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CHAPTER ONE

EXECUTIVE SUMMARY

This report has been developed in support of the U.S.
Environmental Protection Agency's (EPA) development of an
economic impact analysis of anticipated hazardous waste
togulationa on the combined industrial organic chemicals,
pesticides, and explosives industries.

1.1 Regulatory Background

The Resource Conservation and Recovery Act of 1976
(RCRA) (PL 94-580) authorized the EPA to "promulgate
regulations establishing such standards, applicable to
generators of hazardous waste . . . as_may be necessary to
protect human health and environment."l The EPA is also
responsible for developing an assessment of the economic
impact resulting from the promulgation of such regulations.

Presently, EPA plans to issue a single regulation that
wiil include standards for all generators of hazardous
wastes, Because industrial organic chemicals, pesticides,
and explosives industries combined presently generate an
estimated 2.3 million metric tons (MT) of hazardous waste
annually (13.1 percent of the annual national hazardous
waste volume)2 and because the costs for treatment of
hazardous organic wastes are high relative to other hazardous
wastes, the EPA has chosen to study the economic impacts of
anticipated regulations on these industries. (Henceforth
these industries will be referred to as the organic chemicals
industry, since the pesticides and explosives within its
purview are organic chemicals.)

Minimal effort was devoted to the pesticides and
explosives segments, however, because impact potential was
small for these segments. The impacts on those pesticides
for which data was available appear to be small. Impacts on
the private explosives industry also appear small. Larger
impacts are expected in the government sector explosives
industry, but these products (including munitions) are
manufactured at government-owned sites operated by private
contractors (GOCO facilities) and the Federal government
will bear the burden of additional hazardous waste treatment
and disposal efforts.



1.2 Procedures and Results

The analysis of the economic impacts of anticipated
hazardous waste regulations on the organic chemicals industryY
consisted of the following four phases:

1. Development of an analytical methodology.
2. Development of a profile of the industry.
3. Analysis of the costs of compliance.

4, Economic impact analysis.

A chapter in the report has been devoted to each of
these phases. Chapter summaries appear below.

1.2.1 Methodology

1.2.1.1 Procedures and Data Sources

The generalized procedure utilized in this report is
illustrated in Figure 1~-1. The figure shows the development
of each phase of the analysis and the relationships among
the four phases.

Organic chemicals is a giant industry producing

hundreds of products (many are intermediate ones that are

not used outside the industry). By volume, 98 percent of
this production generates hazardous waste streams. This
universe of products subject to regulatory impact is too
broad for coverage of each product separately and, therefore,
the industry was screened and product lines were isolated
for analysis.

Cost estimates developed for EPA indicated that the
impacts on the industry as a whole would be small. Therefore,
segments were chosen which were expected to be most severely
affected. 1In this way the most serious impacts could be
analyzed and that analgsis would yield a bottom line of impact
on the other segments. The screening procedure utilized
three selection criteria in order to identify product lines
likely to incur the largest impacts of regulation. The
selection criteria used were the following: (1) treatment and
disposal cost data must be available for the product, (2) the
product must have a high treatment cost as a percentage of
price, and (3) the product must be produced in large volume.
Cost data had been developed for a 23-segment representatijive
sample of the industry in two previous EPA reports utilizegd
throughout this project. These are:
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1. Assessment of Industrial Hazardous Waste
Practices of the Organic Chemicals, Pesticides
and Explosives Industries by TRW, Inc.
(referred to here as Assessment Study).

2. Alternatives for Hazardous Waste Management
in the Organic Chemicals, Pesticides and
Explosives Industries by Processes Researgh
Inc. (referred to as Alternatives study) .

Using these cost data, six segments were identifie@ as
highly impacted to be subjected to in-depth analysis.

are:

These

1. Perchloroethylene.

2. Chloromethanes (methyl chloride, methylene .
chloride, chloroforms, and carbon tetrachloride.

3. Epichlorohydrin.
4. Vinyl chlorvride.
5. Acrylonitrile.
6. Furfural.

These six segments represent 5.6 percent of 1973
industry production volume, 8.5 percent of dollar sales,
21 percent of the industry's hazardous waste generation, and
2.7 percent of the national generation of hazardous waste.

A profile for the entire industry was developed,
focusing primarily on the six highly impacted segments.
These segments tend to represent the industry's diverse
economics. The producers, markets, and market forecasts
for these products were thoroughly researched and
characterized using the available literature and limited
contacts with industry personnel. In addition, model
plants were developed to characterize the process economics
(costs, profit, ROI) for each segment.

The costs of compliance for model plants in each of the
highly impacted segments were estimated after a thorough
comparative analysis of the engineering cost estimates
developed in the Assessment Study and the Alternatives Study.
The incineration cost estimates from the Alternatives Stud
were selected as the data base for developlng Improvea cosE
estimates. Two sets of estimates were developed. First, a

conservative best estimate of cost. was developed for cleachd
segment. This estimate assumed the model plant was alreaqy




incurring expenditures for the average ievel of treatment
presently employed in each segment and counted oniy the
increment.l increase in costs necessary to comply with
anticipated requlations. This set of estimates 1s believed
to overstate costs to the average plant in that they do not
recognize economies of scale nor of joint treatment of two
or more products.

However, because these estimates are sensitive to this
current level of expenditures as well as engineering cost
estimation uncertainty, a set of worst-case cost estimates
was alno develop:d., These estimates assumed no credit for
exintlng treatment and included a 25 percent allowance for
uncortainty. This iacter set of estimates is believed to be
a bottom-line estimate of the costs that may be incurred by
the most severely affected plant in the industry.

Both sets of eztimates were incorporated into the
economic impact analysis. This analysis utilized a model
plant approach for determining impacts on profitability and
for calculating the net present value of investing in
abatement. The financial position of the firm was limited
to the cash flows from the nodel plant deweloped in the
industry profile. The plant shutdown decision was also
analyzed as was the likelihood of full-cost passthrough.
The model plant analysis was then validated and refined by a
projection of the actual impacts on each segment based on
industry responses.

1.2.1.2 Limits of the Analysis

The results of the analysis are sensitive to four
areas of input, one area from each of the four phases of
the analysis. These are: (1} segment selection, (2) model
plant development, (3) cost of compliance estimates, and
(4) the economic impact analysis itself.

In selecting the segments, attempts were made to choose
those product lines subject to the highest impact. However,
the six highly impacted segments were selected from a sample
of product lines that included only 23 products of the
hundreds produced. Because of the correlation of treatment
and disposal costs wich hazardous waste volume, production
of these products tended to generate a large portion of the
hazardous waste in the industry. {The sample represented
about 21 pcrcenc of the industry's hazardous waste production
exclusive of explosives.) However, other segments subject
to higher impacts than the six-segment sample may exist.



Financial data for the model plant analysis were
developed from the model plant process economics in the
industry profile. Cost and profit estimates tended to
reasonably approximate present price levels, but a
25 percent uncertainty can be attributed to specifying the
mix betwecn' costs and profits.

The most serious uncertainty in the analysis stems from
the cost of compliance estimates. In the cost analysis, 1t
was found that variations in the estimates between the
Assessment Study and the Alternatives Study are often
extremely large. In three cases - perchloroethylene,
epichlorohydrin, and vinyl chloride - the Assessment Study
estimates were 2 tc 4 times hnigher than those oﬁ the
Alternatives Study. The Alternatives Study estimates were
used in the analysis, because they were considered to be
more accurate. Little variation was found in the estimates
for the other three products.

The economic impact analysis itself incorporates data
developed in the preceding three phases and, accordingly,
is subject to the variability (which may be additive) in
each of them. For this reason, the results of the model
plant analysis were compared to data obtained from the
industry for the final projection of impact. Results
projected by the model plant analysis appeared to be generally
comparable to industry responses,

Another limitation of the analysis is imposed by the
lack of information regarding the content of the final
regulations. It has been assumed that the Assessment Study and
the Alternatives Study reasonably represent the technologies
and costs represent compliance with the regulations.

1.2.2 Profile of the Industry

The industrial organic chemicals industry is composed
of the following five segments:

1. SIC 2861, gum and wood chemicals.

2. SIC 2865, cyclic crudes, cyclic intermediates,
dyes, and organic pigments.

3. SIC 2867, industrial organic chemicals not
elsewhere classified.



4. SIC 2879, agricultural chemicals not elsewhere
classified.

5. SIC 2982, explosives.

1.2.2.1 Composition

firms in the industry are among the nation’s largest,
and include highly diversified companies not generally
tnought of as chemical producers. These firms are often raw
materiais suppliers or end users of industrial organic
chemicals who have entered the industry through vertical
integration. Table 1-1 displays financial statistics on the
size of firms which domestically produce at least one of
the highly impacted chemicals. All 22 firms are ranked
within the Fortune 500. General Electric is the largest
firm, ranking 9th in sales in the Fortune 500 while
Dow-Corning is the smallest, ranking 471lst.

1.2.2.2 Market Structure

The industry is composed of hundreds of firms producing
hundreds of chemicals, many of which are chemical intermediates
that are used as inputs for the manufacture of other chemicals.
Few products are manufactured by more than a dozen firms and
the resulting small number of firms producing each product
tends to give each product market an oligopolistic structure.
Prices change when initiated by a price leader, but price
increases may be withdrawn if other firms in the industry
fail to follow the lead.

Figure 1-2 displays a list of the firms domestically
producing the six highly impacted products. Twenty-two firms
produce the six product lines. Twelve of these firms produce
at least one, chloromethane, while Quaker Oats it the sole
producer of furfural. It should be noted that the market
power of firms such as Quaker which are subject to minimal
direct competition is limited by the large potential for
substituting other organic chemicals for their products.

Many of the end uses of industrial organic chemicals can be
served by a number of different products creating significant
indirect competition on any one product.

Throughout the 1960's prices went through an industry-wide
decline, and then increased sharply in the mid-1970's. This
was due to the strong dependence of the industry on petroleum
and natural gas feedstocks as well as industry growth.

During the 1960's, the cyclical industry boomed, along with
the entire national economy. Regulated natural gas prices



TABLE 1-1

FINANCIAL SIZE OF IMPACTED FIRMS, 1976*

FORTUNE 600
SALES RANK 1876 TOTAL 1976 TOTAL ASSETS NET INCOME
SALES FORTUNE 500 FORTUNE 600  CHEMICAL SALES
1976 1975 FIRM {$ miltion} $ MILLION RANK {1976) $ THOUSAND RANK (1976) {8 million}
82 82 Aitied Chemical 2,629.6 24393 60 116,799 95 1,420
107 106 American Cyanamid 2,003.8 2,002.4 19 135,766 75 607 2
59 51 Borden 3,381.1 1,808.5 93 112,807 98 845 3
17 16 Continentat Oil Co. 8,352 9 60415 21 460,000 16 1
25 32 Dow Chemical 5,652.1 6,848.7 18 612,767 13 3,052.111
471 536 Dow Coining 353.6 384.1 346 42,741 245 na.
167 178 Diamond Shamrock 1,356.6 14810 122 140,030 71 800.4
16 17 E. 1. Dupont de Nemours 8,361.0 702711 17 459,300 17 3,762 5%
194 195 Ethyl 1.135.4 9219 194 69,080 163 658 5
97 86 FMC 2,298.4 1,919.6 81 80,157 141 7935
9 9 General Eleciric 15,700.0 2,049.7 g 930,000 6 na
12 107 B. F. Goodrich 1,996.0 1,667 8 113 15,793 404 698 6
26 25 Hooker Chemicals {1 {Occidental} 55000 3.905.0 34 183,721 48 1,5000%
95 93 Monochem §§ (Uniroyal) 2,348 1,633.7 107 20,132 369 na.
42 46 Monsanie 4,270.2 3.959.1 33 366,300 25 1,045 88
100 109 PPG 2.2548 20332 77 151,500 64 811.7
13 14 Shell 9,309.1 7.835.5 14 706,000 " 15826
204 213 Stauffer 1,100.0 1,2685 143 113,016 Q 484008
21 21 Untion Carbide 6,345.7 6,621.6 19 441,200 18 19037
3 76 Visuon'q(Sohiol 29164 6,260.2 20 136,900 12 na.
427 433 Yulcan 411.2 3765 353 37,247 270 1316
164 1514 Quaker Qats 14731 854.9 204 53,093 208 n.a.

* Source: Fartune, May 1977; Moody s Handbook of Common Stocks, Summer 1977 edition; corporate report data.
“* Chemical Division, excluding Energy and Fibers Division.
¥ About 5 percent of corporate i t t i3 in chenieal
t1 Chemicals and metals sales.
1 Chemicals and specially saies; excludes plastics and fibers.
1} A subsidiary of Occidental Petroleum; Occidental statistics presented.
§ Hooker total sates.
§§ A joint venture of Uniroyal and Borden; Unirayal statistics presented.
¥ industriat chemicals and palymers and petrochemicals.
BB Industiial and specialty chemicals.
1 A subsidiaiy of Standard Oil of Ohio; Sohio statistics presented.
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caused the real price of these feedstocks to decline while
massive industry expansion exploited economies of scale and
new technologies to further reduce prices. When oil prices
began to soar, costs were driven up and were followed
initially by supply shortages. Later, however, demand fell
below supply. Plants were forced to operate at low levels
of capacity utilization, which resulted in production
inefficiencies.

The industry remains highly sensitive to oil and gas
prices and has maintained a significant export volume _
because these price-regulated feedstocks help keep domestic
chemical prices below world market prices. Deregulation of
the prices of these feedstocks could seriously weaken the
industry's position by driving up costs dramatically.

1.2.2.3 Operational Variables

Because of the industry's strong dependence on cheap,
reliable sources of feedstocks, it is highly concentrated in
the Gulf Coast region of Texas and Louisiana. At least half
of the production of the six highly impacted industry
segments originates in this region with outlying plants
spread about the nation near local o0il and gas supplies.

Plant sizes vary significantly for most products
produced. Generally, new plants are large, while older
plants are small and able to remain competitive only because
their capital costs have all been amortized. (The industry
generally aims for a 3- to 4-year payback for new investments.)

Plants also vary in the amount of hazardous waste
treatment already in place. The industry has made significant
efforts - in the absence of regulation - to properly dispose
of its hazardous waste; treatment of some kind is performed
at most plants. Such actions have been initiated both in
order to minimize liability from the dangerous effects of
these wastes as well as in anticipation of EPA regulations.

It is estimated that existing expenditures for hazardous

waste treatment and disposal total $106 million, almost

50 percent of the level of ex%enditure required for compliance
with anticipated regulations.

1.2.2.4 Financial Data

A sample of 10 firms whose business is largely chemical
manufacture showed that these firms had higher profitability
than the average for all manufacturers, Net income as a
percent of sales as well as net income as a percent of
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equity wecre each about 2 percent highec for the chemical
industry sample than the average for all maaufacturers in
1976. Dramatic diffevaences in sales, profits, and financial
structure of firmg In the industry, due in large part to
their diversified operations, preclude much further discussion
of the financial position of firms in the industry. For the
analysis, heavy reliance was placed on the model plant
process economics. These presumed that, in general, firms
operate with a 20 to 40 percent gross return tc investment.
Because investment costs are generally overshadowed by
feedstock costs, however, this can create gross profit
levels of less than 5 percent of sales for many products.

1.2.3 Costs of Compliance

EPA has not yet proposed treatment and disposal
regulations for the generators of hazardous waste. However,
the Assessment Study has identified three levels of treatment
for the industry. These are:

Level I: Current average practice in the industry.

Level II1: Best technology in commerical use at
one or more plants.

Level IIi: Technology necessary to provide adequate
environmental protection.

It is the present position of the EPA that the reguiations
will require compliance with Level 1II. Technclogies have
been identified that will achieve this level® and cost
estimates for several likelv treatment and disposal options
have been developed ir the Assessment Study and the
Alternatives Study. The technologies and cost estimates
have been reviewed and a set of best estimates has been
developed for the six highly impacted segments. These
estimates are displayed in Table 1-2 and are based on the
costs of incineration developed in the Alternatives Study.
These costs are believed to be conservative estimates of the
costs incurred by an average plant. The estimates range
from 0.1 percent of manufacturing costs for acrylonitrile to
2.1 percent of cost for perchloroethylene.

In order to account for uncertainties in the cost
estimates and for site-specific factors that may cause
individual plants to incur higher costs, a set of worst-case
cost estimates was developed. These estimates are displayed
in Table 1-3. They represent an upper bound on costs to be
incurred by the most severely affected plant in the industry.

-11-
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TABLE 1-2

BEST ESTIMATES OF TREATMENT COSTS*

MODEL LEVEL It ASSUMED EXISTING CAPITAL cosT % OF
INDUSTRIAL PLANT SIZE TREATMENT LEVEL I INVESTMENT PER MT OF PRODUCT
PRODUCT (MT/yr) TECHNOLOGY TREATMENT COST ($)°** PRODUCT ($)  PRICE!
Perchloroethylene 39,000 Controlled Incineration Landfill 1,178,000 7.69 2.1
Chioromethanes 50,000 Controlled Incineration Step Landfill 184,000 0.59 0.2
Epichlorohydrin 75,000 Controlied Incineration Landfill 86G,000 2.03 0.2
Viny! Chloride 136,000 Controlled Incineration Landfill 860,000 1.22 04
Acrylonitrile 181,000 Controlled Incineration Chemical Landfill 226,570 0.37 0.1
Furfural 18,000 Controlled Incineration Landfill 1,140,700 1.95 0.2

* Energy Resources Company Inc. estimates based on costs from the Alternatives Study.
** Adjusted to a 1976 base year.
t Price sources from the CMR, 1976.
1+ Not specified as environmentally adequate in Assessment Study because wastes are not detoxified or neutralri_zed.



TABLE 1-3

WORST—CASE ESTIMATES OF TREATMENT COSTS*

..E'[-.

MODEL CAPITAL COST % OF

INDUSTRIAL PLANT S|ZE COMPLYING TREATMENT INVESTMENT PER MT OF PRODUCT
PRODUCT (MT lyr) TECHNOLOGY COST {($)°" PRODUCT (8§} PRICEY
Perchloroethylene 38,000 Controlled Incineration 1,472,500 13.46 3.7
Chioromethanes 50,000 Controlled Incineration 230,000 1.70 0.5
Epichlorohydrin 75,000 Controlled Incineration 1,082,500 3.67 04
Vinyl Chloride 126,000 Controlled Incineration 1,075,000 1.75 0.6
Acrylonitrilett 181,000 Controlled Incineration 393,109 0.65 0.1
Furfural 18,000 Comtrolled incineration 1,425,875 9.88 09

* Energy Resources Company Inc. estimates basad an costs from the Alternatives Study.
** Inflated 25 percent to reflect overall engineering uncertainty.
t Source: Chemical Markating Reporter, Qctober 1976,
tt Original costs from the Afternatives Study were adjusted linearly to match the model size, and thus reflect no economies of scale,



These costs range from 0.1 percent for acrylonitrile to
3.7 percent for perchloroethylene.

1.2.4 Economic Impact Analysis

The impacts of anticipated hazardous waste regqulations
on the industrial organic chemicals industry are summarlzgd
in Table 1-~4. The incremental costs of compliance for this
large industry have been estimated at $137 million, but
spread out over the entire industry, this is an average of
only 0.6 percent of the 1973 value of shipments. For the
nation as a whole, this represents a barely perceptible
increase in the Wholesale Price Index for all commodities of

0.011 percent.

Certain individual segments of the industry will be
subject to more severe impacts than the industry as a whole.
The impacts on the plants producing the six highly impacted
oroduct lines are presented in Table 1-5. The table shows
that six plants (one a coproducer of perchloroethylene/
chloromethane) may be subject to significant impact due to
the reqgulation. All of the six threatened plants are already
believed to be marginal operations and hazardous waste
regulations will contribute only incrementally to plant
closure. Therefore, assuming that no other segments are
more highly impacted than the six selected segments, it
appears that no plant closures will result directly from the
regulations.
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TABLE 1-4

THE IMPACTS OF COMPLIANCE FOR THE ORGANIC CHEMICALS,
PESTICIDES AND EXPLOSIVES INDUSTRIES

Estimated incremental annual cost ($ mittion) ™ 137

Total annual cost (S miilion}™* 243
Estimated incremental annual cost/value of shisments (1873) 05%"
Total annua! cost/value of shipments (1973) 1.1%
increase in wholesale price index for all commoditiestt 0.011%

Source: Energy Resources Company Inc. estimates.
Source: Assessment Study.

t Source: U.S. International Tariff Commission.
tt Sourca: U.S. Burcau of Labor Statistics.
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TABLE 1-5

SUMMARY OF IMPACTS ON PLANTS PRODUCING HIGHLY IMPACTED CHEMICALS”

NO. OF PLANTS

SUBJECT TO

NO. OF PLANTS SIGNIFICANT

HIGHLY IMPACTED NO. OF PLANTS SUBJECT TO IMPACT (SHLII-'EDOWN
SEGMENTS IN SEGMENT SMALL IMPACT POSSIBLE)

Perchloroethytene 11 8 3
Chloromethanes 19 17 2
Epichlorohydrin 3 3 0
Viny! Chloride 15 13 2
Acrylonitrile 6 6 0
Furfural 4 4 0
TOTAL OF SIX SEGMENTS 57" 59 6°*

* Source: Energy Resources Company estimates.

**Totals are less than the sum of entries because of Stauffer's coproduct perchloroethylene/chloro-
methanes (carbon tetrachloride) plant, which is counted in both segments. Other coproduct processes
are colocated with separate chloromethane plants circumventing double counting.
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NOTES TC CHAPTER ONa

1. Resource Conservation and Recovery Act of 1976
(PL 94~580), Section 3002.

2. TRW, Inc., Assessment of industrial hazardous
waste practices of the organic chemicals, pesticides and
explosives industries, prepared for the U.S. Environmental
Protection Agency, 1976, p. 2-23.

3. Four other highly impacted industries are also
being studied separately. These are: (1) inorganic
chemicals; (2) batteries, specialty machinery and electrical
components; (3) leather tanning; and (4) electroplating.

4, TRW, Inc., Assessment study, 1976.
5. TRW, Inc., Assessment study, 1976.

6. Processes Research Inc., Alternatives for hazardous
waste management in the organic chemicals, pesticides and
explosives industries, Draft report prepared for the U.S.
Environmental Protection Agency, 1977.

7. TRW, Inc., Assessment study, 1976, p. 2-23.

8. TRW, Inc., Assessment study, 1976; and Arthur D.
Little Co., Analysis of potential application of physical,
chemical and biological treatment techniques to hazardous waste
management, prepared for the U.5. Environmental Protection
Agency, 1976.

-17-



CHAPTER TWO

METHODOLOGY

The methodology utilized in assessing the economic
impacts of potential hazardous waste regulations on the
organic chemicals industry consisted of two phases. First,
analytical procedures and data sources for the analysis were
specified. Then, a careful review of the limitations of the
analysis was undertaken. This review discusses the likelihood
of errors which can be attributed to those assumptions to
which the analytical conclusions are most sensitive.

2.1 Analytical Procedure and Data Sources

The analytical procedure is separated into the following
four phases:

1. Segment selection.
2. Development of an industry profile.
3. Cost of compliance assessment.
4. Economic impact assessment.
A chapter of the report is devoted to each of the last three

phases. The methodologies for each are discussed individually
below following the presentation of the segment selection.

2.1.1 Segment Selection

The organic chemicals industry manufactures hundreds of
products resulting in an estimated 13 percent of the national
hazardous waste generated. Trying to analyze the impact on
the markets of all of these products is beyond the scope of
this project. 1Instead, an in-depth study has been conducted
of selected segments of the industry. It was therefore
important to select segments of the industry correctly in
order to maximize the usefulness of the analysis.

The industry was first narrowed down by TRW in their
Assessment Study.* This study analyzed 26 organic chemical
processes that produce hazardous waste. Treatment cost
data were. developed for 23 of these processss in either the
Assessment Study or the Alternatives Study. Twenty of the
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processes (excluding explosives) accounted for 44 percgnt of
the total hazardous waste produced by the organic chem1cal§
chemicals and the technical organic pesticides industries 1in
1973, and over 6 percent of the total annual hazardous waste
generation of the nation. This sample of processes had

to be further limited, however, in order to arrive at a
sufficiently small group of processes suitable for an
in-depth analysis of economic impacts.

Because the impact of hazardous waste regulations on
the industry was expected to be small, it was decided that
an attempt should be made to analyze in detail the segments
most severely impacted. Furthermore, by analyzing the
highly impacted segments, a worst-case upper bound could be
estimated for the impact on the remaining segments.

In order to determine the highly impacted processes, it
was necessary to screen all the processes and rank them by
such criteria as volume of product produced (dollars and
tons), abatement cost as a percentage of product price
for each product, price elasticity of demand for each
product, capital availability characterization for each
firm, and cash flow associated with each product in each
firm. These data were not all available at the outset of
the analysis and were, in fact, among the data sought in
the in-depth studies. It was, therefore, necessary to use
a surrogate measure for economic impact.

It was determined that a useful selection could be made
using the following criteria: (1) abatement cost as a
percentage of product price and (2) tons of product produced
annually. By plotting these two parameters on a graph, the
resulting display would highlight the highly impacted processes,
which would plot to the upper right. These data were
developed from the Assessment Study and the Alternatives Study.

Abatement cost data (in terms of dollars per ton of
product) were developed in both reports, although, in general,
the cost estimates varied significantly. The Alternatives
Study costed out alternatives to the standard treatments
examined in the Assessment Study. (The Alternatives Study
also costed out the standard treatments, but their assumptions
for these appeared to be different from those used by the
Assessment Study.) Because alternative treatments have not
necessarily been proven, the standard treatment methods could
not be eliminated. However, the alternative treatments could
not be overlooked because site-specific problems may preclude
a plant from using the standard treatments. For these reasons,
two points were plotted for each production process: (1) one
point using the Assessment Study standard treatment cost
for Level III treatment technology, and (2) one point using
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the Alternatives Study's alternative treatment cost., 1In
several cases, only one of these cost estimates was available
so0 that only one point could be plotted. All cost estimates
were adjusted to reflect a 1976 base year.

Data on product prices in 1976 were taken primarily
from the Alternatives Study. Defining product prices
presented a problem for those processes that created joint
products, because the prices for the different products are
highly variant. As it happens, however, the lowest priced
joint product (the one subject to the highest abatement
cost/price ratio) is generally also the product produced
in the largest volume. Therefore, the price for the product
produced in the largest volume was used. The Alternatives
Study used this approach. However, minor discrepancies
remained in some of the product prices. In these cases,
data published in the Chemical Marketing Reporter
(December 27, 1976) were used. (All prices were for fourth
quarter, 1976.)

Data on production volumes were taken from the Assessment
Study. Although such 1973 data are somewhat out of date, the
rankings of the various products using these data are the best
available for the purposes of the present study.

The production volume, price, abatement cost, and
abatement cost/price ratios for the 23 products studied by
the Assessment Study and/or the Alternatives Study are
displayed in Table 2~1. The table shows dramatic variation
in treatment costs between the Assessment Study process and
the Alternatives Study alternative. In some cases, the
alternative 1is more costly; in others it is less costly. 1In
the case of epichlorohydrin, the Alternatives Study reported
that waste chemical recycle will return a profit to the
waste treatment process, Variation in costs among products
for similar technologies are also high, but are roughly
proportional to product price so that the abatement cost/price
ratios for most products are below 0.0l (1 percent).

The production volumes and cost/price ratios for the
products in Table 2-1 are plotted in Figure 2-1. A strong
clustering can be detected in the lower left of the graph,
indicating minimal expected impact for most products. The
outlying points can be segmented easily by the dashed line
indicated on the graph.

No price data were available for explosives products
precluding their inclusion in this analysis. However, the
entire multiproduct private explosives industry segment
manufactured only 1,250 thousand metric tons of product. It
is therefore assumed that based only on production volume,
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TABLE 2-1

CALCULATION OF ABATEMENT.COST-TO-PRICE RATIOS (1976 ADJUSTED DATA)

LEVEL Il COST

(S/MT OF PRODUCT) COST/PRICE RATIO
1973 US. ANNUAL
PRODUCTION * PRICE®* STANDARD ALTERNATIVE STANDARD ALTERNATIVE
PRODUCT 1,000 MT) (S/MT) TREATMENT®  TREATMENT? TREATMENT TREATMENT
1 Parchlorocthylene 320 364 25.80 6.00 0.0709 00165
2 HNitrobenzene 140 510 0.66 3 0.0013 0.0065
3 Chioromethane 1,115 320 3.33 1.40 0.0104 0.0044
4 Epwchiorohydrin 225 880 16.54 (0.40) 0.0188 {0.0005)
5 Toluene Diisocyanate 230 1,120 6.70 5.55 0.0060 0.0050
6 Vinyt Chioride 2,432 310 579 0.25 0.0187 0.0008
7 Methyl Methacrylate 320 840 2.76 6541t 00033 0.00781tt
8 Acrylonitrile 614 590 0.57 0.701t 0.0010 00Qt21t
9 Maleic Anhydride 128 810 3.40 10.00t ¢ 0.0042 0.012311¢
10 Lead Alkyls 506 1,440t 14.01 6.33 0.0097 0.0044
11 Edhanotamines 133 8601 - 2.39 or 5.54 - 0.0028 or 0.0064
12 Furtural 68 1,040 - 38.00 - 0.0365
13 Fluorocarbon 373 1.080t - 0.56 - 0.0005
14 Chiorotoluene %5 660 - 0171t - 0.0003tt
15 Chlorobenzene 180 570 - 3.501t - 0.0061t¢
16 Atrazinet 41 42951 18.37 24.20 0.0043 0.0056
17 Trifluralint{ 11 12,2901 25.62 50.00 0.0021 0.0041
18 Aldrintt discontinued 3,021% 200.66 -~ 0.0664 -
18 Malathion} ¢ 4 2.090 33 9.00 0.0016 0.0043
20 Parathionti 62 1918 203 6.00 0.00H1 0.0031
21 Explosives {carbon) § - - - 1.43 - -
22 Explosives (redwater) § - - - 50.50 - -
23 Explosives (explosives) § - - - 1.98 or 2.94 - -

* Source; TRW, Inc., Assessmernt of Industrial Hazardous Waste Practices: Organic Chemicals, Pesticides and E xplosives Indhrstries, preparen)
for U.S. Environmental Protection Agency, 1976.
** Snurce: Chemical Marketing Reporter . October 25, 1976,
1 Source: Processes Research, Inc.. Alternatives for Hazardous Waste Management in the Organic Chemical, Pesticides and Explosives Indus-
try, prepaved for Office of Solid Waste Managesnent Programs, Hazardous Waste Manayerment Qivision; December 1976
tt No alternative specified. The costs are for the most expensive other treatment.
t Source: Chemical Marketing Reporter . December 20, 1976,
1§ Pesticide.
§ Explosive.
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impacts would be small. Furthermore, priyate sector explosives
production guarantees only a waste explosives waste stream

that can be incinerated. It is therefore assume@ that
treatment and disposal costs will be small relative to

product price. While the Federal explosives production
generates other waste streams, the Federal government owns

311 such facilities and will therefore absorb the burden of
Federal hazardous waste regulations.

From Figure 2-1, it can be concluded thag eight products
appear to be in the highly impacted category. Of these
eight, six have been selected as highly impacted products
for in-depth study:

1. Perchloroethylene (1).

2. Chloromethane (methyl chloride, methylepe
chloride, chloroform, carbon tetrachloride) (3).

3. Epichlorohydrin (4).

4. vVinyl chloride (monomer) (6).
5. Acrylonitrile (8).

6. Furfural (12).

Aldrin has not been included because it is no longer produced
in this country due to banning by the EPA, Lead alkyls have
also been excluded because the EPA limitations of lead in
gasoline - the major use for lead alkyls - will diminish
their production to 350,000 tons by 1980. At this production
level, lead alkyls (with an abatement cost/price ratio of
only 0.0044 [0.44 percent]) will fall into the cluster of
points below the cutoff line. Also, the Agssessment Study and
Alternatives Study data used specifically did not include a
credit for the lead recovery which is a part of both treatment
processes. This credit would substantially reduce the
calculated costs for both treatment types.

The relationship of the highly impacted segments to the
Asgessment Study sample is displayed in Table 2-2 in terms
of production volume, sales, total waste, and hazardous
waste component. The six highly impacted products represent
almost 70 percent of the production volume and almost
60 percent of the hazardous waste volume of the Assessment
Study products (exclusive of explosives).

Both samples are then compared to the total industry in
Table 2-3. As can be seen in this table, the highly impacted
category represents only 5.6 percent of the total national
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TABLE 2-2

RELATIONSHIP OF HIGHLY IMPACTED PRODUCTS TO ASSESSMENT STUDY SAMPLE

SALES WASTE VOLUME HAZARADOUS WASTE VOLULE
WASTE/ ESTHIATED ESTWATED
ESTIMATED  PRODUCT® HAZAROOUS ~ COMPONENT 407z pnonr
us oCY. 1876 SALES RATIO WASTE (Rofwaste”  CompomenT
PRODUCTION®  PRICEt"* VOLUMET PREDICTED BY  VOLUME classified a5 OF wasTE
PRODUCT 11,000 MT) ($MT) (S mittion) PLANT MODELS (1,000 MT} hazardous) (1,000 MT)
Perchiorocthylenett 320 364 1165 0.308 98 46 97 95.51
Nitiobenzene 140 510 714 0.002% 0.35 100 0¥
Chioromethanett 1,116 320 3568 0.008 6.69 100 6863
Epichloroliydrint | 225 880 198.0 0.053 11.925 97 11.62
Tolueno Diisocyanate 230 1,120 %76 0.021 4.92 97 LW,
Vinyl Chioride? ! 2,432 310 7538 0.010 2504 99 2560
Methy! Methacrytate 320 840 268 8 0.086 2782 100 27152
Acsylonitiilet ! 614 8§90 3623 0.0007 048 100 046
Mateic Anhydride i28 810 103.2 0.030 les 100 k¥
Lead Alkyls 606 1,440% 286 05 253.00 20 5086
Ethanolamines 133 860% 1 114.4 0.08 10.64 100 10.64
Furfuralft 68 1,040 10.7 0.565 3844 8g M¥E
Fluorocarbon 373 1,080% 4028 0.0002 008 100 8.68
Chilosrototuene 36.6 660 240 0.001 004 100 a6e
Chitorobenzene 180 670 102.6 0.044 187 100 187
Atrazine 4] 4.295¢ 176.1 11.23 460.43 16 689
Triflusatin 1 12,200% 1362 0.115 1.26 48 es0
Aldrin 0 3.0214% 64.22
Malathion 1 2,090 283 0.155 2.18 45 099
Parathion 62 1,918 118.9 0.115 7.13 100 7.13
Total {11} Products 4,774 1,858.2 181.01 174 4
Toradl ANl Products 6,948 43917 6031 255 42

* Source: TRW, Inc., Assessinent of Industrial Hazardous Waste Practives: Organic Chemicals, Pesticides and Explosive Industries, prepared
fs U.S. Eaviromneatat Pratection Agency, 1878,
** Souice: Chemical Marketing Reporter, August 27, 1976,
1 Assumed merchant markel prices for entire production volume, i.e. prices are not discounted for captlive use.
1t Products salected for econommic impact analysis.
§ Suurce: Processes Research, Inc., Aliernatives for Hazardoeus Wasie Management in the Organic Chemical, Pesticides and E xplosives Indes-
tries, prepared for Otlice of Solid Waste Manajemient Programs, 1Hazasd: Waste Manag Division; December 1976.
$1 Source: Chernical Marketing Reporier, Decenibwr 20, 1976.
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RELATIVE IMPORTANCE OF HIGHLY

TABLE 2-3

IMPACTED SAMPLE*

ESTIMATED
HAZARDOUS
ESTIMATED PRODUCTION ESTIMATED SALES ESTIMATED WASTE WASTE COMPONENT
VOLUME SAMPLE VOLUME SAMPLE VOLUME SAMPLE VOLUME SAMPLE
(1,000 MT) AS % OF {S mdlion ) AS % OF (1,000 MT) AS % OF (1,000 MT) AS % OF
Economic Study 4,774 100 1,858.2 100 181.01 100 174.04 100
Chemicals (ERCO)
Assessment Study 6,948 69 43917 42 960.31 19 295.42 59
Chemicals"*
National! Totals: 85,343 5.6 21,740 85 2,180 8.3 828 21

Organics &

Pesticides Industry** !

* Source: TRW, Inc., Assessment of Industrial Hazardous Waste Practices: Organic Chemicals, Pesticides and Explosive Industries, prepared for

U.S. Environmental Protection Agency; 1976.
** Not including explosives category.

t Represents estimated 90% of total tonnage or organic chemicals and technical organic pesticides.)



organic chemical production volume, but includes 21 percent
of the total hazardous waste generated by this vast industry.
This result confirms the utility of these highly impacted
segments selected for the analysis.

2.1.2 Industry Profile

The industry profile consists of characterizing (1) the
manufacturers for each product market (firms, plants,
capacities, sales), (2) the market interactions (how prices
are set, methods of competition used), and (3) the financial
condition of the firms subject to the requlations (sales,
net income, cash flow). Each of these elements is discussed
separately below.

2.1.2.1 Manufacturer Characterization

A variety of operational and financial data were
collected on each manufacturer of highly impacted products
and its plants which produced these chemicals. Table 2-4
presents a summary of the data collected and the sources
used for each type of information. It was necessary to
verify much of the data from more than one source. For
instance, the figures on plant capacities scometimes varied
between sources and further checking was necessary. Direct
contacts were made with all the firms in the highly impacted
segments in order to verify that they indeed produce the
highly impacted products, and to obtain information about their
manufacturing processes and treatment systems.

Financial data on each firm were readily available from a
number of sources. There was a considerable overlap in the
information provided from the sources listed in Table 2-4.

The principal reason for the availability of financial data

is the fact that the companies studied are large, publicly
held corporations. Therefore, their annual financial
statistics are generally reported by the various investment
surveys and chemical industry data sources. However,
virtually none of the financial data available provided
information on the profitability of the highly impacted product
lines. Firms do not provide sufficient data to allow an
assessment of a specific product line, but prefer to aggregate
statistics to the division or firm level. As a result,
quantitative analysis of the highly impacted segments was
performed on the basis of model plants whose development is
discussed in Section 2.1.2.3.

some financial analysis was made of firm-level statistics
in order to determine the overall profitability of the
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TABLE 24

DATA REQUIREMENTS AND DATA SOURCES
FOR THE IDENTIFICATION OF MANUFACTURERS

DATA REQUIRED

SOURCES OF DATA COLLECTED

Operational data

1.

U

Highly impacted products
made by each firm

Plant location

Plant capacity

Processes used

Capacity utilization
Current hazardous waste
treatment method

Other products produced
at plant

Financial data

S

Annual sales

Annual income

Annual cash flow

Net worth

Rate of return on equity
Debt-equity ratio

rChemical Week, Buyer’s Guide 1977

Chemical Marketing Reporter, Buyer’s Guide 1976-77
Chemical Marketing Reporter, ‘Chemical Profiles.”
Chemical Economics Handbook, Stanford .

Research Institute
Communications with firms

L.Corporate Reports

Value Line Investment Survey

Moody’s Industrial Manual

Corporate Reports

Standard & Poor’s /ndustry Surveys

Chemical Week, “Annual Survey of
Chemical Manufacturers’’

-28-



impacted firms and to ferret out any failing companies. In
addition, several financial factors were analyzed based on a
10-firm sample chosen from the total of 22 producers of
highly impacted chemicals. The firms were chosen so as to
emphasize ones which are predominantly chemical manufacturers
in order to maximize the relevance of the statistics studied.
Diversified companies, such as General Electric, were
excluded. Once the sample was chosen, an assessment was
made of the profitability (and, by extension, the pricing
power) of the chemical firms. Particular note was made of
these firms' performance during the period 1973~76, when
prices rose dramatically in the chemical industry. An
examination was also made of the financial strength of the
firms as indicated by their debt-equity ratios. This ratio
is commonly used to indicate any possible future problems a
firm might have in financing its continued operations.

2.1.2.2 Market Characterization

The market characterization was undertaken to describe
the workings of the six highly impacted product markets.
Information was sought to explain the market mechanisms and
performance of the six segments as well as to characterize
the operational and financial variables that would dictate
the industry's ability to meet Level III regulations at each
of its plants.

Information was developed for the characterization in
three ways. First, published summary statistics were analyzed
to determine industry practices and trends. Analysis of the
summary statistics also served to highlight special problems
in the industry such as declining sales and overcapacity.
Second, reports and papers that describe the industry,
ranging from studies of one segment to treatises on the
aggregate chemical industry, were studied to explain some of
the gualitative workings of the industry. Information on such
aspects as market structure and pricing behavior was obtained
in this manner. Third, contacts with industry experts ranging
from journal editors to plant engineers were developed to
obtain plant-specific information as well as to receive
feedback on the market models being developed. The response
from industry personnel was limited due to OMB guidelines
restricting the use of surveys in government contracts and
the unwillingness of firms to release proprietary data.

For this reason, plant and process level data for each of
the segments were modeled for the analysis.
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2.1.2.3 Model Plant Development

In order to estimate the impacts of abatement cost on
production, a model plant was developed for each of the
highly impacted product lines.® The plant employed tbe
process technology detailed in the Asse§sment Study with the
exception of perchloroethylene. For this product recent
changes in production techniques had dated the Assessment
Study process which used acetylene; therefore,.the more
common ethylene process was selected. Plant size was
determined by an analysis of the existing perchloroethylene
plants.

Model Plant Size. Selecting the model plant size for
use in the economic analysis required consideration of
several factors: (1) the model plant size must be
representative of the major portion of the industry, (2) the
model must be appropriately sized in order to be sensitive
to impacts that would potentially affect the smallest and
the largest firms in the industry, and (3) the model plant
should be compatible with the cost data developed in the
Assessment Study.

The distribution of plant size for each highly impacted
product is displayed in Table 2~5. Also noted in this table
is the model size used to estimate abatement c¢osts in the
Assessment Study.

The Assessment Study data are then analyzed in Table 2-6.
The table shows that the Assessment Study sizes are generally
in the middle of the distribution of actual plant sizes. As
can be seen in the table, for four of the chemicals, the
model plant size used for the Assessment Study treatment
model appears to be a reasonable choice for the economic
model plant size. These are perchloroethylene,
chloromethanes, epichlorohydrin, and vinyl chloride.

For acrylonitrile and furfural, the table shows that
the Assessment Study model plant size falls askew from the
median range of the distribution of actual plant sizes. It
was, therefore, determined that the sizes chosen for the
economic impact plant models would differ from the Assessment
Study models. For acrylonitrile, the plant size for the
purposes of this study is more than double the size used in
the Assessment Study. The treatment cost data were adjusted
to reflect the economies of scale benefiting the larger
plant in the best estimate of cost. However, such adjustments
tend to increase the error of the estimates. Therefore, for
the worst-case cost estimates, size adjustments were not made
to reflect the economies of scale. 1In this way, any sizing
errors introduced would be conservative (i.e., they would
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TABLE 2-5

DISTRIBUTION OF PLANT SIZE FOR SIX HIGHLY IMPACTED ORGANIC
CHEMICAL PRODUCTS (1,000 MT/yr)

ASSESSMENT **
PLANT SI1ZE* MEAN MEDIAN sTuDY
PRODUCT NAMEPLATE CAPACITY SIZE SIZE MODEL SIZE
Perchioroethylene 9, 18, 23, 23, 32,54, 68, 68 50 54 39
73,91, 91
Chloromethanes 7,9, 18, 23, 23, 36, 45, 45, 51, 83 89 50
59, 68, 75, 84, 91, 98, 136, 227,
229, 257,
Epichlorohydrin 27,63, 113 68 63 75
Viny! chioride 68, 79, 91, 136, 136, 136, 136, 213 182 136
182, 204, 227, 318, 318, 318,
382, 454
Acrylonitrile 109, 125, 182, 186, 286, 391 213 189 80
Furfural 9, 18, 18, 33 20 18 35

* Source: Chemical Marketing Reporter, "'Chemical Profiles,” various issues and industry sources.
** Source: TRW, Inc., Assessment of Industrial Hazardous Waste Practices: Organic Chemicals, Pesticides
and Explosives Industries, prepared for U.S. Environmental Protection Agency, 1976.
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TABLE 2-6

MODEL PLANT SELECTION ANALYSIS*

EXISTING PLANT SIZES: (1,000 MTHyr) ASSESSMENT STUDY SELECTION ERCO MOOEL PLANT SELECTION

SIZE MO.OF ACTUAL B0 OF ACTUAL SIZe HO OF ACTUAL NO OF ACTUAL
{1 000 PLANTS PLANTS {1.000 PLANTS PLANTS
CHEMICAL LOow HIGH MEAN MEDIAN MTtye) BELOW ABOVE MT/lyr) BELOW ABOVE JUSTIFICATION

Perchloroethylene 9 91 50 54 39 5 6 39 [ 6 Treatment cost data will be
accurate; model witt be
sensitive to factors impacting
smaller plants; cost analysis
will tend to  worst case
for larger plants,

Chloromethanes 7 257 83 59 50 8 10 50 8 10 Model covers the mid-range
of plants sizes; treatment
cost data will be accurate;
model will be inore sensitive
to factors impacting smaller
plants.

Epichlorohydrin 27 113 68 63 75 2 1 78 2 1 Treatment cost data will he
accurate; model reasonably
close to mean plant size.

Vinyl Chioride 68 454 213 182 136 7 9 138 7 9 Treatment cost data will be
accurate; model will be sen
silive 1o factors impacting
smaller plants; four plants
reparted to be 273 MT/yr.

Acrylonitrile 109 391 213 189 80 0 6 182 2 3 Poor data available; mode!
size is the median size lor
the reliable data; treatment
cost data will tend to bie
pessimistic,

Furfural 9 33 20 18 3s 4 0 18 1 1 Two plants reported to be
36 MT/yr; model will be
close to the mean plant size;
treatment cost data will
have to be scaled down to
Incorporate the changing
economics ol scale.

* Source: Table 2--4.



overstate costs), and would, therefore, be in accordance
with the general methodology.

For furfural, the model plant size is close to half the
size of that used in the Assessment Study. The treatment
cost data also had to be adjusted to reflect the change in
scale, as unit costs are higher for a smaller plant.

After determining model plant sizes, the next step
was specification of the cost assumptions. A 1l0-year
depreciation of plant was used for the model plants. While
firms generally amortize their organic chemical plants in
3 to 5 years, depreciation guidelines of the IRS generally
require firms to depreciate their facilities over a longer
period for tax purposes. Straight-line depreciation was
selected (though firms may favor double-declining balance)
in order to develop costs that are reasonable throughout the
l0-year period. (Double declining balance would yield costs
that are constantly in flux due to the continually shrinking
depreciation base.)

Capital costs were then developed for each of the model
plants using a standard engineering cost estimation approach.
The sources used to develop the cost data are listed in
Table 2-7. Additionally, the Chemical Marketing Reporter
(CMR) (August 15, 1977) was used for raw material and product
costs. Capital costs from the literature were updated to
June 1977, using the Chemical Engineering Cost Index.

All pertinent cost data that could be identified were
included in the cost estimate. When no information was
available in the technical literature on a specific process,
then estimates were made on the basis of information about
analogous processes. In some cases, more detail was available
than in others. For example, the cost of utilities either
was a single item or was subdivided into fuel, cooling
water, electricity, etc., depending on the chemical produced.
When possible, the Assessment Study basis was used to make
sure that the production cost model corresponded directly
with estimated residual outputs. The basis items incorporated
were the process used (raw feed starting material), the
process yields, and the product mix. Several adjustments
away from the Assessment Study process configuration had to
be made and these changes are listed in Table 2-8.

