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1.0 SUMMARY

1.1 REGULATORY ALTERNATIVES

Standards of performance for stationary sources of volatile
organic compounds (VOC) from process and fugitive emission sources in
the polymers and resins industry are being developed under the authority
of Section 111 of the Clean Air Act. These standards would, in general,
affect new and modified/reconstructed existing facilities that produce
the following basic polymers: polypropylene, polyethylene, polystyrene,
and poly(ethylene terephthalate). The fugitive emission standards
would not apply to poly(ethylene terephthalate) facilities.

Because of production and emission differences, nine model plants
and regulatory alternatives specific to each model plant were developed.
The model plants and their regulatory alternatives are presented in
detail in Chapter 6. Regulatory Alternative 1 for each model plant
represents the levels of control within each industry segment in the
absence of new regulations. It provides the basis for comparison of
the impacts of the other regulatory altarnatives.

Regulatory Alternative 2 for each model plant except poly(ethylene
terephthalate) plants examines the control of fugitive emissions. These
requirements are as follows:

e Monthly monitoring for leaks from valves in gas and light
1iquid service, and pump seals in light liquid services;

e Weekly visual inspection for liquid leakage from pump seals in
1ight liquid service;

o Installation of controlled degassing vents on compressors,
rupture disks on relief valves, and caps on open-ended lines;
and

o C(Closed-purge sampling on sampling connections.
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This particular set of requirements was adopted based upon the results

of alternative levels of fugitive emission control already analyzed

for the proposed fugitive emission standards for the synthetic organic
chemical manufacturing industry and the petroleum refining industry.
Similarities between the polymers and resins industry and these other

two industries enable the results to be transferred. As this particular
set of fugitive emission controls was already found to be reasonable

and representative of the best system for reducing VOC fugitive emissions,
no other fugitive emission control alternatives were considered.

For the poly(ethylene terephthalate) model plants, Regulatory
Alternative 2 examines the reduction of ethylene glycol emissions from
the process by using an alternative ethylene glycol recovery system
that is more efficient than the system under Regulatory Alternative 1.
No additional regulatory alternatives were developed for the poly(ethylene
terephthalata) model plant using the terephthalic acid process.

Regulatory Alternative 3 for the eight remaining model plants
further reduces emissions through the additional control of process
emissions. For the polypropylene and polyethylene model »nlants,
additional control was achieved by applying combustion devices to
groups of emission streams that were combined on the basis of their
emanating from equipment performing a particular task, such as
polymerization or material recovery, within a production 1ine. For
the polystyrene model plant, Regulatory Alternative 3 attains additional
control by applying additional recovery to the process emissions.
Regulatory Alternative 3 for poly(ethylene terephthalate) plants using
the dimethyl terephthalate process achieves additional control by
combustion of the methanol stream from the methanol recovery system.

A fourth regulatory alternative (Regulatory Alternative 4) was
developed for three of the nine model plants. This alternative applied
combustion control to additional process emissions.

1.2 ENVIRONMENTAL IMPACT

The environmental and energy impacts of each regulatory alternative
for each model plant are presented in Chapter 7. Table 1-1 presents a
summary of the aggregate environmental and energy impacts; that is,
each model plant's Regulatory Alternative 1 is combined and the resulting
impact is reported under Regulatory Alternative I. Similarly, Regulatory
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Table 1-1.

ASSESSMENT OF ENVIRONMENTAL AND ECONOMIC IMPACTS

FOR EACH REGULATORY ALTERNATIVE CONSIDERED

Solid
Administrative Air Water waste Energy Noise Economic
Action impact impact impact impact impact impact

Regulatory

Alternative I -2%* 0 0 0 -1%* 0
Regulatory

Alternative II +2%* +1x* 0 +2% 0 -1%
Regulatory

Alternative III +4** +]1x* -1* +3* -1** -1%
Regulatory

Alternative IV +4 %> +]1%* -1* +3* -2%% -1*
KEY: + Beneficial impact 0 No impact * Short term impact

- Adverse impact

1 Negligible impact
2 Small impact

3 Moderate impact

4 Large impact

1-3
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Alternative 2 impacts for each model plant are totaled as Regulatory
Alternative II. Regulatory Alternative III represents Regulatory
Alternative 3 impacts for eight model plants plus Regulatory Alternative 2
impacts for the poly(ethylene terephthalate) model plant using the
terephthalatic acid process as no Regulatory Alternative 3 was developed
for it. Finally, Regulatory Alternative IV corresponds to Regulatory
Alternative 4 for three model plants plus Regulatory Alternative 3

impacts for five model plants plus Regulatory Alternative 2 impacts

for one model plant.

1.2.1 Air Emissions Impacts

Total VOC emissions from new plants in these industry segments in
1988 are projected to be approximately 17.9 gigagrams (Gg) under
Regulatory Alternative I, compared to 13.6, 3.4, and 3.3 Gg under
Regulatory Alternatives II, III, and IV, respectively. The average
percent emission reductions from the Regulatory Alternative I level
achieved by Reguiatory Alternatives II, III, and IV are 24, 81, and
82 percent, respectively.
1.2.2 Water, Solid Waste, and Noise Impacts

Little adverse affect on water quality is expected under any of

the regulatory alternatives. Implementation of fugitive controls
under Regulatory Alternative II would result in a small positive
effect on water by curtailment of potential 1iquid leaks.

Minor adverse solid waste impacts could occur under Regulatory
Alternatives III and IV due to the use of catalytic incinerators.
Spent catalyst from catalytic incinerator use may be generated at an
annual rate of 2.9 m3 (102 ft3) and 3.0 m® (135 ft3), respectively,
under these two alternatives.

