industry can be characterized as being
highly competitive and manufacturers interviewed state that
the regulation may present some cost inequities to smaller and/or
less profitable production lines, i.e., if certain manufacturers
incur disproportionate compliance costs they probably will not
be passed along in the marketplace in the form of a price increase
and could further deteriorate the profit position of marginally
profitable operations.

Productivity for those coaters who are topcoating only
with high solids may be increased if they are able to get

more paint on per unit volume and reduce paint application
time.

* * *

Exhibit 10-14, on the following page, presents a summary
of the current economic implications of implementing RACT for
surface coating of large appliances in the state of Ohio.
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Current Situation

Number of potentially affected
facilities

Indication of relative importance
of industrial section to state
economy

1977 VOC emissions (actual)

Industry preferred methed of VOC
control to meet RACT guidelines

Assumed method of VOC control %o
meet RACT guidelines

Affected Areas in Meeting RACT

Capital investment (sta-ewide)

Annualized cost (statewide)

Price

Energy

Produceiviny
Employment
Market structure

RACT timing requirements {1982)

Prcblem area

VOC emission after RACT control

Cost effectiveness of RACT control

Source: Boot, Allen & Hamilton, Inc,

EXHIBIT 10-14
U.S. Environmental Protection Agency
SUMMARY OF DIRECT ECONOMIC IMPLICATIONS OF

IMPLEMENTING RACT POR SURFACE COATING OF LARGE

APPLIANCES IN THE STATE OF ONIO

Discussion

There are ten major large appliance manufacturers
and coaters

1977 statewide value of shipments was estimated
at $2.4 billion and represents 10 percent of

the estimated $15 billion U.S. value of shipments
of the major appliance industry

3,500 tons per year

Waterborne primaccat and high solids topcoat

Waterborne primeccat and high solids topcoat

Discussion
$4.0 million

$3920,000 which represents 0.038 percent of the
industry's 1977 statewide value of shipments.

Assuming a "direct cost pass-through"--increase
of $0.21/unit for household appliances (based 2n
a price of $230 per unit appliance)

Reduced natural gas requirements in the curing
operation (egquivalent to 8,000 barrels of o1l
per year)

No major impact

No major impace

No major impact

Possidble problems meezing equipment deliver.es
and 1nstallacion are anticipated

Commercial application of high solids (greater
than 626 by volume) has not been proven

1,050 tons/year (30 percent of 1377 emission
level)

$174 annualized cost/ton VOC reduction
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11.0 THE ECONOMIC IMPACT OF IMPLEMENTING RACT FOR
SOLVENT METAL DEGREASING IN THE STATE
OF OHIO

This chapter summarizes the estimated economic impact
of the implementation of reasonably available control techno-
logy for volatile organic compound emissions from solvent
metal degreasers. Solvent metal degreasing is the process
of cleaning the surfaces of articles to remove o0il, dirt, grease
and other foreign material by immersing the article in vaporized
or liquid organic solvent. The chapter is divided into six
sections:

. Specific methodology and quality of estimates

. Industry statistics
The technical situation in the industry

. Estimated costs of RACT implementation
Direct economic impacts

. Selected secondary economic impacts.

Each section presents detailed data and findings based
on analyses of the RACT guidelines; previous studies of solvent

metal cleaning; interviews with degreaser users, equipment and
materials suppliers; and a review of pertinent published literature.

11-1



11.1 SPECIFIC METHODOLOGY AND QUALITY OF ESTIMATE

11.1.1 Background

Solvent metal cleaning is normally done in one of three
devices:

. A cold cleaner, in which the article is immersed,
sprayed or otherwise washed in a solvent at or
about room temperature.

. An open top vapor degreaser, in which the article
is suspended in a solvent vapor over a pool of
boiling solvent. The solvent vapors condense on
the article and dissolve or wash soils and greases
from it,

. A conveyorized degreaser, in which articles are
conveyed on a chain, belt or other conveying
system either through a spray or pool of cold
solvent or through the vapor of a boiling solvent.

The cold cleaner and open top vapor degreaser are designed

for batch cleaning and are used in both manufacturing opera-
tions and maintenance operations. The conveyorized cleaners
are designed for continuous use and are normally found only

in manufacturing operations. A more detailed discussion of
these cleaners is presented in a later section of this chapter.

The EPA has estimatedl that about 1.3 million cold
Cleaners operate in the U.S.; about 70 percent are used in
maintenance or service cleaning and 30 percent in manufacturing.
There are also an estimated 22,200 open top vapor degreasers
and 4,000 vapor conveyorized degreasers. In 1975, estimated
emissions in the United States from these cleaners exceeded
700,000 metric tons, making solvent cleaning the fifth largest
stationary source of organic emissions.