The production costs were calculated on an annualized
product output basis (per pound of product). Cost items
such as capital and labor were calculated on an annual basis
and divided by annual production. The amounts of variable
cost items, such as feed material and utilities, were
calculated on the basis of input units per pound of product.
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TABLE 2-7

REFERENCES USED TO DEVELOP MODEL PLANT COST ESTIMATES

MODEL PLANT PROCESS

REFERENCES

Perchloroethylene

Chloromethanes

Epichlorohydrin

Acrylonitrile

Vinyl Chloride

Furfural

Chemical Engineering, May 4, 1970, p. 74.

Hahn, The Petrochemical Industry, McGraw-Hill, New York, 1970, p. 312.

Lowenheim, Faith, Keyes, and Clark’s Industrial Chemicals, 4th ed. John Wiley
& Sons, New York, 1975, p. 604.

Hahn, The Petrochemical Industry, McGraw-Hill , New York, 1970, pp. 96,
180.

Hydrocarbon Processing, November 1975, p. 127.

Lowenheim, Faith, Keyes, and Clark’s Industrial Chemicals, 4th ed. John Wiley
& Sons, New York, 1975, p. 530.

Hahn, The Petrochemical Industry, McGraw-Hill, New York, 1970, pp. 337,
339.

Lowenheim, Faith, Keyes, and Clark’s Industrial Chemicals, 4th ed. John Wiley
& Sons, New York, 1975, p. 335.

HMydrocarbon Pracessing, January 1971, p. 110,

Hydrocarbon Processing, November 1975, pp. 108, 109.

Lowenheim, Faith, Keyes, and Clark’s Industrial Chemicals, 4th ed. John Wiley
& Sons, New York, 1975, p. 46.

Hydrocarbon Processing, February 1973, p. 100.

Chemical Engineering Progress, 44 (1948) No. 9, p. 669.

Duniop, Kirk-Othmer Encyclopedia of Chemical Technology, 2nd ed., 10,
p. 242.

Industrial and Engineering Chemistry, 47 (1955} No. 7, p. 1408,
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TABLE 2-8

CHANGES MADE TO ASSESSMENT STUDY MODEL PLANT PROCESSES

CHEMICAL

CHANGES

REASON

Parchloroethylene

Chloromethanes

Acrylonitrile

Starting material changed from
acetylane to othylens. Product

visld is 80 parcant perchiorosthylene,
20 percent trichloroesthylene.

Product mix changed from 13 parcent
CH3Cl, 26 percent CH2C 2, 53
percent CHC 3, and 8 percent CClg4
to 70 percent, 15 percent, 10 percent,
and 5 percent respectively.

Ammonia consumption reduced and
product yields changed slightly,

Acatylene process is no

longer used, since ethylenc is

o cheapsr feedstock. Trichloro-
ethylene Is a customary bypreduct.

Assessment Study product mix
produced an unrealistic gross profit
margin of about 170 percent. Other
data indicated different product
mixes.

Assessment Study data did not
accurately reflect literature data
available,
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The amount of each input needed was estimated from knowledge
about the nature of the chemical process or taken from the
technical literature on the process. Total costs for these
were then obtained by multiplying this amount by a cost

per unit. All cost breakdowns supplied give this information
for each cost item.

The estimated total production cost per pound was
compared to the actual bulk volume sales price reported in
the CMR. If the difference between cost and value was more
than about 5 percent, the cost model was modified. If a
large adjustment was needed, the product mix was reassessed,
and necessary changes were made. Other variables that were
considered adjustable (within limits) were the capacity
utilization factor, gross return, and byproduct credit.

For example, the byproduct credit for HCl in
perchloroethylene production was reduced in order to
better reflect actual production techniques. 1In the
perchloroethylene process a large volume of HCl is produced
and normally some of this byproduct is sold and some is
converted (via the Deacon process) into Cl, for reuse.
Customarily Cl; has a lower price than HCl and therefore
the HC1l credit was reduced to reflect this reuse.

The capacity utilization rates for the cost estimation
were set at either 90 or 70 percent, The 70 percent figure
was used for those highly impacted segments (perchloroethylene
and the chloromethane) where poor market conditions indicate
that utilization rates are likely to remain below the normal
target rate of 90 percent for some time. Nevertheless, the
model plant costs were developed to reflect a normal, healthy
rate of return rather than current weak market conditions.

The effect of poor market conditions is considered by the
economic impact methodology described below in Section 2.1.3.

2.1.3 Cost of Compliance

Development of engineering estimates of the costs of
compliance for treatment and disposal of hazardous wastes
from organic chemicals production was not included in this
effort. Cost data used to perform the economic impact
analysis were the incineration costs developed in the
Alternatives Study because they appear to most closely
reflect the costs which will be faced by industry.

This study, performed under contract to EPA in
support of potential hazardous waste regulations, developed
model plant cost estimates for the technologies required to
meet regulatory levels sufficient to provide for environmental
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protection. Using the cost data presented, a set of best
estimates of the cost for achieving Level III technology was
developed emphasizing the standard demonstrated treatment
prac ice for organic chemical wastes-incineration. The best
estimates of cost were developed as conservative estimates
of the incremental cost of achieving Level 1II. That is,
they presume that the costs of the present industry average
technology (Level I) are already being incurred and credit
the applicable amount of Level I cost’! to the cost of
achieving Level III from scratch.

In order to determine the most significant potential
sources of error in these best estimates, the model costs
were ilnvestigated for their sensitivity to numerous cost
input assumptions including costs for land, fuel, maintenance,
and labor. These costs appeared to reflect minor
uncertainties which could not be easily reduced, and in
general the cost-estimating procedures used provide estimates
accurate to within 25 percent (see Section 4.4). However,
the best estimates of the costs of compliance were found to
be quite sensitive to variations in the extent of existing
treatment.

Because of the sensitivity of the cost estimates to
uncertainty and to variations in the existing treatment
assumed, a set of worst-case cost estimates was derived.
These estimates took an even more pessimistic view of the
previously developed cost data in order to provide a
worst-case limitation to impact. Using these estimates in
the analysis yields the most conservative scenario for
regulatory impact.

The worst-case cost estimates presumed no existent
plant treatment so that the incremental cost borne by
each plant will be the full cost of achieving Level III
technology with no Level I credit. Additionally, a
25 percent factor was added to the Level III cost estimates
toc reflect the worst possible error resulting from the
uncertainty of the cost estimating procedures.

2.1.4 Economic Impact Analysis

The choice an organic chemical manufacturer faces in
the presence of hazardous waste management regulation is
simply whether the firm should shoulder the incremental costs
of hazardous waste pollution abatement in order to comply
with regulations and continue manufacture of impacted
chemicals, or whether it should discontinue production of
these products. This choice will be based on two basic
economi¢c parameters:

-37-



1. The capital decision: can the resources needed
for the additional investment necessary to comply
with regulations be provided given the firm's other
capital requirements and capital-raising constraints?

2. The price decision: can a sufficient amount of
the incremental product costs attributab}e to
abatement be passed on to the consumer via price
increases to allow continued production with an
acceptable rate of return?

Analyses of these two components of total profitability
of manufacturing an organic chemical, as amended by compliance
costs, presumably will be conducted by each firm for each
regulated manufacturing process. These analyses will take
into account all factors influencing the economic decisions,
including the following:

1. The economies of scale and possible spreading of
equipment costs among several processes served by
the same equipment (e.g., a plant-wide incinerator).

2. The value of captive production of organic chemicals
used as intermediates within the company, versus
outside purchase.

3. Expectations of future profit opportunities in
products subject to significant impact.

Unfortunately, the data needed to simulate this
process-by-process analysis for each product line of each
manufacturer are not available for this analysis. Many
relevant financial data of the process level are regarded
as proprietary by chemical manufacturers. Additionally,
the information needed to properly account for other
complicating factors, such as those noted above, is not
obtainable.

A model plant approach was developed specifically to
circumvent these problems as much as possible. In addition,
restriction of the analysis to highly impacted organic
chemicals reduces the scope of the analysis to manageable
proportions.

The investigation of the economic impacts of hazardous
waste management regulations on the industry was based on
analysis of the model plant for each highly impacted segment.
The general investigation was then supplemented by an
in-depth assessment of the regulatory impact to each firm
in the highly impacted segments. Impacts on the industry
and nation are discussed in the final section.

-38-



2.1.4.1 Model Plant Analysis

The model plant analysis consists of a generalized
study of impacts in each of the highly impacted segments. A
flow chart showing the interrelationships of the five stages
of the analysis is displayed in Figure 2-2. The first two
stages consist of the assessment of market conditions. The
price elasticity of demand is estimated in order to determine
the sensitivity of the market to regulation-induced price
increases. The price elasticity is then incorporated into
the cost passthrough decision model. The decision model
examines the likelihood that firms can pass any increased
costs on to consumers, suggesting that their market is
sufficiently strong to allow price increases. The next two
stages examine first the profitability of the model plant
under the various treatment cost scenarios and then the
attractiveness of the abatement investment itself. These
two sections of the analysis provide the only quantitative
analyses utilized in the general impact model.

The results of these preliminary stages, which are
effectively summarized by "the likelihood of a full-cost
passthrough" conclusion and the net present value of
investment, provide needed inputs to the plant shutdown
decision analysis. The other inputs to this analysis are
plant-specific factors which can influence the shutdown
decision, often in nonquantifiable terms. An example of
such a factor is the "integration [of the impacted process]
with other on-site production processes."

The methodology used for each stage of the analysis is
discussed below.

Estimation of the Price Elasticity of Demand. The
standard method for estimating the price elasticity of
demand (i.e., the relative decline in sales resulting
from an increase in price) is to develop a simultaneous
equation market model specifying both supply and demand.
However, this approach could not be utilized for the six
highly impacted product lines because sufficient data were
not available to adequately characterize the market. For
two of the segments, furfural and epichlorohvdrin, little
production data of any kind are published.

For all segments, difficulties were expected in the
specification of the supply equation. 1In general, the
supply equation is ignored using the rationale that producers
always adjust to market demand. But significant shortages
were experienced in 1974-75, precluding this rationale, and
modeling the limitations on supply could not be accurately
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Figure 2—2. Relationship of the elements of the mode! plant analysis.



performed with the existing data on energy prices, industry
capacities, etc.

On the demand side, the extent of captive production
and important inventory changes (which could not be isolated)
helped to obscure levels of market prices demand volume.

In light of these difficulties, an alternative approach
was used for estimating the price elasticity. A number of
market demand factors were studied for their qualitative
effect on an assumed baseline price elasticity of 1.0
(unitary elasticity: a 1 percent increase in price causes a
1 percent decline in demand). The market demand factors used
for this analysis are listed in Table 2-9. The table shows
the possible range of influences for each factor and the
basis for each estimated influence in terms of market data.

This alternative approach proved to be both a
cost-effective and accurate method of estimating the price
elasticity. All of the highly impacted product lines could
be readily classified as having either a low (0.0 to 0.5),
medium (0.5 to 1.0), or high (1.0 to 2.0) price elasticity.
Care was taken not to understate the price elasticity of any
segment since this could cause an understatement of the
overall economic impact of regulation-induced price increases.
For example, in order to derive an overall price elasticity
for the chloromethane market, it was necessary to combine
the price elasticities of the four submarkets in that
industry. Three of the submarkets were estimated to have
low price elasticities, but the remaining submarket, that of
the large-volume chemical, carbon tetrachloride, has a
medium price elasticity (0.5 to 1.0). The medium elasticity
range was used for the market segment in order to not
underestimate possible economic impacts.

The first market factor, as listed in Table 2-9, was
the historical and projected demand growth for the industry.
Strong demand growth, particularly in a period of price
increases, suggests that the price elasticity of demand is low.

The next factor, the level of captive usage, is included
in the table as an indicator of the extent to which a
chemical product is exposed to merchant market pressures. A
high level of captive use (meaning that a firm will use most
of its production of a chemical internally) indicates that a
chemical is sheltered from market competition. A firm's
demand for its own production is likely to be less sensitive
to price changes, generally, than open market demand would
be. Presumably, the firm has a vested interest in the
continued production of the impacted chemical and its
derivative end products.
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TABLE 2-9

ESTIMATION OF THE PRICE ELASTICITY OF DEMAND

MARKET
CHARACTERISTIC

PRESENT DATA

INFLUENCE ON
BASELINE PRICE
ELASTICITY (1.0)

Demand growth

Captive usage

Use as intermediate

Significance of price as

basis for competition

Substitutability

Foreign competition

High
Low

High
Low

High
Low

High
Low

High
Low

High
Low

Decrease
Increase

Decrease
Increase

Decrease
Increase

Increase
Decrease

Increase
Decrease

Increase
Decrease

PRICE ELASTICITY ESTIMATE: High (1.0 to 2.0}

Medium (0.5 to 1.0)
Low (0.0 to 0.5)
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The extent of use as an intermediate also reveals a
significant fact about the nature of demand. The customers
of chemical intermediates normally have a stake (in terms of
sunk costs in existing processes which require the chemical
as an input) in continued purchases of these production
inputs and will tend to be less sensitive to price increases.

The "significance of price as a basis for competition"”
factor presents conclusions about the relative importance of
price, effectiveness in use, environmental concerns, and
supply stability to market competition. It was often
concluded that price was only one of several important types
of market competition and, in these cases, the "significance
of price" factor was estimated to reduce the price elasticity.

The degree of substitutability was estimated for each
highly impacted product on the basis of information about
the intermediate and end-use markets of its derivatives. A
high degree of substitutability increases the price elasticity.

Lastly, the level of foreign competition was examined.
A large volume of imports, for instance, increases the
extent to which domestic customers will switch to foreign
supplies in the face of domestic product price increases.

Cost Passthrough Analysis. The likelihood that firms
will be able to pass on abatement costs through price increases
was also studied in terms of the qualitative influences of
various market characteristics. The four factors used to
assess whether costs can be passed through are listed in
Table 2-10. The table also lists the possible data entries
for each factor and the direction of their influence on the
likelihood of full-cost passthrough. The analysis considers
the cost passthrough decision at the industry level and
at the plant level, as will become evident below in the
discussion of each market characteristic.

The price elasticity of demand is the principal

determinant of an industry's ability to pass through costs.

A low price elasticity will yield the smallest decline in
sales volume for each percent increase in price. Therefore,
a minimal decline in profits due to diminished volume will
accompany the price increase required to pass on the costs
of abatement. If the elasticity is too high, the decline in
profit resulting from such increased costs may be more than
the loss of profit from absorbing the full cost of abatement
so that firms would not be expected to increase their prices.

The size of the required cost increase as a percentage

of current unit manufacturing costs (measured from the
model plant costs in terms of the manufacturing cost per
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TABLE 2-10

COST PASSTHROUGH DECISION MODEL

COST EFFECT ON
PASSTHROUGH LIKELIHOOD OF FULL-
FACTOR PRESENT DATA COST PASSTHROUGH
Price elasticity of demand High (1.0 to 2.0} Negative

Medium (0.5 to 1.0 Neutral

Low (0.0 t0 0.5) Positive
Variation in abatement costs High Negative
among firms Moderate Positive
Required cost increase as % Large Negative
of manufacturing cost Small Positive
Expected capacity utilization High Positive

Medium Neutral

Low - Negative

LIKELIHOOD OF FULL-COST PASSTHROUGH: Good likelihood of full-cost passthrough;
Poor likelihood of full-cost passthrough.
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metric ton of product) measures the significance of the

cost passthrough guestion. In several of the highly impacted
segments, including furfural, acrylonitrile, and
chloromethanes, the required cost increase was less than

2 percent of the manufacturing costs for the worst-case cost
scenario. Cost increases of this magnitude will certainly
not be ignored, nor will they be immediately observable

in price increases or changes in operating income. The
conclusion drawn in this analysis is the obvious one that
firms are more likely to be able to pass through small costs
increases.

The two remaining factors concern the competitive
balances between firms in a given industry. The variation
in abatement costs among firms could mean that firms with
above-average treatment costs will not be able to fully
recover costs. That is, while the industry price level may
rise in response to the regulation, it may not rise enough
for all firms to recover costs. The expected capacity
utilization rate is included because it affects the
willingness of firms to increase prices. It is expected
that the lower the industry capacity utilization rate, the
more variation will exist among firms. When a firm is
running at a low operating level, e.g., 60 percent of
capacity, price rises are avoided lest they cause a further
decline in the quantity demanded, which will further decrease
production efficiency.

A determination regarding the cost passthrough decision
was made on the basis of the data presented. The dJreatest
welight was given to the price elasticity factor and to the
size of the cost increase due to their basic importance to
the question. However, in industry segments where much of
the volume of production is used captively, cost passthrough
becomes less meaningful. In these segments (e.g.,
epichlorohydrin) passing on abatement costs is merely an
accounting problem because the firm passing on these costs
is also the customer bearing the costs. To understand the
passthrough decision in this case, it would be necessary to
perform another passthrough analysis of the final product
sold by the firm, but that is beyond the scope of this study.

Investment Analvsis. An assessment was made of the
attractiveness of the hazardous waste treatment investment
for each of the highly impacted segments. The investment
analysis consisted of calculating the expected future cash
flows for the model plants in order to measure the continued
profitability of operation. Negative results in the cash
flow calculation would indicate an unwillingness by firms to
make the reguired investments and suggest important economic
impacts and plant shutdowns. The underlying assumptions for
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this analysis will be discussed below as the basic mgthodology
is laid out. The data requirements for the calculations are
(1) the model plant costs and (2) the costs of the hazardous
waste treatment investments for the best estimate of cost and
the worst-case cost scenarios.

The net income for the model plant was derived grior to
the calculation of cash flows. The first step, a fairly .
important one, was the assumption of the appropriate capacity
utilization rate. For most of the segments, a 90 percent .
utilization rate was used, because that is the normal operating
target for the industry. Two of the highly impacted segments,
however, currently face considerable uncertainty about
future sales. Therefore, the net income calculation for
these two segments, perchloroethylene and the chloromethanes,
was made on the basis of a 70 percent utilization rate. The
70 percent rate approximates the current operating levels in
these industries and allows for the possibility of poor
future markets.

Revenue per metric ton of product was then calculated
on the basis of current (Chemical Marketing Reporter, August
1977) unit market prices.® The use of unit prices will tend
to overestimate actual revenues since some customers will
normally receive discounts for large-volume purchasesg and
many "sales” are captive transfers within a firm or plant.
However, this overstatement is mitigated by the fact that
manufacturing costs were also calculated using unit market
prices for the necessary chemical feedstocks which comprise
most of the costs of production. Manufacturing costs and
treatment costs were subtracted from the revenue figure in
order to derive gross profit per metric ton. Separate
calculations were made for both treatment cost scenarios as
well as for a baseline before the addition of treatment costs.

In order to derive the net profit figure, a 50 percent
corporate income tax rate was assumed. Finally, the model
plant net income was calculated as the product of the net
profit per metric ton and the annual production volume.
With the net income figure, it was then possible to compare
the effect on profitability of the different treatment
assumptions,

The investment analysis builds on the calculations
made in deriving the model plant net income. The annual
cash flow (CF) for any year t was derived in the following
manner:

CFy = NIy + DEPy - INVg - WCo + WCp, - SALVy + SALVY,

where
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NI,

DEP¢

INVg

WCq

WCr,

SALV

SALVY,

Net income for year t.

Depreciation charges for year t. Depreciation
charges are added into the cash-flow figure
(after having been subtracted as part of the
manufacturer's cost in deriving net profit),
because they do not represent an actual
expenditure of funds.

Investment costs, considered here to consist

of one cash outlay in year 0 when the investment
was made. It was assumed that the investment
would have zero salvage value at the end of

its productive life.

Working capital outlay required in year 0 in
order to maintain operation. It is included
here as a portion of the opportunity cost of
continued operation. Working capital is
approximated as one-fourth of the annual
manufacturing costs (depreciation charges not
included). .

Working capital remaining at the end of the
life of the investment.

Salvage value of the plant at the time of
investment. The salvage value of the plant
also represents the opportunity cost of not
closing the plant.

Salvage value of the plant at the end of the
life of the investment.

The net present value of investment was then calculated
with appropriate assumptions about the length of the investment
life and the correct rate of discounting. A l0-year investment
life was used because it is a standard time horizon for cash
flow analysis. The discount rate was set at 15 percent, which
is indicative of current borrowing conditions in the industry.
The net present value of investment was then calculated with
the following formula:

(1+4r)°©

where r = discount rate of 15 percent.
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A positive net present value for the discounted cash
flow suggests that firms would make the required investment.
In theory, it would be desirable to allow for some margin of
error in the results. For example, if the net present value
is positive but small (small being judged by any responsible
criteria), then the investment should be carefully examined.
In practice, none of the cash flow analyses performed raised
this uncertalinty.

The weakness of this approach is that it assumes that
the current market conditions will be sustained during the
life of the investment. A number of firms may foresee
market difficulties which would cause them to use
significantly shorter planning horizons, thus reducing the
net present value of investments. Such plant-specific
conditions are treated later in the analysis in the section
on projected impacts.

Plant Shutdown Analysis. The plant shutdown analysis
summarizes those factors which are most significant to
continued operation for individual plants. The factors
considered relevant to the plant shutdown decision are
displayed in Table 2-11 along with the effects on the
likelihood of plant shutdown resulting from possible values
of existing plant data. Each factor is accorded a positive,
neutral, or negative influence on the likelihood of plant
shutdown, with a conclusion based on their cumulative
influence. For example, if all factors are listed as
positive influences, then the conclusion would be that plant
shutdowns are imminent for the industry.

No a priori assumptions about the likelihood of shutdowns
are made for any industry. The current vulnerability of
firms in a weak competitive position is taken into account
only in the assessment of projected impacts. The plant
shutdown analysis covers those influences which can be
accurately assessed in terms of a generalized model plant
analysis of the industry.

The influence of each factor is estimated on the basis
of the most pessimistic industry data. For example, the
investment analysis results for the worst-case costs are
used for this analysis. Similarly, if any plants in the
highly impacted segment are isolated operations, then the
degree of integration with other production processes is
assumed to be low. It is presumed that a manufacturing
operation which can be closed without affecting any other
operations is more susceptible to shutdown due to abatement
cost increases.
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TABLE 2-11

MODEL PLANT SHUTDOWN DECISION FACTORS WITH

WORST--CASE TREATMENT COSTS

EFFECT ON LIKELIHOOD

DECISION FACTOR PLANT DATA OF PLANT SHUTDOWN
Net prasant value of Positive Decreass
investment Negative increase
Ratio of investment to net High Increase
fixed investment Low Decrease
Degree of vertical integration High Decrease
(forward or backward) Low increase
Integration with other on-site High Decrease
production processes Low Increase
Other environmental/ High Increase
regulatory problems Low Decrease
Likelihood of fullcost High Decrease
passthrough Low {ncrease

LIKELIHOOD OF PLANT SHUTDOWN: (segment-specific).
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The most significant factors are derived directly, or
with a minimum of reworking, from the previous analyses.
As mentioned, the investment analysis results from the
worst-case cost scenarios were calculated, the cash glow
analysis being the most complete guantification possible of
the firms' decision-making process. The size of the
investment was also calculated as a percentage of the net
fixed investment in the model plant. An investment which is
large in relation to the existing sunk costs (e.g.{ 20 percent)
is more likely to be foregone than one which constitutes
only a small addition (less than 5 percent) to the GXISFlng
investment. The results of the cost passthrough analysis
are also listed. 1In cases where there was a strong li&elihood
of a full-cost passthrough, it is thought to be more likely
that the regulatory impact on the industry will be small,
other factors remaining equal.

The three remaining factors listed cover operational,
plant-specific, and firm-specific data. The degree of
vertical integration is included because vertical integration
complicates the shutdown decision. The firm must then
examine a range of its activities. For example, a firm may
continue to operate a process that is more costly rather
than purchase product from a competitor because the costs of
shutting down an inefficient operation may be greater than
the cost difference between in-house production and outside
purchase.

Similarly, the extent of integration (in technical
production terms) with other on-site production processes
may affect the likelihood of a shutdown through its effect
on plant economics. To illustrate this concern, consider a
plant in which two parallel processes use the same raw
material inputs. The two processes share the burden of all
pollution control systems, but do not supply inputs to each
other. Closing down one operation may destroy the viability
of the other process. The one remaining profit center must
then support all of the plant overhead costs, and the
reduced purchase volume of inputs may cause input prices to
increase. In general, the closing of any one production
process may seriously affect the operations of the entire
plant.

Finally, a survey was made of any other environmental
or regulatory problems which could affect the future of the
highly impacted segments. The possibility of future
regulatory bans on sales of a particular chemical, for
instance, would radically reduce the commitment of a firm to
its continued production. Since it would have been difficult
to include such concerns in the investment analysis, this
factor was added to the plant shutdown analysis. The three
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major issues identified: (1) the possibility of a ban on
fluorocarbons derived from chloromethanes, (2) the uncertain
future of the OSHA emission standards in the vinyl chloride
industry, and (3) concerns about the toxicity of
perchloroethylene. 1In each case the factors were accorded

a positive influence on the likelihood of plant shutdown.

Conclusions concerning the overall likelihood of
plant shutdown were drawn for each highly impacted segment.
Since it is unlikely that the influence of each factor
would be of equal importance, the conclusions carry implicit
judgments about the relative importance of factors. These
judgments are made clear in the discussion of the plant
shutdown analysis for each highly impacted segment in
Chapter Five. 1In general, the factors given greater weight
were: (1) the likelihood of full-cost passthrough, and
(2) the results of the investment analysis. The significance
of the other factors varied with the industry-specific data.

2.1.4.2 Projected Impact Analysis

The projected impact analysis involved the examination
of each highly impacted segment on a plant-by-plant basis.
The methodology for this work was relatively informal in
that no models were developed. Rather, the analysis involved
two definable stages: (1) the gathering of data about
current treatment methods and the current competitive
position of firms in each industry, and (2) the estimation
by ERCO of the regqulatory impacts for each plant. Table 2-12
summarizes the information gathered in this portion of the
analysis and also the possible entries for each column.

Contacts were made with firms in order to determine
their current treatment methods, the interrelationships of
their various production processes and any problems they
might have complying with potential hazardous waste
regulations. Information was also gathered about any firms
which appeared to be vulnerable to the competitive pressures
of the given industry and the causes of this vulnerability.
Vulnerable firms are here defined as being liable to cease
production within the foreseeable future because of existing
or projected market influences exclusive of hazardous waste
regulations. The problems faced by certain firms tend to
be common knowledge in the industry, but efforts were made
to obtain confirmation from all available sources about the
difficulties of the weak firms. The competitive position
of all firms was estimated as "good" or "vulnerable." No
more refined gradations were possible with the information
at hand.
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TABLE 2-12

SUMMARY OF PROJECTED IMPACTS

MANUFACTURER
CURRENT RESPONSE PROJECTION OF
COMPETITIVE REGARDING REGULATORY
MANUFACTURER PLANT LOCATION CURRENT TREATMENT POSITION IMPACT IMPACT
Plant-specific Plant-specific Plant-specific Good Negligible Small
entries entries entries Vulnerable Moderate Significant
Significant ilmpact possible




The information provided by industry contacts allowed
the estimation of the regulatory impacts. Where firm
responses to queries stated that the regulatory impact would
be negligible, the information was assumed to be accurate.
Further investigation did not suggest that any of the firms
which responded in this fashion were misrepresenting their
position. In some cases it was found that incineration (a
sufficient Level III treatment for all six highly impacted
segments) 1is currently used at a certain plant, even though
none of the contacts with the firms produced a definite
statement of the impact of regulations. 1In these cases, the
impact was estimated to be small. When information on the
current treatment system at a plant was not available, and
contacts with the firm did not provide data on the regulatory
impact, the impact was assumed to be at the industry average.

A more difficult problem was posed by the estimation
of regulatory impacts on vulnerable firms. An investigation
was made of the specific reasons for the poor competitive
position of each vulnerable firm. In most cases, an
investment in hazardous waste treatment equipment was
expected to worsen the situation. The vulnerable firms
tended to be the smaller firms, which had not yet made an
investment in Level III treatment for hazardous wastes.
However, it was difficult to separate the incremental effect
of potential regulations from effects stemming from their
competitive position. Regulation may be the straw that
breaks the camel's back, convincing the firm to cease
production, or it may merely be a small additional nuisance
to a firm with an already weak market position. For the
most part, the weak firms' problems are caused by certain
established cost disadvantages and the importance of the new
regulation was not overemphasized. For the projected
impact, vulnerable firms which are not currently undertaking
Level III treatment of their hazardous wastes were classified
with the phrase, "significant impact possible," leaving a
vagueness appropriate to the difficulty of attributing a
plant shutdown to any one cause, regulatory or otherwise.

2.1.4.3 Impacts on the Industry and the Nation

The only available data for projecting the impacts
of hazardous waste regulations on the organic chemicals
industry was an estimate of the aggregate costs for
achieving Level III developed in the Assessment Study.
This figure was an estimate of the total costs for achieving
Level III, not the incremental costs. The Assessment
Study also developed an estimate for the existing Level I
expenditures (1973). Subtracting the existing expenditures
from the Level III costs yields an estimate of the incremental
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costs of compliance. This estimate may understate costs
because it assumes a full credit for Level I costs wh%ch may
not be fully applicable to Level III. However, this is
believed to be compensated for by the increase in present
preregulation expenditures that has occurred since the
Assessment Study data were gathered.

The average abatement cost as a percent of price for
the industry was developed by comparing the 1973 estimate of
incremental costs to the level of industry shipments for
1973. This industry average was estimated from the cost
data developed for the sample segments reviewed in the
selection of the highly impacted product lines. A comparison
of the total Level III abatement costs as a percent of price
of the sample to this total developed for the entire industry
in the Assessment Study shows that the sample value is
1.0 percent while the industry value is 1.1 percent. (Costs
used in the calculation for the sample were Assessment Study
standard technology costs except for those products not
treated in this report. For these products, the alternative
treatment cost from the Alternatives Study was used.,)

The effect of the new cost increases on the Wholesale
Price Index (WPI) for all commodities was determined by
multiplying the incremental cost increase by the weight
of the combined industries in the WPI of 0.01849. High and
low estimates of the incremental abatement costs as a
percent of price were also utilized for comparison.

2.2 Limits of the Analysis

This report was based on application of the methodology
described above utilizing the best information available
given the constraints of time and cost. Because the analysis
is only an approximation of what is likely to happen upon
promulgation of hazardous waste regulations, those aspects
of the analysis which have the greatest effect on the
conclusions warrant further discussion. The sensitivity of
results to changes in the four most important portions of
the analysis will be discussed individually below. The four
areas are: (1) highly impacted segment selection, (2) model
plant development, (3) cost of compliance estimation, and
(4) economic impact analysis. Additionally, the overriding
assumption made throughout this report is that the technologies
and costs developed in the Assessment Study and the Alternatives
Study reflect compliance with the impending regulations, the
content of which has not been finalized.
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2.2.1 Highly Impacted Segment Selection

Six products were chosen as those representatives of
the organic chemicals industry which would exhibit the
highest levels of economic impact. Two distinct selection
processes were involved. Both processes were applied to the
sample of 20 product lines which had been chosen for treatment
cost analysis by the Assessment Study and Alternatives Study
contractors.

The tirst selection process did not specifically utilize
a criterion for economic impact. Instead, the criteria used
were: (1) national production volume, (2) significance of
the products and process waste streams, and (3) industrial
importance of the chemical product group represented. There
remains, therefore, a distinct possibility that a product
which will be severely impacted by the regqulations was
excluded in this selection and evaded close inspection in
the economic analyses.

The second selection process utilized the national
production volume and abatement costs as a percent of price.
A natural separation of the six highly impacted segments
from the rest of the sample which had minimal cost/price
ratios as well as low sales volume allows one to assume with
a high degree of confidence that the 6 product lines would
be subject to the highest impact of the 20 product lines
reviewed.

Two factors will mitigate the potential for excluding
a highly impacted product line from the economic analysis.
First, the consistent use of national production volume as a
criterion of selection assures that the six products selected
will constitute a significant percentage of total industry
production.lo Because waste volume is related to compliance
cost this selection criterion may act as a surrogate for
treatment cost and also for impact. Second, since the cost
of treatment is generally higher for the more hazardous
wastes the use of the selection criterion of waste-stream
significance will tend to favor product lines with higher
treatment costs. Although this does not necessarily indicate
that selected products will always experience higher impacts,
it does give some assurance that most of the excluded products
will not experience severe impacts. Some uncertainty still
remains, however, which cannot be quantitatively specified.

In summary, there exists some likelihood that other
highly impacted products may exist that were not subjected
to analysis. These products were likely to have been
excluded by the selection process used in the Assessment
Study.
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2.2.2 Cost of Compliance

The costs of compliance had to be estimated for model
plants because insufficient data on actual costs were
available from manufacturers. The estimates developed
relied in large part on the analyses performed and'estlmates
developed in the Assessment Study and the Alternatives
Study. and thus incorporate any errors made in these reports.
Whenever assumptions were required in order to use Or
analyze these data, they were made to overstate costs so
as not to understate potential impact. Hence, if the
results of the economic analysis are in error, they will
tend to overestimate the actual impacts of the future
regulations on the industry because of overstating actual
costs of compliance.

The best estimates of compliance costs reflect this
conservative approach. Based as they are on the previous
work in the Assessment Study and the Alternatives Study,
they cannot be relied on to be precise, particularly
if applied to one particular facility. The cost estimates
used are accurate to within only 25 percent (see
Section 4.4), and do not account for savings resulting
from economies of scale for joint treatment facilities at
multiproduct plants. In addition, the methodological
approach to current existing treatment technology and a
number of other factors introduce a conservative bias into
the estimates.

The worst~case estimates are predicated on the
assumptions that the facility currently has no hazardous
waste treatment and that the maximum cost-estimating error
of 25 percent has been made. These estimates thereby
reflect the worst conceivable possibility and provide an
upper bound on the impacts of the future regulations which a
firm may experience.

2.2.3 Model Plant Development

A model plant analysis is limited by the fact that
real-world conditions can never be represented perfectly.
Many, if not most, plants will have characteristics quite
different from the model, but this is not necessarily
a liability of the model. The principle of using the
model is that although data for all actual plants are not
available, calculations based on the model will reflect
average conditions for the industry. Thus, the calculations
cannot be used to predict conditions for a particular
facility, but only to indicate what the average conditions
are most likely to be. For this study, the plant models
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were designed to reflect as closely as possible the average
conditions in the industry.

Errors in developing model plants can arise from two

areas: (1) technical specifications of the model plant and
(2) the cost analysis. Each of these is discussed below.

2.2.3.1 Technical Specification

The model plants used in the economic analysis were
based on the process descriptions presented in the Assessment
Study. 1In general, data developed in the industry profile
agreed with the specifications presented in this study for
the hypothetical typical plants. Model plant size, process
used, and product mix were adjusted for some cases in order
to update the specifications to more closely reflect present
practice.

2.2.3.2 Cost Analysis

Insuring that the model plant cost analysis also
reflects average industry conditions proved to be somewhat
more difficult. Cost and profit data were considerably more
difficult to obtain from the manufacturers, and the analysis
correspondingly utilizes more guesswork in determining the
technical specifications for the model plant.

Although standard cost-estimating procedures were used,
they cannot be relied upon to be more accurate than +25 percent
(see Section 4.4). 1In addition to the potential errors from
the cost estimation, however, significant potential for error
in the financial analysis exists because of uncertainties in
accounting procedures, plant factors, and gross returns to
the firm's profit centers. These data are not available,
and thus estimates must be based simply on reasonableness
and consistency. For this study, price estimates developed
for the model plants were compared with published merchant
market prices in the literature. If the prices did not
correspond to within 5 percent, the assumptions were altered
slightly to reflect more likely conditions. 1In this way,
although certain components in the cost analysis might be
somewhat inaccurate, the overall analysis should be
consistent with the existing price data.

In the cases of perchloroethylene and the chloromethanes,
this adjustment process proved quite difficult, and generally
the model firm's profits appeared to be unreasonable. 1In
these cases, it was determined that the product yields and
product mixes did not reflect current industry practice.
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These parameters were adjusted in a technically consistent
manner to reflect somewhat more realistic profits. ?hese
changes, although not based on any concrete da;a,'stlll
appeared consistent with the average characteristics of the
industry.

2.2.4 Economic Impact Analysis

For the purpose of discussing limits to the economic
impact analysis, the procedure used is best separated into
two distinct phases: (1) analysis of impacts on the highly
impacted segments and (2) analysis of the impacts on the
industry and the nation. The limitations of each phase are
discussed below.

2.2.4.1 Highly Impacted Segments

The highly impacted portion of the economic impact
analysis dealt with the predicting of (1) price elasticity
of demand, (2) the likelihood of full-cost passthrough,

(3) the return of the abatement investment, and (4) the
likelihood of plant shutdown. The inputs for these analyses
are the model plant data and cost of compliance estimates
discussed above and estimates of the contractor based upon
knowledge of the industry. As discussed, these data appear
to be reasonable, conservative approximations of industry
practice. Therefore, it is presumed that the investment
analyses are also reasonable, but conservative,
represcentations of the industry's position. Feedback from
members of the industry tended to corroborate the analysis.
The conservative nature of the analysis was borne out by the
responses from many of the firms producing highly impacted
products, which noted that the requlations would have
negligible impact on them even in cases when the model plant
analysis indicated moderate impact. By including available
firm- and plant-specific data in the projected impact
assessment for each segment, divergence of the model plant
analysis from reality was significantly reduced. However,
such information could not be obtained for several plants
and therefore certain critical plant-specific factors may
have escaped inclusion in the analysis.

A review of the sensitivity of the results to variations
in the data and assumptions used showed that the variability
was dominated by the potential error in the cost of
compliance estimates. For example, using the Assessment
Study cost estimates for incineration in place of those from
the Alternatives Study would have doubled the costs for
perchloroethylene (already subject to the most severe
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tmpact ) and quadruptled the costs fov epichlocohydrin
and vinyl chlocide (shifting these products to potentially
large impact).

2.2.4.2 1Industry and the Nation

The only gquantitative estimates utilized in assessing
the magnicude of impact on the industry and the nation was
the Aggessment Study estimates of existing Level I
expenditures (1973) and the total costs of Level IiI.

An estimate of incremental costs was obtained by crediting
all Level I expenditures to Level III. This assumption
ignores capital investment in Level I technologies which

may not be applicable to Level III, thereby understating
incremental costs. This is counterbalanced by the new Level
I investment since 1973. Both of these factors, however,
may be negligible compared to the error in the Assessment
Study cost of compliance estimates. As has been discussed
above, the Alternatives Study costs have been used in this
report, and Assessment Study cost estimates for some products
are more than 4 times hiqgher. Furthermore, the large degree
of aggregation and averaging used in the Assessment Study

to devT}op their estimate is admittedly subject to large
error. A Eorthcoming report developed for EPA will

update this estimate.l
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NOTES TO CHAPTER TWO

1. TRW, Inc., Assessment of industrial hazardous wagte
practices of the organic chemicals, pesticides and ex91951ves
industries, prepared for the U.S. Environmental Protection
Agency, 1976.

2. Processes Research, Inc., Alternatives for hazardous
waste management in the organic chemicals, pesticides and
explosives industries, Draft Report prepared for the U.S.
Environmental Protection Agency, 1977.

3. TRW, Inc., Assessment study, 1976, p. 2-8; and
Foster D. Snell, Inc., Potential for capacity creation in
the hazardous waste management service industry, prepared
for the U.S. Environmental Protection Agency, August 1976.

4, From Figure 2-1, it can be concluded that eight
products appear to be in the highly impacted category.
These are: (1) perchloroethylene, (3) chloromethane (methyl
cloride, methylene chloride, chlcroform, carbon tetrachloride),
(4) epichlorohydrin, (6) vinyl chloride (monomer),
(8) acrylonitrile, {10) lead alkyls (tetraethyllead,
tetramethyllead, tetramethylethyllead), (12) furfural, and
(18) aldrin.

5. The guidelines enforced by the Office of Management
and Budget require that no more than nine contacts be made
for any type of data sought without clearance from OMB.

6. One plant was developed to produce the four
chloromethanes.

7. Costs for Level I were developed in the
Assessment Study.

8. Chemical Marketing Reporter prices tend to be
"mercnant market" prices which overstate costs to captive
users and long-term contract customers. However, this
source 1s the most comprehensive one available for pricing
purposes, and using merchant market prices for inputs as

well as outputs should keep other cost factors (those of
interest) in line.

9. Personal communication, Shaw Bridges of Smith,
Barney & Co., a financial analyst specializing in the

chemical industry, to John Eyraud, ERCO, September 20,
1977.

10. This percentage is approximately 5.6 percent as
presented in Table 2-3.
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l11. Personal communication, Dr. Gerald Gruber, TRW,
Inc., to Jeffery Stollman, ERCO, October 21, 1977.

12. Battclle Columbus Laboratories Draft Report, Cost
of complying with hazardous waste management regulations,
prepared for the U.S. Environmental Protection Agency,
October 12, 1977.
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CHAPTER THREE

PROFILE OF THE INDUSTRIAL ORGANIC CHEMICALS INDUSTRY

3.1 The Chemical Industry

The chemical industry taken as a whole comprises nearly
2 percent of t@e national income and over 7 percent of a1l
manufactucing.* Table 3-1 displays the relative contributioans
to national income of the chemical and other major industries.
This $20+ billion industry provides & range of products that
serve every segment of the econonmvy. The industry designated
by $SIC code 28 consists of the following eight segments:
{l1) 281, industrial chemicals; {(Z) 282, plastic materials
and synthetics; (3 283, drugs and pharmaceuticals; (4) 284,
soap. cleansers and toilet goods; (5) 285, paints and allied
products; (6) 286, industrial organic chemicals; (7) 287,
agricultural chemicals; and (8) 289, miscellaneous chemical
products not elsewhere classified.

This report is concerned with the impact of regulations
on the industrial organic chemicals segment of the industry
(3IC 286) and includes pesticides and explosives manufacture.
This segment, which produces hundreds of products for both
intermediate and end use, consists of the folliowing five
subsegments:

1. 2861, gum and wood chemicals.

2. 2865, cyclic crudes, cyclic intermediates,
dyes, and organic pigments.

3. 2869, industrial organic chemicals not elsewhere
classified.

4, 2879, agricultural chemicals not elsewhere classified.

5. 2982, explosives,

3.1.1 Industrial Organic Chemicals Industry

By volume, most organic chemical production consists of
chemical "intermediates" in the sense that they form a bridge
between basic raw materials (primarily crude oil, natural gas,
and coal tars) and finished manufactured products. Industry
performance is thus tied to raw materials market conditions
and to end-use product demand for organic intermediates.
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TABLE 3-1

NATIONAL INCOME WITHOUT CAPITAL CONSUMPTION ADJUSTMENTS
BY INDUSTRIAL ORIGIN, 1950-75

—fl9—

{$ billion)*

INDUSTRY 1950 1855 1960 1965 1970 1971 1972 1973 1974 1975
Agriculture, forestry, and fisheries 18.3 V8.9 17.5 204 245 257 306 47 8 43.8 44.7
Mining 5.3 59 5.6 6.0 7.8 7.4 8.7 10.4 13.6 16.4
Contract construction 12.0 ‘28 210 29.8 438 47.8 52.3 £8.3 61.1 57.9
Manufacturing 76.3 155 0 125.4 170.4 2154 2247 2518 2816 294.2 303.1
Chemicals and allied products 49 74 9.1 12.4 16.0 16.8 18.3 20.1 216 (NA)
Transportation 13.4 1.0 18.1 23.1 30.3 33.0 365 41.6 451 44 4
Communications 3.3 57 8.2 115 17.6 18.3 20.3 218 238 25.6
Electric, gas, and sanitary services 3.9 62 89 11.4 14.9 16.3 17.6 18.8 20.0 24 G
Wholesale and retail trade 410 523 64.7 84.7 122.2 1329 1446 162.6 178.5 201
Finance, insurance, and real estate 228 353 48.6 64.0 926 103.1 1125 121.2 130.3 138.0
Services 217 311 44.6 64.1 103.3 111.2 122.3 136.9 162.7 167.3

Government and government enterprises 238 38.1 52.7 75.4 127.4 139.0 1525 165.8 180.0 197 .1
Rest of the world 1.3 2.0 25 4.7 4.6 6.6 7.0 9.0 14.4 10.5

* Sources: U.S. Bureau of Economic Analysis, 7he Natonal Income and Product Accounts of the United States, 1929— 1974, and Survey of
Current Business, April 1976.



The intermediate nature cof mucn of the {rndustrvy nas
induced participation of firms ianiciclly engaged in production
of chemical inputs or end use of products. For example,
many firms primarily engaged in the oil, natural gas,
or coal business have integrated forward and become organic
chemical manufacturers. &dditionally, maanufacturers of end
products utilizing organic chemical iapucts have integrated
backward to join chemical companies in the industry.

3.1.1.1 Highly Impacted Segment

As is discussed above in Section 2.1.1.1, the processes
most severely impacted by hazardcus waste regulation were
segregated for in-depth study, on the basis of abatement
cost/price ratios and annual chemical production (see
Figure 2-1).

The six market segments to be profiled in detail below
are, in order of presentation, (1, perchliorocethylene,
(2) chloromethanes, (3) epichlorchydrin, (4) vinyl chloride,
(5) acrylonitrile, and {(3) furfural. The characteristics of
the firms manufacturing these highly impacted chemicals will
be examined, as well as the entry and exit of firms from
this group. The market dynamics for these segments will
then be discussed, examining the relations bztween market
structure, pricing behavior, market size, and product uses.
Plant-specific data will then be presented for these
segments, characterizing the operation of currently active
plants in as much detail as possible. Finally, inferences
will be drawn as to the profitability of organic chemical
manufacture from the firm level financial data that are
publicly available.

3.1.1.2 Other Segments

The organic chemicals industry includes hundreds of
chemical products. The highly impacted segments (as shown
in Table 2-3 above) accountc for only about & percent of
production, 9 percent of sales, and 21 percent of hazardous
wastes. Nonetheless, many of the market characteristics of
tne highly impacted segment discussed below apply to organic
chemical markets in general. For instance, many of the
firms profiled below manufacture numerous organic chemicals
in addition to the six highly impacted chemicals. The
analysis of the profitability of these products applies to
the entire organic chemicals industry. Similarly, the
oligopolistic structures and accompanying price behavior
outlined for the six highly impacted chemicals typify the
industry. Thus, the characterization of the highly impacted
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segments is generally representative of the entire organic
chemicals industry.

3.2 Characterization of the Highly Impacted Segments

3.2.1 Composition

3.2.1.1 Manufacturer Identification

Twenty-two firms have been identified as domestic
manufacturers of one or more of the six highly impacted
organic chemicals selected for study. These firms, which
will therefore be examined in detail, are listed in
Table 3-2. As can be seen from this table, several firms
which do not directly produce chemicals are included.
Uniroyal is considered a member of the industry because
of its interest in Monochem Inc., a joint venture with
Borden. Monochem is a nonprofit chemical conversion center
which does not even own its raw materials. Its financial
performance is reflected in the profits of Uniroyal and
Borden, while Dow-Corning, though jointly owned by Dow
Chemical and Corning Glass, is an indepeadent corporation.
Both Occidental Petroleum and Standard 0il of Ohio own
subsidiaries (Hooker Chemical and Vistron) that conduct
the firms' chemical operations. Not included on this list
are Tenneco, which, as of this writing, had placed its plant
at Houston, Texas on standby and Atlantic Richfield, which
recently withdrew from a joint venture with Stauffer
(American Chemical Co.) that had manufactured impacted
products in the past.