Some noise impact could arise from increased use of flares under
the regulatory alternatives. By employing noise mitigation techniques,

additional noise impact on surrounding communities should be minimal.
1.2.3 Energy Impacts

Under Regulatory Alternative II, implementation of fugitive
controls in seven of the nine model plants and of a more efficient
ethylene glycol recovery system in poly(ethylene terephthalate) plants
result in a net decrease in energy usage from what otherwise would



occur under Regulatory Alternative 1, This occurs because the energy
credit obtained through recovered VOC is greater than the energy
expended to implement the controls.

Under Regulatory Alternative III, a net dacrease in energy usage
is 11so obtained. Six of the nine industry segments realize a net
decrease, while the other three segments realize a net increase in
energy usage.

Under Regulatory Alternative IV, a net decrease in energy usage
across the industry is again obtained, with six segments realizing a
net decrease and three segments realizing a net increase in energy
usage.

1.3 ECONOMIC IMPACT

As was done for the environmental and energy impacts, the
aggregate economic impacts that result from the costs for each of the
regulatory alternatives are summarized in Table 1-1. A more detailed
economic analysis is presented in Chapter 9 and a more detailed analysis
of costs for each industry segment is presented in Chapter 8.

Under Regulatory Alternative II, the industry as a whole would
realize a net annual credit of around $0.2 million in the fifth year
(1988) compared to what the industry as a whole would otherwise spend
under Regulatory Alternative I. Fifth year annual costs compared to
Regulatory Alternative I for individual industry segments range from
an annual credit of $0.6 million in the poly(ethylene terephthalate)
plants using the terephthalatic acid process up to $1.6 million in
polyethylene plants using the gas phase technology.

Under Regulatory Alternative III, the industry as a whole would
spend an net annual amount of $2.8 million in the fifth year (1988)
over and above what they would otherwise spend under Regulatory
Alternative I. Fifth year annual costs for individual industry segments
range from annual credits in poly(ethylene terephthalate) and polystyrene
plants up to $3.2 million for high density polyethylene plants using a
solution process.

Under Regulatory Alternative IV, a fifth year annual cost of
$4.3 million over and above what would be otherwise spent under Regulatory
Alternative I would be realized by the industry as a whole. Again,
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the range of annual costs for individual industry segments range from
net annual credits in the poly(ethylene terephthalate) and polystyrene
segments to a cost of $3.2 million in high density polyethylene,
solution process segment.

Under the most costly combination of individual regulatory
alternatives for each model plant, total additional annualized costs
of controls in 1988 are estimated to be $4.9 million. The potential
adverse economic impacts of these regulatory alternatives are expected
to be very minor in view of the small price increases anticipated as a
result of control costs.
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2.0 INTRODUCTION

2.1 BACKGROUND AND AUTHORITY FOR STANDARDS

Before standards of performance are proposed as a Federal regulation,
air pollution control methods available to the affected industry and the
associated costs of installing and maintaining the control equipment are
examined in detail. Various levels of control based on different technolo-
gies and degrees of efficiency are expressed as regulatory alternatives.
Each of these alternatives is studied by EPA as a prospective basis for a
standard. The alternatives are investigated in terms of their impacts on
the economics and well-being of the industry, the impacts on the national
economy, and the impacts on the environment. This document summarizes the
information obtained through these studies so that interested persons will
be able to see the information considered by EPA in the development of the
proposed standard.

Standards of performance for new stationary sources are establisned
ander Section 111 of the Clean Air Act (42 U.S.C. 7411) as amended, herein-
after referred to as the Act. Section 11l directs the Administrator to
astablish standards of performance for any category of new stationary
source of air pollution which "... causes, or contributas significantly
to air pollution which may reasonably be anticipated to endanger pubiic
health or welfare."

The Act requires that standards of performance for stationary sources
reflect,"... the degree of emission reduction achievable which (taking
into consideration the cost of achieving such emission reduction, and any
nonair quality health and environmental impact and energy requirements) the
Administrator determines has been adequately demonstrated for that category
of sources." The standards apply only to stationary sources, the construc-
tion or modification of which commences after regulations ars proposed by
publication in the Federal Register.
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The 1977 amendments to the Act altered or added numerous provisions
that apply to the process of establishing standards of performance.
Examples of the effects of the 1977 amendinents are:

1. EPA is required to review the standards of performance avery
4 years and, if appropriate, revise them.

2. EPA is authorized to promulgate a standard based on design,
equipment, work practice, or operational procedures when a standard
based on emission levels is not feasible.

3. The term “"standards of performance" is redefined, and a new
term "technological system of continuous emission reduction" is defined.
The new definitions clarify that the control system must be continuous
and may include a low- or non-polluting process or operation.

4, The time between the proposal and promulgation of a standard
under section 111 of the Act may be extended to 6 months.

Standards of performance, by themselves, do not guarantee protection
of health or welfare because they are not designed to achieve any
specific air quality levels. Rather, they are designed to reflect the
degree of emission limitation achievable through application of the
best adequately demonstrated technological system of continuous emission
reduction, taking into consideration the cost of achieving such emission
reduction, any nonair quality health and environmental impacts, and
energy requirements.

Congress had several reasons for including these reguirements.
First, standards with a degree of uniformity are needed to avoid
situations where some States may attract industries by relaxing standards
relative to other States. Second, stringent standards enhance the
potential for long-term growth. Third, stringent standards may help
achieve long-term cost savings by avoiding the need for more retrofitting
when pollution ceilings may be reduced in the future. Fourth, certain
types of standards for coalburning sources can adversely affect the
coal market by driving up the price of low-sulfur coal or effectively
axcluding certain coals from the reserve base because their untreated
pollution potentials are high. Congress does not intend that new
source performance standards contribute to these problems. Fifth, the
standard-setting process should create incentives for improved technology.
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Promulgation of standards of performance does not prevent State
or local agencies from adopting more stringent emission limitations
for the same sources. States are free under Section 116 of the Act to
establish even more stringent emission limits than those established
under Section 111 or those necessary to attain or maintain the National
Ambient Air Quality Standards (NAAQS) under Section 110. Thus, new
sources may in some cases be subject to limitations more stringent
than standards of performance under Section 111, and prospective
owners and operators of new sources should be aware of this possibility
in planning for such facilities.

