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Preface

To anticipate the character and ma
necessary te anal
and basic

guitude of future growth of regions and areas, it is
y2e the ability of these aress to provide employment opportumities. A major
source of jobs is the munufscturing industry. As manufacturing expands into new loca-
tions, it creates new employment directly and indirectly.

Thus, it is as important for a region seeking
self to know what constitutes a profitahle location,
of industry vary among its different types.

to develop its rescurces as for industry it-
The requirements, markets, and technology
A good location for one type of industry is not
necessarily a good location for another type. The present study makes & contribution to knowl-
edge concerning the Jocationa! forces to which the petrochemicol industry—one of our mcre rap-

idly expanding industries—responds. At the same time, the analysis is a contribution to the
vhole field of locatianal theory.

The study resulted from participation by the Department of Commerce through its Area De-
velopment Division in the wark of the Arkansas-White-Red River Basins Committee. This joint
Federal-state group is submitting to the Congress the results of jts five-year study and recom-
mendations on the development of the land and water resources of this important region. It was
.the purpose of the Department, in participating in the study, to identify the industrial oppor-
tunities and growth potentials in the basin. The present study represents one part of the con-
tribution of the Departzent to the work of the Cormittee. Because the locational problems of
the petrochemicai industry are considered in a national context, it was decided to make the
study generally available.

Numerous persons have rmade this study possible. Within the Federal government personnel
of the Area Developzent Division assisted in laying the groundwork for the study and seeing it
through to its printing and publication. Victor Roterus, Chief of the Arca Development Divi-
sion, initiated the study, ard Gustav E. Larson and David Brown correluted it with other eco-
nomic studies of the Department of Commerce in the . ckansas-White-Red River Basins area. Arthur
Schroder of the Department’s Chemical and Rubber Division reviewed the text and made helpful
suggestions. The detailed transportation cost analyses were made by Kenneth J. Zoeller and
Frederick G. Funz of the Transportation and Public Utilities Division, Genera! Services Adminis-
tration, under the direction of Frank L. Barton, Director.

From outside the Government many individuals made helpful criticisms snd comments on mate-
rials collected and judgments made, os well as for general assistance. Among these were Mr. A.
W. Pratt, Mr. R. L. Geddes, and Me. Il C. Schutt, of Stone and Webster Engineering Corporation;
Mr. W. W. Kraft, Mr. Bogart, and Mr. Brunjes of the Lummus Conpany; Mr. B. Fogler and Mr. R. F,
Messing of Arthur D, Little Company; Mr. W, C. Rousseau and Mr. G. A. Randall of Badger Manufac-
turing Company; Mr. Charles King and Mr. N. Adams of M. W. Kellogg Company; Mr. R, E. Howard of
the Transcontinental Gas Pipe Line Corporation; Mr. H. L. Stowers of Texas Gas Transmission Cor-
poration; Mr. J. ). King of Tennessee Gas Transmission Company; Mr. Gordon Kiddoo of National
Research Corporation; Professors R, F. Baddour and C. N. Satterfield of M. 1. T.; Mr. Cecil H.
Chilton of Chemical Engiscering; and Mr. Edward Knapp, fuel consuleant.

The authors appreciated the patience of officials of the following chemical and petroleum
companies in answering their many questions: Mississippi Chemical Corporation, Keppers Company,
Inc., Plastics Engineezing Corpany, Gulf Research and Development Company, Phillips Petroleum
Company, Standard 0il Company of Indiana, snd the Cosden Petroleum Corporation.

Mr. John F. O'Dannell of M. I. T. was of special assistance in guiding judgments on vari-
ous matters.

Of course, none of these individuals or companies is to be held res

ponsible for any errors
in, and interpretations of, the data presented in this report.

The suthors are also finally indebted to the competent research and secretarial services
of Miss Ann-Marie G, Hellerstrom and Miss Alexia Kanitsch.
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Office of Technical Services
U. S. Department of Commerce
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Summary

Insight into the economic growth of countries angd regions and projection of their patterns
of development require careful study of the future geographic distribution of new as well as ex-
isting basic industries. Although the natural resources which provide the basis for the exist-
ence of a given industry may be ralatively concentrated ir one region, the subsequent industrial
development need not be concentrated in the same region. The particular resource in question
may be exported to other more or less distant regions for processing and manufacture, and pro-
vohe relatively little industrial development within the region of deposit.

It is the purpose of this Teport to examine the forces affecting the future geographic
pattern of the petrochemical industry within the Uniced States. Particular nttention is given
to the potentialities for development in the Arkansas-Bhite-Red River basins, henceforth called
the A¥H region. This region is endoved with extensive supplies of natural gas, one of the basic
sources of raw materials for the petrochemical industry.

The petrochemicals indust-v is interesting and significant to study from the standpoint of
regional economic development., !t is a relatively young industry with tremendous growth possi-
bilities. Its ultimate raw materials are primarily pstroleun and natural gas., These are can-
centrated in the Southwest and Gulf Coast regions. In contrast, the major markets for petro-
chemical cnd-products—plasti:s, synthetic fibers, detergents, synthetic rubber, solvents, and
automstive chemicals—consist of the heavily industrialized areas of the Northeast.

From the standpoint of future availability, natural gas and its component hydrocarbons ap-
pear to be the best raw material source for methane-, ethylene-, and acetylene-based petrochem;-
cals. Natural gas is not as favorable a raw material source for other petrochemicals. Since we
are concerned with potential development in the AWR region, we therefore confine our analysis
chiefly to petrochemicals based on methane, ethylens, and acetylene.

Plant costs, interest and related charges, maintenance costs, ceoling water costs, and
most process chemical costs are not expected to show much varintion among regions. The costs of
chiorine or its derivatives, however, are expected to vary significantly from region to region,
and hence will affect the location pattern of new facilities for the production of chlorinated
petrochemicals which consume large quontities of chlorine.

Labor costs and power €osts, Loo, are not expected to exhibit sajor variations among re-
gions, primarily because only relatively small amounts of labor and power are required for
petrochemical preduction, Hence, for non-chlorinated petrochemicals there are no major loca-
tional pulls or pushes associated with any of the costs already mentioned.

Differences among regiens in fuel, steam, and feedstock costs reduce to di fferences in
transport costs of the equivalent velume of natural gas. These transport costs are subject to
rajor variation ameng regions. A natural &gas site, like Monroe, Lovisiana, avoids them; while a
Nor:zheast lacation, like New York, must incur them. Likewise, transpert costs on finished prod-
uets exhibit major variation among regions. A patyrul §3s 3ite must incur them in shipping to
major markets; market and gateway point. locations in the Northeast can largely avoid them.

Another major set of cost di fferentials among regions may arvise from differences in
achievable sire of plant or productive unit. Bogions which are able to market large outputs can
reap economies of scale and can have major advantages over regions which can market only a small
output.

The location analysis for each of the large-volume, non-chlorinated petrochemicals con-
sidered is thus reduced to cons deration of (1) Lransport ecosts on raw material and fuel gas;
(2) transport costs on finished product; and () economies and diseconomies of scale, In the
case of chlorinated petrochemicals, cost differentials on chlorine and its derivatives are an
2dditional consideration.

The results of this study do not justify any blanket statement regarding petrochemical jo-
cation which will cover the entire list of products considered. Some praducts, such as acrylo-
nitrile and ethanolamines, are primarily raw material-ariented; others, such as ammonia amd
ethyl chloride, are primarily market-oriented when a large enough scale of operations can be
achieved.

The major portion of expansion in natural gas-based ‘petrochemicals capacity will be
erected in natural gas sreas. However, some expansion will occur at or near major metropolitan
market areas and Bateway points, particularly in the Ohio Valley because of its general advan-
tage in chlurine production. The future pattern of petrochemcals expansion is therefore likely
to be somewhat less oriented to the AWR und other natyral g5 producing areas than is current
production,

It is estimated on a firm minimum basis that by 1975, petrochemical production capacity in
the AWA region will have expanded by 6,049 billion pounds. This expansion is expected to re-
quire 2,210 laborers for operations and maintenance work,

[$38)




LOCATION FACTORS IN THE PETROCHEMICAL INDUSTRY
WITH SPECIAL REFERENCE TO FUTURE EXPANSION
IN THE ARKANSAS-WHITE-RED RIVER BASINS'

1. Introductory Remarks

A half century ago crude oil refining was prac-
ticed in the United States pricarily to derive the
product, kerosene. Only the most elementary dis-
tillation processes were ucilized. ‘ery litele
was known about the chemical composition of crude
0il and its products nnd by-products. The same
was true of natural gas although it had been
burned as fuel on a small scale since the early
19th century.

The next decade, however, witnessed the emer-
gence of a demand for motor fuel. Henceforth, the
expansion of this demand was to constitute the
most important single factor in the growth and
development of the petroleum refining iadustry.
Since the yield of gasoline from distillation of
crude o0il proved relatively inodequate to satisfy
the rapidly mounting demand for motor fuel, re-
search w-s undertaken to improve gasoline yietds.
Over the years new refinery processes, such as
thermal and catalytic ciacking, and thermal and
catalytic reforming, were developed with this
ebjective in mind, The quality of gasoline was
upgraded. Concemitantly, knowledge relating to
the chemieal structure and behavior of the many
different corponents of crude oil was amassed, It
was discovered that in the various cracking proc-
esses certain of the crude oil components were
transformed or synthesized into new components
«hich were non-existent in the original crude.
These new companents were found to be effective in
increasing the yield and quality of motor fuel.
Also, it was gradually realized that these. cotpa-
nents were of the same type as tiose which were
the basis of production of valuable chemical com~
pounds (for exarple, ethyl alcohol), by natural
methods such s fermentation and distillation of
grain or wood. E

This was the start of the petrochemical indus-
try. Since natural gas contains rany of the same
components as crude oil, it qualifies independ-
ently as a major source of raw materials for the
production of chemicels. Petroleum and natural
ges sources have many advantages over other
sources for conversion into chemical raw materials
Aad os a result of continuing research the number
of actual and poteatial chemical compounds and
products derivable from petroleum and natural gas
raw materials has steadily incrensed until at the
present time the list of possible petrochemicals
is virtually unlimited.

To afford an indication of the number and com-
plexity of petrochemical processes and products,
Figure 1 has been constructed. It shows in the
form of a flow sheet the basic petrochemical raw
materials (crude oil and notural gas), selected

The dats of this report and our interjretetion of these dats
drex beavily from a doctorel dimsertation by Fugenr ¥. Schooler,
end Irom -aterials collected in connection with  etudy on the
feesibility of an oil refinery—jetrocherical—aynthetic fiber
complex for Puerto Mico. This latter study is spanaored by the
Social Science Meaeorch Conter, Univeraity of fuarto Mico.

important petrochemical intermediates (such as
ethane, ethylene, ethylene oxide, and ethylene
glycol), and general types of end products (such
as antifreeze, synthetic fibers, and plasties).
For example, take ethylene which may be captured
directly from refinery &as or produced by cracking
the cthane, propane, or mixtures of the two,
available from refinery and natural gas.  Ethvlene
yields among other products ethylbenzene, ethyl
chloride, ethylene dichloride, ethyl alcohol and
ethylene oxide which in turn yield end-products
(such as solvents and antifreeze) or more advanced
chemical intermediates (such as styrene and vinyl
chloride).

2. Definitional Peints

At the outset of our discussion it is weil to
attempt a definition of the tem, petrochemical.
¢ word itself oaly dates from 1944, although
prior to that there had been numerous references

to "petroleun chemicais™ and the "petroleum-
chemical industry.™® Actually, the term "petro-
chemical™ grew up through usage and in the process
acquired a variety of meanings.

According to the Encyclopedia of Chemical Tech-
nolagy the term petrochemicals "denotes pure
chemical substences commercially produced from
petroleun or natural ges." For our purposes we
define petrochemicals ar chemical elements and
compounds (both organic and inorganic) which are
recovered directly or derived indirectly in whole
or part from petroleum or natural gas frections,-
Thus we include those chemicals the raw materials
for which may come priscipally from scurces other
than petroleum or naturzl gas, e.g. ccal and coke.
However, e exclude petroleum products such as
gasoline, kerosene, lubrieating oil and diesel
fuel because they are not definite compounds or
elements, but rather heterogeneous mixtures of
several corpounds. Also, we omit from analysis
final or near-final products such as are listed in
the right-hand column of Figure 1.© From the
standpoint of our study this omission is undesir-
able, since the location of the end products and
chemical intermediates are closely interrelzied.
However, it is beyond the scope and resources of
this study to consider final or near-final prod-
ucts, except for special circumstencea.

Keeping the definition of a petrochemical in
mind, we can turn to a brief discussion of the
besic petrochemicol raw material sources, i.e,,
petroleum and noturel gas hydrocorbons.

A hydrocorbon is a molecule conteining a given
nurber of carbon atoms and a given number of hy-
drogen atoms. For example, ethane (CyHg) is a
hydrocarbon containing 2 carbon atoms and § hydro-

Z%illisn F. Bland, "hat is » Fetrochemical?,” Potroleun
Proceaning, Vol. T, Airi] 188 p. 491,

3 kncycloprdia of Chemical Technology, Vol. 10, p. 1
aee Bland, op. cit.
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PETROCHEMICAL INDUSTRY

gen atoms.  Crude petroleun is a very complex mix-
ture of many ditzerent kinas of hydrocarbon cow-
pounds which fall into three types: paraffins,
naphthenes, and aromatics. Of these innumerable
different hydrocarbons virtually all of the ones
actually or potentially of interest in petrochemi-
cal production are ones containing a relatively
low nucber of carbon atoms, viz., eight or less,
In natural gas, the hydrocarbons are primarily
paraffins with eight carbon atoms or less, the
heavier hydrocarbons being of less importance. *
There are commercially feasible processes for sep-
arating or isolating these low numbered hydrocar-
bons in both petroleum and natural gas.

The clossification into paraffins, naphthenes,
and aromatics concerns the technical chemical
arrangement of the different atoms and is not of
direct isterest to our study. However, the temms
themselves should be familiar because organie
chemicals are often grouped according to the name
of their hydrocarbon source, e.g. paraffinic
chemicals, naphthenic chemicals, and aromatic
chemicals,

The most important type of hydrocarbons from
the standpoint of petrochemicals are the paraffins
The paraffinic hydrocarbuns as they appear natu-
rally in petroleun and natural gas are relatively
unreactive, chewically spesking., That is, it is
difficult to subject them to the ordinary chemical
process reactions, particularly those involved in
the synthesis of organic chemicals. However, if
paraffins are dehydrogenated or cracked, they lose
some of their hydrogen atoms; the remaining atoms
are rearranged, resulting in a new kind of hydro-
carbon which is chemically very reactive. These
ngw hydrocarbons, which do not appear naturally in
petroleum or natural gas but are a result of
cracking operations, are called olefins.® In a
similar manner it is possible to crack paraffins
and obtain acetylene, another type of hydrocarbon
vhich is chemically very reactive. When paraffins,
olefins, and acetylene are considered as one group,
they are called aliphatics and the chemicals which
arc made from them are called aliphatic chemicals.
The most important aliphatics from the standpoint
of petrochemicals production are the following
paraffins and their derivative olefins:

Paraffin Olefin
Hethane -
Ethane Ethylene
Propane Propylene
Butanes Butylenas

Tt iz difficult at present to gauge the impor-
tance of petrochemical acetylene. Although acety-
lene can be used as a Lase for a wide variety of
chemicals, it has been ouly very recently that
potentially economic processes for producing acet-
ylene from methane, ethane, or propane have been
developed. If these processes permit the produc~
tion of acetylene at a cost approximating that of
the olefins, particularly ethylene, acetylene will
assume great importance since many chemicals can

Y Louis F. Fieser and Mary Fieser, Oreanic Cheristry, firw
York, 195, fp. 62-39.

S Lnais F. Hateh, Tetrochesical Resctions,” Petrofeun Zefiner
Yol. 32, W p. 144,

Srsid.. p. 145

3

be produced with either ethylene ar acetylene as a
base.

Although higher paraffins (and olefins) can be
separated, their use in chemical synthesis is
quite limited.®

Naphthenic hydrocarbons are of relatively small
importance directly to chemical production, al-
though one naphthenic, cyclohexane, is of growing
significance in the production of nylon intermedi-
ates, Perhaps the most important aspect of naph-
thenics is the fact that through certain catalytic
reforming gmcesses they can be transformed into
arematics,” shich are expected ta play a2 more and
more important role in petrochemical production,

The production of aramatic chemicals has been
until cosparatively recently the exclusive prove
ince of coal and coke, but petroleum hydrocarbons
seen destined to become increasingly important in
this field. In World War I, the scaring demand
for toluene for explosives coupled h the lim-
ited supply available from coal and coke by-
product operations led to the production of this
aromatic from petroleum. Mch the came thing
happened in World War IJ with respect to toluene
and another important aromatic, benzene. Postwar
demands for toluene, benzene, and xylenes appear
to be expanding far too much to be satisfied from
conl and coke aperations.!® Thus it is likely
that all three of these important aromatics will
coze more and more from petrochemical operations.

3. Current and Future Production of
Petrochemicals

The growth of petrochemicals in recent years
has been extremely rapid. Figures 2 and 3, which
fer these years chart respectively the preduction
of synthetic aliphatic chemicals, and petroleun
and natural gas crude products {aromatics, naph-
thenes and aliphatics) used for chemical pur-
poses, 1! clearly illustrate this.!? This rapid
growth is projected into the future by experts in
the field. Beports of the Urited States Tariff
Commission, 13 the Prezident's Materials Policy
Commi ssion, !4 and articles by Boyd and Rackus, !5
and Kuha snd Hutcheson, *$ provide data on past and

TR.S. Aries and AW, Criner, "Acetylens—The Neveat Petro-
chemical,® Tetroleus Rafiner, Vol. 31, May 1952, pp. 126120,
ZHaten, op. vir., p. 1.

For detailed descriptions of three different methods of pro-
ducing petrolenn aromatics, see. Tavia Read, “Froduction of
High-Iurity Armatics for Chemicols,” Petroleam kefiner. Vol. 31,
May 1952, pp. @7.10%; ¥. W, Paris, J. I. larper, F. R, Weatherly,
“The Arosorb Process in Fefinery (hesstions,” Petroleur Pefirer,
Yal. 31, May 1952, pp. 109-113; and C. L. Tuna snd G. F. Liedholn,
"Shell Process Terrmits Fecovery of Nitration-lesde Benzene and
Toluene,” Petroleun Refines. Vol. 31, May 1952, rp. 104-108.

1M President’s Vaterials Policy Lommissien, Kevources for
Freedom, Val. IV, The Promive of Technology, ¥ shington, 1957,
p. 19.

U iere in considerable, wnavoidsble double-counting and
duplication in the ari{f Cormission data.

12For » brief Nintorical aketeh of the petrachenical industry
es Zncyclopedia of Chemical Techrology. Vol. 10, pp. 184-£8.
tnited Stutes Tariff Comsixsinn, op.cit.

2 The President’s Auterials Policy Comsiaion, omcir.

5 Jamea A, Boyd and Claude A, Tackus, "Fetrochemicaln Fye
rending 163 Aonunlly,” Fetroleum Lngineer, Yol. 23, Apral 1953,
pp. 03 to G-

¥, E. Kuhn sad J. W, Hitcheson, "Echylene Detrochenicels,”
Petroleun Frocessing. Vol. 7, (ctoler and Novenler 1953




FIGURE 2
United Scazes Production of Synthetic Acyclic® Organic Chemicals
(Tnternedintes and Finished Frosucts), 1936-1952
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Source: 1.3,
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curreat production of various petrochemicals and
on future requirements. Suffice it to indicate
briefly date and statements pertaining to the
several major types of hydrocarbon rew materials
end to iadividual chemicals derived from each
type.

The tocal production of petroleun and natural
gas hydrocarbons for chemical conversion in 195]
was 8,6 billion pounds, of which 7.0 billion
pounds were aliphatic hydrocerbons and deriva-
tives. 7 Although these figures reflect consid-
erable double counting, they still show the dom-
inant position held by aliphatics in the petro-
chemical field, Of the aliphatic hydrocarbans
used, the four olefins (ethylene, propylene, nor-
xwal butyf:nc, and iso-butylene) together with
methane constitute the most important raw mater;-
als for chemical productien.

One estimate of olefin consumption for 1951
‘gives a toral of 4,3 billion pounds, of which
ethylene made up 41%; proprl:nn. 27% n-butylene,
27%; and iso-kutylene, 5%,18

Methnne (Notural Gas): The largest consumer of
methane {naturel gas) other then as a fuel is car-
bon black, of vhich 1,300 million pounds were pro-
duced in 1950, However, carbon black js being
Produced from oil to an ever increasing extent,
and its production from natural gas is expected to
decline to 715 million pounds by 1975, Armonia

1 thived Seaven Terifs Commission, op.cit.. p. §.
18 Boyd and Rackaa, op.cit., p. €-6.
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FIGURE 3

: United States Production of Petrelewn and Natural Gaa Crude Products
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appears destined to become the new leader in the
methane chemicals field with production rising
from 3,140 million pounds in 1950 to 10,400 mil-
lion pounds by 1975.° Methanol is anather major
methane chemical, Its production was 902 million
pounds in 1950 nnd is expected to reach 2,870 mil-
lion pounds by 1975. Tie principal uses of metha-
nol are in the production of anti-freeze and form-
aldehyde. Other important but lesser volume meth-
ane chemicals are methyl chloride, methylene
dichloride, carbon tetrachloride, carbon disul-
phide and hydrogen cyanide. The production of
hydrogen cyanide is Expected to expand very rap-
idly.

Ethylene: Total vequirements for ethylene are
catimated at 1,536 million pounds in 1950; 3,700
million pounds in 1960, and 7,060 million pounds
in 1975, e largest consumer of ethylene is
ethy} alcohol, the production of which is expected
to grow from 165 million gallons in 1950 to 700
oillion gallons in 1975, e fastest growth ip
the consumption of ethylene is expected from poly-
ethyleae (for plastics) and acrylonitrile (for
synthetic rubber and [abries). Their cambined
consucption of ethylene was oaly 80 million pounds
in 1950 but is expected te reach 2,200 million
pounds by 1975. Other impertant ethylene chemi-
cals are ethyl chloride, ethylene dichloride, and
vinyl resins,

Propylene: Total production of propylenc in 1950
was B82 million pounds. Estimated requirements
for 1960 are 2,043 million pounds and for 1975,



PETROCIENICAL I:DUSTRY

3,563 million pounds. This growth will he re-
flected by that of the primary propylene chemical,
1sopropyl aicohol, and its rmajor derivative, ace-
tone. Both these products are widely used indus-
trial chemicals and their growth will tend to
parallel the general industrial growth of the
country. Other important propylene chemicals are
alycerin, propylene glycol, propylene tetramer,
and curene.

Butylenes: The preductien of buty.
totaled 1,020 million pounds. Requirements are
expected to reach 4,700 pounds by 1975. The most
importart butylene chemical is butadiene, of which
615 million pounds were produced in 1950, Butadi-
ene is used to meke the major type of synthetic
rubber, GR-S rubbser. Other butylene derived
chemicals are the secondary and tertiary butyl
sleohols. Further, butylenes are used extensively
in polywerizing and up-grading gasoline, although
such uses are not strictly "petrochemical™ in our
sense.

Adcetylene: As already indicated, the extent of
future production and use of petrochemical acety-
lene is uncertain. However, if petroleum and
natural gas acetylene does become ecenomically
feasible and comparable in coer to ethylene, 1t is
estimated that acetylene requircments will be 859
millien pounds by 1955 and 3,914 million pounds by
1975. Tt must be pointed out that part of these
requircments will be supplied from carbide acety-
lene, although the general opinion seems to be
that expansion from this source is limited hecause
of large requirements of cheap power, 19

Plastic materials such as vinyl resins are
expected to be one of the largest users of acety-
lene. 0Of nearly equsl importance as users will be
acetaldehyde, acetiz acid, and acetic anhydride,
all of which are consumed principally by the cel-
lulose acetate and rayon industries. Acetylene is
likely to be used extensively also in the produc-
tion af acrylonitrile, an important synthetic
fiber material.

Aromatics: Benzene is the most important aromatic
hydrocarbon, In 1950, 1,357 millien pounds were
produced. [t is estimsted that requirements will
be 3,630 million pounds by 1960, and 6,65) million
pounds by 1975, lost of the present requirements
for henzene are supplied from the coal and coke
industries, However, such by-product copacity is
limited and it is likely that much of any future
expansion in requirements will need to be satis-
fied from petrochemical beazene. (This statement
also applies to the other aromaties, toluene mnd
xylenes.) Styrene is the largest single consumer
of berzene. In 1950, 539 million pounds of
styrene were produced, and estimated requirements
for 1975 are 2,635 million pounds. Styrene is
used in making synthetic rubber and polystyrene
plastics. Phenol is another major benzene chemi-
cal. TIts production is expecied to grow from 312
miilion pounds in 1950 to 1,250 million pourds in
1975.  The most important use for phenol is in
resins and plastics. Other important benzene
chemicals are nylon, aniline, dztergents, and
maleic anhydride.

9 Acjes pud Cainer, op.ciz.. p. 127; and Throdore Yeaver,
TEcenomics of Acetylene by the Walff Process,” Chemical Engsneer. -
ing Pregreas, Vol, 49, Jan. 1953, p. 35,

The other aromatic hydrocarbons, toluene and
xylenes, will be less important quantitatively
than benzene. ‘The 1975 estimated requirement for
toluene is 1,060 million pounds; for ortho-xylene,
686 million pounds; and for para-xylene, 756 mil-
tion pounds, Toluene has been used mainly in the
manufacture of explosives, but a new use which may
become important is for the productien of vinyl-
toluene, a partial substituts for styrene. Ortho-
xylene will probably become increasingly important
in the production of phthalie anhydride. Para-
xylene can be used in the production of the syn-
thetic fiber. dacron.

4. Observations on Feedstocks

Although Standard 0il Cozpany of New Jersey as
early as 1919 wae producing alcohols from petro-
leun fractious, Carbide and Carbon Chenicals Cor-
poration first developed in the early 1920's proc-
esses for synthesizing other chemicals from petro-
leun and natural gas hydrocaibons. Carbide and
Carbon’s experimental plant was at Clendenin, West
Virginia, where it developed commercially feasible
processes for converting hydrucarbon gases to
glycol, acetone, ethyl alcohol, and other products.
In 1925 a commercial plant was established at
South Charleston, West Virginia. Within a few
years other companies eonstructed similar plants
in the East and in Michigen and other Midwestern
states and in Texas. 20

The big growth in the petrochemicals industry
has taken place in the last fifreen years, espe-
cially during and cfter World War II. Although
the initinl processes developed by Carbide and
Carbon utilized notural gas as a source of hydro-
carben raw materials, the first source of large
volumes of unsaturated hydrocarbons such as ethy-
lene and propylene was refinery waste koses, Thus,
the major portion of the growth in petrochemicals
production took place an the Gulf Coast, where
there was large refinery capacity. See Maps 1, 2
and 3. In the mild climate of the Gulf Coast, the
demand for fue) oil was small; and if fuel o0il was
used as refinery fuel, the refinery off-gases had
little if any use at all. Thus the refinery gasas
#ere available for petrochemical operations at
very low cost. Furthermore, when the practice
developed of synthesizing large qusntities of such
chemicals as ammonia and methanol from methane,
the Gulf Coast area experienced further expansion
becauze of the proximity of abandant supplies of
naowural gas. About 85% of present petrochemical
capacity is situated in the Gulf Coast ares and
the current rate of growth in this area is still
rapid.

In additicn to refinery gases and neturnl gas
{mainly methane}, possible raw material feedstocks
for petrochemicals production include crude oil,
distillate stocks, light hydrocarbon streams from
natural gosoline plants, liquefied petroleun
gases, and catalytic reformate. In eensidering
the supply of any of these raw materials which
will be available for future expanzion of chemical
production, one must take account of two important
factors. The {irst is the yield and value of the

2% For furcher
chezical activie
cal Enginsering,

snion of Carbide and Carbon’s early petro-
e John R. Skeen, "Fthylens Glycol,” Chems.
. 56, May 1939, pp. 357-38.
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chemical products that can be derived from the raw
material; the second is the economic attractiva-
ness of uses for the raw material other than as a
chemical feedstock. 1TIn general, of several raw
zaterials in equal sbundance, those whose chemical
derivatives are of hiph weight yield and high unir
volue, and whose alternative uses are of a low
order of economic attractiveness, will tend to
furnish the largest scurce of supply for future
increases in petrochemicals production. Obviously,
when the total available amounts of the various
rew materials are of different magnitudes, this
too will affect the atsclute amounts of each to be
used for chemical cenversion. However, the gen-
eral statement just made would still be valid in
determining differences in the rates of growth in
chewicals production from the various feedstocks.

In the remainder of this section each of the
above mentioned raw materials is examined with
respect to its possible future use as a chemical
feedstoek, with particular attention given to the
influence of its nlternative uses,

Watural Gas: As has been indicated, large amounts
of natural gas have been utilized in the produc-
tion of such chemicals as amwonia and methanoi,
However, natural gas has many advantages as o fuel
and this has led to a continuous expansion of
long-distance pipeline facilities from the South-
west nalural ges fields to the larpe fuel markets
of the North and East. So long as such a trend
continues, the supply of cheap natural gas for
chemical conversion will become more and more
limited, since there obviously is some ultimate
iimit to the reserves of aatural gas in the South-
west. And even though new reserves are constantly
being discovered, the possibility of reaching the
large fuel markets by means of existing or poten-
tial pipelines will enuble the cuners of the gas
fields to command ligher prices for their gas.

It should be noted that there is 2 limit to the
possible rise in the price of gas {other than the
institutionnl lirits impused by public rate making
bodies). The Northeast has large supplies of
ceal.  Since the future will undoubtedly witness
further progressz in coal gasificaticn processes,
this promises to moke available in large quantity
a type of pas which will possess the same attrac-
tive qualities as natural gas for use as fuel. If
such a situation does develop it would appear that
in the long run the price of natural gas will tend
to become stabilized, but at a level higher than
that which prevoiled in earlier years near gas
fields und which pave rise to the great expansion
in the production of natural gas chemicals.

Light Hydrocarbon Streams: Consider next the use
of light hydrocarbon streams from natural gaseline
plants. Tt is necessary that natural gas be proc-
essed to remove the heavier hydrocarbons before it
is placed in o pipeline. The presence of these
easily liquefiable hydrocarbons in the raw gas
tends to cause "freezeups™ in the pipeline, there-
by increasing costs of operation and maintenance.
In the process of removing the heavier hydrocar-
bons, or naturnl gasoline, from natural gas, the
capture of certain amounts of lighter hydrocarbons
such as cthane ond propane is unaveidable. These
muist be removed to a large extent Lefore the
natural gasoline can be sold. Thus ethone-rich
streams from the "de-ethanizer,” end propanc-rick
streams from the "de-propanizer” of the notural

gasolirc plaat beeome availoble.  Since the active
ities of natural gasoline plants will increase
with the increased leng distance pipelining of
natural gons, the supply of these light hydrocarbon
streams will also increase, So far as chemical
production is concerned, the ethane streams will
probably be more favarable than the propane
streams. The only alternative disposal for the
cthane would be to pump it back into the natural
ras pipeline to be used as fuel, whereas the pro-
pane stream could be used to produce the high
quality fuel, liquefied propanc. Liquefied pro-
pane, because of its liquid form and ease of
transport, possesses an advantage over natural gas
for certain uses and conditions.?! Furthermore,
one of the wost important of the petrochemical
intermediates and one which is likely to experi-
ence a very high rate of growth is ethylene; and
although hoth ethane and propane can he used as
raw materials for its production, the yield from
ethune is normally substantizlly greater than from
propane,

It must be realized that there exists a strong
possibility that the future demand for ethylene
will be great enough so that ethane from natural
gas will advance from its principal status of a
natural gasoline by-product to that of at least a
Jjoint product with natural gasoline and/or L.PG,
as it has already done to some extent. In such a
situntion, the costs of eapturing ethane increase
as greater percentages are stripped, and the
heavier prepane is necessarily obteined in con-
junction with the lighter ethane. Hence this
wight make available increasing amounts of propane
for ethiylene production. However, at lower levels
of demand, an examinatiow of the factors of
availabilivy, yield, and alternative uses indi-
cates that ethane will be preferred to propane as
a raw material for ethylene productien.

Crude 0il: The use of erude oil, distillate
stocks, liquefied petroleun gases, and catalytie
reformate as raw material feedstocks for chemical
production is limited hy the existence of econom-
ieally attractive alternative uses, Crude oil is
the hasic raw material for a wide variety of pe-
troleum products, ranging from high octane avia-
tion and motor fuel to residual fuel oil. And
although it is true that the use of crude vil as
a rav material feedstock for chemical production
results in large volumes of by-product stocks
which cen then be processed into conventional pe-
troleum products, still the amount of high- value,
premium qrade petroleum products that must be
foregone is guite sipnificant. This means that
crude oil is a costly chemical raw material.

Light Distillate Stocks and LFG: The lighter
fractions or distillates obtained from initial re-
finery processing of crude oil are the preferred
feedstocks for gasoline production. Their availa-
bility as petrochemical raw material is according-
ly severely limited until mere valuable chemicals
may be made from them and marketed.

Liguefied petroleum gas (LPG) is a general
term for o group of products which includes liquid
butane, liguid propane, and mixtures of the two.
LPG, especiully propane, has to some extent ber

21F ., use jor domestic fuel in rural arees not served by
pipelines: end posaible future use se wotor fuel by fleets of
trucks or tuses.
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used far chemical preducticn, porticularly an
areas in the North and East which do not have o0il
refinery capscity or other sources of gaseous hy-
drocarbons. As has already been indicated, pro-
pane is 2 relatively expensive raw material bath
because of the steadily growing demand for it as
an i~dustrial und domestic fuel and because its
price at the minizum must cover the costs of ex-
traction, liguefying, and shipping. Thus, al-
though the potentiai future quantity of ~rapane
and other LPG is very large, it does ncc now
pronise to constitute more than a relatively minor
fraction of future petrochemical feedstocks. 22

Catalytic Reformate: The demand for higher and
higher octane motor fuel by the sutomotive and
aviation industries has necessitated the develap-
ment of processes to upgrade ordinory or straight-
run gasoline. One such process is catalytic re-
forming. In this process some of the naphthenic .
and paraffinic hydrocarbons are trans formed or
"reformed” into aromatic hydrocarbons. The end
result is o higher grade gasoline. However, "after
the refoming step it is nlse possible to extract
some of the aromatics from the "reformate." Thus,
petrolevm is a source of the important aromatic
chemical raw materials, benzene, toluene, nnd xy-
lenes. As in the case of crude oil and distillate
stwcks, this use of the petroleum stock competes
with its use in the production of high grade motor
fuel. Hence these aromatics become relatively ex-
peasive chemical raw materinls. Nevertheless the
opinion is widely held that the demand for aro-
matics will expand sufficiently to justify the
production of very considerable amounts of petro-
chemical aromatics.

Refinery Gas: It has been noted that the initial
expansion in petrochemical production was made
possible by the availability of low cost refinery
gases. Tt is relevant at this point to discuss
the supply of refinery guses with respect to fu-
ture expansion of petrochemicals production. Sev-
eral reasons have been advanced to support the
viespoint that the use of refinery gases for chem-
ical feedstock is approaching its effective limit,
particularly should the demand for higher-octane
motor fuel continue to dominate the scene:

1. The recent development of catalytic cracking
and other processes (which incidentally reguire
increased quantities of fuel) has teaded to in-
crease the proportion of gasoline and decrease the
proportion of residual fuel oil obtained from
crude oil. As 2 consequence, refineries use a
larger proportion of their off-gases for their osn
fuel requirements.

2. The demand for higher grade motorfuel has
led to the development of polymerization and alky-
lation processes. In these processes the ethylene,
propane-propylene, and butanc-butylene components
of refinery gas are blended with gasoline to im-
prove its quality.

2 flowever, a8 will be pointed et later, the production of
LPG oy excrt » very important influence o the focation of fu-
ture petrochemical production.

2 The President’s Materials Policy Cominsicn, ep.cit., p. 104
Boyd and Rackus, ep.cit. p.C-5.

PETROCHENICAL INDUSTRY

3. Refineries in many instances recover part of
the butane and propane comrcncnl.s of their off~gas
and process them to LPG. 2

The net result of all these developments has
been to change the status of refinery off-gas from
a surplus by-product with little value to a more
profitable raw material with several alternative
uses. To the extent that such a change has taken
place, the statcments concerning the relative
costliness of crude oil, distillate stocks, and
catalytic reformate as petrochemical raw materialg
epply to refinery gases as well,

e sust realize, however, that refinery gases
normally are rather complex mixtures of hydrocar-
bons (and non-hydrocarbons), with different types
of paraffins and olefins occurring in widely dif-
fering proportions. For this reason it is some~
what misleading to make a general statement con-
cerning the use of refinery gases as raw matarials
for chemical conversion. It is quite likely that
refinery gases will constitute much better sources
for expansion in the production of some petrochem-
ical interzedintes than of others. For example,
the olefins ethylene and propyiene both occur di-
rectly in refinery gases, but the relative availa-
bility of propylene is usually substantially
greater than that of ethylene. The demand for
ethylene has already cutrun the supply directly
available in refinery gases. A substantial por-
tion of present ethylene production comes from the
eracking of ethane and propane. This trend will
obviously be intensified in the future. On the
sther hand, the supplies of propylene in refinery
gases are still adequate, and there is now little
propylene production fram the cracking of prepzne
Propylene from refinery grs is less expensive to
produce than propylene from cracking propane. The
foraer involves only cne Step, separation, while
the latter involves two steps, cracking and sepa-
ration. Thus the opinion is widely held that in
spite of the alternative uses fer refinery gas, it
will probably continue to be the major source of
supply of propylene. The same general considera-
tions apply to the case of butylene. Although it
is impossible to predict what actually will happen,
it appears much more valid to sssume that refinery
Bases will contitute a more favorable future
source of supply of propylene and butylene than of
ethylene.

Sumnzry: The discussion in this section indicates
the following peints:

1. Natural gas (methane) will continue in the
future to be used direetly for the production of
substantial amounts of such chemicals as armoni a
and methanol, although increasing facilities for
serving major fuel markets will restrict the
availability of "cheap” natural gas for chemical
conversion.

2. Light hydrecarbon streams, particularly eth-
ane, obtained as by-products or Joint prodacts

24For forther discussion of lisitations @ the supply of re-
finery gases for clemical conversion, see Marcus Sittenficld,
Ecomonics of Petreleun Chemical Plant Lovation,” Chemical Engi-
neering Frogreas, Vol. 45, May 1949, p. 317; and B. K. Carney ana
Nonald E. Meyer, "Petrochenical Industry Looks to Liquefied Petro-
leun Gas, " Potroleu Refiner, Vol, 37, April 1953, p. 123,
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from natural gasoline and other natural gas strip-
ping operations will be a favorable source of sup-
oly for ethvlene and its derivative chemicals.2S

3. Refinery gases, although faced with increas-
ing limitations as a raw material source for gene
eral petrochemical production, owing to increass
ingly attractive altemative uses, will continue
to constitute o major, possibly dominant, source
of propylene and butylene. This is true largely
because these olefins occur directly and in rela-
tively large quantities in refinery gases. They
require relatively inexpensive processing.

4. Crude oil, distillate stocks, liqusfied pe-
troleum gases, and catalytic reformate will be
definitely limited as petrochemical source materie
als because of economically atiractive alternative
uses and/or 1elatively expensive processing and
shipping costs.?6

5. Considerations on Regional Availa-
bility of Raw Materials

The several possibilities for location of pe-
trochemical processes include the following:

1. the construction of a plant at 2 raw materi-
al sosrce and shipment of product to the market
(whers the market does not coirncide with the raw
raterial source), or to several markets;

2. the construction of a plant at a market (or
at a focal point within a broad market area) and
shipa nt of raw material to the plant (with local
ship .:nt of product to points within the broad
market area);

3. the construction of a plant at a non-raw ma-
terial, non-market site and shipment of both raw
mterials and product.

Refinery Derived Stocks and Crude 0il: Consider
first the use of refinery gases as raw materials.
The only practical method of transporting such
gases is by pipeline, since they are not casily
liquefiable; and although there are pipeline BYS-
tems in Texas for the transportation of refinery
gascs over short distances, it is unlikely that
long distance pipelines for this purpose will ever
be established. The tremendous valume of gas
which would need to be shipped to justify the con-
struction and operation of a major pipeline would
not be forthcoming. Therefore, it can be said
that for all practical purposes, the location of a
petrochemical operation using refinery gas as a
raw mterial is tied to the Jocation of the refin-
ery, and is dependent on the corplex of forces
which affect refinery location and whose analysis

25 alchough it in difficult to coepare the relative attractive-
nexs of dry netursl gas (pethans) and netural gas ethane, oving to
the great difference in abaoiute scpplies, the folloving figures
givea by R L Batemm, &z official of Carbide and Carbon Chemi-
wre of interest, In 1952 the average sales price of al
ericals (of which ethylene and thus rthane are wajor ras
) was 15¢/1b; in centrast the average sales price of in-
orgmics (af which netural ges vemcnin and ite derivatives are in-
porrant representatives) was 2,5¢/1b. "Petrochemicaln in the
Peatwar Years,” Petrofeun Processing, Vol. 8, Detober 1953, pp.
1837-1539.

26 For further dincussion and data en availebility estimates
ace Treaident’s Materinle Policy Comission, op.cit,, Chap. 13;
and Eageno Ayres, Tos Matericls for Orgunic Cheaicols,” & paper
prexented at tho American Chemical Society annusl mesting in Chi-
caga, Septesbar §+11, 1953,

Lies outside the scope of this study.2? However,
certain fractions of refinery gas such as propyl-
ene and butylene (but not ethylene) can be sepa-
rated and easily liqueficd. In this form they can
be shipped relatively easily. Mence petrochemical
production based on these intermediates is not
necessarily tied to the refinery iocation.

Much the same general eonsiderations are valid
in the United States for the production of aromat-
ics from petroleun. The aromaties are in reality
produced jointly with much larger gquantities of
gasoline and other conventional petroleur prod-
ucts.”®  Therefore the location of petroleum aro-
matics production will be determined by considera-
tions relevant to the jocation of the major prod-
ucts of the refinery. However, since it is feas-
ible to transport these aromatics, the lacation of
plants producing aromatic derivatives is not die-
tated by the location of refineries

In the case of petrochemicals from crude oil,
distillate stocks, and LPG, there would exist the
possibility of location either at the raw materi-
als source, at the market, or elsewhere, since
these raw materials can be ¢asily transported by
rail, ship, or pipeline.

Light Hydrocarbons From Natural Gas: Finally,
consider the production of petrochemicals based on
light hydrocarbons stripped from natural gas. It
has been indicated that raw natural gas must be
processed to remove most of the €5 and heavier hy-
drocarbons before the gas is placed in a pipeline,
and that some ethane and propane are obtained as a
by-preduct of this operation. The natural gaso-
line plants which process the raw natural gas
often expand their stripping operations in order
to recover substantially greater quantities of the
propane and butane hydrocarbons in addition ta the
natural gasoline and C; + hydrocarbons. The pro-
pane and butane are liquefied and sold as LPG.
The important point, however, is thet as stripping
operations are cxpanded to extract more propane
and butane, increasing quantities of ethane are
captured as a by-product.

Although it 1s necessary to remove natural gas-
oline at the gas field, some butane and propane
may be left in the gas without affecting signifi-
cantly the pipeline operating costs, Therefore it
is possible that in the future more of the propanc
and butane will be stripped at or near the market
in order to aveid high freight costs on LPG. In
such a situation ethane would be available both in
the Southwest at the natural gos fields as a by-
product (as & result of natural gasoline strip-
ping} and at these fields and various other loca-
tions ns o joint product aleng with butane and
propane.?? Thus ethane based petrochemicals pro-

27 Theoretically. petrochemical sarket demands, tranapert
saten, aod sssocisted considerations could infloence refinery lo-
cation, paking it necessary to discuss the location of both fefin:
ery end petrochemical sctivities in the same framework in order to
schiere meaningful results. As a practical metter, horever, the
propertion of totsl refinery output repreasnted by Tefinery geses
ie 90 awall a5 to render insignificant the effect of their use for
chemical conversion upon the location of the refinery.

28Read, opecit., pp. 102-103.

2911, in the extrine cese, all the lutme and propane (LPG)
were stripped at sarket points end not at natural gas Lislds, sth-
anc vould not ke evailsble st netarcl gas fields except «s a bys
product of natural gesoline strippin r the post pare, butene
and propane cust be stripped befcre sizceble quantities of ethams
ace chtainsble.) In this care the volume of ethane availsblo at
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duction could locate either in the Soutbwest or
elsewhere along pipelines. It is true that pres-
ent institutional arrangements have a restrictive
influence upon market Jocation, because mich of
the antermediate weight (LPG) hydrocarbon content
of raw natural gas 1s stripped at the source along
with the heavier or natural gasoline components,
Since a pipeline compuny sccures irs natural gas
stocks from many different sources, and since
these sources produce gas sireams of varying de-
grees of initial "richness,” the company has been
unable, or umwilling, in the past to pay a premium
for richer gas streams. Artong other factors the
streams would have been mingled in the pipeline
and the cost of stripping LPG hydrocarbons from
the composite stream would have been greater than
the costs of stripping the rich stresms at the
source. Further, there are technical problems in
measuring the quality of any stream, although
these difficultics are not insaluble. According-
ly, under present institutional arrangements the
pipeline company pays the producer a price which
covers orly a gas of an agreed upon minizum BTU
content. Therefore it is to the advantage of the
producer to engage in stripping operations himself
so long as the stripped gas contains the mininum
BTU content, and sc Jong as the revemue he can
obtain from the additional LPG (and ethane) more
than covers the additional stripping costs.

These current institutional AFrangenents re-
flect conditions which developed when pipeline
transportation of natural gas was in its infancy.
In the meantime there have been inprovenents in
size and efficiency both of pipelines and strip-
ping operations. Thyse inprovements together with
thoss on the horzzon will result in iowar trans-
port cost for gas and in increased economies in
large stripping plants. This has and wili lead to
an increase in the stiractiveness of a large-scale
market-oriented stripping operation, as will be
apparent later. Therefore although current nre
rangements restrict pipeline transportation of the
rich hydrocarbon content of natural gas, it is
noetheless relevant to consider whether ap not
sajor location at the market could Lake place on a
pure cest basis without reference to instituriaonal
avrangements.  If ,uch a location sufficiently
profitable we can expect at least some changes in
contract conditions, as have taken place in the
past in other industries.

We are fully aware that munopolistic and oligo-
polistic bshavior, leadership patterns, and other
factors may oppose change.  foweve:, consideration
of these lactors is cutside the scupe of this
study. Qur aim is to identify directions in which
the future location pattern s likely to change
(and perhaps as a by-product, the type of institu~
tional changes that might be desirable). We fully
realife that future location pattern and institu-
tional arrangements are closely interrelated and
that the degree to which the ideal pattern (from a
pure cost standpeint) is realizable, is partially
dependent on the flexibility of institutional ar-
rangements.

natural pas fickle counld Yo inmdequste for potential jotrohemical
cxpansion enviasgel for the AWH. loweser, i1 1n ancemceienhle
that there will not be mignificwnt LPG stripping cperstions in
“the natursl gas ficlis wreas and beoce alequate guantities of othe
ane for futare exparsion i patroherical pradoction.
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However rigid these institutional arrangements
may be, a certain sreunt of ethane, propane, and
heavier hydrocarbons is available from lean natu-
ral gas which has already been subjected to some
stripping at the source. We have already indi-
cated that the demand for ethylene is at present
strong enough to chunge the status of ethane from
that of o by-product to that of a Joint product in
stripping operations., This is another way of
stating that under certain conditions it 1s prof-
itable te subject lean natural gas to further
stripping operations for the purpose of extracting
more of the ethane, along with additional amounts
of heavier hydrocarbons. Such treateent of lean
gas can clearly take place at or near the market
end of a pipeline ¢ven under present conditions.
Two exarples of such au operation are the Tennese
¢ Gas Transmission Co pany’s hydrocarbon extrae-
ticn plant in Kentucky and the Pankandle Eastern
Pipeline Company’s similar plant in Tllinois. Jyu-
formed persons have observed with reference to the
Kentueky plant that neither the natural pasnline-
LPG operation nor the ethane and subsequent chemi-
cal operation would be econcs ically feasible alone.
This reinforees our statements regarding the sta-
tus of cthane as a joint product.  Thus even under
present conditions it is possible ond econonically
feasible to have sources of supply of natural gas
ethane in regions other than the Southwest. This
furnishes a second justification for the consider~
ation of an ethane based petrochemical operation
either in the Southwest or elsewhere,

Feasible Bases for A¥R Petrochemical Expansion:
In the following sections of this study we con
sider in detail the locational factors affecting
petrochemicals based on natural 8as ethane as well
as those based on direct use of natural gas. Nat-
ural gas is obviously ss transpertable as the eth-
ane feedstock. Sinee, as indicated above, propane
and LPG have cconomically attractive alternative
uses and are likely to be more limited in supply
for petrochemical development 30 lesser attention
will be paid to petrochemicals based on these
feedstocks. Too, since vil refinery capacity is
nat likely to expand very rapidly in the AWR
region, ¥ and since refinery g4ses also lave cco-
nomically attractive alternative ases, we give
less consideration to potential petrochemical de-
velopment in the AWR based on such gases. It

is clear that fram the standpoint of the AWR
region the major opportunity for petrochemical de-
velopment lies in the use of ethane and natural

I0%arney and Wver, op.cif. p. 124, discuss alternative nane
of LPG and it probable incressing cost in the fatupe:

M dccarding to frgures jublished in The 011 amd Ga Jovenal,
during the geeiod from 1942 10 1932 the dai iy volome of orode oit
proceased by refineries increaned by 780,000 Lurrels in the Tewss
Galf Cnast Aren; 502000 harrels in the 1lbinotn Indiane rear and
SH9.050 harrels i the Eant Cosat Area. During the same periid
the jnereases in daily volurc in the Oklahonaskanasa-\issteri Ares,
the Texnx Indand Area, and the Northern Loriniane Arkanses sres
were only 190,000 barrels, 710Gy Larrels, and ! barrel, resper-
tively. The fatter three areas roughly correnpond to the t
Tegion. Even when relative, rather than sheolute increnses mre
cosidered, the AWH areas ahow almer growth in crade oyl ren
fining. [Mring the period from 1O4) ta 1932 the Licresse in the
Texus (1€ Coant Aren was 59% i the LLlinais- Indiae Ares, 60%;
ant an the Fast Coist Ares, 1334, Muring the sar periwd the 1n-
crease in the Chlahomackansus-isamri Area was G5, the Tovue Toe
Iand Arex, 3HX: avd the Nocthesn [ siis1ann-Arhunean Ares, ]2

Aoy, Ve inery Qutput Rity New Prah tn 1632 » The 018 ond
Gan Jourral Vol. 31, Jun. %a. 1033, po 217
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gas as feedstocks.3? The eructal questiens in
what Jollows are:

I. to what extent ought new petrochemical ine
dustry be based vpon ethane and natural gas feed-
stocks on the one hand and refinery gases on the
other?