3.2.1.2 Type of Firm

The firms in the organic chemicals industry are often
firms whose public reputations are in industrial sections
other than organic chemicals. Unlike the auto and steel
industries where the major manufacturers have established
reputations as auto or steel producers, the organic
chemicals industry includes firms whose reputations have
been established as oil companies, food manufacturers,
agricultural products manufacturers, and machinery producers.
Figure 3-1 displays the major product lines of the 22 firms
that manufacture at least one of the six selected chemical
lines. This figure shows that all of the firms are highly
diversified enterprises, with none of the firms relying
solely on organic chemicals for revenues. Over half of the
firms are also engaged in the manufacture of plastics and
fibers and nearly half are involved in the agricultural/
fertilizers and consumer products markets. Four of the
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TABLE 3-2

DOMESTIC MANUFACTURERS OF HIGHLY [IMPACTED CHEMICALS

Allied Chemical
American Cyanamid
Borden

Conoco

Diamond Shamrock
Dow Chemical
Dow-Corning

E.l. DuPont de Nemours (DuPont)
Ethyl

FMC

General Electric

B.F. Goodrich

Monsanto

Occidental Petroleum {QOccidental)
PPG Industries (PPG)
Quaker Oats

Shetl Qi

Standard Qil of Ohio (Sohio)
Stauffer Chemical (Stauffer)
Union Carbide

Uniroyai

Vulcan Materials {Vulcan)
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FIRM

MAJOR PRODUCT LINE

EQUIPMENT AND
MACHINERY

FIBERS AND
PLASTICS
MEDICAL/
DRUGS
AGRICULTURE/
FERTILIZERS
FOODS
METALS
ELECTRICAL
MATERIALS
PRODUCTS
RUBBERS

TEXTILES

Allied Chemical
American Cyanimid
Borden

Conoco
Diamond Shamrock
Dow
Dow-Corning
DuPont

Ethyl

FMC

General Electric
B.F. Goodrich
Monsanto
Occidental

PPG

Quaker Oats
Shell

Sohio

Stauffer

Union Carbide
Uniroyal

Vulcan
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Figure 3—1.

Major product lines of highly impacted firms. (Moody’s

Handbook of Common Stocks, Summer 1977 Edition.)
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firms are primarily active in the petroleum produccion and
refining industry and severai of the firms manufacture
highly impacted chemicals only for use by another division
or department of the parent company. Several of the

recognized leaders in the industrial chemical industry are
also present.

3.2.1.3 Size of Firm

The 22 hignly impacted firms studied are among the
largest firms in the world. Table 2-3 displays the
distribution of these firms by 1976 sales, assets, and net
income. Where possible, an estimate of the magnitude of
chemical sales is also provided. As can be seen in the
table, all of the 22 firms appeared in Fortune's list of the
500 largest domestic corporations by sazles. As the table
shows, the firms range in size from General Electric, the
9th largest domestic corporation, to Dow~Corning, ranked
471st in 1976. The table also shows that these 22 firms are
among the nation's largest with respect to income and
assets. With the exceptions of B.F., Goodrich and Uniroval
(companies whose recent financial performance has been poor
due to the rubber industry slump), all of the firms rank
among the top 300 companies with respect to net income.

For purposzs of comparison, impacted firms are grouped
by sales volume in Figure 3-2 and by assets in Flgure 3-3.
It can be seen that Dow-Corning and Vulcan Materials are
significantly smaller than the other 20 firms in both
categories, and that General Electric is significantly
larger than the others. The remaining 19 firms bridge the
remaining range of sales and assets, suggesting no groupings
that yield further insight into the financial structure of
these firms.

3.2,1.4 Age of Firm

The distribution of firms by age is displayed in
Figure 3-4. The "years in existence" figure is measured
from the date of incorporation. It should be noted, however,
that some of the older firms have only recently become active
in the organic chemicals industry. 1In fact, all of the firms
in existence for more than 75 years began their activities
in markets other than industrial chemicals and ventured into
the chemical industry in the course of diversification.
There seems to be no consistent correlation between the size
of a firm and the number of years in operation.
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TABLE 3-3

FINANCIAL SIZE OF IMPACTED FIRMS, 1976*

fORTUNE 500

SALES RANK 1876 TOTAL 1976 TOTAL ASSETS HET INCOME
SALES FONTUHC 500 FORTUNE 500 CHEMICAL SALES

1876 1975 FIRM 1% milton} $ MILLION RANK {1976) $ THOUSAND RANK (1976) ($ mittion)
82 82 Allied Chemical 26296 2,439.3 60 116,799 05 1.420""

107 106 American Cyaanid 20938 20024 19 135,768 75 607.2
59 51 Borden 33811 18085 a3 112,007 08 845.3
1 16 Continental Ol Co. 81529 6,041.5 21 460,000 16 |
25 32 Dow Chenilcat 65,6524 6,848.7 18 612,767 13 3,052.114

471 636 Dow Coining 3536 384.1 346 42,741 245 n.s.

147 178 DBianond Shanrock 1,356.6 1,481.0 122 140,030 7t 800.4
16 17 E. {. Dupont de Nemaurs 8.3610 71,0271 17 459,300 17 3,7625¢

194 195 Ethyt 1,135.4 9219 194 f9,080 163 698.5
07 86 FMC 2,208.4 19198 83 80,157 141 7918

9 9 Genesal Electric 15.700.0 2,019 9 930,000 6 n.a.

112 107 B. F. Goodrich 19960 1,967.8 113 15,793 404 69n 8
26 26 Hooker Chemicats § 1 (Occidental) 55000 3.905.0 34 183,721 48 1,50008§
95 93 Mounochem § § Unlioysl) 23148 1,633.7 107 20,132 369 na.

42 46 Monsainte 42702 3.959.1 3 366,300 25 1,016 8

100 109 PPG 22548 2,033.2 n 151,500 64 8117
13 12 Shelt 9,309.1 71,8365 14 106,000 n 1,626

204 213 Stauffer 1,100.0 1,2685 143 113,010 97 484088
2 21 Union Cubide 6,345.7 6,621.6 19 441,200 18 1,803.7
73 76 Visnod‘tsmlo’ 29164 6,260.2 20 136,900 12 n.a.

427 433 Vulcan 4112 3765 353 31247 270 1316

154 151 Quaker Oats 1.473.% 854.9 204 653,093 209 n.a.

® Sowsce: Fartune, May 1977, AMoody ‘s Handhook of Cox Stocks, St 1877 edition; corporate report data.

** Chemical Divislon, excluding Energy and Filers Division.
1 About b percent ol curpurate investment is in chemicals,

ft Chemicols and metals sales.
1 Chemicals and speclalty sales; exchsdas plastics avwf fibars.

11 A subsiliary of Occidental Petroteum; Oecldental statistics prasentest.
§ Hocker lotal sales,

§§ A joint venlure of Unlroyat and Borden; Uniroyal stailstics presentad.
f industrial chemicals and polyniors and petrochemicals.

1 Ind 'h'ﬂl!’_‘ IIV;L Irale
§ A subsidiary of Standard Oil ef Ohio; Sohlo statistics pressated.
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Number of Firms

10 .
9 L
8 L
American
Cyanamid
7
B.F. Goodrich
8
DuPont PPG
§
Diamond Union
Shamrock Carbide Ethyl
4
FMC Occidental Uniroyal
3 -
Genersl
Monsanto Conoco Electric
2 (o
Dow- Allied
Stauffer Corning Chemical Borden
1 gl
Vulean Dow Quaker Standard
Chemical Shell Oats Qif of
Ohio
0
20-25 26-50 51-7% 76-100 100

Years in Existence

Figure 3--4. Agae of highly impacted firms. (Corporate annual reports.)
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3.2.1.5 Productyg Prudgggq

As stated above, each of the 22 firms manufactures
at least one of the six highly impacted product lines.
Figqure 3-5 shows the distribution of production of thege
chemicals among the manufacturing firms. As is shown in the
figure, 12 of the 22 firms manufacture only one of ;he
chemicals, while 3 firms produce only two product lines. of
the remaining seven firms, Dow Chemical manufactures.all but
two products while Stauffer makes all but three chemicals.

It should be noted that the figure is consistent
with the expectation that a firm which produces any of
the chloromethane solvents is likely to produce other
chloromethanes and perchloroethylene, given the possible
common or interrelated production processes. By building a
joint treatment facility, impact could presumably be spread
over the related chemicals manufactured from single or
related basic processes, lessening the impact on each
product taken separately.

3.2.1.6 Entries and Exits

Firms enter the organic chemicals industry in two ways,
via construction of a new facility or via purchase of an
existing operation. In the first case, the market is expanded
by an addition to capacity. In an outright purchase, however,
the only change is in the name. Industry capacity remains
unchanged. Similarly, the exit of a firm may be caused by a
plant shutdown - decreasing industry capacity - or sale of the
facility to. another firm. Statistics separating these two types
of entries and exits are not available, but inferences about
the entry and exit of firms from the various highly impacted
chemical markets can be made based on the U.S. International
Trade Commission's lists of chemical manufacturers. Table 3-4
displays the Commission's lists of reporting producers from
1960, 1967, and 1974. The firms identified as current
producers are also included for comparison.

As the table shows, vinyl chloride monomer appears to
be the most volatile market. Five of the 11 firms reported
as 1960 manufacturers had abandoned the market by 1974,
while a major producer (Borden) has entered the market only
recently. In the chloromethane segment, methyl chloride
producers also show significant variation between 1960 and
1977, with four of the nine current producers absent from
the 1960 list. The list of producers, however, seems to
have undergone a major revision between 1960 and 1967 and
has been relatively stable since then. 1In the methylene
chloride market and the furfural market as well, there

~74-



HIGHLY IMPACTED CHEMICAL

w
Z | CHLOROMETHANES
z -
W >
u é g g a
T «
E o § - 8 w g w 9
zZjic| T | <{6 aluwa ! . I
ctoloyglelalgE|22]¢e z
B I [ o STl >»zl>x | 59
> P > © w o O E Q| O0OE o
[ 4 Q e Z © 4 L] - X )T
Q| & £Q Slujlwz|wz|lzo |<w
< w > 2 [ a FOl20|0ouw |Om
FIRM .
Allied Chemica! @ ] ® ® ®
American Cyanamid @
Borden [
Conaco ® [
Diamond Shamrock ® L
Dow ® ® ® ® ]
Dow-Corning [ )
DuPont ® ® [} @®
Ethyil ] ) ]
FMC ®
General Electric ®
B.F. Goodrich ®
Monsanto ®
Occidental *
PPG ® L
Quaker QOats ¢
Shell ® o
Sohio ®
Stauffer e ) [ ] ® ® ©
Union Carbide
Uniroyal ]
Vulcan [ ® ® ®

Figure 3—5. Distribution of highly impacted chemicals
among firms. (Chemical Marketing Reparter, "'Chemical Profiles.”)

-75=-



TABLE 3-4a

PARTICIPATING FIRMS IN THE PERCHLOROETHYLENE INDUSTRY

BY YEAR
1960 1967 1974 1977

Diamond Shamrock Diamond Shamrock Diamond Shamrock Diamond Shamrock
Dow Dow Dow Dow
DuPont DuPont DuPont
Hooker Hooker Hooker Hooker
PPG PPG PPG PPG
Stauffer Stauffer Stauffer Stauffer
Detrex Detrex
Vulcan Vulcan Vulcan Vulcan

Ethyl Ethyi Ethyl

“Source: 1960, 1967, and 1974: U.S. Tariff Commission, Synthetic Organic Chemicals; 1977
Energy Resources Company Inc. data.
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TABLE 3-4b

PARTICIPATING FIRMS IN THE CHLOROMETHANE INDUSTRY

BY YEAR
CHLOROMETHANE
PRODUCT 1960 1967 1974 1977
Methyl Chioride Ansol Chemicila
Allied Chemical Altied Chemicai Allied Chemical Allied Chemical
Dow-Corning Dow-Corning Dow-<Corning Dow-Corning
Diamond Shamrock Diamond Shamrock
Dow Daw Dow Dow
DuPont BuPont DuPont
General Elactric General Electric
Ancom Chemical
Conoco Concco Canoco
Vuican Vulcan
Ethy! Ethyl Ethyi
Union Carbide Union Carbide Union Carbide
Stauffer
Methyiene Chloride Allied Chemical Allied Chemical Allied Chemical Altied Chemical
Diamond Shamrock Diamond Shamrock Diamond Shamrock Diamond Shamrock
Dow Dow Dow Dow
DuPont DuPont DuPont DuPont
Stauffer Stauffer Stauffer Stauffer
Vulcan Vuican Vulcan Vulcan
Chlorofarm Ailied Chemical Allied Chemical Allied Chemical Allied Chemcal

Carbon
Tetrachloride

Brown

Diamand Shamrock
Dow

DuPont

Stauffer

Vulcan

Allied Chemical

Diamond Shamrock

Dow

Food Machinery
and Chemicat

Vulcan

Maliinckrodt

PPG

Stauffer

Dismond Shamrock
Dow

DuPont

Stauffer

Vuican

Allied Chemical
Diamond Shamrock
Dow

Vuican

PPG
Stauffer
FMC

Diamond Shamrock
Dow

DuPont

Stauffer

Vulcan

Aldrich

Allied Chemical
Diamond Shamrock
Dow

Vuican

Stauffer
FMC
DuPont

Diamond Shamrock
Dow

Stauffer
Vulean

Aliled Chemical

Dow

Vuican

Stautfer
FMC
DuPont

* Source: 1960, 1967, and 1974. U.S, Taritf Commission, Synthetic Organic Chemicals;, 1977
Energy Resources Company Inc. data.
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TABLE 3-4¢

PARTICIPATING FIRMS IN THE EPICHLOROHYDRIN INDUSTRY

BY YEAR
1960 1967 1974 1977
Dow Dow Dow Dow
Shell Shell Shell Shell

Union Carbide

*Source: 1960, 1967, and 1974: U.S. Tariff Commission, Synthetic Organic Chemicals;
1977: Energy Resources Company Inc. data.

TABLE 3-4d
PARTICIPATING FIRMS IN THE VINYL CHLORIDE MONOMER INDUSTRY
BY YEAR
1960 1967 1974 1977
Allied Chemical Allied Chemical Allied Chemical Allied Chemical
American Chemical American Chemical American Chemical Stauffer
B.F Goodrich B.F. Goodrich B.F. Goodrich B.F. Goodrich
Diamond Shamrock Diamond Shamrock
Dow Dow Dow Dow
General Tire General Tire
Goodyear Goodyear
Monsanto Monsanto
Ethy! Ethyi Ethyl Ethy!
Union Carbide Union Carbide
Uniroyal Uniroyal Monochem
Air Reduction
Monochem Monochem Monochem
Tenneco Tenneco
PPG PPG PPG
Conoco
Georgia-Pacific
Shell Sheil
Barden

*Source: 1960, 1967, and 1974: U.S. Tariff Commission, Synthetic Organic Chemicals; 1977:
Energy Resources Company Inc. data.
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TABLE 3—4e

PARTICIPATING FIRMS IN THE ACRYLONITRILE INDUSTRY

BY YEAR
1960 1967 1974 1977

American Cyanamid American Cyanamid American Cyanamid American Cyanamid
B.F. Goodrich B.F Goodrich
DuPont DuPont DuPont DuPont
Monsanto Monsanto Monsanto Monsanto
Union Carbide

Vistron Vistron Vistron

“Source: 1960, 1967, and 1974: U.S. Tariff Commission, Synthetic Organic Chemicals; 1977:
Energy Resources Company inc. data.

TABLE 3—-4f
PARTICIPATING FIRMS IN THE FURFURAL INDUSTRY
BY YEAR
1960 1967 1974 1977
Quaker Qats Quaker Qats Quaker Oats Quaker Oats

*Source: 1960, 1967, and 1974: U.S. Tariff Commission, Synthetic Or-
ganic Chemicals;, 1977: Energy Resources Company inc. data.
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appears to have been no entry or exit through the ;960's
and 1970's while the remaining markets show only minor

fluctuations.

The table also shows that entries and exits in the
highly impacted markets often involve the same group of
large chemical producers. Many of the 22 firms cugrently
producing at least one of the highly impacted chemicals were
active in additional highly impacted markets in the 1960's.
It is also interesting to note that in several instances
a firm chose to abandon a market temporarily and then
strategically to re-enter the market when conditions had
changed.

3.2.2 1Industry Structure and Performance

3.2.2.1 Market Structure

The individual product markets for organic chemicals,
like those for most chemical products, tend to be dominated
by relatively few firms. While many firms manufacture a
number of chemicals, the variety of chemical products is so
great that few products are made by more than a dozen firms.

Participation in product markets is further reduced
by the extent of vertical integration and captive production
in the chemical industry. Many firms use all of their
production of any given chemical, particularly those in the
industrial organics classification, captively, as an input to
other production processes. For example, vinyl chloride
monomer is used in the production of polyvinyl chloride.
Thus if a dozen firms manufacture a chemical, no more than
five or six firms are likely to sell substantial quantities
of it on the open, or merchant, market. 1In fact, some of
the producing firms may not be able to supply their own
demand for the chemical, and enter the merchant market as
buyers rather than sellers,.

Because the number of manufacturers competing in any
single chemical market is small, an oligopolistic market
structure (a market in which all participating firms are
likely to recognize the interdependence of their business
decisions) has evolved. 1In this section, two principal
characteristics of this oligopolistic market structure will
be cxamined: (1) the high concentration in product markets
and (2) the significant barriers to entry.

Congentration. The large number of separate product
markets 1n the chemical industry makes the compilation of
meaningful concentration figures a problem. As a first
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indication of industry structure, the Census of Manufacturers
four-firm and eight-firm concentration ratios for various
chemical industry segments are presented in Table 3-5 as the
percentage of industry sales attributable to the four or
eight largest firms. The Census figures are based on the
dollar value of factory shipments for the calendar year.

The organic chemicals covered by this study fall mostly

into the first three subcategories displayed in the table.
The four-firm and eight-firm concentration ratios for these
groups in 1972 range from 34 to 43 percent and 52 to

57 percent respectively. These figures suggest some
concentration; however, the broad classification used fails
to capture the structural characteristics of individual
product markets.

The concentration ratios for the six highly impacted
chemical markets are presented in Table 3-6. The figures
are based on current production capacity estimates and are
calculated for two-firm and four-firm ratios. The two-firm
figures are useful due to the small number of firms in most
markets. The four-firm concentration ratios are all above
65 percent. The markets with the largest number of suppliers,
vinyl chloride monomer and the chloromethanes, still show
significant concentration due to the influence of several
large plants. Because producers of chloromethanes do not
necessarily market all four products, the individual
submarkets within the chloromethane category are even more
concentrated. It should be noted that the figures presented
indicate only apparent market concentration. The data
presented characterize estimated capacity as a surrogate for
unavailable production data.

The large amount of captive product use in the industrial
organic chemical industry represents another significant
feature of market- structure. The extent of captive use
reduces the amount of product sold between firms which makes
it easier for a single large-volume seller to dominate the
merchant market. On the other hand, even highly concentrated
product markets are subject to competition from other
substitutable products. The principal substitutes for each
chemical are listed in Table 3-~7. Several of the product
markets, particularly those of epichlorohydrin and furfural,
are affected by the existence of substitutes which can fill
the same intermediate uses. In addition, transportable
products such as perchloroethylene and furfural face pressure
from import prices. Domestic perchloroethylene producers
are presently facing a serious challenge from imports of
surplus European perchloroethylene while furfural, which can
be made from almost any agricultural waste, must be priced
low enough to resist competition from Carribean production
from sugar cane or other wastes.
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TABLE 3-5

1972 CENSUS OF MANUFACTURERS CONCENTRATION RATIOS FOR
CHEMICAL INDUSTRY SUBCATEGORIES

PERCENTAGE OF INDUSTRY SALES
MADE BY LARGEST

CODE CHEMICAL GROUP 4 FIRMS 8 FIRMS
2869  Industrial Organic Chemicals n.e.c. 43 57
2812  Alkalines and Chlorine 72 91
2813  Industrial Gases 65 81
2819  Industrial Inorganic Chemicals n.e.c. 34 52
2865  Cyclic Crudes and Intermediates 34 52
2879  Agricultural Chemicals 39 57
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TABLE 3-6

CONCENTRATION RATIOS FOR HIGHLY IMPACTED PRODUCT MARKETS
(BASED ON PRODUCTION CAPACITY)*

CONCENTRATION RATIO {%)

NO. OF
CHEMICAL FIRMS 2 FIRM 4 FIRM

Perchloroethylene 8 405 73.6
Chloromethanes: 13 45.6 66.7

Methy! Chloride 9 51.6 75.8

Methylene Chloride 6 66.7 88.0

Chloroform 5 66.4 83.0

Carbon Tetrachioride 7 §2.6 90.6
Epichlorohydrin 2 100.0 -
Vinyl Chloride Monomer 10 41.2 68.3
Acrylonitrile 4 70.7 100.0
Furfural 1 100.0 -

® Sourca: Chemical Marketing Reporter, "Chemical Profiles,”” various issues, and Energy Re-
sources Company Inc. astimates.
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TABLE 3-7

PRINCIPAL SUBSTITUTES FOR HIGHLY IMPACTED PRODUCTS

HIGHLY IMPACTED CHEMICALS

PRINCIPAL SUBSTITUTES FOR
HIGHLY IMPACTED CHEMICALS
FOR DERIVED PRODUCTS

Perchloroethyiene

Chloromethanes:
Methy! Chloride
Methylene Chloride
Chloroform
Carbon Tetrachloride

Epichlorohydrin
Vinyl Chloride Monomer

Acrylonitrile

Furfural

Trichloroethylene

None
None
Non-fluorocarbon aeroso! propellants
Non-fluorocarbon aerosol propeilants

Acrolein and propylane oxide
No major substitutes

Wool and other synthetic fibers

Phenol based products

-84~



Barriers to Entry. The existing market structure of
the highly impacted chemical markets is supported by the
presence of significant barriers to entry. The chemical
industry has seen construction of increasingly larger
plants over the years that exploit important economies
of scale. Economies can be realized in production, raw
material acquisition, research and development, and pollution
abatement. As plant sizes have grown, unit costs have fallen
and individual new plants are able to supply a significant
share of the entire market. For new firmsg to enter the
market and compete with the same unit costs, they must be
able to achieve the same production scale. It is, therefore,
necessary for the entrant both (1) to possess the resources
to finance a large-scale facility and (2) to capture a
substantial share of the market. Table 3-8 illustrates this
point by presenting the capacities of the largest plants in
each highly impacted segment as a percentage of the total
industry capacity. In all cases, except vinyl chloride, the
largest plant supplies at least one-sixth of total industry
capacity. While vinyl chloride plants are among the largest
plants in the industry, dramatic growth in this market has
allowed for entry of such large-scale facilities. Entry
difficulties are exacerbated by captive use. Because captive
suppliers can be expected to buy their own intermediates
until their demand exceeds their supply capability (except
for a limited amount of outside purchase to assure an
alternate supply source), the available market to which an
entering supply firm can potentially sell is limited.

Despite the importance of economies of scale, there
are smaller plants which are operating effectively in the
organic chemical markets. These small plants tend to be old
facilities and most of the capital costs for the plants have
been fully amortized. Also, many small plants supply
chemicals for captive firm use. Given the importance of
assured routes of supply in the chemical industry, most
firms would be reluctant to shut down an internal source of
supply to gain a favorable but small cost differential.

Entry of new firms is not uncommon, however. A principal
path of entry into a chemical market is through vertical
integration. Generally firms will begin to produce industrial
organics in order to supply their own production reguirements.
Typical of this route of entry 1s a firm such as Borden,
which recently built a VCM plant in order to supply its
polyvinyl chloride (PVC) production operation. When firms
integrate backward toward their required sources of supply,
they are assured of a market for their new production line.

Another principal route of entry 1s through technological
change, which may grant a new firm an immediate cost advantage.
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TABLE 3-8

CAPACITIES OF LARGEST PLANTS IN SIX HIGHLY IMPACTED PRODUCT MARKETS*

..98_

CAPACITY

AS A % OF

CAPACITY INDUSTRY

MARKET FIRM PLANT LOCATION {million 1b/yr) CAPACITY
Perchloroethylene Diamond Shamrock Deer Park, Texas 200 165
PPG Lake Charles, Louisiana 200 16.5
Chioromethanes Dow Plaquemine, Louisiana 565 18.2
Epichlorohydrin Dow Freeport, Texas 250 65.6
Viny! Chloride Monomer 8.F. Goodrich Calvert City, Kentucky 1,000 12.6
Acrylonitrile Monsanto Alvin, Texas 860 394
Furfurat Quaker Oats Co. Belle Glade, Florida 72 419

*Source: Chemical Marketing Reporter, ""Chemical Profiles,”” various issues.



Major technological developments of this nature, however,
have been uncommon in recent years.

3.2.2.2 Market Conduct and Pricing Behavior

The oligopolistic structure of the chemical industry
is reflected in the behavior of the participating firms.
The most visible aspect of firm behavior, pricing policy, is
discussed below.

Price is typically one of the key variables in competition.
For the chemical industry in general, most prices are set by
simple percentage markups over costs, or in terms of target
rates of return. Several factors tend to reduce the
importance of price competition for the industry. These
factors are: (1) joint product cost accounting, (2) price
inelastic product demand, and (3) the customer's interest in
an uninterrupted supply.

Chemical manufacturers often find it difficult to
assign costs to any one product due to the nature of chemical
processes. The typical chemical plant houses a number of
interrelated processes, each of which produces a number of
products. If it is possible to assign raw material costs
and labor costs to each individual product, there is still
the question of recouping the large capital investment in
equipment. Furthermore, the overhead rates in the industry
are high due to the rapid deterioration of equipment and the
high rate of technological obsolescence. Thus there is a
large gap between variable costs and total unit costs. The
price of any one product can, therefore, become nearly
arbitrary as long as the combined prices of joint products
produce the desired return. In general, firms look at
return on invested capital (ROI) as the key element in
pricing. A desired ROI usually between 25 to 40 percent is
selected and a unit price is then calculated by dividing the
costs and expected return by the estimated production volume.
Subject to existing price constraints, new investments are
then ranked by their expected ROI., Because investment is
only a small portion of total cost, this strategy yields a
return on total cost (gross margin) that appears in general
to average between 6 and 9 percent.

The relative price inelasticity of demand also affects
price policy. The absence of substitutes precludes the
customer's option to switch to another product. Polyvinyl
chloride, for example, which is made from vinyl chloride
monomer, does not compete with other substances in many
applications. Total product demand is therefore insensitive
to price increases. In those cases where substitutes are
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available, they tend to be imperfect substitutes, given the
specific properties of each chemical. For example,
perchloroethylene competes with two chemicals for the metal
cleaning (vapor degreasing) market, trichloroethylene and.
1,1,1 trichloroethane. However, each of these three chemlgals
has qualities which make it desirable for certain applications
and thus reduce the importance of price. Perchloroethylene's
higher boiling point makes it the preferred chemical for
cleaning operations which require high temperatures.

Import price pressure can also affect pricing for those
products which are easily transportable. Of the six highly
impacted products, only perchloroethylene and furfural are
subject to strong import price pressure. Interruption of
supply is a factor to which chemical customers are generally
more sensitive than they are to price increases. The
importance of uninterrupted supply is evident in certain
industry practices. Most chemicals are sold under long-term
contracts so that the customer may be assured of a steady
supply. The contracts may extend far enough into the future
to allow the customer time to undertake various options to
provide for a new supply source if the present source is
considering cessation of production. The customer may
require sufficient lead time to build his own plant should
the current supplier announce plans for ceasing production.
In periods of actual shortages, most suppliers give
preferential allocations to their most steady, long-term
customers. This policy discourages customers from switching
suppliers because of small price differentials.

3.2.2.3 Market and Price Stability

In order to characterize the strong tendencies toward
market stability in the chemical industry, it is necessary
to consider the behavior of firms across markets and the
behavior of firms within a market.

The largest chemical manufacturing firms make a wide
range of chemical products, and thus are likely to compete
in many separate markets. For firms such as Dow and DuPont,
the number of competing markets are many and, accordingly,
the incentive to maintain friendly relations is great.

While this fact will not result in explicitly collusive
behavior, there are some suggestions of cooperation. For
example, in areas of common interest, firms are likely to
form joint ventures in order to reduce the risk of strong
competition. Two such joint ventures are: (1) the creation
of Dow-Corning by Dow Chemical and Corning Glass and (2) the
creation of Monochem by Borden and Uniroyal.
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Kinked Demand Curve. The tendency toward stability
within a market can be explained by a theoretical construct
of economic theory called the kinked demand curve. Consider
the kinked demand curve, DAD' in Figure 3-6. This curve is
intended to represent the situation of an individual firm
in light of reciprocating price behavior by other firms, not
a specific market demand curve. 1In a period of price
stability, such as one in which all firms have set the same
price, each individual firm would find itself at the kink in
the demand curve (with price at Py and quantity sold at Qy).
1f a firm wished to increase its price, say to P,, it is
assumed that other firms will not increase their prices.

The relevant portion of the demand curve is elastic and the
firm would gradually lose sales to its competitors (quantity
sold falls from Qx to Qy), causing income for the firm to
decrease. (Total income before the price increase is
represented by the area of the rectangle OPyAQy. After the
price increase, total income has fallen to OPyBQy.)

Conversely, if a firm lowers its price to Pz, it is
assumed that other firms will lower their prices in order to
avoid a loss of sales. The original price-cutting firm will
enjoy only a momentary competitive advantage and the resulting
increase in sales is small (from Q4 to Qz). . The relevant
portion of the demand curve is ine{astic and the firm again
suffers a decrease in total income. (The total income
rectangle OP,CQ, is smaller than the original OPyxAQy
rectangle.) Thus the firms in the oligopolistic industry
have limited incentive to change prices.

The kinked demand curve scenario must be modified for
a period of rising costs. If increasing costs have made it
difficult for firms to maintain the desired operating
margin, then a firm may successfully increase prices. The
price increase will hold if other firms are also willing to
increase prices, in contrast to the assumption which creates
the kinked demand curve. The industry achieves a new
equilibrium at price, Py, with the kinked demand curve now
represented by demand curve D'''ED'.

The price leading firm may be the largest firm in the
industry, or the firm least able to withstand rising costs.
Occasionally the judgment of the price leading firm may be
wrong and one or more firms will fail to raise prices as
much, if at all. In such a case, the leader will generally
rescind his price increase and the price will return to the
lower level. An example of this process may have recently
occurred in the acrylonitrile market. The price for
acrylonitrile had followed a steady upward trend since 1973.
Early in 1977, a new round of price increases was instituted.
However, one firm, American Cyanamid, has not yet increased
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its price to the new higher level. The resulting differential
may cause the other firms to return to the price level of 1976.

3.2.2.4 Industry Performance, 1967-72

The oligopolistic influences outlined in previous
sections were not sufficient to maintain price levels for
the period 1967-72. Several basic price and production
trends for the industrial chemical industry are shown in
Table 3-9 and illustrated in Figure 3-7. As indicated, the
Industrial Chemical Price Index did not increase significantly
from 1967 to 1972. The price performances for the highly
impacted chemical segments are listed in Table 3-10, in
terms of their respective price declines over a longer time
period, 1960 to 1972. The longer time period was used for
this display in order to capture the long price decline in
the individual chemical prices. 1In all cases except that of
furfural (no data were available on epichlorohydrin),
substantial price declines were registered during this
period. The table also shows that during this period the
Wholesale Price Index (WPI) for industrial chemicals remained
relatively unchanged while the WPI for all commodities
increased 26 percent. Therefore, the decrease in highly
impacted chemical prices is even more dramatic relative to
wholesale prices in general.

There are two reasons for the fall in chemical prices:
(1) the declining real cost of natural gas feedstocks, which
have their prices regulated, and (2) the influence of economies
of scale on production costs. During the 1960's, the markets
for most chemical products were expanding in concert with
the general economic growth. Chemical firms responded by
building new larger production plants which allowed the
realization of economies of scale in production. Each firm
hoped to gain production cost advantages and to obtain a
permanently larger share of the product markets. However,
since each firm wished to maintain its market share, the
result of their combined decisions was a competitive pricing
war. The situation was essentially that described above in
Section 3.2.2.3.

The next section will examine the price performance of
the industry since 1972. 1In recent years, firms have been
better able to push prices upward. The reduction in the
competitive struggle appears to have come about as firms
recognized that price~cutting behavior was not effective in
increasing their market share. Furthermore, the economies
to be gained by increasing size appeared to have been fully
realized by the end of the 1%60's. The situation of chemical
firms in which increasing the scale of production does not
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TABLE 3-9

NOMINAL AND REAL OPERATIONS LEVEL* FOR THE 10 LARGEST IMPACTED
CHEMICAL FIRMS ($ Thousand)**

1976 1375 1974 1973 1972 1971 1970 1969 1968 1967

Nt Sales
Net Income
tncome/Sales

industrial
Chemical
Price Index
{1967 = 100)

Sales/Price
tncome/Price

FRB
Production
index, Basic
Organic
Chemicals

35,107,765 31,061,205 29,580,373 22,445871 18,405,367 16,631,426 15,860,114 15,683,170 14,765,619 12,762,400

2578271 2,238,197 2,456,764 1,823,926 1,283616 1,040,652 978,853 1,113,649 1,078,304 971,200
7.3 7.2 8.3 8.1 7.0 6.3 6.2 .1 7.3 7.6
219.0 206.9 151.7 1034 101.2 102.0 100.9 100.3 101.0 100.0
160,309 150,127 194,093 217,078 18187 163,053 157,186 156,363 146,194 127,624
11,773 10818 16,195 17,640 12,684 10,202 9,701 11,103 10,676 97,120
1318 1148 1229 143.9 1293 119.0 1185 122.2 111.5 100.0

-

Based on the 10 largest impacted chemical companies.

** Source: Chemical and Engineering News, Corporate Records, FRB Industrial Production, Bureau of Labor Statistics.
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TABLE 3-10
PRICE DECLINES IN HIGHLY IMPACTED SEGMENTS,

1967-72*

CHEMICAL 1960 PRICE/LB 1972 PRICE/LB % PRICE DECLINE
Perchloroethylene $0.10 $0.06 40
Chloromethanes:

Methy! Chioride 0.12 0.05 42

Methylene Chloride 0.1 0.07 36

Chloroform 0.10 0.07 30

Carbon Tetrachloride 0.08 0.06 25
Epichlorohydrin n.a. n.a. -
Viny! Chloride Monomes 0.10 0.04 60
Acrylonitrile 0.22 0.11 50
Furfural 0.12 0.175 (46) (Increase)
Wholesale Price Index 103.2 101.2 2

Industriat Chemicals *”
Wholesale Price Index 949 119.1 (26) (Increase)

All Commodities™”

* Source: 1960 and 1972 U.S. Tariff Commission, Synthetic Organic Chemicals.
** Source: U.S. Bureau of Labor Statistics: Wholesale Prices and Price Indices for Selected Commodities,
Annual,
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reduce unit costs is pictured by the unit cost curve in

Figure 3-8. It is theorized that production costs eventually
reach an irreducible minimum set by raw material costs and
the given state of technology.

3.2.2.5 1Industry Performance, 1973-76

Prices in the chemical industry since 1973 have been
in a strong upward trend. As can be seen in Figure 3-7,
the industrial chemicals price index doubled between 1973
and 1975. This price increase took place despite the
weak recessionary markets of the period, but during a time
when prices for the chief inputs - o0il and natural gas -
began to soar. The real sales volume (the dollar value of
yearly sales divided by the price index) of the period
turned down in 1973 and then dropped sharply in 1975. The
1975 real sales volume was 23 percent below that of 1974.
The uncorrected fiqures on sales volume (based on the sales
of a sample of the 10 largest chemical firms) did not
decrease during the period due to the buoying influence of
the price increases.

Figure 3-7 and Table 3-9 also provide an indication of
the extent of market power in the industry. 1In particular,
it is clear that through price increases, firms were able
to maintain a healthy rate of return despite a temporary
market decline and rising costs.

The real net income series shows large increases in
real net income for 1973 and 1974 and a steady level ($§10
to $12 million for the sample of firms) for all other years.
Firms apparently garnered large profits during 1973-74.

The raw material shortages of 1973 and 1974 prevented
further growth in production, and prices rose as anxious
customers competed for the available supply. In 1975 the
drop in sales eliminated the temporary bulge in net income,
but firms were nevertheless able to raise prices by more
than one~third. Net income was a healthy 7.2 percent of
sales for 1975.

The beginning of a recovery of real sales in 1976
suggests that the demand for chemical products was not
greatly reduced by the large increase in prices. This
supports the notion that demand for chemical products tends
to be price inelastic. However, little can be inferred from
the first year of the recovery.
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Figure 3—8. Hypothetical cost curve for the chemical industry. Beyond p* further
increases in plant size do not result in a decrease in unit costs.
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3.2.3 Highly Impacted Chemical Markets

This section details the specific market conditions
for each of the six highly impacted segments. For each
segment the following subjects are addressed: (1) product
uses, (2) product substitutes, (3) current production, and
(4) competition and pricing behavior.

3.2.3.1 Perchloroethylene

Product Uses., The dry cleaning industry is the largest
customer of perchloroethylene, purchasing an estimated
63 percent of U.S. production for use as dry cleaning
solvent. This and other primary uses of perchloroethylene
are listed in Table 3-11.

Perchloroethylene has numerous desirable properties as
a dry cleaning agent, including its characteristics of
viscosity, stability, high solvent power, and nonflammability.
It can also be easily recovered for reuse. In metal cleaning,
perchloroethylene is used primarily for vapor degreasing.
It has been used in areas (1) where use of the preferred
substitute, trichloroethylene, has been restricted due to
its contribution to air pollution and (2) where the specific
properties of perchloroethylene, particularly its higher
boiling point than tricloroethylene's, make it the preferred
cleanser.

Perchloroethylene is also used in the synthesis of
several fluorocarbons. These products are listed in
Table 3-12, along with their uses.

Product Substitutes. Perchloroethylene is the preferred
cleaning agent of the dry cleaning industry but substitute
products do exist. Stoddard solvent, which is a petroleum
product, is used in the oil-producing Gulf states. For
other markets, however, Stoddard solvent's handling
characteristics, particularly its flammability, restrict its
market penetration.

As discussed, trichloroethylene is often preferred
to perchloroethylene for industrial metal cleaning.
Trichloroethylene, which is often produced in the same
process as perchloroethylene as a joint product, is cheaper
and has preferred handling characteristics; however,in some
areas, most notably Los Angeles, use of trichloroethylene 1is
restricted by air pollution regulations. Perchloroethylene
competes with 1,1,1 trichloroethane in the Los Angeles market.
Use of this special form of trichloroethylene usually requires
significant retooling costs for the customer, however,
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TABLE 3-11

PERCHLOROETHYLENE PRODUCT
MARKETS AND SUBSTITUTES*

% SHARE

PERCHLOROETHYLENE PERCHLORQETHYLENE DEGREE OF
MARKET MARKET SUBSTITUTE SUBSTITUTABILITY
Dry cleaning solvent 63 Stoddard Moderate
Industrial metal cleaning 14 Trichloroethylene High

1, 1, 1 trichlorcethane Moderate
Chemical intermediate 13 n.a. -
(Flourocarbons)
Export and miscellaneous 10 n.a. -

* Source: Chemical Marketing Reporter, ‘Chemical Profile—Perchioroethylene,’” August 9, 1976.

-98~



TABLE 3-12
CHEMICAL INTERMEDIATE USES OF

PERCHLOROETHYLENE
DERIVED PRODUCTS PRINCIPAL USES
Fluorocarbon 113 Solvent
Fluorocarbon 114 Solvent, refrigerant
Fluorocarbon 115 Food propeliant
Fiuvorocarbon 116 Dielectric gas
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An estimation of the degree of substitutibility in
each of the perchloroethylene markets is shown in Table 3-11.

Current Production. The market for perchloroethylene
has coased to grow in recent years. The annual production
data for the chemical, presented in Table 3-13, show that
production has fluctuated around 320,000 metric tons per
year since 1970. During this period, demand for domestic
perchloroethylene was influenced by (1) reduced demand for
dry cleaning due to the increased use of wash and wear
clothing and synthetic knit fabrics and (2) substantial
volumes of imports. In 1976, imports are believed tQ have
grown to an even larger role in the domestic market. The
growth in imports is the result of dramatic increases in
European caustic soda production. Chlorine is a byproduct
of caustic soda production and European demand for chlorine
is low. Therefore, the additional chlorine is transformed
into perchloroethylene, ethylene dichloride (EDC), and
trichloroethylene, which are the most economically
transportable forms of this surplus chlorine, and exported.
Perchloroethylene imports from Europe are expected to
continue to be problematic until European demand for chlorine
in vinyl production catches up with the present surplus
chlorine supply. Export statistics for perchloroethylene
are not available, but exports are not believed to be a
large market factor.

Captive production (that portion of output used
internally by the firm and not sold) is not important in
the end-use oriented perchloroethylene market. The captive
production statistics displayed in Table 3-13 also capture
the effect of changing inventories. Although this effect
cannot be accurately guantified, the increase in the extent
of captive production in 1975 can safely be attributed to
unplanned additions to inventory as a result of the market
decline of that year. Because of its limited use as a
chemical intermediate, the demands of captive production are
lower for perchloroethylene than for all of the other
highly impacted segments.

Competition and Pricing Behavior. The perchloroethylene
market is the most competitive of the six highly impacted

market segments studied here. The following factors contribute
to this unusual competitiveness:

1. There is little captive production of
perchloroethylene, with 90 percent of production
or more being sold on the merchant market,

2. Because perchloroethylene is a final product,
rather than a chemical intermediate, purchase

~100-



-101-

TABLE 3-13

PRODUCTION, SALES, AND FOREIGN TRADE OF PERCHLOROETHYLENE, 196075

1975 1974 1973 1972 1971 1870 1969 1968 1967 1966 1965 1964 1963 1962 1961 1960

Production® {1,000 MT fyr) 308 333 320 333 320 321 288 283 242 210 195 166 147 145 102 95
Sales® (1,000 MT fyr) 267 322 333 328 237 280 277 228 213 193 175 152 126 140 102 85
Apparont Captive Production®® {%) 13.2 35 0.0 1.5 7.2 9.4 37 210 124 82 103 8.2 144 4.0 00 1016
Imporist (1,000 MT fyr) 17 11 20 12 20 18 1] 20 22

imports/Production (%) 5.6 33 83 36 6.3 5.6 66 69 8.7

Exportstt (1,000 MY/yr) 239 131 362 488 Ni N N N N

Exports/Production (%) 78 39 113 147 - - - - -

* Sources: 1260-74: U.S. Tariff Commission, Synthetic Organic Chemicals; 1975: U.S. International Trade Commission, Synthetic Organic Chemicals,
{preliminary).

** The statistics on captive production represent the difference between yearly production and sales figures. Inventory changes are not accounted for.

T Sources: 1972-75: U.S. Bureau of Census; U.S. Imports: Consumption and General SIC-Based Products by World Areas (FT 210); 1971-71: U.S.
Bureau of Census, U.S. Foreign Trade, Imports: SIC Based Products (FT 210); 1967—69: U.S. Bureau of Census, U.S. Foreign Trade, Imports: Commaodity
by Country.

11 Source: 1972-75: U.S. Bureau of Census; U.S. Exports: Domestic Merchandise, SIC-Based Products by World Areas (FT 610).

T Not available.



price is a more important factor in demand,
overshadowing other considerations, such as the

certainty of continued supply.

3. There are a relatively large number of producers
(eight).

4., Most perchloroethylene is sold under shorp-term
contracts, in contrast to most other chemical
markets.

These competitive forces result in a market with low customer
loyalty and there is little resemblance to the oligopolistic
structure that comprises many other chemical markets.
Nevertheless, unit values for perchloroethylene, displayed

in Table 3-14, show the pattern common to other chemical
markets. Dow Chemical and PPG Industries tend to be the

most important price setters in this industry, although, for
the reasons stated, their power is limited. 1In 1977 there
has been no upward movement of prices due to the declining
market and the resulting accumulation of large inventories.

3.2.3.2 Chloromethane Markets

There arc four chlorinated solvents which comprise the
chloromethane market: methyl chloride (CH3Cl), methylene
chloride (CHCly), chloroform (CHCl3), and carbon tetrachloride
(CCly). All four chemicals can be synthesized from the same
basic manufacturing processes. Methyl chloride is produced
by the chlorination of methanol or methane which yields
coproducts of methylene chloride, chloroform, and carbon
tetrachloride. The mix of output chloromethanes from this
process can be adjusted as a function of reaction conditions.
In other production techniques, one of the chloromethanes
can serve as an input into the synthesis of the more highly
chlorinated methanes through further chlorination. Thus,
annual production capacity estimates for any one of the
chloromethanes should be regarded as flexible, with
producers possessing the ability to shift output among them.
The total chloromethane production in 1975 is displayed in
Table 3-15. The table shows that carbon tetrachloride
accounted for almost half of total chloromethane production
(46.3 percent).

Product Uses. The uses of chloromethanes vary with

each specific product. Table 3-16 summarizes the major uses
of each of the four chloromethanes.

Methyl chloride finds its largest use (40 percent of
1976 production) as an intermediate in the silicone industry.
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TABLE 3-14
PERCHLOROETHYLENE PRICE STATISTICS*

UNIT VALUE

YEAR PER POUND
1975 0.14
1974 0.10
1973 0.06
1972 0.06
1971 0.07
1970 0.07
1969 0.07
1968 0.07
1967 0.08
1966 0.08
1965 0.08
1964 0.08
1963 0.10
1962 0.10
1961 0.10
1960 0.10

* Sources: 1960-74: U.S. Tariff Commission, Syn-
thetic Organic Chemicals; 1975: U.S. International Trade
Commission, Synthetic Organic Chemicals, (preliminary).
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TABLE 3-15
PRODUCTION VOLUME OF FOUR CHLOROMETHANES

1975
PRODUCTION % OF
VOLUME TOTAL
PRODUCT (1,000 MT} PRODUCTIONS
Carbon Tetrachloride 4111 46.3
Methylene Chloride 2254 24.8
Methyl Chioride 166.2 15.5
Chloroform 118.7 134
Total 9214 100.0
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TABLE 3-16

CHLOROMETHANE SOLVENT PRODUCT USES

% OF
CHLOROMETHANE PARTICULAR
SOLVENT USES MARKET
Methy! chloride Silicones intermediate 40
Tetramethyllead intermediate 35
Buty! rubber (catalyst solvent) 4
Methy! cellulose 4
Herbicides 4
Quarternary amines 4
Miscellaneous 9
Total 100
Methylene chioride Paint removers 30
Aerosols 20
Export 20
Chemical processes (mainly solvent degreasing) 10
Plastics 5
Miscellaneous 15
Total 100
Chioroform Fluorocarbon refrigerants and propellants 60
Fluorocarbon plastics 30
Export and miscellaneous 10
Total 100
Carbon tetrachloride Fluorocarbon 11 28
Fluorocarbon 12 52
Other 20
Total 100

* Sources: Chemical Marketing Reporter, March 29, 1976, September 20, 1976, September 27, 1978,
and Faith, Keyes and Clark’s Industrial Chemicals.
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The second largest use - an intermediate in the production

of tetramethyllead (TML) - has been declining alqng with tbe
TML market as a result of the reduction of lead in automobile
fuel.

Methylene chloride has been found to have desirable
handling and performance characteristics in the product use
arcas listed in Table 3-16. It is low priced relative to
its substitutes, is nonflammable, and has not yet been found
to have health-related problems. It is used in cases where
a strong solvent is required to remove paint or lacquer.
Methylene chloride is also used in aerosol development and
its aerosol products do not cause ozone damage. Several
additional uses which have significant growth potential
include: (1) use as a blowing agent for urethane foam and
(2) use in a single-operation phosphatizing process.

Chloroform is used in the manufacture of fluorocarbons
for refrigerants, aerosol propellants, and resins. While
the aerosol-propellant market has been declining due to
environmental problems, the fluorocarbon-refrigerant market
in which chloroform is used should not be affected by the
ozone controversy because the product is used primarily in
closed refrigerant systems which do not allow the chemical
to escape into the atmosphere.

Carbon tetrachloride is suffering from the decline in
the aerosols market. The largest-volume chloromethane
product, carbon tetrachloride, is used in the manufacture
of fluorocarbons 11 and 12. The largest outlet for these
fluorocarbons has been the aerosols market, which has
accounted for more than 60 percent of their use. Due to
the fluorocarbon-ozone controversy, aerosol spray cans,
which allow the fluorocarbon blowing agent to escape into
the atmosphere, are being replaced by mechanical spray
cans or cans with nonfluorocarbon blowing agents. Carbon
tetrachloride also finds use as a reacting agent in a number
of chemical processes.