A similar situation may arise when a major emitting facility is
to be constructed in a geographic area that falls under the prevention
of significant deterioration of air quality provisions of Part C of
the Act. These provisions require, among other things, that major
emitting facilities to be constructed in such areas are to be subject
to best available control technology. The term Best Available Control
Technology (BACT), as defined in the Act, means

... an emission limitation based on the maximum degree of reduction
of each pollutant subject to regulation under this Act emitted

from, or which results from, any major emitting facility, which the
permitting authority, on a case-by-case basis, taking into account

energy, environmental, and economic impacts and other costs, determines

is achievable for such facility through application of production
processes and available methods, systems, and techniques, including
fuel cleaning or treatment or innovative fuel combustion techniques
for control of each such pollutant. In no event shall application
of "best available control technology" result in emissions of any
pollutants which will exceed the emissions allowed by any applicable
standard established pursuant to Sections 111 or 112 of this Act.
(Section 169(3))
Although standards of performance are normally structured in
terms of numerical emission limits where feasible, alternative approaches
are sometimes necessary. In some cases physical measurement of emissions
fron a new source may be impractical or exorbitantly expensive.
Section 111(h) provides that the Administrator may promulgate a design
or equipment standard in those cases where it is not feasible to
prescribe or enforce a standard of performance. For example, emissions
of hydrocarbons from storage vessels for petroleum liquids are greatest

during tank filling. The nature of the emissions, high concentrations
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for short periods during filling and low concentrations for longer
periods during storage, and the configuration of storage tanks make
direct emission measurement impractical. Therefore, a more practical
approach to standards of performance for storage vessels has been
equipment specification.

In addition, Section 111(j) authorizes the Administrator to grant
~Najvers of compliance to permit a source to use innovative continuous
emission control technology. In order to grant the waiver, the Administra-
tor must find: (1) a substantial 1ikelihood that the technology will
produce greater emission reductions than the standards require or an
equivalent reduction at lower economic energy or environmental cost;

(2) the proposed system has not been adequately demonstrated; (3) the
technology will not cause or contribute to an unreasonable risk to the
public health, welfare, or safety; (4) the governor of the State where
the source is located consents; and (5) the waiver will not prevent

the attainment or maintenance of any ambient standard. A waiver may

have conditions attached to assure the source will not prevent attainment
of any NAAQS. Any such condition will have the force of a performance
standard. Finally, waivers have definite end dates and may be terminated
earljer if the conditions are not met or if the system fails to perform
as expected. In such a case, the source may be given up to three

years to meet the standards with a mandatory progress schedule.

2,2 SELECTION OF CATEGORIES QF STATIONARY SOURCES

Section 111 of the Act directs the Adminstrator to list categories
of stationary sources. The Administrator "... shall include a category
of sources in such 1ist if in his judgment it causes, or contributes
significantly to, air pollution which may reasonably be anticipated to
endanger public health or welfare." Proposal and promulgation of
standards of performance are to follow.

Since passage of the Clean Air Act of 1970, considerable attention
has been given to the development of a system for assigning priorities
to various source categories., The approach specifies areas of interest
by considering the broad strategy of the Agency for implementing the
Clean Air Act. Often, these "areas" are actually pollutants emitted
by stationary sources. Source categories that emit these pollutants
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are evaluated and ranked by a process involving such factors as:
(1) the level of emission control (if any) already required by State
regulations, (2) estimated levels of control that might be requiread
from standards of performance for the source category, (3) projections
of growth and replacement of existing facilities for the source category,
and (4) the estimated incremental amount of air pollution that could
be prevented in a preselected future year by standards of performance
for the source category. Sources for which new source performance
standards were promulgated or under development during 1977, or earlier,
were selected on these criteria.

The Act amendments of August 1977 establish specific criteria to
be used in determining priorities for all major source categories not
yet Tlisted by EPA. These are: (1) the quantity of air pollutant
emissions that each such category will emit, or will be designed to
emit; (2) the extent to which each such pollutant may reasonably be
anticipated to endanger public health or welfare; and (3) the mobility
and competitive nature of each such category of sources and the consequent
need for nationally applicable new source standards of performance.

In some cases it may not be feasible immediately to develop a
standard for a source category with a high priority. This might
happen when a program of research is needed to develop control techniques
or because techniques for sampling and measuring emissions may require
refinement. In the developing of standards, differences in the time
required to complete the necessary investigation for different source
categories must also be considered. For example, substantially more
time may be necessary if numerous pollutants must be investigated from
a single source category. Further, even late in the development
process the schedule for completion of a standard may change. For
example, inability to obtain emission data from well-controlled sources
in time to pursue the development process in a systematic fashion may
force a change in scheduling. Nevertheless, priority ranking is, and
will continue to be, used to establish the order in which projects are
initiated and resources assigned.

After the source category has been chosen, the types of facilitias
within the source category to which the standard will apply must be
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determined. A source category may have Saveral facilities that cause
air pollution, and emissions from some of these facilities may vary
from insignificant to very expensive to control. Economic studies of
the source category and of applicable control technology may show that
air pollution control is better served by applying standards to the
more severe pollution sources. For this reason, and because there is
no adequately demonstrated system for controlling emissions from
certain facilities, standards often do not apply to all facilities at

a source. For the same reasons, the standards may not apply to all

air pollutants emitted. Thus, although a source category may be
selected to be covered by a standard of performance, not all pollutants
or facilities within that source category may be covered by the standards.