2. where petrochemica) industry is assumed to
utilize ethane and natural gas feedstoeks, should
such industry locate in the AWR region or clse-
where?

It should be clearly borne in mind that though
it may be established that ethane and natural gas-
based petrochemicals should be located in the
AWR (which is likely to be the cheapest source
of these feedstocks), it may develop that petro-
chemicals based on rcfinery gases, despite the
economically alternztive attractie uses for
these gases, are equally profitable. In such a
case petrocuemical development in the AWR re-
gion would be restricted to some extent. This
follows since refinery gases are likely to be
availuble in largest quantities outside the AWR
region and since the AWH region has inferior
transport connections with important market points

The diseussion has already given some indica-
tion as to the types of petrochemical raw mate-
rials for which refinery gases are likely to con-
stitute the most faverable source of supply. It
is pertinen: at this point to cxamine the matter
further. The President’s Materials Policy Com-
mission estimates that as of 1950, out of B3
million cubic feet of ethane available per day,
446 million cubic feet wos available from nawral
gas. But by 1960, out of an estimated total
availability of 1,061 millicn cubic feet per day,
the Commission postulates that 728 million cubie
feet will be available from natural gas; and by
1975 the Covmission estimates that daily available
ethane from natural gas will be 1,150 miilion
cubic feet out of a total daily availability of
1,329 million cubic feet. In sach case the re-
mainder of the total amount available represents
potential ethane available from refinery cracking.
gases. The declining propoartions of this source
of ethane reflect both increasing efficiencies of
0il refining operations and more and more attrac-
tive alternative uses for refinery gas ethone.

In the zase of ethylene it is estimated as of
1950 that, out of a total availability of 808 mil-
lion cubic feet per day, 379 million cubic feet
per day was available from cthane. By 1960 it is
estimated that, out of a total daily availability
of 996 millien cubic feet, 620 million cubic feet
will be available frem ethane; and by 1975 it js
cstimated that, out of a toral daily availshility
of 1,260 million cubic feet, 987 million cubic
feet will be available from cthane.

When we combine these two sets of availabilicy
estimates, it is difficult to escupe the conclu-
sion that ethane frem natural gas will constitute

32 Petroctmmical development in the Gulf Cosst segim con be
aich more v rge amounts of refinery gases and other re-
finery fra together with natarel gas and its light hydro-
carbon compmenta, will be av Hosever, wit repert is re-
stricted—sren for the Gulf Comnt area—to petrochenicel expensiom
based prizurily o ethanc, ethylene and natural pae.

the chief source of future ethylene production.
Even though the figures refer to availability
rather than to estimated production, the facts are
that the demand for ethylene has already exceeded
the supply airectly recoverable frem refinery
gases and that at the present time substantial
emounts of ethylene are being produced by cracking
ethane {increasingly including natural gas ethane),
These facts indicate that future production ra-
tios will be similar to the availability ratios,
particularly if there is a continuing high rate of
growth in ethylene demand and production.

In the cose of propylene, the Materials Policy
Comnission data suggest that in 1975, cut of a
total estimated daily availability of 1,135 mil-
lion cubic feet, 389 million cubic feet will be
available from propane cracking. For butylene,
out of a total estimated daily availability in
1975 of 1,242 nillion cubic feet, 223 million
cubic feet will Le available [rom butane cracking.
Propane and butane in these cases refer to that
available both from natural gas and from refinery
gas.  The relatively large proportions of prapylene
and butylene available from sources ather then the
cracking of propane and Lutane reflect the large
amounts of propylene and butylene directly avail-
able in refinery gases.

At present there is virtually no preduction of
propylene and butvlene from natural 8as propane
and butane. Furthermore, there is no indication
that processes for producing propylene and butyl.
ene from natural gas propane and butane will he-
come economically competitive in the future. Thus,
although natural gas propane and butane will be
available in the future for propylenc and butyl-
ene production in the ratios given by the Commis-
'sion, there is no reason to believe that propylene
and butylene will actually be preduced in these
ratios. Since in the case of propylene and buty}l-
ene one can only speculate about future production
ratiss, and since there is at present no signifi-
cant production from natural gas propane and bu-
tane, we will not consider in our analysis propyl-
enc and butylene from natural gas. In contrast,
we have o firm basis for studying thoroughly the
production of ethylene from natural gas ethone,
not only because of the data and statements of the
Materials Policy Cornission, but also because of
current practices and trends in ethylene produc-
tion.

6. Some Regional Cost Differentials in
Petrochemical Production

As in the location of most industries, some
factors are relatively unimportant while others
are strategic. Except for instances where the
pulls of the strategic factors tend to neutralize
each other, analysis can be simplified and still
be as significant as ever when the relatively un-
importent factors are set aside or treated gener-
ally as qualifications to the conclusions reached
from consideration of strategic factors only.

How important are various factors in the loca-
tion of the petrochemical industries? Table 1,
which presents information on the production of
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Teble 1.—PRODUCTION OF ETHYLENE GLYCOL FROM ETHYLEWE [ETHYLEKE OXIDATION PROCESS)

Plant coat:?-? Manyfacturing costz—ton,
Ethylene oxide reaction sectlon. 42,925,000 Utilities:®
Oxygen plantes.. 1,250,000 600 PSIG, steam.. .83
Inltlal catalyst, . . 345,000 200 PS1G, steam. .78
Ethylene oxide purlflcation sectlon.. 775,000 70 P3I6, steam., 3t
Ethylens glycol plantursss.veenssraes 1,100,000 Coollng water, .09
Totdleariaruaiecantarrinmnesiennsesnenssies | $6,385,000 neg.
.05
Utlities consuzption <03
6C0 PSIG, atean, 139.4 s
260 P5(G, stesm, 5 . 130.1 Direct aperating 1abor®euicuvecsecnnngfibe, .32
70 PSIG, steas, M Ibhre. 60, Halntenance, intereat, inventorles,
Cooling wateriaieees 6,700, taxes, Insurance, 1and rental’,u.eeueflb.. 1.72
Condeasate..... 115,
Efectric power. 550. Total, excluding 2mortizetion....g/1b.. 8.74
Fuel gas..ove,. 13.5
‘Manufactaring costs:
Materials:
3.82
0l
reeeaesdflbse .29

lExcludes contingency, contractor's overhead snd srofit, utillty gensrating equlpment and offslte facititles.
Ut tcetylene content of feed exceeds 10 PPM the plant cost should be Increased for acatylens removal tacillities by

$125,000,
Statalyst cost Is $1.2€ per povnd,

“Unit costs of utllities are: 600 PSIG steenm, $0.40/H 1b; 200 PSIG stean, 0.38/H 1t; 70 PSIG steam, 0.35/M 1b; Caaling
wator, 0.015/M gai: Condensata Aakeup, 0.0!/H gtli Etectric Power, 0.0062/kwh; Fuel gas, 0.15/KM BTV,

Hinus =lgn signifies production,
CLabor force: 21 Men/Day. Wage: $2.75/hr.

TEstizated parcentags on plant costs: For maintenanca, £.0; for Interest, 4.5; for Inventories, 0.8; for taxes, insur-

ance, and land rental, 1.0,
neg. Negliglble,

Scurce: The Luznus Company, The Shell Process Jor Manufacturing Ethylene Oxide and Ethylene Glycal, Mew York, Warch I,

1853,

ethylene glycol, ¥ an imporcant yet typical petro-
chemical, i.rows scnsiderable light on this ques-
tion. Consider first plant cost.

Plant Costs and Fixed Charges: Some contend that
the rore clement weather of the Gulf Coast and
parts of the AWR region may render unnecessary
certain structurel features charncteristic of fac-
tories in the more northern sections of the United
States, and couse less deterioration of plant and
equipment. And it has been true in the past that
outdoor plants (plants without outside structural
enclosures) have been mush more characteristic of
the Gulf Cosst ond California than of the more
northern regions. (It has been estimated that
construction ensts of outdoor plents run ten to
twelve percent less than those of indoor plants 3}

It is our impression, however, from conversa-
tion with construction engineers and from a care-
ful perusal of the technical literature that the

BFor a plant capable of producing 40 million pounds of reac-
tar cffluent ethylene cxide. wnd 53.1 million pousds of product
ethylene glycol (600 to 200 FS1G steam for all turbine drivea).

In additicr to Table 1, the reader is referred to K.I. Failk,
Tinald W, Keyes, and Ronald L. Clsrk, Indsazriel Chericais, New
Yark, 1950. This excelleat book is the Lest mingle source of
technical process descriptions, chesical forzulas and reaction
squations, principal raw materisl input requirements, past pro-
duction figures, use patterns, historicsl duts, econamic mapecta,
and other infornation not only for ethylens glycol but for gme
tundred and five other irportant industrial chemicals.

3430 Minevitch, G Knight, S.F. Noot, and H.F. Horaks,
Thesical aot Conatructiva Con doora versus Outdecrs, ™

Chemical Enginsoring Progreas, Vol. 47, Asx. 1951, pp. 385-391,

outdoor plant is as feasible for the more northern
regions of the United States as for the Gulf
Coast, AWR, and California areas.3S fence, the
difference in plant costs among regions which in
the past wos primarily due to structural cost (in-
door vs. outdoor) will tend to reduce to a differ-
ehce among rcgions in insulation costs for out-
door plants.? Since this last difference will be
slight,? we shall assume plant costs for any
given new capacity as approximately the same from
region to region.

Plant costs form the backbone for ealculation
of fixed charges. Even where plant costs are
alike smong regions, major differences in fixed
charges may result from the application of differ-

3SMineviveh, et.nl. sp.cle.; WH, Filliens, "Ciemical Plant
Operations and the Weather, " Chenical Engincering Frogrews, Vol.
420 June 1951, pp. 917-282; W.SKeep, L.T.Wullen, AD. Grons,
Constructim of Acid Recovery Lhits, Indoors or Outdeors? ™ Ches.
ical Engineering Progress. Vol, 47, July 1951, pp. 339.343; Momer
Riewex, “Safety and Qutdoor Construction, ® Cheafoal Enginsering
FProg Vol. 47, July 1951, pp. 341-343.

36 0bviously, ahort-run differences amang regions in efficiency
of construction Jabor and availability of mterinis may lead to
significant differences in sealized plant costa, Such spreial
thort-run factors cannot it general be anticipated, and hemee lie
outside tbe ncope of our study.

37 In tes typical cosen cited by Minevitch

that inaulation costs for an outdoar plent in & vatm olime
B1on would be st leaat as large an insulation costs for an
plant in a enld clizate regim.
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ent rates of interest, smortization, insurance,
taxes, maintenance and the like. There is ro firm
basis upon which regional differences in interest,
amortization, insurance and tax rates may be an-
ticipated. We expect the price and availability
of capital to be effectively regionally equalized,
particularly for large national concerns which
have easy access to the major financial markets.
me regional variable does not seem to have any
significant effect upon amortization and insurance
rates, And although tax rates and land rents and
Costs may vary greatly from sits to site within
any region, there does not appear to be uny system-
atic regional variation in these 1tems.3® ‘here-
fore, identical interest, mortization, insuranee,
tax rates and land costs are assumed for all re-
gions.

Haintenanice Costs: In contrast, there is sore
basis to expect that maintenance costs will tend
to be higher in the more inclement climates. In
severe weather eguipment maintenance is more dif-
ficult. However, the practice of concentrating
major meintenses work during periods of favorable
weather tends to lessen any resulting regional
difference in maintenance costs. Clearly,
maintenance cost is not a strategic location fac-
tor in the petrochemical industry. For purposes
of our study, attention to possible differences in
maintenance costs (as well as plant costs) is
Jjustifiable only in the special cireumstance when
int i el stratagic location

the in loza
inconclusive result.

forces ‘/l;lds an

Lakor Casts: Another location factor is labor.
Per pound of ethylene glyeol laber cost in Table 1
is 0.32 cents, or approximately § percent of total
costs, However, to investigate the pull of labor,
as well as other factors to be discussed later, on
the basis of the figures of Table 1 would he in-
adequate. ‘These figures relate to the conversion
of ethylene into ethylene glycol. But ethylene is
only an intermediate and, for our regicnal analy-
=is, an immobile intermediate, sinca it is gener-
ally considered infeasible to transport ethylene
over long distances. Any operation which utilizes
ethylene to a large extent must be regionally
juxtaposed to the ethylene manufacturing plant,
In this context, location analysis of a single
stage operation is anemic. An operatian of more
than one stage must be considered ns the ultimate
unit for regionzl disaggregation. Accordingly, an
analysis of ethylene glycol must encempass the
process whereby ethylene is derived from crocking
an ethane or an ethane-propane stream; the analy-
sis rust not geographically split the production
of cthylene and the production of ethylene glycol.
It should be recogn®zed, hovever, that the produc-
tion of other types of petrochemicals may require
only transportable intermediates, and not irmobile
onez.  In such cases the analysis can end should
proceed on o single as well as o mltiple stage
banris, as will be apparent later.

To permit wore complete analysis for ethylene
glycol, Table 2 is constructed, It presents total

ee Y. Iserd and J.A, CQuaberjand, *New England
ien for un Integrated Tron and Steel Norks, "
Val. 26, Cctober 1950, pp. 752.53,

3% According Lo Williass, ep.cit., p. 781, Dow Chemical Corpor
cration has expericnced very = afectory results in major mainte-
nacce work in ite Northern plants during periods of favorable
weather,

o3 a Posaible
Econoaic Geography

3B For exsmple
ble Locat
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requirements of the more important materials and
utilities and some of their sssociated costs in
the manufacture of ethylene glycol from the raw
material ethane.® In effect, the 3,82 cents worth
of eidiylene per pound of pthylene glycol recorded
in Tsble 1 is decomposed, and the costs of se-
lected materials and utilities required te nroduce
3.82 cents worth of ethylene are added to e cor-
responding cost figures for these materials and
utilities in Table 1. e e

A few remarks about the construction of Table 2
ought first to be made. It is clear from Table 1
and from information on the production of ethylene
from etheane that the cost of condensate makeup is
negligible; thus, condensate can be ignered as a
location factor. Alse, both the chemicals and
catalyst required can be disregarded as location
determinants. Though in Table 1 cents require- |
ments of these items per pound ethylene glycol add
to 0,30, a figure which is comparsble to that of
labor, the actual weight of chemical and catalyst
involved is ingignificant., This is still more so
in the production of ethylens from ethane. Per
pound of ethylene glycol ({rom ethylene) only
0.019 1bs. of chemicals and catalyst are required.
Hence, even though the price of chemicals and
catalyst may vary significantly from region to re-
gion (in the long run the maximum variation is
limited by the interregional transport cost on
these items}, when we multiply any regional dif-
ference in price per pound of these items by
0.019, we necessarily obtain en insignificant fig-
ure. The cost differentials, among regions, for
these items are neglicgikle, in the particular in-
stance where ethylene glycol is produced via the
oxidation method. As a consequence, datz on the
requirements of condensate and chemicals and cat-
alysts are excluded from Table 2. However, it
shuuld be noted that in certain processes chenmical
requirenents bulk large, as, for exarple, in the
preduction of ethylene glveol via the chlorhydrin
procesa. When such is the case in processes cited
below, chemical requirements will be listed and
their impact upen the location rattem evaluated,
Also, in Table 2, the anounts of the various types
of steam requirements have beer combined into one
net figure in order to simplify the analysis;*?
and data on the hourly inputs of ethane, labor and
output of ethylene glycol have been added.

With the dota of Table 2 as background, we are
in a better position to analyze the pull of labor
as a location factor. Per pound of ethylene
glyeol, 0.537 cents of labor is required, a cost

which is greater than eny of the utilities
listed. ¥ This figure represents almost 8 percent

“IPlant costn Lo pradace ethylene Irom ctlace should also Le
added to the plant coat figures of Table 1. lowever, since plant
coats have been excluded as a consideration in the location enaly-
sis to follow, we omit in Table 2 any data pertainirg to them.

*according to_one report, less than 0.001 pounds of chemicals
wece required per 3.87¢ worth of ethylene.

42Strictly apeaking, a3 we ahall see luter, Iabor and electric
power should also be excluded for the wame reasans. However.
since the total requirements of these two iterm are casily com
puted, and since these two itema arc enerally considered aignifi-
cant froe a locational standpoint, data en them have leen retsined
in Table 2.

#See footnote 2 for justification of this procedure.

This requiremcat pertains only to a combined aperation sher:
the ethylene plunt hes an annual cepacity of A6 million lba.; and
the ethylene glyrol plant, an annuel capazity af 53,2 million ihs
As will be distussed later the labor requirement varies with the
scale of plant; and as a crosequence, lator cost dillerentinls
vary with acale, oo,
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Table 2.—PRODUCTION OF ETHYLERE SLYCOL FRGH ETHANE!
(V1A OXIDATION PROCESS)

Selected inputs:
EBNans..seenesranrornnrenennens 7,250.9 |ibsfhr.
Utitities: :

83,672 Tesfhr.

672,931 G/hr.
670.5  [kw/hr,
25,260,679 BTU/he.
13,1 |nen/hr,

Outputr
Ethylene glycoleessienenrsranens 6,704.5 [1bs/hr.

Selected costs (Gulf Coast loca-

tion}:

T P M4SN,
Cooling water... : 154 J¢/1b,
Electric power, .062 lef1b.
Fuel gas . <057 ¢f1k.
Labor... -537 ¢/ 18,

tassuning an ethylene unit of €6 MM Ib/yr capscity and
an cthylene glyeol t of 83,2 MR 19fyr capacity.

of the cost figure for ethylene glycol of 6.74e
per pound, listed in Table 1. In Jocation analy-
sis, however, the sbsolute cost of labor, and la-
bor cost as a percent of total cost are not the
significant measures of the pull of labor. The
important consideration is the variation in labor
costs from region to region as contrasted with
differentials in other costs. We require informa-
tion on such variation.

A recent Bureau of Labor Statistics study of
wage rates for various occupations in industrial
chemical plants, for October-November, 1951, casts
light on this variation, > An occupationz! clas-
sification which exhiibits a typical interregional
variation is chemieal operators, Class A. Average
straight-tice hourly carings of such workers were,
for two size classifications of plants:

Eatablishrents with—
21-500 workers | 501 or morz workers
United States, $1.81 $2.05
hew England... 1,56 .74
Border States. 1.69 2.13
1.20 .15
1.83 }.82
i.89 1.99
2.08 .24

The New England rate of payment deviates most
(by spproxirately 25 percent) from that prevalent
in the Southwest, the region of highest carnings.%6
Among regions, the variation ranges from approxi-
mately fifteen percent below and above the average
for the United States. If the New Engiand wuge
Tates were applied to the data of Table 2 (which
relate to the Gulf Coast), labor costs would {oll
by spproximately 25 percent, or by 0.133¢ per
pound ethiylene glycol. Hence, under current con-
ditions the maximum labor cost differential among

5U.S. Bureau of Labor St

X atics, Wage Structire: Induateial
Chemicala, Dctober-Noverber 105 H
n.e,

. Scries 2, Mo, A7, Sachington,

4 rhia., pe 10
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regrans for this particular product via the oxida-
tion process is roughly 0.133¢ per pound. ¥

Future Labor Costs: Tt is pertinent at this ruing
to consider the future situnticn with regard to
labor cost differentials. There are streng indi-
cations that the current situation is inappliecable
to the future.

First, the data of the zbove table may be mis-
eading, To some extent at least the Bureau of
Lebor Statistics dota relute to chemical industrial
sLructures which are different from region to re-
gion. They presumably include more of the higher
paying industrics in the Southwest than, for exam-
ple, in New England. ‘fhis tends tc overs:ate labor
cost differentials. -

Second, the degree of wnionization within the
chemical industry is subject to chunge. Likewise
are regicnal differences 1n wage rates. It scems
best to assume that in the future there will be an
increase in the degree of unionization within the
chemical industry and a decrease in any regional
labor cost differential that muy exist.

Finally, even if there were a firm basis for
anticipating the existence of labor cost differ-
entials among regions in the chemical ndustries,
it is not clear wnether such labor coest differ-
entials would favor or disfavor the AWR Tegion.
On the one hand, the AWH region is a source of
cheap labor migrating occupationallywise from a
declining agricultural setting. This would sug-
gest a lower labor cost in the chemical industries
within the AWR. On the other hand, the AWR
region is geographically linked to the Gulf Coast
area, shere the highest wage rates tend to pre-
vail. This suggests high wages in chemical indus-
tries within the AWR region, botlh because of
proximity and because of a possible tendency to
establish blanket rates in order to facilitate the
administrative process in unions and in govern-
nent.

Thus, it is rather speculative to suggest any
labor cost differential favoring or disfavoring
the AWR region. in fact, if the labor cost
differential were tn prove a msjor factor in petro
chemical location, this indeterminacy with respect
to lahor cost would tend to detract from the firm-
ness of any locational analysis for the petro-
chemical industry. However, as will be apparent
later, labor cost differentials are relatively
minor and of significance in marginal situations
only.

The above statements supgest that when we con-
sider the AWR region a caleulation of labor
cost differentials tends to become meaningless.

We nonetheless make this calculation because it is
possible in certain other regions to identify the
direction of a labor cost differential if such
were to exist. (E.g., if wage rates in the Gulf
Coast arem were to differ frum wage rates in other
regions they »ould tend to be higher.) Mence in-
formation concerning labor vost differentials is
useful for considering localion of petrochemicals
within such regions. Seecondly, we retain the la-
bor cost differential becoause labor is generally
regarded as an important location factor; und it
is of interest, especially to location analysts,
to have such information available.

Y Mia of caurse assumes that the dets of the Iurrew of Labor
Statistics ate srprescniative and can ie erployed s bench narhe
in this aituation,
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Cooliag Water Costs: We return to the deta of
Table 2 to consider other cost differentials. In
gencral, it is our opinion that cooling water is
Hikely to be available at similar cost per unit
at "non-water-shortage® sites in all regiens, al-
though within any given region the varistion may
be very great from site to site because of local
shartages, and although in the long run it appears
tnat, on the average, water costs will be higher
i the Southwest and the California regions, In
any case, the percentage vaciation among regions
in water cost would need to be nuch larper than in
the case of labor cost to exert an equal Jocation
pull in tems of ethylene glycol. We do not an-
ticipate such a large, or even sualler, percentage
variation among the more favorable industrial
water sites (which large water-consumers will
seek) of the several regions. For this study we
do not judge water to be a selective factor in lo-
cation among regions. We do judge it to bhe very
selective in ferms of pessible indusctrial sites
within any given region.

This is not to gloss over the fact ihat of the
AWR sub-regions the extensive Panhand]e-Hugaton
arca possesses the greatest reserves of natural
625 and at the same time is a general area of
water shortage, It thus becomes imperative to
cansider the restrictive influence of water upon
any major petrochemical development in this sub-
region. However, at this point of our analysis we
do not know whether or not the Panhandle-Hugoton
area should logically attract petrochemical esc-
tivity on the basis of other considerations. If
in the ensuing analysis it is established that
aside from its shortage of water the Panhandle-
Hugoton area would Le o fuvoralle locaticn for
substantial petrochemical expansion, then auch a
conclusion rust be explicitly gualified to recog-
nize the water shortage problem.

Power Costs: In the production of ethylene glycol
as well as other petrochemicals, poder is a gen-
eral requirement. Since power rates currently
vary from region to region and may be expected to
continue to vary regionally in the future, the
power cost differential must be investiguted.
3ince the AWR region has cheap fuel sources, it
possesses o power cost advantage over ot least
sone regions of the United States. The extent of
its advantage depends on two fsctors, viz., the
amcunts of power consumed per unit product end the
differential awong rates (kwh costs) in different
regions.

Scrutiny of data available on tuel costs in
various regions and on rates charged indicates
that a six mill spread betwcen regions is a rea-
sonahle ma m for calculation of differential
power costs among region It is true that when
we consider extreme conditions such as exist on
the one hand at very cheap hydro-power sites and
on the other hand at local ereas remote from fuel
and energy sources, the spread may be two or even

B0f course, regicnn can le defined in terea of the water
shortage broblem. In such o case our statement would net be
valid. In this atudy, however, we are thinking of "general pus-
pore” regions, ruch along the lines of the Direns of the Conane
snd the Ares Development Division, Neparteent of Comerge.

4% wre sasuming thet power is purchessd or generated by non-
- To the extent that power in plent gen-
the analysis shich folioes with respect
to fuel gax and atean coat differentinisg, where such differentials
are teanslated into ATY cast different . would be more appro-
pritto thea onn based aalely ooz regional corparisen of povef patea,
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tiree times greater. ™ Hewever, it is fairly
clear that petrochemical plants will net Le eligi-
ble for extremely low rate power since they will
be outbid by intensive power consuming industries
such =s the electro-process industries. Nether
will they locate in remote isolated areas. It is
also significant to note that cven the high fuel
cost arcas such as New England and Minnesota do
have power rates within six mills of those at the
generally cheap power areas in the United Stotes,
excluding governnent hydro-power developments. 5!
It con be calculated from the dats in Table 2
that powe: requirements for the production of
ethylene glycol are 0.1 kwh per pound. This fig-

ure multiplied by six mills represents the maximum

power cost differential an AWR location mi
have over a high fuel cost region such as New Eng-
land. To the extent that natural gas prices in
the Southwest rise, as they are expected to do,
this differential ought to be narrowed. And in
{fact, with reference to some areas, the AWR
might be subject to a disadvantage. We shall pro-
ceed, however, on the assumption that the AWR
has a meximuz power cost advantage of 0.05¢ per
pound.

fuel, Steam and Feedstock Costs: Cost diffi.en-
tials for fucl and steam can be estimated in sev-
eral ways. Careful consideration could be given
to steem which is generated for power production
and exhausted to process opereztions, to the spe-
cific temperatures and pressures at which steam is
required, to the extent to which high pressure
process steam can bs reused in low pressure opera-
tions, and to the temperature of the condensate
which is recycled to the boilers.5? Also, in re-
gard to fuel, one ecould pay close attention to
such considcrations as the different BTU eentents
of various fuels as compared to their prices, the
relative thermal efficiencies at which different
fuels can bz used in boilers and furnaces, and the
demand characteristics for natural gas.as they af-
fect pipeline load factors and hence fuel price.
These considerations msy be strategic iu u cost
and profitebility computation for an individual

o

0 Foe cxample, as of Jasuary 1, 1951, for billing demands of
1,000 kilowatty monthly consumption of 400,000 kilowsrt Lours
the average rate per kilowate hour wan 4.5 milla in Tacem, ¥oghe
ington (publicly owned utility}, whils the wrerage rate 3n Abere
deen, South Dekota was 22.2 mills, Federal Power Coamixsion, Ir-
feal Electric Rilly. Cities of 57,007 FPopulation and Nora, LIS
ington, D.C., 1951, pp. 38 and 4.

. For supporting raterials the reaser is referred to: Sem I,
Schurr snd Jucch Marachak, Economic Aspects of Atomic Fawer,
Princeton, N.J., 1950, map 1, p. 46; Notimal Resoasces Planning
Bourd, Induatrsal Locetion and National Resources. ¥ashingron,
1943, Figure 74, p. 175, and Tahle 13, p. 136; and Walter Teord
and Vincent Whitney, Atumic Power. dn Econonic and Socie! Anefp-
«in, New York, 1052 rp. 37.43.

etuslly, cost of thess factura are resolved into 8 conpari-
00 of the cusl of stear el different pressures.
Jince we have aleeady concluded that there vill be o long
Tun bnain for expecting avatematic regianal differences in plant
and equignent cont, we con further conclude that the regiong] dif-
fevence in atesn cont will result primerily from regionsl differ.
ence 1a fuel cost. For that reason we consider at thin point the
effect on fuel requirements of differences in pressure of re.
avived atesn, The Mschanical Logineces Hangbock Rives the total
heat content of cne pound of 50 paig seturated acein an apprinis
mately 1,179 BTL.  As atewn pressure increnses, the tota] hest
Soatent per pourd risea Lo sn spproxizate raximen of 1,204 BTV
per pound e o pressnre of 400 paig. Further increases dn pres-
gure reeuls in & dorresss in tatal WU content per povnd. There-
fore the maxicun differestial in fuel requiresents for steam (oo
suming  minisun preasure of 50 perg) occurs between pressores of
S paig and 450 pr
11 we asmiom boiler feedwater at a terpersture of 70°F {con-
Laining 38 BIU of heat per pound) and s besler efficiency of 80%,
the smout of beat required to geaerate one pound of 1 peig sater
120ninua;
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plant at a specific site and moment of time. How-
ever, given the uncertainties of the future and
the dynamic technology of petrochemicals, such
precise calculations seem unwarranted. For the
objective of this study, viz., to cast light on
the future optimum location pattern for petrochem-
icals, a very simplified approximative procedure
suffices. We assume that all fuel is natural gas,
and, further, that the heat cequired to generate
process steam is obtained from burning natural
gas. lHence, cost differentials among regicns for
fuel gas and stemm reduce to the differentials
among regions in transport cost for the equivalent
natural gas. These will be discussed in the next
section.

We realize ti.at the current spread between the
price of natural gas at a distant site (such as
an East Coast location) ond at the source {such
as a Gulf Coost location) frequently exceeds
transmission costs. At the distant site demand
outruns supply and permits a monopoly profit in
the short run.  However, in the long run, when the
forces of demand and supply have adjusted them-
selves, particularly when additional transmission
facilities have been constructed, the spread be-
tween natural gas prices should equal transmission
costs. At least historical experience with petro-
leun and its products indicates that this is the
best basis upon which to proceed.

Tt should also be kept in mind that if the de-
livered price of natural gas to a region proves to
be higher in terms of BTU cost than a competitive
fuel, our procedure overstates fuel gas and steam
cost differentials. In such a situation the dif-
ference among regions on outlays on the cheapeat
possible form of fuel for each region should be
explicitly calculated.

Like those in fuel gas and steam costs, region-
al differences in the price of ethane {stripped
irom natural gas) and natural gas as feedstocks
for petrochemicals are in the long run essentially
transport cost differentials. flence, they too
will be discussed in the following section.

7. Basic Transport Cost Differentials
Among Regions (With Particular
Reference to Ethylene Glycol,
Oxidation Process)

Hitherto our discussion of empirical material
has centered around minor regional cost differen-

rated stean ia 1,426 BTU; wnd the nesi required to geverate oae
pound of 410 prig saturated ateam is 1,458 BT, If che cost of
he difference in the coat of the 12,48 pounds
. of ctbylene glycal if sll
stean s ot 20 paig pressure aud if all stews in st 400 prig prea-
sure amouits to 0.006 cents. This is approxi
the slean cost per pound of etbylene
Even if fuel coat is axauced to be 40448

, Comequently, little error in introduced when a1l atesa re-
guiresents azn casbined into e net figurs snd the corresponding
foel requireznats eatinated at the same BTU fate per posnd of
ateam. Ve upe the figure of 1,500 BTU an the keat requited to

s ane pound of ste is provides soms «ilosance for
boiler efficicacien of less than BuX and/or the neceasity for soms
auperheating of the stean.

or propesties of stews, see Limel S. Merks, ed.. Nechanical
Engineers’ Haodbook. New Yock, 1951, pp. 307-313. For discussism
of boiler elliciencien. aee John W, 'Perry, ed., Chomical Emgl
Peegs’ Handbook, New Yark, 1950, pp. 636639
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tials.. We now investigate a major cost differen-
tial among regions, vizx., that associated with
the transport cost of fuel for heat and steam gen-
eration, and ethane and natural gas for feedstock
usz.’ As already indicated, regional differentials
in prices of each of these items will in the long
run tend to equal transpart cost.

Since it has already been assumed that nll fuel
is natural gas, and since it seems most reasonable
to postulate that ethane and other natural gas
feedstock will in general tend to bear the some
transport expgnsé as natural gas, 3% we can analyze
8t cne stroke the combined cost differentinls of
fuel gas, steam, ethang and other natural gas
feedstock per pound ethylene glycol.5* ¥e can
accomplish this by considering the total volume of
gases which are involved, the data for which are
presented in Table 3. Knowing the transport
rate per unit volume of natural gas, we can derive
transport cost differentials for various regiors
once we are given relevant points of origin and
destination.

Representative Yarkets and Natural Gas Sites: Tor
this report it is sufficient to consider two loca-
tions in the AWR region: one in the eastern sector
centering around Monroe, La.; nnd one in the west-
ern sector centering sround Amarillo, Tex. - Both
of these locations lie within natural gas fields,
where the prices of fuel gas, steam, and ethane
are likely to be lowest.

In the consideration of locations other than
those in the AUR region one of the key questions
is the delimitation of market areas to be serted
by these other locations.. As will be discussed
later, petrochemicals production is subject to
significant economies of scale. Thus it is of
critical importance to select locations which lie
within, or are strategically located with respect
to market areas adequate to absorb the output of
an efficient size plant. One such market ares is
the urban-industrial complex extending from Balti-
more, Md., to New Haven, Conn. is area could
conceivably be extended northward to include most
of New England and southward to include Washing-
ton, D. C. In any case, a site near New York City
would be central and would scem to be the most
favorable one within the general area described.
Ve shall henceforth speak of the potential market *
location for petrochemicals production serving

53 Toughly B5% or more of a netural gas atrean is methane, ‘ad
4% or leas is ethane. Siace the ethane compooent comstitutes auch
A soall fraction of s norms) natural ges atrems it would be an une
warranted refincment, in viesw of the spproximate nature of the
above data ca material balasces wnd utilities, to attempl to as-
sign a higher transport rate to ethane in order to reflect its
heavier weight. As far an we know, a normal natural gas strean
containing ethuae doex nat eaceunter tockniral obatacloa which
lead to higher transnission costs than in the case of a naturel
gas ntream {rom shich ethane has been stripped.

wever, aince ethane han a substantially grester ITU value

than methane, the reader may wish to essign to ethane a sore than
proporticnate share of the transport cost of an entire natursl Ras
strean on the baris of chargiog what the traffic can bear. This
would necessitate in general only minor revisions of the subse-
quent mnalysia.

54The combined figures for these items in Teb'e 7 caclude
mounte vequired {or the stripping of ethane from natural gas.
Such o procadure is justified shen ethane is considered a by-
product. liuwever, if ethsne ia stripped a3 a joint product it
eculd bave to tear its share of the casta of fuel and steam re-
quired for the strifping cperation.

5513 converting the weight dats of Table 2 into the voluwe
data of Table 3 we wssumed: 1 1b. of 953 ethane a» equivalent to
12.7 cu.ft, of ethane; 1 lb. of wieas as equivalent £2-1,500 BTU-
and 1,000 BTU s eguivalent to 1 cu.ft. of fuel gas.
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this area as a "New York City location.” For
similar reasons the location of production serving
the industrial area centering at Chicage can be
conceived as a "Chicago location.”

Yhen we consider regions in which industrial
and urban development is less intense, such as
West Virginia, Chio, and Vestern Pennsylvania, our
general market areas are significantly lorger.
Nonetheless, for calculation of transport rates
(costs) we must consider specific locations. For
the general area of western Pennsylvania, Chio,
Kentucky, West Virginia, western New York State,
and parts of Indiana and Virginia, Cincinnati ap-
pears to be favorably located as a distribution
point. Furthermore, Cincinnati becomes a stra-
tegic gatesay point if the area rust be expanded
to include more of the Middle Atlantic census re-
gion, western New England, and even Michigan in
order to yield a large enough market demand to
Justify a petrochemical operation of adequate
scale.

Table 3.—VOLUME OF RAW MATERIAL AHD FUEL GASES PER POUND
ETHYLERE GLYCOL {OXIDATION PRGCESS)

. f1,
Ethane. “rerravaieaiiiiees 13.72
Fuel gas~
For generating steam...,.. 18.72
Foi process heat.......... 3.77
e —_1L
Total volude,u.sss ras. 36.21

t. Louis is o fourth location which is mean-
ingful both as a goteway point and as a foeal
point for distribution within a region. A number
of other cities couid have been chosen, such as
Pitesburgh, Buffale, Kangas City, Los Angeles, San
Francisco, and Atlanta; but since the techniques
and procedures would not change if more cities
were considered, analysis for the above four suf-
fices.

In order to allow for the possibility of com-
petition from locations at other natural gns
sources outside the AWR regien, we consider the
econonic feasibility of = Ilouston operation. A
liousten aperation may be taken as generally repre-
sentative of operations along the Texas and Loui-
siana Gulf Coast.

Initially, we can sirplify the ensuing analysis
by ideatifying the situations in which a Houston
operation would and would not be corpetitive, Far
serving the Fastern seaboard with large-tonnage
petrochenicals a Houston location has a signifi-
cant advantage over an AR location. Houston can
rcach the Enstern seaboard by ship. In contrast,

A¥B would have to resort to the rote costly haul

by rail, or by ruil and ship (Amarillo to a Gulf
Coast port to the Fastern seaboard), or by barge
and rail (Monroe to Pittsburgh to the Eastern sea-
board}. Coupled with-this are the facts that the
estimated natural gas reserves in the Texas Rail-
road Cormiseion Cistrict £3 centering around
Houston ar: nearly ane quarter of such reserves in
Texas and more than one eighth of those in the

United States, and that the reserves in the Gulf

Coast section of Lowisiana account for at least

i7

another one sixteenth.3 These data strongly sug-
gest thav Gulf Coast natural gas-bnsed petrochemi-
cal production can be of sufficient magnitude to
handle the entire Eastern seaboard demand. Hence
in the ensuing transport cost analysis we need not
consider the AWR as a location for the production
of large-tonnage petrochemicals destined for the
Eastern aeaboard market.

For supplying the markets of Chicago, St. Louis,
and Cincinnoti and other market and gateway points
such as Pittsburgh and Kansas City, AW locations
are better situated geographically than Gulf Const
locations. Both by rail and barge, these interior
markets can in general be reached more ensily from
A¥R locations than from Gulf Coust locations. In
addition the raw material costs in an AWR loca-
tion, if they are different from those at the Gulf
Coast, will tend to be lower. Consequently, for
serving these interior markets it is not neces aary
to consider Culf Coast locations. 58

At this point it is pertinent to consider the
guestion of adequacy of reserves. Tn most areas
of the AWR and Gulf Coast, reserves seem to be
adequate for the envisaged petrochemical expan-
sion. llowever, in the Monroe field, which is the
AWD field most accessible to the Mississippi
Fiver, reserves of natural gas seem to be unde:-
going depletion and production dwindling. This
irplies declining supplies of petrochemical feed-
stotks from this field.

Counterbalancing this consideration is the fact
that only a limited petrochemical expansion is
anticipated in the AWR region. Further, large re-
serves exist in the Carthage fieid, a field which
is constantly being exteaded and which is eon-
nected by feeder pipelines to the major trunklines
intersecting the Monroe field. Thesa trunklines
also bring supplies from the Texas Gulf Cosst. It
therefore seems that supplies of ethane and other
petrachemical feedstocks will be adequate for
significont petrochemical expansion near Monroe.
In fact the quantities of such feedstocks .should
be sufficient to support the major portion of
petrochenical expansion expected for the entire
AWR region.

The following anslysis is thus framed to con-
sider three types of location:

1. Market or gateway point location——in which
case we assume that natural gas will be piped from
the AW fields;

S6 Fedesal Power Coczission, Natural Gas Investigation Dacker
fo. 0300 (Smith-Yimberly report). Washington, D. €1, 1949;

JF A Burchel, 4 Sawmary of Baric Faztory Underiying the Economy

2nd the Texaw Guif Coast dres. Houston, 1952 Iuiph E.
Method of Eatisating Gaa Reserves,* The 011 and Gaw Joue-

« 30, September 7T, 195); American Ges Associatios, Gas
Facts, 1937 Dara, New York, 1953 lnited States Bureon of Mines,
Hinerafs Yearbook, Washington, D, C.. annual.

57 Becouse of econoaien of acale it =y be necessary to serve
from one plant the conbined markets of the Exstern reshosnd. to
the Fast North Central regon, and perhups even the Evge Swaih
Ceatral and cthes regione of the United States. In such 2 ityas
tion, sn AMJL Jocation may prove 1o be more {avorakle than a lious-
ten locatian. In this cese the A¥H location wauld be xerving
Eaatern seabosrd sarlews. On the other huad it mey develop chat
# loestion at Fouston, or even more likely. cne in sovthery
ana, would have Letter secess to the cozbined marketa of
thesa regions via reil ae well ex water.

S8 Except in the cane siers the entire nation, cosatal markets
42 well an interior varkets, miat be aerved from one jocation Lo
cuase of econamies of acale.
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2. AWR location with reference to interior mar-
kets—in which case finished products are shipped
by rail or by borge and rail; an

3. Gulf Coast loeation (Houston) with reference
to Fastern seaboard markets—in which case fin-
ished products are shipped by water. 9

Natural Gas Trensmizsion Costs: The next step is
to determine traasport cost differentials. To do
so we must eatablish natural gas transmissicn
rates (costs) between Amarillo and Monroe on the
one hend and each of the four selected cities on
the other. This requires consideration of future
changes in the technology of gns transmission,

One gains the impression from conversations
with transmission cozpany officials that at least
the very rapid period of developrent in trans-
nission technology hes already taken place; that
although many refinements and ioprovements remain
to be realized, the likelihood of further funda-
mental changes or major innovations in the forsea-
‘able future is small, We Jjudge that 34 inch pipe-
line systems cen be expected in the future with
some degree of certainty, Therefore, the lowest
transmission cost to be considered is based on
such a systen operating under conditions of the
most favorable expected load factor, i.e., 90% to
95%.

Figures 4 and 5, which are based on data
gathered from various sources, aid in the estima-
tion of tronsmission costs corresponding to dif.
ferent coazbinations of pipeline diemeter and load
factor. Figure 4 illustrates how the cost of
transperting one thousand cubic feet of gas one
hundred miles varies with the size of pipeline
when optimum conditions of 100% load factor ere
assumed, Figure 5 depicts for a system of 26.30
inch pipeline how the cost of transmitting one
thousand cubie feet of natural gas cne hundred
miles varizs with the load factor of the system,
Together these two figures suggest thet a minimum
of 1.3 cents per thousand cubic feet per hundred
miles is to be expected from a 34 inch pipeline
system operating at a 90%-95% load factor. This
estimated cost provides a lower limit for a range
of naturel ges transmission costs that might char-
acterize the future,

nsidering the forces of competition prevalent
among natural gss transmission corpanies, we judge
that the future mximum cost to pipe one thousand
,cubic feet of g&s one hundred miles will not ex-
ceed that cost which would be associated with a 25-
30 inch Pip:lin: Bysten operating at a £0-65% load
factor., & Figure 5 suggests that 1.7 cents is a
—_—

i

-study which exbraced every type
4 mirer tozaagesise, o fourth typa
¢d, vit., an AWR or Gulf Coast lo-
the entire nation wnd sust serve the smtire
nation if deaazd in to be adequste to abjorb the output of an eco-
domic size plant. Since we da only with farge tonnage petrochen-
dcals in the preductics of shich at least srvemel economic aige
are raquircd by the nation, thias type of Jocation daes not
ari nor doea its counterpart, vis., a market location which is
centrally docated with respsct to all tho markets of the Lhitad
States ead frea which all the merkuts of the Wniteq States et be
served,
@ Thase estimated costa as well as others to follow refer to
d tencas greater than SO0 miles. Coste tend to
¢ linearly with di ® beyond this minimue. Ses, for ax-
spie, Federal Pover Comuinniua, sp.cit.. pp. 258757 Also, »
the sonograph prepared by E. liofley oo ang Associates, New Yor
in counection with the dats preaented in the Fagepal Powyr Coemi
sion reference just cited.
61 Federal Power Comission, 1bid.; E. Iblley Poo and Aasoci-
gles,.op cif- . John B. Stockton, Richerd C Henihaw, Richerd ¥
Graves, Econsmice of Natural Gas in Feane. Austin, 1952, Qhaptersé.
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FIGURE ¢

Estimted Cost of Transperting Natural Gas, by Size Pipeline

(100% Load Facter)
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Table 4. —ETAYLENE GLYCOL (OXIDATION PROCESS): TRANSPORT COST DIFFERENTIALS PER 100 POUNDS
Total transport cest
Total transport cost (= trznsnort cost on fus! | Trensport sdvantags of a—
{= transport cost on and feedstock gas) when aral
NM: finished product) when location at market Hataral gas site Harket aite
serve -
plant location at 3% pioe | 26%30" pie | 39% Plpe  [267-30° slpe| 34" pipe | z6v-30% pige
90-95% LF. | 60-65% L.F. | 90-05% L.F. | 60-65% L.F. | 90-95% L.F. | 60-65% LLF.
(1) 2) 3) ) (5) 3] {7} {8) {9)
Vie— 2ari o scurce
{1 Amarilio [Rail.. | §1.84 s0.72 $0.55 $102 10.59
Haroe source
2. Mroe... [Ratti. | 181 o | 0.69 0.98 0.2
Hanroo scurce
3 Hoeuston., [Rall... | 173 1.20 1.0
Shlpe.. | 0,39 ) 0.9 0.69 0.30
]
A=arilio source
cincinnatl,... | f. Asariilo |Ralleue | 113 0.55 0.60 0.67 0.2
Monroo saurce
2- Hooros... (Raile.. | .89 ) {.. . 0.51
Borge.. | .1 0-29 0.38 0.13 w2 |.....
T
hzarille source
Chicagaseroes |1 Amariito |Rail.. | .08 o2 | oy 0.66 0.5
Menros source
2. Wonroe... [Ratl... | 0.0 } { 0.62 0.52
Barge.. | 0.6 082 082 0.8 026 luervureeees feveresrnnaeeens
1
Arariiio source
St Louloewes |1, Amariilo |Ralle.. | 0.8 0.32 o042
Honroe scurce
2. Wonroe... {Raid... | o.62 } o2 0.35
Barge.. | 011 0.20 0-26 { 0.09 [ T TR

figure which is likely to characterize this maxi-
mum rate {cost). OFf course, if widespresd opera-
tion of 26-30 inch pipeline systems at a-higher
load factor, or of 34 inch systems at less then
90% but more than 60% loed factor prevails, the
cost of transmission will likely be between 1.3
and 1.7 cents.

Multiplying 1.3 and 1.7.by the distances (in
hundred mile units) between Auerillo end Monroe
and the four key cities isolated nbove, %2 and by
the volume of gases required in ethylene glycol
production (from ethane} as given in Table 3
vields respectively minimum and maximum transport
costs differentials on feedstock, fuel gas, ond
steem between Monroc and Amarillo on the one hand
and euch of the four key cities on the other.
These minimum and maxirum differentials are re-
corded in columns 4 and 5 of Table 4.93

€2 Distunces talen to be straight- line distancs.

Not all of t trategic cities mentioned wre connected by
pipeline to each of our two AWR points. -However, cich ia con-
nected to one of the A¥R Fields mad may be connected to the other
in the future.