The summary table of product uses, Table 3-16,
indicates the relative diversity of end uses for each
chloromethane solvent. A discussion of these end-use
markets follows.

Product Substitutes. The chloromethane solvents as
a group could not be easily replaced. For the principal
uses of the chloromethanes, as listed in Table 3-17, there
are few good substitutes. For example, the silicone industry
requires methyl chloride as an input for the majority of
its products; no other chemical compounds can serve the same
purpose. Methylene chloride can be replaced as a paint
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TABLE 3-17

PRODUCT SUBSTITUTES FOR CHLOROMETHANE SOLVENTS

CHLOROMETHANE USE

SUBSTITUTE

DEGREE OF
SUBSTITUTABILITY

Methyt chloride Silicone None -
Tetramethyilead Other gasoline additives Poor
Methylene chloride Paint remover Alkali emulsions with naptha Poor
Methyi chloride Poor
Aerosol sprays Carbon tetrachioride Fair
Methyi chioride Fair
Compressed methane and Fair
water
Mechanical spray cans Fair
Solvent degreasing Perchioroethylene Fair
Trichloroethylene Good
Chloroform Refrigerants Non-fluorocarbon Poor
refrigerants
Chlorofluoracarbons Carbon tetrachloride Fair
Carbon tetrachlorida Aerosol sprays Methylene chloride Good
Methy! chloride Fair
Compressed methane Good
and gas
Mechanical spray cans Fair

* Source: Discussions with industry personnel (Tom Robinson of Vulcan Materiais Co. to Jeff Stollman
of ERCO: Rich Moeller of General Electric to Doug Geoga and John Eyraud of ERCQO, Hank Sauer of MCA
to John Eyraud of ERCO).
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purpose. Methylene chloride can be replaced as a paint
remover, but its substitutes, alkali emulsions with naphtha
and methyl chloride, have less desirable performance
characteristics. Chloroform-derived refrigerants are the
most efficient refrigerant liquids. Carbon tetrachloride
is being phased out as the blowing agent for aerosol spray
cans. However, another chloromethane, methylene chloride,
is currently viewed as the best replacement. Mechanical
spray cans have absorbed part of the aerosol market, but
these cans are less desirable in the marketplace.

Current Production. Methyl chloride production has
shown a relatively slow rate of growth, largely due to the
sharp decline since 1973 in the tetramethyllead market.
Table 3-18 displays annual production and sales from 1960
to 1975. For the period 1965 to 1975, the annual rate of
growth was 5.3 percent per year, substantially lower than
the 10 to 15 percent averaged by the other chloromethane
solvents. The extent of captive production has remained
steady at approximately 55 to 60 percent of the total
market. Numerous firms, including General Electric,
Dow-Corning, and Union Carbide, produce methyl chloride for
internal use, in the production of silicone products, and do
not produce the other chloromethanes. The silicone industry
accounts for the majority of the captive use of these
chemicals.

Methylene chloride production trends have closely
paralleled those of the chemical industry as a whole.
Table 3-19 displays annual production and sales. As can be
seen from the table, the production of methylene chloride
grew at a rate of 13 percent per annum for the period
1965-75 despite the large production drop in 1975. Captive
production for methylene chloride is relatively unimportant,

accounting for less than 15 percent of the market in recent
years.,

The chloroform market is small relative to the other
chloromethane products. Annual production and sales are
displayed in Table 3-20. The table shows that annual
production is less than one-half of the physical production
volume of methylene chloride and only one-third that of
carbon tetrachloride production. However, the rate of
growth for chloroform, 9.2 percent for the period 1965-75,
is only slightly less than that for the other chloromethanes.
Roughly one-fifth of the annual production volume is used
captively by firms. In recent years, the statistics on
captive production have fluctuated erratically due to
significant changes in inventories, also reflected in
these statistics.
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TABLE 3-18

PRODUCTION, SALES, AND FOREIGN TRADE OF METHYL CHLORIDE, 1960-75

1975 19724 1973 18972 1971 19720 1969 1968 1967 1966 1965 1964 18963 1962 1961 1960

Production® {1,000 MT/yr) 166.2 2336 246.7 2057 1984 1917 1827 1384 1247 1070 816 608 517 488 477 382
Saies® {1,000 MT/yt) 656 974 1258 943 876 798 753 632 635 473 430 305 248 210 2086 19.7
Apparent Captive Production®® (%) 60.5 565 35.2 54.1 559 58.4 68.8 54.4 §7.2 56.0 495 499 52.0 57.1 66.8 48.4
Imports (1,000 MT/yr} Nt N N N N N N N N

lmports of Production (%)
Exportst {1,000 MT/yr) N

Exports/Production (%) - - - - - - _ - -

* Sources: 1960-74: U.S. Tariff Commission, Synthetic Organic Chemicals; 1975: U.S. International Trade Commission, Synthetic Organic Chemicals,
{preliminary).
** The statistics on captive production represent the difference between yearly production and sales figures. Inventory changes are not accounted for.
t Not available.
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TABLE 3-19

PRODUCTION, SALES, AND FOREIGN TRADE OF METHYLENE CHLORIDE, 1960-75

1975 1974 1973 1972 1977 1970 1969 1968 1967 1966 1965 1964 1963 1962 1961 1960

Production® {1,000 MT/yr) 2254 276.1 2359 2137 1819 1824 1660 137.2 1189 121.2 95.6 8t.4 67.1 65.2 525 51.3
Sales* {1,000 MT /yr) 197.1 239.2 2149 201.1 1660 1624 1533 130.7 1029 1024 88.2 714 60.4 58.2 51.9 436
Apparent Captive Production®® (%) 126 134 8.9 59 88 109 1.6 48 13.5 185 1.7 128 98 108 1.2 149
importst (1,000 MT /yr) 57 56 19.2 5.1 35 43 3.5 6.6 46
tmports/Production {%) 25 20 8.1 24 1.9 24 2.1 48 39
Exportstt (1,000 MT /yr) 441 46.1 519 47.1 39.5 389 N N N
Exports/Production (%) 196 16.7 20 220 217 213 - - -

* Sources: 1960—74: U.S. Tariff Commission, Synthetic Organic Chemicals; 1975: U.S. International Trade Commission, Synthetic Organic
Chemicals (preliminary).

** The statistics on captive production represent the difference between yearly production and sales figures. Inventory changes are not accounted for.

T Sources: 1972—75: U.S. Bureau of Census; U.S. Imports: Censumption and General SIC-Based Products by World Areas (FT 210); 1970-71: U.S.
Bureau of the Census, U.S. Foreign Trade, Imports: SIC Based Products (FT 210), 1967—68: U.S. Bureau of Census, U.S. Foreign Trade, Imports:
Commodity by Country.

11 Sources: 1972-75: U.S. Bureau of Census; U.S. Exports: Domestic Merchandise, SIC-Based Products by World Areas (FT 610); 1970—-71: U.S.

Bureau of the Census, U.S. Foreign Trade, Exports: Domestic Merchandise, SiC-Based Products by World Areas (FT 610).

I Not available,



-T11~

TABLE 3-20

PRODUCTION, SALES, AND FOREIGN TRADE OF CHLOROFORM, 1960-75

1975 1974 1973 1972 1971 1970 1969 1963 1967 1966 1965 1964 1963 1962 1961 1960

Praductian® (1,000 MT/yr) 118.7 1369 1146 1105 1047 1088 980 822 820 812 632 541 478 445 351 347
Sates* {1,000 MTfyr} 87.1 1144 1106 920 831 793 I81 636 616 651 559 445 351 360 248 254
Agparent Captive Production® * (%) 266 164 35 168 206 274 204 226 249 198 191 177 265 170 282 267
lmportst {1,000 MT/yr) 26 07 Nttt N 04 0.1 N N N
Imports/Praduction {%) 12.1 05 - - 0.1 0.1 - - -
Exports} (1,000 MT/yr) 54 5.4 N N N N N N N
Exporis/Production (%) 45 39 - - - - - - -

* Sources: 1960-74: U.S. Tariff Commission, Synthetic Organic Chemicals; 1975: U.S. International Trade Commission, Synthietic Organic
Chernicals (preliminary).

“* The statistics on captive production represent the difference between yearly production and sales figures. Inventory changes are not accounted for.

t Sources: 1972-75: U.S. Bureau of Census; U.S. Imports: Consumption and General SIC-8ased Products by World Areas (FT 210); 1970-71: U.S.
Bureau of Census, U.S. Foreign Trade, Imports. SIC Based Products (FT 210); 1967—69: U.S. Bureau of Census, U.S. Foreign Trade, Imports: Commed-
ity by Country.

1t Mot available.
1 Source: 1874-75: U.S. Bureau of Census, U.S. Exports: Domestic Merchandise, SIC-Based Products by World Areas (FT 610).



Carbon tetrachloride has the largest production volume
of the chloromethane solvents. As can be seen from the
production and sales data displayed in Table 3-21, production
peaked in 1974 at 411,100 metric tons for the year. However,
the market dropped off sharply in 1975 due to the combined
effect of the recession and the fluorocarbon-ozone controversy.
The latter is expected to remain a problem for the carbon
tetrachloride market. Captive production has not been
particularly significant for carbon tetrachloride, with the
annual rate normally below 20 percent. The drop in sales,
however, has caused the accumulation of large inventories.

In 1975, the extent of captive production rose to close to
50 percent,

Foreign trade, as displayed in Tables 3-18 through 3-21,
is not believed to be a significant factor in the chloromethane
markets, but imports are believed to surpass exports.

Competition and Pricing Behavior. The chloromethane
market should be considered in terms of the four submarkets
for the individual solvent products. Two of the submarkets,
chloroform and methylene chloride, have a small number of
competitors, with five and six firms respectively. The
markets for these products have not been affected by
environmental concerns. Industry spokesmen indicate that
prices are "firm," that is, there is little fear of future
price decreases.

Methyl chloride is manufactured by nine firms, but
several of these use the product internally for silicone
plastics manufacturing. The industry has been weakened by
the decline in the tetramethyllead market.

The carbon tetrachloride market is the "weakest" of the
chloromethane solvents due to the uncertainty in the future
for the derived fluorocarbons. The largest seller of carbon
tetrachloride, DuPont, tends to be a price leader for this
industry. However, price leadership is of little concern in

the current situation as firms attempt to maintain a profitable
rate of capacity utilization.

_ Thg price series for each chloromethane in terms of
unit price per pound is presented in Table 3-22. The prices
of all the chemicals increased at least 100 percent between

}973 and 1975, in keeping with the price performance of the
industry through this period.
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TABLE 3-21

PRODUCTION, SALES, AND FOREIGN TRADE OF CARBON TETRACHLORIDE, 196075

1975 1974 1973 1872 1971 1970 1969 1968 1967 1966 1965 1964 1963 1962 1961 1960
Production® (1,000 MT /yr) 4111 5273 4750 4520 4577 4586 4003 3462 3236 293.5 2692 2430 2354 2193 1741 1688
Sales® {1,000 MT Ayr) 2195 3566 4487 4219 3614 3816 3564 2938 2746 279.% 2310 2107 191.0 1836 1521 1512
Appacent Captive Production®® (%) 466 3286 5.5 67 210 168 110 152 151 §0 142 133 189 163 126 104
Importst {1,000 MT fyr} 7.4 7.6 34 §3 <01 <ou1 0.1 19 2.3
lmportsfProduction (%) 18 14 0.7 12 <01 <01 <01 05 0.7
Exportstt (1,000 MT/yr) 124 N N N N N N N N
Exports/Produciion (%) 0.3 — - - - - - - —

.

&Kals, {preliminary).

Sources: 1960-74: U.S. Tariff Commission, Synthetic Organic Chemicals; 1975: U.S. Internationa! Trade Commission, Synthetic Organic Chem-

** The statistics on captive production represent the difference between yearly production and sales figures. Inventory changes are not accounted for.
t Sources: 1972-75: U.S. Bureau of Census; U.S. Imports: Consumption and General SIC=Based Products by World Areas (FT 210); 1870-71: U.S,
Bureau of Census, U.S. Foreign Trade, Imports: SIC Based Products (FT 210); 1967—69: U.S. Bureau of Census, U.S. Foreign Trade, Imports: Commod-

ity by Country.

t1 Source: U.S. Bureau of Census; U.S. Exports: Domestic Merchandise, SIC-Based Products by World Areas (FT 670}, 1975,

1 Not available.



TABLE 3-22

CHLOROMETHANE PRICE STATISTICS:
UNIT PRICE PER POUND, 1960-75*

METHYL METHYLENE CARBON
YEAR CHLORIDE CHLORIDE CHLOROFQORM TETRACHLORIDE
1978 $0.14 $0.16 $0.16 $0.14
1974 0.09 0.13 0.1 0.10
1973 0.06 0.08 0.07 0.06
1972 0.05 0.07 0.07 0.06
1971 0.06 0.07 0.06 0.05
1970 0.06 0.08 0.06 0.05
1969 0.05 0.08 0.06 0.05
1968 0.06 0.08 0.07 0.06
1967 0.07 0.09 0.07 0.06
1966 0.07 0.10 0.08 0.07
1965 0.07 0.09 0.08 0.07
1964 0.08 0.09 0.08 0.07
1963 0.09 0.09 0.09 0.08
1962 0.10 0.09 0.08 0.08
1961 0.11 0.09 0.10 0.07
1960 0.12 0.1 0.10 0.08

" Sources: 1960-74: U.S. Tariff Commission, Synthetic Organic Chemicals, and 1975: U.S.
International Trade Commission, Synthetic Organic Chemicals (preliminary).
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3.2.3.3 Epichlorohydrin

Product Uses. The largest use of epichlorohydrin
is in the manufacture of synthetic glycerin. The amount of
epichlorohydrin required for this use has been declining due
to a lack of market growth and due to the substitution of
other raw materials. The relative importance of the
epichlorohydrin uses is displayed in Table 3-23. As can be
seen from the table, the other principal use is in the
manufacture of epoxy resins.

Product Substitutes. The end-use markets for
epichlorohydrin are well established although there are some
competing substitutes in its intermediate uses. Acrolein
and propylene oxide can be substituted for epichlorohydrin
in the manufacture of synthetic glycerin. The use of these
alternate raw materials has been increasing in recent years,
due to cost advantages. However, synthetic glycerin
manufacturers will continue to use epichlorohydrin widely.
Estimates of the degree of substitutability are presented
in Table 3-23.

Epoxy resins made with epichlorohydrin have a large
number of uses in chemicagl processes. As such, there are
many substitutes depending upon the specific process use of
epoxy resins. An analysis of these numerous substitutes is
beyond the scope of this investigation.

Current Production. The U.S. International Trade
Commission (formerly the U.S. Tariff Commission) does not
publish annual production and sales figures for epichlorohydrin.
However, estimates of production have been made based on the
production of derived end products. The estimates are
presented in Table 3-24 along with available foreign trade
statistics. The striking lack of data on this chemical
allows no conclusions to be drawn. However, imports are
presumed negligible due to the high captive production rates
in the industry. Most epichlorohydrin is captively used,
which helps account for the shortage of production statistics
and lends credence to the estimates.

Competition and Pricing Behavior. The epichlorohydrin
market 1s quite stable, with only two producers of the
chemical. The producing firms, Shell Oil Company and Dow
Chemical, use the bulk of their production internally. As a
result, there is very little competition on the merchant
market for sales. In the merchant market, the profit margin
is likely to be large given (1) the small contribution that
the cost of epichlorohydrin makes to total cost of end-use
products and (2) the limited buying power of users. Entry
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TABLE 3-23

EPICHLOROHYDRIN
PRODUCT USES AND SUBSTITUTES*

% OF
MARKET DEGREE OF
INTERMEDIATE USES SHARE SUBSTITUTE SUBSTITUTABILITY
Synthetic Giycerin 55 Acrolein Moderate
Manufacturing Propylene Oxide Moderate
Epoxy Resins 40 Numerous Chemicals n.a.
Miscellaneous 5 n.a. n.a.

* Source: Energy Resources Company est.imates, and Faith, Keyes and Clark’s Industrial Chemicals.
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TABLE 3-24

PRODUCTION, SALES, AND FOREIGN TRADE OF EPICHLOROHYDRIN, 196075

1975 1974 1973 1972 1971 1970 1969 1968 1967 1966 1965 1964 1963 1962 1961 1960

Preduction® {1,000 MT/yr) N** N 816 N N N 390 N N N N 385 N 312 N N
Sates*® (1,000 MT/fyr} N N 431 N N N 340 N N N N 145 ‘N 8.8 e.1 133
Apparent Captive Productiont N N 47.2 N N N 128 N N N N 62.3 N 71.8 N N
lmportstt {1,000 MT/yr) N N N N 0.1 0.1 N N N

imports/Production {%) - - — — — - —_ — _

Exports (1,000 MT/yr) N N N N N N N N N

Exports/Production {%) - - - - - - - _ —

* Sources: 1960—74: U.S. Tariff Commission, Synthetic Organic Chemicals; 1975: U.S. International Trade Commission, Synthetic Organic
Chemicals {preliminary).
** Not available.
t The statistics on captive production represent the difference between yearly production and sales figures. Inventory changes are not accounted for.
tt Source: 1970-71: U.S. Bureau of Census, U.S. Foreign Trade, Imports: SIC-Based Products (FT 210).



into the market is unlikely because the demand for synthetic
glycerin is mature, with only slow future growth expected.

3.2.3.4 Vinyl Chloride Monomer (VCM)

Product Uses. The dominant use of vinyl chloride
monomer is as an intermediate in the production of polyvinyl
chloride (PVC). As indicated in Table 3-25, PVC production
accounts for 91 percent of VCM production, with the bu%k of
the remainder going to exports for PVC production outside
the United States,

Anticipated market growth for PVC is displayed in
Table 3-26. The table shows that the largest use for
polyvinyl chloride is for conduit, pipe, and fittings,
according to the statistics compiled in Table 3-26. The
figures, provided by B.F. Goodrich, show that the growth of
consumption of PVC between 1970 and 1975 was largely due to
the increase of the conduit and pipe segment. Other market
segments registered little growth throughout this period.

Product Substitutes. Since polyvinyl chloride cannot
be made without vinyl chloride monomer, there is no need to
examine the substitutability of VCM in its intermediate use.
Only the end markets for polyvinyl chloride are relevant to
a discussion of product substitutes,

A compilation of the possible product substitutes
for PVC is presented in Table 3-27. Obviously the degree
of substitutability will vary from market to market, but
several general comments can be made. Most of the substitutes
listed are more expensive and not as suitable to the particular
use as PVC. Those substitutes which existed prior to the
broad market penetration of PVC, such as steel, rubber, wood,
and glass, have already been found to be less desirable. 1In
other cases, such as that of the pipe and conduit market,
alternate supplies of the substitute ABS will not be available
in sufficient quantity to infringe significantly on the market
within the next decade.” In the past, consumegs of PVC have
made only limited substitutions away from PVC. Thus the
overall substitution possibilities for PVC are small.

Current Production. VCM is a large volume industrial
organic chemical with 1976 production estimated at over
2.7 million metric tons.’ Annual production and sales
figures for the period 1960-75 are presented in Table 3-28.
The table shows that the market sagged sharply in 1975, with
a 25 percent drop in production. The market drop was the
combined result of a recessionary economy and of concern
over the effect of OSHA regulations on PVC plants. The
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TABLE 3-25

VINYL CHLORIDE MONOMER
PRODUCT USES*

USE % OF TOTAL MARKET *"*

Polyviny! Chlaride 21
Suspension Holopolymer Resins
Suspension Copolymer Resins
Dispersion Resins

Exports 7

Miscellaneous 3

* Source: Chernical Markating Reporter, ''Chemical Profile—~Viny!l Chloride Mona-
mer,’’ July 14, 1975 and Energy Resources Company estimates.

** Total does not add up to 100 percent due to rounding.
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TABLE 3-26

ANTICIPATED MARKET GROWTH FOR PVC BY INDUSTRY
(1,000 MT)"

INDUSTRY 1970 1975 1980
Apparel 81.6 81.6 127.0
Conduit, pipe and fittings 217.7 449.0 997.7
Flooring 1451 1315 254.0
Siding, other construction applications 90.7 122.4 3220
Home furnishing 2313 195.0 322.0
Wire and cable 190.5 127.0 226.8
Packaging 122.4 1315 190.5
Records 63.5 59.0 99.8
Transportation 99.8 72.6 163.3
Other 108.8 258.5 517.0
Total 1,351.4 1,628.1 3,219.9

" Source: B.F.Goodrich Chemicai Company, Chemical Week, September 15, 1976.
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TABLE 3-27

POSSIBLE PVC SUBSTITUTES ”

PVC RESIN USAGE

(1,000 MT)
POSSIBLE

MARKET 1973 1974 SUBSTITUTES
Apparel

Baby pants 12 12 Rubber

Footwear 66 63 Rubber

Outerwear 31 30 Other synthetic fibers
Building and construction

Extruded foam moldings 26 22 Wood

Flooring 202 166 Wood

Lighting 8 8 Glass, styrane

Panels and siding 39 44 Wood, polyester

Pipe and conduit 520 505 Steel, ABS, polyethelene

Pipe fittings 41 44 Steel, ABS, polyetheiene

Rainwater systems 16 i8 Wood, aluminum

Swimming pool liners 18 19 Rubber

Weatherstripping 16 16 Rubbar, urethane

Window, other profiles 26 24 Wood, steel, aluminum
Efectrical

Wire and cable 188 161 Rubber, polyethylene
Home Furnishing

Applianceas 20 21 Other plestics in some applications

Furniture 145 144 Wood, melamine

Garden hose 18 1?7 Rubber, nylon

Housewares 51 n.a. Styrane, rubber

Wall coverings and 54 58 Paper, melamine

wood surfacing film

Packaging

Blow moided bottles 39 34 Glass, cans

Closure liners and gaskets 9 10 Rubber

Coatings 9 9 None

Film 59 57 Acrylics, styrene

Sheet 35 37 Polyethylene, nylon,polyester
Recreation

Records 66 85 None

Sporting goods 25 28 Rubber, leather

Toys 38 37 None
Transportation

Auto mats 13 19 Rubber

Auto tops 15 13 Stael

Uphoistery and seat covers 83 84 Nylon polyesters
Miscellanecus

Agriculture {including pipe) 66 72 Aluminum, polyethylene

Credit cards 8 10 None

Laminates 23 24 None

Madical tubing 23 23 None

Noveitios 7 8 None

Stationery supplies 18 20 Polyester

Tools and hardware 8 10 None
Export 66 148 None
Other 42 119 None
Total 2,180 2,151

* Source: U.S. Environmental Protection Agency, Standard Support and Environmental Impact State-

ment: Emission Standard for Viny! Chlorida,
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TABLE 3-28

PRODUCTION, SALES, AND FOREIGN TRADE OF VINYL CHLORIDE, 196076

1876 1975 1974 1973 1972 1971 1970 1969 1968 1967 1966 1965 1964 1963 1962 1961 1960

Production® 24943 1903.0 2549.2 24276 23076 19663 18322 16942 13464 1,099.1 1,335 907.0 7318 6509 6948 4734 4703
(1,000 MT/yr)

Saies*® 10180 14158 16119 15161 13622 12336 1,069.7 6635 431.6 379.2 311.9 2708 227.1 2338 1924 1598
(1,000 MT /yr)
Apparent Caplive 46.5 445 33.6 343 30.7 327 36.9 50.7 60.7 66.5 65.6 630 651 60.7 69.4 66.0

Production®* {%}

Importst 1.5 1.2 0.8 <0.1 - 0.1 0.1 01 0.6
(1,000 MT/yr)
lmports/ <0.1 <041 <0.1 <0.1 - <0.1 <0.1 <01 <0.1

Production (%)

Exportstt 1884 1874 1910 2822 2816 3020 nt N N
{1.000 MT/yr)

Exports/ 9.9 7.4 78 12.2 143 165 - - -
Production (%)

* Scurces: 1960-74: U.S. Tariff Commission, Synthetic Organic Chemicals; 1975: U.S. international Trade Commission, Synthetic Organic
Chemicals (preliminary}.

** The statistics on captive production represent the difference between yearly production and sales figures, Inventory changes are not accounted for.

t Sources: 1972—75: U.S. Bureau of Census; {.S. Imports: Consumption and General SIC-Based Products by World Areas (FT 210}, 1870-71. U.S.
Bureau of the Census,; U.S. Foreign Trade: Imports; SIC Based Products (FT 210); 1967—69: U.S. Bureau of Census; U.S. Foreign Trade: Imports;
Commodity by Country.

tt Sources: 1972-75: U.S. Bureau of Census; U.S. Exports: Domestic Merchandise, SIC-Based products by World Areas (FT 610); 1970-71: U.S.
Bureau of the Census, U.S. Foreign Trade, Exports: Domestic Merchandise, SIC-Based Products by World Areas (FT 610).
I Not available.



recovery of the market in 1976, however, suggests continued
growth for the industry. One manufacturer anticipates a 7
to 9 percent annual growth rate.

Foreign trade does not appear to be of significance in
this huge-volume market, perhaps due to the inability of
obtaining a sufficiently large supply via tankers to service
PVC production needs and the significance of captive
production. Slightly under one-half of the domestic VCM
production is used captively by its producers. The share
going to captive production reached a low in 1971 of 30 percent,
but has since grown as existing PVC manufacturers have built
new facilities in order to supply their own VCM intermediate.

Competition and Pricing Behavior. Two factors have
helped to stimulate competition in the vinyl chloride
monomer market: (1) the number of competing firms is large,
10, and (2) the large growing market for the end product,
PVC, has encouraged firms to scramble for increased shares
of the market. The growth of production capacity has led to
expectations of a glut of VCM in the near future. However,
the adaptability of PVC to many applications suggests strong
future growth for the industry. One firm's expectation of
future growth has been presented in Table 3-26.

Discussions with industry personnel, however, indicate
that competitive influences are not sufficiently strong
to negate the price leadership models discussed above (see
Section 3.2.2). The largest sellers in the industry, Shell
and Dow, tend to be price leaders. Smaller firms meet the
established price in order to stay competitive and maintain
their market share. Unit values for vinyl chloride monomers
from 1960 to 1975 are displayed in Table 3-29. The price
series shows the sharp upward movement typical of the industry
after 1973. There is also no substantial discounting off
list price for preferred customers in today's market,
indicating a firmness of prices.,

3.2.3.5 Acrylonitrile

Product Uses. Acrylonitrile is an intermediate that
enjoys widespread use in synthetic fibers manufacture. The
largest market for acrylonitrile is as an intermediate in
the production of acrylic and modacrylic fibers. Acrylic
fibers are used in apparel manufacturing where it is the
most wool-like of the synthetic fibers. Carpeting is the
second largest market for acrylic and modacrylic fibers.
Other markets for the fibers include draperies, upholstery,
and blankets. A breakdown of uses of acrylonitrile is
presented in Table 3-30.
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TABLE 3-29

VINYL CHLORIDE PRICE STATISTICS*

UNIT VALUE

YEAR PER POUND
1976 0.10
1975 0.08
1974 0.04
1973 0.04
1972 0.04
1971 0.04
1970 0.04
1969 0.04
1968 0.05
1967 0.05
1966 0.06
1965 0.06
1964 0.06
1963 0.07
1962 0.07
1961 0.08
1960 0.10

° Sources: 1960-74: U.S. Taritf Commission, Synthetic QOrgan-
ic Chemicals;, 1975: U.S. International Trade Commission, Syn-
thetic Organic Chemicals (preliminary); 1976: Chemical Week,
September 15, 19786.
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TABLE 3-30

ACRYLONITRILE PRODUCT USES AND SUBSTITUTES*

% OF
TOTAL DEGREE GF
USE MARKET SUBSTITUTE SUBSTITUTABILITY
Acrylic and modacrylic fibers 80 Wool Moderate
Acrylonitrile-butadiene-styrene {ABS) 20 PVC Moderate
and styrene-acrylonitrile (SAN) Steel Low
resins Polyethelene Low
Adiponitrile 10 n.a, -
Nitrile rubber 5 PVC Moderate
Glass Low
Cans Low
Miscellaneous 5 n.a. -
Exports 10 - -

* Source: Chemical Marketing Reporter, "Chemical Profile, Acrylonitrile,’”” January 10, 1977, and
Energy Resources Company Inc. estumates.
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The manufacture of AES and SAN resins from acrylonitrile
has provided a rapidly increasing outlet ror acrylonitrile.
The ABS resins are used in pipe, conduit, and pipe fittings.
Other supply routes include the manufacturing of components
for automotive use, and of linings for refrigerator doors.

SAN resins find applications in the manufacture of housewares,
automotive components, and instrument lenses.

Nitrile rubber is used in hosing, gaskets, or linings
in the petroleum, automotive, and home appliance industries
because it is oil resistant, hydrocarbon solvent resistant,
and grease resistant. Adiponitrile is used as an
intermediate in the production of nylon.

Product Substitutes. The substitutes for acrylonitrile
vary with the end-use market being considered. A listing of
the markets and the principal substitutes is provided in
Table 3-29. 1In the large synthetic fiber market, wool is a
principal competitor. Acrylic and wocl fibers have similar
appearance and texture, In the plastic resins and nitrile
rubber markets, BBS and SAN resins compete with other
plastic products such as polyvinyl chloride and other
packaging materials such as steel, glass, or cans. The
degree of substitutability in these markets is a function of
the desired strength, flexibility, and chemical-resistant
properties for the product. The acrylonitrile-based
products tend to have good chemical-resistant properties
but limited flexibility.

Current Production. Historical production and sales
data for acrylonitrile are presented in Table 3-31. The
production series peaks in 1974 at 1.4 billion pounds per
year, with a decline to 1.2 billion in 1975. The growth
rate of production for the decade 1965-75 was 11 percent.
Recently, imports have grown to be a large portion of the
market but their share is likely to decline as new domestic
plants cause on-line expansion of domestic capacity. The
requirements of captive production have accounted for 50
to 60 percent of total production in recent vyears.

Competition and Pricing Behavior. There are four
domestic acrylonitrile producers. Of the participating
firms, American Cyanamid and Monsanto produce largely
for captive uses. DuPont sells substantial quantities on
the merchant market and also supplies internal demand.
Vistron specializes in sales to the smaller consumers of
acrylonitrile, specifically those customers who do not have
the resources to build their own acrylonitrile capacity.

The price series for acrylonitrile, presented in
Table 3-32, shows a pattern typical of that in the chemical
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TABLE 3-31

PRODUCTION, SALES, AND FOREIGN TRADE OF ACRYLONITRILE, 1960-75

1976 1974 1973 1972 1971 1870 1969 1968 1967 1966 1965 1964 1963 1962 18961 1960
Production® (1,000 MT fyr) 5508 640.2 614.1 5055 4439 4713 5245 4630 3042 3247 3499 2695 2065 1632 113.2 104.0
Sales* {1,000 MT/yr} 2375 2321 2180 2086 1946 2481 2547 na 1227 1443 1376 141t 963 921 714 B33
Apparent Captive Production®® (%) 569 638 645 587 562 474 514 na 597 556 607 47.6 534 435 369 193
Importst {1,000 MY /yr) 169 104 <01 <01 <01 <01 <01 <01 <O.t
Imports of Production {%!} 3.1 16 <041 <01 <01 <01 <01 <01 <o.d
Exportstt (1,000 MT/yr) 889 701 478 235 (s N N N N
Exports/Production (%) 163 108 7.8 4.7 - - - - -

* Sources: 1960—74: U.S. Teriff Commission, Synthetic Organic Chemicals; 1875: U.S. Internationa! Trade Commission, Synthetic Organic Chemicals,

{prefiminary}.

** The statistics on captive production represent the difference between yearty production and sales figures. Inventory changes are not accounted for.

t Sources: 1972—75: US. Bureau of Census; U.S. Imports: Consumption and General SIC-Based Products by World Areas (FT 210); 1670—71: (.S,
Bureau of the Census, U.S. Foreign Trade, Imports: SIC Based Products (FT 210); 1967—69: U.S. Bureau of Census, U.S. Foreign Trade, Imports:

Commodity by Country.

t1 Source: 1972-75: U.S. Bureau of Census; U.S. Exports: Domestic Merchandise, SIC-Based Products by World Areas (FT 610},

¥ Not available.



TABLE 3-32

ACRYLONITRILE PRICE STATISTICS*

YEAR UNIT VALUE
1975 0.23
1974 0.19
1973 0.1
1972 0.11%
1971 0.10
1970 on
1969 0.12
1968

1967 0.12
1966 0.13
1965 0.16
1964 0.16
1963 0.14
1962 0.15
1961 0.18
1960 0.22

" Sources: 1960-74: U.S. Tariff Commission, Syn-
thetic Organic Chemicals; 1975: U.S. International Trade
Commission, Synthetic Organic Chemicals {preliminary).
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industry, although the size of the price increase in 1974
and 1975 was unusually large. Prices rose by over 70 percent
in 1974 alone. 1In general, prices set by the four firms
tend to cluster in the manner described above (see

Section 3.2.2.3). There is currently a price discrepancy
between firms in the industry, the result of one firm's not
acquiescing in a round of price increases in late 1976. 1If
the reluctant firm continues to resist the price increase,
the price rise may be rescinded by other firms. This
experience is likely to cause the industry to be more
cautious concerning price increases.

3.2.3.6 Furfural

Product Uses. Furfural is used as an intermediate in
the manufacture of furfuryl alcohol, which, in turn, is used
to make furan resins. A breakdown of the uses of furfural
and their respective market shares is presented in
Table 3-33. The furfural-derived furan resins are used in
foundry binders. The large export market consists of
shipments by the only domestic producer, Quaker Oats Company,
to European subsidiaries and other companies. The bulk of
the exported furfural is also used in the manufacture of
furfuryl alcohol.

Furfural is also used as a solvent in the refining of

lubricating oils and in the extraction of butadiene from
C4 process streams.

Product Substitutes. There are a number of resins
which can be used as substitutes for furan resins, thus
eliminating the need for furfuryl alcohol and furfural. One
group of these substitutes is phenol-based resins, particularly
phenolic-polymeric isocyanate. Table 3-33 presents a list
of the other principal substitutes in the no-bake binder
market, the principal outlet for furan resins.

Tetrahydrofuran can be produced with acetylene and
formaldehyde in the Reppe process, thus eliminating the need
for furfural. 1In its use as a solvent in the refining of
lubricating oils, the most widely used solvent for the same
processes is phenol,

Competition and Pricing Behavior. The only domestic
supplier of furfural, the Quaker Oats Company, is currently
enjoying few of the benefits which usually accrue to a
monopolist. In particular, a number of substitute products
(see Table 3-33) have acquired some of the market for
furfural-derived products, particularly furfuryl alcohol.
Unit sales for 1977 of the Chemical Division of Quaker
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FURFURAL PRODUCT USES AND SUBSTITUTES*

TABLE 3-33

% OF
FURFURAL DEGREE OF
FURFURAL USE MARKET SUBSTITUTES SUBSTITUTABILITY
Chemical intermediate uses:
Furfuryl alcohol 33.0 Furan resin substitutes: High
(For furan resin production)} alkyd polymeric-isocyanate,
phenolic-polymeric isocyanate
and silicate foundry binders
Tetrahydroforan 9.1 Alternative processes Moderate
Solvent uses:
Lube oils 8.5 Phenol Moderate
Butadiene extraction 7.2 Alternative process High
Export 39 n.a. -
Miscellaneous 3 n.a. -

*Source: Chemical Marketing Reporter, "Furfural Market Charted,” July 21, 1975, p. 7, and
Energy Resources Company Inc. estimates,
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Oats (which produces only furfural and furfural-derived
products) drcopped 7 percent below the 1976 figure. Quaker
Oats' problems in this market stem from the period 1974-75
when it enjoyed strong market power. At this time, a
temporary shortage of furfural caused sharp increases in
prices. The net income for the diversion in 1975 was

260 percent of the 1974 net income figure and 380 percent of
the 1973 figure. Customers responded to the shortage by
turning to alternative products, particularly to c¢ther
chemical binders. As a result, the effective monopoly power
of the Quaker Oats Company is limited and the firm currently
finds itself in a rather competitive market situation. The
historical price series for the industry, presented in

Table 3-34, shows a consistent upward trend. The period of
tight supply is suggested by the large price increase in 1974,

Current Production. The U.,S. International Trade
Commission does not publish statistics on furfural production
or levels of imports and exports in order to avoid revealing
the production of the only domestic producer, the Quaker
Cats Company. The total production capacity of this company
is believed to have climbed to 172 million pounds in early
1975.10 Assuming 90 percent capacity utilization, domestic
production is estimated at approximately 155 million pounds
per year.

3.2.4 Manufacturing Plants - Operational Data

3.2.4.1 Plant Locations

The 22 firms that have been identified as domestic
producers of at least one of the highly impacted chemicals
maintain 43 plants involved in that production within the
continental United States and one impacted plant in Puerto
Rico. The geographical distribution of these 44 plants is
displayed in Figure 3-9. As can be seen from this figure.
approximately one-half of the plants are clustered on the
Gulf Coast in Louisiana and Texas. The industry has clustered
here near reliable and inexpensive sources of natural gas,
because gas is an important raw material in organic chemical
manufacture. In general, proximity to desirable raw material
feedstocks (which comprise 60 to 70 percent of the production
costs) is the most important factor governing location
decisions for organic chemical manufacturing plants. Other
factors influencing plant location include proximity to
other plants that use the product as an intermediate, and
proximity to rail and water transportation.

This geographical distribution actually understates
the relative importance of the Gulf Coast plants because
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TABLE 3-34
FURFURAL PRICE STATISTICS,

1960-74
FURFURAL PRICE
YEAR ($0.01/1b)
1974 28.00
1973 18.75
1972 17.50
1971 16.50
1970 16.00
1969 16.00
1968 14.50
1967 14.50
1966 13.50
1965 12.50
1964 11.50
1963 11.50
1962 11.50
1961 11.50
1960 12.00

* Source: Chemical Markating Reporter.
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Puerto Rico

Figure 3—9. Geographical distribution of highly impacted plants.



HIGHLY IMPACTED

PRODUCTS PRODUCED
HEIEP
213133]e
s AERE
HHEEIFE
pLant | B3| B3 e’ g
I HEIAERREE
FiIRM PLANT LOCATION CODE e lofwi>i<lw!
Allied Chemical Baton Rouge, La. 1A v
Allied Chemical Moundsville, W.Va, 18 c
Amarican Cyanamid Fortier, La. 2
Borden Geismar, La. 3 v
Conoco Westlake, La. 4A c
‘Conoco Lake Chares, La. 48 v
Diamond Shamrock  Bella, W.Va. SA [
Dismond Shamrock  Daer Park, Tax. 58 4
Dow Freeport, Tex. 6A P C E V
Dow Pittsburg, Caiif. 68 P C
Dow Plaquemine, La. 8C P C v
Dow Oyster Creek, Tex. 80 v
Daw-Corning Carroliton, Ky. TA C
Dow-Coming Midland, Mich, 78 o
QuPont Corpus Christ), Tex. 8A P C
DuPont Niagara Falls, N.Y, 88 o
DuPont B8eaumont, Tex. 8C A
DuPont Memophis, Tenn. 80 A
Ethyl 8aron Rouge, La. 94 P C v
Ethyi Houston, Tex. 98 v
FMC South Charleston, W.Va. 10 C
General Electric Waterford, N.Y. n [+
B.F. Goodrich Calvert City, Ky, 12 \
Hook er Tak, La 13 P
Monochsm Garvmar, La. 4 v
Monsanto Alvin, Tex. 18A A
Monianto Tuxas City, Tox 158 A
PPG Lake Charles, La. 16A P \
PPG Guavyaenilla, P.R, 168 v
Quaker Oats Belie Glade, Fla. 17A F
Quaker Qats Cedar Rapids, iowa 178 F
Quaker Qats Memphis, Tenn. 17¢C 1 3
Quaker Qats Qmaha, Nebr. 170 F
Shel Oeer Park, Tex. 18A v
Sheil Narca, La. 188 E V
Shell Mouston, Tex, 18C E
Staufter LeMoyne, Ala. 19A c
Staufter Loutsviile, Ky. 198 P C
Staufter Nisgars Falls, N.Y 19C c
Stautter Long Beacn, Calit. 180 \
Union Carbide Institute, W.Va. 20 c
Vistron Lims. Ohio 2 A
Vulcan Getsmar, La. 2A P C
Vuican Wichita, Kans, 28 P C

Key for Figure 3-9.
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it does not show relative capacities of manufacturing
plants. Table 3-35 shows the percentage of identified
capacity located in either Texas or Louisiana. As is shown,
with the exception of furfural, all of the chemicals have
more than half of their productive capacities located on the
Gulf Coast, and four of the six have more than 75 percent

of their capacity located there. Furfural is presently
produced by Quaker using graham processing wastes and,
therefore, proximity to gas supplies is not important.

The map key to Figure 3~9 also indicates which highly
impacted chemicals each plant produces. As can be seen
from the key, only 10 plants produce more than one highly
impacted product line with the remaining 34 plants producing
only one highly impacted product. Figure 3-10 shows the
distribution of firms by the number of plants producing
highly impacted products. Only 5 of the 22 firms have more
than two such plants.

3.2.4.2 Production Processes Used

Basic production process data for each of the six
chemical products being analyzed in depth in this study are
provided by the Assessment Study, as explained above in
Section 2.1.1.1. Most organic chemicals, including the six
selected, can be manufactured by more than one production
process. It was, therefore, necessary to determine the
appropriateness of the process selected for analysis in
the Assessment Study by identifying the process actual
manufacturers currently employ. This information is not
always made available by manufacturers. The data that were
obtained are presented in Table 3-36. This table includes
all six highly impacted organic chemicals. As can be seen,
the process chosen by the Assessment Study seems to be the
one most widely used by manufacturers of all the organic
chemicals, with the exception of perchloroethylene production.
It is believed that very few manufacturers use the chlorine/
acetylene-based process described in the Assessment Study.
In that study (based on 1973 data), it was noted: "About 20
percent of the perchloroethylene manufactured uses chlorine
and acetylene as starting materials."l2 Since that time
this process has probably become even less widely used.
Instead, an ethylene-based process is used.

3.2.4.3 Products
The magnitude of the economic impact of hazardous waste

regulation at the plant level depends in part on the mix of
products manufactured at the plant. In addition to products
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TABLE 3-35

GULF COAST PRODUCTION CAPACITY OF HIGHLY IMPACTED CHEMICALS
(TEXAS AND LOUISIANA)*

% OF PRODUCTION LOCATED

CHEMICAL ON THE GULF COAST
Chloromethanes 54
Carbon Tetrachloride 45
Methyiene Chloride 63
Chloroform 57
Methyl Chloride 68
Perchloroethylene 88
Acrylonitrile 76
Epichlorohydrin 100
Viny! Chloride Monomer 76
Furfural 0

* Source: See Table 3-38.
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Figure 3—10. Distribution of firms by the number of plants manufac-
turing selected highly impacted chemicals. (From Figure 3—9 Key.)
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TABLE 3-36

PROCESSES USED IN HIGHLY IMPACTED CHEMICAL PRODUCTION™

HIGHLY AGREEMENT W/
IMPACTED ASSESSMENT
SEGMENT FIRM PLANT PROCESS srvoy
Perchioroethylene Diamond Shamrock Deer Park, Tex. From EDC No
Dow Freeport, Tex.
Pittsburg, Calif.
Plaquemine, La.
DuPont Corpus Christi, Tex.
Ethyl Baton Rouge, La. From EDC No
Hooker Taft, La. From acetylene Yes
PPG Lake Charles, La
Stauffer Louisville, Ky. From propylene No
Vulcan Geismar, La.
Wichita, Kans,
Chioromethanes Allied Chemical Moundsville, W.Va, Chlorinate mathanol Yes
Conoco Westlake, La, Chlarinate methanol(?) Yes
Diamond Shamrock Belle, W.Va. Chlorinate mathano! Yes
Dow Freeport, Tex.
Pittsburg, Calif.
Plaquemine, La.
Dow Coarning Carrollton, Ky, Chlorinate methano! Yes
Midland, Mich. Chlorinate methanol Yes
DuPont Corpus Christi, Tex.
Niagara Fails, N.Y.
Ethyl Baton Rougs, La.
FMC S. Charleston, W.Va,
Genaral Electric Waterford, N.Y. Chlorinate methanol Yes
Stauffer LeMoyne, Ala. From CSy and chlorine No
Louisville, Ky. From propylene No
Niagara Fails, N.Y.
Union Carbide Institute, W.Va, Chigrinate methanol Yes
Vulcan Geismar, La.
Wichita, Kans,
Enichiorohydrin Dow Fraeport, Tex.
Sheit Norco, La. From ailyi chloride Yes
Houston, Tex.
Acrylonitrile Amaerican Cyanamid Fortier, La. Sohio Yes
DuPont Beaumont, Tex. Sohio
Memphis, Tenn. Sohio
Monsanto Chocolate Bayou, Tex. Sohio
Texas City, Tex. Sohio
Vistron Lima, Ohio Sohio Yes
Viny! Chioride Allied Baton Rougs, La. €DC based Yes
Borden Geismar, La. EDC based Yes
Conoco Lake Charles, La. EDC based Yes
Dow Freaport, Tax. EDC based
Ovyster Creek, Tex. EDC based
Plaquemine, La. EDC based
Ethyl 8aton Rouge, La. EDC based(?) Yes(?)
Houston, Tex. EDC based
B.F. Goodrich Caivert City Ky. EDC based Yes
Monochem Geismar, La. Acetylene based No
PPG Lake Charlas, La. EDC based
Guayanilla, P.R. EDC based
Sheil Deer Park, Tex. EDC based
Norco, La. EDC based
Stauffer Long Beach, Caiif. EDC based
Furfural Quaker Oats Memphis, Tenn. Acid digestion Yes
(steam gdistillation)
Belle Glade, Fla. Acid digestion Yes
Cedar Rapids, lowa Acid digestion Yes
Omaha, Nebr, Acid digestion Yes

* Source: Telephona interviews with industry contacts, corporate data.
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directly affected by regulations, the manufacture of related
products not directly influenced by regulations may be
affected because of upstream or downstream price increases
for the directly impacted products. It is important to
distinguish between products that are completely independent
and products that are related to impacted products because
the production of one can provide a source material for the
other, or one can be produced as a byproduct of the manufacture
of the other. Thus, if an impacted product line were to be
discontinued, another product for which its production
provided a raw material might also be discontinued or be
redesigned to utilize a new input chemical. On the other
hand, the presence of related production processes that
allow the sharing of abatement costs might reduce the impact
of regulation on a particular manufacturing operation at the
plant level. Table 3-37 presents the available information
on the products produced at the 44 plants manufacturing at
least one of the six highly impacted products. While the
available information is sketchy, it is clear from the table
that completely independent chemical production processes
under the same roof are relatively rare. It is generally
economical to locate processes that can generate source
material for each other within the same facility to avoid
transportation and storage costs, and to make the best
possible use of all production byproducts. For example,

the Diamond Shamrock facility at Belle, West Virginia
manufactures chloromethanes. As a byproduct of this
process, hydrochloric acid is produced, which is sold

as muriatic acid.

3.2.4.4 Plant Sizes

Due to the significant economies of scale involved in
organic chemicals production, plant size can be an important
factor affecting the plant-level impacts of hazardous waste
regulation. It is possible that relatively small plants
(with higher unit costs) might be more severely impacted
than larger plants which can spread fixed costs of abatement
equipment over a larger volume. It is also true, however,
that many of the smaller plants are fully depreciated because
they are relatively old, adding to their profitability.