2.3 PROCEDURE FOR DEVELOPMENT OF STANDARDS OF PERFORMANCE

Standards of performance must (1) realistically reflect best
demonstrated control practice; (2) adequately consider the cost, the
nonair quality, health and environmental impacts, and the energy requirements
of such control; (3) be applicable to existing sources that are modified
or reconstructed as well as new installations; and (4) meet these
conditions for all variations of operating conditions being considzred
anywhere in the country.

The objective of a program for developing standards is to identify
the best technological system of continuous emission reduction that
has been adequately demonstrated. The standard-setting process involves
three principal phases of activity: (1) information gathering, (2)
analysis of the information, and (3) development of the standard of
performance.

During the information-gathering phase, industries are queried
through a telephone survey, letters of inquiry, and plant visits by EPA
representatives. Information is also gathered from many other sources,
and a literature search is conducted. From the knowledge acquired about
the industry, EPA selects certain plants at which emission tests are con-
ducted to provide reliable data that characterize the nollutant emissions
from weli-controlled existing facilities.

In the second phase of a project, the information about the industry
and the pollutants emitted is used in analytical studies. Hypothetical
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"model plants" are defined to provide a common basis for analysis. The
model plant definitions, national pollutant emission data, and existing
State regulations governing emissions from the source category are then
used in establishing "regulatory alternatives." These regulatory
alternatives are essentially different levels of emission control.

EPA conducts studies to determine the impact of each regulatory
alternative on the economics of the industry and on the national economy,
on the environment, and on energy consumption. From several possibly
applicable alternatives, EPA selects the single most plausible regulatory
alternative as the basis for a standard of performance for the source
category under study.

In the third phase of a project, the selected regulatory alternative
is translated into a standard of performance, which, in turn, is written in
the form of a Federal regulation. The Federal regulation, when applied to
newly constructed plants, will limit emissions to the levels indicated in
the selected regulatory alternative.

As early as is practical in each standard-setting project, EPA
representatives discuss the possibilities of a standard and the form it
might take with members of the National Air Pollution Control Techniques
Advisory Committee. Industry representatives and other interested parties
also participate in these meetings.

The information acquired in the project is summarized in the Background
Information Document (BID). The BID, the standard, and a preamble explain-
ing the standard are widely circulated to the industry being considered for
control, environmental groups, other government agencies, and offices
within EPA. Through this extensive review process, the points of view of
expert reviewers are taken into consideration as changes are made to the
documentation,

A "proposal package" is assembled and sent through the offices of EPA
Assistant Administrators for concurrence before the proposed standard is
of ficially endorsed by the EPA Administrator. After being approved by the
EPA Administrator, the preamble and the proposed regulation are published
in the Federal Register.

As a part of the Federal Register announcement of the proposed

regulation, the public is invited to participate in the standard-setting
process. EPA invites written comments on the proposal and also holds a
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public hearing to discuss the proposed standard with interested parties.
A11 public comments are summarized and incorporated into a second volume
of the BID. A1l information reviewed and generated in studies in support
of tha standard of performance is available to the public in a "docket" on
file in Washington, D. C.

Comments from the public are evaluated, and the standard of performance
may be altered in response to the comments.

The significant comments and EPA's position on the issues raised are
included in the "preamble" of a "promulgation package," which also contains
the draft of the final regulation. The regulation is then subjected to
another round of review and refinement until it is approved by the EPA
Administrator. After the Administrator signs the regulation, it is published
as a "final rule" in the Federal Register.

2.4 CONSIDERATION OF COSTS

Section 317 of the Act requires an economic impact assessment with
respect to any standard of performance established under Section 111
of the Act. The assessment is required to contain an analysis of:

(1) the costs of compliance with the regulation, including the extent to
which the cost of compliance varies depending on the effective date of

the regulation and the development of less expensive or more efficient
methods of compliance; (2) the potential inflationary or recessionary

effects of the regulation; (3) the effects the regulation might have on

small business with respect to competition; (4) the effects of the regulation
on consumer costs; and (5) the effects of the regulation on energy use.
Section 317 also requires that the economic impact assessment be as

extensive as practicable.

The economic impact of a proposed standard upon an industry is usually
addressed both in absolute terms and in terms of the control costs that
would be incurred as a result of compliance with typical, existing State
control regulations. An incremental approach is necessary because both new
and existing plants would be required to comply with State regulations in
the absence of a Federal standard of performance. This approach requires a
detailed analysis of the economic impact from the cost differential that
would exist between a proposed standard of performance and the typical
State standard.
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Air pollutant emissions may cause water pollution problems, and
captured potential air pollutants may pose a solid waste disposal
problem. The total environmental impact of an emission source must,
therefore, be analyzed and the costs determined whenever possible.

A thorough study of the profitability and price-setting mechanisms
of the industry is essential to the analysis so that an accurate
estimate of potential adverse eccnomic impacts can be made for proposed
standards. It is also essential to know the capital requirements for
pollution control systems already placed on plants so that the additional
capital requirements necessitated by these Federal standards can be
placed in proper perspective. Finally, it is necessary to assess the
availability of capital to provide the additional control equipment
needed to meet the standards of performance.

2.5 CONSIDERATION OF ENVIRONMENTAL IMPACTS

Section 102(2)(C) of the National Environmental Policy Act (NEPA)
of 1969 requires Federal agencies to prepare detailed environmental
impact statements on proposals for legislation and other major Federal
actions significantly affecting the quality of the human environment.
The objective of NEPA is to build into the decisionmaking process of
Federal agencies a careful consideration of all environmental aspects
of proposed actions.