1. Control of Volatile Organic Emissions from Solvent Metal
Cleaning, EPA-450/2-77-022, November 1977.
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As recently as 1974, most degreasing operations were
exempt from state regulations that covered solvent degreasing,
since they rarely emitted more than the 3,000 pounds per
day of volatile organic compounds (VOC). They could also
qualify for exemption by the substitution of a solvent not
considered to be photochemically active. However, the EPA's
current direction is toward positive reduction of all VOC
emissions, and the EPA has proposed control technology for
solvent metal cleaning operations which can achieve sizeable
total emission reduction. This technology involves the use
of proper operating practices and the use of retrofit con-
trol equipment.

Proper operating practices are those which minimize
solvent loss to the atmosphere. These include covering
degreasing equipment whenever possible, properly using solvent
sprays, employing various means to reduce the amount of
solvent carried out of the degreaser on cleaned work, promptly
repairing leaking equipment and most important, properly dis-
posing of wastes containing volatile organic solvents.

In addition to proper operating practices, many control
devices can be retrofit to existing degreasers; however,
because of the diversity in their designs, not all degreasers
require the same type of control devices. Small degreasers
using a room temperature solvent may require only a cover,
whereas large degreasers using boiling solvent may require a
refrigerated freeboard chiller or a carbon adsorption system.
Two types of control equipment which will be applicable to
many degreaser designs are drainage facilities for cleaned
parts and safety switches and thermostats, which prevent
large emissions from equipment malfunction. These controls,
the types of degreasers to which they can be applied and
the expected emission reductions are described later in this
chapter.

11.1.2 Method of Estimation of the Number of Degreasers

Subsequent estimation of the economic impact of imple-
menting the proposed RACT for solvent metal cleaning is based
upon a determination of the number of solvent metal cleaners
in the state. This determination was made on the basis of a
detailed industrywide study of metal degreasing in the U.S.,
conducted by the Dow Chemical Company under contract to the
EPA. The r:sults of the study are reported in: Study to
Support New Source Performance Standards for Solvent Metal
Cleaning Operations, Contract No. 68-02~1329, June 30, 1976.
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The report was based on a telephone survey of more than
2,500 plants in the metal working industry (SIC groups 25, 33,
34, 35, 36, 37, 38 and 39) with more than 19 employees. The
report presents estimates of the:

. Percentage of U.S. plants using solvent degreasing

. Percentage of plants using cold cleaners, open top
vapor degreasers or conveyorized cleaners

. Average number and type of vapor degreasers used
in these plants

. Distribution of these gquantities by region.

All of these quantities are further identified by the
eight metal working industries. 1In the report (based on the
1972 Census of Manufactures), 15,294 open top and 2,796
conveyorized vapor degreasers were estimated to be in use
in the eight SIC groups; an additional 5,000 to 7,000 open
top degreasers were estimatedl to be in use in 1972 by other
manufacturing or service firms not included in one of the
eight SIC groups.

To determine the number of open top and conveyorized vapor
metal degreasers in the state, first the number of plants in each
of the eight SIC groups was determined for the state. The average
number of plants using solvent metal degreasing and the average
number and type of cleaners used per plant were then obtained
by using the factors presented in the Dow report. The results
of these calculations and the factors used are tabulated in
Exhibit 11-2, in section 1l.2. The total number of open top
degreasers in the state was then estimated by multiplying the
number expected to be used in metal working SIC groups by the
ratio of 22,200/15,200 (the ratio of total number of open top units
in the U.S. to that in the eight SIC groups).

Because of their expense and function, conveyorized vapor
degreasing units are most likely to be used in manufacturing only.
Therefore, the total number of these units in the state was assumed
to be same as that calculated for the eight SIC metal working
industries. The total number of conveyorized cleaners, vapor and
cold, was then determined by multiplying_the number of vapor
conveyorized cleaners by 100/85, the EPAZ estimated ratio of total
conveyorized cleaners to vapor conveyorized cleaners in the U.S.

1. Interviews with Parker Johnson, Vice President, Sales,
Baron Blakeslee Corp., Cicero, Illinois, and with Richard
Clement, Sales Manager, Detrex Chemical, Detroit, Michigan,
July 1978.

2, Control of volatile Organic Emissions from Solvent Metal
Cleaning EPA—1557§-77-%§2, November 1977.
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The number of cold cleaners in the state was determined
by using the Dow estimates of cold cleaning done in plants
in the eight SIC metal working industries and an EPA estimate
of 1,300,000 cold metal cleaners in the U.S., including
390,000 in manufacturing and 910,000 in maintenance or ser-
vice use.

. The EPA estimates of all cold cleaners in manu-
facturing in the U.S. was multiplied by the
ratio of the number of plants in the metal
working industries (SICs 25 and 33-39) in the
state to the number in the U.S.

. Then, the EPA estimates of all cold cleaners in
maintenance and service use in the U.S. were
multiplied by the ratio of the number of plants
in the metal working industries plus selected
service industries (SIC codes 551, 554, 557,
7538, 7539, 7964) for the state to the number
in the U.S. These service ind