The distribution of plant sizes is discussed in
Section 2.1.1.3. Table 3-38 shows the capacities of
highly impacted plants by firm for each of the six chemicals
selected for study. As the table illustrates, the 22 firms
vary significantly in the amount of highly impacted capacity,
with Dow Chemical having the largest total capacity for
highly impacted chemicals.
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TABLE 3-37

PRODUCTS PRODUCED AT HIGHLY IMPACTED PLANTS*

HIGHLY IMPACTED
PRODUCTS PRODUCED

Slgls
381 8|8].
12| £ 3]%
=} =
1181218513
HERIE 1k
FIRM PLANT LOCATION el Jlw| >l d OTHER PRODUCTS PRODUCED
Allied Baton Rouge, La v Chiorine caustic soda
Alhed Moundsville, W.Va. c Chlarine, caustic soda, TD'
Amencan Cyaramid  Fortier, La. A Ammonia, sulphuric acid, YP soda,
Assorted polymers
Borden Geismar, La. Y NA
Canaoco Westiaks, La. Cc NA
Conoco take Chares, La. \ EDC
Diamond Shamrock  Belle, W.Va, C Myaoiaric acid
Diamond Shamrock  Deer Park, Tax. P Trichioroethylene, ethyiene dichlorite
Dow Freeport, Tex. P C E vV Petrochemical complex, EPI, UCM
Dow Pittsburg, Calif. P C NA
Oow Plaguemine. La. P C \
Dow Oyster Craek, Tex. v NA
Cow-Corning Carrollton, Ky, [ Silicone probab’y
Dow-Carming Midland, Mich. (o4 NA
DuPont Corpus Christi, Tex. P C NA
DuPont Niagara Falls, N.Y. c NA
DuPont Beaumant, Tex. A NA
DuPont Mamphis, Tenn. A NA
Ethyl Baton Rouge, La. P C v Sodium, EDC, anti-knock compounds
Ethyl Houstan, Tax, v NA
FMC Sauth Chartaston, W.Va. c NA
General Elactric Watartora, N.Y c Elastorus, fluids, resins
B F Gondrich Calvart City, Ky v Other products
Hoak er Tatt, La. P Chiorine, caustic soda and s solvent section
Monochem Gesmar, La v Adaylene
rManiants Alvin, Tex A NA
Mensanto Texas City, Tex. A NA
PPG Lake Charles La. P v NA
PPG Guayanilla, P.R. \ NA
Quaker Cats Belte Glade, Fls. F NA
Quaxer Oats Cadar Rapids, lowa F Oatmeal
Quaker Oats Memphis, Tenn, F  Furfuryl alcohal, tetrachyoren, furan chemicals
Quakar Qats Omaha, Nebr. F  Furfuryl aicohol
Shelt Desr Park, Tex. v NA
Shell Morco. La. E Vv Ethylene, glycerin
She:l Houston, Tex. E Banzene, ethyl alcohol, enoxy resins, ethylene
Stau‘ter Latoyne, Ala. (o] NA
Stautter Louisville, Ky. P C Sulphuric acid
Stautter Niagara Fails, N.Y. (o NA
Staw.ter Long Beach. Calf v Glycerin, ethyl fead, PVC
Jnion Caroiae Institute. W Va, C Suicone
Votron Lima, Ohin A Ammonia, resin producing facility
MVulcan Gewmar, La p C NA
Vgl an Wichita, Kans sC

Chiarine, caustic soda, EDC

T Zourca Tatepnane Ntarviews vith \nAUSTTY COMIACES,
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TABLE 3-38
CAPACITIES OF HIGHLY IMPACTED PLANTS*

HIGHLY IMPACTED CAPACITY

PRODUCT FIRM PLANT (1,000 MT/yr)
Perchloroethylane Diamond Shamrock Dear Park, Tex. g1
Dow Freeport, Tex. 54
Pittsburg, Calif. 9
Plaquemine, La. 68
DuPont Corpus Christi, Tex. 73
Ethyl Baton Rouge, La. 23
Hooker Taft, La. 18
PPG Lake Charles, La. g1
Stauffer Louisvilie, Ky. 32
Vulcan Geismar, La. 68
Wichita, Kans. 23
Chloromethanes
Methyt Chioride Allied Chemical Moundsville, W.Va. 11
. Conoco Waestlake, La. 45
Diamond Shamrock Belle, W.Va. 11
Dow Plaquemine, La. 68
Freeport, Tex. 32
Dow-Corning Carrojlton, Ky. 9
Midland, Mich. Y
Ethyl Baton Rouge, La. 45
General Electric Waterfor, N.Y. 23
Stauffer Louisville, Ky. 7
Union Carbide Institute, W.Va. 23
Methylene Chioride Allied Chemical Moundsville, W.Va, 23
Diamond Shamrock Belle, W.Va. 45
Dow Freeport, Tex. 90
Plaquemine, La.
DuPont Niagara Falls, N.Y. 18
Stauffer Louisville, Ky. 27
Vulcan Gaismar, La. 36
Wichita, Kans. 14
Chloroform Allied Chemical Moundsville, W.Va. 14
Diamond Shamrock Belle, W Va. 18
Dow Freesport, Tex. 45
Plagquemine, La. 45
Stauffer Louisville, Ky. 34
Vulcan Geismar, La. VAl
Wichita, Kans. 18

*Sources: Stanford Research Institute, Chemical Economics Handbook, Chemical Marketing
Reporter, ''Chemical Profiles”, telephone communications with industry personnel; corporate

reports.
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TABLE 3-38 (CONTINUED)

HIGHLY IMPACTED CAPACITY
PRODUCT FIRM PLANT (1,000 MT/vr)
Carbon tetrachloride Allied Chemical Moundsville, W.Va. 4
Dow Freeport, Tex. 61
Pittsburg, Calif. 36
Plaquemine, La. 56
DuPont Corpus Christi, Tex. 225
FMC South Charleston, W.Va. 135
Stauffer LeMoyne, Ala. 90
Louisville, Ky. 16
Niagara Falls, N.Y. 68
Vulcan Geismar, La. 41
Wichita, Kans. 27
Epichlorohydrin Dow Freeport, Tex. 113
Shell Houston, Tex, 63
Norco, La. 27
Acrylonitrile American Cyanamid Fortier, La. 109
DuPont Beaumont, Tex. 186
Memphis, Tenn. e 125
Mansanto Chocolate Bayou, Tex. 391
Texas City, Tex. 286
Vistron Lima, Ohio 182
Vinyl Chioride Allied Chemicatl Baton Rouge, La.
Borden Geismar, La.
Conoco Lake Charles, La
Dow Freeport, Tex.
Ovyster Creek, Tex.
Plaquemine, La.
Ethyl Baton Rouge, La. 136
Houston, Tex.
B.F. Goodrich Calvert City, Ky.
Monochem Geismar, La. 136
PPG Lake Charles, La. 182
Guayanilla, P.R. 227
Shell Deer Park, Tex.
Norco, La.
Stauffer Long Beach, Calif.
Furfural Quaker Qats Memphis, Tenn. na.
Belle Glade, Fla. n.a.
Cedar Rapids, lowa n.a.
Omaha, Nebr, n.a.
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3.2.4.5 Capacity Utilization

In an industry such as the organic chemicals industry,
whgre significant economies of scale exist, the ability to
malntaig equipment utilization rates is tne key to efficient
production. Capital equipment is designed for maximum
efficiency near the full utilization level with unit costs
rising dramatically when capital is under-employed. Industry
experts contacted agreed that capacity utilization rates in
the range of 80 to 90 percent of nameplate design capacity
are a reasonable goal for organic chemical producers in

general, and for the producers of highly impacted chemicals
in particular.

Data are not readily available for a calculation of
historical capacity utilization rates for highly impacted
chemicals. ©Nonetheless, some indication of the level and
variability of capacity utilization rates can be obtained by
comparing the U.S. International Trade Commission's production
figures with current capacity estimates under the assumption
that capacity has remained substantially the same over the
last 3 years. The capacity utilization rates generated in
this way are presented below in Table 3-39. Even though
these estimates may be subject to some bias (probably
downward since earlier capacity totals are likely to be
overstated), the table does show that utilization rates in
the neighborhood of 80 percent are not uncommon during
nonrecessionary times. In addition, it can be seen that
these rates can fall off sharply during times of decreased
demand, often to the neighborhood of 50 percent. Thus, unit
costs can rise during a period of declining demand due to
capital under-utilization.

3.2.4.6 Employment

Employment statistics for the organic chemicals industry
are not available because of joint production. Firms involved
in the production of organic chemicals also manufacture
other products, and the organic chemicals component of plant
employment is difficult to isolate. It is likely, however,
that industrial organic chemicals industry employment
closely parallels industry-wide chemical employment trends,
for which statistics are available.

Table 3-40 presents recent employment and earnings
statistics for the industrial chemicals industry. The
effects of the 1975 recession may be discernable in the
slight reduction of the number of production workers and
of the length of the workweek in that year, and in the
near-zero growth of total employees. However, employment
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TABLE 3-39

CAPACITY UTILIZATION RATES
(1,000 MT/yr)*

CHEMICAL

1975 UTILIZATION

1974 UTILIZATION

CAPACITY 1975 PRODUCTION 1974 PRODUCTION RATE (%!} RATE (%)

Perchloroethylene 550 309 334 56 61
Chioromethanes

Methy! Chioride 282 166 224 59 80

Methylene Chloride 341 226 227 66 81

Chloroform 196 119 137 61 70

Carbon Tetrachloride 767 412 529 53 69
Epichlorohydrin 205 n.a. na. n.a na
Acrylonitrile 1,280 552 1,542 43 50
Viny! Chioride Monomer 3,189 1,907 2,555 60 80
Furfural n.a. n.a. n.a. n.a. n.a

* Source: Chemical Marketing Reporter, Chemical Profiles, U.S. Tariff Commission.



TABLE 3-40

INDUSTRIAL CHEMICAL EMPLOYMENT AND EARNINGS*

1976 1975 1974 1973
Total employees {thousands) 336 324 322 311
Production workers (thousands) 180 171 173 169
Workweek {(hours) 421 414 426 42.7
Hourly earnings (S) 6.57 5.93 5.38 497
Weekly earnings (S) 276.60 24550 229.19 212.22

* Sources: U.S. Department of Labar, Chemical and Engineering News, June 7, 1976 and June 6,
1977.
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in the industrial chemicals industry was not as severely
reduced by the recession as it was in the synthetic fibers
industry and other chemical product areas. As 1is shown,
recovery was fairly swift for industrial chemicals (unlike
other chemical industries) and 1976 employment has more than
recouped 1975 losses. In addition, Table 3-40 illustrates
the steady growth of nominal wages which has characterized
the industrial chemicals industry labor force.

The number of employees that would be forced out of
work if a product line were closed down due to hazardous
waste regulation would depend primarily on the number of
workers at the plant level engaged in the production of
that product. However, since most plants produce several
chemicals, it is difficult to assess the number of employees
required for manufacture of any specific organic chemical.
Table 3-41 shows total employment for each of the plants
producing a highly impacted chemical. Because organic
chemical manufacture is not labor intensive, cutbacks in
production levels have little effect on employment. A
minimum number of production workers are required to run a
production process and this number is relatively insensitive
to the volume produced by a particular facility. Employment
reductions are likely to occur only if processes are shut
down entirely, but the production workers may merely be
transferred to production of a substitute for the product
shutdown. The fraction of these employees potentially
affected depends on (1) the severity of impact on the highly
impacted products and the other products produced at that
plant (see Section 3.2.4.3) and (2) the ability of firms to
substitute other products for discontinued lines.

3.2.4.7 Waste Streams Produced

Actual production processes used by manufacturers
of the six highly impacted products closely conform to
Assessment Study model processes (with the exception
of perchloroethylene production), as noted above in
Section 3.2.4.2. The Assessment Study characterizations
of process waste streams which are, therefore, likely to
be representative of the industry's wastes are displayed
in Table 3-42. In the case of perchloroethylene, it is
believed that the waste stream described in the Assessment
Study, which is based on an acetylene process, is very
similar to the waste streams generated by the more common
ethylene-based process.
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ESTIMATED EMPLOYMENT AT HIGHLY

TABLE 3-41

IMPACTED PLANTS*

FIRM LOCATION NUMBER OF EMPLOYEES
Allied Chemical Baton Rouge, La. 1,000
Moundsville, W.Va. 400 (north and south)
American Cyanamid Fortier, La. 800
Borden Geismar, La. 100
Conoco Westlake, La. 100
Lake Charles, La. n.a.
Diamond Shamrock Belle, W.Va. n.a,
Deer Park, Tex. 500
Dow Freeport, Tex. 2,600
Pittsburg, Calif. 600
Plaquemine, La. 1,200
Oyster Creek, Tex. 200
Dow-Corning Carroliton, Ky. 100
Midland, Mich. 2,000
DuPont Corpus Christi, Tex. n.4.
Niagara Falls, N.Y. n.a.
Beaumont, Tex. n.a.
Memphis, Tenn. 500
Ethyl Baton Rouge, La. 1.000
Houston, Tex. n.a.
FMC South Charleston, W.Va. 200
General Electric Waterford, N.Y. n.a.
8.F. Goodrich Calvert City, Ky. 600
Hooker Taft, La. 300
Monochem Geismar, La. 100
Monsanto Alvin, Tex. 2 500
Texas City, Tex.} ’
PPG f.ake Charles, La. 1,200
Guayanitla, P.R. n.a.
Quaker Qats Beile Glade, Fla. n.a.
Cedar Rapids, lowa n.a.
Memphis, Tenn. 200
Omaha, Nebr. 100
Sheli Houston, Tex. 3,000
Deer Park, Tex. na.
Norco, La. 300
Stauffer LeMoyne, Ala. 100
Louisville, Ky. 100
Niagara Falls, N.Y. n.a.
Long Beach, Calif. n.a.
Union Carbide Institute, W.Va. 1.800
Vistron Lima, Ohio 300
Vulcan Geismar, La. 100
Wichita, Kans. 400

* Source: Marketing Economics instituts, Inc., Marketing Economics Key Plants,
1975-76 Guide to Industrial Purchasing Powaer, 4,000 Plants with 100 Employees or Mors.
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TABLE 3-42
WASTE STREAM CHARACTERIZATION FOR ASSESSMENT STUDY PROCESSES "

CHEMICAL PROCESS BASE WASTE STREAM CHARACTERIZATION

Perchloraethylene Acetylene Based A two-phase sludge from the purification
columns, containing hexachlorobutadiene
(77%), chlorobenzenes (7%), chioro-
athanes (3%), chlorobutadiene (3%), tars
{7%), and 3% miscelianeous,

Chioromethanes Methanol Based Solid tails (bottom) from the distillation
column yielding carbon tetrachloride,
composed of haxachlorobenzena (45%),
hexachlorobutadiene (45%), and tars,
etc. (10%)

Epichlorohydrin Allyl Chloride Heavy ends from the fractionator, com-
posed of epichlorohydrin (2%), dichloro-
hydrin {(11%), chloroethers (14%), tri-
chloropropane (70%), tars, resins and
others (3%).

Acrylonitrile Propylene (Sohio) Impurities from the product purification
step, consisting of complax nitrile
compounds, polymers and tars.

Vinyl Chloride EDC The heavy ends fram the ethylene
dichloride recovery still, composed of 1,2
dichloroethana (23%), 1,1,2 trichloro-
athane (38%), 1,1,1,2 tetrachloroethane
(38%), tars (1%).

Furfural Digestor/Distillation Still bottoms from the stripping column,
Dehydration composed of polymers and tars (89%),
and sulfuric acid (11%), and filter solids
from the dehydrating column bottom
stream, which is composed of fines and
particulates and contains furfural.

® Source: TRW, Inc., Assessnent of Industrial Hazardous Waste Practices: Organic Chemicals, Pesticidss
and Explosives Industries, prepared for U.S..Environmental Protection Agency, 1976.
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3.2.5 Manufacturing Firms - Financial Data

3.2.5.1 Economics of Abatement

As discussed above in Section 2.1.3, a firm's decision
to continue or discontinue impacted operations will be
made on a process by process basis and will be based on
the profitability of manufacture under regulation. This
determination of profitability will take into account
marginal unit cost increases due to pollution control
as well as the ability to finance the capital investment
to comply with hazardous waste regulations. Unfortunately,
financial data at the process level necessary to
characterize the decision process of firms are not readily
available. 1In most cases, the best financial information
available is aggregated to the firm level. The purpose
of this section is to examine firm level data on the
profitability of operations and on the availability
of capital. Section 3.2.5.4 then presents model plant
financial data as estimates of the actual process economics
that the impacted firms will face. These model plant
estimates will be used in the economic impact analysis.

It is assumed that the profitability of firms that
are major participants in the organic chemicals industry
gives some indication of the general profitability of
manufacturing processes. While this approach does not
distinguish relative profitabilities of various product
lines, it is believed that it can suggest whether organic
chemical manufacture is move or less profitable than other
manufacturing activities. 1If organic chemicals manufacture
is relatively protitable, it is less likely that operations
will be discontinued under regulation.

The capital position of the industry will be examined
from the perspective of identifying unusual investment
strengths or weaknesses of firms, rather than through a
detailed firm by firm financial analysis. The interactions
of a firm's major financial variables are explained. The
capital flows are then surveyed in an attempt to derive
industry level conclusions and to highlight unique
situations of particular firms.

3.2.5.2 Profitability

Several market characteristics and pricing policies
that are common in the organic chemical markets, as well as
in chemical markets in general, suggest that these firms
will be more profitable than most manufacturing firms. As
discussed above 1in Section 3.2.2.1, most chemical markets,
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including the organic chemical markets, are characterized
by an oligopolistic structure. In addition to the
"nonpredatory”" pricing policies common among these firms
that recognize their interdependence, this oligopolistic
structure implies some ability to price products so as to
obtain relatively high rates of return.

Table 3-43 illustrates that greater-than-normal
profitability is precisely what is observed for the 10-firm
organic chemicals industry sample. The table presents
l10-year comparisons of two basic measures of corporate
profitability: the ratio of income to sales and the ratio
of income to stockholders equity (ne: worth) for both the
organic chemical manufacturers sample and for all domestic
manufacturers. As can be seen in the table, the difference
between income as a percent of sales for organic chemical
producers and all domestic manufacturing firms averages
approximately 2.5 percentage points and is never less than
2.0 percentage points. The return on equity for the organic
chemicals industry firms, as measured by the income/equity
ratio, is greater than the manufacturing return in every
year except two, and the differential appears to be widening
over time.

The current profitability situation of the 22
manufacturers of at least one of the six chemical groups is
described in Table 3-44 by four measures of profitability.

The table shows that there is significant variation in
profitability among firms, ranging from the poor showing of
the rubber companies to the high profitability of Dow and
Dow-Corning. However, the table does not allow the inference
that any of the producers of highly impacted organic chemicals
are in a difficult financial position.

3.2.5.3 1Investment Constraints

Capital Flows Within a Firm. In order to appreciate
the capital structure and investment position of a firm or
industry through an examination of its basic financial
statistics, it is necessary to understand basic capital
flows within the corporate structure. Figure 3-11 illustrates
these simplified flows. As is shown, there are two basic
sources of capital: funds generated through the operation
of the firm and funds raised from outside sources. Operations
sources include income from the sale of the firm's products,
the sale of its property, or an increase in the value of
its investments as well as factors that diminish the amount
that the firms must pay out such as deferred taxes and
depreciation.l4 Nonoperations sources include new funds
raised through the capital markets.
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TABLE 3-43

COMPARATIVE PROFITABILITY OF CHEMICAL INDUSTRY SAMPLE

WITH ALL MANUFACTURERS*

PROFITABILITY
MEASURE 1978

1975 1974 * 1973 1972 1971 1970 1969 1968 1967
Income/ Sales,
All Manufacturing (%) 5.3%1 4.6 55 4.7 43 4.1 4.0 4.8 5.1 5.0
Income/Sales,
Industry Sample (%) 7.3 7.2 8.3 8.1 7.0 6.3 6.2 7.3 7.3 7.3
Incoma/Equity,
All Manufacturing (%) 13.7t 116 14.9 i2.8 10.6 8.7 9.3 11.5 121 11.7
Income/Equity,
tndustry Sample (%) 15.5 15.0 18.1 15.3 11.8 10.1 10.0 11.9 120 11.3t

*Sources: Economic Report of the President 1977, p. 283; Quarterly Finaricial Report for Manufac-

turing, Mining, and Trade Corporations, Federal Trade Commission.

" *Federal Trade Commission data underwent significant procedural changes, making comparisons with

earlier years difficult.

t Data for 3rd Quarter 1976 annualized.
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TABLE 3-44

PROFITABILITY MEASURES, 1976*

OPERATING NET INCOME
PROFIT GROSS EARNINGS EARNINGS
MARGIN REVENUES SHARE EQUITY

COMPANY {%} {%) (%) {%)
Allied Chemical 8.8 44 452 10.5
American Cyanamid 9.7 6.5 2.73 12.2
Borden 6.5 3.3 3.64 12.0
Conoco 134 5.8 4.38 17.5
Diamond Shamrock 18.8 10.3 3.90 20.8
Dow 19.2 10.8 3.30 214
Dow-Corning 231" 12.1 17.10 21.7
DuPont 11.0 5.5 9.30 114
Ethyl 12.7 6.0 7.18 145
FMC 9.4 35 343 9.2
G.E. 8.8 5.9 4.12 17.7
B.F.Goodrich 4.8 08 0.95 2.1
Monsanto 15.6 8.6 10.05 16.3
QOccidental 13.6 3.3 2.76 i4.1
PPG 13.1 6.7 485 14.8
Quaker Oats 10.4 3.6 231 12.3
Shell 16.1 7.6 5.06 15.4
Sohio 8.1 47 3.55 8.8
Stauffer 17.0 10.3 5.20 18.9
Union Carbide 128 7.0 7.15 14.4
Uniroyal 35 0.9 0.57 3.2
Vulcan 119 9.1 3.19 18.5

* Sources: Fortune Magazire, 1976-77; and Moody s Handbook of Common Stocks, Summer 1977
Edition.

* Energy Resources Company estimate.
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SOURCES OF CAPITAL USES OF CAPITAL

OPERATIONS!
—
NET INCOME ACQUISITION OF PROPERTY, PLANT AND EQUIPMENT
INCREASES IN DEFERRED TAXES INVESTMENT IN OTHER COMPANIES

SALE OF PROPERTY, PLANT AND EQUIPMENT  |———2m=- REDUCTION IN DEBT

EQUITY IN EARNINGS OF OTHER FIRMS REPURCHASE OF OUTSTANDING SECURITIES
FOR TREASURY
DEPRECIATION/AMORTIZATION

- DIVIDENDS FOR SHARE HOLDERS

NONOPERATIONS:

INCREASES IN DEBT
DIVIDENDS FROM OTHER FIRMS

‘ NET ADDITIONS TO WORKING CAPITAL
NEW EQINTY 1SSUES

COLLECTION OF LONG TERM RECEIVABLES

Figure 3—11. Capital flows within a firm.



wOrking capital can be thought of as a measure of the
company's capital needs for running its business.l® The
figure illustrates that in addition to fundlng changes in
this amount, capital can be used for expansion, outside
investment, alterations in capital structure, and dividends
for corporate shareholders.

Any investment that hazardous waste regulations might
require would be included in the category "acquisition of
property, plant, and equipment.” A firm's ability to
generate sufficient capital for such an investment is thus
influenced by its ability to raise capital from outside
sources at reasonable prices, its ability to maintain
satisfactory operating incomes.and its ability to divert
existing capital funds from other potential uses, as well as
by the size of required incremental investment relative to
the capital budget.

Operations Profile. As mentioned previously, identifying
the firms included in the organic chemicals industry is not a
straightforward task as most organic chemical producers
are large firms engaged in diverse chemical and nonchemical
activities. Similarly, aggregate operations statistics for
the 22 firms identified as producers of at least one of the
six highly impacted product lines contain much information
unrelated to the chemical industry. Since most companies do
not disclose data by product line, it is impossible to
eliminate unrelated activities.

In order to control this problem as much as possible,
financial statistics were calculated based on the 10 largest
impacted firms that are recognized as being primarily in the
chemical business. While this does not solve the problem,
it reduces the amount of nonchemical "noise" in the
statistics. The 10 firms selected are the following:

1. Allied Chemical
2. American Cyanamid
3. Diamond Shamrock
4, Dow Chemical

5. DuPont

6. Ethyl

7. Monsanto

8. Stauffer
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9. Union Carbide
10. FMC Corp.

Table 5-45 presents operating statistics for this group
over the last 10 years. The statistics in Table 3-45 suggest
several conclusions. First, the industry is fundamentally
cyclical in nature. Profitability, as measured by the
ratios of income to {1} sales, (2) assets, and (3) net
worth, fell off markedly in response to the recessions
of 1970 and 1875, and recovered only slowly in the following
year. Similarly, the growth pattern of net income is
interrupted in these recession vears. Second, the industry
has been expanding. Nominal net sales have grown over the
period at a rate greater than 15 percent annually. WNet
income has also more than dounled. Third, the industry
is highly capital intensive and this trend is increasing.
The entire chemical industry in 1976 accounted for nearly
13 percent of the capital spending of all domestic
manufacturers while the industry acccunted for only
8.6 percent of manufacturers shipments. Working capital
requirements and capital expenditure ratios have
significantly exceeded manufacturing averages over the
10-year period.

The organic chemicals segment of the chemical industry is
also significantly more capital intensive than manufacturing
in general. Capital expenditures as a percentage of assets
have averaged 11.5 over the 1l0-~year period, compared with a
figure of 4.2 for all manufacturing. 6 The recent trends
of the ratios of capital expenditures to {l) assets and
(2) sales, as shown in the table, avre strongly upward.

Capital expenditures have averaged more than l.& times
greater than net income, suggesting the industry's dependence
on nonincome sources of funds.

The cash flow estimates for the 10 firm sample, shown
in Table 3-46, are consistent with what would be expected of
a rapidly growing capital-intensive industry. The large
capital needs of firms have led to a negative net cash flow
over the last 10 years, requiring firms to raise capital
from outside sources. While the calculations in Table 3-46
are only an approximation to strictly defined cash flows,
they do show clearly that funds generated within the industry
have been insufficient to fund expenditures, and, thus, the
dependence on debt and equity financing is significant.

Capital Structure. The ability of a firm to raise
capital and the cost of that capital depend on the existing
capltal structure of the firm. Two features of that structure
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TABLE 3-4b

10-YEAR INDUSTRY FINANCIAL STATISTICS*

1976 1975 1974 1973 1972 1971 1970 1969 1968 1967

Net Sales 35,107,765 31,061,205 29,580,373 2244587 18,405,367 16,631,426 15,860,114 15,683,170 14,765,618 13,910,500
Net Income 2,678,271 2,238,197 2,456,764 1,823,926 1,283,616 1,040,652 978,853 1,113,649 1,078,304 1,021,900
Tota!l Assets 34,047,193 79,829,787 26,270,907 21878177 19,427,172 18,304,704 17,346,195 16,418,392 156,546,023 16,428,383
Net Warth 16,606,025 14,945,216 13,548,689 11,919,645 10,869,471 10,263,818 9,821,462 9,382,370 8,986,336 8,955,072
Capitat Expenditures 4,941,235 4,476,911 3,713,742 2,237,765 1,737,633 1,824,200 1,658 409 1,742,881 1,451,842 1,586,651
Incorme/Sales (%) 7.3 7.2 8.3 8.1 7.0 6.3 6.2 7.1 7.3 73
Income/Asseis (%) 78 7.5 9.4 . 83 6.6 5.7 5.6 6.8 6.9 €.6
Income/Net Worth (%) 165 15.0 18.1 153 11.8 10.1 10.0 119 12.0 11.4
Capitsl Expenditures/ 14.9 15.0 14.1 16.1 89 10.0 11.3 106 ] 103
Total Assets (%)

Capital Expenditures/ 1.9 20 1.8 1.2 1.4 1.8 2.0 1.6 1.3 1.6
Net Income

Capital Expenditures/ 14,1 14.4 126 10.0 9.4 11.0 12.3 1 9.8 11.4

Net Sales {5}

* Based on the 10 targest impacted chemical companies. Sources: Moody’s Handbook of Common Stocks, Summer 1977 Edition; Chemical and
Engineering News, 'Facts and Figures for the Chemical industry,” June 7, 1976, June 5, 1972, Junz 6, 1977, Investment Survey, and Corporation Reports,
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TABLE 3—46

INDUSTRY CASH FLOW APPROXIMATIONS*

($( $1,000)d)

CASH FLOW

COMPONENT 1976 1975 1974 1973 1972 1971 1870 1963 1968 1967
Net income atter taxes 2,578,271 2,238,197 2,455,764 18238726 1,283,616 1,040,552 978,853 1,112,640 1,078,304 1,021,500
Depreciation 2,024,600 1,781,300 1,627,300 1,444 300 1,398,900 1,332,000 1,284,600 1,231,300 1,181,500 1,146,590
Cash inflowr 4,602,871 4,025,497 4,084,064 3,268,726 2,682,515 2,372,652 2,273,453 2,346,849 2,259,804 2,168,490
Dividends®* 909,466 791,018 765,022 724 494 685,333 658,879 652,861 662,177 670,785 687,865
Capitat expenditures 4,941,238 4,476,911 3,713,742 2,237,765 1,737,533 1,824,200 1,958,463 1,742,833 1,451,842 1,586,753
Cash cutflow 5,850,701 5,267,929 4,478,764 2,962,255 2,422 846 2,482,179 2,614,270 2,405,068 2,122,627 2,274,616
Net cash flow (1,247,820  {1,242,432) (324,700) 305567 254 650 {110,627) {337.817) {58,119} 137,177 (106,126}

¥ Based on 10-firm sample. Sources: Chemical and Engineering News, “Facis and Figures for the Chemica! industry.” June 6, 1672, June 7, 1876,
June 8, 1977, Value Line Investment Survey, Moody's Handbook of Comman Stocks, Surmmer 1977 Edition, Cerporation Reports.

** Mumber of shares x dividends/share.



are examined below, one dealing with capital from ?nside
sources and one dealing with sources outside the firm,

The structural statistic most widely analyzed is some
form of a debt/equity ratio. It is generally true that debt
financing is less expensive than new equity issues when the
amount of debt is moderate. However, as the amount of debt
rises, the interest obligations of the firm also rise.
Unlike dividends, these interest payments are a contractual
obligation that must be met during bad times as well as
good times under pains of bankruptcy and default. Hence,
as the interest obligation rises, the risk of bankruptcy
or default during income downturns increases. This is
particularly important in a cyclical industry such as
organic chemicals. Therefore, a firm desires some debt
financing to exploit lower capital costs, but not so much
as to raise its bankruptcy risk excessively and increase
the risk borne by lenders to the firm (a risk ultimately
expressed in demands by lenders of a higher interest rate).

Table 3-47 presents a profile of the debt structure of
industry firms over the previous 10-year period. The
percentages displayed represent the amount of total invested
capital accounted for by long-term debt issues. While there
is some variance between selected firms, with Dow Chemical
relying more heavily and Dupont relying less heavily on debt
financing than average, all firms are within a rough
rule-of-thumb acceptable range; this is to say, no obvious
financial dangers are apparent. It is interesting to note
that Dow and Dupont have been approaching the mean levels
over the last several years.

Over the l0-year period, no other obvious trend among
these firms toward or away from debt financing is apparent.
As would be expected, debt financing, which is a substitute
for operating income as a source of funds, becomes more
important during times of declines in operating income.
This is observed in 1975. However, it is not clear that
this represents a trend. It is true, however, that debt
financing became relatively more important for the chemical
industry as a whole during this period. This possible
discrepancy between the chemical industry and the organic
chemicals scgment might be explained by the relatively high
profits often returned by organic chemical product lines.

Another statistic which describes part of the capital
formulation process is the dividend payout ratio (the
percent of earnings paid out to shareholders in the form of
dividends). By reducing dividends, a firm can increase the
amount of retained earnings available for use in the capital
budget. Management, on the other hand, also wishes to
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FINANCIAL LEVERAGE (%) OF SELECTED INDUSTRY FIRMS*

TABLE 3-47

FIRM 1976 1975 1974 1973 1972 1971 1970 1969 1968 1967
Alliedd Chemical 32 34 28 30 33 32 32 36 35 36
American Cyanamid 27 21 19 20 20 19 13 14 13 14
Diamond Shamrock 40 36 33 29 30 32 26 28 27 33
Dow Chemical 36 36 37 43 44 45 46 42 39 37
DuPont 23 17 16 6 7 7 5 5 4 4
Monsanto 29 29 25 28 30 31 32 27 27 28
PPG 29 32 28 25 27 28 27 i8 19 20
Stauffer 40 31 27 31 31 29 27 24 25 27
Union Carbide 32 30 24 28 29 31 32 33 33 34
Vulcan®*® 29 29 20 20 20 22 19 19 18 17
Average 288 295 257 26.0 27.1 276 258 246 24.0 25.0

Ll

1872, June 7, 1976, June 6, 1977, Corporation Reports.

** Vulcan is used here in place of FMC because of lack of data for FMC.

Long-term debt/total invested capital. Sources: Chemical and Engl:neeri‘ng News, ""Facts and Figures for the éhemicat Industry,” June 5,



maintain dividends at a high, steady level to maximize

the price of its outstanding equity. Table 3-48 shows the
10-year dividend payout ratio for 10 industry firms. It is
readily apparent that the high payout rates of the 1960's
and the early 1970's have been drastically reduced, even

in times of earnings growth. This represents an attempt on
the part of the industry to raise additional funds from
within the firm,

The current structural position of all 22 manufacturers
of at least one selected highly impacted chemical is
summarized in Table 3-49. Included in this chart is the
current ratio, the ratio of current assets to current
liabilities. This statistic is a measure of the short-run
liquidity position of the firm. An unusually low current
ratio would suggest a large amount of cash outflow in the
near future relative to short-run ability to pay. Generally
a current ratio in the neighborhood of 2 to 1 is regarded as
satisfactory. However, it must be emphasized that the
proper level of the ratio varies significantly between firms
and industries and should be regarded only as the first step
in a detailed financial analysis. Table 3-49 illustrates
that several firms, particularly Dow Chemical and General
Electric, have relatively low current ratios, while the
majority are well within the standard range.

3.2.5.4 Model Plants

Because data were unavailable on the production costs,
profitability and cash flows of the six hiqghly impacted
product lines, costs for a model plant were estimated.

These model production data will serve to characterize the
present condition of the hypothetical typical plant for each
product line.

The sizing of the model plants is discussed in
Section 2.1.1.5 and the size selected for each model is
displayed in Table 2-5. The actual production processes
for which costs have been developed are considered the most
common processes used in the production of each chemical by
the Assessment Study. In the case of perchloroethylene,
however, recent shifts in production techniques have caused
a change to a process using ethylene instead of the acetylene
identified in the Assessment Study.

It should be noted that the production costs for the
model plants for each of the six highly impacted product lines
are displayed in Tables 3-50 through 3-55. It should also
be noted that the cost data presented are for representative
plants. Plant size, process used, and the various estimated
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TABLE 3-48

DIVIDEND PAYQUT RATIOS (%) OF SELECTED INDUSTRY FIRMS’

FIRM 1976 1975 1974 1973 1972 1971 1970 1969 1968 1867
Allied Chemical 40 43 28 37 50 64 77 49 - 76
American Cyanamid 55 49 45 56 58 63 65 62 65 73
Diamond Shamrock 24 23 21 36 59 88 74 92 77 54
Dow Chemical 27 21 16 32 43 52 59 52 52 49
BuPont 56 78 67 48 64 68 73 69 69 74
FMmC 29 29 38 37 4z 59 43 42 40
Monsanto 27 30 25 28 52 68 83 85 50 53
PPG 28 40 38 36 .37 46 a3 53 57 G1
Stauffer 26 24 27 41 54 73 69 57 58 57
Union Carbide 35 38 25 44 58 79 75 67 77 71
Average 34.7 37.6 330 Kt 51.7 66.06 71.6 16.1 60.1 61.4

* Source: Moody’s Handbook of Common Stocks, Summer 1877 Edition. Dividend payout ratio: dividends paiu‘/nét earnings.



CAPITAL STRUCTURE FINANCIAL RATIOS, 1976*

TABLE 3-49

DIVIDEND
DEBT/ DEBT/ CURRENT PAYOUT
FIRM CAPITALIZATION®" EQUITYt RATIOtt RATIOi

Allied Chemical 0.29 047 20 0.40
American Cyanamid 0.27 0.38 23 0.55
Borden 0.26 0.37 2.2 0.37
Continental Oil Company 0.25 0.40 1.6 0.26
Dow Chemical 0.37 0.66 1.4 0.27
Dow-Corning 0.34 0.55 2.9

Diamond Shamrock 0.36 0.66 1.9 0.24
E.l. DuPont de Nemours 0.22 0.32 24 0.56
Ethy! 0.33 0.55 34 0.20
FMC 0.33 0.53 1.8 0.29
General Electric 0.21 0.25 1.40 0.40
B.F. Goodrich 0.33 0.54 240 0.85
Occidental (Hooker) 0.39 0.7 1.5 0.36
Monsanto 0.27 0.41 29 0.27
PPG 0.29 0.46 2.7 0.28
Quaker Oats 0.24 0.34 20 0.37
Shell 0.19 0.26 1.5 0.28
Stauffer 0.37 0.68 3.1 0.26
Union Carbide 0.29 0.52 23 0.35
Uniroyal (Monochem) 0.40 0.74 23 0.88
Sohio (Vistron) 0.68 2.3 1.6 0.38
Vulcan 0.28 0.46 2.8 0.31

* Sources: Moody’s Handbook of Comman Stocks, Summer 1977 Edition, Value Line Investment
Survey, Chemical and Engineering News, 'Facts and Figures on the Chemical Industry,” June 5, 1972,

June 7, 1976, June 6, 1977.
Long term debt/long term debt + preferred stock + deferred taxes + common equity + surplus.
t Long term debt/equity.

» "

11 Current assets/current liabilities.
I Dividends paid/net earnings.
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TABLE 3-50
MODEL PLANT FOR PRODUCTION OF PERCHLOROETHYLENE”

CAPITAL COST™*

Plant $10,800,000

OPERATING COSTS* "

ITEM BASIS (per ib of product) $1.,000/YR $/LB

Ethyiene 0.17€ 1b @ $0.0012/1b 1,610 0.0214
Chiorine 1.77 ib @ 30.0875/ib 8,683 0.1154
"Stabilizer’’ { b @ $0.0003/1b 23 0.0003
Steam 4.5 1b @ 80.002/1b 677 0.00s0
Cooling Water 36 gal @ $0.05/1,000 gai 135 0.0018
Process Water 3 gal @ $0.30/1,000 gal 68 0.0009
Electricity 0.091 kWh @ £0.02/kWh 135 0.0018
Fuel 572 Btu @ $2.00/1068tu 83 0.0011
Refrigeration 171 8tu @ $12.50/1068ty 158 0.0021
Labor and Overhead 8/shift @ 325,000 man yf. . 450 0.0060
Maintenance 6% of capital 648 0.0086
Depreciation 9% of capital 972 0.0129
Gross Return 25% of capital 2,700 0.0359
Total 16,342 0.2172

PRESENT MERCHANT MARKET VALUETYT

Perchloroethylene 0.80/i1b @ $0.1625/1b 8,783 0.1300
Trichloroethyiene G.20/1o @ $0.2075/1b 3,123 0.0415
HC! 0.85/1b @ $0.054/1b 3,454 0.0459
Total 16,360 0.2174

" Based on the following assumptions:
Mode! plant capacity: 86 million/yr (39,000 MT/yr)
Process: Toagiosei Chemical Company process from ethylene
Capacity utilization factor: 70%

Total annual productton: 107.5 million/lb perchiorcethylene and trichioroethylene
** Source: Energy Resources Company estimates.

t Source: Chemical Markating Reporter, August 15, 1977,
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TABLE 3-51
MODEL PLANT FOR PRODUCTION OF CHLOROMETHANES*

CAPITAL COST **

Plant $9,800,000

OPERATING COSTS **

ITEM BASIS (per |b of product) $1,000/YR $/LB

Steamn 3.6 1b/lb @ $0.002/1b 554 0.0072
Cooling water 36 gal/tb @ $0.05/1,000 gal 139 0.0018
Power 0.16 kWh @ $0.02/kWh 246 0.0032
Chemicals and Supplies $0.12/1b 92 0.0012
Methanol 0.37 Ib @ $0.0637/1b 1,815 0.0236
HC! 0.80 Ib @ $0.0775/1b 4,774 0.0620
Oper. Labor & Overhead $100,000/shift x 3 300 0.0039
Maintenance 6% of capital 588 0.0076
Depreciation 9% of capital 882 0.0114
Gross Return 34% of capital 3,332 0.0433
Total 12,722 0.1652

PRESENT MERCHANT MARKET VALUETt

CH5Cl 0.70 Ib @ $0.15/Ib 8,085 0.1050
CH2 Cl3 0.15 b @ $0.21/Ib 2,425 0.0315
CHCI3 0.10 Ib @ $0.21/1b 1,617 0.0210
CClg 0.05 Ib @ $0.15/Ib 577 0.0075
Total 12,704 0.1650

* Basad on following assumptions:
Model plant capacity: 400 million lb/yr (181,000 MT/yr}
Process: Chiorination of mathane
Capacity utilization factor: 70%
** Source: Energy Resources Company estimates.
t Source: Chemical Marketing Reporter, August 15, 1977
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TABLE 3-52

MODEL PLANT FOR PRODUCTION OF EPICHLOROHYDRIN®*

CAPITAL COST™*

Plant $7,900,000

OPERATING COSTS**

ITEM BASIS (per Ib of p1yduct} $1,000/¥YR $/1.B
Utilities $0.024/1b 3,960 0.0240
Lime 1.6 ib/ib @ S0.015/1b 2,475 0.0150
Allyl chloride 1.04 ib/ib @ $0.28/1b 43,048 0.2912
Chiorine (.90 Ib/ib @ $0.0675/lb 10,032 0.0608
Labor and overhead $0.01/lb 1,650 0.0100
Muintenance 6% of capital 474 0.0032
Depreciation 9% of capital 711 0.0048
Gross return 28% of capital 2,212 0.0134
Total 69,562 0.4224

PRESENT MERCHANT MARKET VALUET

Epichlorohydrin $0.44/1b 72,600 0.4400

»

Based on following assumotions:

Modei plant capacity: 165 million ib/yr (75,000 MT/yr)

Process: From allyi chloride

Capacity utilization factor: 90%
Note that ~89% of cost 15 due to allyl chloride which is usually made upstream by the same manufac-
furer.

® Source: Energy Resources Company estimatas.

T Source: Chemical Marketing Reporter, August 15, 1877,
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TABLE 3-563

MODEL PLANT FOR PRODUCTION OF VINYL CHLORIDE*

CAPITAL COST""

Plant

OPERATING COSTS" "

$22,000,000

ITEM BASIS (per Ib of product) $1,000/YR
Chiorine 0.63 tb/Ib VCM @ $0.1675/Ib 11,475
Ethylene 0.47 b/lb VCM @ $0.125/1b 15,876
Catalyst $0.15/Ib 405
Net steam and fuel 0.0033 MM Btu/Ib @ $2.00/MM Btu 1,782
Cooling water 31 gal/lb @ $0.05/1,000 gal 432
Electricity 0.1 kWh/Ib @ $0.02/kWh 540
Royalty 2% of capital 440
Local taxes, insurance 1.5% of capital 333
Oper. labor, supervision 7/shift @ $25,000/yr 525
Overhead and admin. 50% of labor and maintenance 922
Maintenance 6% of capital 1,320
Depreciation 9% of capital 1,980
Gross return 20% of capital 4,400
Total 44,800

PRESENT MERCHANT MARKET VALUEt

Vinyl chloride 1.0 1b @ $0.145 — $0.150/Ib

43,500-45,000

$/LB

0.0425
0.0588
0.0015
0.0066
0.0016
0.0020
0.0016
0.0012
0.0019
0.0034
0.0049
0.0073
0.0163

0.1496

0.1450-0.1500

* Based on the fallowing assumptions:
Model plant capacity: 40 miltion Ib/yr (18,000 MT/yr)
Process: B.F. Goodrich oxychlorination { Badger process) from ethylene and chlorine
(includes EDC step)
Capacity utilization factor: 90%
** Source: Ensergy Resources Company sstimates.
t Source: Chemical Marketing Reporter, August 15, 1977.
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TASLE 3-54

MODEL PLANT FOR PRODUCTION OF ACRYLONITRILE*

CAPITAL COST*"

Plant $53,000,000

QPERATING COSTS "

ITEM BASIS (per b of product) 51,000/ R
Propylene 1.18 ib/lb @ 80.1 J/ib 42 480
Ammonia 0.4 ib/ib @ SC.06/ib 8,640
Catalyst $0.0059/1b 3,564
Utilities 80.0264/ib 9,504
Labor and overhead S0.0089/ib 3,564
Maintenance 5% of capital 2,650
Depreciation 10% of capital £,300
Sales, R&D, admin. 50.0G%4/b 3,384
Gross profitt 40% of capital 21,200
Subtotal 10G,286
Acetonitrile credit 0.11b ® $0.24/ib (8,640)
Total 91,646

PRESENT MERCHANT MARKET VALUETT

Acrylonitrile 1.0ib @ 30.27/b 108,000

$/LB

0.1180
0.0240
0.6099
0.0264
0.0099
0.0074
0.0147
0.0094

0.0589

0.2786

{0.0240)

0.2546

0.2700

»

Based on the foliowing assumptions:
Model plant capacity: 400 million Ib/yr {181,000 MT/yr)
Process: Sohio process
Capacity utilization factor: 90%
** Source: Energy Resources Company estimates.
T 50% tax rate.
tt Source: Chemical Marketing Reporter, August 15, 1977.
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TABLE 3-55
MODEL PLANT FOR PRODUCTION OF FURFURAL™*

CAPITAL COST ™"

Plant $14,000,000

OPERATING COSTS™**

ITEM BASIS {per Ib of product) $1,000/YR $/L8
Sulphuric acid 1.0 Ib/Ib @ $0.024/1b 864 0.024
Steam 16 Ib/lb @ $0.0020/Ib 1,152 0.032
Electricity 2.0 kWh/lb @ $0.02/kWh 1,440 0.040
Raw materials $§75/ton, 20% yield 6,750 0.188
Waste disposal 4 1b/ib @ $0.005/b 720 0.020
Creditst $0.045/1b (1,620) {0.045)
Operating labor 7/shift @ $24,000 man yr 504 0.014
Maintenance 4% of capital 560 0.016
Depreciation 9% of capital 1,260 0.035
Gross return 35% of capital 4,900 0.136
Total 16,530 0.460

PRESENT MERCHANT MARKET VALUEtt

Furfural 1.0 1b/lb @ $0.47/1b 18,800 0.470

* Based on the following assumptions:
Model plant capacity: 40 million Ib/yr (18,000 MT/yr)
Process: Hydrolysis of pentosans
Capacity utilization factor: 90%
** Source: Energy Resources Company estimates.
t From methanol and firing some of the waste under boilers.
tt Source: Chemical Markstirg Reporter, August 16, 1977,
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cost components wil: vary from piant to piant. However,
assuming that all producers remain competitive, the model
plants presenced are Lelieved to represent a reasonable basis
for the development of process economics cost data to be

used 1in the economic impact analysis.
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NOTES TO CHAPTER THREL

1. Statistical Abstract of the U.S. 1976, Table 640,
National Income without capital consumption adjustments
by industrial origin 1950-1975.

2. Moody's Industrial Manual, 1976.

3. Personal communication, Regis Schultis, Smith,
Barney and Co., to John Eyraud, ERCO, September 1977.

4, Personal telephone communication, Tom Holcomb,
Vulcan Materials, to Jeffery Stollman, ERCO, September 12,
1977.

5. ABS resins are manufactured from acrylonitrile, and
currently represent only a small portion of the acrylonitrile
end-use market. Within the limits provided by current
capacities, a large increase in ABS resin production would
require some decrease in the other uses of acrylonitrile.