In a number of legal challenges to standards of performance for
various industries, the United States Court of Appeals for the District
of Columbia Circuit has held that environmental impact statements need
not be prepared by the Agency for proposed actions under Section 111
of the Clean Air Act. Essentially, the Court of Appeals has determined
that the best system of emission reduction requires the Administrator
to take into account counter-productive environmental effects of a
proposed standard, as well as economic costs to the industry. On this
basis, therefore, the Court established a narrow exemption from NEPA
for EPA determination under Section 111.

In addition to these judicial determinations, the Energy Supply
and Environmental Coordination Act (ESECA) of 1974 (PL-93-319) specifically
exempted proposed actions under the Clean Air Act from NEPA requirements.

Ha

According to Section 7(c){1l), "No action taken under the Clean Air Act
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shall be deemed a major Federal action significantly affecting the
quality of the human environment within the meaning of the National
Environmental Policy Act of 1969." (15 U.S.C. 793(c)(1))

Nevertheless, the Agency has concluded that the preparation of
environmental impact statements could have beneficial effects on
certain regulatory actions. Consequently, although not legally required
to do sc by Section 102(2)(C) of NEPA, EPA has adopted a policy requiring
that environmental impact statements be prepared for various regulatory
actions, including standards of performance developed under Section 111
of the Act. This voluntary preparation of environmental impact statements,
however, in no way legally subjects the Agency to NEPA requirements.

To implement this policy, a separate section in this document is
devoted solely to an analysis of the potential environmental impacts
associated with the proposed standards. Both adverse and beneficial
impacts in such areas as air and water pollution, increased solid
waste disposal, and increased energy consumption are discussed.

2.6 IMPACT ON EXISTING SOURCES

Section 111 of the Act defines a new source as "... any stationary
source, the construction or modification of which is commenced ..."
after the proposed standards are published. An existing source is
redefined as a new source if "modified" or "reconstructed" as defined
in amendments to the general provisions of Subpart A of 40 CFR Part
60, which were promulgated in the Federal Register on December 16,
1975 (40 FR 58416).

Promulgation of a standard of performance requires States to

establish standards of performance for existing sources in the same
jndustry under Section 111(d) of the Act if the standard for new

sources limits emissions of a designated pollutant (i.e., a pollutant
for which air quality criteria have not been issued under Section 108

or which has not been listed as a hazardous pollutant under Section 112).
If a State does not act, EPA must establish such standards. General
provisions outlining procedures for control of existing sources under
Section 111(d) were promulgated on November 17, 1975, as Subpart B of

40 CFR Part 60 (40 FR 53340).
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2.7 REVISION OF STANDARDS OF PERFQRMANCE

Congress was aware that the level of air pollution control achievable
by any industry may improve with technological advances. Accordingly,
Section 111 of the Act provides that the Administrator "... shall, at
least every 4 years, review and, if appropriate, revise ..." the
standards. Revisions are made to assure that the standards continue
to reflect the best systems that become available in the future. Such
revisions will not be retroactive, but will apply to stationary sources
constructed or modified after the proposal of the revised standards.
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3.0 THE POLYMERS AND RESINS INDUSTRY

The polymers and resins industry consists of operations that combine
monomer or chemical intermediate materials obtained from the basic
petrochemical industry and the synthetic organic chemical manufacturing
industry (SOCMI) into polymeric or copolymeric products. (A copolymer
is formed when two different monomers are polymerized together so that
both occur in the same polymer chain. The copolymer will generally
combine to some extent the properties of the individual polymers and
will often have lower strength and a lTower melting point than either of
the polymers.) Such products include plastic materials, synthetic
resins, synthetic rubbers, and synthetic fibers. This chapter describes
the polymers and resins industry, its production processes and associated
emissions of volatile organic compounds (VOC), and industry practices
and State and Federal regulations affecting VOC emissions.

3.1 [INDUSTRY DESCRIPTION

A large number of polymers are produced domestically by a variety
of processes. Polymers can be grouped into two categories: thermoplastic,
those which melt upon reheating and, thus, can be reshaped after initial
fabrication, and thermosetting, those which do not. Thermoplastic
polymers are linear chain polymers with 1ittle or no crosslinking between
the individual chains. Common end-uses include safety shields, clothing,
appliance parts, boiling bags, sutures, textiles and woven goods, bottles
for a variety of fluids, toys, and hot/cold insulated drink cups.
Thermosetting polymers are extensively crosslinked, making them far more
rigid and often insoluble. These resins are often used in applications
where rigidity or heat-resistant characteristics are required. End-uses
include molding compounds, adhesives and bonding resins, laminating
resins, paper and surface coatings, and as a binder for fiber glass and
other reinforced plastics for construction and transportation applications.
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The selection of a suitable polymer for a particular end-use application
depends on the specific properties of the polymer.

The U.S. Environmental Protection Agency (EPA) study by the
Pullman-Kellogg Company ranked segments of the polymers and resins
industry by magnitude of emissions for the purpose of new source
performance standard (NSPS) development priority setting.1 This study

exanined 16 polymers and resins categories with potentially large VOC
emissions:

Acrylics Polyester Fibers

Alkyds Polypropylene

High Density Polyethylene Polystyrene

Low Density Polyethylene Polyvinyl Acetate

Melamine Formaldehyde Polyvinyl Alcohol

Nylon 6 Styrene-Butadiene Latex
Nylon 66 Unsaturated Polyester Resins
Phenol Formaldehyde Urea Formaldehyde

The majority of these 16 polymers are of the thermoplastic type
(acrylics, polyethylene, nylon 6 and 66, (saturated) polyester resin,
polypropylene, polystyrene, polyvinyl acetate, polyvinyl alcohol, and
styrene-butadiene latex); the remainder are thermosetting resins.