€3 In Table 4, the unnuzbesed column at the extrese laft lista
the four market cities: Nee York, Cincinnati, Chicage, and St.
Louin. Columna 4 and 3 present respectively, the minizum and max-
iouns regional cost differeatiale resulting frem the transport of
fuel and feedatock g (These differentials sre equivaleat to
the coat of traasporting by pipeline from ihe natural ges source
to the narket aite the totel volume of fuel and Iauhtod.‘ Eas re-
quired to produce 100 pounds of ethylene glycol.) The miniema
differeatial {column 4) & soriated with transaission via 3¢
inch pipgline, 90% to 9%% laad factor. The maximus differential
{celuza 5) relates to trans ion vis Z6-inch te 30-inch pi;
60% r0 63% lond fsctor. The source aupplying each market poine.
with fuel and feedstock gas is identified by the words "Azarillo
Source® or Manroe Source.® which zppesr in coluzna $ and § of
each relevant market row,

Transport Cost on Finished Product: To appraise
effectively the significance of the transport fac-
tor in location snalysis it is also necessary to
consider transport costs on the finished product
for any given market. If location of a petrochen-
ical plant is at a market point which can sbsorb
the full output of the plent, transport costs on
the finished product arc avoided, However, when
location is at a point other than the market,
trensport cost on the finished product is in-
curred and must be considered slong with trenspart
costs on the raw materials, fuel and other items.
tience in Table 4, column 3, are presented the
transport costs on finished product to each of our
four market points by rail, ship, and barge, when-
ever each is relevant, from each of the three nat-
ural gas sites, 5 As already mentioned, when large
tonnege shipments are involved the Houston site is
the only one relevant for serving the New York
market., This becomes irmediately apparent irom
Far exaple, in the production of 10 pounds of ethylene glycol,
£1.72 is the figure which appears in the firat row of column 4.
It indicaten thet under conditione of 33-inch pipeline, 90%-95%
load factor, 12 centa in the cost af trensporting by pipeline fros
Acerillo to New York the taial volume of fuel and feedstock £as
required to produce 100 pounds of ethylene glycol. It represents
the winimm arount by which the cost at a New Yark lacation would
excecd the cost at an Anarillo locatica eolely on account of the
need to teanrport fuel and feedatock gas from Amarillo to New York
for a New York operstion.

641n Table ¢, column 1 lista the different nmtu gaa site
locations from which each of the selected market sreas could be
aupptied with finished cthylene glycol. Colum 2 identifies the
relevent transpare medis for the shiprent of ethylenn slyeol aup-
plies. Column 3 records the estimated transpert costs. For ex~
anple, 100 pounds of ethylene glycal could be treneported teo New
York froa Averillo by rail for $1.84; from Munrae by rail for

$1.51; and from llousten by rail for $1.73 er by ship for §9.3%
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Tnble 4, column 3, when we consider the spread be-
tween the recorded ship costs and rail costs, and
vhen we bear in mind that Houston can reach New
York at considerably lower rates by water than can
either Amarillo or Monroe by water or by combined
water and rail shipment. Nonetheless, we include
in Table 4 rail rates from Amarillo and Monroe to
New York in order to present in full the transpor-
tation setting of the AWR region. For interior
markets we do not consider Housten for reasons al-
ready mentioned; we consider only Amarillo and
Menroe ss locations at natural gas sites.

Table 4 doee not include any transport costs
associated with distribution of product from a
gateway point such es Cincinnati and St. Louis.
Whether location is at Cincinnati, or whether lo-
cation is at o natural gas site and product moved
in bulk to Cincinnati for distribution,®5 approxi-
mately the same transport costs will be involved
in the distribution of the product to the many
small markets for which Cincinnati may be a gate-
way point, Since small, if any, cost differen-
tials arise in this phase of the transport problenm,
the trnnsgorr. costs associated therewith can he
ignored, 6

Rerarks on Transport Cost Computstions: A few
vwords ought to be said about the computation of
transport costs on finished product by rail,
barge, and ship, In deriving rail costs we em-
ployed the regular classifications with their ex-
ception and cormodity rates. Also we estimated by
comparison with existing commodity rates those
commodity rates which might be put into effect be-
tween points were large tonnage shipments to de-
velop, For example, a commsodity rate on ethylene
glycol between Houston and New York is effective.
We therefore judge that comzodity rates between
Anarilio and New York, and Monroe and New York
would be established if large tonnages were to be
shipped between these points, 68

In the caleulation of cost of shipment by berge
it was necessary to establish some representative
tariffs that might characterize the transport of
liquid chemicals. Tt is obvious that different
rates will apply to those liquid chemicals requir-
ing pressure tanks than to those requiring ordi-
nary tanks. Furthermore, of those requiring ordi-
nary tanks, a distinction between corrosive and
non-corrosive chemicals must be maintained., Ma-
terials on barge rates are sparse. Standard rates
are not published as €cr as we can gather. How-
.ever, it wans possible to determine from available
materials® the following rates, which seem to be

51t should be noted that ia generel, with modern transport
Tate atructures. an intercediate location is not fewible unless
aptcial circumstances chbrain, See E. M, Hoover, Location Theary
and the Shoe and Leather Industries, Casbridge, Vass., 1937.

£6 Conceivably, if » petrechemical plant were locsted in the
AR region, shortcur shipments might be made to markets within
the binterland of Cincirnati. ¥e do not judge that the resulting

vings would be of such a magnitude as to require explicit con-
xideration.

57 %e are deeply indebted to Ar. Frank L Hareon, Director,
Traffic Maoagenent. Division, General Services Adminiatration, and
his sreff for supplying us vith extensive inforcation on rates.

65 Qur estimeted cormodity retes for any puir of points beer
the xrme ratio to existing commwodity rates between arother parr of
Ppaints ex do the rates derived from spplication of the unifore
classificazion,

69 E.g.. Nstional Megources Plazning Board, Transportetion and
Naticnal Policy. ¥ashington, D 1942, pp. 438-439; unpublished
quotations of Large Lransportation companies; and conrersations
with tracaportetion experts.
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fsir;ly reprecentative of what might be expected in
efficient barge operation over long distances:

3 mills per ton-mile for non-corrosive chemicais
using nonpressure tanks;

3.5 mills per ton-mile for liquid chemicals which
are corrosive, but which do not require pres-
sure tanks; ond

8 mills per ton-mile for chemicals requiring pres-
sure tanks.

Given these barge rates and respective inland
wateruay distances between points, 7l the relevant
barge costs were calculated and recorded in column
3, Table 4.

In calculating the tanker rates to apply for
shipment between the Culf Coast and the Eastern
seaboard we have assumed that an ordinary liguid
chemical tanker of 5,000 ton capacity would cost
approximately £3.6 million, and that under effi-
cient conditions it could be operated profitably
at a rate of 4.5 mills per ton-mile on long inter-
coastal shipments of non-pressure, non-corrosive
chemicals. When standard cost estimates and proce-
dures’ are applied to the operation of tankers of
capacities of 10,000-12,000 tons we estimate that
ton-mile costs would fall by one mill to 3.5
mills. When the chemical products are corrosive
or for any other reason require specially lined
tanks, it is appropriate to add 0.5 mills to the
above two rates. This raises them to 5 mills and
4 mills respectively.

Obviously, the capital cost of pressure tankers
is higher than that of non-pressure tankers; but
we judge that capital cost does not rise as rapid-
ly with increasing size as in the case of barges.
On the basis of the information available on pres-
sure tackers, we estimate that the ton-mile cost
for pressure tanker shipment of ordinary chemicals
will be 2 mills greater than for non-pressure
tanker shipment; or 6.5 mills in the case of a
5,000 ton tenker, and 5.5 mills in the case of a
10,000-12,000 ton tanker,?3

Finaliy, in calculating transportation rates we
have not included terminal or handling charges, or
rental charges on transportation equipment, Such
charges are very closely linled with storage serv-
ices. Though we can visualize differences in
storage, handling, rental, and terminal charges
associated with raw material as against market
locations and associated with different trans-
port media, the magnitude of these differences is
not clear. This is especially so when these
charges are put on & full cost basis, i.e. when
all terminal, storage, handling, end rental costs

70 The ateep increasc in ton-mile ratcs wn pressure-tank barges
a3 conpared to non-pressure-tank barges results from the muc
grester cupital cost of the former. Ubviously, for ahort dis-
tances there barge tates must be scsled upwards.

" lnited States Department of Cammerce, Cosst and Geodetic
Survey, Distances Between United States Ports, Waghington, D. C.,
1929, thited Stptes Hydrographic Office, Tables of Distences Ba.
tween Forts, Mashington, D. C., 1927,

T2 Described in an unpublished swuscript by Kenneth S.8. Da-
vidson, Director. Stevess lnstitute of Technology, laboken, ¥.J.;
aee also N.F. Robinzon, J.F. Reeake, and A.S. Thacler, "Sadern
Tankera,™ Merine Engineering and Shipping Review. Vol. 51 Novem-
ber 1948, pp. 36-49.

73 Haned upon T.E. Swigart, "Fostwar Uses of War Energency Pipe
Lines for Petroleun Transportation,® Petrafeus Technology, Seplea-
ber 1944, pp. 17-3%; United
Report. Pomestic Tramspostation, %ushington, 1, C., 1945, pp.
59; the Duvidson manuscript cited in [ootnoie 72 above, and un-
published confidential sateriala.
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are comprehensively and properly allocated and are
not set by arbitrary rule of thumb methods. 74

Net Transport Cost Differentials: We are now in a
position to evaluate the data of Table 4. To re-
iterate, colurn 3 presents the transport cost on
160 pounds of finished product from several nat-
ural gas sites via different transport media to
our severzl markets. Columns 4 and 5 record hest
estimates of respectively minimum and maximum
pipeline transmission costs on fuel and feedstock
gas per 100 pounds of product from the several
fields to each market. Hence, the differences be-
tween columns 4 and 3 and columns 5 and 3 yield
the figures of colusns 6 end 8, and 7 and 9, re-
spectively. These last four columns indicate the
flet transport cost differential of a notural gas
site or of a market site under each of the situa-
ticns we have posed.”

¥e have already indicated that for large-ton-
nage petrochemicals Houstan has a clearcut advan-
tage over Amarillo and Monroe in reaching the
Eastern seaboard. Table 4 indicates thot when we
consider large tonnage ship movement of ethylene
glycol from the Gulf Coast area, the Houston loca-
tion has a transport cost advantage over u New
York location. Ship rates are so low that it be-
comes feasible tc locate at a Gulf Coast nature!
gas site ond ship the finished product to the mar-
ket, an efficient 34 inch pipeline system with
high load factor notwithstanding. However, when
we consider shipment by rail only, it becomes
definitely advantageous, from u transpert cost
standpoint alone, to locate at the market site,
viz., New York City.

Consideration of the markets represented by
cach interior point, Cincinnati, St. Louis, and

T4 The reader who bas & fire besis for Judging the magnitude of
any of theae costs may easily wake the spprepriate sdjustaent in
our fagures. For exarple, in the case of a plent located at & raw
=aterial site and shigping to o gateway point where liquie ches
eels need to be atored in torninal facalitics, he may want to sdd
8 few centa to cover chaxges for additional chemical storage and
terminal facilities. This »ould be in contrast to » plant st &

packet aite which would require only plant atorage facilities snd
5.

not terminel facilities plus scme plant storsge Toci

"5 Far cxempie, carpare the slternatives of supplying the New
York parket with cthylene gly-al from an Ararillo plant hich
ships the glycol to New York by rail, or from & New York plant
using fuel and raw saterial gan pipe from Azarilla. The relevant
data uppear in the firet vow of the New York sectiom of table 4.
The rail cost of shipping 100 pounds of ethylens glycal from Ames
rillo to New York in $1.84 {colum 3}, Under conditiams.of 34
inch pipe, 90%-95% loa: i i
Line the equivalent required voluze of raw mater
gra_frow Amrillo o New York is $0.72 (colum 4}. Subtracting
$0.72 from 31.84 yields $1.12 {colum B) a» the not transport cost
differential, vhich in thia case favors the Kew York location.
Under pipeline transpart conditions of 26 inch-30 iach pipe, £0%
45% load factor, the cost of traremitiing the required volume of
taw vaterisl and feadstock gas from Amarillo to New York is $0.95
(colum 5). This awount aubtracted from S1.8% fcolumn 3} yields
80.89 (colum 9} a» tie net tramaport differential, mgain in fevor
of the Rew York locatien. .

Also, consider the altermatives of supplying the New York mar~
ket with glycol from a Houston plant, or from » Yew York plant
using fuel and feedstock pas piped frow the Monros aren. The rel-
event dats for this cocparizon sppear in the third row of the New
York section of table 4. If gam can be piped from Munrcn to New
York via a 34 inch pipeline cpersting at $0%-95% lned factor, and
if ethylene glycol oust be ah pped from Houston to New York by
reil, tho trenspart cost of {00 punnda of ethylens glycoly §1.7
{eolum 3), exceeds the transpart cost of the equivalent required

. $0.53 (colom 4}, by $1.20 (col-
Thus $1.20 a the nct tronsport cost differential in fa-
vor af the New York lncatiun. However, if ethylene glycol can te
shipped by tatker (and the sarm piteline traraport conditions
hold), the tranuport coar of ethylens by ahip, $0.39 (colum ).
shoald be subtracted from $0.53 (colum 4).  This yields $0.14
{coluz €), the net transpurt coust differentisl which in this cabe
favors the llouston laea

2

Chzcogo, yields 2 similar picture.’ When ethyl-
ene glycol must be shipped by rail, if it is to be
shipped at all, it is better from a transport cost
standpoint alone to avoid such shipment by piping
natural gas to a plant at the market point. In
contrast, when barge shiprent of ethylene glyeol
can be utilized, the inexpensiveness of such ship-
ment weights the scales in favor of a natural Bas
field location. Howevar, such a lecation must,
like Monroe, be close to an inland waterway.

Thus, from an examination of transportaticn costs
alone, we conclude that for a large tonnoge chemi-
cal such as ethylene glycol each of the major mar-
ket points considered czn be efficiently served
from a plant ot n notural gas field site.

8. Economies of Scale (With Particular
Reference to Ethylene Glycol,
Oxidation Process)

The final, major set of cost differentials to
be discussed is sssociated with economies of scale
or plant size. * If it were dictated by physical or
technological reasons that plants of only ane
given size had to be constructed, regardless of
their geographic position, then it would not be
necessary to consider these economies; they would
not exist. However, in the petrochemical industry
plants of different sizes are currently, and will
cantinue to be, sssociated with different market
and netural gas sites. This entails substantial
differences in the costs of production among
sites. Paat experience has established the fact
thet both capital costs (costs of plant and equip-
ment) and labor costs associated with different
capocities are not directly preportional to these
capacitics. As we proceed from one sizs plant to
another of increasing size, both capital costs and
labor costs tend to rise, within a significant
range, less than proporticnately.

There are varicus reasons for this relation.
Doubling the cupacity of a distillation tower or
of & pot does not entail daubling the quantity
(and hence the cost) of steel required. Or, to
take annther example, five men may be required to-
handle three units of equipment whereas only eight
men may be required to tend six units. It -is be-
yond the scope of this report to discuss the vari-
ous counts on which econumies of scale arise. We
are concermned only with hew the existence of these
economies affects the future location pattern of
the netrochemical industrv

“There are several aspects of this problem which
deserve some discussion. Economies of scale do
not contirue indefinitely with increase of capac-
ity. Tt is the concensus of chemical engineers
that once a certain capacity is reached, a capac-
ity vhich varies greatly from product to preduct
and which varies with the state of technology,
economies of scale are no longer obtainoble with
further increases in caspacity. At this point best
prectice involves the duplication of an existing
unit, or the construction of an additicnn! plant.
Thus it becomes imperative for our analysis to

61t in elno possible ta corpare from the data presented 1n

table 4 the tranaport sdvantage or diswdvantage of u erket sits

using maturel gua from the Panhandle-Hugoton field (Amrillo) aa
locatien st Monroe, or of & rarket nite

gainst w locatien in the Pashandle-Hugotan
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identify for each product that capacity beyond
which economies of scale are no longer realizable.

At the other extreme, because of the steep rise
in unit production costs that would arise, it is
not feasible to operate a plant smaller than a
certain minimum size. This size carresponds to a
point on the economist’s Uvshaped envelope curve
in the general area where the curve Legins to
flagten out. It is not to be denied that plants
smaller then this "minimum fessible” capacity can
be operated. However, it is generally agreed
among engineers that such operation would not be
profitable. Thus, for each product we must deter-
mine a minimum capacity—a capacity again which
varies {rom product to preduct, and which varies
with the state of technology, and with the age and
maturity of a particular process.

For each produrt upon which we report, we have
established minimun and maximum linits of capac-
ity. Our estimates are based upon available lit-
erature, correspondence with producing companies,
and consultution with chemical engineers who have
had experience in the comstruction of plants for
the production of these chemicals. For such a
young and dynamic industry as the petfochemicals,
these limits cannot be established with the firm-
ness that they can for old and mature industries,
At best the limits can represent only informed
Judgwent.,

Plant, Labor, and Other Factars: In attes~king the
problem of economies of scale, we must ai - estab-
lish the rate at which various costs rise - th in-
crease in scale of operations, There is £ aral
agreement that such inputs ns feedstock, utili-
ties, water, catalyst, and chemicals tend to in-
erease linearly with scale.’’ As already men-
tioned, the two major inputs or costs which do not
rise linearly are the services of capital and
equiprent, and labor. Therefore, it was neccssary
to establish factors which relate increases of
each of these last two items to increases in ca-
pacity. Again, recourse was hed to published lit-
erature, especially that based on active experi-
ence, ta correspondence with petrochemical produc-
ing cozpanies, and to the Jjudgments of chemical
engineers. Also when data on factors relevant for
@ particular product were lacking, existing data
on other products ranufactured by similar proc-
esses were employed as benchmurks. Thus, for
every product we derive a plant and equipment fac-
tor (hepceforth called plant factor) end a labor
factor.™ We assume a factor of unity for all
other cost items.

77 Ses for example A, S. Ariea and Associates, Chemicnl Engi-
neering Core Extimetion, New York, 1951; U. S. Buresy of Mines,
Keport of Investigations 4334, Guide for Making Cost Estimates for
Chemical-Type Operations. Veshington, 189; and A. Norris Shreve,
The Chemical Process Industries, New York, 1945,

™ These *fuctors® are sctually exponents. For a given precoss
or product the ratio of twa plant cepacities (Jarger over amellsr)
raised to the poeer indicated by the plant factor yields the ratio
of plant investaeat ecsts of the two capacitics. Similarly the
foremr vetio raised to the power indicated by the lsbar factor
vields the ratio of enoual labar canhours {or cost) of the twa cu-
pacities. For example, if 3 procees had a plant factor of .65
etd w labor factor of 0.25, the ratio of the plant investmont cost
of » 200 millien 1b/yr plent to that of = 100 millien 1b/yr plant

0.65
mould be ()" 4id the ratio of ammeal labor sathours required
0.2% N
by the tvo plunte would be ()3) . 1t is evident that if one
knowr the plant factor and the investment cost of one sire plant,
Be can caleulats the juvestrmot cost of any sise plent within the

rangs over which the plant factor is relevant. Labor requiresents
eaabe calculated in  wimiler rener. Graphically, if plant ine
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Tablo 5.—ETHYLEKE FRODUCTION: ECONONICS OF SCALE CALCULATION
[Prant factor 0.67, Tabar factor 0.2]

- 5 86 132 158
« 1 42,300 1 $3,500 | $7,200 | §5,400
= { 5,900 | 63,300 | 72,600 | 78,600

Plant capacity (s Ibajyr).
Plant Investment (in $000).
Labor canhours per year,

Selected ceats per year (in$000):
Cperating 1abors.ueseans
Supervision...
Plant maintenance
Equipment and operating sup-

pHES tseanesnns secereenn [} 7 43 56

$83) i 4200 $216
4 17 20 2
2 180 288 36

Payroll overhead. 30 42 55 &
Indirect production cost, 13t 189 75 335
26 40 55 67
230 550 320 0
2 45 72 N
23 45 72 -0
73 180 288 376
$815 [ 31,400 | 92,088 | 32,680
Selected costs per 100 Ibs.eea.. i $3.28( $2.12] $1.58 | $1.m
Difference botween consecutive
columns in selected costs
per 100 IS.iiairannevannrens $l.te  $0.54 $0.25

Hote: Mlnor discrepancies exist owing to the rounding of fig-
ures,

With the use of these factors it is possible to
estimate the economies of scale in tne production
of ench petrochemical product considered within
the feasible range of capazities. Table 5 illus-
trates this caleulation with respect to ethylene
produced fron plantz of four different capacities.
In this table we do not record those items of cost
which vary linearly with capacity. They give rise
to no differentials. We record only those cost
irems directly or indirectly based upor plant in-
‘estment and labor requirements and costs, As
listed in the left hand column of Table 5 these
include operating labor, supervision, plant main-
tenance, equipment and operating supplies, payroll

vestrent costs {or labor requirements) are plotted against plant
capacity oo e double Jogarithoic acale, the resuit will

straight lice with a nuserical alope equal to the plant factor {ar
labar fector).

In cur analysia we assuse that ane plane foctor and one labor
factor spply over the range between the estimoted miniemm and max-
irua plant capacitica. R

It is generally sgreed tht the costs of seversl sizes of a
perticular vait of plaat equipment can be estizated in a minnes
bove; and there is considerable empirical evidence to
Justify the maaucption that coopleto plant costs vary in a siilar
way. For an excellent discussion of the ao-called "aix-tenths
and ita applicatian to complete plant costs together with a
good bibliography of publisbed literature regarding squipment cost
variation, see Cecil H. Chiltan, *Six-Teaths Factor Applies to
Complete Plent Costs,” Chemicat Engineering, Vol. 57, April 1950,
pp. 112-114.

For an intercsting charc and diacussion of labor Tequiresent

i tise to plent capacity, see Henry E, Weasel, "ew
es Operating Labor Data’ for Chemical Processes,”
Chemicel Erginaering, Vol. 59, July 1952, pp, 209-10.

It is neceasary tu obtain the actusl investoest cast of at
least ore aiza plant and the actusl labor requireennt of one size
plent in order to have & sterting point from which 1o apply the
plant and labor fectors. For runy products, scattersd inates
of ot least ano size plant cuats and Jabor requizemnts are to be
found in published srticles. ¥e supplemented these sources with
cxtirates obtained from correspondence and conversations with
cheri i and construztion enginesring fires. laeful,
too, us & geaersl check were the plant coxt estizates in ¥, L.
Faith, Danald B. Keyes, end Ronald L. Ciark, op.cit.. and Anon.,
"RLat Price Precess Dlants,” Chemical Engineering, Vol. SB, May
1951, pp. 164-165, Also, the Vesmel pomograph and article cited
ebove furniaked & generel cheek on labor tequirsmerta.
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overhead, indirect production cost, general office
overhzad, depreciatien, taxes, insurance and in-
terest. S Taking into consideration all these
cost items we are therefore able to derive per
hundred pounds of sthylene the total of these se-
lected costs for different size plants, and the
differentials or economies of scale associated
with any two consucutive sizes. These differen
tials are recorded in the last row of Table 5.8
Similarly, we have calculated the differentials
associated with consecutive sizes of ethylene gly-
col plants within the feasible range of capaci-
ties, as well as for plants producing other petro-

79 In the caloulation of capital and indirect cost items, prin-
cipal reliance was placed on percentages enticated in U. S. Buresu
of Minea, op.eit., Aries, op.cit., aad 6o percentages exployed in
various articles and moncgraphs on individusl petrochomical prod
ucts. AIl the percentages which will be quotod arc used ta sevie
mate annuel costs.

For the item of supervi

wn, both Aties end the Bureau of
Mines, whose Tecommendations sre cbviously nat independent of one
znother, catimte 10% of aperating labor cost. We also use this
figure. For payroll overhesd (which includea all "fringe" bene-
fita) both sources estimste 15% of direct labor and suparvision
plus 7.5% of plant saintenance. We use the same figure.® For
plant maintenance, Aries estizaces 2-10% of plant cest (an wrerege
of 43) plus 5% of building cost. The Buresu of Mines estizmtes
3-8% of total plant investment (4% average). It im true ther a
careful considerstion of each mpecific chemical process would
Jjustify differing perceatages of plant investment cost to be
charged to maintenance, since sone processes require more maintes
nunce work thin others, Because we lack the detsiled tecknical
data necessary to make auch judgese: we have used for all proc-
eases 4% of investmmnt cost as un eatizate of plent mintensace
tost, & procedure which seems to be generally consistent with ac-
tuel end recamended practice.

For the rost of equipment and operating supplies, Ariea 3ug-
geats a figure of 1/2-1% of plant cost or 13-20% of plant mainte-
nance, while the Burcau of Mines auggests 13-20% of plant mminte-
nance. ¥z uss 15% of plant Eaintenance a3 an spproximate mverage
for all processes.

Indirect production coat includes such items as firat aid fa-
cilities, transportation within the planc, safety equipesnt, somi-
tation facilities, snalytical or technic ervices of non-oper-
ating employees, wmintenance of roads and yards, operation of the
general stockroom, utiliti tees, and on-spes
cific paintenance esrens. gacs of 40-50% cf

rect produstion cost
Bareau of Mines estizates
plant zaintenance, and cperating suppl. & use .

General office overhead is casentially a pare of the indirect
production coat, but slould be considersd separately in catimating
coats of a branch plant ar of cae unit of an integrated cperation.
It ccnaists of u abare in peneral cffice nalarics and gverhead
i sccounting, purchesing, office and payroll service,
tial ateff. Aries sugguats o figura of 10% of operating
labor, supervision, and plant smintensnce as an estimats of gen-
eral office overlasd, Bureau of Mizes eszizates 10% of cperating
Inbor, aupervisien, oai and ond ing sup-
plies, We follow the Buresu of Mines.

For the ites af depreciatian, Aries auggests 10% of plant in-
veatment; the Pureau of Mines suggests 10% of plant coct plus §%
of luilding cost. We estimate anoual depreciation st 10% of total
plant iavesment, though »e are fully avare that for different
petrocherical products where different risks of obaolescence are
involved, different rates ought to be applisd.

Azies vatizates taxes
resu of Mines astinates

For insurarce, Ar
s Bureew of Hines e

tizate of indirect productios cost.
tiog labor, supervision,

trent, ax we
and buildings
investeent, Wo

of capite

"
o the figure of 1% of plant investrent.

engineera as to
& production coat.

of 3-5% of plant investrent. Since in
an actus] money cost and in any case

Le considered an an ime
plicit cost, we kave included it and kave used 4% of plant invast.
meet ew an eaticate of interest cost,

80 Fer exazple, in Tabls § the tatal of thoes selected casts
per hundred pownds of etbylene smounts to $3.28 for an athylens
plast of 25 million pouads per year upl:{ty and 17,12 for sn

al e

Tha differ-

athylene plant of 66 nillion pounda an pacit
ance, tLYé. zepresents the wavings due to lsrger
cnonies of a Sieilarly, per hundred pounds of e
cucaies of scale which o 132 millicn pound par year plant obe
taize when cozparad with a 66 millicm pound per year plant smount
to $0.54,
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chemical products. The resulting cost differen-
tials associated with plants of consecutive capac-
ity in the production of ethylene glycol ere re-
corded in the last row of Tshle 6.

Table 6.—ETHYLEKE GLYCOL (DXIDATION PROCESS):
SCALE CALCULATION

[Preat factor 0.625, labor factor 0.22]

ECONOMILS OF

Plant capscity (MM
IBS/Yr)erranscanrensns 10 2 40 60 7
Plant investeent {in
$000)eceriacenanonnnne | $2,2501$3,470 [$5,351 |$6,895 | $7,592
tabor manhours per year | 42,724{49,762 |57,950 63,367 | 65,553

Selected costs par year

(1 $C00):

Opsrating 1abor...a. $118) $1377 $159) $174 $180

Supervisloniiscenaes [H 13} 13 17 18

Plant maintenance... 90 139 218 276 304

Equipment and oser-

ating supplies,aeae 14 21 2 4t 46

Payroll overhaade... 26 33 42 9 53

Indirect production

LT v st 21| 254 kel

Genera] offlcs over-

LLTT PR 23 31 42 51 55

Depreciation... 225 347 535 630 758
23 35 54 L4 7%
23 35 54 [ %

80 129 214 276 304
Totalieesesaeness | 3759 $1,0841$1,573)$1,867 ] $2,143

Selected costs per 100
WSesveerersrrereavens
Difference between
consecutive columns
In selected costs
Fer 100 bl

$3.06

$7.58] $5.42{ $3.93} $3.28

$2.46  $1.42 $0.65 $0.22

Note: Minor discrepancies exist owing to the rounding of

figures.

9. The Net Effect of the Several Cosi
Differentials (With Particular
Rofarence to Ethylene Glycol,
Oxidation Process)

¥e are now in a position to weigh transport
cost differentials, labor cost differentials,
power cost differentials, and economies of scale,
as they affect the location of ethylene glycol
production.

It has slready been mentioned that for practi-
cal purposes ethylene is non-transpertable, 'An
ethylene glycol plant must be located within the
same general region of an ethylene unit, although
the size of the cthylene and ethylene glycol units
need not correspond. A small ethylene glycol
plant can be associated with a large ethylene
unit, where the glycol unit abasorbs enly a frac-
tion of the output of the ethylene unit, and where
the remainder of the ethylene is consumed by other
petrochemicel units. Or a amall ethylene glycel
plant can be associated with a small ethylene
unit, consuming 100% of its output. In thia late
ter case, however, ecancmies of scale would be
foregone since both units would be operating on a



small scale. Another combination would be a lurge
ethylene glycol unit and a medium cthylene unit
wherein all the output of the ethylene unit would
be consumed by the ethylene glycol unit. And
scill another cawbination would be a maximum size
ethylene glycol plunt and a maximum size ethylene
unit wherein enly a fraction of the output of the
cthylene unit would enter into the ethylene glycol
operation. In this last combination economies of
scale would be at a maximum, ceferis parfbus.

To simplify the weighing of the various cost
differentials in the production of ethylene glycol
we have constructed Table 7. In column 1 we con-
sider three types of ethylene glycol units: (1)
large, representing an annual production of 70
million pounds; (2) medium, representing an annual
production of 40 million pounds; and (3) small,
representing an annual production of 10 million
peunds.  Associated with these glycol units are
three types of ethylene units which are listed in
coluzn 2: (1) large, representing 198 million
pounds annual production; (2) medium, representing
66 millicn pounds annual production; and (3)
small, representing 26 million pounds annual pro-
duction. We consider various combinations of
these ethylene glyco! and ethylene units.®

Table 7.—ETHYLENE GLYCOL {OX1DATION PROCESS): ECDNOMIES
OF SCALE FOR DYFFERENT UNIT COMSIRATIGNS

[Pr 100 163 of preduct]

Economics of scale visea-vis
Ethylene Ethylens
glycol unit unit Seall-spall | Large-large
combination | coabinatlon
) (2} (2) (#)

Seall. . $0.00 $-6.13
Small, . +0.96 =5.17
Szalluveusionsen t1.61 - 4,52
Hediue, . +3.65 ~2.48
Mediva., +4.6¢ -1.52
+5.26 -0.87
+5.48 -0 65
+6.13 0.00

PETROCIIEMICAL INDUSTRY

bination has a seale disadvantage of £0.65 and a
nedium-medium conbination a scale disadvantage of
$1.52, per 100 pounds of ethylene glycol.

From the data of Table 4 above we have con-
cluded that where targe shipments of ethylene gly-
col by barge or tanker are feasible and achieva-
ble, transport considerations tend to favor plant
location at a natural gas site. Since AWR lo-
cations have access to not Just one, but several
market areas, it is logical to expect that AWR
plants will be ot least as large and probably
larger than any feasible market site plant, Thus
economies of scale considerations do not diminish
any advantage of an AWR location and may auge
mant the pull of such a location on transport ac-
count when barge shipment of product is feasihle.

It is pertinent, however, to consider 2 situa-
tion where tanker nr barge shipments will not he
feasible. Such would always be the casc with re-
spect to an Amarille location. When rail shipment
of product must be utilized the bulance of cost
advantage on transport account shifts to a market
locatien. In Table 8 we have listed the transpart
advantage of a market location vis-a-vis an AWR
location for each of the four markets considered.
For the New York City market area the minimum
transport advantage of a market location is £0.82.
This is the difference between the freight cost. of
shipping one hundred pounds of ethylene glycol by
rail from Monroe to New York and the cost of
transporting the required amount of natural gas
feedstock and fuel from Monroe to New York via 26-
30 inch pipeline at 60-65% load factor. The maxi-
mum_transport advantage of a New York location is
$1.12. This is the diffsrence between the freight
cast of shipping one hundrad pounds of ethylene
glycol by rail from Amarillo to Xew York and the
cost. of transporting the required amount of natu-
ral gas feedstock and fuel from Amarillo to New
York via 34 inch pipeline at 90-95% load factor.
Likewise, in Table B are recorded minimum and max-
imum trensport advantages for each of the other
three market sites when rail shipment of finished
product is postulated.

Table B, —ETHYLENE GLYCOL {OX10ATIN FROCESS):  TRANSPORT
OF & MARKET LUCATION VIS-A-YIS—AN AMR LOCATION®

In ecolurn 3 of Table 7 w¢ have listed for each
conbination of units the combined economies of
scale which would be realized from production when
contrasted with production from a small-small com-
bination (small ethylene glycol unit and small
ethylene unit). For example, a large-large combi-
nation achieves scale cconomies of £6.13 per hun-
dred pounds of ethylene glycal over a small-small
combination. 1In column 4 is presented the disad-
vantage of each combination with respect to the
most efficient combination of all, the large-
large. For example, column 4 shows that relative
to the large-large combination a large-medium com-

Bl lomerer, we do not consider a large ethylene glycol unit to-
Fether with o snall evhylene unit; the Jatier vould produce an s
sufficient amoust of #thylens to jusure an sdequate supply of
ethylere to the glycol unit.

[Per 100 1us of product]

Hiniaua Maximunm

. New York, . $0.82 $ta2
2. Cincinnati, 0.5¢ 0.67
3. Chicago.. . 0.52 0.€6
% St. Lowiseisasas 0.36 0.5

‘When water shipnent infeasible,

Maxleun direct labor cost differential = j2¢

Marirum indirect labor cost diffarential e

Haximum power cost differential 6¢

These transport cost advantages can now be con-
trasted with cconomies and diseconcmies of scale
listed in Table 7 and with the direct labor, indi-
rect labor, and power cost differentinls listed at
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the bottom of Table 8.2 It js izmediately appar-
-ent that the relatively small transport advantage
enjoyed by a market site would be swallowed up by
the relatively large economies of seale of an AWR
site if the former could suppert only = small-
‘small combination and if the latter could support
any combination including a medium or lar e ethyl-
‘ene plycol unit or a combination of a sm;xfl glycol
unit and a large ethylene unit. .
Since power cost differentials and labor cost
differentials are relatively minor and since on
balance they will probably tend to favor an AWR
Yocation, the data indicate that in gereral a mar-
ket site can compete with a large-large cambina~
tion in the AWR only if the market sjte together
with its tributary areas ran support & large-large
corbination of its own {or possibly a large-medium
or medium-large combination in the case of a New
York market) and if the product rust be shipged by
rail. However, conditions of demand which will
support the large combinations are just the condi-
tions under which water shipment of product is
feasible. It therefore becemes relevant to con-
sider a Houston or a Monroe location, at least one
of which under these conditions will possess via
%ater 1 transport cost advantage over any market

B2 Stricely apeaking the labor cost differentisls, both direct
ed indirect, which are recorded in Table 8, apply oaly to @ come
bication of u 66 million b/yr ctbylene unit and a 53.7 million
15/yr etbylene glycol unit. The dircct labor cast differential
wss derived by sultiplying the totel ourber of zanheors reguired
in both process units per huodred pounds of cthylene glycol by the
#sge rate and the 25X wage rete differential, The term indirect
labor cost includes all cost item computed aa & percentage of di-
rect labor cost; thus the indivect lubor cont differential is di-
rectly dependeat on the nusber of direct lohor panhocra requ

¥e Lave alrerdy seen that total lebor requirements do not va
linearly wich capacity, Feace, Iabor requirements per hundred
pounds and laber coat differcntinls, both direct and indirect,
vill be different for each apecific coubination of units come
sidered. Tle fullowing table illustretes such differsnces:

e [

o
cat 5
hlll:;... :-x.llh(';_';
tial (per
1% tie.) | 100 lke.)

of ethyiesy

Size of atnylems
wast

Smid 430 o 1n/ye) f Sanld 125 W Ibiyr)
Seall (10 WM e} | Shodivw (66 W Eb/yr)
Seatl (19 W4 1u/ve) | Loree 1159 WA Ib/yr)

Large (10 W0 26/yr) | Medium (66 W2 1b/71) i
Large {70 W Ibsyr) Lerpn (398 W4 Ihiye) W13 .69

V,., A2 8 result, & rigorous enalysin would require covputstion of
" labar cost differeatials for each corbinaticn considered,  Hou-
ever, the above table indicates that the varistim in labor coet
differentiale is not very great when cosbinsticas having ammll
uaits sre excluded. Since emall units suffer a decided scale dia-
advantags coupared to medium and lerge wnita it is unlibnly that
in the future many semll units will be justified. Thes, for prace
tical purposes, labor cost differentisly for medivemmedium, medis
uerlargs, or large-sedivn casbinations can be taken an penesally
indicstive of differentials that will exist for ecancaically foa-
sible comhinations.

Even calculating lebor cost diffrrentiala as in Lhe wbove ta-
blo in not stricily correct procedure if cme is corparing & given
cocbinstion in one region with o different corbination in anothyr
regim; e.g., large-large in the AVR with mediunvlarge in New
York. ~Upmn which fubor requiremsnt sbould the labor cont diffes~
ential be dependent? Thia question can be snaweied only if onm
knovs which 13 the high and which the los cort laber region, snd
by how mich the rates in each region deviate from the standard ma-
tional rate used.

53Even a smll-mediun combinaticn ia the AW would have a
cale wdvantagn over  snall-srall earbet site combimation saffi-
cient to outweigh in muet instances the market site advantags cn
transport account. The only exception would be the case of & New
York City market receiving fuel and feedatock vis & 34-inch pire-
line with 90.95% load facter,
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site. Hence, we conclude that market sites will
probably not be able to compete with natural gas
sites under conditions Jjustifying large scale pro-
ductive units and combinations.

ere remains the question of whether or not
narket lecations can effectively compete with nat-
ural gas locations in a situation where the market
demand could support only medium and small units
and combinations, The data suggest that markec
locations could se compete provided the AWR plants
were of the same size as the market site plants.
However, as already indicated, the AWR plants are
likely to be larger ruther than of the same size
since they will have access to more markets.
Thus, on this second imporiant count, market sites
a;‘c'likely to be in an unfavorable competitive po-
sition.

Our general conclusion is that natural gas
sites are likely to receive the lion‘'s share of
new capacity when ethylene-ethylene glycol units
are considered. This is not to deny, of courss,
that major developments may take place at market
sites because of special conditions and circum-
8tances.

10. The Effects of Regional Differentials
in Process Chemical Cests (With
Particular Reference to Ethylene
Clycol, Chlorhydrin Process)®

The above aualysis relates to ethylene glycol
vis the oxidation process. We must also consider
the production of ethylene glycol via the chlerhy-
drin process. Since this latter process requires
large amnunts of chemicals, its snalysis requires
us to test the locational pull of chemicals,

Table 9 presents input requirements per hundred
pounds of ethylene glycol {strictly speaking, per
hundred pounds of the joint products ethylene gly-
col, polyglycols, ethylene dichloride, and chloro-
cthers; of which ethylene glycol constitutes 77% by
weight and ethylene dichleride 168 by weight),
Ethylene requirements are not stated in this table.
Bather, the inputs reguired to produce the ethylene
are added to the inputs required to manufacture the
ethylene glycol from ethylene. As before, this
procedure is necessary since ethylene is for prac-
tical purposes an irmobile commodity; the ethylene
glycol unit must necessarily be regionally adjacent
to the ethylene unit. Thus we have listed the re-
quirexents of ethane, steam, fuel gas, electricity,
cooling water, and labor.B5 So far as these inputs
are concerned the location znalysis proceeds es it
did for ethylenc glycol via the oxidation process.

In addition to the inputs alrcady mentioned are
the inputs of chemicals. Caustic sodn and sulfuric
acid requirements are minor; hence the locational
pull of thesr chemicals is negligible and can be
ignored. On the other hand, large quantities of
quicklise are required. Since quicklime is a re-

B4 For reluted technical emterials see Faith, Keyes and Clask,
gPecite. ppe 32T-333; and Briviah Intelligence Crjecsives Sobe
ittes {lerenfter roferred ta sa B.LO.S.) Firsf Kepore to.
1059, item Na. 22-30,

85The luvor requirement is for @ combined ethylese unit of 66
willion Jbs/yr capacity snl ethylene glycol unit of 30 5iilien
.Ibsfyr capacity.
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gional ubiquicy,B6 j.e,, generally available in all
regions and at approximately the seme cost, it too
exerts no msjor locational pull., For the ensuing
nnalyais its pull needs te be considered, if at
all,"only as & qualification to our major conclu-
sions.

Table 9,—PRODUCTION OF ETHYLENE GLYCOL FROM ETHANE! (VIA
CHLORMYORtM PROCESS)

Raquiresenta per hundred
sounds of oytput
Selectad Irput:
Ethane, 77 Tba,
Utilftias
Stean, 1,03t ibs,
Coaling 7,004 gels,
Electric Power, 9 foehs
Fus} gas. 125 cu.ft,
Chanmlca)
Chleringeseaersanaes 132 Ths.
Quick Lizs,.. 105 Ibs,
Caustic Seda £.3 1lbs,
Sulfuric Acideees b8 lbe,
[F TT U teeans 0.1% manhours?

of total product, 77% by welght Is ethylene giycol, 165
by weight ls ethylera dichloride, and 7§ by weight is poly=
giycols and chlorcothers.

2Fer ethytens glycol plant with snnual capscity of 40 MM
1bs: for athyleno plant with annual capacity of 66 KM Ibs.

Chiorine Cost Differentials: (ne hundred thirty-
two pounds of chlorine are required par hundred
pounds of product. Since chlorine costs do differ
significantly among regions this item is of loca~
tional irportance. To analyze the locationel pull
of chlorine we present Table 10, which indicates
major inputs per hundred pounds of chlorine.® The
requirements of mereury, graphite, hydrogen chlo-
ride, sulphuric acid, and sodium carbonate are neg-
ligible from a location standpoint. Water and lime
have already been excluded from the cetegory of
location factors which have a rajor pull mmong re-
gions. The remaining items are salt, electricity,
stean, ond labor.

880liver Bovlea, The Lime Indemtry, Ubited States Buresu of
Mines Informition Circular 7651, Novesber 1952,

57 Ju the mansfacture of 100 pounds of chlorine by the electro-
Iytic process, 112.5 pounds of ceustic soda and 00 cubic feot of
bydrogen are produced as by-predocts. For the parposes of sur
nalysin the cost differentials esang locations in producisg the
combiued product are ateributed solely to chiorine productisn for
two yezsons. One, bydrogen is & minor by-preduct. - Teo, caustic
aode iy generally of a by-product rether thas a joint-prodoct na-
ture: i.e., it is a product which the prodecer hee to secept, and
whose prodiction he attcaps ta ite. Chlorine is the primsry
product. It is the incres
the incresse io the demand for cavatic sods that elicits increasss
in copacity for the production of chlarine and caustic sode.
in thia cannectien ¥, L. Faith, Donald B. Keyes, #0d fomald L.
Clark, ep.cit.. pp, 271-223.

¥e realite, of course, the crudeness of this srgusent, It is
invalid to the extent thet low ceustic zoda prices prevsil whers
coste of the electrolytic process are lo igh caustic soda
prices prevail vhera costs of the proc bigh, Howrer, to
parsue the aanlysis on a marc rofined bisis is beyond the seope snd
Teacurces of this project.
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Tabls 10,—FRODUCTION OF CHLORINE {ELECTROLYTIC PROCESS)

Requiremsntz per hurdred
pounds liguld chlorine

inputss

Baltiainararrsaas 179 ita,
Hydrogen chlorlde, 2 1bs.
Sulfuric scid. 2.5 lbs.
R TPP 2.5 tbs,
Caustic soda. 1 1b,
Sodlum carbonats.... 0.05 1b.
Graphite..... 0.30 tb,
0.03 b,
55 lbm,

2

(¥4 kwh,
0.8 sanhourzd

Cost diffarentiala (maxisua) per
100 Ids. chiorine:

103 cents

2.2 cpnts

12 cents

Indlrect labor, 1] cents
Total 128.2 cents

1For chiorine plant with annual capecity of 66 MM 1bs
chlorine.

Salt ic generally available ameng regions of the
United States.® Though differcnces in costs of
production are undoubtedly masociated with the uti-
lization of different deposita, it is beyond: the.
resources of this study to investigate such differ-
ences. It is clear that they will be relatively
small compared to the major differences in power
costs which result in this high-pover consuming
chlorine process fram differences in power rates
among regions.

fence, we conclude that the long run difference
in the cpst of chlorine among regions will roughly
correspond to the differcsnce in the cost of the
power, steam, and lakor required to produce the
chlorine. For the location analysis of a petro-
chemical requiring chlorine in its preduction, a
logical procedurc would be to substitute for cilo-
rine inputs the inputs of power, steam, and labor
required in the production of the chlorine. These
power, steam, and labor requirements could be
added to the power, steam and lebor inputs required
both directly and indirectly in the production of
other raw materials for the given petrochemical.

As a consequence, the final aggregate power cost
diffecential, che final aggregate labar cost dif-
ferential, and the final aggregate differential re-
sulting from total steem requirements, would re-
flect cost differences in both petrochemical proc-
esses and the non-petrochemical process, viz.,
chlorine production. Since our primesy concern is
with regional cost and other differentials in
petrochenical processes, we have instead computed

By, C. Phalen, Selt Rewowrcos of the tnited States. lnited
States Geodetic Survey, Bulletin 669; C. D. Losker, ®Salt a3 ¢
Chemical faw Materisl,® Chemical Incusirios. Yol 49, Novenber
1941, pp. 594-601; Lnited Stites uireau of Mines, Ninerals Yoar-
ook anpual.

;
.
1
1
3
!
;
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a specific chlorine differential, based on puwér,
steam, and direct and indirect labor necessary to
produce the required chlorine input. The total
chlorine differential, and its corponent differen-
tials, per 100 lbs of ethylene glyrol product
(chlorhydrin process) are listed at the bottom of
Table 14 8

The reader is rewminded that the analysis we
are pursuing is a long run analysis. Pricing sys-
tems for chlorine establishing prices for various
Yocalities of the United States uadoubtedly devi-
ate considerably from a cost of production basis.
Nonetheless, in the long run, it seems that chlo-
rine prices will more likely conform to a produc-
tion cost pattern than to any other pattern. This
will be true, at least implicitly, insofar as
petrochemical companies produce chlorine where
they require it., However, if he cares to the
reader may gualify our conclusions by introducing
a pattern of chlorine prices which he considers
more appropriate for years 1960 and 1975.

g

B/ The power cost compoment in derived by eultiplying the amount
of pover required in the production of the 132 pound chibrine imput
by 6 mills. The atean cost coaponent is calculated by firat com
patiag the smount of fuel gus necexsary to prodice the steam ree
guired in the prodiction of the 132 pound chlorine input sad then
mltiplyicg thie quaatizy of fusl gas (in thousend cubic fest
units} by 26,13 cents, which is the cost of transparting cme thous
aend cubic feet of gas from Amarillo to New York City vin a 26-20
inch pipeline with o 50-65% load factor. Obviously, if paver costa
at two locations differ by less than 6 mills, or if the twa locer
tions are closer together than Amrillo and New York City, the ee
tual chlorine differentinl will be less thes the maxims figare we
preseat.

Teble {1.~ETHYLENE GLYCOL {CHLORHYDRIN PROCESS):
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Thus we have handled the problem of the loca-
tional influence of a chemical such as chlorine.
In a similur fashion the influcnec of any othar
significant process chemicals can be analyzed.

Interaction of Chlorine and Other Cost Differ-
entials: Having derived .the maximum chlorine dif-
ferential, subdivided into the components due to
power, labor, and steam, we can return to the
problem of the location of ethylene glycol produc-
tion via the chiorhydrin process. Henceforth, we
proceed as in the analysis of cthylenc glycol via
the oxidation process. The maximum power cost
differential is obtained by multiplying the power
requirements {9 kwh) by 6 mills. This yields a
figure of 5.4 cents. The maximum direct labor
cost differential is caleulated by multiplying
labor requirements (0.14 manhours) by 25% of the,
wage rate (0.25 x $2.75). This results in a fig-
ure of 9,7 cents. Indirect labor costs zre esti-
mated at 92.5% of direct laber costs.® Therefore,
the maximum indirect labor cost differential is
9.0 cents. Cooling water is set asidc as a re-
gional locational factor.

Two cost differentials remain to be considered:
{1) the net fransport cost differential resulting

from moving the required feedstock and fue!l gas on.

the one hand and the finished product on the
other; and {2) the production cost differential
associated with economies of scale.