6. Personal communication, Merlin Kennigy, Ethyl
Corporation, to John Eyraud, ERCO, August 1977.

7. Chemical Marketing Reporter, September 19, 1977.

8. Chemical Marketing Reporter, September 19, 1977.

9. Personal communication, Diane Hamburger, Quaker
Oats Company, to John Eyraud, ERCO, August 1977.

10. Furfural market charted. Chemical Marketing
Reporter, July 21, 1975.

11. TRW, Inc., Assessment of industrial hazardous
waste practices of the organic chemicals, pesticides and
explosives industries, prepared for the U.S. Environmental
Protection Agency, 1976.

12. TRW, Inc., Assessment study, 1976, p. 5-3.

. 13. Mr. Jim French, American Cyanamid; Mr. Jack Devoe,
Allied Chemical; Mr. Web Fox, Diamond Shamrock; Mr. Rich
Moeller, General Electric; Mr. Stan Paist, ERCO consultant.

14, Depreciation is subtracted from income before

tax liability is calculated but it involves no cash outflow.
Hence, it provides capital by reducing tax liability.
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15. The technical definition of working capital @S. .
the difference between current assets and current liabilities.

16. U.S. Bureau of Census, Annual survey of.
manufacturers, 1968~77. Note that capital expendlture‘
data were not available yet for 1975 and 1976. Accordingly,

the average for all manufacturing contains data only for the
8-year period 1967-74.
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15. The technical definition of working capital %S_ '
the difference between current assets and current liabilities.

l6. U.S. Bureau of Census, Annual survey of.
manufacturers, 1968-77. Note that capital expenditure
data were not available yet for 1975 and 1976. Accordingly,

the average for all manufacturing contains data only for the
8-year period 1967-74.
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CHaPTER rOUR

THE COSTS OF COMPLIANCE

Tnis chapter deals with the developmenc of estimates
for the coscs to be incurred by producers of nighly impacted
chemicals 1n comelying with expected nazardous waste
regulaticns. The chapter consists of four sectiocons.

Section 4.1 presents the estimates that will be used
in the economic impact analyvsis presented in Chapter Five.
Two sets of estimates were developed, a best estimate and a
worst-casc estimate., The best estimate of cost was derived
for treating the waste streams of each product according to
the use of proven current technology. In addition, a
worst—-case estimate of cost was aiso developed to account
for unusual c:ircumstances that could result in higher than
average costs.

Section 4.2 presents the vesults of the technology
assessments of potential hazardous waste treatment processes
provided in the previocus studies performed for EPA., A
discussion 1is included of the comparability of these studies
and of the choice of treatment to be used in the economic
impact analysis. The cost estimates from these studies of
implementing the hazardous waste treatment technclogies are
presented and analyzed in Section 4.3. 1In addition, the
sensitivity of these estimates to the assumptions is reviewed,
and the methodology used to generate the estimates of
Section 4.1 is discussed. This chapter concludes with a
short discussion in Section 4.4 of costs for hazardous waste
treatment to be incurred by very small plants not included
in available data sources.

4.1 Cost Estimates

In 1ts evaluation of hazardous waste oractices, the
Assessment Study,l discussed in detail in Section 4.2,
identified the following three levels of treatment and
disposal technology:

Level I: Current average practice in the industry.

Level II: Best technology in commercial use at one
or more plants.
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Level III: Technology necessary to provide adequate
environmental protection.

In certain cases, the technologies for two or all qf these
levels may be identical. 1In performing the economic .
analysis, Level III was assumed to represent compliance with
the reqgulations addressed in this project. The costs of
compliance are therefore the incremental costs incurred by
each facility which has a hazardous waste stream to upgrade
their existing waste treatment practice to Level III.

The Assessment Study and the Alternatives Study,2 which
are discussed in detail in Section 4.2, developed estimates
of the costs of hazardous waste treatment for a number of
significant production processes in the organic chemicals,
pesticides, and explosives industries. These estimates were
then subjected to review and comparative analysis in order
to develop a best estimate of compliance cost for model
plants producing each of the six highly impacted product
lines. These best estimates are presumed to represent the
most likely capital costs and total treatment costs per unit
of product applicable to all plants in the industry. The
estimates are the net costs of upgrading the hazardous waste
treatment system from Level I (average current practice)
to Level III (adequate for environmental protection).

The best estimates of compliance cost are presented
in Table 4-1. The table shows that unit treatment cost
ranges from less than $0.40/MT of acrylonitrile to over
$§7/MT of perchloroethylene. The table also shows these
incremental costs as a percentage of merchant market price
for each product line. Perchloroethylene appears to be
hardest hit by treatment with abatement costs equal to
2.1 percent of price.

A sensitivity analysis revealed that the cost estimates
presented in Table 4-1 were highly sensitive to a 25 percent
uncertainty in the cost estimation procedure as well as
site-specific factors, in particular the actual level of
existing waste treatment at each plant. Accordingly, a
second set of cost estimates was developed to yield an
estimate of compliance costs for those plants potentially
subject to a worst-case cost situation. The worst-case cost
estimates presume that no waste treatment is currently
practiced at the plant and that the full 25 percent cost
uncertainty will be incurred in facility installation and
operation.

The worst-case estimates of compliance costs are

presented in Table 4-2. As can be seen from this table
perchloroethylene remains the hardest hit product with
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BEST ESTIMATES OF TREATMENT COSTS*

TABLE 4-1

MODEL LEVEL I ASSUMED EXISTING CAPITAL cosT % OF

INDUSTRIAL PLANT SIZE TAEATMENT LEVEL | INVESTMENT  PER MT OF PRODUCT
PRODUCT {MT /yr) TECHNOLOGY TREATMENT COST {$)°*° PRODUCT (§}  PRICE?
Perchloroethylene 39,000 Controlled Incineration Landlill 1,178,000 7.69 2.1
Chloromethanes 50,000 Controlled Incineration Chemical Landfit 1 184,000 0.50 0.2
Epichlorohydrin 75,000 Controlled incineration Landfill 866,000 203 0.2
Vinyl Chioride 136,000 Controlied Incineration Landfili 860,000 1.22 0.4
Acrylonitrile 181,000 Controlled incineration Chemical Landfiit ¥1 226,570 0.37 0.t
Furfural 18,000 Controlled Incineration Landfili 1,740,700 1.95 0.2

* Energy Resources Company Inc. estimates based on costs from the Aliernatives Study.

** Adjusted to a 1976 base year.

t Price sources from the CMR, 1876.

t 1 Not specified as environmentally adequate in Assesoment Study because wastss are not detoxified or neutralized.
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TABLE 4-2

WORST—-CASE ESTIMATES OF TREATMENT COSTS*

MODEL CAPITAL COSsT % OF

INDUSTRIAL PLANT SIZE COMPLYING TREATMENT INVESTMENT PER MT OF PRODUCT
PRODUCT {MT/yr) TECHNOLOGY COST ($)°* PRODUCT ($) PRICE?t
Perchloroethylene 39,000 Controlled Incineration 1,472,500 13.46 3.7
Chloromethanes 50,000 Controlled Incineration 230,000 1.70 05
Epichlorohydrin 75,000 Controlled Incineration 1,082,500 3.67 0.4
Vinyl Chloride 136,000 Controlled Incineration 1,075,000 1.76 0.6
Acrylonitrilett 181,000 Controlled Incineration 393,109 0.65 01
Furfural 18,000 Controlled Incineration 1,425,875 9.88 0.9

* Energy Resources Company Inc. estimates based on costs from the Alternatives Study.
** Inflated 25 percent to reflect overall engineering uncertainty.
t Source: Chemical Marketing Reporter, October 1976,
tt Original costs from the Alternatives Study were adjusted linearly to match the model size, and thus reflect no economies of scale.



abatement co§ts equal to 3.7 percent of price - nearly twice
the best estimate ratio. The ratios for the other products
have increased by similar magnitudes.

4.2 Technology Ascessment

Three studies have been conducted for EPA to assess
the technology appiicable to hazurdous waste treatment

and disposal for the organic chemicals industry. These
arae:

1. Assessment of Industrial Hazardous Waste
Practices of the Organic Chemicals, Pesticides
and Explosives Industries by TRW, Inc.
(referred to here as Assegsment Study).

2. Analysis of Potential Application of Physical,
Chemical and Biological Treatment Technigues to
Hazardous Waste Management by Arthur D. Little
Co. (referred to here as Technigues Study).

3. Alternatives for Hazardous Waste Management
in the Organic Chemicals, Pesticides and
Explosives Industries by Processes Research
Incorporated (referred to as Alternatives

Study).
Each of these studies and their contributions to the
economic analysis are discussed helow. In addition, the

Level III technologies chosen as representing compliance
with the anticipated regulation are identified.

4.2.1 The Asgsessment Study

In addition to establishing the technology levels
mentioned in Section 4.1, the Assessment Study serves three
functions: (1) it provides a technical characterization of
the production processes used in the organic chemicals,
pesticides, and explosives industries; (2) it analyzes the
hazardous waste streams that result from these processes and
estimates the volumes produced; and (3) it assesses the
applicability of the technologies and their costs for
achieving Levels I, II, and III. The waste and process
characteristics presented are not only the basis of the
technology assessment presented in this report, but are
also the basis of the Alternatives Study discussed in
Section 4.2.3. A summary of the technology assessment is
presented after a brief discussion of the study methodology.
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The explosives industry and the pesticide formu%ation
and preparation industry required special attent@on in the .
Assessment Study due to the difficulty of obtaining production
and financial data. This difficulty has precluded detailed
consideration of explosives or pesticide formulation industries
in the current study. These industries and the data presented
for them in the Assessment Study will not be discussed in
this chapter. Technical organic pesticides, which fall
under SIC 2869, are, however, included in the purview of
this analysis.

The data sources for the Assessment Study included the
open literature, prior EPA studies, industry and government
sources, and prior TRW studies. The data search was keyed
towards estimating production rates, processes used, waste
quantities, waste components, waste stream destination, and
waste hazard classification for individual components.

The chemicals considered were initially restricted by
the following criteria:

1. Individual organic chemical compounds whose
production in the United States was 10 million
pounds per year Or more.

2. Groups of closely related organic compounds for
which production data were readily accessible,
or for which group production was 10 million
pounds per year or more.

3. Organic chemical compounds closely related to the
compounds of (1) above.

4. Suspected carcinogens, 14 of which were not
included under (1), (2), or (3) above.

5. Technical organic pesticides for which U.S.

production was 1 million pounds per year or
more.

These criteria limited the study to 899 plant sites and

373 chemicals, estimated to account for 90 percent of the
total industry tonnage produced in 1973. For each of the
373 chemicals produced, detailed production process
descriptions, including waste characterizations and volume
generation factors, were developed and classified into
general production process used. From this list, 26 chemical
processes were chosen and a hypothetical typical plant was
developed for each. This selection was made on the basis of
the significance of a product and its waste streams, its
national production volume, and the importance of the
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Chemical products group it reprcsented. For each of the

26 processes, a detailed analysis of the process and the
wastes produced was performed, based on the hypothetical
typical plant models which represented as closely as possible
the actual plants in the industry. Wastes were characterized
as high;y dangerous, moderately dangerous, and other according
to specific criteria, and estimates were made of 1973, 1977,
and 1983 quantities of waste requiring land disposal.

In the 2Assessment Study, 15 of the identified processes
were selected for analysis of applicable hazardous waste
treatment technologies. The processes were chosen on the
basis of waste stream volume and hazardous character. Each

of the three levels of treatment/disposal technology was
examined.

Table 4-3 presents the data on the 15 hypothetical
typical processes chosen for technology assessment. These
data were used as the basis of the cost estimations discussed
in Section 4.3. Table 4-3 shows that Level III technology,
with two exceptions (atrizine and trifluralin), is identical
to Level II technology. This implies that technologies
currently in use in at least one commercial application are
sufficient to achieve adequate environmental protection.

In particular, this fact applies to the five entries in
Table 4-3 which were chosen for the econcmic analysis. The
sixth product chosen, furfural, was not analyzed in depth in
the Assessment Study.

It should be noted that the five products in Table 4-3
selected for economic analysis all require controlled
incineration at Level IT1I. Although this indicates that the
six-product sample for economic analysics does not include a
broad range of technologies, there are two good justifications
for this selection. First, controlled incineration is by
far the dominant Level III technology, as it is well suited
to wastes in the organic chemicals industry. Second,
controlled incineration is generally a more costly alternative
than other potential Level III technologies. Thus, the
economic costs are likely to be higher for those products
requiring controlled incineration, and the ratio of abatement
cost to product price - a surrogate criterion for economic
impact - will consequently tend to be greater. By selecting
these processes, therefore, attention will be focused on the
areas of most significant impact.

A major drawback of the Assessment Study is that it deals
with the standard, established technologies for hazardous
waste management, primarily incineration and landfilling.
However, the identified Level III technology might not be
the best treatment option on either economic or environmental
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TABLE 4--3

DATA FOR THE FIFTEEN HYPOTHETICAL TYPICAL PLANTS EXAMINED IN THE ASSESSMENT STUDY*

ANNUAL ANNUAL
PRODUCTION PRODUCTION
TOTAL 1973 US. OF THE OF WASTE CONTROL YECIWNOLOGIES
PRODUCTION MODE L PLANT BY THE MODEL
HIDUSTRIAL PRODUCT StiC 11,000 MT) (MT) WASTE HAZARD 1) LEVEL! LEVELH LEVEL 11t
Perchiloroethytene®’ 28,692 320 39,000 Liquid Heavy 12,000 Decp Well Controfied Cuntrotled
Ends Injection Incineration Incineration
tiitrobenzene 28.651 140 20,000 Liquid Heavy 60 On-Site Controfied Controlled
Ends Landfilt lncinet ation tncines atinn
Chiosomethanes” * 28,692 1,115 50,000 Solid Tails 300 Contractor Conirolled Controfled
Landtift Incineration Inciner ation
Eguchlorohydrin® 28,692 225 75,000 Licuid Heavy 3975 On-Site Controfied Controlled
Ends Stotage Enciner ation Incineration
Tolucne 28,651 230 22 500 Resicdue Sludge 588 On Site Controlied Controlled
Diisocyanate Landfilt fnciner stion tncineration
Viny! Chioride*”’ 28,692 2,432 136,000 Liquid Heavy 1,400 Contractor Controlied Contiolled
Ends Inciner ation Incinesation Incineration
Methyt 28,692 320 55,000 Liquid Heavy 4,730 Uncontrolied Contrnlted Controlled
Methacarylate Ends Incines ation Incineration Incineration
Acrylonitrite®* 28,692 614 80,000 l.lquld I:Ieavy 60 Uﬂ@llq"ed Cov)wolled Cory(lolled
Impurities Incineration Inciner atwon tncineralon
Maieic Anhydride 28,692 128 11,000 Sludge and 333 LandHl) Secured Secured
flesidue Landfill tandlil
Lead Alkyls 28,692 506 60,000 Lead Sludge 30,000 Incineration Controlled Controlled
with Lead Incineration Inciner ation
Recovery and Recovesy and Rerovery
Atrazine 28,694 41 20,000 Alkah 224,600 Deep Well Deep Wed Ozonation
Scrubber Disposat Disposal ard Deep Well
Solution Disposal
Trifluralin 28,694 " 10,000 Solid Spent 1.150 Dium Tiench Reyrneration
Carbon Storage Storage of Carhon
Aldrin 28,694 0 4,500 Area and 289,000 tined Pond Lined Pond Lined Pond
Equipment
Malathion 28,694 14 14,000 Fitter Cake . 1,826 NaOH NaOH NaOH
Addition Addition Addition
and Burial and Buriat and Dwtiad
Parathion 28,694 62 20,000 Sulfur Sludge 2,300 Uncontrolled Secured Secured
Incineration Landii Landfilt

* Source: TRW, Inc., Assessment of Industrial Hazerdous Waste Practices: Organic Chemicals, Pesticides and Explosives Industries, prepared for U.S. Erwironmental Protection Agency, 1976,
** Selected for the ec ic analysis,




grounds, if alternative control tecaniques are considered.
The identification of alternative technicucs was the goal of
the Techniquen Study, Jdiscussed in the foliowing section.
The applicability of these altecnatives to tie waste streams
identified 1n the Assessment Study is analyzed in the
Alternatives Study, which is discussed in Section 4.2.3.

4.2.2 The Technigues Study

The Techniques Study analyzed tne potential
applicability of 44 physical, chemical, and biological
treatment techniques to hazardous waste management. The
techniques were characterized according to current and
likely future availability and zccording tc the categories
of waste for which they would most likely be applicable.
Table 4-4 presents a list of the categories of potential
availability. Eleven of the 44 techniques were classified
as I or II and were not considered in the Alternatives Study
as potential alternative hazardous waste treatment techniques
for use by the organic chemicals, pesticides, and explosives
industries. The 33 remaining techniques and their
availability are presented in Table 4-5. The most promising
techniques were analyzed in detail, and the data provided
included the efficiency and engineering characteristics
of the technigue, the environmental characteristics, the
energy use, and the impact on water use, in addition to its
availability. These data were used in the Alternatives
Study to determine the applicability and advantages of the
techniques for treating hazardous wastes in the organic
chemicals, pesticides, and explosives industries.

4.2.3 The Alternatives Study

In the Alternatives Studyﬁ a total of 20 waste streams
(from 18 production processes)® were selected from the
Assessment Study and analyzed in conjunction with
33 alternative treatment methods selected from the Techniques
Study. The objeccive of the Alternatives Study was to
identify attractive aiternative treatments for each of the
hazardous waste streams. The treatments were selected on
the bases of (1) resource or energy recovery, (2) level of
detoxification, (3) tecnnical viability, and (4) economic
feasibility. The study emphasizes that the practices of
secure landfilling and controlled incineration, although
they may be relatively inexpensive and can be made
environmentally sound, are not always the best available
technology. For each waste stream, the most attractive
alternative treatment was chosen and analyzed. Table 4-6
presents the selected alternative treatments.
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TABLE 4--4

CATEGORIES OF AVAILABILITY USED IN THE TECHN/QUES STUDY*

NUMBER

DESCRIPTION

LEVEL OF CHARACTERIZATION
IN REPORT

Process is not applicable in a
useful way to wastes of interest
to the OSW/HWMD program.

Process may be available after
5-10 years of research,

Process is available or will soon
be available and may provide
attractive alternative for
hazardous waste management.

Process is available and developed
but not commonly used for
hazardous wastes,

Process will be common to most
industrial waste processing
practices.

Category assignment.

Category assignment and a
description of technical
problems which need to be
resolved.

Category assignment, descrip-
tion of technical problems,
and projections of the applica-
tions to industrial wastes.

Category assignment, descrip-
tion of technical problems, and
projections of the applications
to industrial wastes.

Description of current applica-
tions and potential including
costs, environmental effects,

. energy requirements, etc.

* Source: Processes Research, Inc., Alternatives for Hazardous Waste Management in the
Organic Chemical, Pesticides and Explosives Industries, prepared for Office of Solid Waste Manage-
ment Programs, Hazardous Waste Management Division, December 19786.
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TABLE 4-5

33 ALTERNATIVE TECHNIQUES FROM THE TECHN/QUES STUDY*

TYPE TREATMENT CATEGORY

Physical Air Stripping ns.**
Carbaon Adsorption n.s.
Centrifugation \'
Distillation v
Evaporation tH
Filtration Vv
Flocculation n.s.
Flotation n.s.
lon Exchange n.s.
Resin Adsorption til
Reverse Osmosis n.s.
Sedimentation \
Solvent Extraction ]
Steam Distillation v
Steam Stripping v
Ultrafiitration i
Crushing and Grinding Y

Chemical Calcination or {ncineration Vv
Catalysis !
Chlorinolysis i
Electrolysis n.s.
Hydrolysis 1
Neutraiization Vv
Oxidation {includes chlorination) v
QOzonation it
Precipitation ns.
Reduction {inciudes dechlorination) v

Biological Activated Sludge v
Aearated Lagoon 1t
Anaerobic Digestion v
Composting \%
Trickling Filter n.s
Waste Stabilization Pond n.s.

* Source: Processes Research, Inc., Alternatives for Hazardous Waste Management in
the Organic Chemical, Pesticides and Explosives Industries, prepared for Office of Solid
Waste Management Programs, Hazardous Waste Management Division; December 1976.

** Not specified.
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TABLE 4-6

MOST ATTRACTIVE ALTERNATIVE HAZARDOUS WASTE TREATMENT
" TECHNOLOGIES IDENTIFIED IN THE ALTERNATIVE STUDY*

ALTERNATIVE

INDUSTRIAL WASTE TREATMENT
PRODUCT STREAM PROCESS BENEFITS DERIVED
Perchloroethytene®** Liquid heavy ends Distillation Volume reduction, detoxifi-

Nitrobenzene

Chloromethanas®*

Epichlorohydrin®*

Toluene diisocynate

Vinyl chloride®*®

Methyl methacrylate
Acrylonitrile®*
Maleic anhydride

Lead alkyls

Ethanolamines

Furfural®*

Fiuorocarbon

Chiorobenzene

Atrozine

Trifluralin

Matathion

Parathion

Liquid heavy ends

Solid tails

Liquid heavy ends

Residue sludge

Liquid heavy ends

Liquid heavy ends
Liquid heavy impurities
Sludge and residues

Lead sludge

TEA and tars

Sulfuric acid, tars and
polymers, and fines
and particulates
Chlorides and
organics

Resins

Alkali scrubbar

Solid spent carbon

Filter cake and
liquid wastes

Sulfur sludge

Steam distillation

Distillation

Solvent extraction

Hydrolysis

Distillation

None
None
None

Filtration

Centrifugation or
sedimentation

Sedimentation
and Distillation

Reduction or
distillation

None

Neutralization

Crushing and grinding

Hydrolysis and
sedimentation

Sedimentation

cation and materials recovery

Volume reduction, byproduct
recovery

Volume reduction, byproduct
recovery

Volume reduction, product
recovery

Detoxification and product
recovery

Volume reduction and
materials recovery

Volume reduction, detoxifi-
cation and materials recovery

Materials recovery, low
energy use, or volume reduc-
tion and detoxification

Volume reduction, product
and materials recovery

Materials recovary, low
anergy use, or volume reduc-
tion and detoxification

Datoxification, materials and
byproduct recovery

Volume raduction, byproduct
recovery

Volume reduction, detoxifi-
cation, materigls and product
recovery

Volume reduction, materials
recovery.

* Source: Processes Research, Inc., Alternatives for Hazardous Waste Management in the Organic
Chemical, Pesticides and Explosives Industries, prepared for Office of Solid Waste Management Programs,
Hazardous Waste Management Division; December 1976.

** Selected for economic analysis.
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Most of the selected technigues involve significant
advantages in reducing weaste volume and in reclaiming and
reusing economicalliy valuable components in the waste
Stream. These technigues, unlike those characterized in the
Assessmgnt Study, have generally not been demonstrated in
commercial use for tne application suggested. For this
reason, ;here may be some resistance in the industry
against 1instituting the alternatives, especially in the case
where no cost advantage over demonstrated Level III
technologies exist. HYowever, in those cases where a Ccost
advgntage exists, in particular for the industry segments
sgbject to the largest impact, the alternative technigues
will provide an opportunity for firms to veduce the impact
of meeting environmental goals. In the cases where a
significant cost advantage exists for the alternative due to
the reclamation of valuable components, the alternative may
be adopted throughout the industry. This result will reduce
the impact of meeting environmental goals on the industry at
the same time as it increases the recovery of valuable
resources.

The Alternatives Study also examined the costs of
standard treatment technclogies such as incineration and
landfilling. However, the large variations in costs
estimated for similar technologies by this and the Assessment
Study, discussed in Section 4.3.2, hint that the technical
assumptions used may be quite different, Therefore, the
technologies analyzed in the two studies may not be strictly
comparable. For example, "controlled incineration" as
specified in the Assessment Study is probably not identical
to "incineration” as specified in the Alternatives Study.
However, both incineration and the alternative treatments in
the Alternatives Study are identified as adeguate to protect
the environment. In this study, they were therefore assumed
to be appropriate Level III technologies, and the choice of
which of the two studies to use for characterizing Level III
technology was based on the choice of which cost estimates
to use. These are discussed in Section 4.3.

An exceotion to this rule is furfural, which has two
separate hazardous waste streams. The Alternatives Study
presents two possible treatment alternatives which will
adequately protect the environment, namely, incineration
and a process utiliziag sedimentation and distillation. The
Assessment Study did not analyze hazardous waste treatments
for furfural. Chemical landfilling was not considered to
be adequate because it does not provide for detoxification
or recovery of hazardous materials. The incineration
alternative was chosen as the most likely technigue to be
adopted because it is an accepted and prevalent method for
treating hazardous wastes and is considerably less costly.
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The sedimentation and distillation treatment process is
considered as an alternative which may be used 1n certailn
cases.

4.3 Cost Analysis

In addition to their technical assessment of hazardous
waste treatment, the Assessment Study and Alternatives Study
present data and estimates of the costs of the treatment
technologies they investigated. The cost estimates developed
are summarized in Section 4.3.1 and are analyzed in
Section 4.3.2. Section 4.3.3 presents the methodology used
to develop the best and worst-case estimates of the costs of
compliance.

4.3.1 Cost Estimates

The cost estimates for achieving Levels I, II, and III
using the standard technologies identified in the Assessment
Study are presented in Table 4-7 for the 15 products covered.
The corresponding costs estimated for the 23 products
considered in the Alternatives Study for Level III technologies
were not available in similar detail at the writing of this
report. However, summary estimates, expressed as the
treatment cost per metric ton of waste on a dry basis, are
presented in Table 4-8.

While it can be expected that the Level III Alternatives
Study costs for landfill and incineration should be very
close to the Level III Assessment Study costs for the same
products, this is not the case. The treatment and cost
estimates from the two studies are presented in Table 4-9,
and a significant divergence among the costs developed in
each study is evident. A discussion of the bases for the
estimations and an assessment of the comparability of the
costs developed in the two reports are therefore required.
In addition, an attempt must be made to identify sources of
error and of uncertainty. These issues are addressed in the
following section.

4.3.2 Comparative Analysis of Costs

Because of the striking differences in costs for
similar treatments between the Assessment Study and the
Alternatives Study, the bases for cost estimation used
in each study were reviewed. Table 4-10 displays the
assumptions used in each of the reports for the development
of cost estimates. As can be seen from the table, the
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TABLE 4--7

HAZARDOUS WASTE TREATMENT COST ESTIMATES IN THE ASSESSMENT STUDY*

ANRUAL WASTE**

PRODUCTION COST ESTIMATES
INDUSTRIAL OF MODEL PLANT
PRODUCT T LEVEL ) LEVEL I} LEVEL 11!
Perchloroethylene 12,000 Treatment Deep well injection Controlled incineration Controlled incineration
Investment $262,000 $7,080,000 Same as Level |
Annual cost
Capital 26,200 108,000
Operating 72,000 430,700
Energy 67.600 64,200
Total 167,800 602 900
Cost/metric ton 16 57
of waste
Nitrobenzene 50 Treatment On-site landfili Controfled incineration Controlled incineration
Investment $27,000 $4,800 Same as Level t]
Annual cost
Capital 2,704 4,500
Operating 9,100 6,600
Energy 100 200
Contractor 0 0
Total 11.800 9,100
Cost/metric ton 238 182
of waste
Chloromethane 300 Treatment Contractor fandfill Controlied incineration ‘Controlled incineration
solvents Investment $ 0 $170,000 Same as Level 11
Annual cost
Capital 0 17,000
Operations 7,100 95,800
Energy 0 1,100
Contractor 16,100 0
Total 23,200 114,000
Cost/metric ton 77 380
of waste #+

* Source: TRW, Inc., Assessment of Industrial Hazardous Waste Practices: Organic Chemicals, Pesticides and Explosives Industries, prepared for
U.S. Environmental Protection Agency; 1976.

* &

Based on dry weight .
t No credit for tead recovery.

tt Credit taken for regenerated carbons.



TABLE 4-7 (CONTINUED)*

AMNUAL WASTE®"*

-88T-

PRODUCTION COST ESTIMATES
INDUSTRIAL OF MODEL PLANT
PRODUCT (MT) LEVEL I LEVEL 1! LEVEL I
Trifluraiin 1,150 Treatment Storage in drums Storage in trenches Regeneration of carbon
(nvestment $37.,200 $34,400 $2,250,000
Annual cost
Capital 3,700 3,400 225,000
Operating 331,600 29,500 30,000
Energy 0 0 0
Total 335,500 33,900 267,000t
Cost/metric ton 192 19 153
of waste **
Parathion 2,300 Treatment Uncontrolled incineration Secured landfill Secured landfill
Investment $130,700 $38,500 Same as Level 11
Annual cost
Capital 13,100 3,800
Operating 83,300 22,800
Energy 2,900 1,200
Contractor 0 0
Total 99,300 27 800
Cost/metric ton 43 12
of waste **
Malathion 1,826 Treatment NaOH addition and burial NaOH addition and burial NaOH addition and burial
Investment $34,300 Same as Level | Same as Level |
Annual cost
Capital 3,400
Operating 28,100
Energy 800
Contractor 0
Total 32,300
Cost/metric ton 18
of waste **

* Source: TRW, Inc., Assessment of Industrial Hazardous Waste Practices: Organic Chemicals, Pesticides and Explosives Industries, prepared for
U.S. Environmental Protection Agency; 1976.
** Based on dry weight .
1 No credit for lead recovery.
t1 Credit taken for regenerated carbon.



TABLE 4-7 (CONTINUED)*

ANNUAL WASTE**

PRODUCTION COST ESTIMATES
INDUSTRIAL OF MODEL PLANT
PRODUCT {(MT) LEVEL | LEVEL ! LEVEL I}
Methyl 4,730 Treatment Uncontrolled incineration Contralled incineration Controlled incineration
methacrylate Investment $114,500 $134,800 Same as Level I
Annua!l cost
Capital 11,400 13,500
Operating 81,100 84,500
Energy 5,700 5,900
Contractor 0 0
Total 98,300 103,900
Cost/metric ton 21 22
of waste * ¢
Acrylonitrile 60 Treatment Uncontrolled incineration Controtied incineration Controlled incineration
| {nvestment $4,100 $4,600 Same as Level ||
i Annual cost
g Capital 4,400 5,600
! Operating 14,809 24 500
Energy 200 300
Contractor 19,400 31,400
Total 38,800 61,800
Cosi/metric ton 323 523
of waste
Maleic anhydride 333 Treatment Landfili Secured lendfill Secured landfill
Investment $23,000 $30,700 Same as Leve! I
Annual cost
Capital 2,300 $3,100
Operating 15,900 22,100
Energy 400 400
Contractor 0 0
Total 18,600 25,600
Cost/metric ton 56 77
of waste

* Source: TRW, Inc., Assessment of Industrial Hazardous Waste Pracitices: Organic Chemicals, Pesticides and Explosives Industries, prepared for
U.S. Environmental Protection Agency; 1976.

#* %

Based on dry weight

t No credit for lead recovery.
t1 Credit taken for regenerated carbons.
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TABLE 4-7 (CONTINUED)*

ANNUAL WASTE**
PRODUCTION COST ESTIMATES
INDUSTRIAL OF MODEL PLANT
PRODUCT {MAT) LEVEL LEVEL il LEVEL IU
Epichlorohydrin 3,975 Treatment On-site storage Controlled incineration Controlled incinceration
Investment $984,000 $934,000 Same as Level |i
Annual cost
Capital 98,400 93,400
Operating 102,900 753,900
Energy 100 2,400
Contractor 0 0
Total 201,400 849,700
Cost/metric ton 51 214
of waste™ *
Toluene 588 Treatment On-site landfill Controlled incineration Controlled incineration
diisocyanate Investment $28,500 $349,000 Same as Level 1|
Annual cost
Capita! 2,900 34,900
Operating 35,600 90,100
Energy 100 2,400
Contractor 0 0
Total 38,600 129,400
Cost/metric ton 66 215
of waste™"
Vinyl chloride 1,400 Treatment Contractor incineration Controlled incineration Controlled incineration
Investment $ 0 $473,000 Same as Level I
Annual cost
Capital 0 47,300
Operating 0 738,700
Energy 0 1,600 B
Contractor 266,500 0
Total 266,500 787,600
Cost/metric ton 190 563
of waste

* Source: TRW, inc., Assessment of Industrial Hazardous Waste Practices: Organic Chemicals, Pesticides and Explosives Industries, prepared for

U.S. Environmental Protection Agency; 1976.
** Based on dry weight .
1 No credit for lead recovery.
tt Credit taken for regenerated carbons.



TABLE 4-7 (CONTINUED)*

ANNUAL WASTE""*
PRODUCTION COST ESTIMATES
INDUSTRIAL OF MODEL PLANT
PRODUCT {MT) LEVEL | LEVEL 1} LEVEL Ili
Lead alkyls 30,000 Treatment Incineration, Controlled incineration Controlled incineration
Lead recovery Lead recovery Lead recovery
Investment $513,100 $613,900 Same as Level I
Annual cost
Capial 51,300 61,400
Operating 269,300 285,400
Energy 228,500 228,800
Contractor 0 0
Total 549,100t §75,6001
Cost/metric ton 181 19t
of waste **
Aldrin 289,000 Treatment Lined pond Lined pond Lined pond
Investment $3.614,000 Same as Level | Same as Leve! |
Annual Cost
' Capital 361,400
[ Operating 256,100
2 Energy 200
| Contractor 0
Total 617,700
Cost/metric ton 2
of waste **
Atrazine 224,600 Treatment Deep well disposal Deep well disposal Ozonation and
Deep weil disposal
Investment $235,200 Same as Level | $779,200
Annual cost
Capital 42,500 77,900
Operating 75,800 139,200
Energy 8,600 34,300
Contractor 0 4]
Total 126,200 252,400
Cost/metric ton 1 1
of waste **

* Source: TRW, Inc., Assessment of Industrial Hazardous Waste Practices: Organic Chemicals, Pesticides and Explosives Industries, prepared for
U.S. Environmental Protection Agency; 1976.

* #*

Based on dry weight .
1t No credit for lead recovery.

tt Cradit talan far renanerated carbons.



TABLE 4-8

HAZARDOUS WASTE TREATMENT COST ESTIMATES FROM
THE ALTERNATIVES STUDY*

ANNUAL WASTE TREATMENT COSTS ($/MT of Waste)
PRODUCTION OF
INDUSTRIAL MODEL PLANT ALTERNATIVE ALTERNATIVE SANITARY CHEMICAL INCINERA.
PRODUCT (MT) TREATMENT TREATMENT LANDFILL LANDFILL TION
Perchioroethylene 12,000 Distillation 20 10 48 35
Nitrobenzene 50 Steam 1,324 98 157 -
distillation
Chloromethane 300 Distillation 230 97 128 226+
393t
Epichlorohydrin 3,975 Solvent (Mtt 17 65 55
extraction
Toluene ditsocyanate 588 Hydrolysis 260 97 156 206
Viny! chioride 1,400 Distillation 24 17 67 136
Methyl methacrylate 4,730 - - 17 76 22
Acrylonitriie 60 - - 98 158 260°**
148¢
Maleic anhydride 333 - - 98 166 323
Lead alkyls 30,000 Fiitration 271 71 813 -~
Ethanolamines 1,120 Centrifugation 69 18 77 102
or sedimentation k{s]
Furfural 19,600 Sedimentation 68 8 70 9
Furfural 350 Disullation 136
Fluorocarbon 18 Reduction or 2,500 98 117 -
distillation (670)tt
Chiorotoluane 15 - - 73 156 -
Chiorobenzene 1,400 - = 17 70 82
Atrazine 224,600 Neutralization 2 6 69 -
Trifluralin 1,150 Crushing and 437 18 326 104
grinding
Aldrin 289,000 - - - -
Malathion 1,826 Hydroiysis 72 18 326 73
Malathion 350 Sedimentat.on (121t 18 76 167
{solids)
Parathion 2,300 Sedimentation S1 17 70 58
Explosives 200 Salvent 667 - - 1,120
{solids) axtraction
Explosives 15,000 incineration 101 - - 183
and selide
recovery
Explosives 250 Crushing and - - 895
grinding,
wet oxidation or 992
raquction 1,470

© Source' Processes Research, Inc., Alternatives for Hazardous Waste Management in the Organic Chemical,
Pesticides and E xplosives Industries, vrepared for Office of Sotid Waste Management Programs, Hazardous Waste
Management Diision Decemuper 1975,
Assuming one shitt
tOASSLITING T O shifrs
Tt Figures in parentheses incicate credits. -192-
No credit for leaa recovered



TABLE 4-9

COMPARISON OF COST ESTIMATES FOR SIMILAR TREATMENTS
FROM THE ASSESSMENT STUDY AND THE ALTERNATIVES STUDY*

INCINERATION"* COST LANDFILL? COST
($/MT ot waste) (S/MT of waste)
ASSESSMENT  ALTERNATIVES ASSESSMENT ALTERNATIVES
PRODUCT STUDY sSTUDY sSTUDY sTUDY
Perchloroethylene 57 35 - 48
Nitrobenzene 182 - 238 157
Chioromethanes 380 393 77 128
Epichiorohydrin 214 55 - 55
Toluene diisocyanate 215 206 66 156
Vinyl chioride 563 136 - 67
Mathy! methacrylate 22 22 - 76
Acrilonytrile 523 260 - 158
Maleic anhydride - 323 77 166
Parathion - 57 12 70

* Source: Tables 4—7 and 4-8.
"* Assumed to be controlled.
t Assumad to be chemical landfill (secured).
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TABLE 4-10

COMPARISON OF COST—ESTIMATING ASSUMPTIONS FROM THE
ASSESSMENT STUDY AND THE ALTERNATIVES STUDY

ITEM ASSESSMENT STUDY* ALTERNATIVES STUDY"*
Base year 1973 1976
Technical specifications of technologies Defined as Level || Not definedt
Component cost assumptions
Cost of capital 10% of capital 10 % of capital
Depreciation Straight line Straight line
Estimated lifetime — lagoons 25 yr 10 yr
—~ mobile equipment 5yr 10 yr
- all else 10 yr 10 yr
Salvage value considered Yes No
Engineering costs ns.tt 10% of capital
Contingency n.s. 20% of capital plus engineering
Land $6,000/acre $5,000/acre
Taxes and insurance ns. 4% of installed capital
Maintenance 6% of investment 4% of installed capital
Labor $7.50/hr $9/hr
Supervision Included in tabor 50% of labor
Incineration air use 125% of staichiometric ns.
Sodium hydroxide use in scrubbers 110% of stoichiometric ns.
Waste/supplies freight distance 250 mi ns.
Unit Casts
Electricity $0.02/kWh $0.03/kWh
Freight $32/ton n.s.
Sodium hydroxide $114/ton n.s.
Activated carbon $0.30/1b ns.
Fuel oil $2.04/MBtu $2.00/MBtu
Utility water $0.30/1,000 gal $0.30/1,000 gal
Boiler feed water n.s. $0.50/1,000 gal
Institutional air n.s. $20/M scf
Steam n.s. $4/1,000 Ibs
Clay $8/ton n.s.
55 gal steel drums $15 ($7.50 used) n.s.
Concrete $20/yg3 n.s.
Excavation $0.68/yd3 (shallow) ns.
$1.98/yd3 (deep)
Surface finishing $0.37/yd? n.s.

‘ * Source: TRW, Inc., Assessment of Industrial Hazardous Waste Practices: QOrganic Chemicals, Pasti-
cides and Explosives Industries, prepared for U.S. Environmental Protection Agency, 1976.
* » .
Sources: Processes Research, Inc., Alternatives for Hazardous Waste Management in the Organic

Chemical, Pesticides and Explosives Industries, prepared for Office of Solid Waste Management Programs

Hazardous Waste Management Programs; December 1976 and conversation, Alexandria Tierney, EPA,

with G. Gantz, ERCO, June, 1977.

t Final report not available at this writing.

t1 Not specified.
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three predominant differences in the cost estimates from
the Assessment Study and the Alternatives Study result
from (1) different time bases, (2) different definitions
of the technical requirements for similar treatments,
and (3) different component cost assumptions and costing
procedures.

The time bases are not a significant problem, as the
cost data can be updated in a reasonably accurate manner
using a standard cost index for updating the older Assessment
Study costs. However, this tends to introduce further error
1n the analysis and should be avoided if possible.

The definitions of the technical requirements for
similar treatments are not explicitly identified in either
of the two studies, but the large cost variability evident
in Table 4-9 implies that significant differences are
likely. It is beyond the scope of this study to determine
which treatments reflect a more accurate interpretation of
the requirements for environmental protection. According
to the claims made in these two studies, the Level III
technologies from the Assessment Study and incineration
and the alternative treatments from the Alternatives Study
will provide adeguate protection of the environment.

Both the Assessment Study and the Alternatives Study
used cost estimating procedures which were based on an
engineering design analysis of the specified waste treatment
technology applied to the hypothetical typical plants.
Detailed estimates were derived for capital, operating, and
energy costs of the treatment facilities, and were summarized
by calculating the cost of the treatment per metric ton of
waste on a dry basis. These procedures should yield comparable
results if they are based on comparable component cost
assumptions.

Although many of these assumptions (displayed in
Table 4-10) are the same (e.g., the cost of capital), the
two sets of assumptions do exhibit some differences. These
differences may be attributable to several different factors.
For example, the higher costs assumed for labor in the
Alternatives Study may be due to the need for more highly
trained personnel. Also, the apparent difference in the
equipment lifetime estimates used in the depreciation
calculations can be attributed to the fact that the
Alternatives Study does not examine lagoons or landfills
with the same detail as does the Assessment Study. For all
other treatment and disposal methods, the two studies are in
accord with equipment lifetimes estimated at 10 years.
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Some of the disparity in assumptions reflects fluctuations

in contractor and supplier price estimates which resulted
from cost changes due to time, location, and individuals
contacted. For this reason, an attempt was made to verify
the unit cost assumptions used by contacting independent
contractors in the hazardous waste management industry. In
general, there was close agreement between estimated item
costs and guoted prices. However, substantial disagreements
between total costs for hazardous waste treatments were
prevalent. Table 4-11 presents a comparison of data from
two independent sources with the assumptions used in the
Alternatives Study and Assessment Study. The wide range and
disparity among total treatment costs shown in this table
for incineration or landfill are due to the variable
requirements for different types of waste. Factors impacting
the total cost include (1) whether the wastes are in small
batches or bulk, (2) whether flue gas scrubbing and stack
monitoring are required, (3) the amount of fuel reguired for
incineration, (4) the requirements for handling and
transporting the waste, (5) the methods required to protect
the environment, etc. These parameters vary so widely that
no significant conclusions can be drawn from the data in
Table 4-11.

With respect to the component costs presented in
Table 4-10, the most variant cost is for land. In the case
of New England, the estimated cost is 3 to 4 times higher
than the costs assumed in the two studies. This fact is
understandable, however, as land is currently at a premium
in New England, particularly for unpopular uses such as
landfilling. The New England costs for fuel and water are
also higher on average than national costs. But on the
whole there is general agreement between the four estimates
tabulated in Table 4-11,. (Because New England hosts only
a small segment of the organic chemicals industry, this
regional disparity will have little effect on the industry
at large.)

One difference between the two sets of assumptions
in Table 4-10 which cannot be explained as being due to
variations in contractor estimates or in the technologies
being considered is the figure for maintenance costs. The
Assessment Study uses 6 percent of installed costs and the
Alternatives Study uses 4 percent. Althocugh the difference
does not alter the total estimated costs too greatlg, the
change has raised objections from industry sources.

It can be seen that the hazardous waste treatment cost
estimates are based upon varying assumptions and do not
necessarily indicate faulty methodologies, The methods used
1n the Assessment Study and the Alternatives Study are both

~196-



TABLE 4-1

COMPARISON OF HAZARDOUS WASTE TREATMENT COSTS

CosT ASSESSMENT ALTERNATIVES HAZARDOUS HAZARDOUS
COMPONENT STuDY STUDY WASTE FACILITY”® WASTE FACILITY®®

-L6T~

Treatments

:ggx:?g;lt;gr)\  $200/MT average v $135/MT average $80/MT {no scrubbers) $22 10 $102/MT
Chemical Landfill ~, $30/MT average ~ $90/MT average $80 to $220/MT -

ltem Cost
Land $6,000/acre $5,000/acre - $20,000/acre $3.000 toc $20,000/acre
Transportation $35.30/MT (250 m) - $31.25/MT (500 m) or -

$62.50/MT (with return)

Electricity $£0.02/xWh $.03/kWh $0.03/kWh $0.03 to $0.035/kWh
Oil {No. 2 Fuel} $2.04/MBtu $2.00/MBtu’s $2.86/MBtu -
55-gal Drums $15 new, $7.50 used — $16 new, $8 used -
Activated carbon $0.30/1b - - $0.35 to $0.50/1b
Water $0.30/1,000 ga! $0.30/1,000 gat $.50/1,000 ga! —

* Source: Don Corey, Recydling Industries, Inc., Braintree, Massachusetts.
** Source: Ed Ashby, Rollins Environmental Services, Inc., Swedesborough, New Jersey.



standard acceptable methods, but the estimates will still
diverge from costs incurred in the development of treatment
at actual sites. It is generally accepted that these

methods will provide estimates in the reasonable range

of costs for actual plants and specific treatments, but

that they can be relied upon to be accurate within only

25 percent.6 This 25 percent uncertainty accounts fqr .
uncertainties in engineering design, in details of flnanC}ng,
in site-specific problems, and in cost-estimating assumptilons.
For the purpose of the present study, 25 percent will pe

used as the estimated margin of error for the cost estimates
developed. A thorough analysis of uncertainty and of the
errors in the data is beyond the scope of this study.

On the basis of this analysis, no overriding factors
were uncovered which would indicate which set of cost
estimates should be used for the economic analysis. The
decision was therefore based on three considerations which
differentiate between the two studies. First, the Assessment
Study estimates were based on a 1973 base year and error
would be introduced by updating these to 1976. Second,
using cost estimates from one and not both studies would
insure that the economic impact study results would be
comparable. Third, the Alternatives Study estimates were
developed with cognizance of the Assessment Study and this
earlier study was reviewed as an input to the Alternatives
Study. For these reasons, the cost estimates from the
Alternatives Study were chosen for use in developing the
costs of compliance estimates.

4.3.3 Cost Estimating Methodology

4.3.3.1 Best Estimates of Cost

The best estimates of treatment costs for the institution
of Level III technology for the six highly impacted industry
segments must be based on (1) the best choice of treatment
and (2) the best estimates of costs for that treatment. The
choice of treatment in all six cases must be made between
incineration and the alternative technology specified in the
Alternatives Study, in accordance with the choice of best
cost estimates made in the previous section.

Incineration was chosen as the disposal technique to
be employed for the economic analyses because it is standard
accepted practice for hazardous waste disposal and will
probably be chosen by most firms attempting to achieve
Level III environmental protection. Although the alternative
treatment technology may eventually be used in many facilities,
it has not as yet been proven commercially.
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_ The only major calculation required to generate best
estimates of the costs of compliance from the Alternatives
Study estimates was to determine the credit for costs
currently incurred for waste treatment. That is, the costs
of compliance are actually the costs of upgrading the
treatment system from current levels to Level III.

For the purpose of crediting existing waste treatment
expenditures, it was assumed that all manufacturers currently
used Level I technology (Level I is defined as current
average industry practice), and that the cost burden of
meeting Level III requirements is equal to the incremental
cost of going from Level I to Level III. This assumption
is justified because most Level I costs are operating
charges rather than costs for plant and equipment.

Therefore, there are no sunk costs and the present level

of labor and other variable expenditures can be applied to
the variable portions of Level III costs. Level I technology
was assumed to be the existing treatment methods identified
in the Alternatives Study. These methods in all six cases
were either sanitary or chemical landfill. In two cases,
perchloroethylene and epichlorohydrin, the existing method
specified was chemical landfill, which was estimated as
equal to or more expensive than incineration. 1In these
cases, the conservative choice of sanitary landfill as the
Level I technology was made so that an impact of some kind
would be estimated for these industry segments.