The survey of these 16 polymers and resins categories showed that
enissions from five of these categories amount to approximately 75 percent
of the current total estimated VOC emissions from these 16 polymers and
resins manufacturing operations. These five source categories, all of
which were found to be experiencing growth, were chosen for NSPS development.
They are:

1. Polypropylene

2. Low density polyethylene

3. High density polyethylene

4, Polystyrene, and

5. Polyester resin, poly(ethylene terephthalate), [PET].

Tables 3-1 to 3-5 list existing production locations and capacities
for plants that produce these five polymers and resins.

3.1.1 End-Uses of the Five Polymers Chosen for NSPS Development
The 16 commercial polymers and resins covered by the Pullman-Kellogg

report have an extremely wide variety of end-uses and are found in
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Table 3-1. POLYPROPYLENE (PP) PLANT L1sT?
Capacity

Company Location Gg/yr

ARCO Polymers, Inc. La Porte, TX 181
Amoco Chemical Corp. Chocolate Bayou, TX 234
El Paso Polyolefins Co. Odessa, TX 68
Pasadena, TX 68

Exxon Chemical Co. Baytown, TX 181
Gulf 0i1 Chemical Co. Cedar Bayou, TX 181
Hercules, Inc. Bayport, TX 204
Lake Charles, LA 395

Northern Petrochemical Co. Morris, IL 91
Phillips Chemical Co. Pasadena, TX 91
Shell Chemical Co. Norco, LA 136
Woodbury, NJ 136

Soltex Polymer Corp. Deer Park, TX 91
Texas Eastman Co. Longview, TX 64
USS Chemicals La Porte, TX 159
Kenova, WV 75

4Source: SRI International, 1982 Directory of Chemical Producers,

United States.
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Table 3-2. LOW DENSITY POLYETHYLENE (LDPE) PLANT LIST®

Average
capacity,
Company Location 3g9/yr
Allied Chemical Co.® range, TX -
ARCO Polymers, Inc. Port Arthur, TX 181
Chemplex Co. Clinton, IA 188
Cities Service C0.© Lake Charles, LA 329
Dow Chemical U.S.A, Freeport, TX 447
Plaguemine, LA 254
E.Il. du Pont de Nemours & Co., Inc. Orange, TX 211
Victoria, TX 109
E1 Paso Polyolefins Co. Odessa, TX 131
Pasadena, TX 68
Exxon Chemical Co. Baton Rouge, LAd 299d
Mt. Belview, T 154
Gulf 0i1 Chemical Co. Cedar Bayou, TX 239
Orange, TX 129
Baytown, TX -
ttobil Chemical Co. Beaumont, TX 136
National Distillers & Chemical Corp. Deer Park, TX 249
Tuscola, IL 75
Northern Petrochemical Co. Morris, IL 2738
Phillips Chemical Co. Pasadena, TX f
Texas Eastman Co. Longview, TX 166
Union Carbide Corp. Seadrift, TX 5449
Taft, LA 272
Penuelas, P.R. 141
United Foam Corp.” Louisville, KY 73

8source: SRI International, 1982 Directory of Chemical Producers,

United States, unless otherwise indicated.

bSource: Texas Air Control Board communication.

®In a letter dated March 9, 1982, Cities Services Co. indicated that
they were c¢losing all their polymer and resins manufacturing plants.

de

Petrochemical Company.

Source: Chemical Engineering. October 18, 1982. »p. 26,
eCapacity obtained from April 14, 1982, letter from lorthern

fPrimarﬂy HDPE produced; small portion of 680 Gg total capacity used

for LDPE.

9capacity is about 245 Gg liquid phase and 299 Gg gas phase.
RSource: Organic Chemical Producers Data Base.

Nationwide., February 17, 1981, p. 925,

PO
I

Product Data Report-



Table 3-3. HIGH DENSITY POLYETHYLENE (HDPE) PLANT LIsT?

Capacity,

Company Location Gg/yr
Allied Chemical Corp. Baton Rouge, LA 299
American Hoechst Corp. Bayport, TX 136
Amoco Chemical Corp. Chocolate Bayou, TX 172
ARCO Polymers, Inc. Port Arthur, TX 159
Chempliex Co. Clinton, IA 122
Dow Chemical U.S.A. Freeport, TX 54
Plaquemine, LA 150

E.I. du Pont de Nemours & Co., Inc. Orange, TX 104
Victoria, TX 102

Gulf 011 Corp. Orange, TX 261P
Hercules, Inc. Lake Charles, LA 7
Nat'l. Petrochemical Corp. La Porte, TX 283
Phillips Chemical Co. Pasadena, TX 680
Soltex Polymer Corp. Deer Park, TX 340
Union Carbide Corp. Seadrift, TX 91

a
Source:
United States.

bExpansion from 191 Gg/yr to 261 Gg/yr completed in 1982.
p. 25.

Engineering. October 4, 1982.
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Table 3-4, POLYSTYREME {PS} PLAN List?