%This follows from procedures indicoted in footnotes 79 and
2,

TRAKSPCST COST DIFFERENTIALS PER |00 POLNDS

Total transport cost
(= traasport cost on

Transport advantage of a—

Total transport cost fuel and
{= transport cost on gas) when iocation at
finished prouct) when rarkat Katural gas sits Hariat 3lte
tarkat piant location at—
served 3" plpe 26%-30" pips 33" olpe | 26"-20" pipe | 33" pipe 26"-30" pigy
90-95% L.F. 60655 L.F. 90-95% L.F. | 60-65% L.F. | 50-55% L.F. 60653 L.F.
m e ® ) (s) (s) [ (3) )
Yia

kmarillo source

New Yorke.... martllof Railies | $1.80 so.ssl $2.69 [vovannrenens [rorecernnan $1.31 $.15
Honros source

2 Hantamaws | Rallers | 150 0.39 [T (SRS URTO, 112 1.00
Honroe ‘source

3. Houston,, | Ralty,. | 173 134 .22

Shipee | 0.33 } .39 0.51 0.00 |ueiaracnrnnrees
4zsrillo scurce

Cinctanatic.,. | 1o A2arillo| Rallewe|  1.43 0.3 083 | cvecerensans | smvoneunnone 0.79 0.69
Henros sourra

2. Yooroe... | Rail.. | 0.89 } 0.61

Barge,. | 0.16 0.2) 0.12
Amrillo source

Chicagou,eaune | 1o Amaritio| Rail.. | 1.03 0.30 0.40 0.78 0.68
Honroe source

2 Honroous.| Ralhiea | 0.%4 0.83

Barges | O.18 9.24 0.31 { 0.03 0.5
Arar 1110 source

St Loultense. | o Amarillof Ralli.| 0.83 0.23 [L151] RYSTRIRRRIN ORI 0.60 0.53
Honros source

2. Monrese., | Ralfte.. 0.62}

Barga.. | 0,11 0.15

cormnereas . 047 0.43
°"9{ 0.0 [ O




Table 11 presents the relevant data on the
firse of these two differentials, The pattern of
transport cost differentials in the case of ethyl-
~ne glycol via the chlorhydrin Process is similar

Even though
the smalier wwounts of feedstock and fuel Ras re-

these differentials are not eliminated except in
the case of a New York market seryed by a 3% inch
pipeline operating at 90-95% load factor, i

large enough to make feasible barge or tanker
shipment of athylene glycol, transport cost dif-
ferentials in general favor a natural g2s site lo-
cation for the production of ethylene glyen) via
the chlorhydrin process.  This conelusion is rein-
forced by the fact that if differentials were to
arise from eronomies of scale, they would favor a
natural gas site location.

Consider the situation where the product must
be shipped by rail. This would imply a market
derund too small to Justify barge or tanker shap-
ment of product and hence ton small to justify the
construction af any one market site of a combina-
tion ethylene—ethylene elycol plant large enough
to take advantage of ajl possible scale economies,

cation, we need to contrast these differentials
with other factors, including the scale advantages
of a natu.al gas site location,

Table 12 presents data on economies of scale
in the production of ethviene glycol via the chla-
rhydrin process. The method of estimating the
basic plant factor and labor factor and of comput.
ing the costs which are based directly or indi-
Tectly on investment cost and direct labor require-
ments has been fully explained above and applies
to Table 12 and all similar tables.

As in the case of ethylene glycal via the oxida-
tion process, ethylene is non-transportable, inter-
regionally, Consequently a regione] comparison of
scale economies must pertain to combined scale
economies of varions possible combinations of eth-
ylene and ethylene glveol plants. Table 13 pre-
sents the total scale advantage of various combina-
tians compared to small-small combination, and
the total! scale disadvantage of various combing-
tions compared to a large~large combination, Table
14 presents vaximum and TINIMUM transport cost ad-
vantages of market site lvca:wns.cnmparcd to AWR
locations when finished products must be shipped by
rail.  Examination of Tables 13 and 13 shows that
any combination in the AWR which includes at
least a medium sized ethylene glycol unst will se-
cure scale advantages much more than sufficient to
counterbalance the transport cost advantage held
by a soatl-small market site combination. Con-
versely, the demand of any markel site must be
large enough to Justify a medium-large or a large-
redium ccabination in order for a market site lo-

“TAgain, (e resder in remimded that mrhet demand includes
derand of houterland arens and cities served by any given gatemay
Latropolia,
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Teble (2. —ETRVLENE SLYCOL (CHLOHIRIN Photess)s
ECONOMIES OF SCALE CALCULATION
[Plant factor 0.625, Tabor factor 0.227

Plant capacity (tot ttafyr)...
Plant investoent (in § con)
Labor manhours per year,,

Selected costs per year {in
3000)¢
Operatiny labor,

l27_
$1.005 1 81,453 $1.577

Selected costs per 100 1bs.,..... $5,02] $3.83] s2.m

Difference between consecutive
colums in selected costs

per 100 Ibs.,, $2.03  §1.39 So.s

Note: Hinor discrepancies exist owing to ke rouncing of figures,

Table 13.—ETHYLENE GLYCOL (CHLORHYORIN PROCESS):  ECONO-
HIES OF SCALE FOR DIFFERERT UNIT COMBINATIONS
[per 100 183 of product]

[Ecoronies of scat: vie-soria

Eé‘;"';” Ethylens
6o Unit S2all-small Large-lzrge
Unit coabination | conbination
{1) (2) 3) ()
—_t ]
$0.00 $-5.37
+0.68 ~4.38
s ~4.23
+3.42 ~1.95
+4.10 -1.27
Largeeeennn.., +4.56 -0.8)
4,81 ~0.u8
Large. i ieiiiyua, +5,37 0.00

cation to compete effectively with an AWR loca-
tion which has a large-large combination, But, as
in the previous analysis, such a large market de-
mand would tend to make feasible barge or tanker
shipment of product which would in turn eliminate
the transport cost advantage of market location.
Thus, if we consider only transpart cost dif-
ferentials and economies of scale, a natural gus

However, there are other differ-
The labor cost and

Power cost differentials even at their maximum, as
shown in Tahle 14, are relatively minor, Further-
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Table 1% ~—ETHYLENE GYCOL (CHLORMYDRIN PROCESS): TRANSPORT
ADIAKTAGE OF & WARKET LOCATION VISA-VISwAN AVR LOCATION:

[per 100 152 of procuct]

[ tinisen

] Haximum

31,05 $t.31
0.6t 0.79
0.63 0.78
0.83 2.60

“When vater shipnent infeasipla,

Haxioum direct |gbor cost differential = 10¢

Maximuz indirect labor cest differcatia)l = 9¢

Kaxicum power cost differentiat = 5

Haxirum chlorine cost differential = 1704

A due to power..,....,.. 136¢
b. due fo steam....., vera 3¢
¢. due to direct labor.... 6¢
d- due to indlrect lahor.. g

When we consider chlorine, the situation he-
gomes more complex. The chlorine cost differen~
tial noted at the bottom of Table 14 is $1.70, of
which £1.36 is on power account. To the extent
that the power costs in the AWR region are lower
than in various market areas, to that extent the
attractive power of the AWR region vis-a-vis
these market aiens will be enhanced, Mowever, if
in the long run higher power costs prevail in the
AVR than at certain market points such as the
"Pacific Northwest or Chio Valley, the attractive
power of the AWR vis-a-vis these latter market
points is diminished. For rough purposas, we may
set 2 mlls as the maximum amount by which power
costs in the AWR are likely to exceed power costs
in the Pacific Northwest or the Ohio Valley., This
yields to the Pacific Northwest and Ohio Valley a
maximum possible advantage of approximately 45¢ on
power account to produce the chlorine required for
one hundred pounds of ethylene glycol. Even in
this extreme case, the economies of scale realiz-
able by an AWR location vis-a-vis a small market
location such as ile Pacific Northwest would tend
to wipe out the disadvantage on power account in
producing the required chiorine. In contrast,
this would not be so in the case of a market such
as at Cincinnati which might be able to realize
the full economies of scale of a large-large com-
bination. Thus, we must recognize the pussibility
that a considerable part of the Ohio Valley's new
demand for ethylene glyeol, together with that of
adjacent areas, may be served by chlorhydrin
plants in the Ohio Valley. %2

Nevertheless, we conclude as before that the
lion's share of future expansion’in ethylene gly-
cel produetion, especially since the oxidation
process seecms to be increasingly preferred to the
chlorhydrin process, will tend to be located at or
near natural gas sites rather than at the market.
This is to be qualified somewhat if expension re-
lates to the chlorhydrin process and if in the
long run lower power rates are obtainable in the
Ohio Valley than at AWR sites.

92Thia atatecent in consistent with che recent installetion en
the Ohia River, nesr Loviaville, Ky, of ethylens glycol capacicty
based on tin chiorbydrin process. Tie sthyline required for this
Plant ds profuced fron the ethane conpovent of a nives Bydrocarbon
" upplied {rom the acarby stripping plant of the Tomscsses
1asin Canpany.  The chlorine requirements are shipped
in fram the western rare of Virginia.

11. Distribution of Ethylene Glycol
Expansion Among Natural Gas
Arecas

Having reached the conclusion that the major
expanaion of ethylene glycol capacity will prob-
ably take place at natural gas sites, ue proceed
to apportion that expansion between the Houston
and AWR regions.

It is anticipated that from 1952 to 1975 ethyl-
ene glycol preduction will expand by 550 million
pounds. 9 Of this tota] it may be assumed that
antifreeze production will absorb 150 million
pounds; dacron production, 350 million pounds; and
other items, 50 million pounds. In the case of
expansion for antilrecze purposes we judge that
the markets in New England, New York, New Jersey,
Delaware, Pannsylvania, and other states along the
Fastern seshoard plus Washington and Oregon should
be served by Houersn,

These states contain 48.6% of the population of
the cold weather states. The remaining $1.4% of
cold weather population is postulated to be served
by AWR sites.9% Multiplying 150 millions by
these percentages would give the expected shares
of new expansion in ethylene glycol production for
each of these regions, provided no expansion of
ethylene glycol were to develop elsewhere. How-
ever, in line with our policy of establishing fim
minioum estimates for the AWR region, we assume
that 25% of the total expansion will take place in
areas outside the Gulf Coast and AWR regions. Of
this 25%, wore is likely to be associated with the
Ohio Valley than with Eastern Seaboard metropoli-
tan areas. The Ohio Valley possesses a chlorine
advantage, a power advantage, and a generally su-
perior position vis-a-vis national markets. e
therefore assume that 17 1/2% of the tota} expan-
sion in antifrecze ethylene glycol will ocecur in
the Ohio Valley, and that this 17 1/2% expansion
will be at the expense of the AWR's share of na-
tional expansien; and that 7 1/2% of the total ex-
pansion will occur along the Eastern Senboard, and
that this 7 1/2% will be at the expense of the
Gulf Coast's share of national expansion. Hence,
33.9% and 41.1% of the expansion in the national
market for antifreeze ethylene glycol will fall to
the AWR and Gul{ Coast regions, respectively.
These percentages, multiplied by 150 million
pounds, yvield figures of 50.9 nillion pounds for
the AWR and 61.7 million pounds for Houston. For

93See Kubn and Hutcbeaca, GP.Cil.. who eatimte ethylene gly-
gol production at 740 million pounds far 1952; and the Presidopy:s
Materials Policy Comisnian, op.cir., which aaticipates s tote]
production of 1.29 billion pounds by 1975,

F45trictly epenking, wearern Pennaylvania and western New York
State ehauld not be included in Houston's mrket. fHoworer, be.
x of our other d
atates i

As & consequence,
» and a1} in Houston's
I¢ should be noted that this biss is in line with oup
policy of underestimating possibla petrochemical expansion n the
ARB region.

5The cold-weather atates are taken to inclode the New Fngland
aeates, New York, Penneylvenia, New Jorsey, Delaware. Varyland,
Virginia, Beat Virginia, Ohio, Keatucky, Indiena, Michigan, Wis-
connin, Iilinois, Missouri, fows, Miruescts, Narth Dekote, South
Dehota, Nebranka . Celoredo, Wyaming, Montans, idaho, Utab.
Nevada, Oreg shington, and the District of Cclusbis.

96 For reasona alresdy mentioned in connection with other pos-
sible refinenents, adjustwent for differences among cold sesther
sletes in antifresre consumption per cepita in not warranted.
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these areas they represent the estimated expan«
stons in the production of ethylene glycol for
antifreeze use,

Next we consider the apportienment of the 50
million pound expansion in ethylene glyeol produc-
tivn to be associated with uses other than in
antifreeze and dacron production. We proceed in-
itially as if the total amount were to develop in
the Guif Coast and AWR regions alone. Under such
canditions we judge that Houston wonid supply the
new requirements of New England and the states
along the Atlantic Seaboard, Gulf Coast, and Pa-
cific Coast; and that an AWR location would serve
the remaining states, 97 Lacking a better alterna-*
tive, we assume that the increased consumption of
cthylene glycol in "other uses" will be distribs
uted gecgraphically in the same pattern #s current
national populstion. Accordingly, Housten would
serve 58.9% and the AWR 41.1% of the new naticnal
market. However, we again assume that of this
portion of the expansion required in ethylene gly-
col production, 25% will take place in areas out-
side the Gulf Coast and AWR. More speci fically,
17 1/2% will take place in the Ohic Valley because
of its aforementioned advantages (21l at the ex-
pense of the AWR); and 7 1/2% in the rest of the
United States (ali at the expense of the Hauston
region). This identifies 51.4% of the expansion
in the nationa}l market to be served by Houston and
23.6% to be served by the AWR. Multiplying these
percentages by 50 million pounds yields figures of
25.7 million pounds for Houston and 11.8 million
pounds for the AWR. These represent for these
arcas the expansions in the production of ethylene
glyee! for all uses other than in antifreeze and
dacron production.

Finally, in estimating regional expansions of
ethylene glyco} production to meet requirements
for dacron production we judge that future dacron
production will be confined primarily to the South.
The South contains almost 100% of current syn-
thetic fiber capacity based on asynthetic palymers.
Moreover, preliminary studies indicate that the
South together with Puerto Rico is likely to main-
tain overshelming dominance in this type of syn-
thetic fiber production. Therefore, the essential
probiem is to determine that part of future South-
ern expansion in dacron production shich is tribu-
tary to the AWR region, and that part which is
tributary to the Gulf Coast region.

At present it is not possible to anticipate the
future distribution of new dacron capacity between
Puerto Rico and each of the several sub-regivng
of the South. If the new concentrations develop
along the South Atlantie seaboard, the Gulf Coast,
and Puerto Rico, ethylene glycol would in all
likelihood be shipped from the Gulf Coast area.

On the other hand, if the heart of synthetic fiber
and synthetic textile production were to shift
toward the western interior part of the South, the
AWR region would provide a larger share of the
ethylene glycol requirements far dacron production.
Since there is no basis on which to project the
spatial soread of future dacron production in the

Parta of some states listed for Houstes much
Pentizadle and northern Louisisna Jogically LeJong.
=3 before the cruzencas of our other dats dess nof
splittirg of states in this conmection. ¥e chose atai 90 &2 o
sraign to Houston more than ite logical ahare of the astions) mar~
ket ard to the AWR less, in order to be consistent with our pol-
iey of establishing I nimus eaticates for the AWD region.
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South and Puerto Rico, it seems most reasonable to
assume, somewhat along the lines of our market
analysis of "ethylene glycol for other uses,” that
the Houston and the AWR regions respectively will
serve 58.9% and 11.1% of the needs of Southern and
Puerto Rican dacron production. ¥ QOnce again we
assume that 25% of the expansion in ethylene gly-
col production for dacron will occur in areas out-
side the Gulf “oast, and AWR. As before 17 1/2%
is apportioned to the Chio Valley (all at the ex-
Pense of the AWR), and 7 1/2% to the rest of the
United States, primarily to the coastal South {all
at the expense of the Houston region). Hence
51.4% and 23.6% of the ethylene glycol required
for futvre dacren expansion will be produced in
the Housten and AWR regions respectively. On
this account, we apportion 179.9 million annual
pounds to the Houston region and 82.6 million an-
nual pounds to the AWR.

Thus, by 1975 it is anticipated that total ex-
pansion in ethylene glycol production in the Hous-
ton area will amount to 267.3 million annual
pounds; and in the AWR region, 145.3 million an-
nual pounda. On the assumption that two new
plants each of approximately 70-75 MM annual
pounds of capacity are constructed in the AWR
region, this would entail the employment of ap-
proximately 33 workers in operations and mainte-
nance work.

1t should be strongly erphasized that these es-
timates are very rough. Further, in making the
AWR estimate (but not the Houston estinate) we
have tried to establish a firm minimum expansdon
by omitting any increase in production where the
hasis for such is doubtful.

12, Explanation of the General
Summary Tables 15 and 16

Having treated in detail the location factors
in the production of ethylene glycol, a typical
petrochemical, when a process chemical, such as
chlerine, is and is not an important location fac-
tor, we pass on to consider briefly each of the
various other petrochemicals. We have constructed
Tables 15 and 16 wherein ere included the bLasic
pertinent locational data relating to each major
petrochemical product by type of process. Table
15 treats petrochemical production in whose loca-
tion chlorine and hydrogen chloride are not impor-
tant factors. Table 16 relates to petrochemical
preduction in whose location chlorine and HCl are
important factors. The supporting materials, from
which data for Tables 15 and 16 are derived, are
presented in the tables for cach petrochemical
preduct in Appendices A, B, and C. These treat
respectively input requirements, econcsies of
scale, and transport cost differentials.

It is pertinent at this point to explain the
construction of Tables 15 and 16. 0Mn the extreme
left are listed the products and the processes as-

931n view of the arbitrariness of oor market divinien, it
would be lews mislending to use the figures 60% and 40% rather
than $8.9% and $1.1%. The latter irply an accuracy to the firat
decies] point. Howover, we have chosen to exploy the somswhat
uislending figuses of 58.9% and 41.1% sinco this will avoid the
e in the ensuing snalysis of & second stasdard rarket division
procedure. The resder vill therehy be able to follow more resdily
our computaticns,
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Table 15, SELECT COST DIFFERBITIALS Y PRODUCT AKD PROCESS
B . . Ecencemies of scale H =
Water shipment Rail shipment . . a -0
vis-a-vis 25023 =
Hatural 331583
Product and process (excludes ite 1 53 | Market site Maxirun market site | Sealle B
processes in which process site trans- trenspart zdvantage smalll large-large [SE[ETIER
chemicals are lacationally adv:;:w advantage camdl-| combination | §% g 8 i
irportm¢t i wR e |me
impar tant) 100 Tbs, ¢/100 1bs Dolfars per 100 ths, | nation EEF TSR
Hin. | Mo | Min ] Mox | WY, | cin | enr [t | dohiars ser 100 1mm Cents/100 Tbs
M@l o] e o] e @ (10} (tr) | 02) | 13}
Ethylene glycol from ethane (cxida- S| 30 eeeef ooy et2] 0.67) 0.68[ 0.81f 0.98] w07 sy 2] 1 6
tion process), 5.26| -0.87 ML)
Aorylonitrile froa ethme (acety- [ 78 ceee] 0831 0721 0.67 0.70| 35| 626 (swss)| 25| 23] ue
lene} and natural gas {KoH), 7.90¢ ~1.49  (MLMM)
Acoylonitrite from natural gas (via ST IS ee] e [-0.0 0.19] 0.i0) 0.25) 3.5 -5.35  (ses)| 25 23| 52
acetylene and HCH). B[ -1u49 (M)
Acrylonitrile fron athans (ethylene 3P M8 e vt 048] 0.50) 098] 0.50| L39{-tier (sssswy mt] 25 50
oxide, cxidation process) and na- 12.89] -0.35 {LLMML)
tural gas (HCN).
kerylenitrile from ethylene axide, 921 76 cenl weeni) Di€2| -0.35) 0.38| 0.25| 3.38] -2 (uss)| m 19 s
and natural gas {KCH). 5.23[ -0.36  (LM4)
Etwnolanines from ethane {ethylme B2l | 080 0.70| C.85[ 0.68) L |-tn.8  (ssw)| ] 17 i5
orlde, oridation process) and na- 1L,00] «h.95 (ML)
tural gas (aemonia).
Ethanalsnines from ethylens oxide 250 5 leeeesfenee| 03] -0.03) 0,06 ) 0.00] 527 -2.16 )| w0 9]
and natural gas {ammaia), 5.50( -2.02 (M)
7.350 -0.07 () X
Ethylene oxide from ethane {oxida- * Biveaes 8] L2u] a.57{ 0.90| 0.87 137} «6.15 {sM} 8 7 5
tien process). (O] 6.35] ~147 ()
Amenia from nateral gas.. 131 28] 1617 L2 tar| r03] 0.70( -0.38 M 3 3 o
0.00{ ~1.08 (s}
heetic anhydride from natural gas 20 T3] s 0.571 0.551 o547 0.65) 3.38| -711 (sssy| 25| m3| 7
(via acetylene-acetic acic). B.B3} -l.74 (ML)
Acstie anhydride fran ethane (via oo B L07] 057] 000! 0.87( 3.0 -7.o0 (sssH}| 25 23; mw
acetylene-acetic xid)., 8.35] - 1.65 (L)
Acetic ashydrids from ethane {via B 87 eneif et 078 0.88) 061 | 072 0.78) -7.81 (ssssw)| 25 23 ]
ethylene—cthanol ), TATE - 18 (L)
2cetic mnydride from acetic acid... 7 28| ieve venes [ ~0.89-0.33 [~ 0.35[-0.28] 1.78) -0.58 [C] 7 6
deetic acid from matural gas {via W3] 0t 077 ol ose] 263 a7 (ssg| w1 1]
acetylenc-acetuldehyde), 5.01[ -1 (wen)
Acetic acid from cthate {via acety- | ¥ # L] PP 0] 1.3} 1.02] 0.94f 0.89) 2.3%{ -3.62 (SM)| | I3 9
Tene-ace taldehyde), (@103} Y, ~L2s (MH}
Acetic acid from ethans (via ethyl- 8{ ... ceeee | LO4| 0.B51 0.79) 0.85| 2.60) -4.25 (ss®)) | i3 7
ene-s thenol ), 3667 -1.19 (L)
Azetic acid framn acetaldehyde..... . 9 08| 013} 0,12 0.20 L10| 0,45 (D] 3 3 [
heetic aci¢ from ethanol, 8 29|.... v w0 3] 0 ) 007 0.29] o7l -nmr ()] 8 e 7
207! <067 (m)
2.39( -0u5 ()
Acetaldehyde Fram natural gas {via 3 0.911 076§ 0.711 0.72] 3.38{ -2.79 (s w| 1| 1w
acetylens), 5.04| ~1.13 (M)
5.67{ «0.51 (ML)
Acetaldehyde from ethane (via acoty=] ......|..... lof 23) b5l a7l oaes| Lo} 3oif 289 (s} | 13 7
lene). w67 -1.03 i)
I 5,18} ~0.51 (Mgt

gy

e i

it g d b g
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Eccnomles of scale | &= | @
Yater shipnent Rail shipment Vis-aevls §= “.5, =
Hatural THESH
atural gas g
Product md process forcludes | yjor ‘:r;:_ Market slte | Maximum market site | Small- S3|3E §§
processes In which process sart transport advantage small Larga-large 850 2=
chenicals are locatimally atvmtage advaniage cmbi-]  cesbination _5: g BlE3
important) /100 tbs ¢/100 163 Bollars per 100 1bs nation 5 § §§ Q ?,
Win, | Mex. | Min, | Mee, | WY | Cin, [ ehi. [StL | Doltars per 100 10s Cents/100 1bs
1@l e e {E]| 6] 0l e (9) (10) ey 2y | g3)
Acetaldehyda fron ethane (via ethyl- - F 1} I, 7y L21f o.osf o088 o.es| 0.73) -as0  (s)| 4] 1 5
ee-ethanol ). (#) 3.03f -1.20  (Um)
#cotaldenyds from ethenol...n. .., [50] B} RUOUN 61-0.29| 0.0t} -0,05} 0.33] 1.39] -0.28 w7 s 3
Ethyl alcohol (otnznol from stheme) | * * Speese-l M2 rwrd 029l 087| 07| 07| -nes ()] 8| 7 )
il L28( -1.08 ()
1.76| -0.81 (uL)
Fommaldehyde (37%) fram natural gas | * 51 29 L&y 136] ras| 13 oss| -0 (s w| 4| s
(via methanal}. 0.85] -0.27 [CH
Loof 0.1z (ML)
Formaldetyde {378) fron e thmol, .. N 8 37| L2§] 0.09) 0.32] 0.85] 0.00 -0.62 s a3y 3 H
H) 0.50| ~0.12 )]
0.62| 0.00 {L)
Hethanol from natural gas.... * 12] ..., §} 1.3 0.82 0,73] 0.62] 0.79] -0.35 My 3 3] =
[GIchH 8.00( ~ .15 (s}
Phthalic anhydride from O-Xylens....| # § 5 veees 2; 0.37| 0.2l 0.20f 0.0 3.3| -1.22 M) 8f 8| ==
")
Polyviny! acstate from natural gas Bl ] eeeee] oo | 0] 081 07| 0.77] a.e0-12.69 (ssss}f as| 32| s
(via scetylme md acetylens-acetic i5.81] -1.55 (uLtLL)
acial,
Polyvinyl acetata fron ethzne (via 8 0] e eeene| 0B8] L2 2| Low| a25(-13.58 {ssssu) 25| 32| 43
acetylene and acetylens-acatic i15.29] -1.85 (KULLL)
acid),
Polyviny| acatate from ethane W 38 we] saven| 180) 1.09) 101 0.96] 2.00 -e.03(sssssM) 38| |
(ethylene-scetic acld) md natural 1%.48{ - 155{MLLLLLLY
g3 {zcatylens).
Polyvinyl acetate fran ethee {via WF 70f aaeee| ween] 1u07] 0.88) 0.82] 0.81) 2.18]- H.09(SSSSSH)] 35| m) 13
othylens~acetic acld, snd acstyln 18.73] -1.55{(KLLLLUL)
ene).
Poiyviny] scetats from vinyl acetats 1 3] sease] e | 0.30) O.8%| 0.36) 0.55] 3.32| -1.55 M w| n 2
Viryl scetate frem natural gas (via 21 T5[ el eene | 0651 08I ON1{ 0.31 | 3.60| -8.65 (ss)| 20 19l 12
acetylens and zcotylene-acotic 10.37] -1.88 (ML)
acid}.
Yiny) acetste from ethane (via scet- S| Wlewes]oeen) 1e28) 0.88) 075f 0.57] nz0| -as  (ssw)| 20 13| 1o
ylane ad scetylene-acetic aclie). 9.86| -1.88 (ML)
Viny) acetate fras strans (ethylene. 9] 86 eee|eeeaa} 03] 0.05] 0.6 0.35[ 2.05] ~0.00 (ssseen] 2 181 1
acetic acid) and natural gas {acet- 9.3 -1.88 (MLULL)
ylene),
Yiny! acetata from ethene {via 0] 35[uucectceenn | 107) 0es] 0.89) 049| 1.96] 808 (3553 | ar 2 9
ethylene-acatic acid; and scetylene) 9.06] -1,88 {MilLtL)
Viny) acetate from acatic acid and M 0.06 1-0.08/-0.06-0.18 | L.72] -6.c2 ()] ] 10 [
naturat gas (acetylens), 7.82| -0.32 (T
Vinyl acetate frow acetlc scid ang S| Mjedinf 0.337 005 0.08)-0.09) .53 -5  (w}| | 1o ]
-ethane (acetylens), 7.23 -0,26 ()
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Table (5.—SELECT COST DIFFERENTIALS BY PRODUCT AND PROCESS—Con.
Water shipment Rafl shiprent Eomonies of scale 1§ [ 4F
vis-a-via 2553 =
Natural gas 331E8).3
Prafict md process fexcludes |, "8 9% | tarkot site]  Maxioun market site | Soalle 8 5|1k
processes in which process ort trenaport sdvantage soall | Large-large |BF [S2|RE
chenicals are locationally advantage | “0ventags cmbi-|  comination | §5 | BB1ES
important) . oo 1ts ¢/100 Iis Dollars per 100 lbs natien et
| 28|358/58
[ Hin. Max, | Mino | Max. | BY. | cin. | i, St.L. Dollars per 100 Ibs Cants/i00 1bs
Wil el ] ele] o @) [ () (10} Q) | (i2)} (i3}
Ures from natural gas (via asmonla) | * * Tieeeeel MpLm) oLl Los| 07| wwr| -3 qmg] 7| 6] s
")) 115 | -0.38 (m)
Ls3| o (i)
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sociated with a given product. Columns 1 and 2
list the minimum and maximum transport cost advan-
tage of 2 natural gas siteloecation when water is
the medium of transport for the finished product
and for any petrochemical raw material whose ship-
ment by water would be feasible. In the case of
‘ethylenc glycal from ethane via the oxidation
proczss (row 1, Table 15) we have listed in col-
uzns 1 and 2 the figures 9¢ and 30¢. These were
obtained from coluzns & and 7 in Table 4, which
presents the total transport cost differential
situation for ethylene glycol via the oxidaticn
preeess, Columns 3 and 4 of Table 15, first row,
refer to the minimun and caximum market transport
advantage in cthylere glycol production (oxidation
process) when water is the medium of transport.
Colunns B and 9 of Table 4 record no such differ-
entials; hence no figures are listed in the rela-
vant boxes of Table 15. However, in the case of
other products, e.g. formaldehyde from methanol,
an examination of the relevant table in Appexdix
€ shows that transport cost advantages {re: water
transport) in favor of a market site location do
exist. Such differentials are recorded in coiumns
3 and 4 of Table 15.

" Fer a relatively few products a computation of
net transporc cost differentials with reference to
mater tranzport reveals that betseen some pairs of
points the transport situation favors a market
site location, and between other pairs of points,
a natural gas site location. Furthermore, in the
production of a given product the transport situa-
tion hetween a given pair of points may favor one
type of location if celculated under the assump-
tion of the low set of gas trausmission rates and
the opposite type of location if calculated under
the assurption of the high set of gas transmission
rates. An illustration of both these situations
is to be found in the production of ethyl alcoho!

from ethene (Table 15). An examination of the
ethyl alcohel table in Appendix C shows that witly
reference to water transport New York has a
transport adventage over Houston, but for the
saze product Monroe has 2 transport advantege
over Chicogo. This holds true when either the
low or the high set of gas transmission rates is
assumcd. However, when we consider the other two
pairs of. points (Monree vs. St. Louis, and Monroe
vs. Cincinnati) we note that under the assuxmption
of low gas transmission rates a market site lo-
cation is favored in each case, whereas under
the assumption of high gas transmission rates a
natural gas site location is favored in each
case.

In cases of this kind, figures will be found in
columns 2 and 4 of Table 15. They refer, respec-
tively, to the maximum transport cost differential
favoring o natural gas site location and to the
maximum tiensport cost differential favoring o
market site location. The corresponding spaces
in column 1 (exeept for symbols to be explained
below) end in column 3 are left blank, since the
minimum transport cost differential in favor of
u market site location is the maximum transport
cost differentisl in favor of a natural gos site
lacetion with a minus sign prefixed. Similarly,
the minizum trensport cost differential in favor
of a natural gas site location is the maximum
transport cost differential in favor of & market
site location with a minus sign prefixed. Thus,
in the production of ethyl slcohol 6¢ is the mexi-
mun transport cost advantage favoring a natural
gas site location and -6¢ is the minimun transport
cost advantage favoring a market site location;
whereas 12¢ is the maximun transport cost differ-
entiel in favor of m market site location and -12¢
the minizun transpert cost differential favoring a
natural gas site location,




k2 PETAOCHEMICAL INDUSTRY
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A further exanination of the ethyl aleohal
table in Appendix € shows that under conditions of
water transpartation of finished product and of
low gos transmission rates the best location for
serving the Eastern Seaboard market is at New York,
(New York enjays a 12¢ transport cost advantage
over Houston.) This fuct is indicated in Tshlg 13
by the left hand symbol * in the ethyl alcohol row
of column 1. Under the same conditions the most
favorable locations for serving the majority of
inland markets are also market Jocations (Cincin-
nati and St. Louis rather than Monrae). This is
indicated by the right hand symbol * in column 1.
Under conditions of iigh gas transmission rates
the best location for serving the Eastern Seaboard
rarket is again New York (rather than Houston).
This is shown by the )eft hand symbo! (*) in col-
urn 1 of Table 15. However, the best location for
serving interior markets is Monroe (rather than
Cincinnati, Chicago, or St, Louis). This is indi-
cated in Table 15 by the right hand symbol (#) in
column 1. The same scheme is used throughout
Tables 15 and 16 wherever there exist for the same
product water transport cost differentials favoring
both market site and natural gas site locations.
In every case the symbol * indicates a differen-
tial favoring a market location; the symbol # in-
dicates a differential favering a natural gas site
location; symbalz without parentheses indicate
conditions of low gas transmission rates; symbols
within parentheses indicate conditions of high gee
transmission rates; the two left hand symbols refer
to locations serving the Eastern Seaboard; the two
right herd symbols refer to locations serving in.
terior markets.

In Table 15, columns 5, 6, 7 and B indicate the
meximun market site ndvantage over an AWR loca-
tion when the product and petrochemical raw mate-
rials (except tnose which are piped) are shipped

rail. In the instances when only a disadvantage
exists, the smallest disadventage is indicated and
is identified by a minus sign,

Columna 9 and 10 of Table 15 racord relevant
materials on economies of scale. Column 0 lists
the advantages of selected cowbinations over a
combination which involves all small units. Col-
uzn 10 lists the disadvantages {minus signs) of
selected combinations cver a cambination which
contains all large units. So far as possibie the
relevant cozbinations for each product have been
selected in such a way that in any row the top
figure in column 9 and the bottom figure in column
10 (minus sign disregarded) are of the seme order
of magnitude as the rail transport advontages
listed for market sites. This permita an easy
identification of that "minimum scale natural gas
site combination" whose economies of scale rela-
tive to a small-swell ... market site combination
would offact the rail transport advantage cnjoyed
by the market site location. Also, ene can iden-
tify the "minimun scale market site combination”
whose rail transport advantage would overbalance

——

991n canvactioe with the production of ethylens oxide, forrals
dehyde, ard 4 Eyds (Tuble 15) and rathyl chlorida (Txbls 16)
© from the above practics in ways to be nored
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its diseconomies of scale relative to a large-
large ... natyral 8us site combization. As an ex-
ample, consider the production of ethyl alcohol
from ethan:. In column 9 of the ethyl aleohol row
of Table 15 the top figure listed is $0,71 and re-
lates to a small-medium cozbination. The rail
transport advancages of a market site location as
listed in columns 5, 6, 7, and 8 range from S1.47
to £0.67. We conclude therefore that any natural
gas site combination with a scale greater than
smallemedium will obtain scale sconomies more than
sufficient in most cases to counterhalance the
rail transport advantage of a small-small market
site combination. On the other hand, in the ethyl
alcohol row the middle figure in column 10 is
$1.09 and is associated with o medivm-medivm com-
bination. This indicates that for all markets,
save New York, a market site combination aust have
a scale larger than medium-medium, or else its
rail transpert cost advantage will be more than
balanced by its diseconomies of scale vis-e-vis a
large-large naturaj Bas site combination,

It will be noted that in some instances the top
figure in any given row of column 9 is consider-
ably larger than any of the rail transport differ-
entials in the same row. In all such cages the
column 9 figure relates to a combination one da.
gree larger than small-small “ve, €.8., small-
medium or spall-small-small-mediun. In these in-
stances any natural gas site combination with a
scale of larger than small-small ... can secure
economies of scale much more than sufficient to
offset the rail transport advantage of a small-
small ... market site combination.

In a few instances the rail transport advantage
figures are negative. This indicates that there
is a rail transport advantage in favor of the na-
tural gas site locations, and that any scale econ-
onies of a natural gas site location or scale dis-
economies of a market site location would simply
strengthen the already existing pull toward the
natural gas site location,

The combinations selected in each case are
identified by the symbols S, M, and L; where §
stands for small units, M for medium size units
and L for large units. Since the manufacture of
the products listed in Tuble 1% require from ane-
unit to seven-unit combinetions, the number of
corresponding symbols ranges from ome to seven.
The first sywbol refers to the size of the fina)
product unit; the second and others in order to
the successively lower staoges of manufacture. For
example, in the production of acetaldehyde from
ethane the symbols S5M indicate o combination in-
cluding a small acetaldehyde unit, a smal}l ethyl
sleohol unit, and a medium ethvlene unit.

Finally, 1n columas 11, 12, ond 13, we list, re-
apectively, maxirmum direct labor cost differen-
tials, maximus indirect labor cost differentials,
and maxirum power cost differentials. These are
derived as indicated above.

Table 16 differs from Table 15 in that a 1dth
column is sdded which indicates the maximum chlo-
rine or HCl dififerential due to power account.
The sipnificance of the data in this column has
already been discussed in connection with the lo-
cation of ethylene glycol plants using the chlor-
hydrin process,
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13. Distribution of Individual Petro-
chemical Expansions Among
Natural Gas Areas

In any onalysis of the leeation of a particular
process the peographic distribution of markets is
a critical facter. 1In the case uf an industry
such as the automobile industry Lhe market is
easily established once the geographic distribu-
tion of population is effectively weighted by in-
came, family type, occupation, and a few other
strategic varisbles. With petrochemicals, how-
ever, the determination of the geographic distri-
bution of markets is much more complicated. One
petrochemical feeds into another, and ultimately
into non-petrochemical products, some of which in
turn feed into still other non-petrochemical prod-
ucts. It is beyond the terms of reference of this
report to consider the geographic distribution of
production facilities for non-petrochemicals,
which effectively becomes the feoyraphic distri-
butien of markets for those petrochemical products
which directly eater into the noa-petrochemical
rroducts. In the case of ethvlene glycol, we
cuuia roughly determine the Beographic distribution
of the market for that portion of ethylene glycol
which entered into antifreeze production by observ-
ing the geographic distribution of cold-weather popu-
latien. atso, we had some information on the fu-
ture geographic pattern of dacron production which
was helpful to some extent in estimating the geo-
graphic pattern of expansion of ethylene glycol
facilities Lo serve new dacron plants. However,
we did not possess any information on the future
geographic distribution of expansions in the di-
verse plants which consume ethylene glycol and
which account for the "other uses” of ethylene
glyecl. Since the determination of the future
geographic distribution of these expansions does
not fall within the scope of this report and would
require resources well beyond those available for
this study, we were forced to make a simplifying
assuzption. Lacking a better alternative we pos-
tulated that the future geographic distribution of
these expansions would correspond to the current
geographic distribution of population 100 fjike-
wise, we shall be forced to use this assumption
for other petrochemical products which enter into
non-petrochemical productien, when we do not poS-
sess any information on the future geographic dis-
tribution of relevant non-petrochemical expan-
sions,

To minimize the errors which creep into the
analysis because of simplifying assuzptions of this
type it is clearly desirable to begin with those
petrochemical products which directly enter inte
aon-petrochemical production. Then we proceed
backward in order through tertiary, secondary, and
primary patrochemical intermediates, determining
"for ench one its geographic pattera of productien
and thus the geographic market pattern of the next
lower intermediate.

1994 vy on the basin of this rarket wsaurption thet we pro-
ceeded to distribute snong regions the exganaion of ethylens gir-
col fecilities to beet the Tequiresents of these. "other usera.”
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t‘!crylonitri!u:‘“ One petrochemical which feeds
1nto what we have defined 2s a noa-petrochemical
is acrylonitrile. Relevant data on location
forces in acryionitrile production are given in
Tows 2. 3, 4 and 5 of Table 15 and row 2 of Table .
16. Each row refers either to production from a
differcnt set of raw materials or to production in
which different numbers of stages are combined.
Thus, row 2 of Table 15 refers to scrylonitrile
production based on acetylene manufactured from
ethane and HCN manufactured from natural pas via
ammonia. The basic raw materials are ethane and
natural gas, and the number of productive stapges
or units is four: the acrylonitrile unit, the
acetylene unit, the HCN uwnit, and the ammonia
unit.

Ros 3 of Table 15 presents dota relative ta the
production of acrylonitrile based upon (1) acety-
lene manufactured from natural gas and (2} HCN
manufactured from natural kas via ammonia. For
such production again a combination of four units
is required. Such a combination c€ontains an acry-
lonitrile unit, an acetylene unit, an HCN unit,
and an ammonia unit,

Row 4 of Table 15 relates to the production of
acrylonitrile from a different major raw material,
ethane based ethylene oxide (instead of acetylene),
together with natural gas based HCN. The relevant
production combination in this case contains five
units, each of which yields one of the following
products: acrylonitrile, ethylene oxide, ethylene,
HCN, and ammonia.

Row 2 of Table 16 also concerns the production
of acrylonitrile from ethane based ethylene oxide
and natural gas based HCN. Here the ethylene ox-
ide is produced by the chlorhydrin process. Thus
the chlorine di{ferential becomes significant
and must be calculated. The process involves five
units which are the same as the ones listed for
the process described immcdiately above.

Finally, row 5 of Table I5 relates to the pro-
duction of acrylonitrile from ethylene oxide and
aatural gas (for HCN). This procese differs. from
the two just described in that production begins
with the internediate, ethylene oxide, rather than
with the bosic raw material, ethane (from which
ethylene and thence ethylene oxide are produced).
It is necessary to analyze such a process because
in assessing the attractiveness of a market site
tacation we must determine whether it is more fa-
vorable to imoort the basic ethane raw material and
integrate all operations at the market; or to im-
port the intermediate ethylene oxide and thus
eliminate from a market complex the ethylene and
ethylene oxide units. It is clear from the data
in Table 15 that from 2 rail transport and market
location standpoint the process which starts from
ethylene oxide is definitely less favorable than
the process which starts {iom ethane. The raii
trassport advantages of the latter contrnst with
the rail transport disadvantages of the former.
Since both processes suffer transport disadvan-
tages relative to natural gas site locations when

"™Eee an interesting descriptaon wid camparisen ef the dif-
ferent methods of producing acrylonitrile, see R.F. Xeaming s
W.L. Jasea, "Acrylonitrile: CI Report.® (Pemical Industeses reed
Vol. €8, Januapy 27, 1951, pp. 19-24,
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water shipment of product is feasible a comparison
of the two on this basis is ant significant. We
conclude that in general any acrylonitrile produc-
tion which may develop outside natural gas site
locations should start with ethane and not with
ethylene oxide provided the acrylonitrile unit is
of large scale or provided ecanomies of scale and
chlorine advaitages in the production of ethyliene
axide in the AWR and other fegions do not dictate
otherwise 102 .

Certain location forces are clear-cut in the
production of acrylonitrile. One is the major
transport advantage of a notural gas site when
water shiprent of the product is feasible. For
exomple, the minimum such advantage in any of the
relevant five rows of Tables 15 and 16 is 23¢ {row
2, Table 16). A secong is the relatively smali
transport advantage of market sites when rail
shipment is used. Row 2 of Table 16 shows cthe
raximum such advantage of all five rows; this ad-
vantage ranges from 67¢ to 84¢. A third relates
to the major economies of scale which are obtain-
able. For example, the data of row 2 of Table 15
show that a combination of three medium units and
one large unit realizes economies of secale rela-
tive to a cembination of all small units of §7.30
per hundred pounds acrylonitrile. These facters
Sugkest a strong orientation of scrylonitrile pro-
duction to natural gas sites.

This interpretation of the dote Tequires gual-
ification. To the extent that chlorine processes
are utilized in the production of acrylonitrile,
the pull of the AWR region relative to a large-
large ... combination in the Ohio Yalley is less
pronaunced. Also, to the extent that acetylene is
produced by the calcium carbide process which can
utilize the cosl deposits and the cheap power of
the Ohio Valley, the pull of the AWR relative to
the Ohio Valley is once again overstated.

"In the light of these data and qualifications
as well as numerous other relations, and dn the
assumption of no major ehange in technological
structure, it is our considered Jludgment that at
least 70% of the increase in sational demand for
acrylonitrile will be met by expansion of facili-
ties in the Gulf Coast and AWR tegions. This 70%
is to be divided between these regions in much the
same ranner as were the new facilities designed to
produce ethylene glycol required by new sacron and
other plants (excluding ontifreeze). The new ac-
rylonitrile will be used in the preduction of syn-
thetic fibers, synthetic rubber, and plasties.

Consequently, as n starting point, we employ
58.9% and 41.1% (hereafter called the standard
percentages) to represent the shares of the in-
creases in both the national market and the
Southern demand fer synthetic polymers to be

MUihere could aloo have been ineluded in Table 15 duta per-
tairing to processes wherein acrylenitrile production starts with
the intersediste. ammonia (for N prodsction), rather than the
Taw eaterial, natural gus; and citber echylene oxide o1 etharn.
Be have in fact carried out such amelyses, but in all cases auch
Proceases have proved Isss favorable for 4 narket Jo.atien then
the proceases listed in Table 15, They sre therefore nou ine
cluded. ! me holds true for all the different
producta and proce, Iyze. Procemses have been omitted
which arc definitely lees sdvantagecus from & carhot jocatio
standpoint thas others whizh yield the same product from the same
rav pateria. It abould be noted that this problem does not
Bfise in the consideration of natural &an site production. In

Hence all production
eateriale.

served by the Gulf Coast area and the AWH area,
respectively, if all production were at natural
gas sites. However, 30% of acrylonitrile produc-
tion is expected to be gutside the natural Kas re-
gions; and more specifically, 21.4% in the Chio
Valley at the expense of the AWR region, and 8.6%
in other locutions at the expense of the Gulf
Coast region. Thus, it is estimated that 50.3% of
the increase in the national demand for acryloni-
trile will be served by the Gulf Coast area, and
19.7% by the AWR region, Multaplying these per-
centages by 1,275 million pounds (the estimated
expansion of annual acrylonmitrile production {rom
1950 to 1975) yields figures of 641 million annnal
pounds for the Gulf Coast and 23] million annual
pounds for the AWR. If it is assumed that the
AWR share will be produced in five plants, each
of 50 million pounds annual capacity, we estimate
that 205 new employees will be engaged in opera-
tions and maintenance work.

Hydrogen Cyanide:%3 The production of acryloni-
trile requires hydrogen cyanide (HCN). For prac-
tical purposes HCN is non-transportable. Hence,
the HCN output required by an acrylonitrile plant
must be produced in a unit regionally juvtaposed
to the acrylonitrile plant.

We nave estimated that acrylonitrile expansions
in the Gulf Coast and the AWR regions will be 641
million annual pounds and 251 million annunl
pounds, respectively, Since approximately 0.66
pounds of HCN are required per pound acryloni-
trile, we expect HCN capacity in the Gulf Coast
and AWR regions to increase by 423 million annual
pounds and 166 million ennunl pounds, respec-
tively. 4 It js estimated that the expansion in
the AWR region will employ 42 laborers for cper-
ations ond maintenance work, on the assumption
that the HCN is produced in three plants of from
50-60 million annual pounds capacity,

Ethanolamines: Both acrylonitrile and ethylene
glycol.are estimated to be major users of ethylene
oxide in the future. Ethonelamines, a set of
products which serve diverse end uses, is esti-
mated to be a smaller, but still a substantial
user of ethylene oxide.

The data in rows 6 and 7 of Table 15 and row 3
of Table 16 present 2 clear-cut picture of major
adventage of Gulf Coast and AWR locations for
ethanolomines production. There are: (1) large
transport cost differentials in favor of natural
gos sites when water transportation is feasible;
{2) modest trunsport disadvantages, ond even in
some cases positive tranaport advantages, for nat-
ural gos sites when rail shipment is used; and .
{3) major economies aof scale. We therefore esti-
mate that 75% of the expansion in ethanolamines
production (120 million annual pounds from 1950 to
1975} will occur in the Gulf Coast and AWR re-
gions. Applying our standard percentages for di-
viding up o diversified national market between
Gulf Coast and AWR locations, and allowing for
the Dhio Velley's possible chlorine advantage rel-

180urees of relevant tecrnical and process information are:
Jumes A Les, “Hydrogen Cyanide Productian, ® Chemical £ngirest ing.
Vol. 55, Fetruary 1949, PP 13£-135; and Mercan Updearaff. ®iydro-
gen Coanide, ® Petroteur %efirer. Vol. 32, Seprenfer 1953,
pp. 187-201.
30ther uses of ICN in the production of petrochemicals and
o selatéd progusce nove not yet been cleosly ddentified,
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ative to the AWR region, 15 ue anticipate that
48.1% and 27.3% of Lhe notional expansion wyj)
f;{l.l in the Gulf Coast ang AWH regions, respec-
tively. This yields expansions of 58 million an-
nual pounds for the Gulf Coast and 33 million an-
mful pounds for the AWR region. We estimate that
lb_lnborurs woulu be amployed in operations and
malatenance work in an AWR vthanolamines plant of
approximately 33 million pounds annual capagity.

Ethylene Dxidc:?‘M In addition to use in ethylene
glyeol, acrylonitrile, and =thanolamines produe-
tion, ethylene oxide is consumed in units manufae-
turing a host of other chemical products whose
output is small volume-wise m.d which we shall nog
discuss in this report. Therefore we are in a
position Lo project likely expansion of ethylene
.oxide in the AWR region.