One factor remains to be considered in developing best
estimates of the costs for compliance with Level III
regquirements. This factor is the relative size of the
hypothetical typical plant used in the cost estimations in
the Alternatives Study compared to the model plant size
chosen for the economic analysis. These sizes are the same
for four of the selected industry segments, as discussed in
Chapter Two. In the case of acrylonitrile, the hypothetical
typical plant is smaller than the model plant and in the
case of furfural, it is larger. The treatment cost data
should be adjusted to reflect the fact that larger plants
benefit from the economies of scale. The standard
six-tenths rule was used for adjusting the cost estimates
for the change in size. This rule states that a change in
plant size will change the annual costs according to the
formula:

new cost = old cost °* (new size/old size)o-6

Therefore, the new treatment cost per ton for acrylonitrile

is somewhat lower, reflecting the benefits of the larger-sized
plant. The new treatment cost per ton for furfural is
somewhat higher due to the decrease in plant size.
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4.3.3,2 Worst-Case Cost Estimation

The best estimates of costs of compliance for hazardous
waste treatment are reasonable, conservative estimates given
the constraints discussed in Section 4.3.2. However, the
cost estimates cannot be totally relied upon as reflections
of the actual costs to be faced by plants on an individual
basis. Because it is important to assure that the economic
analysis is sensitive to the most severe impacts that may
occur in actual practice, the economic analysis will also
include an assessment of impact using worst-case costs. It
is presumed that using these worst-case costs will serve as
an accurate indication of the maximum potential of economic
impact on plants that are most strongly affected. This
assessment will be based on worst-case cost estimates for
Level III treatment technology. 1In particular, these
estimates will be used in the plant closure analysis
presented in Chapter Five.

There are several factors which exhibit considerable
uncertainty and which must therefore be incorporated into
the worst-case cost estimates. One of these factors is the
present status of waste treatment at a facility. Not all
plants can be expected to be spending at a level equal to
the costs of Level I technology. Many plants may have no
treatment at all. Therefore, the worst-case cost estimates
should presume a zero cost baseline and reflect the full
cost of Level III. Another factor to be considered is the
uncertainty of the engineering estimates. These estimates
are reported to be accurate to within 25 percent; therefore,
the best estimate should be inflated by 25 percent to
reflect the worst possible case. This adjustment provides
a considerable safety margin for the worst-case estimate.

One other factor must be considered that applies only
to the acrylonitrile industry. Since the Alternatives Study's
hypothetical typical plant is smaller than the economic
analysis model plant, the original cost estimates for
treatment at this plant would tend to be pessimistic. This
is the result of the fact that the industry is actually
composed of larger plants which benefit from economies of
scale for waste treatment technology. Although the original
treatment cost estimates were adjusted to reflect this fact
in developing best estimates, the adjustment introduced a
potential for error and need not be made for the worst-case
cost estimates. By using the original costs (but inflated
linearly to match the size of the model plant), an extra
margin of error is incorporated at the same time that a
potential source of error is avoided. This argument does
not apply to furfural, however, as the economic analysis
model plant is smaller than the hypothetical typical plant
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and the diseconomy of a smaller scale must be reflected in
the cost estimates. Therefore, the costs were scaled for

the worst-case estimate just as they were for the best
estimate.

4.4 Small Plant Costs

This report includes data only for those plants
producing 1,000 pounds of product annually (0.45 MT/year)
or more. As can be surmised from the capacity figures in
Table 2-4, the production levels of plants producing highly
impacted chemicals are 3 orders of magnitude above this
cutoff. It is therefore unlikely that any plants below the

1,000~-pound cutoff are producing these products economically,
if at all.

It is possible that a small plant whose entire
production is captively used may exist, however. Even
though economic reasoning would predict that no plants exist
in this small range, unique circumstances may exist that
keep such a plant operating. These plants are still subject
to regulation and will be forced to deal with their hazardous
waste streams. It is presumed that all such small plants
will deal with their waste streams in the same way - storage
of wastes in sealed drums and eventual landfill.

The volume of wastes expected from the largest possible
plant in the small-plant category (1,000 lb/year) is
displayed in Table 4-12. It can be seen from the table that
the annual waste streams from the operations of small plants
will require less than two 55-gal drums per year and, for
three of the six products, one drum will last a plant
lifetime. For the remaining products, drums can be stored
at the plant site until a truckload accumulates, whereupon
they can be delivered to a chemical landfill. It is
estimated that the total annualized cost for this process
will range from $1 to $30 annually.
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TABLE 4-12

EXPECTED WASTE VOLUME FROM A 1,000 LB/YR PLANT
FOR EACH HIGHLY [IMPACTED PRODUCT LINE

ESTIMATED WASTE

ESTIMATED WASTE VOLUME
PRODUCT (lb) * (gal)
Perchloroethylene™” 308 37
Chloromethanes™” 6 1
Epichlorohydrin®® 53 6
Vinyl Chloride** 3 1
Acrylanitrile®* 0.75 1
Furfuralt 559 66

* Assuming specific gravity of 1.0 for waste.
** TRW, Inc., Assessment of Industrial Hazardous Waste Practices: Organic Chemicals, Pesticides and
Explosives Industries, prepared for U.S. Environmental Protection Agency; 1976,
t Processes Research, Inc., Alternatives for Hazardous Waste Management in the Qrganic Chemical,
Pesticides and Explosives Industries, prepared for Office of Solid Waste Management Programs, Hazard-
ous Waste Management Programs; December 1976.
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NOTES TO CHAPTER FOUR

1. TRW, Inc., Assessment of industial hazardous
waste practices of the organic chemicals, pesticidies and

explosives industries, prepared for the U.S. Environmental
Protection Agency, 1976.

2. Processes Research Inc., Alternatives for hazardous
waste management in the organic chemicals, pesticides and
explosives industries, Draft Report prepared for the U.S.
Environmental Protection Agency, 1977.

3. A.D. Little, Inc., Analysis of potential application
of physical, chemical and biclogical treatment techniques to

hazardous waste management, prepared for the U.S. Environmental
Protection Agency, 1976.

4. Three additional waste streams from the explosives
industry were also selected.

5. Personal communication, Alexandria Tierney,
EPA/OSW/HWMD, to George Gantz, ERCO, June 1977,

6. Personal communication, Dr. Gerald Gruber, TRW,
Inc., to George Gantz, ERCO, June 1977.
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CHAPTER FIVE

ECONOMIC IMPACT ANALYSIS

This chapter pragenta the analysis of the economic
effects on the organic chemicals industry of promulgating
hazardous waste regulations. The analysis focuses on the
six highly impacted segments, namely (1) perchloroethylene,
(2) chloromethanes, (3) epichlorohydrin, (4) vinyl chloride,
(5) acrylonitrile, and (6) furfural. The impacts on each
of these segments are reviewed in detail using a model plant
analysis. The results of this analysis are then supplemented
with actual industry data for a final assessment of projected
impacts. These analyses are followed by more general
analyses of impacts on the industry as a whole. The analyses
of the highly impacted segments are believed to provide an
upper bound on impacts on the entire organic chemicals
industry. The chapter concludes with an assessment of the
aggregate impacts on the nation.

The regulations in general will require small
expenditures for hazardous waste treatment and disposal
relative to the manufacturing costs of organic chemicals and

financing these investments should not present a problem.

In addition, industry-wide costs will be reduced because

some firms have already instituted sufficient treatment and
disposal techniques for compliance with potential regulations
at many of their plants. These abatement leaders have not
suffered noticeable impact from their investment in treatment
and disposal facilities. Table 5-1 presents a summary of

the total costs of compliance that the industry is expected
to incur. The table shows that while the incremental
annualized cost of abatement totals $137 million, this
represents only 0.6 percent of the value of shipments for

the industry. The inflationary effect of this cost increase
will be reflected in a barely perceptible (0.0l percent)
increase in the Wholesale Price Index for all commodities.

Within the industry, however, costs may range from
zero percent of the shipment value to over 10 percent for
some plants producing particular chemicals. Table 5-2
displays estimates of the percentage increase in manufacturing
costs for the six-product highly impacted sample. The table
includes estimates for two scenarios of compliance costs.
The best estimate of cost is a conservative estimate of the
cost increases to be incurred by an average plant. The
worst-case Cost estimates represent an upper bound for cost
increases incurred by the hardest hit plants in the industry.
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TABLE 5-1

THE IMPACTS OF COMPLIANCE FOR THE ORGANIC CHEMICALS,
PESTICIDES AND EXPLOSIVES INDUSTRIES

Estimated incremental annual cost (S million}™ 137

Total annual cost {S million) ** 243
Estimated incremental annual cost/value of shipments (1973)t 0.6%
Total annual cost/value of shipments (1973) 1.1%
Increase in wholesale price index for all commoditiestt 0.011%

® Source: Energy Resources Company Inc. estimates.
** Source: Assessment Study.

t Source: U.S. International Tariff Commission.
tt Source: U.S. Bureau of Labor Statistics.
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TABLE 5-2

ESTIMATED PERCENTAGE INCREASE IN MANUFACTURING COST
DUE TO COMPLIANCE FOR SIX HIGHLY IMPACTED SEGMENTS*

TREATMENT COST SCENARIO

BEST ESTIMATE WORST-CASE

HIGHLY IMPACTED SEGMENT OF COST COST ESTIMATE
Perchloroethylene 3.1 5.0
Chloromethanes 0.2 0.6
Epichlorohydrin 0.2 04
Vinyl chloride 0.4 0.6
Acrylonitrile 0.1 02
Furfural 0.3 1.4

*Source: Energy Resources Company Inc. estimates.
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As can be seen from the table, the cost increases fqr f%ve

of these six product lines (selected because of thelr high
vulnerability to impact) are not large. Only perchloroethylene,
with a best estimate cost increase of 3.1 percent and a
worst-case cost increase of 5.0 percent, stands out as

highly vulnerable to cost impacts of the regulation.

In-depth analysis of these six segments revealed that
plant shutdowns are unlikely to result from hazardous
waste regulations except for plants particularly vulnerable
to other market pressures. Table 5-3 displays a summary of
the vulnerability of plants to shutdown due to regulation.
The table shows that three perchloroethylene plants may
cease operations with the addition of hazardous waste costs
to their already vulnerable market positions. The
chloromethane plant that is designated as vulnerable to the
regulation is one of the three perchloroethylene plants so
designated. This plant utilizes a joint perchloroethylene/
carbon tetrachloride production process so that carbon
tetrachloride (one of four chloromethanes) production would
cease if the perchloroethylene plant closed. The two vinyl
chloride plants subject to possible shutdown are faced with
marginal competitive positions and hazardous waste
regulations will serve only to aggravate their difficulties.
The regulations alone should not be sufficient to cause the
plants to close, but combined with significant expected
market shifts caused by competitors building new larger and
more efficient plants, the future of these two facilities is
in guestion.

5.1 Economic Impact Analysis of the Six Highly Impacted
Segments

5.1.1 Perchloroethylene

The perchloroethylene market will be the hardest hit of
the highly impacted chemical markets. Perchloroethylene has
the highest cost/price ratio of the products for which cost
data were developed and has the highest estimated price
elasticity of demand of the highly impacted products.
Additionally, the perchloroethylene market is suffering from
strong foreign competition, carcinogenicity concerns, and a
slow rate of demand growth.

5.1.1.1 Model Plant Analysis

Price Elasticity of Demand. The market conditions
that perchloroethylene 1s subjected to cause it to have
the highest price elasticity of demand of the market
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TABLE 5-3

SUMMARY OF IMPACTS ON PLANTS PRODUCING HIGHLY IMPACTED CHEMICALS*

NO. OF PLANTS

SUBJECT TO

NO.OF PLANTS SIGNIFICANT

HIGHLY IMPACTED NO. OF PLANTS SUBJECT TO IMPACT (SHUTDOWN
SEGMENTS IN SEGMENT SMALL IMPACT POSSIBLE)

Perchloroethylene 11 8 3
Chloromethanes 19 17 2
Epichlorohydrin 3 3 s}
Viny! chloride 15 13 2
Acrylonitrile 6 6 0
Furfural 4 4 0
TOTAL OF StX SEGMENTS 57°" 51 6"

* Source: Energy Resources Company Inc. estimates.
** Totals are less than the sum of entries because of Stauffer’s coproduct perchioroethylene/chioro-
methanes {carbon tetrachloride) plant, which is counted in both segments. Other coproduct processes
are colocated with separate chloromethane plants circumventing double counting.
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segments studied. In Table 5-4 the components of the
perchloroethylene market are presented with an estimate of
their influence on a baseline price elast1c1ty of 1.0. From
the table it has been estimated that the price elasticity
for perchloroethylene is high (between 1.0 and 2.0). This
is due in part to the fact that perchloroethylene is unique
among the highly impacted products since it is sold primarily
as a final product rather than as an intermediate. Consumers
of intermediate chemicals frequently find that they must
redesign or retool their process equipment if they switch to
another intermediate chemical. However, the consumers of
perchloroethylene, principally dry cleaning establishments,
would be able to switch to another product without such
retooling. There are presently only fair substitutes for
perchloroethylene, as noted in Table 5-4, but fears
concerning the carcinogenicity of the chemical may serve as
an impetus to the development of an adequate replacement.

In the short run, the price elasticity of demand facing
domestic producers is also increased by the substantial
import volumes of the chemical. Imports are an unsteady
influence given the tendency for import volumes to fluctuate.
But in the near term, imports which utilize surplus chlorine
generated in European caustic soda production are expected

to apply continued pressure to the domestic market.

Likelihood of Full-Cost Passthrough. The high price
elasticity of demand combined with the high cost of hazardous
waste treatment make a full-cost passthrough unlikely for
this industry. The size of the required cost increase
shown in Table 5-5 along with the principal competitive
influences which may inhibit a cost passthrough. The
estimates of treatment costs, calculated as a percentage of
unit manufacturing costs for the model plant, are the
largest of the highly impacted segments. Both the best
estimate of abatement costs (3.1 percent) and the worst-case
cost estimate (5.0 percent) are more than twice that of any
other highly impacted chemical. Price increases of this
magnitude would result in a significant loss of sales
for firms, given the high price elasticity of demand. This
decline in demand will reduce production, thereby lowering
capacity utilization and further injuring profitability.
The relatively low capacity utilization rate is significant
because it makes a firm reluctant to be a price leader.
Price leadership exposes a firm to the risk of a still
greater losg of production volume if other firms do not
follow price increases. As described in Section 3.2.2.2
above, if other firms remain at the old price, they may
gain some of the price leader's market share. The loss of
customers and the resulting lowering of the capacity
utilization rate lowers the manufacturer's profit margins.
At this writing, perchloroethylene manufacturers were
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TABLES-4

ESTIMATION OF THE PRICE ELASTICITY OF DEMAND
FOR PERCHLOROETHYLENE

INFLUENCE ON

MARKET BASELINE PRICE
CHARACTERISTIC PRESENT DATA" ELASTICITY (1.0)*"
Demand growth Low ' Increase

Historical 1965-75: 6%/yr

Projected Through 1980:

3% to 4%/yr
Captive usage 0% to 15%—Low increase
- Use as intermediate Low Increase

Significance of price as High Increase

basis for competition
Substitutability Moderate Neutral

Foreign competition Substantial imports increase

PRICE ELASTICITY ESTIMATE: High (1.0 t0 2.0).*"

* Source: Chapter Three.
** Source: Energy Resource Company Inc. estimates.
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TABLE 5-5

LIKELIHOOD OF FULL-COST PASSTHROUGH FOR PERCHLOROETHYLENE"*

COST
PASSTHROUGH
FACTOR

PRESENT DATA

EFFECT ON
LIKELIHOOD OF FULL
COST PASSTHROUGH

Price elasticity of demand

Variation in abatement costs
among firms

Required cost increase as %
of manufacturing cost
Best estimate
Worst-case

Expected capacity utilization

High {1.0 to 2.0)
Moderate

Large

3.1%

5.0%

60% — Low

Decrease

Neutral

Decrease

Decrease

LIKELIHOOD OF FULL-COST PASSTHROUGH: Poor; incomplete cost passthrough for some firms.

" Source: Energy Resources Company Inc. estimates.
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al;eady operating with extremely slim profit margins. Any
Price increase is likely to be limited to that absolutely
necessary for firms to avoid operating at a loss.

Net Income and Investment Analysis. The calculation
of net income figures indicates that even after abatement cost
increases the model plant manufacturers would continue to
operate in this industry. The calculations were based on
an assumed operating rate of 70 percent of capacity in order
to reflect the market uncertainties for the industry. (A
90 percent capacity utilization rate is usually desired.)
The model plant achieves profitability in all the cases
examined, as presented in Table 5-6. The large treatment
costs, however, do cause a fall in net income of 8 percent
in the best estimate case and 14 percent in the worst-case
scenarios.

The investment analysis, displayed in Table 5-7,
indicates that the model plant would make the required
treatment investment. Cash flows for the best estimate and
worst-case scenarios are nearly the same (both are rounded
off to $2.1 million per year, as shown in the table), but
the larger size of the worst-case investment causes it to
have a lower net present value. Both values are significantly
positive, $7.50 million in the best _estimate and $6.93
million in the worst-case estimate.

Plant Shutdowns. The model of the plant decision-making
process indicates that plant shutdowns are a potential
problem. In Table 5~8 the inputs to the decision and their
independent effects on the likelihood of plant shutdown are
presented. Two factors, the unlikelihood of a full-cost
passthrough and the moderately high cost of the treatment
investment, operate to increase the likelihood of plant
shutdowns. The low degree of vertical integration in the
industry also makes closings more likely but is not considered
to be as strong an influence. The positive results of the
investment analysis and the extensive integration of
perchloroethylene manufacturing with other plant processes
work to decrease the likelihood of plant shutdowns. Given
the mixed influences which affect this important decision
the model can only conclude that shutdowns are possible. A
firm-by-firm analysis of the industry follows in the next
section,

5.1.1.2 Projected Impacts

The future market situation for perchloroethylene
indicates an absence of significant growth possibilities.
Strong European competition is dramatically undercutting

-213-



TABLE 5-6

MODEL PLANT NET INCOME CALCULATION
FOR PERCHLOROETHYLENE*

TREATMENT COST SCENARIO

MODEL PLANT NO NEW BEST ESTIMATE WORST-CASE
FINANCIAL DATA TREATMENT OF COST COST ESTIMATE
Revenue (S/MT) 358 358 358
Manufacturing cost (S/MT) 259 259 259
Treatment cost (S/MT) 0 8 13

Gross profit (S/MT) 99 91 86
After-tax profit (S/MT) ™" 50 46 43

Total annual net income (S million) 1.4 1.3 1.2

* Assumes average annual production of 27,300 MT (70% of capacity). Source: Energy Resources
Company lnc. estimates.
** Assumes 50% corporate tax rate.
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TABLE 5-7

MODEL PLANT INVESTMENT ANALYSIS
FOR PERCHLOROETHYLENE*

TREATMENT COST SCENARIO

MODEL PLANT BEST ESTIMATE WORST-CASE
INVESTMENT MEASURES OF COST COST ESTIMATE
After-tax profit (S/MT) 46.0 43.0
Depreciation (S/MT) 320 33
After-tax cash flow (S/MT)** 78.0 76

Total annual cash flow (S miliion) 2.1 2.1
lnvestment outlay (S million) 1.2 1.5
Working capitat raquirement (S million)t 1.6 1.6

Net present value of investment (S million)tt 7.5 6.9

* Source: Energy Resources Company Inc. estimates.
** After tax cash flow = profit + depreciation.

t Working capital requirement = 1/4 (manufacturing cost — depreciation}.
tt Assumaes a 15% discount rate and an investment life of 10 years.
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TABLE 5-8

MODEL PLANT SHUTDOWN DECISION FACTORS USING
WORST-—-CASE TREATMENT COST FOR PERCHLOROETHYLENE

DECISION FACTOR

PLANT DATA"

EFFECT ON LIKELIHOOD
OF PLANT SHUTDOWN**

Net present value of
investment

Ratio of investment to met
fixed investment

Degree of vertical integration
(forward or backward)

Integration with other on-site
production processes

Other environmental/
regulatory problems

Liketihood of full-cost
passthrough

$6.9

13.9 % - High

Low

Extensive integration

Significant

Poor — tittle chance of
full-cost passthrough

Negative

Positive

Positive

Negative

Positive

Positive

LIKELIHOOD OF PLANT SHUTDOWN: Plant shutdowns are possible **

* Source: Chapter Three.

** Source: Energy Resources Company Inc. estimates.
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domgst}c prices. TImported perchloroethylene from Italy and
Spaln 1is available at port of entry in New Jersey for
$0-09/}b.while domestic product costs $0.17/lb. This
competition has created large domestic inventories and
squeezed domestic profit margins making further investment

for hazardous waste treatment for perchloroethylene operations
unlikely in the short term.2 Several small firms in the
industry presently regard their perchloroethylene operations
as marginal and the cessation of production could be a
possibility. These firms will want to minimize any additional
expenditures in their perchloroethylene operations and the
requlred investments for hazardous waste treatment could
therefore hasten their exit from the industry. In order to
obtain a more accurate analysis of this issue, it is necessary
to examine all the factors which impact competition in the
industry.

Table 5-9 displays the likely impacts on the present
domestic producers of perchloroethylene. Firm size and
producticn volume appear to be important determinants of
profitability in the industry. The largest producers can
derive cost advantages both in production and in hazardous
waste treatment. The large producers also tend to be
the firms which have already invested in the necessary
incinerators for perchloroethylene. As can be seen from
the table, the firms which are known to be currently
incinerating wastes include Dow Chemical, Diamond Shamrock,
PPG, and Vulcan Materials Co. DuPont has also stated
that regulations will have a negligible impact on their
operation.3 However, even those firms may elect to shift
their incineration capacity to more profitable operations
forcing closure.

Small firms have less volume over which to spread
normal production costs, although economies of scale are not
the only consideration in looking at relative size. The
small firms tend to be able to run at higher utilization
rates during market slumps. They normally require this high
capacity utilization factor to stay profitable, and they
secure the necessary market share by undercutting the price
of the larger firms. Small firms, however, are losing their
ability to operate in this fashion, as the long-term slump
in the perchloroethylene market causes the larger firms to
also become price aggressive. Survival becomes principally
a question of producing at the lowest costs.

While the hazardous waste regulations will clearly
worsen the cost disadvantages of small firms, several other
supply characteristics are thought to be particularly
important to the willingness and ability of firms to stay in
the industry. These supply characteristics include:
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TABLE 5-9

SUMMARY OF PROJECTED IMPACTS FOR PERCHLOROETHYLENE

MANUFACTURER
CURRENT RESPONSE PROJECTION OF
COMPETITIVE REGARDING REGULATORY
MANUFACTURER PLANY LOCATIONS CURRENT TREATMENT* POSITION * * IMPACT * IMPACT **
Biamond Shamrock Deer Park, Tex Incineration Good — Smat!
Dow Chemical Freeport, Tex. Incineration Good Negligible Small
Plaquemine, La. Incineration Good Negligible Small
Pittsburg, Calif. Incineration Good Negligible Smalli
DuPont Corpus Christi, Tex. Incineration Good Negligible Small
Ethyl Baton Rouge, La Deep well disposal Vulnerable - Significant impact
possible
Hooker Taft, La. N.A. Vulnerable — Significant impact
possible
PPG Lake Charles, La. Incineration Good - Small
Stauffer Chemical touisville, Ky. Contractor used for Vuinerable Significant Significant impact
land fill disposal possible
Vulcan Materials Geismer, La. Plan to incinerate Good Negligible Small
Wichita, Kans. Incineration Good Negligible Small

* Source: Contacts with industry personnel.

** Source: Energy Resources Company Inc. estimates.



2‘

3.

The need to purchase raw materials outside
the firm.

Outdated production processes.

Integration of the perchloroethylene process
with other firm operations.

The plants which are thought to be in the worst
competitive position and, therefore, the most threatened by
hazardous waste treatment, are listed below:

l‘

Ethyl, Baton Rouge, Louisiana (capacity

22,700 metric tons). Ethyl runs a combined
perchloroethylene~trichloroethylene process which
produces a large volume of wastes. The firm
currently disposes of the waste through deep-well
disposal, and has yet to incur the costs of
incineration. Ethyl also must purchase its
chlorine inputs, whereas other firms produce
their own supplies. The same plant produces
tetramethyllead and vinyl chloride monomer (VCM).
The former market has declined substantially and,
as will be discussed in Section 5.1.4, the Ethyl
VCM operation is also not in a strong competitive
position.

Stauffer Chemical, Louisville, Kentucky

(capacity 84,000 metric tons). Stauffer produces
its perchloroethylene as a coproduct with carbon
tetrachloride, a product whose market is declining
significantly (see Section 5.1.2). Faced with two
marginal products, Stauffer may see no point in
staying in either market. Stauffer is also a net
purchaser of chlorine, a factor which tends to
correlate with a weak competitive position. The
firm views the addition of controlled incineration
into their process as quite expensive, and
anticipates that a number of technical problems
will need to be solved to accomplish this addition.

Hooker Chemical, Taft, Louisiana (capacity

18,100 metric tons). Hooker is the only firm
which still uses an acetylene-based process. They
can currently obtain the necessary acetylene under
a long-term contract with a natural gas supplier
on the Gulf Coast. It is generally felt in the
industry that when their current gas contract
expires (the actual expiration date 1s unknown),
Hooker may have to pay substantially higher gas
prices. The increased input costs could threaten
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the viability of their operation. 1In these
circumstances, a substantial investment in an
EPA-required pollution abatement system may not be
made if the firm feels that it will have to close

its doors shortly in any case.

5.1.2 Chloromethanes

Three of the four chloromethanes should face negligible
impact from hazardous waste regulations. Carbon tetrachloride
will be subject to limited impact except where it is a joint
product with perchloroethylene in a marginal perchloroethylene
plant.

5.1.2.1 Model Plant Analysis

Price Elasticity of Demand. A summary of the estimates of
the price elasticity of demand for the four chloromethanes
is presented below in Table 5-10. Table 5-10 is developed
from separate estimations of the price elasticity for each
of the chloromethane solvents presented in Tables 5-11
through 5-14. For all of these products, their effectiveness
vis-a-vis substitutes is a major factor in price elasticity
determination. Carbon tetrachloride is estimated to have a
higher price elasticity than the other chloromethanes
because there exist numerous substitute products developed
to replace carbon tetrachloride-based fluorocarbons in their
use as aerosol propellants. Chloroform is subject to
similar pressures in its aerosol uses, but it is expected to
maintain its advantage over other products in its larger
refrigerant market. The other chloromethanes face only
moderate substitutability. Methyl chloride is essential as
an intermediate to the silicone industry. Methylene chloride
is well established in its primary solvent uses and is
increasing its share of the aerosol market where it is often
used in place of carbon tetrachloride.

The other factors listed in Tables 5-11 through 5-14
are weaker influences than the degree of substitutability.
Foreign competition is negligible for all the chloromethane
markets.

In order not to understate any possible economic effects,
the overall elasticity for the chloromethane solvents will
be assumed to be in the 0.5 to 1.0 range (medium).

A Likelihood of Full-Cost Passthrough. Table 5-15
displays the cost passthrough analysis. The required cost
increase for chloromethane solvents is quite small, at only
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TABLE 5-10

SUMMARY OF ELASTICITY ESTIMATES FOR
CHLOROMETHANE PRODUCTS

PRODUCT ELASTICITY ESTIMATE

Methyi chloride Low (0.0 — 0.5)
Methylene chloride Low (0.0 — 0.5)
Chloroform Low (0.0 - 0.5)
Carbon tetrachloride Medium (0.5 = 1.0}
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TABLE 5-11

ESTIMATION OF THE PRICE ELASTICITY OF DEMAND

FOR METHYL CHLORIDE

INFLUENCE ON

MARKET BASELINE PRICE
CHARACTERISTIC PRESENT DATA" ELASTICITY (1.0)*"
Demand growth Moderate Increase

Historical 1965-75: 5.3%/yr

Projected Through 1980:

%/yr

Captive usage 55% to 65% — Moderately high Decrease
Use as intemediate High pecrease
Significance of price as Low Decrease
basis for competition
Substitutability Moderate Neutral
Foreign competition Negligible Decrease

PRICE ELASTICITY ESTIMATE: Low (0.0 t0 0.5).""

* Source: Chapter Three.
°* Source: Energy Resources Company !Inc. estimates.
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TABLE 5-12

ESTIMATION OF THE PRICE ELASTICITY OF DEMAND
" FOR METHYLENE CHLORIDE

INFLUENCE ON

MARKET BASELINE PRICE
CHARACTERISTIC PRESENT DATA® ELASTICITY (1.00™"
Demand growth High Decrease

Historical 1965—75: 13%/yr

Projected Through 1980:

10% to 12%/yr

Captive usage 5% to 15% — Low increase
Use as intermediate High Decrease
Significance of price as Low Decrease

basis for competition
Substitutability Moderata Neutral

Foreign competition Negligible Decrease

PRICE ELASTICITY ESTIMATE: Low (0.0 to 0.5)."*

* Source: Chapter Three.
*® Source: Energy Resources Company [nc. estimates.

-223-



TABLE 5-13

ESTIMATION OF THE PRICE ELASTICITY OF DEMAND
FOR CHLOROFORM

INFLUENCE ON

MARKET BASELINE PRICE
CHARACTERISTIC PRESENT DATA" ELASTICITY (1.0)""
Demand growth High Decrease

Historical 1965—75: 9.2%/yr

Projected Through 1980:

8% to 10%/yr

Captive usage 15% to 25% — Low Increase
Use as intermediate High Decrease
Significance of price as Low Decrease

basis for competition
Substitutability Low to moderute Dacreasw

Foreign competition Negligible Decrease

PRICE ELASTICITY ESTIMATE: Low (0.0t00.5).""

* Source: Chapter Three.
** Source: Energy Resources Company Inc. estimates.
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TABLE 5-14

ESTIMATION OF THE PRICE ELASTICITY OF DEMAND

FOR CARBON TETRACHLORIDE

INFLUENCE ON

MARKET BASELINE PRICE
CHARACTERISTIC PRESENT DATA* ELASTICITY (1.0)*"
Demand growth Poor increase
Historical 1964-74: 6.8%/yr
Projected Through 1979:
+3% to (—10%)/yr
Captive usage 10% to 30% — Neutral
Low to medium
Use as intermediate High Decrease
Significance of price as Low Decrease
basis for compaetition
Substitutability High Increase
Foreign competition Negligible Decrease

PRICE ELASTICITY ESTIMATE: Medium (0.5 to 1.0)**

* Source: Chapter Three.
** Source: Energy Resources Company Inc. estimates.
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TABLE 5-15

LIKELIHOOD OF FULL-COST PASSTHROUGH FOR CHLOROMETHANES*

COST EFFECT ON
PASSTHROUGH LIKELIHOOD OF FULL-
FACTOR PRESENT DATA COST PASSTHROUGH
Price elasticity of demand Medium (0.5 to 1.0) Neutral
{Combined estimate)

Variation in abatement costs Moderate Neutral
among firms
Required cost increase as % Small Positive
of manufacturing cost

Best estimate 0.2%

Worst-case 0.6%
Expected capacity utilization 70% to 80% — Medium Neutral

LIKELIHOOD OF FULL-COST PASSTHROUGH: Poor; incomplete cost passthrough for some firms.

* Source: Energy Resources Company !nc. estimates.
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0.6 percent for the worst-case costs scenario. As displayed
in the table, this suggests that manufacturers will be able
to recover costs. The other influences on the cost passthrough
decision are all estimated to have no significant effect.
The degree of capacity utilization was high for the industry
in 1974 but has since fallen. This decline is due to the
uncertain future for carbon tetrachloride, the largest
volume chloromethane, the production of which dominates
industry capacity. Capacity utilization is estimated to be
"medium” to reflect this change. Abatement cost differences
are of some note because of the wide range of sizes for
operating plants. However, the smallest plants in the
industry tend to produce for captive use and, therefore,
should still be able to pass on a cost increase.

Investment Analysis. The uncertainties about future
market conditions for chloromethane manufacturers were
accounted for, in the investment analysis, by lowering the
anticipated level of capacity utilization. It was assumed
that the model plant would be running at 70 percent of
capacity for the expected life of the investment (10 years).
The model plant net income calculation is displayed in
Table 5-16. The treatment costs have a negligible effect on
profitability in the best estimate scenario, and a 6 percent
drop in the worst case.

The components of the investment decision are shown in
Table 5-17, and one notable statistic is the small size of
the required investment, $0.23 million in the worst case.
The net present value of the investment was calculated to be
roughly $9 million in both cases, which means that firms
which are in a situation at least as favorable as that of
the model plant under a worst-case cost scenario would
probably make the necessary expenditures.

Plant Shutdowns. Hazardous waste treatment expenditures
will not seriously affect chloromethane manufacturers, except
through their effect on marginal perchloroethylene/carbon
tetrachloride coproduct plants. The elements of the plant
shutdown decision are presented in Table 5-18. 1In the
table, the only other factor indicating the possibility of a
plant shutdown is the environmental problems for carbon
tetrachloride. Carbon tetrachloride is the largest-volume
chemical of the chloromethane group and a ban on fluorocarbons
would bring a number of changes to the industry. The
factors relating directly to hazardous waste treatment, such

as the size of the required investment, are not sufficient
to cause the industry problems.
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TABLE 5-16

MODEL PLANT NET INCOME CALCULATION
FOR CHLOROMETHANES*

TREATMENT COST SCENARIO

MODEL PLANT NO NEW BEST ESTIMATE WORST-CASE
FINANCIAL DATA TREATMENT OF COST COST ESTIMATE
Revenue (S/MT) 364 364 364
Manufacturing cost (S/MT) 269 269 269
Treatment cost (S/MT) 0 0.6 1.7
Gross profit (S/MT) 95.0 94.4 933
After tax profit (S/MT)*" 47.5 47.2 46.7
Total annual net income (S million) 1.7 1.7 1.6

* Assumes average annual production of 35,000 MT (70% of capacity). Source: Energy Resources
Company Inc. estimates.
** Assumes 50% corporate tax rate.
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TABLE 5-17

MODEL PLANT INVESTMENT ANALYSIS
FOR CHLOROMETHANES*

TREATMENT COST SCENARIO

MODEL PLANT BEST ESTIMATE WQORST-CASE
INVESTMENT MEASURES OF COST COST ESTHVMATE
After-tax profit (S/MT) 47.2 46.7
Depreciation (S/MT) 20.1 20.3
Atter-tax cash flow (S/MT)** 67.3 67.0

Total annual cash flow (S million) o 24 23
Investment outlay (S million) 0.18 0.23
Working capital requirement (S million)t 2.2 2.2

Net present value of investment (S million) 1t g3 9.1

* Source: Energy Resources Company Inc. estimates.

** After-tax cash flow=profit + depreciation.

* Working capital requirement = 1/4 {manufacturing cost — depreciation).
t+ Assumes a 15% discount rate and an investment life of 10 years.
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TABLE 5-18

MODEL PLANT SHUTDOWN DECISION FACTORS USING
WORST—CASE TREATMENT COST FOR CHLOROMETHANES

DECISION FACTOR

PLANT DATA"

EFFECT ON LIKELIHOOD
OF PLANT SHUTDOWN**

Net present value of
investment

Ratio of investment to net
fixed investment

Degree of vertical integration
(forward or backward)

Integration with other on-site
production processes

Other environmental/
regulatory problems

Likelihood of full-cost
passthrough

$9.1 million

2.3% — small

Moderate

Integrated with threatened

perchloroethylene processes

Significant

Good likelihood of full -
cost passthrough

Negative

Negative

Neutra!

Positive

Positive

Negative

LIKELIHOQOD OF PLANT SHUTDOWN: Small chance of plant shutdown.**

* Source: Chapter Three.

** Source: Energy Resources Company -Inc. estimates.

-230-



5.1.2.2 Projected Impacts

While the markets for the chloromethanes, particularly
the high-volume product carbon tetrachloride, are subject
to great uncertainty about future demand, it appears that
the small costs of waste treatment for these products will
preclude a strong regulatory impact. The proiscted impact
for each manufacturer is displayed in Table 5=19. As can
be seen from the table, a significant impact is considered
possible for two plants, those of Ethyl Corp. and Stauffer
Chemical Co. Ethyl produces methyl chloride at its Baton
Rouge plant, where it also produces pexrchloroethylene and
vinyl chloride monomer. Both of these other operations
are thought to have a weak competitive position in their
respective markets (see Sections 5.1.1 and 5.1.4 for
information on the regulatory impact in these markets).
Thus, even though there is no indication of a distinct
treatment problem for methyl chloride wastes, the operation
could be threatened by the possibility that the entire plant
would be closed.

The Stauffer plant in Louisville, Kentucky houses a
joint perchloroethylene-carbon tetrachloride process. The
process generates a relatively large volume of wastes
(worst-case estimates may be applicable) and Stauffer has
indicated that the addition of controlled incineration would
be guite expensive. Therefore, Stauffer would be faced with
the decision of whether to make a fairly large investment in
order to continue production of the two chemicals, each of
which currently faces a weak market. In these circumstances,
they may choose to
cease production.

Several other chloromethane producers also manufacture
perchloroethylene but should not be threatened by hazardous
waste treatment regulations. Diamond Shamrock and Vulcan
Materials send their chloromethane wastes for treatment to
their perchloroethylene plants, where incineration is
currently taking place. 1In the case of Diamond Shamrock,
this involves transporting the chloromethane wastes from
Belle, West Virginia to Deer Park, Texas. 4 Dupont runs a
joint perchloroethylene-carbon tetrachloride process and
they have indicated that the regulatory impact will be
negligible.5

Chloromethane producers who do not also make

perchloroethylene have only a small waste disposal problem,
Allied Chemical, for instance, uses a contractor to dispose

of its hazardous waste. The volume of waste generated would
not economically support in-house incineration in this case.
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TABLE 5-19

SUMMARY OF PROJECTED IMPACTS FOR CHLOROMETHANES

MANUFACTURER
CURRENT RESPONSE PROJECTION OF
COMPETITIVE REGARDING REGULATORY
MANUFACTURER PLANT LOCATIONS CURRENT TREATMENT® POSITION®* IMPACT * IMPACT**
Allied Chemical Moundsville, W.Va. Contractor used for Good Negligible Smalt
treatment
Conoco Wesllake, La. N.A. Good Negligible Small
Diamond Shamrock Belle, W.Va. Wastes shipped to Deer Good Negligible Smal!
Park, Tex. plant for
incineration
Dow Chemical Freeport, Tex. Incineration Good Negligible Smatl
Plaguemine, La. {ncineration Good Neglgible Small
Pitisburg, Calif. Incineration Good Negligibie Small
Dow-Corning Carrollton, Ken, N.A. Good Negligible Smal!
Midland, Mich, N.A. Good Negligible Small
DuPont Corpus Christi, Tex, Incineration Good Negligibie Smalt
Niagara Falls, N.Y. - Not operating - —
Ethyl Baton Rouge, La. Deep well disposal Vuinerable -— Significant
impact possible
FMC South Charleston, W.Va. N.A. - - Small
General Electric Waterford, N.Y. Incineration Good Negligible Small
Intand Chemical Manati, Puerto Rico None Good Negligible Small
Stauffer Chemical Louisvitle, Ky. Contractor used for Vulnerable Signiticant Significant
treatment impact possible
LeMoyne, Ala. N.A. Good Negligible Small
Union Carbide Institute, W.Va, N.A. - Good Negligible Small
Vuican Materials Geismer, La. Plan to incinerate Good Negligible Smalt
Wichita, Kans. Incineration Good Negligible Small

* Source: Contacts with industry personnel.

** Source: Energy Resources Company Inc. estimates.



5.1.3 Epichlorohydrin

. The epichlorohydrin market should ..ot be seriously
impacted by hazardous waste treatment regulations. The
investment in treatment equipment will be fairly expensive,
but the additional operating costs should add little to the
cost of the product. Only two firms, Shell Oii and Dow
Chemical, manufacture epichlorohydrin and both should

be able to meet new reqgulatory requirements with little
difficulty. Both presently have incinerators running and
their plants are large integrated facilities that allow
abatement costs to be spread over many products.

5.1.3.1 Model Plant Analysis

Price Elasticity of Demand. An estimate of the price
elasticity of demand for epichlorohydrin was made despite
the lack of market sales of the chemical (see Table 5-20).
The estimation of market conditions for this chemical, as
for the other intermediates studied, is made on the basis of
evidence about the continued use of the chemical as an input
to other processes. In this case, the analysis focuses on
the effect of changes in the epichlorohydrin price on its
use in the manufacture of synthetic glycerin and epoxy
resins. Both markets are expected to be insensitive to
price changes. The extensive captive use of epichlorohydrin
effectively reduces the price sensitivity of its market
since the existing processes of the two producing firms are
dependent upon the continued manufacture of the chemical.

In the past, the producer/users of epichlorohydrin have

shown some tendency to reduce their use of the chemical by
employing alternative processes for the manufacture of
synthetic glycerin. However, changes of this type require

some retooling costs and therefore indicate moderate but not
strong sensitivity to price (or in this case, manufacturing
costs). Epichlorohydrin is well established as an intermediate
in epoxy resin manufacturing and, while there are possibilities
for substitution through alternative manufacturing processes,
the degree of substitutability is limited. The influence of
substitute products on the baseline price elasticity is,
therefore, not strong and is considered to have a neutral
impact in terms of the analysis. On the other hand, the
influence of high captive use is to decrease the price
elasticity. Captive users are likely to favor using their

own supplies even if they are more expensive than other
producers' because the extra costs for compliance are likely

to be less than the increased overhead costs resulting from
shutting down the supplying plant. High levels of captive

use will therefore lessen users' sensitivity to price.
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TABLE 5-20

ESTIMATION OF THE PRICE ELASTICITY OF DEMAND
FOR EPICHLOROHYDRIN

INFLUENCE ON

MARKET BASELINE PRICE
CHARACTERISTIC PRESENT DATA® ELASTICITY (1.0)*"
Demand growth Low to moderate Neutral

Historical n.a.

Projected 3% to 6%/yr .
Captive usage High Decrease
Use as intermediate High Decrease
Significance of price as Low Decrease

basis for competition
Substitutability Moderate Neutral

Foreign competition Negligible Decrease

PRICE ELASTICITY ESTIMATE: Low {0.0to 0.5)."

* Source: Chapter Three.
** Source: Energy Resources Company [nc. estimates.
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The markets for epichlorohydrin are mature, particularly
that of intermediate use in synthecvic glycerin manufacturing,
and future growth is likely to be slow. Markets with
falling growth rates resulting from increasing product
substitution may be indicative of a high price elasticity of
demand. However, the epichlorohydrin market is not subject
to this substitution effect, and slow future ¢rowth does not
indicate a high price elasticity.

Likelihood of Full=-Cost Passthrough. The two
manufacturers of epichlorohydrin are the largest consumers
of the chemical, allowing them to pass on the increased
costs of manufacture to the next level of processing. The
data which makes this conclusion possible are summarized in
Table 5-21. Most notably, the size of the required cost
increase as a percentage of manufacturing cost is small,
estimated in the worst case as 0.42 percent. The low price
elasticity indicates that the resulting fall in demand
should be negligible. Both firms in this industry make
epichlorohydrin as one product line in huge petrochemical
complexes. As a result, there is no significant difference
in the scale of operation and no interfirm differences in
the cost of abatement are expected. Expected capacity
utilization is projected to be between 65 and 80 percent,
buoyed mainly by demand for use in epoxy resins. A healthy
level of capacity utilization also eases the passthrough of
abatement costs.

Net Income and Investment Analysis. Treatment costs
should add only $3 to the $900 cost of manufacturing a
metric ton of epichlorohydrin. Table 5-22 presents the net
income calculation to determine whether treatment costs can
be absorbed while maintaining profitability. Comparing the
model plant net income projection with and without treatment
costs shows that treatment using the best estimate of costs
reduces net income from $3.0 million to $2.9 million. Net
income under a worst-case cost scenario is only slightly
lower at $2.8 million. These treatment costs represent
declines in net income of 3 percent and 7 percent respectively.

The investment required for epichlorohydrin producers
would be roughly $1 million. Table 5-23 presents the
investment analysis. 1In terms of the model plant costs, the
worst~cacse investment of $1.1 million is one-eighth of the
net fixed investment of $7.9 million. However, the cash
flows summarized in the table indicate that the investment
would be a profitable one. On the basis of an after-tax
cash flow of more than $50/MT, the net present values of the
investment are $6.0 million and $5.6 million for the best
estimate and worst-case costs respectively. These figures,
it can be safely said, are conservative estimates of
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TABLE 5--21

LIKELIHOOD OF FULL-COST PASSTHROUGH FOR EPICHLOROHYDRIN*

CosT EFFECT ON
PASSTHROUGH LIKELIHOOD OF FULL
FACTOR PRESENT DATA COST PASSTHROUGH
Price elasticity of demand Low {0.0 to 0.5) Positive

Variation in abatement costs Negligible Pasitive

among firms

Required cost increase as % Small Positive
of manufacturing cost

Best estimate 0.23%

Worst-case 0.42%
Expected capacity utilization 70% to 85% — Positive

Medium to high

LIKELIHOOD OF FULL-COST PASSTHROUGH: Good likelihood of full-cost passthrough.

*Source: Energy Resources Company Inc. estimates.
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TABLE 5-22

MODEL PLANT NET INCOME CALCULATION
FOR EPICHLOROHYDRIN*

TREATMENT COST SCENARIO

MODEL PLANT NO NEW BEST ESTIMATE  WORST-CASE
FINANCIAL DATA TREATMENT OF COST COST ESTIMATE
Revenue (S/MT) 970 870 870
Manufacturing cost (S/MT) 882 882 882
Treatment cost (S/MT) 0 20 3.7
Gross profit {S/MT) 88.0 86.0 84.3
After-tax profit {(S/MT)** 440 43.0 422
Total annual net income (S million) 3.0 28 23

° Assumas average annual production of 67,500 MT (90% of capacity). Source: Energy Resources
Company Inc. estimates.
** Assumes 50% corporate tax rate.
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TABLE 5-23

MODEL PLANT INVESTMENT ANALYSIS
FOR EPICHLOROHYDRIN*

TREATMENT COST SCENARIO

MODEL PLANT BEST ESTIMATE WORST-CASE
INVESTMENT MEASURES OF COST COST ESTIMATE
After-tax profit (S/MT) 43.0 42.0
Depreciation (S/MT) 11.9 12.1
After-tax cash flow (S/MT)"" 54.7 54.2

Total annual cash flow (S miltion) 37 37
Investmant outlay (S million) 0.87 1.08
Working capital requirement (S million)t 14.7 14.7

Net present value of investment (S million)tt 6.0 5.6

* Source: Energy Resources Company Inc. estimates.
** After-tax cash flow = profit + depreciation.

t Working capital requirement = 1/4 (manufacturing cost — depreciation).
t1 Assumes a 15% discount rate and an investment life of 10 years.
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profitability given the probable market power of the two
epichlorohydrin producers, Shell O11 Company and Dow Chemical.

. Plant Shutdowns. As suggested by the previous
discussion, plant shutdowns are unlikely for epichlorohydrin
manufacturers. The various components of the shutdown
decision are listed in Table 5-24. The only factor that
has a positive effect on the likelihood of a plant shutdown
1s the large size of the initial treatment investmcnt,
calculated here as a percentage of the net fixed investment.
However, the net fixed investment figure used for the model
plant analysis is only an estimate of the actual requirements
?or the epichlorohydrin process equipment. In reality, the
investment required for a petrochemical complex is many
times larger than the model plant figure, but the costs of
treating epichlorohydrin wastes will be spread over the
manufacturing and treatment costs for a number of chemicals.
The burden of the hazardous waste treatment investment on
epichlorohydrin is therefore lessened significantly. All
of the other factors listed indicate that there should not
be serious difficulties for this industry. The most
significant factors are the strong likelihood of a full-cost
passthrough and the high degree of vertical integration.

The latter point suggests that this manufacturing process
could not be easily separated from the other plant operations
and shutdown.