Capacity, h
Company ocation 3g/yr Process
A&E Plastics, Inc. City of Industry, CA 16 -
American Hoechst Corp. Chesapeake, VA 118 -
Leominster, MA 54 -
Peru, IL 113 -
Amoco Chemical Corp. Joliet, IL 136 Continuous
Torrance, CA 16 3atch
Willow Springs, IL 41 3atch
ARCY Polymers, Inc. deaver Yalley, P4 213 -
3ASF Wyandotte Corp. South Brunswick, MNJ 79 Batch
Carl Gordon, Ind., Inc. Owensboro, KY 23 3atch
Oxford, MA 45 Batch,
Continuous
Cosden 031 & Chemical Co, Windsor, NJ 54 -
CaTumet City, IL 122 Continuous
8ig Spring, TX 20 -
Orange, CA 27 -
Crest Container Corp.C Fort Worth, TX 3.5 -
Dow Chemical Corp. Gales Ferry, CT 36 -
Hidland, MI 100 Continuous
Torrance, CA a1 Continuous
Ironton, OH 86 -
Joliet, IL 64 -
Gulf 0i1 Chemical Co. Marietta, OH d 141 Continuous
Channelview, TX 13 -
Huntsman-Goodson Chem. Corp. Troy, OH 9 -
Kama Corp. Hazelton, PA 11 -
Hobil Chemical Co. Holyoke, MA 41 -
Joliet, IL 18 -
Santa Ana, CA 29 Continuous
Monsanto Co.® Addyston, OH 136 Continuous
Decatur, AL 45 Continuous
Springfield, MA 136 Continuous
Polysar Resins, Inc. Copley, OH 54 Continuous
Leominster, MA 54 -
Forest City, NC 18 -
Richardson Company West Haven, CT f -
Shell Chemical Co. Belpre, OH 136 Continuous
Texstyrene Plastics, Inc. Fort Worth, TX 23 -
U.S.S. Chemicals? Havernill, OH 9 -
Vititek Inc. Delano, CA 2 -

8source: SRI International, 1982 Directory of Chemical Producers, United States,
unless otherwise indicated.

bSource: Industry communications.

Csource: Qrganic Chemical Producers Data Base. Product Data Report - Nationwide.
February 17, 1981, p. 943,

dThﬁs piant is not currently in production. Letter from Gulf 0i1 to Texas Air
Control Board. July 28, 1982.

Svonsanto’s Long 3each plant nas been closed.

f . . . ;
In m1d-1977, this company switched its 18 Gg PS plant o production of other
styrene copolymers. Small quantities of specialty grade PS are still being
produced.

gTe]ephone conversation on Jctober 12, 1982, with U.S.S. Chemicails indicated that
this plant nas been closed.
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Table 3-3. POLYETHYLENE TEREPHTHALATE (PET) POLYESTER PLANT L1sTe
Average
b capacity,
2lant Location Process ag/yr Product
Akzona Inc. Central, SC DMT 25 “iber
Lowland, TN DMT 43 Fiber
Allied Corp. Moncure, NC TPA 39 “iber
American Hoechst Corp.  Spartanburg, SC DMT/TPA 261 Fiber, Bottle Resins
Greer, SC - 32 Bottle Resins, Film
Avtex Fibers, Inc. Lewistown, PA DMT/TPA 18 Fiber
£.1. du Pont de Nemours Camden, SC
Charleston, SC
Chattanooga, TN DMT/TPA 736 Fiber
Kinston, NC
01d Hickory, TN
Ailmington, NC
01d Hickory, TN - 249 -
w11mington, NC - 565 -
Brevard, NC - 14 Film
Parlin, NJ - 7 Film
Circleville, OH - 29 Film
Florence, SC - 34 Film
Eastman Kodak Co. Columbia, SC OMT 204 Fiber
Kingsport, TN OMT 238 Fiber, Bottle Resins
Rochester, HY - 25 Film
Windsor, CO - 11 Film
Fiber Industries, Inc. Fayetteville, NC OMT/TPAC
Florence, SC (36) Fiber, Bottle Resins
Greenville, SC DMT/TPAc 680 Fiber
Salisbury, NC TPAC
Shelby, NC oMTC
Firestone Tire &
Rubber Co. Hopewell, VA TPA 23 Fiber
Goodyear Tire &
Rubber Co. Scottsbora, AL DMT/TPA 11 Fiber, Bottle Resins
Point Pleasant, WV - 122 Bottle Resins
ICI Americas Inc. Hopewell, VA - 36 Filnm
Minnesota Mining & Decatur, AL - 25 Film
Manufacturing Co. Greenville, SC - 10 Film
Honsanto Co. Decatur, AL DMT/TPA 91 Fiber
Ronm and Haas Co. Fayetteville, iiC - 91 Sottle Resins

a
Source:

SRI International, 1982 Directory of Chemical Producers, United States.

Does

not include manufacturers of unsaturated resins or processors using resins as a
Saturated resing listing is also not

raw material (generally to produce fibers).
included as it is comprised of manufacturers of polyesters other than PET.

OMT - Dimethyl terephthalate process.

b)

TPA - Terephthalic acid process.

Crndustry correspondence.
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numerous sectors of the economy. Formms include shapes for structural
housings or parts, films, sheets, surface coatings, adhesive 1iquids,
foams, fibers, and filaments. Many types of manufacturing processes are
used to shape resin into these forms. The various kinds of shaping
techniques used include blow molding, tubular film blowing, calendaring,
injection molding, rotational molding, casting, coating, extrusion,
foaming, and elongation to orient fibers. These shaping operations are
noted, but not elaborated on in this document. (This document discusses
the manufacturing of the above selected polymers but does not include
the fabrication of polymer products.)

These products are used in every sector of the economy with
particularly large applications in the construction, transportation,
clothing, consumer goods, and electrical industries. Generally, end-use
functions include structural components in equipment or appliances,
insulation, film for packaging wrap, and fiber for lines or clothing.

Each major polymer or resin product has its own properties, forms,
and end-use sectors. The important end-uses of each polymer chosen for
NSPS development are summarized below.

3.1.1.1 End-Uses of Polypropylene. Polypropylenes, which are made
by many different processes, are lightweight, water- and chemical-resistant

plastics, somewhat rigid, but easy to process. They are thermoplastic
and belong to the olefins family. Polypropylene products can be formed
in many ways, including molding, extrusion, rotational molding, powder
coating, thermoforming, foam molding, and fiber orientation.

Molded applications include bottles for syrups and foods, caps,
auto parts, appliance parts, toys, housewares, and furniture components.
Polypropylene fibers and filaments are used in carpets, rugs, carpet
backing, woven bags, and cordage. Film uses include packaging for
cigarettes, records, toys, and housewares. Extrusions include pipes,
profiles, wire and cable coatings, and corrugated packing sheets.