For obvious reascns, it is our belief that all
the ethylene oxide required for AWR production of
ethylene glycol, acrylonitrile, and ethanolamines
#ill be produced in the AWR region. Given cur-
rent practices, the expansion of 145 million an-
nual pounds of cthylene glycol production will re.
quire approximately 100 million annual pounds of
ethylene oxide; and the expansion of 33 million
annual pounds of ethanolamines will require 2§
million annual pounds of ethylene oxide.

It is not clear how much of the acrylonitrile
expansion will be dependent upon ethylene oxide,
and how much upen acetylene. Informed persnns
have indicated that the acetylenc process for pro-
ducing acrylenitrile will be wmore efficient than
the ethylene oxide process if expectations on the
feasibility of producing chenp tonnape acetylene
materialize. Since ‘there is no firm assurance
that such cheap acetylene will be available, we
arbitrarily posit that 50% of the acrylonitrile
will be produced from acetylene and 50% from ethy-
lene oxide, Coaseguently, we estimate that ap-
proximately 128 miliion annual pounds of ethylene
oxide will be required to produce 125 million an-
nual pounds of acrylonitrile {one-half the AWR
acrylonitrile expansion).

In pddition, the AWR region may produce ethy-
lene oxide for use in the new acrylonitrile and
ethanolamines facilities which will be erected
outside the AWR region.¥ This is especially so
since Coast Guard restrictions, which are likely
to remain in force, forbid the shipment of ethy-
‘eae oxide on the high sens. As a result, AWR
natural gas sites can gewerally out-compere Gulf

5% ek respect to the chlorhydrin procens for producang eth-
Ylene oxide.

110 Toble 15 the syrbola in the furar coluzs of the row for
ethylens oxide from ethane (oxidatsem process: relute only to the
eost favorable locetions for serving interior carkets. Hecasae of
the Cosst Guard restrictions on high-sess shipment of ctnglene oy
ide, w0 conputation vas made of veter transport contdiflforeaticiy
for locstions serving the Eantern Seaboard oarkets,

Yavesial bulancea, utilities requirerenta, ond other process
informatien relative to cthylene oxide nroducticn can be Toun in
B.1.0.S.. Firal keport, No. 1059, item No, 22-30; J.R. Skeen, "tk-
yleae Cride, * Chomical Enginvering, Voi. 7, Joly 1930, o 321"
322, 324; ard the Lummug Co., ap.eit.

1T0he resder aho pantulates otheswine cen ensily alter the
figures on ethylens oxide and wcetylene eapannions in the AMH io
be consistent with his evaluation of this coreritive situation:
In any case, the ethyiens oxide o scetylene input will tend robs
produced in the ASH regicn.

Y8 0r several teckmical re ne, ethylene oxide aud ethylene
glycol production tend to be spatially linked.: Thuy. ve do ho
conuider the export of ethylene oxide from the AMH region for ose
in ethylena glycol plants cnd e laentere,
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Coast sites for all major markets in the United
Statés excepc those in the Gulf Comst area itself.
Row 8 of Table 15 and row 4 of Table 16 indi-

cate that it is only on scale account that the
AWR has any elearcut advantage in the production
of ethylene oxide for markets outside the Gulf
Coast and AWR regiens. Generally speaking, the
AWR's transport situation is disadvantageous both
by rail and water, and relative to the Ohio Valley,
the AWR's position is probably disadvantageous in
chlorine production. We therefore estimate that
there will be preduced in the AWR region only 15%
of the 219 million annual pounds of ethylene oxide
required to produce the 191 miflion annual pounds
of acrylonitrile (50% of the acrylonitrile expan-
sion) and 30 million annual pounds of ethanola-
mines in areas outside the Gulf Coast and AWR re-
Hions.

Finally, an exponsion of 250 million annual
pounds of cthylene oxide is estimazed to be re-
quired by 1975 by such diverse chemicals as poly-
Rlycels, glycol ethers, and detergents. Since in
supplying these markets the AWR is in o superior
position to the Gulf Coast area, and since the
AWR has a scale advantage but not a transport ad-
vantage over market sites, we estimate that at
least 25% of the expansion of ethylene oxide for
these needs will be provided from AWR production.

In sum, given the validity of the assumptions
we are forced to make, we expect that there will
be an expansion of 350 million annual pounds of
ethylene oxide capacity in the AWR by 1975, 109
Assuming that five plants of approximately 70 mil-
lion pounds annual capacity are constructed, we
estimate that 218 labarers will ba required to op-
erate and maintain these plants.

Arwonia:® g apsolute terms nmmonia will ex-
perience tne greatest expansion of all petrochem-
icals, according to industry experts. From 195] to
1975 an expansion in capacity of 6,800 million an-
nual pounds is expected.

The data in the ammonin tow of table 15 depict
varked transport advantages for market sites
whether shipment is by water or rail. Economies
of scnle are small, and further, since armonia de-
mands are usunlly large in major metropolitan re-
gions and their hinterlands, it is to be expected
that AWR locations will not have any significant
scale advantuges over major metropolitan regions.
We therefore conclude that the AWR plants will
serve AWR necds and o very small fraction of needs
outside the AWR region. We estimate that at lemst
71/2%, 510 million annual pounds, of national ex-
pansion in azmonia preduction will occur in the
AMR region. I Tuo plants, each of 250-260 mil-
lion pounds annual copacity would require approxi-
mately a total of 122 laborers for operations and
rmaintenance work.

_

10% 0 sauming that the Gulf Coant region will mecount for 15%
of the expaseion in suct diverse clesicals us polyglycsls, glyeol
ethers ond detergents, and that the Gulf Cosst region will preduce
the cthylene axide required for ita new facilities to praducs
Th producta as well es ethylene glycel. werylonicrile, and
ethanolanites, we estitate for the Gulf Cosat area an expenzion in
the utjut of ethylene nxide of 596 millicn arnual poundy.

For sdditional materials see L.C. Skinner, H.R. Batchelder
and S. Katell, "Comparative Cost Study of Amonis Plonts,® Irdus.
frial ard Ergirserirg Chordntry, Vol, 44, Octader 1932, pp. 2381-
2385; and W.H. Shesren, Jr., and H.L. Thorpaen, *Ammonix at 1,000
Atesspherea, ™ 1bid., Vol. 43, February 1957, p. 254-264,

A conservative estirate would allocate 15% of the expected
naticaal expansion in wemonis facilities (1,920 xillion ennual
Bounds) to the Gulf Coesi region.
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Aeetic Anhydride: 112 Currently, rayon plants are
the largest consumers of acetic anhydride. It is
expected that by 1975 their consumption will rise
by 900 millien annual pounds. Use of acetic anhy-
dride in plastics and resins and other products
will mount by at least 100 million annual pounds.

The data in the rows corresponding to acetic
anhydride in Table 15 reveal: (1) elear-cut
transport advantage for natural Fas site locations
when the pruduct is shipped by water; (2) trans-
port advantage for market site locations when the
broduct is shipped by rail, except when produced
frem acetic acid: ang (3) major economies of scale.
Considering the historical pattern of production,
the current.concentration of new rayon facilities
in the South and various other forces ot play, we
Judge that at lsast 55% of tha new expansion in
acetic anhydride facilities will occur in the Gulf
Coast and AWR regions. Applying our standard per-
centages we obtain expected expansions of 324 mil-
lion annual pounds and 226 million annual pounds
in the Gulf Coast and AWR regions respectively, by
1975. The AWR expansion would require 75 laborers
for operation and maintenance work if the annual
capacity of the new plants to be constructed is
taken to be 110-115 million paunds.

Acetic dcid:™ The major use of acetic acid is
for the production of acetic anhydride.)’¥ We cal-
culate that 289 million anaual pounds of acetic
acid will be required to produce the 226 million
annual paunds of acetic anhydride by which A%R
production is expected to expand by 1975. The
data of the acetic acid rows in Table 15 strongly
suggest that the 28% million annuel pounds is
likely to be produced in the AWR region. In ad-
dition, the AWR will undoubtedly produce the 180
million annual pounds of acetic acid required by
its estimated expansion of vinyl acetate groduc-
tion (253 million annual pounds by 1975), 1%
Finally, the AWR region may export acetic acid
to other regions (except the Gulf Coast} for the
production of acetic anhydride end for use as a
solvent in acetate production, We estimate that
the requirements for acetic acid in expanded ace-
tic anhydride production in areas outside the Guif
Coast ond AWR regions will be at least 576 mil-
lion annual pounds, and that the additional re-
quirements for acetic acid as a solvent and for
other diverse uses will be 500 million annual
pounds. It appears from the pertinent rows in Ta-
ble 15 that the natural Ras locations possess both
rajor scale advantages and substontial advantages
in transport when water shipment obtains. How-
ever, in view of the historical pattern of produc-
tion and in view of tne alternative of exporting
ethyl alcohol rather than acetie acid for conver-
sion into acetic anhydride, we judge that at least
25% of the expanded acetic acid requirements in
markets outside the Gulf Coast and AWR regions
will be met by production in these latter two re-

U2pertinent dute on the production of acetic snhydride frn
acetic acid are found in 3.7.0.5., Firel Fepart, Nu. 1600, itea

D34ux materials wnd otber requiremnts for the production of
acetic acid from acetaldehyde are given iz 8.7.0.5.. Finaf Repart,
No. 1052, item No. 22.

1380 second inpartant use is a3 & solvent in scetate produg-
tion. In addition, there sre a bumber of other, diverss waap.

155ce section below o vinyl caloride and vioyl acetate for
Basia of this vinyl acetate estirate.
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giens. Applying cur standard percentages we gb-
tain additional capacity expansion in the AWR of
110 million annual pounds,

Altogether, we except the AWH expansion in ace-
tic acid production to be 579 million annual
pounds by 1475. 16 Approximately 99 Isborers in
operations and maintenance work will be required
to produce this output in plants of 130-140 mil-
lion annuzl pounds capacity.

Acetaldehyde: W The major uses of acetaldehyde
are for the production of acetic acid and acetic
anhydride. The geographic linkages between acet-
aldehyde and its derivatives are strong; and it is
traditional for companies producing ncetaldehyde
to use the acetaidehyde in the same plant for fur-
ther processing into other chemicals, primarily
acetic anhydride and acetic acid. It is therefore
our judgment that the Gulf Coast and AWR regions
will produce the acetaldehyde they require and to-
gether export anly a very small fraction of the
acetaldehyde required Ly other regions, advantages
of scale notwithstanding. New exports of ncetal-
dehyde from the Gulf Coast and AWR regions are
thus projected to be negligible.

¥nce, we expect acetaldehyde productiocn in the
Gulf Zoast and AWR regions to expand by 665 and
447 million annual pounds, respectively. The AWR
expansion world entail an increese in ecployme. t
of 227 laborers for operaticns and maintcnance
work, if six new plants (three ethanol-acetalde-
hyde plants and three acetylene-ncetaldehyde
plants) were erzcted, each laving an annunl capac-
ity of opproximately 75 million pounas.

Ethy! Alcehod:1B 1t js estimated that ethyl al-
cohol production will expand by at least 4,000
million peunds from 1950 to 1975. Of this, at
lenst 60% will be based on ethylens and will con-
sume raw materials from primarily natural ga
arens. :

We judge that the ethyl alcohol required for
the expansion in acetaldehyde production in the
Gulf Coast and AWR regions will be produced by
these regions. On this account alone, the in-
crease in the production of ethyl nleohol in the
Gulf Coast and AWA regions would be 316 and 245
million annual pounds, respectively,

The data in the ethy) alcohol row of Table 15
do not depict the presence of any clearcut water
transport advantage for either market or natural
gas sites. They indicate transport advantage of

116Dy yimitor calculations, we expect the Gulf Const expansien
in acetic acid production ta be 864 million annusl ponds by 1975,

171n Table 15 the ayrbols in the firar colum of the rows for
acetaldehyde from ethane (via etiylene-ethancl) and for acetalde-
hyde fron ethanol indicate that under canditions of low Eax trana-
minsion rates the first process is more faversble than the second
{100 the standpoint of minieum trensport costs. But under condi.
tima of high gas transsission rates, the secead process is in a
more favorsble transport aituation than the first to supply the
vequirements of interior rarkets for acetaldehyde produced from
AW zow meterials. The most fuvorable Jocation far production is
indicated ax usual by the type of symbal which characterizes each
care.

For useful infornation on the production of acetaldekyde from
acatylens see H.1.0.5., Firsl Seorta, No. 15, item No. 29 and
No. 370, item No. 22.

1641 ruterial and stilities balances, chesical ressrions
and other technical data o the proquction of ethylens-baned othyl
alcohol wre presented in Fasth, Keyen, and Clark, op.cits: pp.
306-332.

19 seuming ene half of total acetaldehyde is produred via
cthanol.
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market sites under conditions of rajl shipment,
Censidering these relations, the economics of
scale attaiuable at natural gas sites, and other
factors, we dudge that at least 25% of the na-
tion's increase in requirements for ethylene based
ethyl alcohol (exciuding requirements for acetal-
detiyde production in the Gulf Coast and AWR re-
gions) will be furnished by the Gulf Coast and
AWR regions. Applicotion of our standard percent-
ages and the appropriate addition of the Gulf
Coast's and AWR's acetaldehyde requirements for
ethyl aleohol yield figures of 58T oand 434 millien
annual pounds. These are our estimates of the
Gulf Coast and AWR shares of the expansion in an-
nual ethyl alcohol production, 1950-75. If three
new plants, each with ap arnual capncity of 140-
145 rillion pounds, were erected in the AWR re-
ilon, appreximately 133 laborers would be required
for operations and raintenance work under cond.-
tions of centinuous operations.

Formaldehyde (370):3% Major uses of formaldehyde
are in the production of phenolic resins and plastics,
and urea resins and plastics.  Thesc together with
other uses are expected to raise requirerents for
37% formaldehyde by 2,648 million annual pounds, from
1950 to 1975. B
It is clear from the data in the formaldehyde
rows in Table 15 that market sites have definite
transport advantages under conditions of both rail
and water shipment. Iurther, economies of scale
are rather small in the production of this chemi-
cal. We therefore judge that a minirum of 15% of
the national expansion in formaldehyde production
wiil occur in the Gulf Coast and AWR regions.  Ap-
plying our standard percentapges yields 234 and 163
miilion pounds as estimares of the required new
annuol capacity for 372 formaldehyde in the Gulf
Coast and AWR regions respectively. The corres-
pomding increase in employnent in the AWR region
for operations and maintenance work snould be ap-
proximately 33 laborers, if we assume one new
plant of 160-165 million pounds annual capacity,

Hethanol: ' Tue chief current uses and expected
future uses fer methanol are in the production of
formaldehyde and antifreeze.

We expect the methanol requirements for in-
creases in fornoldehyde output in both the Gulf
Coast and AWR regions to be f:Toduced in these re-
aions. Further, in view of (1) the lack of any
elearcut transport eost differentials under condj-
tions of water shipment, (3) the transport advan-
tage of market points under conditions of rail
shipment, and (3) the relatively small economies

_—

1201 Talle 15 (he aystols in the firat colum of the rovs for
{arcaldetyde fean nataral gas snd formaldelyde from methonol tuds.
cate that under conditions nf low gas trausmissian rates the {irse
Process iy in a oore favorable water tranaport situalion thn the
second to supnly tie Tequitesents of cuastel variets for foesal.
debiyde preduced from Galf Coast e materials.  Hovever, for serve
ing el narkets under condiviens of ligh gas transmivaion reten,
and Jur serving interior carkets (using AV rew materis
conditians Jf Jou Crancmisnion raten. Tha ver g Froessa qs more
favorable than the firnt, [rem o minizum water tranaport coar
standpoint. fn all casrs the mosl favorable focation is at the
sarket.,

Uscid rafereaces i forraldebyde production are: B.1.0.5..
finaf Feport. No. 978, iter: No. 22; and HLN. lader, ND. Ballace,
and KW, Mekineey, '}unmlueh)nr Trom Mretbanol, ® Irdustrief and
Zogireering Chenmistry, Vol. 13, June 1952, jp. 1503-1516.

21 Fae suprrting oaterials ser Vulcen Engineering Divinina
The Vulcan Copper and Supply Co.. Methanol, ® fefrolonn fal rer,
Vol. 32, septesier 1953, jp. [91.163.
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of scale, we judge that a minimum of 25% of the
€Xpansion in requirements for methanol for various
uses {excluding requirements for formaldehyde pro-
duction in the Gulf Coast and AWR regions) will
be furnisbed by producers in the Gulf Coast and
AWR regions.

Frou 1950 to 1975 the expansion in requirements
of methanol for all uses is expected to be 1,968
million znnual pounds. Qur estimate of expansion
in_requirements of methano) for increases in form-
ehyde production in the Gulf Coust ang AWR
regions is 175 million annyal pounds. Tuerefore,
we obtain, after applying our standard percent-
ages, and after appropriately adding requirements
for new Gulf Coast and AWR formaldehyde produc-
tion, expansions in production of wethyl alcotol
in the Gulf Coast and the AWR regions of 367 ang
256 million annual pounds, respectively. The AWR
an increase in employment
of 65 laborers for operations and saintenance work
in a methonel plant of approximately 256 million
pounds annual capacity.

FPhthalic Anhydride: Currently, phthalic anhydride
i3 produced primarily fraon naphthalene, 2 coal
chemical. In the future it is expectsd to be pro-
duced inereasingly from ortho-xylene, a petroleum
derivative. As already indicated, we o not an-
ticipate much expansion of petroleum refining in
the AWR region. Further, under usual eircum-
Stances only relatively small Quantities of ortho-
xylene are derived {rom a barrel of crude oil. As
@ consequence, large refinery operations are gen-
erally required to yield modest amounts of ertho-
xylene. Hence it is ocur belief that there is ne
firm basis for projecting any significant expan-
sion of phthalic anhydride in the AWR region.

Polyvinyl Acctate and Polyvinyi Chioride:122 g
is difficuit at the present time to predict which
of the two polyvinyl products, polyviny) acetate
and polyvinyl chloride, will dominate the future
production of -inyl plastics. For this reason
treatrent of the two as a single agpregate is de-
sirahle. The President's Materinis Palicy Comais-
sion anticipates that from 1950 to 1975 the ex-
pansion in the production of these vinyl plastics
ray be as much as 1,615 million annunf pounds.

Examination of the data in the rows correspond-
ing tae polyvinyl zcctate in Table 15 and pelyvinyl
chloride in Table 16 indicates: (1} significant
transport cost differeatials in faver of natural
gas sites under conditions of water shipment, ex-
cept in the case of polyvinyl chloride produced
from ethane via ethylene dichilaride; (2) transgert
cost differentials in favor of market sites under
conditions of water shipment; and (3) marked econ-
omies of scale. Should polyvinyl chloride be pro-
duced in large quantities in the future, the chlo-
rine or HC] differentin} due to power will prob-
ably favor the Uhio Valley at the expense of the
AWR region. At the same time the AWR and the
Gulf Coast will have a chlorine advantage relative
te a number of other regions.

22For grueral tectuical inforration and process descriptions
telating to the production af the vacious polyvingls, sen Colsin
- Schildineeht, Viryl acd delated Folymers. New York, 1057, Pol-
yeeritation of vinyl chluride is deacribed in S.G. Bankof[ ud
ILN, Shreve, "Vinyl Chloride Polymerization Procedure. frdestrmt
god Egircecirg Chemiatey. Val, A5, February 1953, pp. 270,276,
Vield figures ard utilities requirerenta for the production of
polyvinyl chlorive fros vanyl chinride are ziven n R.7.0.5.,Firal
Reporta. Na. 101, iten No. 22, and No. 499, jirm No, 2D,
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Considering atl factors we Judge that at least
657 of the incicase in production of these poly-
vinyl products will be accounted for by new plants
an the Gulf Coast and AWR regions. Applying our
standard percentages and allowing for a kreater
deviation of production to the Ohio Valley from
the AWR region than from the Gulf Coast area,123
we estimate an increuse in praduction of poly-
vinyls of 784 and 269 million annus) pounds for
the Gulf Coast and AWR regions respectively. The
operation and maintenance in the AWR of two new
polyvinyl chloride plants and two new polyvinyl
acetate plants, each of 65-70 million pounds an-
nual capacity, would require approximately 177 i1a-
borers.

Vinyl Acetate and Vinyl Chioride:'% Sipce it is
infeasible to identify separately the future magni-
tudes of the production of polyvinyl acetate ana
polyvinyl chleride, it is likewise infeasible to
identify separately the future » nitudes of the
production of vinyl acetate and vinyl chloride,
which are the respective intermesdiates. Analysis
must proceed in terms of the aggregate of these
two products.

Both the rows on viayl acetate in Table 15 and
on vinyl chloride in Table 16 indicate marked
economies of scale. However, when we consider
transport cost diffecentials under conditions of
water shipment, vinyl chloride definitely favors
market locations whercos vinyl acetate definitely
fovors natural gas sites. These two seemingly
different sets of location forces do not result,
however, in conflicting lecation pattarns.

It has already been. indicated that 65% of the
new capacity of polyviryl chloride and polyvinyl
acetate will be at natural gos sites. Since the
geographic pattern of production of polyvinyl
chloride and of polyvinyl acetate is the geogra-~
phic pattern of markets for vinyl chloride and
viny! acetate, we have a situation where both mar-
kets and raw material sites largely coincide, and
coincide at the natural gas sites an the AWK ang
Gulf Coast regions. Bearing in mind. that as much
as 15% of the expansion in vinyl chloride and vinyl
acetate may flow into synthetic fibers, and weighing
the major econemies of scale and other considera~
tions, we judge that at lecst 75% of the national
expansion in viay} chloride and vinyl icetate produc-
tion will occur in the Gulf Coast and AWR regions,
Application of our standard percentages, qualified
as in the cose of the polyvinyls by consideration
of the Ohio Valley's greater pull away from the
AWR than from the Gulf Coast, vields estimated ex-
pansions of vinyl chloride and vinyl acetate pro-
duction in the Gulf Coast and AWA of 1,038 and 506
million annual pounds, respectively. In the AWR,
173 additional laborers would be required for op-
erations and maintenance work, if we assupe the
censtruction of 2 new plants to produre vinyl chlo-
ride from ethyiene dichlaride, 2 new plants to
produce viuyl chloride frem acetllecnc, and 4 new
plants to produce vinyl acetate, 125

123Mufer to the above discussion of serylenitrile and ctiylene
eride.

10E, Schildhecht, op.cir. PP. 323.328 discussea physical
32d chezical preperties of vinyl acetate and deacribes the predse.
five yrnceas. Alyo, see P.¥. Sterwood, *Aliphutic iilding Biosks
for Petrochemical Texciles; the Monomers, * Fetrolean Procers iry.
Vol. 7, Dec. 1939, pp. 1800.18}0,

T23bach plant is assumed 10 hove on snnus) capacity af A0.65
eillion pounds.
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Urea:16 Ureg i o petrochemical which finds its
chief uses in the production of fertilizers and
plastics, By 1975 we estimate that the require-
ments of ures will have risen to at least 760 mil-
licn zunual pounds, an increase of 500 million
over 1950,

The data in the urea row of Table 15 do not
show any definite transport advantage, either for
narket sites or natural gas sites, under condj-
tions of water transport. There are transport agd-
vantages for market sites under conditions of raj}
shipment. And there are modest economies of scale
in the productien of urea. In the light of these
and other consi derations, and of the linkage of
armonia and urea plants, it is our belief that at
least 20% of the national expansion in urea pro-
duction will take nlace in the Gulf Coust ana AWR
Tegions. Applying our standard percentages, we
estimate increamses in urea capacity of 59 and 31
million annual pounds in the Gulf Coast ang AWR
regions respectively. The AWR increase, if it
were confined to a single plant, would require tie
employment of 33 labarers for operations and main-
tenance work.

Polycthylene: Another petrochemical whose produc-
tion is expected to expand very rapidly, espe-
cially for use in plastics, is polyethylenc. Row
40 of Table 15 presents the relevant data for an
evaluation of the Jocation forces affecting future
polyethylene plants. Again the situaticn is
rather precise. When bulk water shipment of the
finished product is feasible the natural gas areas
possess a transport advantage. Since these areas
tend to enjoy significant economies of scale, we
are led to the conzlusion that they are likely to
attract a sizeable fraction of new polyethylene
productior. This cenclusion is to be qualified by
the transport advantages which market sites would
possess if poiyethylene were shipped by rail.
Considering all factors we judge that 60% of the
estimated nev national expansion in polyethylene
production {950 million annual pounds from 1950 to
1975) will fall in che Gulf Coast and AWR re-
gions. Applying our standard percentages we ob-
tain 35.3% and 24.7% of the national expansion as
the shares of the Gulf Coast and AWR regions, re-
spectively. These percentages correspond to ex-
pansions of 338 and 232 million annual pounds in
polyethylene production in the Gulf Coast and AWR
regions, respectively, On the assumption that the
increase in polyethylene output in the AWR will
be produced in two plants of 110-120 million
pounds annual capacity esch, we estimate that the
operations and maintenance staffs will consist of
a total of 115 laborers,

Polystyrene: 7 Polystyrene finds its chief use
in the production of plastics. By 1975 it is es-
timated that the annual production of polystyrene
will attain a level of 1,365 million pounds, an
increase of 1,104 million pounds over 1950.

The data of the polvstyrene row of Table 15 de-
pict a clearcut case of raw material orientation.

125F0r supplementary raterials an sres see %.F. Bland, "Nes
Ures Synchesia Process.® Petroleum Processirs. Vol, *. (xictor
1952, ppo META0; and A, Douarticr, flrea: A Pricess Sorvep®
Cremical Ergireering. Vol. 53, \areh 1031. gp. 111e)13.

2T Retevant process descriptions and preduct utilizetion pat-
i . ¥ - 4
terns are discussed in NN.T. Samaras snd B Drrry, “Cormerernt

Production of Polystyrene,® Jeurnat of Applied Cheriatey, Vol 1.
Juns 1951, pp. 243-2¢8,



Both from a water and a rail transport standpoint
it is desirable to locate polystyrene production
at the source of the feedstock, styrene. The data
on economies of scele point in the same direction,
These forces pulling location to the source of raw
material are even further strengthened when we
consider the geogrephic integration of polystyrene
and styrene plants based on the ultimute raw matee
rials of ethane and benzene. In this connection
more will be said in the following sections on
ethylbenzene and styrene.

We therefore conclude that at least B0% of the
expansion in polystyrene capacity will be located
at sources of styrene. Hence, before we can esti-
mate expansion of polystyrene production in the
Gulf Coast and AWR regicns, we must estimate the
expansion of styrene facilities.

GR-5 Rubber: 12! (R-S {synthetic) rubber exhibits
a pattern of location forces similar to that
characterizing polystyrene: general transport ad-
vantage of raw materiul sites both in rail and
water shipment, and modest economies of scale. Wa
therefore estimate that at least 70% of the ox-
pension in GR-S yubber facilities will be Reo-
fraphically associated with the sources of the raw
materials, butadiene and styrene, and especianlly
with sites where both raw materials are available.
Therefore, we cannot allocate to the Guif Coast
and AWR regions any of the expected expansion of
2,680 million annual pounds in GR-S rubber produc-
tion (1950-1975) until we treat in the following
sections the factors affecting the geographic pat-
tern of expansion in both butadiene and styrene
production,

Styrene: Styrene currently has and is expected to
have in the future two major uses: (1) for the
production of polystyrene; and (2) for the produc-
tion of synthetic rubber. By 1975 it is estimated
that the annual production of styrene will have
increased to a figure of 2,635 million pounds, an
increase of 2,096 million pounds over 1950.

Like polystyrene, styrene is based upon one
chief raw material. In the case of styrene, it is
ethylbenzene. And again like polystyrene, both
rail and water transport cost differentials and
econonies of scale definitely favor focation of
styrene facilities at the sources of ethylbenzene.
We thercfore judge that 80% of the new capacity
for styrene production will be regionally juxta-
pased to ethylbenzene production facilities.
Hence, we must estimate new ethylbenzene capacity
in the Gulf Cosst and AWR regions before we can
estimate new styrene capacity.

Ethyibenzene: % Frhylbenzene, like GR-S rubber,
is produced from two basic raw materials. Unlike
GR-S rubber preduction, ethylbenzene production
does not show nearly us strong a tendency to lo-
cate at the source of the raw materials. Feono-
mies of seale are marked, but the water cost
transport differentials in favor of raw material
sites are more modest.

122 Exvensive informtion on GRS rubber in contwined in lnited
States Hubber Producing Facilities Disporal Corwris. “Gorern~
ment-Ouwned Synthetic Bubber Facility, Plancor T0F Le, ® Charies,
La.” repert M -1, ¥ashington, D. C.. 19%3..

1295 intereating descriptire materinls, ses Anon.. “How
Koppers Mahes Ethyllentene, Petroioun Processing, Vol. 8, July
1953, pp. 1048-1949.
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One of the raw materials in ethylbenzene pro-
duction is ethane, of which all natural R4S sites
gualify as a source. The other js benzene, which
is primarily a pstroleum and coal derivative. By
weight, approximately twice as much benzene as
ethane is required per unit of ethylene benzene
autput,

We have already indicated that we do not expect
the AWR region to be a major source of new sup-
plies of petroleun derivatives such as benzene,
Further, we have no strong reason for expecting
any large independent market for eth(rlbenzene to
be establislied in the AWR region. 130 Hence, ba-
cause of a lack of market and probably of new sup-
plies of the more important raw material, we have
no firm basis for expecting much expansion of
ethylbenzene facilities in the AWR region. One
might be inclined to expect perhaps as much as
7 1/2% of national expansion to take place in the
AWR region. However, considering the data on
economies of scale, and the fact that the impor~
tance of economies of scale increases as polysty-
rene and GR-S facilities agglomerate around sty-
renc facilities, and styre.e facilities in turn
around ethyl benzene facilities, we hesitate to
Project any expansion of the ethylbenzeng~
styrene—~GR-S rubber—-polystyrene compiex in the
AWR region, either as a whole, or in parts. This
is not to deny that such expansion may take place.
Non-economic motives of certain businessmen, or
other economic considerations which affect the lo-
cation of non-petrochemieal operations such as
plaatic and rubber goods manufacture may establish
in the AWR region a major independent market, for
polystyrene and GG-S rubber. To treat the impact
of such factors as these, however, is beyend the
scope of this report.

Phenol: ™! Phenol, like phthalic anhydride, is a
product whose feedstock is a petroleun or coal de-
rivative; in the case of phencl, the major feed-
stock is benzene. Again, since we do not expect
much expansion of petroleum refining operations in
the AWR region, we lack a firm basis for antici-
pating expansion in the production of pheno! in
this region.

Ethylene Dichloride: One of the major users of
ethylene dichioride is vinyl chloride. Tt is to
be expeated that the requirements of ethylene di-
chloride for future expansion of vinyl chloride
production in the AWR region will be furnished
by the AWR region. This is a consequence of the
coincidence in this situation of both market sites
and raw material sites for ethylene dichloride
production. On this account we expect ANR ethyl-
ene dichioride capaci:Y to expand by 1975 by 132
million annual pounds, 13?

It is also to be anticipated that the AWR re-
gion will nat export any large quentities of eth-
ylene dichioride for use in new vinyl chloride fa-
cilities outside the Gulf Coast and the AWR re-

Tstyrene, Sor cxasple. in tiel 1o ethylbensene. tather than
ethylbentene to atyreze.

I B levant raterisla mnd date appest 1n 5.7.0.5. . finet Re-
port, No. 507, item Nos. 22, 30; and F. W. Sherwood, “Synthatic
Pleno! Menufacture,” Petrotoim Processing, Vol. B. Seprenber 1153,
. 13481354,

132 pA3guming that Lalf of the future expension in polvviny s
will be polyriny! chlcride and that half of the polywiny! ckleride
production will be baned o cthylene dichleride.
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gions. These vinyl chloride facilities are likely
to be of large scale. Their requirements of ethe.
ylene dichloride will probubly be of such a magni-
tude that ethylene dichloride fucilities spatially
Juxtaposed would be of g large enough size to reap
most of the economies of scale. Further, the data
in the ethylene dichloride row of Table 16 indi-
cate bath water and rail transpert cost differen-
tials in favor of market sites.

The President’s Materials Policy Commission has
estimated that by 1973 the requirements of ethyl-
ene dichloride for uses other than in vinyl chlo-
ride production will have increased by 560 mi}lion
annual pounds. The data in the ethylene dichlo-
ride row of Table 16 indicate that the advantages
of natural gas sites for serving markets outside
the Gulf Coast and AWR regions are: (1) scale
advantage from larger plants; and {2) power cost
advantage, particularly in the production of chlo-
rine, when these natural Bas sites enjoy a fuel
adventage as they probably will continue to do,
except with respect to the Ohio Valley and the Pa-
cific Northwest. Considering also the magni tude
of the market for ethylene dichloride in the Gulf
Coast and AWR regions, we estimate that 30% of
the expansion of ethylene dickioride for uses
other than in vinyl chloride will take place in
these regions. Since the production of the di-
verse products into which ethylene dichloride
flows, especially of anti-knock gasoline addi-
tives, is likely to be concentrated in the Gulf
Coast region, we anticipate that 7 1/2% of the ex-
panded requirements for non-vinyl chloride uses
will be met by the AVWR region. This yields an
increase of 42 million annual pounds of capacity
in the AWR region.

Altogether we expect an expansion of 174 mil-
lion annual pounds of ethylene dichloride produc-
tien in the AWR region by 1975.133 4 total labor
force of 39 men should be required to operate and
maintain two cthylene dichloride plants, each of
85-90 million pounds annual capacity.

Ethyl Chloride:'3* The chief use by far for ethyl
chloride is in the mnufacture of tetraethyllead.
A secondery use is in the manufacture of ethyl
cellulose; and there are various other end uses.
By 1975 it is estimated that the annual require-
ments for ethyl chloride will reach 1,250 million
pounds, an increase of 900 million pounds over
1950.

It is likely that there will be a arked con-
centration of tetraethyllend plants in the Gulf
Coast area and to u lesser extent in other arcas
in which petroleum refining is expanding. Since
the ethyl chloride rows of Table 16 record marked
water and rail transport cest differentials in
favor of market sites, and since the Gulf Coast
possesses natural gas as well and any other pri-
mary advantage which the AWR region might pos-
sess, we find no firm basis for projecting any ma-
Jjor expansion in ethyl chloride production in the
AWR region,

3310 cimiler zanner, we entimmte that the Golf Const expan-
sion in ethylene dichloride production will be 406 £illien shaeel
H s by 107Z,

1344 useful yefrrence in R. F. Varren, "Eihyl Chloride.® Chene
dcaf Enginvering. Vol. S8, Moy 1951, pp. 315-120,
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Hethyt Chloride: 138 Methyl chloride is a rela-
tively small tonnoge petrochemical with diverse
end uses. Fn 1951 annual production was 38 mil-
lion pounds. By 1975 it may rise to as much as
120 millien pounds.

The last three rows of Table 16 indicats sube
stantial water and rajl Transport cost differen-
tials 1n favor of market sites. Since the produc-
tion of this petrochemical will not be of suffi-
cient volume to Justify water shipment, the rail
transpert cost differentials are the relevant
ones. Larze cconomics of scale are also indicated.

No ciearcut tuture location pattern of new
methyl chloride facilities is suggested.  Consid-
ering general chlerine advantages and the relative
seattering of national markets, we expect that 10%
of the expansicn in methyl chloride capacity will
be in the AWR region. '3 This corresponds to an
increase in annual capacity of 8.2 million pounds
and to en employment of 16 additional laborers for
operations and maintenance work, on the assumption
that all production is from one plane.

Ethylene and Acetylene: 13T  Ag indicated above,
ethylene and acetylene are non-transportables from
&r economic standpoint. They must in general be
produced in the region in whirh they are to be
consumed. Only insignificant amounts can be ex-
pected to be exparted from one region to another.

Hence, to estimate the expansion of ethylene
and acetylene facilities in the AWR region, we
need: (1) to calculate the requirements of ethyl-
ene and of acetylene to permit the expansion of
production expected in the AWR region for every
petrochemical product listed above; and (2) ‘to
total for cach these several requirements.

Une complication arises, Acetylene and ethyl-
ene are aubstitute feedstocks for many of the pet-
rochemicals. It is impossible at the moment to
predict which will he the economically superior
feedstock. Our procedure has been to assume that
each will serve as feedstock for equal amounts of
any petrochemical product which may feasibly be
processed from each. The reader may wish to adopt
another procedure, and if se can casily alter the
totel requirements which we obtain for each.

We estimate for the AWR region annual in-
creases in ethylene requirements by 1975 by type
of petrochemical as follows:

1357he aymbola in the first colum of the rovs for wothyl

chioride from metkanol wnd smthyl vhloride frot natural ges (vie
enthenol) indicete that wnder conditi of lov gax inni -
rates the second proceas ia in o more faverablr water tramsport
situstion than the firat for aupplying the metiy) chloride fe-
quiresents of coastal wathets. Howsver, for producing the re

i of a1 parkets under conditions of “.igh Fra transpis-
and the requirements of interior warkets under condi-
tims of low gus tremeisaion razex, the first process is in s
sore favcrable water trazsport situstion than the second. In sll
cases the most favorsble lotaffan is at the mrrket.
0% of the expected
+ (16.4 zillian

1364 commerrative eatirate would allocace
netional expansion in oethyl chloride facili
annual pounds) to the Gulf Coast region.

137 For & series of articies vhich preserc o ganeral techrical
dincasion of comercial ethylere producticn processes see Peser
¥. Sherwood. "Production cf Ethylese from Petroleus Sources, "
Prtrofeum Xefuner, Vol. 30, Septecher 1951, wp, 220.223; Vel. 30,
Novecher 1951. pp. 157-160: ard Vol. 31. Janaary 1952, tm. 126-
130. Pertinent drts and diacussim relative to scetylene produc-
tion snd potentisl use are presented in Meerer, op.cit.. sn
Aries and Criner, op.cit.




Increase in aAwg Increase in AWR
ahnval praduction, annual requirenents
155675, by type of ethylene by type
petrochenical petrochenical
Ethylene oxide... 350 M4 Ibs 380 M tbs
Ethy! atcohol. K34 M4 Tbs 265 M4 1bs
Polyathylene. 232 M4 |bs 294 Mt ik
Ethylene dichlo~
Fide. . iieiienns 174 44 1bs 52 M ks
Tataliavaen .. 901 M4 ibs

The total estimated incresse in annual ethylene
requirements for 1975 over 1950 amounts to approx-
imately 901 million pounds. This would entail an
increase in employment of 257 laborers for opera-
tions and maintenance work, if one assumes the
erection of five new ethylene plunts, each of ap-
proximately 180 million pounds aunual capacity.

e estimate for the AWR incredses in annual
acetylene requirements (1975 over 1950) by type of
petrochemical as follows:

Increass in AWR Increase in AWR
annzel production, anual reqiresents
1850-75, by typo of acetylene by type
peircchenical petrochenical
Arylonitrile.... 225 W0 1ba 83 M4 1bs
Yinyt chloride.., 126 MM 1bs 5% MM Ths
Yiny! acetate..,, 253 MM 1by 81 M4 ks
Acataldehyde.., .. 223 M4 1bs 140 MM tos
R L 258 MK 1bs

The total estimated increase in annual require-
ments of acetylene by 1975 amounts to 358 million
pounds. The corresponding estimated increase in
erployment is 132 laborers for operations and main-
tenance work, when one assumes that the total re-
quired acetylene will be produced in 2 plants,
each with an annual capacity of approximately 180
million pounds,1®

14. Conclusions

Teble 17 sums up bv type petrochemical product
the expected expansions in capacities and asso-
ciated increases in employment in the AWR region,
approximately for the period 1950-75, The averall
increase in emplayment in operations and mainte-

138 For the Gull Const e entimete’ that 1,413 illion smuni
pounds ot ethylene will le required to suppart the exjected ex
pensions in ethylene uxide, ethyl sleshol, polyethylene, and
cthylene dichloride production. He also estimate that €97 mil-
HHon anrual pounds of acetylene will be remired to support the
expected expansions in acrylonitrile, vinyl chloride, vinyl ace-
tote and acetaldehyde pruduction. The reader is reminded that
these figures do not indicate the full extent uf expansion in
echylene and acetylene production which zay le expected for the
Gl f Comst. Increases in production of ethylenc- and s
coRsuming petrochemicels cther than those tentioned abave
toke pluce in the Gulf Coant regiun and will require sdditional
cthylene and scetylene feedstock.
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nance work is estimated at 2,210 Jaborers.!3® ¥or
obvious reasons the overnll total figure is in
general more firm than the employmen: figures
listed by type petrochemical prdducr..\ Tt is likely
that with respect to a few petrochemical products
the data and our analysis are qualitatively pbor
and misleading. It is much less likely timt this
in the case for the petrochemicals taken ag a
whole, 14

139This does net take into accaunt the decrease in ezplayment
to le expected in the AFR region in carbon black productioa.

L i3 of interest Lo note thet thia report illustrates a
fruirful use of the sshstitution framework in location snalysis.
Exsentially there are two basic substitution points which govern
the location pattern of non-chlorinated petrochemicals. (An ad-
diticnal subsatitulion point is involved for chlvrineted petro-
charicals.) The first is the substitution paint letween trans
port {dietsnce) inputs on raw caterisl and fuel £an and transport
{distance) inputs on finished product. The second ix the agbati-
tution point letween transport outlsys srd production cutleys
where differences in production outleys wre privarily the result
of econvmics of acale. It will be demonstrated in forthcoming
cafiusctipt thal ihenc twe substitution pointa are iikewise ol
pricary significance for enalyais of lacatice patterns of the oil
refining industey and of industrinl complenes oriented to oil end
natural gus as rav caterial sources.

For a disciasion of the sulatitution framesork 1n location
anslynis, see . lzard, Thatance Inputs and the Space-Feanomy,
the Quarterly Journal of Econamica, Val. S, May snd Aupust,
1851, pp. 181-193; 1373-399,

n& foture expansions in the ABN region of
icals. we kave obtained us by-prolucts estimstes
of futare expansions in the Gall Cosst region of & muzler of pet
rochenicals. These are talulated belov togrtber wich correspond-
irg incrrases in labor force for operatims and mmintenance wark.
The increase in lsbor force associated with the cxpanaion af any
given petvachesical product 3s Lased on the same nite plants as
were postulated for the AWR region.

Fartial Eetimates of Copacity Zxparsion snd New Evploysent in
tha Quii Coaxt Region, by Type Potrochemical

Capacity expansion Tnczeare in

Product (milliens of lbs.) | production warkers

. 267 7

. (23] 524

- 423 07

. 58 28

. 556 371

1,020 248

. 324 l08

. BS4 138

Acetaldehyde. ... . 665 338
Ethyl atcohol 587 180
Formaldehyde (37%) 234 4

Mcthenol.......
Phthelic anhydride,
Palyviny! scetate...

7
Mot estimated

Palyvinyl chloride 784 514

Vinyl acetate..

Vanyl chioride. 1038 355
e 59 a7

Yolyethylene... 338 %8

Folyatysene
{#-5 rulber.

Not estirated

|

Ethylene dichloride 405 a1

Ethyl chjoride. Not estimated

Methyl chlor . 16 32

Fthylene tincomplete ree B

quirements) 1413 403

Acetylese . £97 257
Tota. FEETe 10,797 4,134

The reader is cautioned sfainst anunqualificd use of the sbave
table. This table contains only a pertial atatement of future

petrochemical expension in the Guif Cosst region. Al petrochemi-
calu based on propylene, butylene, arawatic feodstocks. and crude
ol are mnt included. Further, the sthylens tequired jotntly with
€ertain arometics as fecdstock is rot recorded. Finally, bec
«f the procedures followed in the teport, these Guif Cosst eati-
mates are not farm minieum estimates, as are those for the AWR.
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Table 17.~FIRH HINIOM ESTIKATES OF CAPACHTY EXPANSION AND NEW
EHOLOTHENT IN THE AR REGIOW, BY TYPE PETROCHEMICAL

Capecity expension increase In

Froduct (aillios of Ibs) | praduction workers

Ethylene glycol.au,eus... L] [

kerylanitrite,, 251 w05

Hydrogen cyeaid: 166 N2

Ethanolamines.. 33 16

358 218

510 12

226 75

579 ]

w7 27

34 133

163 3

25 65

0 a

Polyviryl chiorige, 8 "
Vinyl acetate.., p

Vinyl chloride.... 50 3

4! 33

232 Hs

[ 0

0 o

L] 0

0 o

e L]

(e 33

0 ]

8 16

901 25

Acetylene.... 358 122

Total.l, 6,049 2,210

In general our analysis suggests the following
statements on the future geographic pattern of
petrochemical expansion in the United States.

(1) Production will tend to be associated with
large-scale plants.

(2) Large-tonnage petrochemicals will tend to
be shipped by water from production sites to major
distribution points (when the production sites and
distribution points de not coincide).

(3) The major portion of expansion in natural
gas-based petrochemicals will take place in natural
gas aress. .

(4) Some expansion in natural gas-based petro-
chemicals, especially in complexes of related
petrockemicals, will occur at or near major metro-
politan market areas ond gateway points. This is
poartly the result of the development of long-dis-
tance pipeline transmission of natural gas. Also,
beceuse of its power cost adventsge in chlorinated
chemicals production the Ohio Valley particularly
qualifies 8s a desirable rarket-gateway point lo-
cation.

{5) The future pattern of natural gas-based
petrochemical expansions is therefors likely to be
somewhat less concentrated in the natural gas pro-
ducing arsas than is current copacity.

45

(6). Expansiorz in petrockemicals based on pro-
pylene, butylene, and aromatic and naphthenic
feedstocks are likely to continue to be closely
linked to refinery locations.

(7) Major expansions in the production of these
petrochemicais are likely to occur in the Gulf
Coast area where current oi} refinery capacity is
concentrated and where major expansion in refinery
facilities is to be expected in the future. How-
ever, whether or not the geographic pattern of ex-
pansions of these petrochemicals will be less can-
centrated thon is current capacity will depend
Leavily wpon the future geographic pattern of re-
finery expansions.l4!

It is probably unnecessary to remind the reader
that these statements as well as the firm minimua
projections of new employment in petrochemicals in
the AWR region are based on a number of specific
assumptions, Also, we lave generally postulated
that, except for changes noted, the technalogical
structure of today remains in force during the
next quarter century, that the major raw material
sources remain unchanged, and that consumption
habits of 1975 will be substantially those of to-
day, after allowance for major increases in per
capita real income.

We fully realize the tenuous character and un-
reality of our varioue sscumptions. One thing iz
certain. Major changes will take place. Yet not
knowing what the shape and form of these changes
may be, one must select the best set of as sump-
tions he can, however anemic they may be, in order
to reach as objective an analysis as possible for
policy purposes today. T

Decisions are constantly being made by the pet-
rochemicals industry and by a number of related
industries on plant expansions, their scales and
locations, on integration of units, on new prod-
ucts to be developed, or rarket aress to be tapped,
on raw material sources to be utilized, and on
numerous other questions. Decisions are con-
stantly being made by various governmental n-thor-
ities-on irrigation projects, on the construction
of power systems, on flood control and water sup-
ply, on the construction of highvays and other
transportation facilities, on the development of
community centers, educational systems and on a
host of other urban and rural focilities. To make
wise decisions, to make decisions which will re-
sult in the most effective use of our diverse na-
tional, regional, and urban resources, information
on the future geographic distribution of popula-
tion and industry is essential. tlence, whatever
light con be cast on the future geographic pattern
of a basic industry and on the future industrial
base of a region and its associated erployment and
population, howsver dim this light may be, is bet-
ter than none at all. It is in this connection
that we hope our study is useful.- -

12 atudy of the future geogrephic pattern of refinery ex-
peanion. which is cutside the scope of this report, is carrently
being undertaken at the Urban wnd Regional Studies Section, M.L T
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Tables on Input Requirenients

INDEX

Acrylonitrile from Natural Gas (via Acetylene Polyvinyl Acetate from Ethane and Natural Gas
e 3

and HC\) A-3 (vin Ethylene—Ethanol-—Acetic Acid; and
Aerylonitrile from Ethane and Natural Acetylene)......,....... ceveanne. A-B
(via Acetylene and HCN)....... i, A-3 Polyvinyl Acetate from Ethan ia Ethylene—
Acrytonitrile from Ethane and Natural Gas Ethanol--Acetic Acid; and Acetylene})...... A-B
{via Ethylene Oxide, Oxidation Process; Polyvinyl Acetate from Ethanol and Naotural
and HCN).,. ... e enenaieaaaa, e ee. A-3 Gas (via Acetaldehyde—~Acetic Acid; and
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and 1ICN).., . . LR P . (via Acetaldehyde—Acetic Acid; and &
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Ammonium Nitrate from Natwral Gas. . A-16
Ammonium Nitrate from Ammonia (via Nitric
Acid)..oviiiiiiiiiiiiiiial, . ceees A6
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APPENDIX A {PETROCHEMICAL INDUSTHY)

PRODUCTILA OF ACRYLONITRILE FROM KATURAL GAS
(V1A KCETYLENE a%d HEK)

A3

PRODUCTION OF ACRYLONITRILE FROM ETHANE AND NATURAL €AS

Requirements per hundred
pounds of output

(VIA_ETHYLENE OXIDE, CHLORMYORIK PROCESS: AND HCH

Selecter inputs:

Kateral gas..o.cenivanvinnans 8,498 cu.ft.
Utilities:
Stestleiasiuavas /,029 Tbs.
Coocling water,. 7,802 gals.
Eleciric power. 87 kwh.
Fuel gas..... =2,37¢ vt

Direct 1abor.ceirvseciransren

0.36 manhaurs.””