5.1.3.2 Projected Impacts

Regulations for hazardous waste management should
not seriously impact either of the two epichlorohydrin
manufacturers, Shell 0il Company or Dow Chemical. A
summary of the projected impacts for each of the plants is
presented in Table 5-25, Both companies manufacture the
chemical in large petrochemical complexes, which allows them
to spread the costs of treatment (controlled incineration)
over a number of products. The results of the investment
analysis presented above are likely, therefore, to overstate
the incremental costs of treatment for epichlorohydrin
alone,

Communication with the representatives of Shell and
Dow during the course of this project indicated that both
firms have taken steps to meet the anticipated requlations.’
Each firm is using, or planning to use, controlled
incineration processes which should meet any governmental
regulatory standards. To the extent that the firms are
moving towards controlled incineration in anticipation of
regulation, these regulations will have made their primary
economic impact prior to being instituted.
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TABLE 5-24

MODEL PLANT SHUTDOWN DECISION FACTORS USING
WORST-CASE TREATMENT COST FOR EPICHLOROHYDRIN

EFFECT ON LIKELIHOOD

DECISION FACTOR PLANT DATA" OF PLANT SHUTDOWN**
Net present value of $5.6 million Negative

investment

Ratio of investment to net 13.7 % - large Positive

fixed investment

Degree of vertical integration High Negative
(forward or backward)

Integration with other an-site Extensive integration Nagative
production processes

Other environmental/ Moderate Negative
regulatory problems

Likelihood of full-cost Good likelihood of full- Negative
passthrough cost passthrough

LIKELIHOOD OF PLANT SHUTDOWN: Small chance of plant shutdown.”*

* Source: Chapter Three.
** Source: Energy Resources Company Inc. estimates.
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TABLE 5-25

SUMMARY OF PROJECTED IMPACTS FOR EPICHLOROHYDRIN

MANUFACTURER
CURRENT RESPONSE PROJECTION OF
COMPETITIVE REGARDING REGULATORY
MANUFACTURER PLANT LOCATIONS CURRENT TREATMENT"® POSITION®*® IMPACT IMPACT**
Dow Chemical Freeport, Tex. Incineration Good Negligible Smal!
Shell Oil Houston, Tex. Incineration Good Negligible Small
Norco, La. Incineration Good Negligible Small

* Source: Contacts with industry personnel.
** Source: Energy Resources Company Inc. estimates.



5.1.4 Vinyl Chloride

While the model plant for vinyl chloride has among the
highest treatment costs of any plant and worst-case
treatment costs are 0.6 percent of production costs, the
booming VCM/PVC market should have little trouble absorbing
the costs. Two small producers presently suffering from
weak positions in the market may be subject to significant
impact from the regulation only because of the combination
of treatment costs and their vulnerable market positions.

5.1.4.1 Model Plant Analysis

Price Elasticity of Demand. Vinyl chloride is
expected to have one of the lowest price elasticities of the
highly impacted chemicals. The price elasticity estimation
is presented in Table 5-26. While examination of price and
sales data over the past 15 years shows significant increases
in demand accompanied by dramatic price declines, it is
believed that both the demand growth and the price reduction
were the results of the boom in the market. The current price
elasticity of the market is believed to be better represented
by its recent performance. Recently, vinyl chloride has
been subject to sharp price increases which have not had
sizeable effects on demand. These increases were not
sufficient to price PVC (a derivative of vinyl chloride) out
of the numerous markets where it has been found to be
extremely effective in a broad range of applications.

The limited substitutability for VCM/PVC is believed
to exercise the strongest influence on the baseline
elasticity. All other determinants are estimated to have
a negative effect except the significance of price on
competition, which is believed to have a neutral influence.
The 4 to 5 percent estimate of future demand growth may well
be conservative given the strong sales growth in 1976 and '
1977. Furthermore, the industry has planned to increase
capacity by over 50 percent by 1980. The continued sales
growth is seen as a sign of price firmness and the effect of
the expansion of capacity on prices is likely to swamp any
increase in price due to hazardous waste treatment.

Substitutability and foreign competition are not
significant at this time and high, increasing rates of
captive use will minimize the effects of cost increases. If
the National Energy Plan is enacted, however, then the price
of the necessary feedstocks for VCM production will increase
substantially. The price rise could eliminate the export
market for VCM and PCV and stimulate importing of these
chemicals.
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TABLE 5-26

ESTIMATION OF THE PRICE ELASTICITY OF DEMAND
FOR VINYL CHLORIDE

INFLUENCE ON

MARKET BASELINE PRICE
CHARACTERISTIC PRESENT DATA" ELASTICITY (1.0}*"
Demand growth Moderate Decrease

Historical 196474 13.2%/yr

Projected Through 1979: 4% to 5%/yrt
Captive usage 40% to 50% — Decrease

Moderately high
Use as intermediate High Decrease

Significance of price as Moderate Neutral
basis for compaetition

Substitutability Low Daecrease

Foreign competition Negligible Decrease

PRICE ELASTICITY ESTIMATE: Low (0.0t0 0.5).°"

* Source: Chapter Three.
** Source: Energy Resources Company Inc. estimates.
+ Dow Chemical Company projects 7% growth into the 1980's. (Source: Chemical Marketing
Reporter, October 24, 1977.)
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Likelihood of Full-Cost Passthrough. The required cost
increase and other elements of the cost passthrough decision
are presented in Table 5-27 and tha results suggest an easy
passthrough of costs. Treatment costs are quite low,

0.4 percent of total manufacturing costs for the best
estimate scenario and 0.6 percent for the worst-case costs,
Also, the low price elasticity will encourage producers to
pass through abatement costs.

There are, however, some mildly restraining influences
on price increases. Expected capacity utilization has been
projected conservatively at between 65 and 80 percent in
order to account for the possibility of a glut in the VCM
market. As will be discussed below in Section 5.1.4.2
(Projected Impact), a number of new plants will be coming on
stream by 1980 and this will increase competitive pressures
in the industry. Firms in a weak competitive position or
those with worst-case costs may not be able to fully recover
the cost increase through price increases.

Net Income and Investment Analysis. The analysis of
revenues and costs indicates continued profitability for the
model plant in this industry. ©Net income figures are
displayed for the plant with and without treatment costs in
Table 5-28. The substantial difference in best estimate and
worst-case costs 1s noteworthy. The model plant net income
figure falls 5.1 percent with the best estimate treatment
costs and 9.8 percent with the worst-case costs.

Another view of the effect of regulations on the model
plant is presented by the investment analysis in Table 5-29.
For the investment analysis, the difference between the best
estimate and worst-case costs is relatively unimportant.

The annual cash flow for the worst case, $3.01 million, is
only 9 percent below that of the best estimate case. The
net present value of the investments in each case is
significantly positive.

Plant Shutdowns. Hazardous waste management
regulations should not have a strong impact on the vinyl
chloride industry. The regulations might help precipitate
some plant shutdowns, but the current vulnerability of
certain firms is caused largely by general market and
production conditions. Table 5-30 presents the relevant
plant shutdown decision factors and their estimated effects
under a worst-case cost scenario. OSHA regulations are
considered significant in increasing the likelihood of plant
shutdown even though most firms have met or will be able to
successfully meet these other regulations. Because of the
possibility that some plants may not be able to fully
recover costs (although the industry as a whole should have
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TABLE 5-27

LIKELIHOOD OF FULL-COST PASSTHROUGH FOR VINYL CHLORIDE*

COST EFFECT ON
PASSTHROUGH LIKELIHOOD OF FULL
FACTOR PRESENT DATA COST PASSTHROUGH
Price elasticity of demand Low (0.0 to 0.5} Positive
Variation in abatement costs High Negative
among firms
Required cost increase as % Smal! Positive
of manufacturing cost

Best estimate 0.4%

Worst-case 0.6%
Expected capacity utilization 65% to 80% — Neutral

Medium to high

LIKELIHOOD OF FULL-COST PASSTHROUGH: Strong likelihood of full-cost passthrough. Plants
with worst-case costs may not fully recover costs.

* Source: Energy Resources Company Inc. estimates,
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TABLE 5-28

MODEL PLANT NET INCOME CALCULATION
FOR VINYL CHLORIDE*

TREATMENT COST SCENARIO

MODEL PLANT NO NEW BEST ESTIMATE WORST-CASE
FINANCIAL DATA TREATMENT OF COST COST ESTIMATE
Revenue (S/MT) 320 320 320
Manufacturing cost (S/MT) 294 294 294
Treatment cost (S/MT) 0 1.2 1.8
Graoss profit (S/MT) 26.0 248 24.2
After-tax profit (S/MT)"*" 13.0 12.4 12.1

Total annual net income (S million) 1.6 1.5 1.5

* Assumes average annual production of 122,400 MT (90% of capacity). Source: Energy Resources
Company Inc. estimates.
** Assumes 50% corporate tax rate.
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TABLE 5-29

MODEL PLANT INVESTMENT ANALYSIS
FOR VINYL CHLORIDE*

TREATMENT COST SCENARIO

MODEL PLANT BEST ESTIMATE WORST-CASE
INVESTMENT MEASURES OF COST COST ESTIMATE
After-tax profit (3/MT) 124 12.1
Depreciation (S/MT) 16.9 171
After-tax cash flow (S/MT)"" 293 29.2

Total annual cash flow (S million) 3.6 3.6
Investment outlay (S million) 0.9 1.1
Working capital requirement (S million)t 85 8.5

Net present value of investment (S million)tt 9.1 8.8

* Source: Energy Resources Company Inc. estimates.
** After-tax cash flow = profit + depreciation.

t Working capital requirement = 1/4 {manufacturing cost — depreciation).
1t Assumes a 15% discount rate and an investment life of 10 years.
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TABLE 5-30

MODEL PLANT SHUTDOWN DECISION FACTORS USING
WORST—-CASE TREATMENT COST FOR VINYL CHLORIDE

DECISION FACTOR

PLANT DATA™

EFFECT ON LIKELIHOQD
OF PLANT SHUTDOWN™*

Net present value of
investment

Ratio of investment to net
fixed investment

Degree of vertical integration
(forward or backward)

Integration with other on-site
production processes

Other environmental/
regulatory problems

Likelihood of fuli-cost
passthrough

$8.8 million

4.9% —.small
Medium

Low — isolated plant
Substantial — OSHA

regulations

Fair likelihood of full-cost
passthrough; small plants
may not recover costs fully

Negative

Negative

Neutral

Positive

Positive

Neutral

LIKELIHOOD OF PLANT SHUTDQWN: Some likelihood of plant shutdown. Small plants are most

vulnerable.*

* Source: Chapter Three.

** Source: Energy Resources Company Inc. estimates.
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no trouble), the cost passthrough factor is accorded a
nedarral influence. The investment analysis, as discussed
above, indicated that firms are likecly *o make the necessary
lnvestment. However, struggling enterprises may see only a
limited future for themselves in the industry and in such

a case, almost any investment may be considered wasteful.
Plant shutdowns are, therefore, possible as the combined
result of environmental regulations and the weakening
competitive position of small producers in the industry.

5.1.4.2 Projected Impacts

Expectations of a continuation of the rapid growth of
the VCt1/PVC market in recent years and the attractive
profitability of 1974 have encouraged firms to expand or
enter the industry. As of this writing, four firms have
announced plans for the construction of new plants or
expansion of existing plants scheduled to come on line
within a few years. 1In each case the expansions amounted to
an additional 455,000 metric tons per year (1 billion pounds
per year) of VCM capacity. The four firms and their
respective capacity increases are listed in Table 5-31.

Sales growth for the industry has been impressive,
wizth a yearly growth of 13.2 percent from 1964 to 1574
and new peaks of production in 1976 and again in 1977
(projected). However, the four new plants constitute an
increase 1in capacity of over 50 percent. As a result, there
is some expectation of a glut in vinyl chloride production
and this will increase the competitive pressures within the
industry. It has been noted that economies of scale are
very significant for VCM producers. The capacity of the new
plants suggests that 455,000 metric tons 1is recognized as an
optimum plant size.

A summary of the projected impacts of hazardous waste
regulations on the vinyl chloride producers is developed in
Table 5-32. The existing smaller and often older plants are
thought to be at a cost disadvantage in comparison to the
new giants. The one exception is the new Borden VCM plant
which, although built for a capacity of only 136,000 metric
tons per year, should be adaptable (1) to environmental
controls and (2) to expansions. Also, Borden's VCM production
will be used internally for PVC production and should,
therefore, be less vulnerable to competitive pressures.

Several plants will be particularly vulnerable to

the new competitive pressures and to the impact of hazardous
waste management regulations. These are described below:
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TABLE 5-31

PLANNED EXPANSIONS IN VCM CAPACITY

PRIOR EXPERIENCE CAPACITY

FIRM IN VCM {1,000 MT)
Georgia Pacific New entrant 455 (1979)
Diamond Shamrock New entrant 455 (1978)
PPG Currently VCM producer 455 (1980)
Dow Currently VCM producer 273 (1977)
182 (1980)
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TABLE 5--32

SUMMARY OF PROJECTED IMPACTS FOR VINYL CHLORIDE

MANUFACTURER
CURRENT RESPONSE PROJECTION OF
COMPETITIVE REGARDING REGULATORY
tAANUFACTURER PLANT LOCATIONS CURRENT TREATMENT® POSITION®* IMPACT® IMPACT®*
Allied Chemical Baion Rouge, La. N.A. Vulnerable — Significant
impact possible
Borden Geismer, La. N.A. Good - Smali
Conoco Lake Charles, La. Plan to incinerate Good Moderate Small
Dow Chemical Freeport, Tex. Incineration Good Negligible Small
Plaguemine, La. Incineration Goad Negligible Small
Ovyster Creek, Tex. Incineration Good Negligible Small
Ethy! Baton Rouge, La. Deep wel! disposat Vuinerable - Significant
impact possible
Houston, Tex. - Not operating - —
B8.F. Goodrich Calvert City, Ky. N.A. Good - Small
Monochem Geismer, La. Incineration Vulinerable Negligible Small
PPG Lake Charles, La. Incineration Good - Smat!
Guayanilla, P.R. NA. Good - Smali
Shell Ot Deer Park, Tex. tncineration Good Negligibie Smalt
Norco, La. incineration Good Negligibia Small
Stauffer Chemical N.A. N.A. - Smalt

Long Beach, Calif.

* Source: Contacts with industry personnel,

** Source: Energy Resources Company Inc. estimates.



1. Allied Chemical, Baton Rouge, Louisisana
(capacity 136,000 metric tons). Allied has
announced that it will sell or expand its VCM
plant, suggesting strongly that the firm cannot
run its operation profitably at its current
level. With 136,000 metric tons of capacity per
year, it is among the smaller VCM manufacturers
in the industry. It is also known that Allied has
had considerable problems in meeting the OSHA
standard for emissions. (The OSHA regulations
presented a serious problem for the industry, but the
obstacle has largely been overcome by most firms.)

2. Ethyl Corporation, Baton Rouge, Louisiana
(capacity 136,000 metric tons). This same
Ethyl Corp. plant has been described in
Section 5.1.1.2 on perchloroethylene as one
which is vulnerable to competitive pressures
in that industry. The firm's problems in VCM
manufacturing stem most likely from similar
sources, namely, the cost disadvantages of this
particular plant. However, there are several
indications of specific difficulties in the VCM
market where Ethyl is a "swing supplier" (i.e.,
they sell to captive producers during periods when
their customers' demand outprices their in-house
supply) absorbing most of the customers' risk of
incremental changes in demand. Ethyl has already
closed one VCM plant, in Houston, Texas. At their
Baton Rouge plant, Ethyl makes ethylene dichloride
(EDC), some of which is used in VCM manufacturing
and some of which is sold to B.F. Goodrich for use
in their VCM plant in Calvert City, Kentucky. The
latter customer, however, is expected to cease its
purchases from Ethyl as soon as it develops its
own EDC production capability. The loss of this
major customer could result in a lower utilization
rate for the EDC facility and this, in turn, may
accentuate VCM production cost problems. Like
the Allied plant, Ethyl's plant is small for
the industry, creating further cost disadvantage.

5.1.5 Acrylonitrile

The acrylonitrile industry will not be hard hit by
hazardous waste regulations. Both the required investments
and the increases in manufacturing costs will be small. The
impact that is felt by the industry should be distributed
fairly evenly among firms because all firms use the same process
and are currently disposing of wastes by similar techniques.
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5.1.5.1 Model Plant Analysis

., Price Elasticity of Demand. There is little

lndication from the market history of acrylonitrile that
demand @s sensitive to price increases. Table 5-33 presents
the estimate of price elasticity. All of the principal
determinants of price elasticity, such as the characteristics
of_competition as delineated in the table, suggest a low
price elasticity. There is no direct substitute for
acrylonitrile, which is used to produce acrylic fibers,
althoggh wool and other fabrics can be substituted in some
clothing products and the majority of production is used
captively by firms, thus further reducing the sensitivity of
customers to price changes. Also, demand growth for the
next half decade should continue to be strong. Demand
growth represents an outward shifting of the demand curve
but is also used here as an indication of the tightness

of supply. Where demand is strong, there can be some
possibility of shortages and customers are known to be
considerably less concerned about price changes than about
interruption in supplies.

Likelihood of Full-Cost Passthrough. The small size
of the cost increase required by hazardous waste treatment
for acrylonitrile means that a full-cost passthrough should
take place. The elements of the cost passthrough decision
are presented in Table 5-34. The cost increase 1is only
0.2 percent of the manufacturing costs using the worst-case
cost estimates and represents the smallest cost increase
among the highly impacted segments. The cost increase is so
small that other factors are of only secondary importance.
The low price elasticity for the chemical suggests there
will be ample leeway for the required price rise. Abatement
cost differences between firms are not of particular
jmportance since it is expected that most firms will be
requijred to make similar adjustments for hazardous waste
treatment. Economies of scale as they affect treatment
costs will exist, but none of the plants in the industry is
exceptionally small. The current high level of capacity
utilization is expected to be sustained so that firms are
not likely to be reticent about initiating a small price
rise.

Net Income and Investment Analysis. The analysis of
net income for the model plant is presented in Table 5-35.
The table indicates continued profitability despite hazardous
waste treatment. The net profit earned per metric ton of
product (over $80) is quite high for the industry. The
profit level reflects the need to provide an adequate
return on the large investment required for acrylonitrile
manufacturing. The estimated capital costs for the model
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TABLE 5-33

ESTIMATION OF THE PRICE ELASTICITY OF DEMAND
FOR ACRYLONITRILE

INFLUENCE ON

MARKET BASELINE PRICE
CHARACTERISTIC PRESENT DATA" ELASTICITY {1.0)*"
Demand growth High Decrease

Historical 1965-75: 11%/yr

Projected Through 1981: 8% to 10%/yr
Captive usage 55% to 65% — Decrease

Moderately high

Use as intermediate High Decrease

Significance of price as Moderate Neutral
basis for competition

Substitutability Low Dacrease

Foreign competition Minimal Decrease

PRICE ELASTICITY ESTIMATE: Low (0.0t00.5)"°

* Source: Chapter Three.
** Source: Energy Resources Company Inc. estimates.

-254-



TABLE 5-34

LIKELIHOOD OF FULL-COST PASSTHROUGH FOR ACRYLONITRILE*

COST EFFECT ON
PASSTHROUGH LIKELIHOOD OF FULL-
FACTOR PRESENT DATA COST PASSTHROUGH
Price elasticity of damand Low {0.0 to 0.5} Positive

Variation in abatement costs Moderate Neutral

among firms

Required cast increase as % Small Positive
of manufacturing cost
Best estimate 0.1%
Worst-case 0.2%
Expected capacity utilization 70% to 80% — Meutral
Medium

LtKELIHQOD OF FULL-COST PASSTHROUGH: Good likelihood of full-cost passthrough.

* Source: Energy Resources Company Inc. estimates.
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TABLE 5-35

MODEL PLANT NET INCOME CALCULATION
FOR ACRYLONITRILE*

TREATMENT COST SCENARIO

MODEL PLANT NO NEW BEST ESTIMATE  WORST-CASE.
FINANCIAL DATA TREATMENT OF COST COST ESTIMATE
Revenue (S/MT) 595 595 595
Manufacturing cost {(S/MT) 431 431 431 :
Treatment cost (S/MT) 0 04 0.7
Gross profit (S/MT) 164 163.6 163.3
After-tax profit {(S/MT)** 82.0 81.8 81.7
Total annual net income {S million) 134 13.3 13.3

-

Assumes average annual production of 163,000 MT (90% of capacity). Source: Energy Resources
Company Inc. estimates.
** Assumaes 50% corporate tax rate.
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E%ant are $53 million. Net income per annum is likewise gquite
igh, with the treatment costs having a negligible impact.

~ The figures used in deriving the net present value
of lnvestment are presented in Table 5-36. The required
treatment investments are small. The worst-case estimate of
the investment is under $0.5 million. The net present value

of investment is, as a result, quite large and positive for
acrylonitrile producers.

Plant Shutdowns. The impact of hazardous waste
treatment regulations should not cause any plant shutdowns
in the acrylonitrile industry. The plant-specific data most
relevant to the shutdown decision are listed in Table 5-37,
and none_of the influences suggest serious difficulties.

The profitable results of the investment analysis and small
size of the required investment both indicate strongly that
firms will incur the additional costs. The fact that the
largest firms use their production captively and that all
acrylonitrile plants are tied into refineries makes it clear
that Fhe closing of any acrylonitrile operations would
complicate the other production activities for the firms.
The industry will soon become subject to OSHA regulations
regarding the exposure of employees to chemical emulsions.
The possibility of problems with OSHA regulations is accorded
only a neutral influence because it is not clear that these
will seriously impact the industry. Regarding the treatment
costs of hazardous wastes, a full-cost passthrough is
expected. To conclude, there is a remote chance of plant
shutdowns in this industry.

5.1.5.2 Projected Impacts

Unlike several other highly impacted segments, the
distribution of the impact will be more or less evenly
distributed among firms in this industry. None of the
plants are extremely small so cost differences should
not be pronounced. A summary of the projected impacts is
presented in Table 5-38. Most of the plants are currently
discharging their wastes through deep well disposal and
will therefore require some future outlay for the treatment
investment.8 The small size of the treatment costs precludes
the need for further analysis.

5.1.6 Furfural
The Quaker Oats Company with its four plants is the

sole producer of furfural and is therefore the focus of the
economlc 1lmpact analysis. The monopoly power of the company
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TABLE 5-36

MODEL PLANT INVESTMENT ANALYSIS
FOR ACRYLONITRILE*

TREATMENT COST SCENARIO

MODEL PLANT BEST ESTIMATE WORST-CASE
INVESTMENT MEASURES OF COST COST ESTIMATE
After-tax profit (5/MT) 81.8 81.7
Depreciation (S/MT) 326 32.7
After-tax cash flow (S/MT)"" : 1144 114.4

Total annual cash flow (S million) 18.6 18.6
Investment outlay (S million) 0.23 0.39
Working capital requirement (S miltion)t .16.3 16.3

Net present value of investment (S million)tt 77.0 76.8

* Source: Energy Resources Company Inc. estimates.
** After-tax cash flow = profit + depreciation.

t Working capital requirement = 1/4 {manufacturing cost — depreciation).
t1t Assumes a 15% discount rate and an investment life of 10 years,
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TABLE 5-37

MODEL PLANT SHUTDOWN DECISION FACTORS USING
WORST—-CASE TREATMENT COST FOR ACRYLONITRILE

DECISIQN FACTOR

PLANT DATA®

EFFECT ON LIKELIHOOD
OF PLANT SHUTDOWN™*

Net present value of
inyestment

Ratio of investment to net
fixed investment

Degree of vertical integration
(forward or backward)

tntegration with other on-site
production processes

Qther environmental/
regulatory problems

Likelihood of full-cost
passthrough

$76.8 million

Less than 1% — very small

Medium to high

Extensive integration

OSHA regulations

Good likelihood of full-
cost passthrough

Negative

Negative

Negative

Negative

Neutral

Negative

LIKELIHOOD QF PLANT SHUTDOWN: Remote chance of plant shutdown.

*

* Soyrce: Chapter Three.

** Source: Energy Respurces Company inc. estimates.
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TABLE 5-38

SUMMARY OF PROJECTED IMPACTS FOR ACRYLONITRILE

MANUFACTURER
"CURRENT RESPONSE PRQJECTION OF
COMPETITIVE REGARDING REGULATORY
MANUFACTURER PLANT LOCATIONS CURRENT TREATMENT* POSITION®* IMPACT* IMPACT**
Armerican Cyanamid Fortier, La. Deep well disposal Good — Small
DuPont Beaumont, Tex. Incineration Good Negligible Small
Memphis, Tenn. Incineration Good Negligible Small
onsanto Chocolate Bayou, Tex. Deep well disposal Good - Small
Texas City, Tex. Deep well disposal Good - Small
Vistron Lima, Ohio Deep well disposal and Good - Small

and biological treatment

* Source: Contacts with industry personnel.
** Source: Energy Resources Company Inc. estimates.



TABLE 5-37

MODEL PLANT SHUTDOWN DECISION FACTORS USING
WORST—CASE TREATMENT COST FOR ACRYLONITRILE

DECISIQN FACTOR

PLANT DATA"

EFFECT ON LIKELIHOOD
OF PLANT SHUTDOWN ™~

——

Net present value of
inyestment

Ratio of investment to net
fixed investment

Degree of vertica! integration
{forward qr backward)

Integration with other on-site
production processes

Qther environmental/
regulatory problems

Likelihood of full-cost
passthrough

876.8 million

Less than 1% — very small

Medium to high

Extensive integration

OSHA regulations

Good likelihood of full-
cost passthrough

Negative

Nsgative

Negative

Negative

Neutral

Negative

LIKELIHOOD QF PLANT SHUTDOWN: Remote chance of plant shutdown.*”

* Soyrce: Chapter Three.

** Source: Energy Respurces Company inc. estimates.
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TABLE 5-38

SUMMARY OF PROJECTED IMPACTS FOR ACRYLONITRILE

MANUFACTURER
‘CURRENT RESPONSE PROJECTION OF
COMPETITIVE REGARDING REGULATORY
MANUFACTURER PLANT LOCATIONS CURRENT TREATMENT* POSITION®* IMPACT* IMPACT**
Armerican Cyanamid Fortier, La. Deep well disposal Good - Small
DuPont Beaumont, Tex. Incineration Good Negligible Small
Memphis, Tenn. Incineration Good Negligible Small
Monsanto Chocolate Bayou, Tex. Deep well disposal Good — Small
Texas City, Tex. Deep well disposal Good - Small
Vistron tima, Ohio Deep well disposal and Good - Small

and biological treatment

* Source: Contacts with industry personnel.
** Source: Energy Resources Company Inc. estimates.



has been sharply reduced in recent years by the market surge
of'other chemical binders in the foundry industry - the
prlnc1pal.end~use market for furfural-derived products.
Overcapacity will be the principal cause of any future plant
shutdowns, although hazardous waste management regulations
may help precipitate the exit.

5.1.6.1 Model Plant Analysis

~ Price Elasticity of Demand. The price elasticity
estimate for furfural is presented in Table 5-39. Market
data on furfural, as is the case for epichlorohydrin, is
scarce, making the estimation of the price elasticity
clightly more difficult., However, the two countervailing
fo;ce§ from among those listed in the table appear to be the
principal market influences. One influence which operated
to decrease price elasticity was a supply shortage, as the
output of the Quaker Oats Company, the sole producer, lagged
behind demand. Shortages, actual or anticipated, tend to
put customers at a very inelastic point on their demand
curve and reduce the importance of prices on sales, On the
other hand, past supply shortages have forced customers to
consider alternative inputs (particularly for furan resins
in the adhesive-binder market) so that some end-use markets
have become fairly competitive and price sensitive.

The other influences in the baseline price elasticity
are weaker. The extent of captive usage is high, because
most furfural is used by Quaker Oats to make furfuryl
alcohol. However, furfuryl alcohol is then sold to furan
resin producers. The degree of captive usage is, therefore,
misleading in this market, and has been accorded a neutral
influence on the price elasticity estimate. Foreign
competition is significant in this industry because it is
estimated that 40 percent of domestic furfural production is
exported. Quaker Oats competes with foreign producers for
international customers although there are no data on the
level of imports of furfural to the United States.

Likelihood of Full-Cost Pasgthrough. The costs of
hazardous waste treatment are likely to be passed through.
Table 5-40 displays the cost passthrough analysis. The
required cost increase should represent, at worst,

1.4 percent of costs. The high rate of capacity utilization,
estimated here as 90 percent, makes it relatively easy for
the Quaker Oats Company to increase costs despite the
presence of competing products. Abatement cost differences
between firms are obviously not relevant because there is
only one firm producing the product.
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TABLE 5-39

ESTIMATION OF THE PRICE ELASTICITY OF DEMAND

FOR FURFURAL

MARKET
CHARACTERISTIC

PRESENT DATA"

INFLUENCE ON
BASELINE PRICE
ELASTICITY (1.0)*"

Demand growth
Historical
Projected

Captive usage

Use as intermediate

Significance of price as
basis for competition

Substitutability

Foreign competition

Low

1970-76: 6%/yr
3%/yr

High

High

Low

High

Significant competition
for foreign markets

Increase

Neutral

Decrease

Decrease

Increase

Neutral

PRICE ELASTICITY ESTIMATE: Medium (0.5 to 1.0).*"

* Source: Chapter Three.

** Source: Energy Resources Company Inc. estimates.
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TABLE 5-40

LIKELIHOOD OF FULL-COST PASSTHROUGH FOR FURFURAL*

COSsT EFFECT ON
PASSTHROUGH LIKELIHOOD OF FULL
FACTOR PRESENT DATA COST PASSTHROUGH
frice elasticity of demand Medium (0.5 to 1.0) Neutral

Variation in abatement costs Norie Pasitive

among firms

Required cost increase as % Srall Positive
of manufacturing cost

Best estimate 0.3%

Worst-case 1.4%
€xpected capacity utilization 90% — High Positive

LIKELIHOOD OF FULL-COST PASSTHROUGH: Good tikelihood of full-cost passthrough.

* Source: Energy Resources Company estimates.
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Net Income and Investment Analysis. The net income
calculations for the model plant are shown in Table 5-41.
The table indicates that treatment costs will have only a
small effect on the profitability of the model plant. The
after-tax profit rate is large in each case, with the
difference between the best estimate and worst-case treatment
costs being moderated by the effect of the 50 percent
corporate income tax rate. The reduction in estimated net
income due to the addition of treatment costs is negligible.

In order to derive the model plant cash flow figures,
the after-tax profit per metric ton is added to the
depreciation charges. The cash, 6 flow figures and the
investment analysis calculations are presented in Table 5-42.
The depreciation charges are substantial because the capital
cost per metric ton of furfural is quite high. The required
investments are large, $1.1 million for the best estimate
of cost and $1.4 million for the worst-case cost estimate.
Nevertheless, the net present value of the investment is
significantly positive at $15.82 and $15.32 million
respectively.

Plant Shutdowns. The requirement of an investment in
hazardous waste treatment could help precipitate a plant
shutdown; however, it should not be the actual cause of the
shutdown. The costs of incineration are not sufficient to
cause the elimination of an otherwise profitable operation.
The results of the worst-case investment analysis and
plant-specific data which may influence the shutdown decision
are presented in Table 5-43., The highly profitable results
of the investment analysis, as were discussed above, indicate
a minimal impact of requlation on this market. The only
factor which increases the likelihood of a plant shutdown
is the fact that the Quaker Oats plants tend to be isolated
manufacturing operations. Furfural production is not tied
into other manufacturing processes which would then be
adversely affected by the shutting down of the furfural
operations. The issue of other environmental or regulatory
problems is accorded a neutral influence due to the
possibility that recent startup difficulties with the new
Bayport plant may be related to environmental problems.
Such concerns are not sufficiently important to deter the
conclusion that there is a small chance of plant shutdowns.

5.1.6.2 Projected Impacts

The Chemical Division of the Quaker Oats Company
has recently suffered a period of poor performance and is,
therefore, somewhat vulnerable to environmental regqgulations.
In fiscal 1977, the division showed an operating loss of
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TABLE 5-41

MODEL PLANT NET INCOME CALCULATION
FOR FURFURAL*

TREATMENT COST SCENARIO

MODEL PLANT NO NEW BEST ESTIMATE  WORST-CASE
FINANCIAL DATA TREATMENT OF COsT COST ESTIMATE
Revenue (S/MT) 1,036 1,036 1,036
Manufacturing cost {S/MT) 714 714 714
Treatment cost (S/MT) 0 20 9.9
Gross profit (S/MT) 322 320 312

After tax profit (S/MT)** 161 160 156

Total annual net income (S million) 2.6 26 25

* Assumes average annual production of 16,200 MT (90% of capacity). Source: Energy Resources
Company Inc. estimates.
** Assumes 50% corporate tax rate.
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TABLE 5-42

MODEL PLANT INVESTMENT ANALYSIS

FOR FURFURAL*

TREATMENT COST SCENARIO

MODEL PLANT BEST ESTIMATE WORST-CASE
INVESTMENT MEASURES OF COST COST ESTIMATE
After-tax profit (S/MT) 160 156
Depreciation (S/MT) 85.8 86.6
After-tax cash flow (S/MT)"" 245 243

Total annual cash flow (S million) 4.0 3.9
Investment outlay (S million) 1.1 1.4
Working capital requirement (S million)t 2.6 2.6

Net present value of investment (S million)tt 15.8

15.3

°® Source: Energy Resources Company Inc. estimates.
** Aftar-tax cash flow = profit + depreciation.

t Working capital requirement = 1/4 (manufacturing cost — depreciation).

Tt Assumes a 15% discount rate and an investment {ife of 10 years.
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TABLE 543

MODEL PLANT SHUTDOWN DECISION FACTORS USING
WORST—-CASE TREATMENT COST FOR FURFURAL

DECISION FACTOR

PLANT DATA®

EFFECT ON LIKELIHOQOD
OF PLANT SHUTDOWN™”

Net present value of
investment

Ratio of investment to net
fixed investment

Degree of vertical integration
{forward or backward)

Integration with other on-site
production processes

Other environmental/
regulatory problems

Likelihood of full-cost
passthrough

$16.0 million

2.6% — small

Medium to high

Low — isolated plants

Moderate

Good likelinood of full-
cost passthrough

Negative

Negative

Negative

Positive

Neutral

Negative

LIKELIHOOD OF PLANT SHUTDOWN: Small chance of plant shutdown.*”

* Source: Chapter Three.

** Source: Energy Resources Company Inc. estimates.
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58.4 million, compared with an operating income of $11.8
during the previous yecar. The company's annual report
states that operating costs were up, due to expenses at the
new Bayport, Texas furfural plant. The plant had been
scheduled to come on line in 1977 but production runs
revealed serious operating problems, and the reopening has
been delayed until 1978,

Further problems for the division stem from the
depressed state of the furfural market. Unit sales declined
by 7 percent in fiscal 1977, and the annual report lists
three reasons for the decline:

1. Reduced production in the foundry industry, which
is the principal market for furfuryl alcohol.

2. The working off of large product inventories
by customers built up during a previous furfural
shortage.,

3. Increased competition from other chemical binders
and from foreign furfural producers.

Civen the decline in sales and the additional new
capacity to be available shortly, there is some prospect for
underutilization in the older plants. A list of the Quaker
Oats plants and a summary of the regulatory impact at the
firm level 1s presented in Table 5-44. At the Belle Glade,
Florida plant, adjustments have already been made to improve
the operating efficiency by changing production schedules to
more closely coincide with the seasonal inputs of raw materials
(byproducts from sugar cane grinding). However, concern about
underutilization may be premature given the temporary nature
of some of the furfural market difficulties, particularly
the running down of excess inventories,

5.2 Aggregate Impacts on the Industry

Becayse of the diverse nature of the organic chemicals
industry, the six highly impacted segments that are expected
to suffer the strongest impacts due to the proposed hazardous
waste regulation have been studied. This detailed study
presents an upper bound for impacts on the remaining segments
of the i1ndustry. These remaining segments are expected to
be less affected than the highly impacted segments; however,
the aggregate effect of the regulation on the industry
warrants further discussion. This section will treat three
topics significant to the regulation's effect on the industry
as a whole. These are: (1) prices and profits, (2) capital
availability, and (3) competition.
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TABLE 544

SUMMARY OF PROJECTED IMPACTS FOR FURFURAL

: MANUFACTURER
CURRENT RESPONSE PROJECTION OF
COMPETITIVE REGARDING REGULATORY
MANUFACTURER PLANT LOCATIONS CURRENT TREATMENT® POSITION®* IMPACT*® IMPACT**
Quaker Oats Co. Memphis, Tenn.; Belle {No plant-specific Vulnerable — Smalt
Glade, Fla.; Cedar information avaitable)

Rapids, lowa; Omaha,
Nebr.; and Bayport, Tex.
{on-line, 1978)

* Source: Contacts with industry personnel.
**® Source: Energy Resources Company Inc. estimates.



5.2.1 Prices and Profits

By volume, 98 perrcent of She organic chemicals produced
have a hazardous waste stream, Therefore, it can be
expected that most organic chemicals produced have hazardous
waste streams and their manufacturers are likely to incur
new costs for compliance with hazardous waste regulations,
unless existing treatment is sufficient for compliance. The
only available estimates of anticipated compliance costs for
the entire industry were developed in the Assessment Study
and are displayed in Table 5-45. The table displays the
incremental annual cost of compliance with Level III along
with an estimate of the value of production for the industry
(both values are in 1973 dollars). It is assumed in the
table that the full costs of Level I are credited to
Level III. While it is likely that some present abatement
expenditure will not be applicable to Level III processes,
this is believed to be compensated for by the increases in
treatment that have occurred since 1973. As can be seen
from the table, the average incremental cost increase
necessary to cover the additional costs incurred due to
compliance with the regulation will be less than 1 percent
for the industry as a whole. This figure includes the
costs to the six highly impacted product lines discussed
in Section 5.1. 1In fact, it is expected that incremental
treatment costs as a percentage of price will exceed
1 percent for only a few chemicals. This is predicated on
reviewing the sample data in Figure 2-1, While these data
represent the total costs for achieving Level III (not just
the incremental costs), they are good surrogates for the
relative magnitude of incremental cost. This figure does
not contain data for all organic chemicals but is believed
to be representative of the industry as a whole.l The
average incremental increase in cost of 0.6 percent is so
small that, even under high price elasticities, it should
not cause a significant change in either product prices or
industry profits. It is expected, therefore, that these
costs will be borne by the industry until price increases
are instituted for other reasons., When price increases are
initiated, they are expected to contain the incremental cost
of compliance. 1In general, compliance costs alone are not
sufficient to warrant price increases.

Due to a large variability in the actual abatement
costs incurred by each plant, the actual passthrough of
costs will vary from firm to firm. Some firms may react
to high abatement costs (relative to other firms) by
suffering a small reduction in profitability in order to
keep their price at the market equilibrium. Other firms may
be able to raise their profit margins if their abatement
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TABLE 5-45

THE COSTS OF COMPLIANCE FOR THE ORGANIC
CHEMICALS, PESTICIDES AND EXPLOSIVES INDUSTRY, 1973*

TREATMENT LEVEL

ESTIMATED
INCREMENTAL
COST CATEGORY LEVEL | LEVEL I cosT*”
Total annual cost {S million} 106 243 137
Value of shipments 1973 (S million) 21,740 21,740 21,740
Total annual cost/value of shipments (%) 05 1.1 0.6

* Source: Assessment Study (1973 data).
** Energy Resources Company Inc. estimates.
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costs are relatively low and the market price reflects the
higher cost incurred by competitors.

5.2.2 Capital Availability

As has been discussed in the case of the highly impacted
segments, the capital costs required for compliance with
hazardous waste reqgulations are expected to be sufficiently
low so as not to impose a large burden on organic chemical
manufacturers. In fact, the magnitude of capital costs
discussed in the analysis of the highly impacted segments
is likely to overstate the impacts on large multiproduct
facilities in which manufacturers will be able to exploit
economies of scale in joint treatment facilities.
Unfortunately, no data on the total capital costs of the
regqulation have yet to be developed to bear this out,
However, should any individual firms be particularly severely
affected by the capital costs of abatement, the opportunity
exists to contract out hazardous waste treatment disposal to
private hazardous waste facilities subject to the limits of
the size of this small industry. In this way, the initial
costs of developing a hazardous waste treatment facility can
be circumvented.

5.2.3 Competition

Serious competitive effects due to brand switching
or product switching are not expected due to the regulation
on the hazardous waste streams in the organic chemicals
industry. However, due to the diverse nature of the industry,
the magnitude of cost on the various producers of each of
the products will be highly variant. Accordingly, competitive
forces may cause certain firms to reduce their profitability
in order to maintain prices set by firms with lower abatement
costs or to increase their profitability by meeting costs
set by firms with higher abatement costs. As discussed in
Section 5.2.1, however, the overall magnitude of cost should
be small and therefore the resulting impacts are not expected
to cause plant shutdowns or serious brand or product switching.
The impacts that are felt are likely to be less severe on
large diversified plants which generally are owned by larger
firms. Accordingly, industry concentration is potentially
subject to marginal increases.

Evidence of the small magnitude of the probable impacts
of the regulations appears to be found in present industry
practice. Many of the required hazardous waste treatment
technologies have already been instituted by producers on
their own initiative. Producers have been able to justify
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these pollution control expenditures predicated on the
reduction of liability from removing hazardous wastes

?rom possible leakage into vulnerable ecosystems. These
lnvestnents have been made on a firm-by-firm basis and are
not industry-wide. It nonetheless appears that firms can
support such systems without marked changes in product

prices or profits even if their competition incurs negligible
costs.

5.3 1Impacts on the Nation

. The economic impacts of regulating the organic chemicals
lndustry will extend to the nation as a whole. This section
integrates the impacts resulting from the costs incurred by
tbe industry into the fabric of the national eccnomy. The
discussion concerns itself with impacts on the following
national parameters: (1) inflation, (2) employment,

(3) regional dislocations, (4) foreign trade, and (5) GNP.

5.3.1 Inflationary Impacts

Organic chemicals find widespread use in the existing
national economy. They are used as inputs for other
manufacturing processes and in a wide variety of end uses.
Accordingly, any cost increases for the organic chemical
products will reverberate throughout the economy. Because
no increases in productivity will accompany price increases
resulting from hazardous waste treatment, these increases
will be inflationary. Table 5-46 displays three estimates
of the percent contribution of hazardous waste abatement
costs in the organic chemicals industry to the wholesale
price index for all commodities. As can be seen from
this table, the expected change in the wholesale price
index ranges from 0.007 to 0.015 percent. Accordingly, a
noticeable inflationary impact will result from hazardous
waste regulations on the organic chemicals, pesticides, and
explosives industries.

5.3.2 Employment Impacts

Because a rather limited decline in demand 13 expected
to occur as a direct result of these regulations, and:
because organic chemicals production utilizes minimal
amounts of labor, no decrease in production employment
is anticipated due to the regulation. 1In fact, overall
employment is expected to increase slightly due to the
necessity of firms' hiring workers to operate hazardous
waste treatment facilities. Unfortunately, no data have
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TABLE 5-46

PERCENT CONTRIBUTION OF HAZARDOUS WASTE REGULATIONS
ON THE ORGANIC CHEMICALS INDUSTRY TO INFLATION OF THE
WHOLESALE PRICE INDEX (ALL COMMODITIES)

WEIGHT OF

ORGANIC CHEMICALS,

PESTICIDES PERCENT PERCENT

AND EXPLOSIVES INCREASE INCREASE
ESTIMATE IN WP(* IN COST*" IN WP
High estimate 0.01849 0.8 0.015
Mid-range 0.01849 0.6 0.011
Low estimate 0.01849 0.4 0.007

* Source: U.S. Bureau of Labor Statistics
** Source: Energy Rasources Company Inc. estimatas.
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yet been developed quantifying the employment required
nationally to operate Level III treatment and disposal
facilities.

5.3.3 Regional Dislocations

The entire organic chemicals industry tends to be
clustered in the Gulf Coast in a fashion similar to the
six highly impacted segments. Accordingly, any significant
changes in business levels and/or employment will be felt
most strongly in this region. However, as a direct result
of hazardous waste regulation on the organic chemicals
industry, only small-scale increases in employment and
business levels are anticipated. The Gulf Coast area will
be the recipient of the greater part of these increases, but
the regulation is not likely to cause any dramatic shifts in
this or other regions of the nation.

5.3.4 Impacts on Foreign Trade

The small scope of this study makes it difficult to
generalize about the impacts of this regulation on foreign
trade. Few other nations have regulations equivalent to
those anticipated domestically. Therefore, foreign producers
will be able to manufacture organic chemicals without
incurring the costs for hazardous waste treatment. The
abatement cost alone is not likely to be large enough to
create a new market for imported chemicals but will add
further pressures on domestic manufacturers of those products,
such as perchloroethylene, which are already subject to
significant foreign competition. Similarly, costs of
exported American products will face a small-scale increase
while the foreign competition will not. However, just as
domestic firms have already been able to undertake abatement
on their own and remain competitive with those firms which
have not undertaken hazardous waste treatment, foreign
markets for domestic chemicals are not likely to be affected.

5.3.5 Impacts on GNP

The marglnal impact of the regulation on sales in the
industry is likely to be a small reduction in expected
industry growth. The magnitude of this reduction will be
dependent upon the price elasticity of demand for the
1ndustry. The larger the elasticity, the larger the decline
in sales. This decline in chemicals production will be
offset to some extent by sales associated with waste
treatment activities.
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Although no new products are likely to result from
this regulation, the economy will experience an increase in
the waste treatment sector due to the operation of new
treatment facilities. Accordingly, GNP will be expected to
increase by the full cost of anticipated hazardous waste
treatment while it is reduced by a slackening in demand for
organic chemicals. A price elasticity of demand of 1.0 for
the industry as a whole will leave real GNP unchanged. A
lower elasticity will increase GNP while a higher one will
reduce it. If chemical sales 4o not decline, the estimated
$137 million increase in GNP due to waste treatment will
increase GNP by less than one-hundredth of a percent from
its 1975 level.
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NOTES TO CHAPTER FIVE

1. The analysis assumed a 15 percent cost of capital
and a 1l0-year life for the investment. The latter assumption
will not be applicable in cases where firms feel a 3~ to
4-year planning horizon better reflects their uncertainties
about the market.

2. Personal communication, Tom Plonlin, Dow Chemical
Co., to Jeffery Stollman, ERCO, December 9, 1977.

3, Personal communication, Donald Smith, Administrative
Assistant, Office of the Director of Environmental Affairs,
DuPont, to John Eyraud, ERCO, August 29, 1977.

4. Personal communication, David Hill, Sales
Manager, Chloromethane Solvents, Diamond Shamrock, to
John Eyraud, ERCO, September 22, 1977.

5. Personal communication, Donald Smith, Administrative
Assistant, Office of the Director of Environmental Affirs, {
Dupont, to John Eyraud, ERCO, August 29, 1977.

6. Personal communication, Mr. Shields, Allied
Chemical, to John Eyraud, ERCO, September 22, 1977,

7. Personal communication, L.P. Haxby, Manaéer, (
Environmental Affairs, Shell 0il Co., to ERCO, August 30,
1977; personal communication, Charles Sercu, Director
of Environmental Quality, Dow Chemical, U.S.A., to John
Eyraud, ERCO, August 30, 1977.

8. DuPont, however, may currently be incinerating their
wastes as noted in a personal communication, D.W. Smith,
Administrative Assistant, Office of the Director of
Environmental Affairs, DuPont, to J. Eyraud, ERCO, August 29,
1977.

9. TRW, Inc., Assessment of industrial hazardous
waste practices: Organic chemicals, pesticides and
explosives industries, prepared for the U.S. Environmental
Protection Agency, 1976.

10. Personal communication, Dr. Gerald Gruber, TRW,
Inc., to Jeffery Stollman, ERCO, October 21, 1977. Certain
explosives purchased by the government are likely to have
dramatically higher abatement cost/price ratios. However,
because these are produced only in response to government
orders for defense purposes, there will be negligible
economic impact on these segments of the industry.
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