Products formed by injection molding consume about 41 percent of
the polypropylene produced domestically. The second most utilized
form, fibers and filaments, accounts for 31 percent of the total
production. Other forms account for the remaining 28 percent.3
The major sectors using polypropylenes are consumer/institutional
(19 percent), furniture/furnishings (18 percent), packaging (16 percent),
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transportation (12 percent), and electrical/electronics (7 percent).
Other uses account for the remaining 28 percent.3

3.1.1.2 End-Uses of Polyethylenes: Low Density and High Density.
Polyethylenes are the largest volume plastics produced, both domestically

and internationally. These thermoplastic polymers are valued for their
structural strength, water and chemical resistance, and easy processing
characteristics.

There is nearly an infinite variety of polyethylenes that differ in
melting point, clarity, and density. They are generally divided into
two broad categories, Tow and high density, both of which are flexible,
although high density polyethylene (HDPE) is more rigid. Within the
last few years, a new class of LDPE has appeared - linear low density
polyethylene (LLDPE). LLDPE combines the linear molecular structure of
HDPE with the physical and optical properties of conventional LDPE, and
its overall properties are superior to those of conventional LDPE.4
Polyethylenes are often extruded into film, sheets, pipe, or profiles,
injection molded, blow molded, rotationally molded, foamed, or formed in
other ways.5

3.1.1.2.1 Low density polyethylene (LDPE). Conventional LDPE is
used primarily in packaging. Specific applications include packaging

film and wrap, trash bags, garment bags, and molded forms (toys, housewares,
containers, and others).6 End-uses are found in many segments of the
economy, including the packaging industry (62 percent), consumer/institutional
industries {11 percent), electrical/electronics industries (7 percent),
and other sectors (21 per‘cent).7

Like conventional LDPE, LLDPE is suitable for many end-uses.
Specific applications may include housewares, 1ids, closures, blow
molded parts (such as toys, bottles, and drums), wire and cable insulation,
extruded pipe and tubing, and industrial and consumer films such as food
packaging, trash bags, and garment bags.8

3.1.1.2.2 High density polyethylene (HDPE). The primary application

for HDPE is the manufacture of blow molded bottles for bleaches, liquid
detergents, milk, and other fluids. Other blow molded forms for which
HDPE is used include automotive gas tanks, drums, and carboys. HDPE is
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also used for injection molded forms including material handling pallets,
stadigm seats, trash cans, and auto parts. The film is used in shopping
bags.o HDPE is of special value where high impact resistance is required.
Products formed by blow molding represent 40 percent of the total
domestic HDPE production. Another 22 percent is injection molded, while
6 percent is attributed to film and sheet applications. Other uses
account for 32 percent.9 End-use sectors for HOPE include packaging
(45 percent), consumer/institutional (11 percent), building and construction
(9 percent), and other sectors (35 percent).9
3.1.1.3 End-Uses of Polystyrene. Polystyrene plastics are durable,
provide good electrical insulation, and are easy to process. This

thermoplastic is used in molded forms, extrusions, liquid solutions,
adhesives, coatings, and foams.10

Molded uses include toys, auto parts, housewares, kitchen items,
appliances, wall tiles, refrigerated food containers, radio and tele-
vision housings, small appliance housings, furniture, packages, and
5uilding components such as shutters. Extruded sheets also are used in
packaging, appliances, boats, luggage, and disposable plates. Foamed
styrene is a good insulator and is used in construction, packaging,
boats, housewares, toys, and hot/cold insulated drink cups.1

Fifty percent of the domestic polystyrene production is molded into
its consumer form. An additional 33 percent of the domestic production
is formed by extrusion, while other forming operations are used for the
renaining 17 percent of polystyrene produced.11 Segments of the economy
using products from the polystyrene industry include the packaging
industry (35 percent), the consumer/institutional industries (22 percent),
and the building/construction and electrical/electronics industries
(10 percent each). End-uses in all other sectors account for the remaining
23 percent.11

3.1.1.4 End-Uses of Polyester Resin, Poly(Ethylene Terephthalate),
[PET]. Poly(ethylene terephthalate) [PET] polyester resins are spun into
fiber, blown into film, molded into bottles and other forms, or blended

into adhesive products. Most of the PET produced in the U.S. is used
for fiber production.

Polyester fibers are used widely in clothes, textiles, and woven
goods. They are thermoplastic polymers which retain their original
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shape, enabling clothing to have permanent press characteristics. A
specialty PET fiber with high density and high tensile strength is used
for tires, seat belts, and other industrial applications. Some specialty
PET molding and extruding materials are engineering thermoplastics with
high gloss, hard scratch resistance, and high rigidity.

3.2 POLYMERIZATION PROCESSES AND PROCESS EMISSIONS
A1l processes for manufacturing the five polymers and resins chosen
for NSPS development follow a general series of steps and procedures.
Figure 3-1 illustrates a simplified stepwise process for polymer production.
The manufacture of a polymer may be considered as a five step operation:
1. Raw materials storage and preparation
2. Polymerization reaction
3. Materials recovery
4, Product finishing
5. Product storage
Raw materials storage and preparation includes methods of storing
monomers and other raw materials to be used in the polymerization reaction.
Raw material drying and other purification steps may be taken. Raw
materials are then routed to the polymerization reactor.
In the reactor, raw materials and catalyst are combined with other
processing materials to produce the polymer. Reactor conditions, such
as temperature and pressure, are specific to the product being made.
After polymerization, unreacted materials are recovered and returned to
raw material storage, and the polymer is routed to product finishing.
The product finishing stage of the polymerization process may
include extrudi