Requirerents per hundred
pounds of output
Setected inputs:
ane.... 100 Ibs.
Natural gas. 2,168 cu.ft.
Utilities:
Steamieiuanas 1,941 1bs,
Cooling water... 13,422 gals,
Electric power 7] kwh.
Fuel gas...... 412 cu.ft.
Chemicals:
Chlorine, 171 b, .
Direct labor,. 0.39 manhours,

*Hinus wign signifies producticon,
**Fer acrylonitrile plart with annuel capacity of 20 1 Ibs.
scetylene 89
BN 40
arsonia 26%

PRODUCTIOK OF ACRYLONITRILE FROM ETHANE AND NATURAL GAS
(¥4 ACETYLENE AND KCH)

For acrylonitrite plant with znncal capasity of 20 K 1bs.
HEN 40

acaonia 268
ethylene oxide %0
ethylene §6

PRODULTION OF ACRYLONITRILE FROM ETRYLERE 0XIDE
MND RATURAL GAS

(¥ia Hed)

Reguireents per hundred
pounds of cutput

Requirements per hundred
pounds of wutput

Selected inputs:

Ethanes.sssiensinorciniininas 135 by,
Hatural ga%ieseecannvensarees 2,802 cu.ft.
Ytilities:
Stean 3,335 fes.
Cooling w 1,779 gals,
Electric power.. 82 hwh, |
fuel gas. ~627 cu.ft.

Direct lator

ve
.36 manhours.

Selected Inputs:

Ethylene oxlde. 102 fes.
Natural gas 2,465 cu.ft,
Utilities:
Stesri.uuae. 1,094 1bs.
Ceooling water 5,548 gals.
Electric power. 75 kwh.
Frel gaa 250 cu.ft.

Direct labor... .30 manhours.”

“Minvs sign signifies production.
“"For acrylonitrile plant with annual cavscity of 26 MH Ybs.
acetylene 80
40
anzonia 264

PRGDUCTION CF ACRYLONITRILE FROM ETHANE ARD HATURAL GAS
{VIA_ETHYLENE OXIDE, OXIDATION PROCESS: AND HCR)

"For acrylonitrile plant with anwal cavecity of 20 15 Tbs.
HCK 40

amzonia N 264

4

PRODUCT(ON OF ETHANOLAMINES FROM ETHARE AND NATURAL GAS
(Y14 ETHYLEKE OXIDE, OXIDATION PROCESS: AND AMMONIA)

Requireaents per hundred
pounds of output

Requiresents per hundred
pounds of output

Selected inputs:

Ehane..ueenisirvararninnnans 157 bs,
Katural gas..ieviiinnnenan.s 2,165 ewit.
2,205 b,
g we 16,495 gals,
Electric power. 83 kmhb.
Fuel gas.. 795 cu.ft.

Direct later. 0.95 manhours.”

Selected inputs;

Ethane..... 128 iss,
Ratural gas 325 cu.ft.
Utilities:
Steanciiiia., . 1,220 tos,
Cooling water.. . 22,i53  gals.
Electric power, 3t kwh.
Fuel gas. . 2,533 eu.ft,
Direct tabor, . €.26 sanbours.

“For acrylonitrile plant with annval cavacily of 20 MY 103,
HOK 60

araonia 26¢
ethylene oxice 40
ethylene 66

Of total outsut, 40§ by weight %s sono-ethanolanine,

weight is tri-cthanolamine, ang

nolanin,

“For ethanolamines plant with anausl capacity of 1§ 1ad Ibs.
ethylene axide 0
amsonia 264

401 by
[0S by weight is di-etha-



Aed

PRODUCTION OF ETHAMOLAMINES FRON ETHANE AKD HATURAL GAS
(Y1A ETHYLENE OXIDE, CHLORHYDR M PROCESS: AND AtpMOMIA)

APPENDIX A {PETROCHEMICAL INDUSTRY)

PRODICTION OF ETHYLEKE OXIDE FROM ETHANE
{VIA OXIDATIOA PROCESS)

Requirements per humdred
sounds of output

Requirements per hundred
pounds of output

nputs:

Selected 1
Ethzne. 8] ks,
325 cu. ft,
$team  eienns. . 1,005 1bs.
Cooling water.. 9,052 gals.
Electric power, 30 kwh.

Fuel gas..senan 2,222 cu. ft.
Chemicals:
Chlurin

Direct tapor,

123 1bs.
0.3¢ mankours.*

Selected inputs:

Ethane. sernetaniusnae. [E23 tbs.
Utilities:
Steam.. 1,089 b3,
Cooling T ic,682 gals.
Electric power. 8.7 kwh.
Fuel gas. 534 cu.ft,

0.25 ranhours.*

“For ethanalamines plant with annual capacity of (6 M4 Ibs.
ethylene oxide uo
ethylene 66
2zaonia 264

FRODUCTION UF ETHANOLAMINES FRON ETHYLENE DKIDE aND
FATURAL GAS (AMMONIA)

“For oride alant with annuil. cavacity of 40 MY Ibs.
ethylone - 66

PRODUCTION OF ETHYLENE OXIDE FROM ETHANE

(V1A CHLORHYIRIN PROCESS )

Requirements per hundred Regquirements per huadred
. bounds of output pounds of autpot®
Selected inputs:

Selected inputs: Etha: 93 lbs.
83 153, 830 163,

325 cn.ft, 6,95  gals.
W8 kwh,

6 ths. 158 cu. 1.
13,286 gals. . 168 1bs
4 kb, . 13%  ibe
2,09 cu. It . 16 1bs,
. . .8 lbs,

Direct labor.,.. 0.1% manhcurs, Direct Tabors. ressnes : 021 manhours.**

*For ethanolamines plant with annual capacity of 16 k8t 1bs.
asmmenia 264

X1DE A%D AMiONI4

"0f total output, 70% by weight is ethylens oxide, 20% by
weight Is ethylene dichloride, and 10% by weight is poly-
glycols and chioroethers,
"*For ethylene oxide plant with annual capzeity of 4O MM Ips.
ethylene &6

PROSUCTICK OF AMONIA FROM MATLRAL CAS

CTION OF ETMANDLANINES FAGH £THYLE
—: o

pounds of output

Requirements per hundrad
pouads of output

Selected inputs:

Ethylenc oxide..... 83 Ibs,
Azmonia. . 19 Tos.
Utitities:
Steatiieaiian. . 26 1bs.
. 12,761 gals,
. i1s kwh,
. 2,080 cu.ft.

Direst Tabor..eivrerniennn. 0.13 panhours,*

“For othanoianines plant with annyal capacity of 16 i Ibs,

Selected Inputs:

Matural gas (process and foel) 1,700 cu.ft,
Utilities:
LT AP 367 Ies,
Cooling water. 2,750 gals,
Electric power... 58 kwh.

Direct 1abor...i.,0.., 0.04 manhours.*

“For armonia plant with anrua? capacity of 264 #M Ibs,

e I




APPENDEX A (PETROCHEMICAL TAPUSTHY)

FROBUCTIOK OF ACETIC ANUYDRIDE FROM NATURAL GAS
(via A_CETVLENE—ACETALDEHYDE—ACEYlc ACID}

PRODUCTION OF ALETIC AHIYDRIDE FROM ETHAROL
(¥IA ACETALDENYDE—ACETIC ici0)

Requirements per bundred
pounds of output

Requircments per hundred
pounds of cutput

Setected inputs:

Katural gas. 5415 cu.ft,

Utidities:
Stean. . 1,824 ibs,
Conting . 27,570 qals,
Etectric power - 28 kweh,
Fuel gas..... veenny -1,93 cu,ft."
Birect 1abor. vivevaninnnnns, 0.535 maaheurs,**

Selected Inputs:

Ethaneteeaeiiaaay, 09 by,
1,7¢8 ks,
o183 gals,
g owh,
709 o, ft,
Direct tabar....iiieiivan.., €.25 manhours,

"Minus slgn signifles prafuction,

**Feor acetic arhydrids plant with annpal capacity of 401 ths,
acetic acid 80
acetaldehyde 1
acetylene

PRODUCTION OF ACETIC AKHYDRIDE FROM ETHANE
V1A ACETYLENE~ACETALDEHYDE~ACETIC AL10)

“For acetic anhydrlﬂe plant with annual capacity of 50 K4 Ths,
scatic acid 80
acetaddshyds 40

PRODUCTION OF ACETIC ANKYDRIDE FROM ACETALDEHYDE
{Yih ACETIC 4010}

Requirements per hundred

Requirements per hundred

—— . sounds of cutput
Selected jnpuls:
127 bs,
Utitities:
Stean.. . 1,593 Ths,
Cooling water, . 21,809 gals,
Etectric power . 2% kwh,
Fuel gas,..,.. . - 380 cu.ft.*
Direct labor.iciiicvienvinaa, 0.35 manbours,®

pounds of output
Selected faputs:
Acetsldenyde. 99 1bs,
Utitities:
sasy ths,
8,525 gals,
12 kwh,
215 cu.ft.
Direct 1aboruueisiveransnaae 0.15 manhours,*

"Mlnus slgn signifies production.
"For acetic anhydride plant with annual capacity of ’lﬂm Ths,

acetic acid
acetafdehyde W
acetylene 30

PRODUCTION OF ACETIC ANMYDRIDE FROM ETHARE

“For acetic anhydride plant with annual capacity of 40 M4 Tbs,
acatic acid 80

PRODUCTION OF ACETIC ANHYDRIDE FROM ACETIC ACiD

Y12 ETHYLENE—~ETHANOL—ACETIC AC D)

Requireneats per hundred

Requirements per kundred
scunds of putput

pounds of outout
Selected Inputss

85 1bs,
. 2,207 tbs,

. 18,352 gals,
. 2} b,

Fuel gas......., . 895 cu.ft.

Dirsct Tabor.. . iiiiiuunnnne, 0.35 manhours.*

Sefected Inputs:

Aeetlc acid,. RITTITPU 128 1bs,
Utitities:
Stean, 200 bs,
foaling ntrr 6,605 gals,
Electric power S kwh,
Fuel gas,,..... 218 cu.ft,
Direct Tabors.esueiss,nnnan. Q.10 manhaure,*

“For acatic anhydrldn plant with annus?! cepacity of 40 MM Ibs.

acetic acid 80
acetaldehyde ]
ethenol 12
ethylene 66

“Fre acetic anhydride plant with snnual copacity of 40 Md 1ba,



PROJUCTION OF ACETIC ACID FROM NATURAL GAS
{¥13 ACETYLENE—ALETALOEHYUE )

APPENDEX A (PETROCHEMICAL INDUSTRY)

PRODUCTION OF ACETIC ACID FROM ETHAKQL
(VIA ACETALGEHYDE)

Requirements per hundred
pounds of output

Requirezeats per hunéred
pounds of output

Selected inputs:

Ratural gas.useve.cenannnn... 4,229 cu.ft.
utilities:
Steam. ..., 1,269 Ibs.
Cooling water. 16,379 gals.
Electric power.... 18 kwh,

Fuel gas..
Birect lasor,

=4,726 cu. ft.*
0.20 manhours.**

Selected inputs:

Ethanoleeseierenrenseernarans 85 tbs.
Utilities:
Steamiaiiana.. . 1,478 Ibs.
Cooling water. .. . 3,577 gals.
Electric’ power . H kwha
Fuel 3ases.... . 385 cu.ft.
Direct Jaboris.ceiceiiiisnees 0.2 ranhours.*

‘l'inus sign sijnifies productien.,

“*For acctic acid plant with annzal capacity of 20 M ths.
acetaldehyde
acetylene ao

PRODUCT{OH JF ACETIC ACHE FRUN ETHXRE
(V14 ACETYLEHE—ACETALDENYDE)

“For ucetic acid plant with annual eapacity of 80 M Tbs.
acetaldehyde

PRODUCTION OF ACETIC SCID FROM ACETALDERYDE

Requirements per hundred
pounds of output

Requirezents per hundred
pounds of output

Selected inputs:
Ethanee . sesseiinenucinnnnnna,

Btitlities:
Steamiauianaa,
Cooling water.
Electriz power.
Fuel pas...

93 Ibs.

I

‘ 1,038 1ss.
g w7l
I kwh,

—QEG cu ft.”

Direct lapor.. 0.20 manhours.*

Selected inputs:
Acctaldehyde.ieuvnerrninnnnns 77 ibs,
Utilitiess

Stead,...ieeca.. 00 ibs

Cooling water. 1,500 qatas.

Electric power... € kwh,
Direct labor....ovviunarennss 0.04 manhours.*

*Winus sign signifies prosuction.

°*For acetic acid plant with annual capacity of 80 MM Tba.
acetaldehyde
acetylene BO

PRODUCTION OF ACETIC ACID FRON ETHANE
(V1A ETHILENE—ETHANO L—ACETALDEKYDE)

“For acetic acid plant with annual capacity of 80 MM Ibs.

PRODUCTION OF ACETALDEHYDE FROHM NATURaL GAS
(V1A ALETYLEKE)

Reguirements per hundrcd
pcunds of oytput

Requirements per hundred
sounds of output

Sclected inpyts:

L3 67 Ibs.
Utilities:
SHEAP. s irriierrinan ey 1,568 fza.
Cnalln] water. 9,177 qals.
Electric power. 12 kwh,
Fuel gas . 530 cu.ft,
Direct labor... . 0.21 manhours.*

Selected inputs:
Natural gas
Utitities:

. 5,437 cu.ft.

1,686 1bs.
19,324 glls.
18

9w
Electric pn»er.
Fuel jas.....

-2,218 cu.ft."
Oirect 12B0f . iuicsanainnan., 0.21 ranhogrs.*

acctalachyde
ethanol 120
ethylene 6

“For acetic acid plant with annyal capacity of €0 MM lbs.
40

*For acetaldehyde plant with arnual capacity af 40 MM Ibs.
acetylene 80

“"Hincs sign signifies production.

i
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APPENDIX A (PFTROCHEMICAL INDUSTRY)

PRODUCTION OF ACETALOERYDE FROM ETHANE
(¥iA ACETYLENE)

PRODUCTION OF ETHYL ALCONDL FROM ETHANE

Requirerents per nundred
pounds of output

Requirezents per hundred
pounds of output

Selected inputs:

Ethane..oiiviiiveiiiiiiinnaa, 125 Ibs,
Btilitie
Steam.un.a.. 1,023 tbs,
Cooling water. 13,679 gals,
Electric pover, " kwh,
fuel gas -599 en.ft, o

Direct lader.,. 0.21 manhours,*

Selected inputs:

Ethane. . yuiiiiiinincvennenns 73 s,
usi Tbs,

6,612 gals,
1.6 kwh,

Fuel gas......, 17 cu.ft,

Direct labor........... C.tl manhours,”

For acetaldebyde plant with annual
acetylene

“*Minus sign signifies production,

capacity of 40 K Tba,
80

PRODUCTHON OF ACETALDERYDE FROM ETHARE
(via ET!QL ALCOHOL)

*For cthyl ateohol

plant with annvat capacity of 120 MM 1bs,
ethytene €5

PRODUCTION OF FORMALDERYDE {37%) FREM NATURAL GAS
(V1A METHANOL}

[ Requirenents per hundred
pounds of cutput

Requirements per hundred
paunds of cutput

Selected inputs:

Ethane.eoiiciiiiiieisireenann 87 bs,
UtHities:
Steatt i vin,n t.847 1bs.
Cooling water 9,970 gals.
Electric power. 3 kwh,
Fuel gas,, 688 cu.ft,

Direct Taber, 0,21 ganhours.”

Setected inputs:

Ratural gas...ciiviniinvans 992 cu.ft.
Utilities:
Steanm..oiiinia. . 82 fbs,
Caoling water. . 2,850 gals,
Electric pover.. . 25 Koo
Direct fabor...oiueiuiinannss 0.06 sanhours,”

“For acetaldehyde
ethy! zlcohol
ethylane 66

plant with annual capacity of 40 MM 1bs,
120

PRODUCTION OF ACETALDEHYDE FROM ETHANOL

“*Fer formalishyde plant with annual

capacity of 120 MM 1bs,
oethano! 240

FRODUCTION OF FORMALDERYDE {37%) FROM METHANOL

Regquirements per hundred
pounds of output

Requirezents per hundred
pounds of output

Setected inputs:

Ethanot.iiiiiianaa., Ho Tbs,
Utivities:
Stean.... . LY thbs.,
Coaling v, . 2,697 gals,
Electric power . 6 kwh,
Frel gas........ . 500 cu.ft,

Qirect labor,, .., ... viuue., 0.10 nanhours,*

Selected inputs:

Hethanol..eiiiinniinannnns ALl Tbs,
Utitities:
Steam....v.... 38 1bs.
Looling water,, 998 gals.
Etectric power 9 kwh,

Direct labor,.,.... 0.0% manhoyrs,*

*Far acetaldehyde plant with zanual capacity of 40 MM tbs,

“Far formaldehyde plant with amnuval capacity of 120 #M 1bs,
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PRODUCTIO OF METHANOL FROM RATURAL GAS

APPENDIX A (PETROCHEMICAL INDUSTRY)

PRODUCTION OF POLYYINYL ACETATE FRCM ETHANE
(V34 ACETYLENE: AND ACETYLENE—ACETIC ACID)

Requirements per hundred
pounds aof product

Requirements per hundred
pounds of output

Selectad Inputs:

Natural gas:
For process
For fuel,,.

Utilities:

Coaling water
Elactric power.

Direct Jeber.vuueisainaenens,

181 cu.it,
1078 cu.ft.

100 s,
4,219 gals.
37 b,

0.04 manhours.

Selected Inputs:

Ethane.........
Utitities:

sears 128 183,

Steea., ves 1,315 165,
Cooling . . 11,92} gzls,
Electric power 21 kwh.

Fuel gas,..... - 648 cu.ft.*

Dlrect 1abor.....vuvsisuenrse. 0.50 menhours.**

*For methanol plant with annual capacity of 250 ¥ 1bs,

PRODUCTION OF PHTHALIC ANHYDRIDE FROM ORTHO-XYLENE

“Hinus sign significs production.
“*For pelyviny! acetats plant with snnual capacity of 20 M lbs,
0

vinyl acetate
acetic acid
2cetaldehyde
azetylens

BEQ

PRODUCTION OF POLYVIKYL ACETATE FRON ETHANE AND WATURAL GAS

(V1A ETHYLENE—ETHAKOL—ACLTIC ACID; AKD ACETYLERE)

Requirements per hundred
pounds of output

e
Requirenents per hundred
pounds of output

Selected Inputs:
Ortho-xylene
Utilities:

Fuel gaseeiivaunss

Direct lador...usenesasnnness

[LH Ibs.
=558 Tes.*
1,835 gals,

57 bwh,

L6 eu.ft,

0.12 manhours.**

Selected Inputs:

L% 1bs.
2,817 cu,ft,

Utilftles:
Steanm....,..
Cooling water.
Electric power,
Fuel gas

Direct tabor,

1,958 1bs.
12,993 gals.

22 .
- 766 cu.ft.®
0.52 manhoura, ™t

*Minus sign signifies production.

“*for phthallc anhydrice plant with znnual canacity of %0 M Tbs,

PRODUCTION OF POLYYINYL ACETATE FRON NATURAL GAS
{VIA ACETYLEKE, AND ACETYLENE~ACETIC ACID)

irus sign signifies production.
**For polyviny! ecetate plant with snnual capaeity of 20 M4 1bs,
tate 2

vinyl acef

acetic acld &0
acetaldehyde K0
ethanol 120
ethylene 66
scatylens 0

PRODUCTION OF POLYVIRYL ACETATE FRON ETHANE
(V1A ETHYLEKE—ETHAKOL—ACETIC ACID: AND ACETYLERE)

Requirements per hundred
pounds of outaut

Requirements per hundred
pounds of ontput

Selected Inputs:
Batural gaseirvivavannann,,s

Utilities:
Stean.......
Cooling water,
Electric eower
Fuel gas.,....

Direct Tabor.......

5,880  cu.ft.

3791 1bs.
18,299 gals,
45 kvh.

~2,399 cu.ft.*
0.50 nanhours.®”

Selectec Inputs:

Ethana. crmeenrens s os.
UtHiitles
Stea . 1,663 ibs,
Cooting water . 9,885 gals.
Electric power. eve 19 kwh,
Fuel gas........ conn 3 cu.ft,

Direct laboriiveesniinannson,

0.52 menhours.®

*Mlnus sign signifies production,

**For polyvimy] acatate plant with samal crprcity of 20 1M Thy,
2

vinyl acetate
2cetlc acid
acstaldehyds
acetylens

8
40
0

“For polyviny} acetate nlant with snnuat capacity of 20 WM lbs,
2

vinyl acetete

wertic acid 80
acetaldehycs ]
ethano! 120
ethylens 65
acatylens 80

N e g e o
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APPENDIX A (PETROCHEMICAL IXDUSTRY)

PRODUCTION OF POLVYINYL ACETATE FROM ETHANOL ARD BATURAL GAS
{ViA ACETALDEMYDE—ACETIC ACID; AKD ACETYLENE }

A9

PRODUCTION OF POLYYINYL ACETATE FROM ACETIC ACiD
AND HATURAL GAS ACETYLENE

Requirements per hundred
pounds of output

Requiresenta per hundred
pounds af output

Selected inputs:

61 1bs,
2,817 cu.ft.
Btilities:
Stean..ii.., 1,715 tbs,
Coolirng water 8,996 gals.
Electric power, 20 .
Fuel gasecouiisrancas -B71 cu.ft.*

Direct taboreisiivssisasaenen 0.%6 manhours.**

Selected inputs:

Acetic acid 72 Ibs.
Hatural gas 2,817 cu.ft.
Utilities:
. 852 ibs,
. 8,356 gals,
Electric power, . 13 .
Fuel gas... . =1,§49 cu.ft,*

Direct labor. 0.35 manhours,**

*Minus sign signifies profuction.

**For polyviny! acetate plant with amual capacity of 20 MM Ibs.
vinyl acetate 20

acetic scid 80
acstaldehyde L1
acetylene 80

PRODUCTION OF POLYVIKYL ACETATE FROM ETHANOL AND ETHAKE
(V18 ACETALDENYDE—ACETIC ACID; AND ACETYLENE)

"Hlous sign signifies production.

""For polyviny) acetate plant with anwal capacity of 20 MM 1bs,
vinyl acetate 20
acetylens -3

PRODUCTION OF POLYYINYL ACETATE FROM ACETIC ACID
ARD ETHANE ACETYLEND

Requirements per hundred
pounds of output

kequirezents per hundred
pounds of output

Sefected inputs:

Ethanol,.., 61 Ibs.
Ethane, &6 Ibs.

. 1,382 lbs,

- 5,811 gals.

. 1”7 kwhe

. -32 cu.ft,*

Direct 1aborssiiuiiaeersenaes 0.45 panhovrs.**

Selected inputs:

66 1bs.
Acetic acidianaes,, 72 bs.
Ytilities:
ean £28 Ibs.
Cooling water, 3,320 gats,
Electric power e 2 kwh,
Fual ga . ~310 cul.ft,®

Direct 1abor 0.38 manhours.**

*Minus sign signifies production.

**For polyvinyl acctate plant with anusl expecity of 20 MM Ibs,
vinyl acetate 20

scetic acid 80
acetaldehyde 90
acetylens a0

PRODUCTION OF POLYVIHYL ACEYATE FROM ACETALDEHYDE
AND NATURAL GAS

(¥1A ACETIC ACID; AND ACETYLEHE)

“Hinus sign aigaifies production,

“*For palyviny} acetate plant with amual capecity of 20 MM 1bs,
vinyT acetate 20
2cetylens 85

PRODUCTIGH OF POLYVIMYL ACETATE FRom YIRYL ACETATE

Requirements per hundred
pounds of output

Requlrezents per hundred
pounds of output

Selected inputs:

56 -ibs,
2,87 cu.ft,
Utilities: .
Steam..cueena.. 1,079 ibs.
Cooling water. 7,842 gals,
Electric power 17 kwh.
Ful g23eineenss -1,189  cu.dt.*

Direct lator,, 9,37 manhours."*

Selected inputs:

Vinyl acetstz, 12 Tbs.
Utillgies:
Stean.iiiucan 70 tha.
Cooling water 208 gals,
Electric pover. 3 kwh.

Direct Taboreiiievesuneaisres ©.20 nanhours.®

"Hinus sign signifies sroduction.

**For polyvinyl scetate atant with wnua) caracity of 20 MM Ibs,
vinyl acetate 20
acetic acid 80
acetylene 11

For polyviny} acetate olant with annual cwacity of 20 MM lbs,



A-10

PRODUCTION OF FOLYVINYL CHLORIDE FROM NATURAL GAS
{¥I& ACETYLENE)

APPEXDIX A (PETROCHEMICAL INDUSTRY)

PRODUCTION OF POLYVINYL CHLORIDE FROW ETHYLEWE DICRLORIDE

Requirements per hundred
pounds of cutput

LT L HYLERE DICRLORIDE
Requirements per hundred

pounds of output

Selected inputs:

Natural ges.ivvieeciivinoian, 8,082 cu.ft.
L3RR EIFTH
2,032 Iss.
18,509 gala,
35 kb,

- 1,857 cu.ft."
Chemfcals:

Hydrogan chloride
Direct Vaber...uiien..

75 Ibs.

0.24 panhours.®*

Selected |nputs:
Ethylene dichlorida..

s b3,
Utilities:
676 ILTH
4,278 gals.
15 kwh.
Fuel gas..... 268 cu.ft.

Direct laboreeiiiiiansonynan, 0.24 manhours,*

“linus slgn sigaifles production.

“*For polyvinyl chloride alant with amnual eroaclty of 4O 4 1bs,
vinyl chlorida 0
acetylens 8

PRODUCTION OF POLYVINYL ZHLORITE FROM ETHANT
{¥I2 ACETYLENE)

“For polyviny! chioride plant with anmial capsclty of GO MM ibs,
vinyt chlerde 50

PRODUCTICN OF PCLYVINYL CHLORIDE FROM VIKYL CHLORIDE

Requirements per hundred
pounds of output

com TN CHIORIDE
Requirements per hundred
pounds of output

Selected Inputa:

Ethane..cieieiiiiiirrernns 97 lbs.

crrearee 1,535  1va.

Cooling er.. . 14,121 gals,

Electric power, B 32 kwh.
Fuel gas..... PR « 34! cu.ft.*

Chealeals:
Hydrogen chlcrlde,...... 76 1bs.
Direst tabor..........

. 0.24 manhours.™"
“Mings sign slgalfies production.

“**For palyvinyl chioride plant with asaual capacity of GO M{ [bs.
vinyl chloride 70
acetylena &0

PRODUCTION OF POLYYINYL CHLOR[DE FROM ETHANE
(!4 ETHYLENE DICHLORIDE)

Selected inputs:
Yiny) chloridessua..

RIS
Utiilties:
Steas 542 Ibs,
Cooling water, 3,385 gals..
Electric power 15 kwh.
Fuel! gas....,, . tog cu.ft.

Direct 1aborsicivsininanres,s 0.1% manhours,”

"For polyviny! chioride plant with annual cepacity of 40 MM
ibs,

PRODUCTION OF VINYL ACETATZ EROM NATURAL GAS
{VE4 ACETYLENE AND ACETYLENE—ACETIC ACID)

Requirenents per hundred
pounds of output

Setected inputs:
Ethane..iiveieniiiniiinnaannn L] Ibs.

776 lbs,
6,460 gals,
7 kwh,
Fuel gaa...... 333 cu.ft.
Chenieais:
Chiorine,.. By Ibs.

Direct Yaber......

0.32 _manhours,*

Requirerents rer hundred

eounds of sutput

Selected inputs:
Natural gas

Utilitles:
Stean,
Cooling water
flectric povar.
Fuel grs,....

5,765  cu.ft.

. 1,687 1bs,

17,652 gals,
22 kwh,

~2,352 cu ft,”

0.29 nankours.**

Birect 1a2or...iv.icinuiannn.

“Fur polyviny! chioride plant with anaual aorcity of 40 Me tbs,
vingl chiorige w0
ethylens dichioride 0

ylene 8

Hinus sign signifles production,
"*For viny! acetsts plant with snnual caoneity of 20 M4 tha,
0

acetic acid
2cetaldehyce 40
acetylene 80

t
5




APPENCIX A (PETRLCHEMICAL INDUSTTY)

FRODULTION OF YINYL ACETATE FRON ETHANE
(via ACETYLEXE AKD ACETYLENE—ACETIC AQID_)_

A

PRODYCTION OF viNYL ACETATE FROM ETHANOL AND NATURAL GAS

Requirezents per hundred
paunds of sutput

{via ACETALDEHYDE—ACETIC ACID, AND ACETYLENE)
———— s S
Requiremenis per hundred

pounds of output

Selected inputs:

Ethane... 136 Ibs,
1,228 Tbs,
1UE7  gals,
7 kwh,
Fual 5a8..... -635  cu.ft.”

Dlrect 1aborei.vviuasionanais 0.28 manhours.**

Selected Inputs:

Ethanol,.. teedriaarana &0 1bs,
Katural gas, reesiaens 2,782 cu.ft,
Utilities:
Steamiaciaiiaay 1,613 Tba,
Cooting water, 8,571 gals,
Electric power 17 kwh.
Fuel ga - 854 cu.ft.”

Direct labor 0.25 manhours,™

“ilnus sign aignifles production.

"*For vinyl acetate piant with znnual capacity of 20 M4 tbs,
#catic scld ;4
acetaldchyde 4o
acetylens 580

PRODUCTION OF YiNYL ACETATE FROM ETHANE AND RATURAL GAS
{via ETHYLENE-=ETHANOL—ACETIC ACID, AKD ACETYLENE)

“Minus sign signifies production.
**For vinyl acetate plant with annual capacity of 20 MM Ibs,
80

acetic scld
acetaldehyde 40
acetylene £

PRODUSTION OF VINYL ACETATE FROH ETHANOL AND ETHANE
{via ACETALDEHYDE—ACETIC ACID, ARD ACETYLEXE)

Requirements per hundred
pounds of output

Reguiresents per hundred
pounds of output

Selected Inputs:

33 98 Ibs.
Hatural Gasveiracsiceraranian 2,782 cu.ft.
Utilitles:
Stean...... . 690 lbs,
Coollng water. vee 12,538 gals,
Electric power “ 8 .
Fuel gas, - 751 eu.ft.*

Direzt Iabor,, 0.3 zanhours,

Selected inputs:

Ethanol...... £0 bs.
Ethane rreaes 65 bs.
Utititles:
Stean...,... . 1,286 ks,
Cooling water, 5,595 gals.
Electrie powar i kwh,
Frel ga -3 cu.ft.®

Birect lador.. 0.25 manhours,**

“Hinus 3ign signifies production,
**For vinyl ecetsta plant with anal capaclty of 20 1M 1bs,
0

zeetic agild

acetaldehyde &0
ethanol 120
ethylene 33
scetylene &0

PRODUCTION OF YINYL ACETATE FROM ETHANE

(via ETHYLERE~ETHANOL=-ACETI ACID, AND ACETYLERE)
——
Requirenents per hundred

pounds of ouiput

Selected inputs:

[RE] Ths.
1,562 Tbs.
Cocling water, 9,570 gala.
Elactric power 5 laeh,
Fuel gases.,.. 72 cu.ft,

Plrect Taber..iiiivsina,.s 0.31 ranhours.”

“For vinyl acetate plaat with annual capacity of 20 W4 Ins,
acetic acld 50
acetaldshyde 40
ethanct 120
ethylens =]
scetylene &®

"Minus sign clgnifles production.
**For viny) acetate plant with annusl capaclty of 20 3 Ibs,
td &0

acetle aci
acetaldehyds g
acetylene &®

PRODUCTION OF ¥INYL ACETATE FROM ACETALDEHYOE AND
NATURAL GAS ACETYLERE

Requirements per hundred

pounds of product
Selected Inputs:
Acetaldehyde. rereseranans 55 1bs.
Natyral gas 2,782 cu. ft,
Utitttles:
Steamianae.. . 929 Ibs,
Cooling water . 7,n85 gals,
Electrlc pewer, . 14 .
Fuel gas . ~4,127  cu ft."
Direct labor, . 0.17 manhours.**

*Rirus algn signifles production,

**For vinyl scetate plant with amnual capacity of 20 MM 1bs,
acetlc acld &
acetylens 2
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PRODUCTION OF ¥iINYL ACETATE FROM ACETIC ACID aRp
HATURAL CAS ACETYLENS

APPEADIX A (PETROCHEMICAL INDUSTRY)

PREDUCTION OF ¥IKYL CKLORIDE FROM ETHANE
(YIA ACETYLENE)

Requirements per hundred
sounds af cutput

Requirements per hundred
Pounds of output

Selected inputs:

Acetic aci 7 Tbs.
Hatyral gas 2,762 cif.ft,
Utitities:

776 ibs.
6,03} gats,

Cooling water.
Electric power
Fuel gas,
Direct labor

10 kwh,
=1,127 cu.ft,*
0416 manhours.**

“Hinus sign signifies sreduction.

TFor vinyl acetate plant with annual capacity of 20 b 1bs,
acetylene 80

PRODUCTION OF VINYL ACETATE FROM ACETIC ACID
D _ETHAHE ACETYLENE

Selected inputs:
Ethane.,.

Utilities:
Stean,.......
Cooling water
Electric sower,
Fuel gas.....

Chemicals:

(3]
0.09 manhours,**

Minus sign signifies production.

"*For vinyl chloride plant with annval capacity of 70 MN Ibs.
acetylens a0

PRODUCTION OF YINYL CHLORIDE FROM ETHANE
(ViA ETHYLERE DICHLORIDE )

Requirements per hundred
pounds of output

Requirements per hundr:d
pounds of output

Selected inputs:

Ethane.,..... 826 cu.ft,
Acetic acid.. 7 tba,
Utilities:
449 ibs.
3,055  gals.
kwh,

-30¢ cu.ft,*
0.16 manhours,**

Selected inputs:
Ethane,siisiiineiinninennnn., 40 bs.
Utilities:

Steam.,,, ..., . 213 1bs,

Cooling water . 2,804 gals,

Electric power, . £.8 kwh,

Fuel gas...,. . 20 cu.ft,
Chemicals:

Chlorine,, 78 ibs,

Direct labor, 0.16 panhours.*

*Minus sign signifies production,

“*For vinyl scetate slant with annyal capacity of 20 MM Ibs,
acetylene 80

PRODUCTION OF VINYL CH.ORIDE FROM HATURAL GAS
(V18 ACETYLERE)

For vinyl chlesiZe plant with annual capaeity of %0 WM Tbs.
ulnylene aigniorice 70
ethylene €6

"°0f total output §1% weight is vinyl chloride, 39% by weight

is. anhydrous HEL,

PRODUCTION OF YINYL CHLORIDE FROW ETHYLENE DICHLORIDE

Reguirements per hundred
pounds of outpit

Requirements per hundred
pounds of output*®

Selected inputs:

Ratural gas..ovsivnninnns 370 cu.ft.

Utilities:
Steamienean.. 1,355 1bs,
Cooling water, 13,749 qals.
Electric power 19 kwh,
Fuel gas. -LE colft,®
Chenicals:
Hydrogen chdaride,,.,... 63 Tbs,

Direct labor

sivsessess 0.09 aanhours,**

Selected inputs:

Ethylene dichloride...a...,.. 105 bs.
Htilities:
Steamieaaane, 122 Ibs.
Cooling water 8i0 Ibs,
Electric power, [} kwh,
Fuel gas 195 cu.ft,

Direct labor. 0.09 manhours.**

*Hinus sign signifies production.

**For vinyl chloride plant with anncal capacity of 70 4 tbs.
acetylene a0

"0f total outsut 6[ by weight is vinyl chicride, 39% by welght
is anhydrous HCL.

**For vinyl chlorlde plant with annual cspacity of 90 MM ibs,



APPENDIX 4 (PETROCHEMICAL INDUSTRY)

PROUICTION OF UREA FROH HATURAL GAS

A-13

PRODUCTION OF POLYSYYREKE FROM ETHYLBERZERE

(Y1A sTymENE)

{¥ia Arasonin)

Requirenents per hundred
pounds of output

Requiremsnts per hundred
pounds of output

Selected inputs:

Natural gas..ieivunvininae,, 986 cu.ft,
Uilltles:
Stermieennnn, . ues ibs,
Cooling water, . 3,935 gals,
Electric power., . 3 kwh,
Fuel gax.,.. . 225 ev.ft.
Dlrect 1avor.,.. . 0.10 ranhours,*

Selected Inputs:

E!hylbnnune................. 133 1bs.
UtilFttes:
Steamiiaiinenas 4,076 1bs.
2,190 gals,
25 fwh .,
953 cu.ft.

0.27 manhours,*

“For uren plant with amws) capscity of 60 1t 15g.
srronia 25

PREDUSTICN OF POLYETHYLENE FROM ETHAKE

“Fer polystyrens plant with annual capacity of 80 M4 Ibs,
styrens 120

PRODUCTION OF POLYSTYREKE FROM STYRENE

Requiresents per hundred
sounds of output

Requirezents per hundred
pounds of output

Selected inputs;:

Ethanec.rieionsiianiinennsn,, 138 Tes.
Ut ities
Steoiiieia., &70 1bs,
Coollng water 8, H17 9als.
Electrie power.,. . 52 wh,
Fue) gas..... . 222 cu.ft.
Direct labor..,... . 0.2¢ ranhours.”

Selected inputs:

Styrenesieseiniieinennnn,.. 1o by,
UtiTities:
Steamivai.., 2,000 los,
Cooling water €50 gals,
Electric power,.. 18 kwh,

Blrect labar...,....,, 0.1% aankours.*

“Fer polyathylens plant with annusl crpazity of 60 M4 Ibs,
othylenn o

PRODUCTION OF POLYSTYRENE FROM ETHANE AND BENZENE
{¥ta stvrens)

*For polystyrens plant with annval eapacity of 50 M4 Ibe.

FRODHCTION OF 5R-3 RUBBER FROM BUTADIENE, DENZENE AND ETHANE
(via ETHYLENE—ETHYLBENZENE—STYRENE )

Requirenents per hundred
pounds of output

Requirements per hundred
pounds of output

Salected Inputs:

Benzens. 105 1T H
Ethane,. 8t Ths.
UtiTitles:

L IR 4,574 Tbs.
Cooling water, 4,057 gals,
Electric power 33 kwh,
Fusl gas...... 1,458 au.ft.

Direct Taber...vviviainne,,, 0.35 manhours,*

Selected Inputs:

a0 Ibs,

19 b,

g Yoa,

Stesn. ... 2,468 Tos,
Cooting water 28,621 gals.

Electric powdr, 3 kwy,

2!
63 cu.ft,

¢
Direct Isbor.’,, . C.16 manhours,®

“For polystyrem zlant with snns) eapacity of 50 M bs,
e 120

styr
ethylberens 120
ethylane £3

For (R-5 plant with anmual capacity of 160 MM Ibs,
styrens 120

ethylbenrens 120
ethylens &
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A1 APPENDIX A (PETROCHFMICAL INDUSTRY)

PRODUCTION OF GR-5 RUBKER FROM BUTADIENE AND ETHYLBEM2EHE

(Y14 STYRENE) PRODUCTION OF STYRENE FROM ETHYLBENZENE
Requirenents per hundred Requirements per hundred
pounds of outpat pounds of output
3
Y Selected inguis: Selected inputs:
! Butadienc..eeienunnaauuinans 80 ibs. EthyI8enzene. vseresssasssaens 121 s,
3 1 sedtaenaaataiiens .
¢ 4 Ethylienzene T Btillties:
] Utitities: team, ey, 1,887 Tbs.
: Stean...uye 2,377 tbs. Conling water - 1,E00  gals.
3 Cooling water, 28,280 gals. Electric power., 7 kwh.
¢ Electric power... 21 kwh, Fuel gas. 875 cu.ft,
: Fuel gas 175 cu.ft,
E’ Direct labor..... 0.1% eanhours.® Birect laber. 0.12 manhours. *
: "For GR-3 plant with annual capacity of ISO M 1bs, “For styrene plant with annval capacity of 120 MM 1bs.
{ styrere
3
E
E PRODUCTION OF GR~S RUBBER FROM LUTADIENE AND STYRENE PRODUCTICK OF ETHYLEZNZENE FROM ETHANE AKD BENZENE
‘ Requir=zents per hundred Requirements per hundred
pounts of output pounds of preduct
Selected inputs: Selected inputs:
80 tbs. 37 Tbs,
20 ths. 79 1bs,
20 Tbs. Utilities:
Steatuiciiaaa. 373 ibs.
2, 1bs. Cooling water, 2,873 gals,
N 25'ggg “;,_ Electric power 6 kwh
Electric power . : 20 b Fuel gasuu... . 70 euft,
Direct 1a50rusresesveasecnssn 0.10 zanhours.® Direct Tabor.eusseerirevuinnrn 0.05 mannours,*
“For GR-5 rubber plant with annual capacity of 160 4 lbs, *For ethylbenzine plant with annual capscity of IZO MK 1bs,
etnylene
PRODUCTION OF STYREHE FROM ETHANE AND BENZENE
{via ETHYLBENZENE) PRODUCTION OF PHENOL FROM BENZEXE (RASCHIG PROCESS)
Requirenents per hundred Requirenents per hundred
pounds of output goends of cutsut
Selected inputs: Sefecied imput. .
55 e 2T T ST PR PP PR, 97 Bs.
Eenzene. 35 Tbs, Otitities
46 lbs, Steaa, . 1,650 1bs.
Cooling water.. . 4,494 gals.
2,330 bs, Electric power. . 13 kwh
Cooling water. 3,106 gals. Fuel gas..... . s70 culdt.
Electric power 13 kwh., Chenfeals:
Fuel gas. 1,324 cu.ft, Hydrochloric azid (32%) pil 1bs.
Birect labor.. 0.19 manhours,* Direct laber...... 0.22 :unhours.'
*For styrene plant with annual capacity of IZO MM 1bs. *For phenol plant with annual capacity of 53 MM 1bs,

etnylbenrene
ethylens 65



APPLNDIX & (PETROCHEMICAL INDUSTHY)

PRODUCTION NF ETHYLENE DICHLORIDE FROM ETHANE

A-18

PRODUCTION OF METHYL CHLORIDE FROM METHANE
{via CHLORINATIOK)

Requirements per hundred
pounds of cutput
Selected inputs:
Etha rresiresiararieas 39 Tbs,
Utilities:
Steam......e 87 ths.
i 1.809 gals,
0.8 kwh,
62 cu,ft,
Chemicais:
Chlor ine.. 2 Tbs.
Birect tabor,,. 0,37 manhours,”

Reguirerents per hundred
pounds of output®

Selected inputs:

L 435 cu.ft,
Ytilities
Stean,ean.., 400 1bs,
Cooling water 1,080 gals.
Electric powe 3.5 kwh,
Fuel gas...,. 100 cu.ft,
Chemicals:
Chiorine. 87 be.

Direct labor, 0.27 manhours,*”

"For ethylene dichloride plant with annual capacity of 70 MM Tts,
ethylene 86

PRODUCTION OF ETHYL CHLORIDE FROW ETHANE
(VIA CHLORINATION OF ETHARE }

*0f total output, 47% by weight is methyl chloride, Y1% by
veiaht is hydrogen chioride, 8 by weight is methylens chio.
ride, and ¥4 by weight is ciloroform and carbon tetrachlo-
ride,

**For methyl chloride plant with annvat capacity of ;g M Ths,

PRODUCTION OF METHYL CHLORIDE FROM NATURAL GAS
{via METHANGL)

Requirements per hundred
sounds of output

Requirenents per hundred
pounds of output®
Selected inputs:
Ethane. ceremmetasanenas 54 Ibs.
Utilities
Stean..., . 286 bs.
Coaling . 2,166  gals.
Electric power. . 2,8 kwh,
Foel gas..... . -6 cu.ft.e"
Chesicals:
Chlorine 57 1bs,
Direct laber, 0.06 manhours.***

"0f total output 893 by seight is ethyl chloride, 9% by weight

is ethylene dichloride, and 2% by weight is light ends and
aguecus HCL.

ies wruduction,
"**For ethyl chioride plant with annual capacity of 120 MM 1bs,

PRODUCTICH OF ETHYL CHLORIDE FROM ETHANE
(714 ETHYLENE AND HCT)

Selected inputs:

Hatural gas.iviiuisvnnvsansas 1,581 cu.ft,
Utilities:
Stean....... 270 Tbs.
Coaling water, 4,353 qals.
Electric power 2y kwh,
Fuel gas...,.. W0 cu.ft.
Chemicals:
Hydrogen chioride. 80 1bs,

Dircet labor..vsiuya,s 0.29 nantours.:*

“For methyl chioride plant with annual capacity of 10 M4 Ibs,
methanot 240

PRODUCTICH OF METHYL CHLORIDE FROM METHAHOL

Reguirements per hundred
pounds of octput

Requirements per hundred
paunds of output

Selected inputs:

thane.ciiiii i, 60 tbs.
Utitities

Stea . 278 Tbs,

Coaling wate . 3,327 gals.

Electric powar . 3.4 kwh,

Fuel gas.ieivanans . 197 cu.ft,
Chemicals:

Hydragen chlaride. . 60 Ibs,
Direct labor, . 0.08 manhours.*

Selected inputs

Methanal Aevrcedurrinsens . 70 1bs,
Utitities:
Steam . 200 ths,
Cooling er, 1,460 gals.
Elertric power 3 fewhs
Fuel gas....., 180 cu.ft.
Chemicals:
Hydrogen chior B0 ths

Direct tabor,.. 0.26 manhours,*

*For ethy} chicrice

plant with anngal capacity of 120 MM 1bs.
elhylene &5

*For methyl chleride plant with annyal capacity of 10 MM Ibs,
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PRODUCYION OF HYDROGEN CHLORIDE (HC!)

APPENDIX A {PETROCHEMICAL INDUSTRY)

PRODUCTION OF AMMON UM KITRATE FROM MATURAL GaS

Requirerents per hundred

Reguirements per hundred

Souias 100% HCI Pounds of output
nputs: Salt.,,.. 165 1bs, Selectsd Inputs:
[T
8 1bs. Naturai gas {orocess and
Utititles: Staan. . 69 1bs. fuel)iiiiiiciiiiiiiiiina,, 776 culft,
Cealing water 35,000  gais, .
Electric posr 165  fkwh. Utitlties:
Dlrect labor. . 0.23 nsnhavrs.* Steam,iuaian . 232 1bs.
Cost differentiats (1a Coaling water . 1,885 gals,
100 1bx KC (166 4): Electric power . 33 huh,
Pouer, 100 cents. .
2.5 conta’ Direct labor...... . 0.1C wmanhours,
Direct lator, . 16 cents.
indirect labor, } 15  cents, “For sreniun nitrate plant with anmal eapacity of 200 M Tby,
¢ W0

“For #51 plent with manual oapreity of 40 1 Ing,
chiarlne £

PROGUCTION OF HITRIC ACID FROM RATURAL GA!

nitric acl
arenia %

PRODUCTION OF AMMONIUM NITRATE FROM AMNONIA
(V12 MITRIC AcID)

Requirements per hundred
pounds of output

Requirements per hundred
pounds of output
Selected fnputs: J
Natural gas (process and |
fuel ) | 485 cu.ft,
Utitities:
Stesr......., 105 Ibs.
fooling water 1,572 gals.
Electric power. 28 kwh,

Plrect labor...... 0.08 manhours,*

Selected Inputs:

Araonla... % tbs.
Utllities:
Steami.iiaie,, . 65 Tes.
Cooling water. . 6BR gals.
Electric power,. . u ke

Birect labor.. 0.08 ranhours.”

“For nitrle acid plant with annual capacity of 4O Md 1bs,
aronia 64

PROIGCTION OF NITRIC ACID FROM AKMONIA

*For ammonivn nitrate piast with anmal capacity of 200 M 1ba.
nitric seid 40

PRODUCTICH OF AMNONIUM KITRATE FROM AMMON{A ARD RITRIC ACID

Requirements per hundred
pounds of output

Requirements per hundred
pounds of output

Selected inpute:

Armanla,, 2% o,
“tilities:
Cooling ater.. 765 gals.
Electric power. 12 xwh,

Direct Tator. 0.07 manhours,®

Selected Inputs:

Arnoniae e ceiinniiierinn.. 24 fbs.
Hitrle acld. ioivivinnanann,, 76 tos.
Utilitles:
Steam. . .0 55 Ibs.
Cooling water, 3 gals,
Electric power 2 kwh,

Direct 1abor...vueeniaisaaa,, 0.03 manhours,”

“For nltric acid plant with sanual capacity of %0 M4 Ty,

“For amoniun nitrate plant with snnual cazscity of 200 M4 Ibs.



APPENDIX B

Tables on Economies of Scale

Acrylonitrile (Ex Acetylene)
Acrylonitrile (Ex Ethylene
Hydrogen Cyanide.. .
Ethanolamines

Ethylene Oxide {Oxidation Proc;.ss) B-4°] Polystyrene..
Ethylene Oxide (Chlorhydrin Process) B-4 | GR-S Rubber..

Methyl Aleohol (Methanol)...,..

Phthelic Anhydride {Ex O-Xylene).

Polyviny!l Acetate,
Polyvinyl Chloride.
Vinyl Acetate

INDEX

B-3 | Vinyl Chloride (Ex Ethylene Di
B-3 | Urea....... e ceen
B-3 Polyethylene.

B-4 | Styrene......
B-4 Ethylbenzene.

B-5 | Fthylene Dichloride. .. .. P
B-5 | Ethyl Chioride (Ex Ethylene)...

B-g Methy! Chloride (Ex Methane).... .
B-6 | Amonium Nitrate.
B-6 [ Nitric Acid........ P
. B-7 Acetylene (Ex Natural Gas)
Ceerieneea. B-7 | Acetylene (Ex Ethane). .,

B-3 | Vinyl Chloride (Ex Acetylene)...... .........
chloride)

.« B-5 | Ethyl Chloride (Chlorinstion of Etha;xéi:'
Formaldehyde (37%) (Ex Methanal), B-g Methy! Chloride (Ex Methanol).......,.

gy




APPENDIX B (PETROCHEMICAL INDUSTIY) B3

ACRYLONITRILE {EX ACETYLENE) HYCROGEN CYANIDE
Econoales of Seale Calculation Eccnomles of Scale Caleulaticn
[Plant factor 0,76, labor factor 0.25] {Plant factor 0.7, labor factor 0.2}
Plant capacity(iM 1bs fyr) 5 I 20 50 Plant capacity(M4 Iy fyr) 10 zo] %0 7 0o
Plant investsent(in $000) $543 FROL 3,858 $3,i26 Plant investment{in $000) $7821 41,270 | $2,062] 43,051 | 343,917
Labor earhours per year., | 24,500| 41,030| 48,720 ] 61,360  Laver menhours per year., | 13,5901 15,560{ 17,870) 19,99 21,470
Selected costs per year | Selected costs per year I |
(in $000): 1 {in t000): i
S t3 13¢ 169 Operating labor. 37 w3 5] 55| 59
s i 131 17 Suptrvision,, 4 ) 5 5 5
2 37 ] 125 Plent caintenance. E] 51 82| 12 157
Equiment and operat- Equiprent and cperat. ,
ing supplies. .. 3 3 9j 15 ing supplies... 5 8 12 ts! 2%
Payroll oecrhead 7 2 27| 37 Payroll overnead, 3 1} n‘ 181 2t
tndirect praduction Indirect production t i |
€08tereraiennrenearan 3 8 1o 165 st renveeiiiiennnes | 38 53] nl o] i
General office over- General of fice over~
13 17 2, k5 headees.ss 8 1] 15 20 25
= 2 156 3 Desreciation 7 127]  208| 305 392
5 9 16 31 Taxes..... 8 13 2 3l 3
5 9 16 3 Insurance, 8 13 al 3 33
2 37 e2| 125 Interest.. 31l st el iz2| s
311 $435 :m{ $1,064 Total.. $257)  ¢3mf dsm2]  ss2al 41,000
Selected costs per | Stlected costs per
100 1b6uasnanneranienis $6:22) $.35)  $43]  $215 100 Ibseenrririrennns, $2.57 $1.91 $.18)  gh.o4
Difference batwoe vifference bstween
cansecutive colums consecutive columns
in selected costs in selected costs
par 100 Ik . $t.87 $1.22 $1.00 per 100 lbs. $0.66  $0.45  $0.28  §0.14

Hote: Hinor discrepancies erist owing to the rounding of figures. Mote: Minor discremncies exist oving to the raunding of figures,

ACRYLOHITRILE (£X ETHYLENE OXIDE) ETHAKDUANINES
Econoies of Scale Calculation Ezononies of Scale Caleulstion
[Prent factor 0.7, labor factor 0.2] [Plaat factor 0.6, babor factor 0.2]
Plant cazacity(d fba/yr) 51 o 20 50 Plant capacity(M4 1t jyr) u] 8 1% 30 L
Plant investment{in $000) 4823 4685 $1,115 2,117 Plant investzeni(in $000) 41,525 $2,312 | $3,504{ §5,110 45,073
Labor-manhours per year.. 37,0 43,350 89,730 59,810 Labor marhours per year.. | 16,070 18,460 | 21,200 24,050 25,870
Selected costs per year Selected costs per year
(in $000): (in $000}:
Optrating Tabor.,..... 1 18 137 o Operating labor, 4 51 58 66 70
Supervision.ive.s, i0 12 (L3 16 Supervision 4 5 6 7 7
Plant eaintenance..... 17 27 N5 &5 Plant maintenance,. €t 2 150 204 243
Equiment end pperat- Equipment and operat
ing supslies. .o 3 3 7 [ K] ing supplies, 1] IL] 2 3t 35
Payrol) overhead. 18 22 26 33 Payroll overhead, 12 15 2 26 N
Indirect product Indirect production
&7 8l 0 133 CBheiirrinrirannnns 59 al 13 154 178
1l is 20 ] 12 16 23| a3 38
42 €9 nuz2 212 153 23 = 50 07
4 7 " 21 1] &l
1 7 n a 8 6l
Interest... 17 27 85 a5 208 253
Totaleeses.. 30 $382 $527 3818 41,336 $1,572
Selected costs per . Selected costs per
100 tbs., $5.00 $3.92 $2.63 3163 100 1b3eseannnns E2)
Difference between Difference bytween
consecutive colums cansecutive cotem
in selected costs in selectad costs
per 100 Ibsa,aisinne $2.03 §1.28 $1.00 per 100 lbz..... e $3.09  $2.18  $1.53 $0.52

Wote: Hinor discrepancies exist owing to the reunding of figures. Hote: Minor discrepancies exist owing to the rounding of figures.



ETHYLENE OX{DE {OXIDATIGY PROCESS)
Economies of Scale alculation

[#1ant factor 6.625 Iator factor 0.22)

APPENDIX B (PETROCHEMICAL INDUSTRY)

AMONIA (EX NATURAL GAS)
Economles of Scele Calculation

LPlant factor 0.8), Jabor factor 0.1]

Plant capacity{M4 1bs fyr) o 20 KO 80 -4 Plant capacity(M Ibs jyr) 66 132 264 628 752
Plent investment(in $000) | 52,558 $3, 46 6,055 $7,841 | $9,385 Pleat investsent(in $000} | $5,457 49,584 416,808 |$29,460 | $40,912
Labor manhours per year,. 85,710 53,251 | 62,02 67,810 72,240 Labor manhours per year., 55,222 72,856 | 95,148 (126,870 148,210
Selected costs per year Selected costs per year
(in $000):
128 45 in igs 199 Coerating lasor, 152 200 28 35 410
13 15 17 19 20 Supervision.. 15 20 26 35 ul
102 153 243 318 375 Plant paintenance, 218, 33 s72) 1,78 1,838
Equipment and operat- Equipmnt and cperat -
ing supplies... . 15 b2l 37 17 56 ing supplies... 33 53 o 177 245
FPayroll overhea 2B 36 36 54 6l Payroll overhea LY 82 -3 (L7 1s0
indirect preduction indirect preduction
. 128 17 234 8 325 209 33 532 859 b i87
General office over-
ki) ¥ 57 €5 42 66 106 1™ 233
3% 609 784 X9 27, %8 1,650] 2,%6] 4,09
38 81 7% % 55 86 168 2% 409
39 6l 78 sS4 85 96 153 2% 409
158 23 31y 375 219 383 6n{ 1,178 1,636
4.215] $1,768] §2,214 ] $2.603 $1,536] $2,653| $u,u8s| 97,642 $10,570
Selected costs per
100 Ibsenennioninienans | 3847 $6.08] Su.82] $a.69 $3.25 100 1bs...... eevrecnsans) $2.80) $2.01) §1.70| $1.45] 51,32
Bifference between Difference between
consecutive columns consecutive columns
in selected costs in sefected costs
per 100 Ibs.seiasunns $2.33  f1.66 $0.72  $0.q4 per 100 lbs... $0.39 $0.31  §0.25 40,3
Kote: Mincr discresencies exist owing to the rounding of figures.  Hote: Hinor discrepancies’ 2xist owing to the rounding of figures.
ETHYLENE OXIDE (CHLORHYDRIN FROCESS) ACEYIC ANHYDRIDE (£X ACEYIC ACID)
Economies of Scale Calculation Econanles of Scale Calculation
[Plant factor 0.625, labor factor 0.22] {Plant factor 0.67, labor factor 0.2]
Plant capacity(M Ibs/yr) 10 20 80 8 Plant capacity(M tbsfyr) 10 0 40 n 100
Plant ‘investment{in $000)| $2,05¢ 43,163 $3.873 §7,523 Plant Investrent(in 3000} | $760 | $1,210 31,925 1 $2,601 43,557
Labor mashours par year.. 30,616 47,308 55,099 64,176 Labor manhours per year,. 31,570 | 36,260 141,650 | 46,5% 50,030
Selected costs par year Selected costs per year
{in $000): (in $000):
Operating laber, . 12 130 152 176 Operating labor, 37 [[:] 15 28 138
Supervision... . n 13 15 18 Supervision... 9 10 E) 2 L3
Plant raintenance. 2 127 1% 30t Plant maintenance. ..., 30 4B 77 12 2
Equimment and aperat. Equipment and operat~
i i 12 18 23 45 5 7 12 1”7 2]
-] 3 40 52 17 20 % 30 33
Indirect proguction Indirect preduction
Costiieenieiiniiinnen 109 [L+) 196 2m Conteriniiianiinnans -3 8 w7 135 157
General office over- General office over »
2 29 33 54 i3 17 21 27 3
205 3ng Ges 782 76 128 193 280 356
2} 32 w9 7 8 12 19 28 36
H 32 u3 kel 8 12 19 28 36
2 127, T an 2 ¥sd 2 192
$700 $s03" $1.038| 82,120 Tolalwewvneeieens | 8397| w478| 76| $509 | 41,106
Selected conts per selected coats per
100 1B3.eenurasaennvcaan $7.00 $3.99 $3.6} $2.65 100 lbs... $3.87{ £2.39{ $1.69! $1.30 FIN 1]
Difference between Difference betwecn
roasecutive colums cansecutive colum
in selectad costs In selected costs
per 00 Ths., .. . $2.01 $1.38 $0.95 per 100 Thsueeiian,.s $1.08 $0.70  $0.39 go.t9

Hote: Minor discrepancies exist owing to the rounding of figures.

¥ote: Minor discrepancies exist owing to the rounding of figures.




APPENDIN It CPETROCIHEMIC AT, INDUSTIY)

ACETIC ACID (EX ACETALDERYTE )
Economies of Scale Caleulation

Plat factor 0,67, labor facter 0.2
Plant crpeity(sH 135 frr) ic [ i i ~o‘ :.a‘ (50
Plant invoatoent(in $000) | $376 | gs05 | gei7 $I.507 $2.256
Labor marhours per year.. |21, o0 ! %,930 128,690 | 32,90 | 37,370
|
Selected costs per year {
(in $009): : I |
Ogerating taver. 0! e 7 sl 103
i si 7] g 9 I
5] 2 I 38 60 2
Equipment ad operat« ! ! |
ing supplics.. § ' €| 9! %
Payroll overhesd, " } 3] e 19 u
Ingirect proauction i ! !
Casteiiineinaniicannn LI 51 ‘ 65 Esf 108
Gereral office over- i ‘ ,
22
I el i

L] N

Selected costs per
g 18,
Difference between
consecutive colusns
in selected costs
per (00 Ibs..

§0.43  $0.28  f0.17

i
SCETADFHICT (EX AZETAENE)
Ecoromies of Sesle Calculation
[Flant faztor 0.72, labor factor 0.257
Fiant canacity M4 Ibs fyr) m' f w| w0 100
Plant investrent(in $000) 377 | mo 131,022 $4,529 | $1,977
Labor manhours par year.. | 49,050 | 47,610 155 620 165,120 { 71,190
Selected costs rer yasr
{in §u0): |
Oparating labor.. 1o t 121 156 l?QE 183
Supervision...... It 18 18§ 2
Plant maintenance 4 61 73

Equipment snd opera

Indirect praduction
costaa,
Generat offizce overs
head.......
Dezrasiation,
Tares..o...,
Insurance,
interest, .

Sclected costs par
100 bs......
Difference brtwcen
consecutive columng
in selected costs |
2er 00 1bs.. !

$3.00 i $1.95

$1.02 $0.64  30.3% $0.17

Wote: Hinar discrepancies exist oving to the rowding of figures,  Hot: Hinor discrepancies exist muing to the romnding of figurer,
ALETALDEHYDE (EX ETHANOL) ETHYL ALCOHOL
Economics of Scale Calculatio Ecenonies of Scale Calculation
LPlant factor 0.67, labor .actor 0,2} IPlant factor 0.70, tabor factor 0,25]
—
Plant capacity (M4 bbs fyr) 0] 20 40 70 Plant casacity(1s: 1bs fyr) 39 60 120 . 20
Plant inves tmnt(in $000) 315 $501 $57 [ 31,159 Plant tvestrent(in $000)| 17100 02778 | $u.m3 [
Laver mabours per yaar.. | 30,7601 60| GI9I0{ 48,870  Labor mbours per year.. | 45,050 53,560 | €3,710 | 72,30
Selected costs ser year ! Selected custs por year
(in 3600): l l (in $000):
Operating labor. l &7 100 18 129 OGperating fabor, 2 197 175 19
Supervizion.., . 3 ia 12 13 SuBervisione..es... 12 15 18| )
Plant raintonmce..... la) ] 32 N Plant raintenance. 68 m 180 , 28
Equicrent and operat - i Eauipnent 2nd operat. ’
ing supplies.,er..., 2} 3 5 10 1”7 7} 33
Pasroll overtesd.,.... | 15! 12 2 25 % 3 42 52
. Indirect production | i | Indirect praduction
€osteuiiiiiiinianns | 55| el &2 98 € turinneriearernss 197 ths 200 28
Gneral of fice ave , ; | General office over -
h ‘ 13 16 20 21 29 o 2
] 32 50 { 80 116 el s st 655
i 3 5 8 12 17 28 45 =)
i 3] 5 8 12 1”7 28 45 5
} 13 20 2 46 68 1" 181 28
’ s2u3 312 410 §522 643 s | $1u05( 1,900
Selected costs per Selected cants por
100 Wseninivornnnn | 22] s gros $0.75 MO0 Maeeeviiiiiennn] R g1 57l gy 3055
Diffzrence between ' Difference beboon
eonsecutive columns., | cansecutive colum
in selectod costs in selectcd cotts
per 100 Ib:..........] $0.66  §2.52  $0.28 P61 100 Ibs.ivynn,. $0.57 0. $0.23

Mote: Winor disrrercies exist asing to the raunding of figures.

licte: Mincr discresancies exist oing to the rounding of figures,



FORKALDERYDE (37%) (Ex METHANOL)
Econonles of Scale Calculation

[Plant factor 0.67, labor factor 0.2]

APPENDIX B (PETROCHEMICAL INDUSTRY)

PHTHALIC ANHYDRIDE {EX O-XYLEXE)
Economies of Scale Caleulation

[Pleat fecter 0.57, tabor factor 0.3]

Plant camcity(M ibs fyr)
Plent investrent{in $000)
Labor manhours per year..

Selected costs per year
{in ¢o00):

Operating labor. ..
Supervision..
Plant enintanance,
Equiprent and cperat-
ing supplies.cueuasns
Payroll overhead......
Indirect preduction

costeeiriiiniiiiinas
Gereral office over-
headovsainan
Depreciation.

Totalesvseruanens

Selected costs per
100 IbSiusseesranncnsnns
Difference betwern
consecutive calumns
in selected costs
Per 100 TM8ccannane

30 60 120 20

$280 $iug $710 | 41,120

36,000 | ®1,350 | &7,500] 54,570

£ s 131 150

10 1" t3 15

u 8 28 45

2 3 [l 7

7 20 b 28

6l i 88 109

12 15 18 2

28 45 7 13

3 4 7 1

3 4 7 0

] 18 28 us

1257 $324 919 4556

$0.65 | ¢o.54]  $0.33 $0.23
0.3 fo9 $0.02

Plent cameity (M4 1bs fyr)
Flant investrent(in $000)
Labor menhours par year..

Selected costs per year
(in $000):
Operating labor,
Supervision...
Plant maintenance.
Equimment and operat-
ing supplies...
Payroll overnead,
Indirect production
cost... PPPIN
General office over~

Selected costs per

100 1bs...
Difference between
<onsecutivs coluens
in selected costs
per 100 1bScsucisnan

10 2 L0 70 100
12,617 44,164 | 46,625 | 49,635 | $12,240
32,150 | 39,550 | 48,710 | 57,610 | 4,130

8 103 3% i 176

9 1] 13 16 1]

105 167 265 386 40

16 2 0 58 ]

2 o 42 55 &

109 156 228 0% 379

22 3 [1] 3 7%

2821 u16) 653} ue| 1,22

26 w2 66 £ 22

26 42 &6 96 122

I0s! _Je7. gesl gesl  wep

#7631 $1,095 | 31,825 | 82,566 ) 3,235
$7.891 $5.97¢ $u.56 $3.69] g3.24

4.2 $1.40 $0.87  $0.us

Kote: Miror discrepancies exist owing to the rounding of tigures,

PTHYL ALEOHOL (METHANOL)
Econonles of Scale Calculation

[Ptant factor 0.81, labor factor 0.4]

Hote: Winor discrepmcies exist owing to the ronding of figures.

POLYVINYL ACETATE
Econoales of Scale Calcalation

[Plant fector 0,75, Tabor factor 0.35]

Plant capacity(H Ibs fyr)
Pleat investment(in $000)
Labor menhours per year..

Selected costs per year
(in $000):
Operating labor.
Supervision...,
Plant raintenmce..
Equiprent and operat -
ing supolies.
Payroll noverhead.
indirect production

Selected costs mer
[11.+ 301X TP

Difference between
consecutive columns
in selected costs

per 100 Mhaiiuuiinnns

6 120 240 450 660
$5,54% | $9,720 317,040 1$28,360 | $35,800
55,700 73,450} 96,970 124,700 | 139,800
1530 202{ 267| 3u3 kS
150 20| 2] wm 38
22| 389] ex| 13| 1432
33| s8f 102] 10| s

u2 6 % w2 171

212{ 3] 53| g| I,@5
2 67| 108 ies| 207
5541 sm| I,7a | 2,638 ] 358
55 €7 170 284 as8

% 97, 170{ 28| 358
222 389 €827 1,13% 1,832
31,6071 12,6291 $4,5951 $7,3700 49,211
$2.681 $2.24] $1.89) il $i.sy

1044 $0.35  $0.25 30,10

Plant capacity (M4 Ibsfyr)
Plant Investrent(in $000}
Labor manhours per year,.

Sefected costs per year
{in $000):

Operating labor.......
Supervision, e
Plant maintenance.....
Equiprent and operat-
Ing supplies..
Payroll overhe e

indirect precuction
[ 3N vee
General office over -
head......
Depreciation.
Taxes....
fasurance,
Interest...

Tolalieeovininannan

Selected costs per

100 Ibs..
Difference between
consecutive colum
in selectd conts

per 100 1bs..ieaaanes

5 19 20 40 60
$1,238/ 82,031 | $3,500 | $5,886 47,979
25,420, 32,400} 41,300 | 52,640 £0,660

70 89 u4l s 167

7 9 i 1 17

50 & g 235 3i9

? 12 2 3 48

15 2 » w2 51

87 ar 143 215 275

13 8 29 %3 55

i 2081 350 589 798

128 2 35 59 €0

12] 2t 3 59 0

501 i< 180 235 319

271 sem 1,7 stem | 42,209
| f
| sn5sl g m’ $5.23! @apl _saen
$1.91 $141 $1L05  $0.50

Note: Minor discremmies exlst auing to the reunding of figures.

Kote: Minor discrepancies exist ouing to the rounding of figuroa.



APPENDIX B (PETROCHEMICAL INDUSTRY) et
BOLYVINYL CHLORIDE YIRYL CHLORIDE (EX ACETYLENE)
Econosies of Scale Calculation Econamies of Saale Caleulation
{Plant factor 0,76, lssor factor 0.4] [Plent factor 0.72, latar factor 0.2]
Plant capecity(Md Ibs yr) 20 50 &0 100 Plant capacity(M4 1bsfyr) 20 %0 70 100
Plat nvestent{in 000) | $3,500] 5,927 $10,00 #1,8%0  Plant investwnt(in $000)| $u,304| 7,155 $10,710| 13,80
Labor marhours per year.. | w3,090| s67e0| m.mi0| B o0 Lador mnhours per years. | 223301 267170 23,2770 31,380
Selected costs per year Selected costs per year
(in $000): {in $000):
Operating laber....... us i56 206 225 Ogerating labor.. (5] 72 50! &
Supervizion.. iz is 21 23 Supervision.. H 7 8 9
140 57 402 476 Plant maintenance 174 286 u28 55%
.* Equiment znd operat-
2 36 € K ing supoiies.., 26 43 & &
30 4y & 73 Payroll overneas, 23 kx| 45 £
tndirect preductim Indirect praduction
COSLitiiiinnnaann. Irs 222 3 57 COsteaeiiiiiiiiiinaas 13y 264 291 366
General office avere General office over~
29 w ] 7 n ] 58 I
350 ss3[ 1,0 1,160 [ ne|  1,0m 1,384
k) 59 100 19 w3 7 o7 138
35 59 100 19 u3 7 107 138
140 237 90z 475 174 2 428 55
$1,0s8 | $1703] $2,772|  g3,297 Totalovooonenene ] g1 ] shen | g2,0m 13,541
Selected costs per Selected conts per
100 1880 0nmnarsannnnnnns $5.26 $u.26 [ ¢3.47 3.25 100 ibs.. ceesenrl a8 43. 3.45¢
Difference between Difference betwoon
consecutive columns consecutive colums
in selected casts in selected costs
ver 100 Im...u..... $Le 7 so.2 per 100 Ibs. e $I.16 $0.7%  s0.40

Note: Minor discremancies exist owing to the rounding of figures.

VIRYL ACETATE
Ecanonies of Saale Caleylation

[Pant factor 0.72, 1abor facter 0.3]

Hotes Hiner dlecoepmcies exist oving to the rounding ef figures,

VINYL CHLORIDE (EX ETHYLENE DICHLORIDE )
Economies of Scale Calculation

(Pt factor 0,67, Jabor factor 9.2]

Plant capacity(M lbs fyr) 5 10 20 Yo 60
Plaat investzent(in $000) | 81,773 $2,930 | $4,626 | 7,549 | $10,640
Labor manhours per year.. 16,970 { 20,89 [ 25,720 { 31,660 35,760
Selected costs per year
{in $000):
Operating labor, . 47 57 7 87 98
Supervisim,.. . 5 6 7 9 10
Plant maintennce,.... 7 1H7 i 3 42
Equiprant and opcrat.
ing supplies. " 8 29 L1 63
Payrall e.eren: 13 18 26 33 38
frdirect production
57 53 150 23l 2%
13 20 30 &6 60
178 21 383 755 1,084
18 29 48 7% 108
18 29 48 79 108
7l 117 193 318 428
KL 21 PPN 5 1804 1$1,278 | $2.98 | $2,77
Selccted costs per
e+ 201 NN $B.04 | $6.35{ 35,12 45.5¢
Difference between
consecutive coluens
in selected costs
per 100 tba........u, $2.17 %165 $1.27  $0.6)

Plant capacity (M1 Ibs fyr) 20 50 m 1%
Plant tnvestrent(in $000) | $8,69 | s7.476 | $10,880] §13,810
Lator nanhours per year.. | 31,190| 35,630) wo,070| w3.;m
Selected costs per year [

{in $000): !
Operating labor. $55 so9|  snol s
Supervision,.... 9 1o " 2

183 299 435 552

28 us 65! a

28 39 514 7]

155 226 an 38

]

3l 45 621 77

w70 Mg 1080 138

47 75 103 138

7 7% 1091 133

tnterest...,., 183 299 435! 532
Tolal. 027 time| f2,785] $3.8%

Selected conts per

190 tseivvinininnnnn | s6.38]  su.90]  s3.88]  gaso

Difference te twen

consecutive colum

in selectad conts

per 100 1bs..vunan.es $1.98 0.2 g0

Hote: Minor discrepancies evist owino to the raunding of figures.

Hote: Minor discrepancies exiat owing to the rounding of figeres.



k-8 APPENDIX B (PETROCHEMICAL INDUSTRY)
i LR POLYSTYREKE
Econcmies of Scale Calcutation Economies of Scale Calculation
[Plant factor 0.67, labor *zctor 0.2] [Prant factor 0.82, labor facter 0.5]
Plant cameity(W 163 fr) a0 [ 125 Plast camcity(Ms 1bs/pr) 2 w 8 o] 200
Plant investment(in $000) $1,433 $2,383 $3,826 Plant investmnt{in $000) | §3,500 6,179 $10,910/$17,2601 $23, 120
Laber manhours per year.. 40,570 46,600 53,970 Labor manhours ger’ year.. | 55,5701 80,000 113, 100) 149,700/ 178, %00
Selected costs per year Setected costs per year
i (in $00):
12 128 g Operating lebor. $ss| s20)  ssul swi2| s
1 13 15 i 16 2 3 41 o
60 95 1% 4o 7 436 630 @25
Equipment and operat -
ing supplies.... . 9 £ 2 21 37 &5 i 139
Payrall cverbecd, . 23 28 3€ 36 55 8 20 151
Indirect production
[0 3 P 9% 25 7t 124 283 422 623 202
Gengrai office over-
13 25 34 33 53 & 125 150
150 238 30 350 68| 03| )728] 2,312
5 2% 39 35 62 109 m 231
i5 24 39 35 & 109, 173 231
Interest.. §0 3 156 $iv0) $m7{ gsas) gev0)  gas
Total...... 4569 sai1 $1,207 $0.128 181,665 | $3,180| $4,676) $6,417
Selectsd costs per Selected costs por
100 108uucunriaconananse $1.%0 $1.35 §0.97 100 Tbsemvunnencranneans] s5. 631 su.71| $3.08 $3.48) $3.2)
Difference between Pifference between
censecutive columns consecutive colums
In selected coats in salected costs
per 100 168y .iieerens $0.55 $0.38 per 100 1b$iusaieiens $0.13  $0.73 $0.50  $0.27
Note: Ninor discrepancies exist owing lo the raunding of figures. Rots: Minor discrapmcies exist owing tu the ramding of figures,
POLYETHYLENE GR-§ RUBBER
Econonles of Scate Calculation Econonies of Scale Calculation
[Plant factor 0.8L labor factor 0,4] {Plant factor 0.22, tabor factor 0.5]
Plant capacity(M4 1bs fyr) 15 30 €0 100 1 Plant capscity (Mt 1bsjyr) 40 8 160] 320 400
Plant investrent{in $000} | $6,161 [$10,800|$18,940(428,640 $39,770  Plant tnvestoent(in $000) | $6,173[$10,810($19,260]434,000 440,820
Labor manhours per year.. | 38,910 { 50,020| 66,000] 80,950| 95,220 Labor manbours per year.. | £0,000|113,100]160,000226,000| 253,000
Selected costs per year Selected costs per year
(in $000):2 {in $000):
Operating labor, B 107 138 ez 23 262 Operating labor....... $220 4311 $so|  se22 1695
Supervision.,... . ) 14 18 22 26 Supervision... . 22 31 s 62 70
Plant cainteamce..... 256 432 758} b,a88{ 1,591 Plant raintenance, . ... 97 436 70| 34,3601 1,633
Equipeent and operat - Equipment and operat-
ing supplies.... . 7 85 Hy 72 233 37 85 11e 204 245
Payroll overhead,,,... 36 55 124 123 Ie3 85 B4 130 205 237
Indirect production indirect production
%) 3 535 T81] 1,058 [ 263 422 685 i.124) 1,322
General of fice over - General office over~
head.susnnnrann L] £5 107 156 22 53 84 137 25 264
616 | 1,020f 1,894 2,864| 3,977 618] 1,091] 1,%6] 3,400] .08
62 08 189 286 338 62 03 153 3 L]
@ 108 188 288 398 62 109 k<] 340 4o8
Intereat.. 246 432 758} 1,186] 1,581 247 836 770| 1,360 1,63
Totaluseenrnsranana | §1,663 1 $2,820| $4,831) 37,205 $9,014 Totalissaseeeniaas. | $1,835] $3,180( 35,4041 §9,241} 410,957
Selected costs per Selected cosis per
100 Ibs, $11.10] $9.40] $8.10[ $7.20f $6.60 100 Wseeecieienicenanso | $4.711 $3.98] $3.38f $2.83| $2.75
Difference between Bifference bebeen
consecutive columns cansecutive colum
in selected costs in selected costs
per 100 lbs., $1.70 §1.30  $0.90  $0.50 2er 100 Msiaaii $0.73  $0.60  $0.49 $0.1%

Wote: Hinor discrepancies exist aring to the raunding of figures.

Note: Minor discrepancies exist owing to the rounding of figures.




APPENDIX 8 (PETROCHEMICAL INLUSTRY)

Plant camacity(M tbs fyr)
Plaat investment(in $000)
Labor canhours per yesr,,

i
Selected costs per year
{in $000):

|

Selected costs per
100 188.cviiniinnnenn.,
Difference betwem
consecutive columns
in sclected costs

jren
STYRERE PHEKCL (BENZENE—RASCHIG PROCESS)
Economies of Scale Caleulation Econtrics of Scale Caleulation
[Prant fector 050, Jator factor [NLY] [Praat faztor 0.67, lador factor 0.Z;
- =
30 €@ 120 200 Plant capacity(M thsfyr) 13 26 53 100
7,950 4106350 §19,900] $19,250  Plant investrent(in $000)|  $3,009| $4,795| 37,630 $11,6%0
11%.500] 127,000 | 150,800 | 152,180  Labor mahours peryear.. | g7.862( 100,930 | 115,930 2,500
Selected costs per year
{in $000):
49 387 4ig Operating labor,.. b+ 273 ats 32
35 38 42 Supervision, o 28 32 3
522 5% 70 Plant mintonasce... 12t 192 305 €5
Equimment and operat -
63 88 1ig ing supolies, ... 18 2 u6 70
L 10 iz 53 5 7% %
435 556 673 202 263 351 [
& i 135 0 53 70 83
1,05 | 1,49 1,925 301 450 763 1,163
105 149 153 20 58 7% i1s
105 143 19 30 48 7% g
422 556 ki 121 192 305 565
83,067 | $5,2m | gs,380 $L781 siees | s2.019| 3,048
Selected costs par
45.28 | 33.50 $2.68 100 Thseeenrinnnninns, 89011 612 4.56 32.45
Difference between
consecutive coluzns
in selected costs
2.2 L1 40.88 Der 100 185..uaienn, $2.64 $Les  fin

per 100 Msao.iy..,.

Mote:

ETHYL2ENZEKE
Economies of Seale Caleulation

[Plant factor 0,55, 1ebor facter 0.15;

Minor discrepncies exist owing to the rounding of figures.

Rote: Hinor discrepmcies

ETHYLEKE DICHLORIDE
Economies of Scale Calculation

[Plant factor 0.70, labor frctor 0.25;

exist owing to the romding of figares.

Plent capacity(H4 1hs fyr)
Plant inve~trent(in $000)
Labor menhours per year,,

Selected costs per year
{in $000):
Qperating laber.,
Supervision....
Plant maintenmce,
Euiment and omerat -
ing suppiles..
Payroll overhesd.
Indirect proguction

L
General of fice over
head.. ...
Depreciation

Totaliveaieanana.s

Salected costs per

100 1B3seuiinnecun., $4.39,
{

Difference batween
consecutive columns., |
in selected costs

30 €0 120 200 Plant camcity{ Ibsfyr) 20 50 70 100
M5 37,2011 410,560 | $13.980  Plant Iaves trent(in $000) $H.UB3 [ 47,282 310,770  §43,830
23,73C,  31,630| 35,370 38,190 Labor manhours per year., 26,470 | 24,35 28,000 29,610

Selested costs per year
{in $000):

7% £ 24 105 Operating labor....,.. 56 67 7 8

8 9 0 1] Supervision........... 6 7 8 3

ig7 268 422 559 Plant maintenance. . ... 179 291 431 553

Equipment and operat -

20 u3 <] 2 ing supplies.., 27 s €5 83

28 36 L] 59 23 n 45 55

indirect praduction

57 204 290 3 L O 24 204 209 364

General affice over«
a 3 59 76 27 4} 58 73
493 721 i,055 1,389 e 728 1,017 i3s3

(1] kr] 105 1o u5 73

L] 72 106 140 45 73

kg 283 422 559 175 291
3,7 $1.875 52,6885 §3,510 RCIY $1,169)  ¢1,852

Selected costs per :
$3.12 $2.24 375 100 Ibs $3.85 $u.61
Difference babwen |
! censecutive colum |
in selectn) conts |
$1.27 10,88 $0.49 $1.22 $0.78 §0.52

per 100 m..........!

per )00 |bs.......4..[

Note: Mincr discremncies exilt oving ta

the rainding of figures. Note!

Hinor discreaanzies exist oring to the rounding of figures.
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ETHYL CHLORICE {EX ETHYLEKE)
Econonies of Scale Calculation

[Piant facter 0.67,

Tabor factor 0.2]

AFPENDIX B (PETROCHEMICAL INDUSTRY)

HETHYL CHLORIDE (EX METHANOL)
Economies of Scale Calculetion

[Plant factor 0.67, 1abor factor 0.2]

Plaat capacity(M4 1bs fyr)
Pleat investment{in $000)
Esbor mamiours per year.,

Selected costs per yeer
(in $000):

Ozorating lador.
Supervision, ..
Plant caintenence.
Equimment and ooerat.
ing supnlies....
Payroll overhesd.
In¢frect production
costeaians
General office over-

Selected costs per

100 Ibsecssiinrvenannnnn

Difference between

consecutive colunns
in selected costy
per 100 Thsiiioaanss

30 €0 2e 200 300
46,165 | 95,609 $15,610 321,830 428,830
33,130 | 3,050 83,710 u8,410] 52,510

Ll 105 120 133 14

9 10 12 13 3

27 382 E2% 878 1,154

7 59 1) 52 in

3% 47 67 &3 Ho

122 283 K25 579 3

57 85 116 49

98I} 1,561] 2,188 2,888

98 156 20 288

98 155 220 288

xR £24 &79 1,158

$2,522| $3,825 45,457 | 7,002

$5.45] $9.20) $3.27) s2.73] s2.3

$1.25  $0.83  $0.5% $0.36

Piant capacity(M4 1bs fyr) i 5 o 20
Plent investzent({in $000} 456 $led $260 $41y
tabor manhaura per year,. 16,780| 23,150| 26,590 30,550
Selected costs per year
{in g000):
Operating Tabor.. 56 & 73 8
Supervislon.... 5 6 k4 8
Plant maintenance...., 2 7 1o 1
Equlprent and operat«
ing suaplies . ] i 2 2
Payroll overne. B 1t 3 15
indirect production
cost... - 27 33 45 56
General office ov )
heade.ss 5 8 g n
Depraciation, 6 13 25 u
Taxes. i 2 3 4
Insurance. l 2 3 4
Interest.. 2 7 10 17
Totalievoiarnnanns 4102 $16t $202 $260
Selected costs per
100 TBSseisennnininnasys $10.20 $3.20 $2.00 $1.30
Difference between
consecutive colums
in selected costs
per 100 1b3us cevenns $7.00 $1.20 $0.70

Note: Minor discrepancies

exist owing to the rounding of flgures.

ETHYL CHLORIDE {CHLORINATION OF ETRAKE)
Econenles of Scale Calculation

[Plant factor 0.65, Tabor factor 0.35]

*336.00

Kote: Minor discrepancies exist owing to the rounding of figures,

HETHYL CHLORIDE {EX METHANE)
Economies cf Seale Calcuiatlon

[Prant factor 0.67, Yabor factor 0.2]

Plant.capecity(M Ibs fyr)
Plant investoent{in $000)
Labor manhours per year..

Selected costs per year
(in $000}:
Operating labor
Supervisian..
Plant maintenmce
fquiprent and omerat .
ing supsiies..
Payroll overte, "
indirect production
costieiiiiniia, .
Generat of fico aver -

Selected costs per
100 Ibs...

Difference betwemn
consecutive colums..
in selected costs
per {00 Thsiaariaans,

30 €0 120 200
46,310 49,%02( $15,500] 321,60
45,500 57,870( 73,760 88,200
125 159 203 83
12 18 20 24
252 396 (37 86
28 59 83 130

Yo £ 80 185

219 3s %83 632

83 €3 2 26

631 990 1,554 2,166

€3 « 155 a7

€3 93 155 a7

252 385 €22 EE5

$0,733|  $2,e48| gu,067 §5,592

$5.78 $5.42 33.39 $2.50
$1.36 $.03 $0.59

Plant capacity (M4 Ibs fyr)
Plant investzent{in $000)
Labor manhours per year,.

“elected costs per year
{in $000):
Cperating labor.
Supervision..,
Plant raintenance.
Equipment and operat-
ing sugplies.iuianara
Payroll overhead
Indirect praduction
SBL e
Coneral office over -

Seiected costs per

100 Ttseevuiinanevanrnen
Difference between
Consecutive colum
in solectod casts
per 100 Ibs...uiinans

i 5 10 2

$525 [ 4,58 | 82,457 33,910

16,760 | 23,150 | 26,530 30,550

L 2] 73 8

5 8 7 8

21 62 99 i5¢

3 g 15 =]

9 15 13 26

37 7t 4 136

7 i 13 27

53 154 28 33

5 15 5 39

5 Is 25 3

21 €2 93 156

$213 $ues 12 $1,087

421.30 $9.76 1.2 $5.53
.5 $2.59 $1.78

Hote: Hinor discrepancies exist aving to the raunding of fimres,

Note: Minor discrepancics exist awing to the reunding of figures,




APPENDIX B (PETROCHEMICAL INDUSTRY) B’11
AMDHILN RITRATE NITRIC ACID
“aeneales of Scale Catculation Econonles of Scale Calculation
[Plzat factor 0.68, Jabor factor 0.27] iPlaat factor 0.63, labor factar 0.2}
Plaat cagacity(¥ iba fyr) 50 100 200 Y00 Plant camcity(std 1bsfyr) 1o 20 %0 80 i<
Plent investrent(in $000) 380 4603 971 j1,5e2  Plent investwnt(in 8000) 131,300 | $2,105 43,258 95,082 | $5,603
Labor marhours par year.. 3,210 | 37,50 45,380 $,720  Labor mahours or year.. | 21,830 25,050 | 28,810 | 33,090 | 34,600
Selected costs per yezr Selected costs per year
{in $000): (in $000}:
Operating g5 o4 125 150 Operating labor. €0 &3 79 8 %
Supzrvision.. 2 io iz 5 Sapervision, . s 7 § 9 10
Plant mintmance..... Is 23 39 >3 Plent maintens; . % B 130] 20 232
Equigment and operat e Equipment and operat -
ing supplies,. . 2 4 6 9 ing supplies... 8 12 20 30 35
Payrol) overhead, i35 19 24 30 Payroll overnead Iy 18 23 30 a3
indirect produwction indirect production
FLTYren 55 7l 9t 1] L &4 85 e 166 186
General office over- General office overe
" " 18 2 13 7 E 33 k14
38 ] 9 i58 1367 21| 328 s 580
[ [ 10 15 1y 21 33 50 58
4 6 10 6 » 2 33 50 58
15 p<3 39 82 58 Bl 130] a0 23
RC17T NS $255 $343 371 $659 $337) 48301 $:3{%1,363] $1.555
Salectad costs par Selected costs per
100 1bs..... .51  $0.3:| g0 $0.16 400 Ibsecessenniiennens| 8.57] $3.05] $2.31) 5| giuse
Difference bebreen Difference retwren
censecutive columny consecutive coluens
in selected costs in selected costs
er 100 1ta.. . $0.17  go.00  go.08 per 100 1bSueeenenss, $.2 $0.30 $0.60 $0.i5

Wote: Winor discremncies exist owing to the rowding of figures,

ACETYLERE (EX NATURAL CAS)
Econoales of Scale Calaulstion

{Plant factor 0.67, labor factor 0.15)

{in $000):

W00 Its..... EETTT P
Difference between
consecutive columns
in selected costs
per 100 Ibsii ...

Plant capacity(M Ibsjyr)
Plant investment(in $000)
Labor rashours per year..

Selected costs per year

Plant raintenance. ..
Equiprent end oporat -
ing supplies....
Payrol} overhead,.....
indirect production
costeiiiiviieiinnns .
General office over-

10 20 80 2] 120 160 200
$2,072 1 $3,656] §5,4931 $8,79( 311,480 | $13,920 {816,165
®,330] 71,379 79,200f 87,878] ®,333) £7,507}i00,50

177 196 2B 2 257 263 277

k] 20 22 bl 26 ) 28

24 38 220 350 Ritd 557 W7

i3 21 33 52 £3 & 37

36 43 52 €5 7 86 9

114 187 28 IH 405 ues 52%

29 37 49 [24 81 o 105

27 36 550 &75| h.us| 1,392| 1,817

2 35 5 87 ns 138 ez

2 35 55 87 1s 138 -

87 138 220 350 553 557 %4

$es4 | 81,195 $1,720| $2,535| ¢3,200 43,810 | $4,358
$8.5% $5.98 $4.30 §3.17 $2.68 §2.38( $2.i8

$2.56 $l.68 LI ] $0.48 §0.30

Hote: Minor discrepencies exist owing to the rounding of figures.

Hote: Minor discrepmcies =cist owing to the romding of figures.

1
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ACETYLERE (EX ETHAKE)
tcononies of Scale Caleulation

{Plant factor 0.65, labor factor 0.15]

APPENDIX b (PETROCHEMICAL INBUSTHY)

Plant capacity (M4 Tbs/yr). 10 20 L1 £ 120 160 200
lant Investzent (in $900)uees $1,62¢ $2,561 48,047 $6,398 $8,356 $10,103 $1t,708
Labor canhours per year.. &,330 71,378 79,200 87,878 83,389 97,507 100,830
Selected costs per year {in $000):
Operating labor, 77 198 2i8 2492 257 268 277
Supervistonse,.., i8 20 2 24 28 27 28
Plent exintenance. . 85 102 162 256 334 L] 469
e 5 2% 38 50 6! 70
3¢ 40 8 59 67 5 8l
135 167 213 280 333 380 422
27 33 43 58 67 76 BY
162 256 405 -639 836 1,010 L
i 26 L 6% & ot "z
16 26 0 64 8y ! ny
€5 io2 182 256 33y %04 Rt
ferastetsinerionias $728 $984 3!,3771 $1,578 42,471 $2,507 $3,303
Selected costs per 100 BSevaananianians $7.24 $4.92 $3.44 $2.47 $2.08 $1.82 $1.65
Dlfference between conaecutive columns
In selected costs per 100 Ibs,,, $2.32 $1.48 $0.57 $0.4) $0.24 $0.57

Note! Hinor discrepanciss exist owlng to the rounding of figures,



APPENDIX C
Tables on Transport Cost Differentials

Acrylonitrile from E
Natural )
.

Acryl

lene and HCN). ‘e e
Acrylonitrile from Ethane (Ethylene Oxide,
Oxidation Process) ang Natural Gas (HCN) (-4
hane (Ethylene Oxide—
s) and Natural Gas

Acrylonitrile from Ft
Chlorhydrin Proces
Acrylonitrile from Ethylene Oxide, and Nate
ural Gas (HCN) ,
Ethanolamines from
Oxidation Proces
monia)....,..
Ethanolamines fro
Chlorhydrin Proc
(Azmonial., ..
Ethanolamines fro

ral

Ethylene Oxide from
ess)
Ethylene Ox
Tocess)......,,
Aemionia from Natural Gas, . . e
Acetic Achydride from Katural Gas (Acety-
lene) e
Acetic Anhydride fro
Acetic Anhydride fro:
Acetic Anhydride fro:

Acetic

Acetic Acid from Eth
Acetic Acid from Acet
Acetaldehyde from Nat
Acetaldehyds
Acetaldehyde
Acetaldehs
Ethyl Alcohol
Formaldehyde (
Formaldehyde (3

Methanol) e
Methanol from Natural Gas......
Phthalic Anhydride from O-Xylene..
Polyvinyl

and Acetylene—Acetic

Ethane {Evhylene Oldues
ess) and Natural Gas

Acid from Natural Gas Acetylene
Acetic Acid from Ethane
Acetic Acid from Ethan
anol (via Acetaldehyde)
aldehyde.....,.. .., seu. Ce12 Styrene from Ethylbenzene. .

n Ethane (via Fthanol).
yde fram Ethonol.. ..., ... .

(Fthanol) from Ethane .
7%) from Methanol. .. .. EERPI v08 1 Ethyl (hloride {Chior
%) from Natural Gas (via

INDEX

eee. C-5 lene.......

Ethano (Ethylens Oride. Polyvinyl Chlsride rom Ethane Aocinons’”
s) and Natural Gas {Aa- Vinyl Acetate from Natural Gas (vi
C-5 lene and Acetylene—Acetic Acid})

e eeen C6 Vinyl Acetate from Ethane
m Fthylene Oxide and Natu. Acid) and Natural Gas (
ia} C-6 Vinyl Acetate from Ethane

Acetic Acid; and Acety]cnc)....“...‘..
. . IR PR e €7 Vinyl Acetate from Acetic Acid and Natural
ide from Ethane {Chlorhydrin as (Ace'y]enc)...‘.......
. C-7 Vinyl Acetate from Acetic Acid and Ethane
e, . -8 »\cctylene)......-...
Vinyl Chloride from Etha;
..... U S Vinyl Chleride from Acet
= Ethane (Acetylene).. .. C-9 Gas),..... e,
a Ethane {vig Ethonol),. C-9 Vinyl Chloride from Ethane
o Acetic Acid........... C-10 Dichloridc).............
. C10 Urea from Natural Gas {vin
Acetylene. ..., . C-1 Polyethylene from Ethrne..
e (via Ethanol), C-11 Polystyr

ural Gas Acetylene, C-13 Styrene from Benzene and Ethnne.i;;;.é;;lyl:.
from Ethane Acetylene., .., C-13 besnzene).......,. eeey
C-14 Fthylbenzene from Benzene

C-14 Phenol from Benzene.
. C-15 Ethylene Dickloride

< C-16 Methy! Chloride from

thane {via Acetylene

Acid).o.. Ll c-17

Polyvinyl Acetate from Natural Gas (via
...... Seerereraiaaay, 3 Acetylrne ang Atetylene—Acetic Acid)....
Polyvinyl Acetate from Ethane (Ethylene—
e, ceenn. C-3 Acetic Acid) and Natural Gas (
Polyvinyl Acetate from Ethane (via
ene—Acetic Acid, and Acetylene). ..
Polyvinyl Acetate from Vi
olyvinyl Chloride from
ceen . G Dichlorid:)......“.. .....
Polyviny} Chloride from Natur

T
Ethane (via Ethylene

Vinyl Acetate from Ethane (via r\cety]er.)e 2

Acetylene—Acetic Acid).. .., feeaeiiaaa,, C-22

Acetylene).,, . ... . C-22

ination of Eth
Fthyl Chloride (Ethylene and iiCl)..
Natural Gas {via




APPENDIX C (PETROCHEMICAL INDUSTRY) -3

ACRYLONITRILE FROM ETHANE (ACETVLENE) anp ramumer, G (HGH):  TRAMSPLRT ¢oST DIFFERENTIALS PER 160 POUNDS

Total transport cost
(= transport cost on fue)
end feedstock gas) when
location at marbet
33° pipe 26"-30* pipe 34 pipe  126°-30 pipe
$0-95% L.F. $0-65% L.F, 90-95% L.F. 60-65% L.F.

Transport advantage of g

Total transport cost
{= transport cost on
finished product) when
slant focation at

Harket Katura! gas site Harket site

served

267-30" pipe
60-£5% L.F,

New Yorke ... Rail.,.

Rail... a.52
Rail... 0,76
Ship... .

Acaritlo seurca
0.78 f.01
Moaros source

Cinclnnatl.,,. Amarillo

Honroe...

Azarillo source
or | o
Haonroe

Chicsgonu..,

St laiise.... |4, Amarilio

Hontroe, ..

*A1Y rail rates for acrylonitrite are uniferm Classitication rates.

ARYLONITRILE FRON KATURAL CAS {V1A ACETYLENE avD HCH): TRANSPORT COST DIFFERENTIALS PER 100 POONS

Total trensport cost
{= transport cost oo fuel
and feedstock gas) when

Total transport cost
{= transport cost on

Markat finished oroduct) when location at markst Harkot slts
sorved plant Tocation at— 3 pire 1 2630% nive | av% aime Jzv-a0r pie| gur bipe | 2630 pipe
-85 LF, | 6065% L.F. | 50-951 LF. | 60ty LF 90953 LF. | ‘6o-e5g L,

Azarilic source
$2.63 $3.19
Monrou!lwme
I1.78 43

v Yorkeoe..s

2, Wanros, ..

3. Rouston,, 0.4

Cincinnathuee, 11, Agaritio

2. Kearoe...

Azarillo source
Lo 1.83
rea

Chleagoau.... {1, ARarllie

sel

2. Wnroe.,, 1.08

buz

Azaritlo source
.07 1.0
Matree seurce

St Leviseeees |1, hrarilio

2. Mairce,.,

_—



[ APPENDIX (PETROGHEMICAL INDUSTRY)

ACRYLONITRILE FROM ETHANE (ETHYLERE OXIDE, OX10ATION PROCESS) AND WATURAL GiS {HER): TRANSPORT COST DIFFERENTIALS PER 100 POUNDS
T

Total transport cost
(= transoort cost on fuel
and feedstock gas) when
Tocation at earkst

34° pipe 26"-30" pipe 34" plpe
§0-55% L.F, 80-65% L.F.

Marilio source
.65

Transport advaatage of a—

Total tranaport cost

{= teanssort cost on
Market finished product) when
served plant lecation at—

26"~30" pipe
60-65% L.F.

Viam
Rail...

Bew Yorkue.oo. |1, Amarillp

2. Moaroe,..

Ralla., $o.11

3.

Houston,,

Ratl... . . [XTTR O LTI TR, 0.35
Ship...

Azarillo source

Circinnatl,... Azarillo r.as 138 0.12
Honroe source
Honros. .. 0.c7 0.8 0.30

Azaritio source
oo | R}
Henroe ssurce

0.7 0.%

Lhicagou......

Anarilio source
0.73 0.95 . EERTT I O 0.28
Monree seurce

St Lovis..... Azarlllo

Honrpe..

ACRYLONSTRILE FROW ETHANE (ETHYLENE OXIDE—CHLORHYORIN PROCESS) aNp RATURAL GAS (HCH): TRAKSPORT COST DIFFERENTIALS PER 100 POUNDS

Total transport cost Transport advantags of g

1 Total transport cost {= teansport cost on fuel
(= transport cost on and feedstack gas) when
Harket l finlished praduct) when location at market Natural gas site tarket site ~
served plaat location at— oMo | 26%30% oloe [ 34 pibe |26%507 pipe] v piee 26*-30 pipe

90-95% L.F. €0-653 L.F. | 90-85¢ L.F.

o _Telw | @ | @

Yia— Anarillo source
Rew Yorke..... |1, Anarllfo Rall... | ¢2.08 l §1.35 { L
Haros source

60-55% L.F. | 90-95¢ L.F. 60-65% L.F.

(s) )

0.25

|

2. Homros... |Raite. | 169 o.. | 1.30
3. Houston,. L
0.39

Arari o source
o | 3
Honroe seurce

Cincinnsth.., | 1. Amarillo Reil.. | g0

2. Manroe...,

4537119 soures

1.37 o.7a | Lol
Henroe source
1.8 }
. 0.78
0.16 o-

Amarillo source
St toulsee... [, Amariile Rlil...l

L.23 0.59

2. Monree.., |Rail..,

Barge..




APPENDIX C (PETROCHEMICAL INDUSTRY)

ACRYLOM|TRILE 7AOM ETHYLENE OXIDE, AND NATURAL GAS (HCN):  TRANSPORT COST DIFFERENTIALS PER 100 POURDS

Total transport cost Trznsport advantage of e
Total traasport cest (= transoort cost on fusl
{= transport cost on and feedstock gas) when N
Harket fimished predsct) when location at earket Katural gas site Market site
served plent Tocation at~ 3% pipe | 26°-30" pipe | 34 plse |26°-30° pipe| a3" pipe | 76%-30° pire
90952 L.F. | 60-65% L.F. | 90-95% L.F. | 50-65% L.F. | 90951 L.F. | 60658 L.F,
{1} (2) 3) () {5) (6) {7 {8) {8
/ Viaw Anzrillo scurce
Hew Yorkoaeaes (1. Asarillo |Raile.. | $2.05 R R TN 0.85 L1
2. Monroe... |Railees | 1,69 0.62 .31
3. Houston,. Lm 0.63 0.
0,35 .
Azarillo seurce
I+ Amarillo fRait... ] 1 50 2,05 | 2.2 0.5 et TP Treeniane
Moneos scurce
i 2. Monroe... [Rail.. | 17 *152 21.62 0.35 0.15
B Barge.. ] €0.75 €0.85 .59 0.69
E
Aearitlo source
Chleagoeeass | 1. Arariito JRaite.. | 37 A LY 0.50 [[X: TR I
Moriroe scuree
2. Kenros..o |Raile. | 1118 21,5 167 0.38 0.49
Barge.. 15 ©0.81 ‘0.9 0.65 0.76
1
krarillo soyrce
to Awarllilo [Raili.. | .23 161 L 0.38 0.49
3 Monree source
2. Moxroo... [Rall.. | 0,88 i.18 RED 0.25 0.31
Barge.. | 0.1 €0.53 “0.59 0.4z 0.48

% Ethylene oxide shipped bty rail

5 fuél and feeastock gas by pipelite, Pgtnylene oxide shiped by rail from Kouston; fuel ang feed-
stock gas by pipeline from Manroe,

Ethylene cxice shipped by narge; fuel and feedstock gas by pipeline.

ETHIROLAMIBES FROM ETHANE (ETHYLENE OX1DE, OXtDATION PROCESS ) AND NATURAL GAS (AHMONIA): TRANSPORT COST DIFFERENTIALS PER 100 POUNDS

Total transport cost Transport advantags of s
Total traraport cost (= transport cost on fual
{= transport cost on and feedstock gas) when
Narket finlshod product) vhen Jocation at sarkat Katural gas slte Harkat site
7] ion ate— -
e plaat location at 34° pica | 26°-30" ofbe | 33* sive |26°-30° pive| 34° pipe | 26°-30° pise
%0-95% LF. | 60-65% L.F. | 90-958 L.F. | 60-65% L.F. | 90-95% L.F. | 60-5% L.F.
(3] (23 (2) 0] (5) ()] [¢4] 8 )]
Via— dnarillo scurce
1. dmariilo [Rall... | "¢2.06 $1.26 $1.65 $0.80 $0.41
Knros source
2. Honroe... [Raite. | 1.69 0.9 121 [ P e 0.76 0.48
Hanros ‘source
3. Houston,. [Rall.., 1.93 1.00 0,72
shie... | 039 0.8 - [T
T
Azzrillo source
Cincinnatiooos {1, Aearillo [Rail,.. | 1.50 0.80 1.05 (S 0,70 0.45
Honroe sourge
2. Warca... {Rafi... N [ETSPUR SN . 0.66 0.50
Barge.. | 0,16 051 0.67 ( a3 0.51
]
srarito source
Chicago.eenees 11, Aarilla |Ra'h., | |37 oz | 0.5 [ESTPIPPR N 0.65 0.2
Honroe source
2. Monroe... | Rail... 1.18 0.62 0.85
Barge.. 16 0.3 0.7 0,57
Il
Ararillo source
1. Aearitio {Rail, [ g.23 055 | 0.72 PPN [ 0.68 0.51
Moiree scures
2, Honrom... [Rzil.,. 0.93 } . ( ............ 0.58
sarge. | 0,11 0.35 0.8 028 035 lwvrrvinrn.

A1) rai) rates

fer etnanoletines sre u~iform classification rates.



C6 APPENDIX C (PETROCHEMICAL INDUSTRY)

ETHANOLAMINES FROM ETHANE {ETHYLEXE OXIDE—CHLORHYDRIX PROCESS) AND HATURAL GAS (LMQ(IA): TRANSPORT €OST DIFFERENTIALS PER 100 POUNDS

Tatal transport cost Transport advantage of a—
Total transport cost (= transpart cost on fusl
(= transaort cost on and feedstock gas) when
Markat finished product) when location at narket fatural gas site tarket slte
served plant location at—

34" pipe l 26"-30" pipe 34* pipe 26"-30" nlpe 34" pive 26"~30" pipe
F.

90955 L.F. | 60-65% L.F. | 90-95% L.F. | 60-a5r L. 90-95% L.F. | 60-65% L.F.
{7 [ ) (s) ) (8 ©
1
Anariilo seurce
New Yorkeseuos 11, Aaarillo $1.02 | $1.33 $l.os $0.73
Horroe source
2. Monroe... [Raili. | 1,60 wre | 0.97 L N .95 0.72
I, hincee source
3. Housto.. {Rail... 1.93 H [RTTTr. . 1.18
Shipeaa .39 } o.74 I o.97 0.58
T
Azarillo source
Cincinnatio.w, (1. Azmaritlo [Rail...| (.50 0.65 .85 FETPPIIRI A 0.85 0.65
Henroe source
2. Woaros... (Rafl.. | 17 } N { 076 0.63
Barge., | 0.5 o8 05 0.25 0.3 ...

¥
Amarillo source
1. Awariite [Rail... | 13 0.56 | v.76 0.79 0.6t

2. Wonros... | Raile, | 1.18 N . 0.73
Barge.. | u.ls } o5 w59 { 0.29 083 Jevvereinns e,
1
Ararillo source
St louisee.e (1. Anarillo |Rail,. | .03 0,45 | 6.58 0.78 0.65
Hanroe source
2. Hoaros... [Rail... | g.93 } {.......... vrceverninn
Barge.. | oy v-28 il .17 0.26

ETHANDLAMINES FROM ETHYLEAE OXIDE AD BATIRAL GAS (AK.ONIA): TRARSPORT COST DIFFERENTIALS PER 100 POURDS

Total transport cost Transport advantage of g

Total tranaport cost (= transport cost on fust
(= transport cost on and fecdstock gas) when
Markot flalshed product) when lezation at sarket Yatural gas site Harkot aite
served piant location at~ Tgve | 26°30" ploa | 34% bl [26030% bire | 30 pipe | 2avoace plps
-G53 LF. | 60-658 L.E. | 90958 LF. | ‘60658 L.F, 20-55% LF. | 60-65% L.F.
w_ ol e ) ) (s} ) (8) [}
T
Via— Azarillo scurce
Kew Yorkieroou | 1. Amariiio [Rail... | $2.05 229 | g $0.23 10.40
Monros scurce
2. Monroe... (Ralhe.. | 1,69 e | 2 0.13 0.26
Monros “soures
3. Kouston.. [Rait... | ;.63 *2.02 2,15 0.03 0.22
Ship.,. €.33 . Besnteres Jeasnresaacess [areaanaanens ttertsansenanas
T
kzarillo saurce
Clacinaatie... 1. kwarillo [Rail.. | | 5o e | agp 0.12 L PO RO
Mnroe source
2. Waroe... [Rail... | 7 “L.z2o .27 G.03 0.10
Barge.. | 0,16 €0.57 0.6% 0,41 0.48

T
Asarilla scurce

Chlcagoneesnes 11, Amarilio [Ralle.. | .37 | 2157 0.10 0.20
Honros source
2. Manree... [Raitee. | 1,18 2L 1.32 0.05 o.t4
Barge.. | Q.16 0,63 €071 0.47 0.55

T
Amarillo soures

St Lewieeans |, Amaritlo fraile., | g3 e Ay 0.04 0.12
Hanroe sauice
2. Honroe... [Rait... | o0.@ 20.93 20,98 .00 0.05
{ Berge, | 0.1 “o.40 €0.45 0.29 0.3

PEthyien: oxig

Shizond Ly rajl; fuel sng feedstecn yas ty pipal |
stoch 325 Sy pipe Cer [

Ethylene aeice shinea ty rail trom A0usten; fuel ane feas-
ine from vorron, Frlene orise shipred oy sipeli

P toel ate feedstock 323 Sy pipaline.




APEENDIX C -(PETRO\‘HB”C\L INGUSTRY }

ETHYLEE OXIDE FROM ETHAKE (OXIDATIGN PROCESS): TRANSPORT COST DIFFEREXTIALS PER | DO POUXDS

Total transport cost Trensport 2éventags of am
Total transport cost (= transport cast oo fusl
(= transnort cost on and feedstock gas) when o
Market finished product) when location at rarket Matura) gas site Harket site ~
sened plant location at— 31" piee | 26730 pite | 34% plpe  [26°-30° wipa| 39° plpe | 26--30" pipe
%095 L.F. | 60-65% L.F. | 90-95% L.F. | 60-65% L.F. | 00-55% L.F. | 60-65% L.F.
{1} (2) 3) (3} {5) (] [t4] (8) {9)
Via— Anarillo source
Wew Yorkeeoue [ 1, Azarlito |Rail... | 4506 9.2 | 8108 Jeevrreniin [oeevenenns I $0.93
Honroe source
2. Karoe... [Ralt,.. | ) gp 0.60 0.78 0.%
Honroe ‘source
(813
3. Houston,. 0.60 0.79
T
dzaritlo source
Cincinnatie.e. | 1. Amariilo [Rait..] q.50 053 | 0.69 TP . .7 0.8l
Manroe source
2. Honros... [Rall.., 1.47 0.84 0.78
Barge..| 0.41 } 0.3 0.43 { 0.08  |eereennn v,
1
4zarillo source
1. Amarilio [Rafl... L3 0.47 0.62 EXETT ORI P . 0.9 0.75
Honrve soarcs
2. Honros... fRaile.. | 1.18 SR [ SRUOTOURR SO 0.8 0.70
Barge.. W 0.37 0.4 0.0y .07
I R
kmaelllo source
St. Louis....o |1 Aparitlo |Ralle. | (.23 0.36 0.47 PO 0.87 0.75
Honroe source
2, Honroe... |Rail... | 0,03 } 0.23 0.3 { ...... 8.70 0.63
Barge.. | .29 0.01 0.06
M1 rail rates for ethylene axige are uniform clessificaticn rates,
ETHYLENE OXIDE FROM ETHANE (CHLORHYDRIN PROCESS): TRANSPORT COST OIFFERENTIALS PER 100 POUNDS
Total transport cost Transport adventage of aw
Tota} transsort cost (= transport cost on fus)
{= transpert cost on and feedstock gas) when
Market tinished praduct) when locatlon at earket Katural gis site Yarkot site
sarved — - -
plant tocation at: i Pivo | 26%-30° pive | 34 plpe  [26%-30% pice| 34 pibe | 26°-30° pive
90958 L.F. | 60-85% L.F. | 90-85% L.F. | 6o-s5% L.F, -95% LF. | 60-851 L.F.
) @) (3) [ (s) (6) 7} (8) (s)
Vigm— Azarillo aource
Bew Yorkewaeus | 1. dmarilio {Rail... $2.u5 $0.53 $0.63 LTI $1.53 $L3r
Honros source
2. Honroe... | Rall... 1.69 ©.39 0.51 sernarancene fornnneannnis 1.30 118
Monroe ‘source
3. Houston.. {Rall... 1.93 . 1.5% FuR2
Sh1Peen | eeunn, } 0.39 0.5 Ceeerienn
T
Azarillo source
Clncinnatic... | 1. azartilo {Railo. ) | g 0.34 0.4% .16 105
Menroe scurce
2. Monroe... [Rail... Li7 } [ 0.83
.20 0. - .
Bargs..| 0.y ° s 0.20 8.13
¢ -
Amarilio source
Chicagoreeeses |1, Anaritlo fRelle. | .37 0.% 0.50 L3 [
Honroa source
2. Hanreew.s (Ratt | g ) 0,28 0.30 [T o84 .7
Barge.. | 0.4y . 0.20 0.3
1 & _
Arari)io source
St. Lovissees [ 1. Amarillo L3 0.23 0.2 [VSTIPPR 1.00 0.3
Konroe source
2. Honroe.., 0.93 } 78 ]
0.15 . - -
0.29 0.18 | o 0.10




AMHORA FROM NATURAL GAS:

APPENDIX ¢ (PETROCHEMICAL INDUSTRY)

TRANSPORT COST DIFFERENTIALS PER 100 POUNDS

Total transport cost

Totz! trensnort cost
(= transport cost on fuel

Transport advantsge of a=

{= transaort cost on and feedsicck gas) when .
Harket finished product) whan location at market Hatural gos site Horket site
sorved plant Jocation at— 39 pieo | 26-30° dloe | 4% plba | 26-30° pipa| a3+ pipe 267-30" pipe
90-95% L.F. | 60-65% L.F. | 90-95% L.f. 60-£5% L.F.
{7) (8} 9
Yia—
New Yorkeweues [ 1. Azarilio |Rail... $1.61 $i.u7
2. Henroe.r. [Rail.., 1.36 i.26
3. Hauston.. {Rait... .60 1.50
Ship... .28 9.t8
Ararillo source
|1 Aearidlo JRail.. | 150 0.29 0.37 (1] 113
Honroe scurce
2. Konroe.,, [Raita.. | 417 } o1 0.24 0.99 .93
Barge.. 51 -18 -2% 0,23 0.17
T
Amarillo scurce
Chicagaoe..ou |1, Amarilio | Rail.. | 1.37 0.2 0.34 (BT} 1.03
Honroe source
2. Monrose.. [Raili.. | .18 0.98 0.93
Barpa.. | O.uy } 0-20 0.28 6.2y 0.18
i T - ~
Ararillo source
Ste toulseenos b Ararilio |Raile.. | 1,23 0.20 0.26 1,03 0.97
Honrep source
2. Monree... | Rail... | 0,93 |3 0.77
Barge.. | g.29 |) 012 0-16 0.13
“ANY rail rates for amrmonia are unitorm classitication rates.
ACETIS EKHYDRIDE FROM HATURAL GAS (ACETYLENE):  TRANSPORT COST DIFFERENTIALS PER 100 POUNDS
Total transgort cost ’ Transport sdvantags of ge
Tota} transpert cost (= transsort cost on fuel
(= transport cost on and feedstock gas) when R
Market finished pracuct] xbon Toestion 3t market Natural gas site Harket site
served

plant location at—

3" pipe 26"-30 pipe 34" pipe  1267-30" pige | 34v pire 26°-30" pipe
. 90958 L.F. | 60-85% L.F. | s-ssq L., 60-65% L.F. | 80-951 L.7. | 60-853 L.F.
) ?) {9)
¥ia— Aaarilto socurce
New Yorkeeoeon 4. Raarillo [Rail... | "$1.79 j1.22 .6t 10,56 $0.18
Honroe source
Honros... fRall... | Lay 0,90 1.8 0.57 0.29
Honroe soyrce
Houstoo.. [Rail., | 1.68 0.78 0.50
n
P | 0.45 0% 8 { 0.73
! Azarillo source
Cinclnnatl.... |1. asaritto (Raile.. | 1,23 0.78 1.03 0.55 0.30
Monroe source
2. Honroe... |Rail... | .04 { 0.5y 0.33
Barge.. | 0.i5 ) 0.50 0.5 0.32 0,47
Ararillo sowrce
Chicaga. Amarillo |Rail,.. | 1,22 [ %] | 0.92 0.5 0.30
Manroe sourca
Monroo... | Rai 1.0 . o.81 0.3
Barge.. | 019 0.55 071 0.52
Araritto source
St Loviseeees (0. Anarlito faait... | 119 [ B 0.7¢
. Honrae source
2. Boorog... [Rail...| pgo }
Bor 0.13 [ &5 0.5 0.12

“AVE raid) rates for HKeLIC annyarics are saeeg on

woted comodity rates,



APPENDIX C (PETROCHEN ICAL INDUSTRY) c.a

ACTTIC ANHYDRIDE FROW ETHANE (ACETYLCHE): TRANSPORT COST DIFFERENTIALS PER 100 Pousos

Total trenspart cost
(= transport cost on fus)
and feedstock gas) when
Tocation at market fataral g3 site

34" plea 26"-30" pipe 38* plpe 26"-30" plpe
90-95% L.F. 60-65% L.F. | 90-95¢ L.F, 60-65% L.F.

{6}

Tota) transport cost
(= transport cost on
finished praduct) when
plant location at—

Harket
ssrved

267-30" pips
S0-65% iL.F.

Kew Yorkiw...

1. Asarilio . [N $r.07 .5

2. Honroe...

Hares ‘source

0.53

3 Houston..

0.€9

Azarillo source
0.4 | 0.60
Honros

0.28

Ciscinnath.... Avarflio

Honroe,.. 238

Ararille source
0.42 Love
Hanroe sourea

Chicaga......

0.13

Arariilo sosree 1
o3 | 0.52
Monree seurce

St Lowiveees |1, Amaritig 0.77

2. Manres.,, 0.6%

0.26

ACETIC ANHYCRIDE FROM ETHANE (ViA ETHANOL):  TRANSPORT COST DIFFERENTIALS PER Jog POUXDS

Total treasport cost
(= transport cost on fusl
and feedstock gas) when
Tocation at markst
33%* plpe 26"-30" plpa
60-65% L.F.

Total tranesart cost
(= transport cost on
-Markot fintehed product) when
served alaat location atee

Natural gas sits

34 pipe
K-55% L.F.

28"-30" 2ipe
60-65% L.F.

34* pipe
90-95% L.F.

26°-30" vips
£0-65% L.F.

{. Azarllio

2. Hanroe,..

{ 0.33 LA IL L T T,

1. Azarilio . 0. [ . . 0.45

3. Houston..

2. Monros..,

Ararillo source
0.6t L R [ 0.93
- Honroe “source

thicagaeeeoe, f1, Arari Ho

2. Hanros..,

Ararillo source
o7 | 0.6
Konrae source

St Louisens {10 Amarille

2. Hnroe...




c-10 APPENDIX ¢ {PETROCIENICAL INDUSTHY )
ACETIC ANHYDRIDE FROM ACETIC ACID: TRAMSPORT COST DIFFERENTIALS PES 100 POUNDS
—_—

Total transport cost

Transport advantage of ame
Total transport cost (= transzort cost on fuel Fort advantage of &
{= transpert cost on and feedstock ges) when R R
Market finished product? when latation at rarket Hatural gan site Yerket site
served — - - -

plent location at 34* pive 267-30° pice | 34 pips

pe 26°-30" qipe
60-65% I.F.

[

90-95% L.F. 60-55% L.F,

90-85% L.F.

Asarillo aource
Kew York,ea...

3239 | M $0.79 $0.63 [ veeeenieniii [ eerinn,
Monroe source

186 ] 1.8 0.4 L2 TR IO I
Honrom saurce

223 b2.25

066 “0.68

a .anl!u source
Cincinnati..., 1.7

*L79

tonroe zcsree
2Ly 138
“0.27 90,28

Amariilo source
Chicaga, ... [, Azarillo [Reil,..

e ez | e
i Vonroo source
2. Maree... i Rail.. {108 ’l.ua 242
U garge.. IR ' Yo.29 90.30
= —
! Amarilly seurce
St Louis.. 1. Avarillo {Rarl... |

[T R Y : ®).58

0.38 0.39

Honro: sogree
Raile..  0.80 e | 119 0.28 0.29
Barge.. | 0,13 %0.20 %.21 c.07 0,08

aid whipzed ty rail; fuel gae o
€ azetic acid “’u"nzd y tavker from Housio

y Dipeline, it acid shipred by rail from HOUStEn, i,
cas by mcehne from paaroe, diaz

el 523 oy pipeline from Monroe,
etic acig shipped by Lar;e. fuel gas by pipeline,

ACETIC ACID FROM NATURAL GXS ACETYLENE: TRANSPORT QOST DIFFERENTIALS PER 100 POUNDS

Total trensport cost
(= transport cost oo fuel
and feedstock gas) when
locatton 2t market

3" pipe
90-85¢ L.F.

Tatal transport eost
{= transpert cost on
finished product) when
plant location at—

Transport advantaze of a—

Harket
served

Hatural gas site Market gfte

26"-30" pive
60-65% L.F.

34 pipe
90-55¢ L.F,

267~30" pipe
60-55% L.F,

34" pipe
90-95% L.F.

267-30° pipe
GO-63% L.F.

Kew Yorki....,

$0.64
2. Monree,.. 0.63
3. Houston,. 0.84

Ararillo source
0,56 ! 0.73
Honros source

Clncinnati....

1+ xzarillo

.77

2. Honroe.,,

0.63

T
Azarille scurce
0.51 2.65
Manroo source

Chicaga..ecc 1. Amaritio

2. Konroe...

0-5 { 6.20

A:urIHo source

St Lowise.. ), Arariilo Rlil... 0.39 ' G.51

2. Wenroe... | Rail... | 0.90
Barge.. | 0.1 0.2

A1 rail rates for acetyc acig are tamy 21 G

rmann

o 9§ 7

LAY s e

7

i
£
3
i
3
:
{.
ks
B
?




APPENDIX C (PETROCHEMICAL INDUSTRY) cu

ACETIC ACID FROM ETHANE ACETYLENE: TRANSPORT COST DIFFERINTIALS PER 100 FOUNDS

Total transport cost
(= transport cost on fuel
end feedstock gas) when
focation at market

347 pipe 257-30" pipe
90-95¢ L.F. 60-65% L.F.

Anarillo scurce
s | $0.63 | ... $1.18
Monroe source
0.35 , 0,48

Transport sdvantage of a—

Ketural gas site { Harket site

38° ploe
90-35% L.F.

Total trarsport cast
(= transport cost on
fluisked product) when
plant location at—

Market
served

26"-30" Ripe
80-65% L.F.

26°-30" plpa
60-65% L.F.

3 plpe
90355 L.F.

b Amarlilo

2. tanroe,..

3. Houston,.

Azarilio soures
0.31 | 0.50
Mnroe source

Lo Azarllto

2. Wonroe, .. 0,84

Amarillo source
0.8 | 6.36
roe

Cnleaga,.aua,, {1, Araritio

2. Monroe...

Amarfllo souece
o2 | 0.28 ... . [X]]
Menroe source

St Lowlsenen, |1, Araritio

2. Monroe...

ACETIC ACID FROM ETHANE (VA ETHANOL):  TRANSPORT COST DIFFERENTIALS PER 100 POLMDS

Total transport cost
(= transport cost on fuel
and feodstock gas) when
Tocation at market

Total transport cost
(= transoort cost on
finished product) when
plant location ate

Harket
sarved

25%-30" pipe
60-65% L.F.

Ararlllo source

¥ow Yorke.aees | 1. Amarillo fo.7s | $0.98 0.8
Moniroe source
2. Honrog.. 0.55 0.72 0.75

Monros source

3. Heuston..

dzaritlo sourcs
0.48 0.62

Cincinnativee, (1. Agaritie

2. Konros...

Anarilio soures
0.33 | G.43
Monroe source

5t. Loula..... Ameriile

Henroe, ..



o3 5 APPENDIX C (PETHOGHEMICAL INDUSTHY )

SETIC ACID FROM ETHANOL {ViA ACETALDERYDE):  TREKSPORT CUST DIFFERENTIALS PER 100 _POUNDS

Total traseport cost Teansport advantage of a—
€

Total transport cost = trenssert cost on fuel
{= transport cost on { 2nd feedstock gas) when
Harket finished product) when location at market
served plant Yocation ate

Natural gas site Market site

M* pise 2€°-36" pive
S0-95% LF. | €0-65% L.¢.

34" pipe
%0-95% L.F.

2630 pipe
60-65% L.F,

267-30" pipe
60-555 L.F,

Via~—
I+ Amarillo [Rail...

Rewt Yorkesuass

2. Horec... Rail...,' .47 1,60 2.¢8

3. liouston..

Asariilo scuree

cincinnativ.. | 1. dmarilte 133 = T $0.01
Mmrse sasrca
2. Moaroc... 1.0% .83 0.05

%031

Araritlo sowreq
Az R
Monroa source

Chicago,au,.. ). Amarillo

Rnil..." La

{ 2. Menroe,.. | Rait...
Barge.,

] Kmarilta source
St Larisene 1L Amarito pait... | 1pg 4 0| 3pgs
Honree source
2. Honroe... {Rail... | g.50 0.65 | .ee
| 8arge. 0.13 | dg.2; i “0.25
n0l shipzed by ra fuel $25 By pipabine. 2E1n3n0t snippeg Sy rail from Housten; fuel 335 by riredine from Manr
01 shipped By tanser from Kourtan; Tuel gas by pipslinn from Monroe, TEthanol shipg=a ty Zarge; fuel gas oy pipel

ACETIC ACID Froy ACETALDEWYDE; TRARSPORT COST DIFFERENTIALS PER 100 POUNDS

Total transport cost

Transport advantsge of a—

Total transport cost (= transoort cost cn fusi

(= transport cost on end feedstack gas) when R
Harket finished product) when location at market ral gas aite Warket site
served plant focation at—

3* pine 26"-30" pipe 34" pive 126730 pipe 34" plpe
$0-955 L.f. 60-857 L.F. %0-95% L.F. | e0-g52 L., 90-95% L.F.

Azaritio source
6

26%-30" pipe
60-65% L.F.

Via—
Rail...

Hew Yerk, ...

1. Amarillo $1.79

2. Monroe,

3. Houston..

0.1}

Anarillo seurce
o | ey
Monroc seurce

0,94 “0.95

Cincinnati...,

i« Amzrillo

2. Honroe...

Ararillo source
1.2 110 2

H
' HMenroe source

5 [
§

Chicagoieeee. 1. Amaritio

0.03

0.ig

Amarillo source
99 oo

i. Amarillo

2. Monree,.,

FAOTRYTE INLLEd e Tail; fuel gay o, girelire,

3 3 geryan thipcas
Cheetedenyay Shigaed ty ranot bron Mousten: fudl jas’iy pig

ine from monree,  ohin

y 2useli
Sarge; fuml g

rom Manroe,
y pipeline,




\PPENDIX C {PFTROGIEMICAL TNDUSTRY ) C-13

ACETALDEHYDE FROM NATLRAL GAS ALETYLENE: TRANSPORT COST DIFFERENTIALS PER 160 POUNDS

Total transport cost
(= traasport cost on fuel
end feedstock gas) hen . !
location at macket Matural gas site

26°-30" pips

Transport advantage of g

Total transport cost
{= transpert cost on
finished praduct) when
slant location at~

Harket
served

Harket site

33" plpe |26
%0-95% L,

34" pipe 28"-307 vipe

60-65% L.F. 50+ %0-55% LF. | 60-65% L.F.
8} ©)
ke Yorkeonss 1. Amarlllo $0.91 $0.55
2. Maroe... .84 0.58

Honree ‘source

3. Houston.. r.08
0.65 I Sredenarinee
¥
Azarillo scurca
Cincinnstii,., |1, Amaritio jRall.,. 1,50 o , 0.9 0.76 G.5y

Honros source

2: Monroe,.. [Rail... Lz }
0.1 047 0.61

+
Ararillo soutce
o.6s | 9.87
Honros 3ource

Chicaga...a., 1, Awarilio

{’...........

0.07

2. Konree..,

Anarillo source
o5t | 0.66

Honroe source
2. Mros, .. Rll‘...! 0.%

St. Logis..,..

1. Azarillo | Rail,..

0.51

Barge.. | 0.29 } 0.32 0.42

A1) rail rates for acetaldenyde are uniforn classification rates.

ACETALDEHYDE FROM ETHANE ACETYLEKE:  TRANSPORT £ST DIFFERENTIALS PER 100 Powps

Total transport cost
(= transport cost on fuel
and fesdstock gas) when
location at rarket
26"-30° ploe
€0-65F L.F.

Total tramsporl cost
(= transport cost on
finished praduct) when
Plant location at—

Market
served

4% plve
90-35¢ L.F.

26™-30" pipe
§0-65% L.F. -

b. Aaarille

2. Monree...

3. Houaton.,

Amar)llo scurce
0.33 0.43

Cincinnatl.,.,

L. Amsritte

2. Honros, ..

Azarito seirce

Chicagae.anie 11, Amariito 028 | 0.33 0.5
Honroo sourca

2. Konron... 0.88

{ O.14
Azarllio source

St. Loulneeas [ 1. Amarillo 0.23 { .29 sensererenen| seenavennnss 0.54
Honroe sasren

2. Menroe,,. 0.79 0.7

0.5 0.10



C-14 APPENDIX € (PETROCHEMICAL INDUSTRY )

ACETALDEHYBE FRoW ETHARE {viA ETHANOL):  TRAMSPORT COST DIFFERENTIALS PER 100 POUNDS

Transport adventage of g

(= transoort cost on fusl
and feedstock gas) when
lacation at market

Total transport cost
(= traespert cost on
finished protuct) whea
plant Tocation at—

, Total traasport cost

HMarket Harket site

served

34" pipe 26"-30" pine 33* aipe 287-30" pipe
-85% L.F. §0-65% L.F, | 90-95¢ L.f, 60-55% L.F.

Anarillo sourze

26"-30" pipe
60-65¢ L.f.

1. Amarilio 10.55 EINT] $0.95
Honroe source

2. Monroe... 0.62 0.2 0.87
Monroe ‘seurce

3. Houston..

|8

0.82 0.&2

Amarillo source

Cincinnativue |1, Amariito ! I ese [ o .79
’E i hanree soures
2 Maaroe.. Rait., |y ,} o l o5 0.7z

1
Aﬂ-‘l'i”l.! source
0.49 i X
Honree source

|
.18 “ 0.38

Chicagoneu.s. |1, Amaritio

0.50

Ararills scurce
0.37 ! g
Yonre serce

} 0.24

ACETALDENYDE FROM ETHAXOL:  TRANSPORT CoST DIFFERENTIALS PER 100 POUNDS

St lowis...,, J g, Ararllio

Rail.: L3

2. Monree,., Hail..‘! 0.83

0.3t

Total transport cost
(= transport cost oa fuel
and feedstock gas) vhen

Total transport cost
(= transport cost on

Harket firished product) when location at markst
se-ved plant location ate- 35 pipe 26%+20° pipe 26%-30° pive 267-30" pipe
50-95% L.F. | £0-85¢ L.F, 60-65% L.F. 60-65% L.F.

Anarille source
32,46 l *$2.60
Honroe ‘saurce
?1.98 “2.03
Henroe source

Bew York.,....

Amsriilo soyree

Cincinnativ... [, Amarilio | j' 152 Lt
I [ Honroe source
Hroeo fRaile i a7 | g | sy $0.00 | eiviienia
o i i 0.05 $0.00
i

| Lr.xrilh? source
137 AR i 1,52
Honroe ssurce

Lis “n2 B ‘129

]
I
;
!
i " k) i dg
_!__ oW | o3 Y05
¥
i
1
i

Chicago.a.... {4, Amarillo

Henrom, .,
H

i
Araritls seree

L3 ! ‘e Y1.16

tonigped vy rai

0 ‘el zas ny
€0 Ly Laner from wousien: f,

fael



APPENDIX C (PETROCIEMICAL INDUSTRY ) C-15

ETHYL ALCOHOL (ETHANUL) FRCH ETHANE: TRANSPORT COST DIFFERENTIALS PER 190 POUNDS

Total trnnsport cost TI’AH!DO!( advanuy.- of a—
Total transport cost {= transoort cast on fuel
(= transpert cost on and feedstock gas) when .
Harket finished praduct} when location at rarket Hatural gas site Market site
served plant Tocztion at— M piee | 26%30t wive | 3w pive 26%-30" ipe| 3% pise | 2630 pive
20-55% LF. | 60-65% L.F. | %0950 L.F. | 60-65¢ L.F. 90-953 L.F. | 60-e5% L.F.
-
(1) {2} 3) (a) (s} (s} 7} (8) (s)
Yia— Anarillo source
Rew Yorkeeoene [ 1. Aazrllio {Rail... | “$i.5¢ $0.37 | g0 Sty .35
Honroe souree
2. Wenroa... [Raitie. | g5 0.27 ] 0.36 124 145
N Henres source
3. Houston.. |Rall.., LT3 crermstineecan 146 Lz
Ship... | 0,39 0.36 0.12 o.@
T
Amarillo sourco
Cincinnatiu.e. |12 Anaritto |Rail... | .13 0.2y | o3 | 0.5 0.2
Monros sourca
2. Wonroe... [Rait... | o.89 [ Y 0% 0.69
0.1 0.20
Barge.. | 0,16 1] 5 ! 2 .01
T
l Amarillo swrce
Chicaga.uenes {1, Ararillo |Rail.. 1.08 0.21 | 0.28 0.87 0.60
Honroe source
2o Hanrog... 0.5% } PETET T 0.77 i 0.72
.16 017 0.2 0,06 .
3 T
! Araritlo scurce [
St Loviseeee. (1. Amarillo [Rail.., [ 0.8 0.18 0.2 0.67 0.62
Hoaros source
2. Monreo... {Rail...| 0.62 } 0,52
Barge.. | 0.1 R 0.03 o0 ...
T rail rates for =2inyl 3leang on fuated comrodity rates,
PORMALDEHYDE (37%) EROK METHANOL: TRANSPORT COST DIFFERENTIALS PR 100 POUKDS
Total traasport coat Transpart advantags of a=
Total transport cost (= transport cost on fust
{= transport cost on and feedstock gas}) when
Market finished product) when location at warkst Katural gas site Harket slte
sened slant Jocation at— 34 ploo | 26%20° pie | 3" plbe |26%-30" blpe| 54" pipe | 28%-a0 oive
30-85% L.F. | 60-655 L.F. | 90-95% L.F. | 60-65% L.F. 0-958 LF, | 60-65¢ L.F.
@ @) @) (s) - (s) (] (8) {9)
Vie— Anzrillo source
Bew Yorku.ooeo [ (. Amarilio |Rall... [*52.06 2 40.82 [ #%0.82 . $1.2v $1.24
Honroe source
2. Honroe,.. FRaile. | 1,69 20.67 20.67 1.02 02
Monroe ‘source
3. Houston.. [Raid, | .83 °o0.m Sorr 116 .16
Shlp... | 0,85 AL 0.18 .37 0.37
T
- Amarillo source
Clncinnstl.ou. |1, Ararillo [Rait...| 1.0 tas | tgm 0.95 0.59
Honros sourca
2. Monroew.. |Reile.. | 1,17 2 0.3 °0.50 0.78 0.77
Barge | 0.5 | Y07 °0.09 0.1 0.10
T
’[ Azarilio source
Chleagoavenn {1, Amarillo |Rail.,. | 137 foss | 2o 0.82 0.82
Monroe scurco
2. Manros... | hailee. | 1,18 0,38 | 2433 0,580 0.5
Barge.. | 0,19 70.08 l °0.08 o1 0.1t
T
I aracii1a searce
St Louiseeens {1, Azarillo fReil., | [.23 ‘o.18 | cpa 0.85 0.5
’ tonree sourse
2. Honroe.., {Raile.. | 0.63 2027 | Mogr 0.66 0.68
[Berea.. | 0.13 ‘o0 1 dog o.08 5,53
"Alt rait rates for formigenyce are uniform classification rates. &Mt r9n0) Shijpped By rail; fuel cas oy piceling,
:’»yem;ml shipped by rsi! from mousten: fuel g1s by pipelina from ugn 8 Cuetrarct snipped by tanker from Nouston; fuel gas &y pipe-
ine from Monroe.

Hethanol shipped by targs, fuel 3as oy pipsting,
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FORALDEHYDE (37%) FROM NATURAL GAS {V14 METHINOL):

AVPENDEX € (PETROCHEMICAL INDUSTRY )

TRAKSPORT COST DIFFERENTIALS PER 100 POUNDS

Total transport cost Transport, advantage of a—
Total transport cost {= transcart cost on fusl
(= transport gost on end feedstock gas) when N
narket finished product) shen Jocation at rorket Katural gos site Market slte
served plant tocation at— 30 piee | 26°-30° ples | W pive |26%36" pie| 397 pire | 26vagr pips
0-95% L.F. | 60-65% L.F. | 90-55% L.F. | 6o-gsy L.F. $0-95% L.E. | 60-658 L.F.
(] (2) () [C)] () (s} &) (s) 8)
1 e
Via— Araritio source
New Yorkeeuvew | 1. Amarillo [Rail.. | $2.05 $0.22 | 0.8 PR P §1.53 .
Honroe source
2. Wonroe... [Rail... | 1.e9 o6 | o JOTTRR S 153 148
Manrroe ‘source
3. Housten.. [Raile.. ] j.93 } L7 172
Ship... | 0,45 o.16 0-21 .29 [543
T
Azarillo source
Cincinmati...e | 1. Amarillo |Rail...| L5 0.0 ] 0.19 1.36 L3l
Moroe source
2. Koaron... [Rail.., | 117 . 1.08 105
Barger. | 018 0.03 0.12 0.09 0.0
! -
Acaritlo source
Chicago.eanes {1, Arsrlilo |Rail... .37 0.'3 0.7 ... LETTPPAN PRSI 1.24 .20
Henroe sourca
2. Pneee... [Rail. | 1,13 ) 1.08 1.08
Barge.. | 0.19 0.10 0.13 0.03 0.06
| -
Anarl6 scarce
St Lovis.e. [ 1, Aeacillo [Rail.. | 1,23 o.10 0.13 TP t.13 1o
Honree source
2. Woarce.,. |Ratl... | 0.0 . o.67 0.85
Barge.. | 0.13 0.0 i 0.05 0.07 0.05
HETHAKOL FRO KATURAL GA5: TRANSPORT COST DIFFERENTIALS PER 100 PUUNDS
Total transoort cost Tranzport advantage of a—
Total transsort cost {= transport cost o fyal
{- transcert cost oo and feedstack gas) when
Mariet ’ Hinishad preocs) wion locition 2t serket Natural gas site Harket site
served plant Tocation at— IV pive | 26°30 pive | 3% pie 2630 sl | 3% plpe | 2eveane Bipe
0958 L.F. | 60-85% L.F. | 0-95% L.F. | 60658 L.F. 0-95¢ L.F. | 60-65% L.F.
L T e W ) ® o @ ®
“via— 4zarilio source
Hew Yorkewweun (1. Amariilo |Ratl.., | gy LR I $1.36 stz
Honroe source
2. Monroe... [Rail... | 1.5 035 | ous .16 1.05
Honros source
3. Hasten.. [Rail,,, | 1.7 - 1.38 Lz
Ship... | 0.39 } .35 0.46 (X S
1
i Amarillo source
e hsaritlo fkatho. i 3 (= TH | 0.40 0.8 a.73
Monroe source
2. Maoroe... | Rail,.. 0.84 } 0.19 025 0.70 0.64
Barge.. V.16 EXLITITITICTN oo 7TV .
L
Azarillo source
Chicagonseenee |1, Araritlo [Rail.. | 0.28 0.36 [, RPN P 0.73 0.65
Nmroc'amrce
2. Hanrod... } PI PO, 0.63 0.56
w2 | em X
1 2
Amarillo sapree
St. Lovis.es,s [ 1. Amariito | oz | $.28 ... eeen
Monrae source
2. Honree.., } o3 t { ......... .
3 0.02

SO railerates for e




APPENDIX C (PETROCHEMICAL INDUSTRY) C-17

DHTHALIC ANHYDRIDE FROM O-XYLENE: TRANSPORT COST DIFFERENTIALS PER 100 POUNDS

Total transport cost Transport sdvantage of a=

Total transport cost (= transport cost o0 fuel
(= tramport cost o and feedstock gas) when
sarkot finished yroduct) vhen tocation at market Hataral gas site Harket site
served plant location at— 47 pipe [ 26%-30° e | 34" plpa  |26%-30° pipe| 33° plpe | 26%-30° plee
90-95% L.F. | €0-65% L.F. | 90-95% L.F. | 60-65% L.F. | %0-95¢ L.F. | 60-65% L.F.
() {2} ) ) {5) (s} (7} (&) (8)
Vie— Anari Mo scurcs
- daartilo (Ralle. (*52.20 | o567 | epg $0.33 30.37
Mairoe sorce
2. dearee.., [Rall... .32 =153 , 2181 0.25 0.3t
Honros sourcs
3. Houston.. [Raile.. | 2.7 ;s ) tygs 6.2 0.32
Shipe.. | **a.3y o0 l £oul v.)2
T
Amarillo source
Cincinnatic.o. | fo Amaritlo [Rall..| 1.60 fraz | a3y .18 0.2t

2. Nonroe.e. |Rali... Lz l 110 3.5
Bargs.. 40,17 | 40,15 0.01
[ g—
Chieagoueeenss (1, Amarilio |Rail... | 547 2130 a7 0.20
2, Manros source
2. Menroo... [Railie. | t23 Sl 210 216 ot
Barge.. | 0.16 du.16 .14 3.0 0.2
Lmrlllé source .
St toudseen. |1, Amarille [Railiea | 131 o | o cean 0.3 0.0
Hxros scurcs
2. Monros.., fRallie. [ 1,00 2071 *0.7¢ 0.3 0.30
Barge.. | 0.1) 90.12 %0.11 0.00
A1l rail rates for pnirelic antydride are aniforn classification rates, "4l ship and targe fates far gntaadic annyarige arg
astumed to De the save as for ordinafy nom-corrosive 1iguid shemicals, Ap-xylene snipped dy rail; fuel gas by pipetine. * Domryfene
&i‘i@f" by ?;1.;7':?-"95:;5;?24 lsglaggé_:azlic:lignf,!;iu:'ﬁ::oe. €o-xylens shipped by tanker from wouston; fuel $3s by piocline from

POLYVINYL ACETATE FROM ETHANE (VIA ACETYLENE AMD ACETYLENE~ACETIC ACID): TRANSPORT COST DIFFERENTIALS PER 10D POUNDS

Total trausport cost Transport advantags of a—

Total tramsport cost {= transport cost oa fuel
(= transpert cost on and fesdstack gaa) when
sarket finished product) uhen lecation st markat Hatural ga3 site Harkot site
4 icn ate - - —
aerve plant fecaticn at: 39" pive | 26730 pise | 34° pipe |26°-30° vico| M pipe | 26--30° pive
S-85% LF, | 60658 L.F. | 90-05% L.F. | 60-65% L.F. | 90655 L.F. | 60-85% L.+,
a) 3) ®) ) (8) n (8) (9)
! -
Anarible source
New Yorksuae.u | £, Amarillc *$2.20 we | g $1.58 $1.39
Manroe source
2. Monroe... |Raiti.. | 2 o5 | o9 137 123
Konros source
3. Hounton.. | Rail... 2.07 } 0 { 1.62 148
W45 0,59 o
Ship... | **0.39 i 0.06
1
Azaritlo source
Cinclnmati.o.. [ 1. Amarillo Rail... ! |.gg 0.3 | o (%] i.09
Monroe scuree
2. onroe... |Radle.. | 125 ) . { 1.00
0.25 0.33
Bar, 0,18 .03 0.17
Chicago.eeoeee |1, Amaritlo |Ratt... | 147 [N 101
2. Honrose.s JRaite | 128 } { 1.0 . 52
Barge.. | .18 0.1t
1 i
Amarlilo vource
to Auarillo [Rait.. | 3¢ 027 | ogs 104 0.9
1 Honree apurce
2. Monroe... {Rail... 1.00 ) { 0.83 0.78
Barr.. | 01y o 0 J.c6 [ R
*A1) rait rates for balyvingl scetate are B classificstion rates, A1 tnip ans by te
sumd o be tre sy as for ordinary norcort o ia cremicals,



C-18 APPENDIX ¢ (PETROCHEMICAL INDUSTRY)
POLYVINYL ACETATE Faon NATURAL B4 (via ACETYLENE AND ACETYLENE—ACETIC ACID): TRAMSPOAT COST DIFFERENTIALS PER 100 POUNDS

J ‘ Total transoert gost
Total transport cost {= transzert cost on fuel
(= transport cost on and feedstock gas) when
finlshed product) when location at markat

Plant location at— 3¢ pive  { 26%30% pips | 3un pige
R85ELF. | 6657 LF. | s0-seg Lp.

Trensport advantage of gee

arkst Katural gas site Warkat site

served

33% pipe
90-35% LLE.

267-30° plpe
60655 L.F.

26%430" pipe
§0-58 LF.
(9)

krarille source
Ha | g
708 source

Kew Yorkeaeon {4, Awaritio

2. Monree,..

3. Houston..

Azarillo scurce

072 | 103
Monros sourcs

Cincinnati....

0.50 0.65

Azarilo source
ot | 0.52
Henros scurce

Anarilio source
®

Tota! transsort cost
{= transport cost on fuel
and feedstock gas) when

Total transport cost
(= transport coat on

Harkst finished proguct] when location at markst
served plant Jocation ar— 33" pive [ 26°30% pipe | 340 pige 26°-30" pipe
0055% LF. | 60-65% L. | so-pss Ly. £0-65% L.F.

serillo zasrce

Bow Yorksewws [, Amariflo UNE $1.48 $0.722
Honros source

2. Mxree... 0.83 ’ 1.09 0.7z

Honroo ‘source )

3. Houston.. 0.93

Aaaritio source
oz | 0.9%
Hanroe

Cincinnati., .. |4, Amariile

2. Wonros.,.

0.80

Azarillo source
0. | 0.65
Kenroo scurce

t.50

Chlcagonanna., 1. Aexrlile

2. Menras...

0.£8

A23riilo source
© 0.65

St Lolsenns {1, Amaritto

Honroe source

2. Monree...

0.4}
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POLYVINYL ACETATE FROW ETHAKE {ViA ETHYLENE —ACETIC ALID, AkD ACETYLENE): TRAASPORT COST DIFFERENTIALS PER 100 POUNDS

Total transsort cost ]
Tranaport advaitage of a—
(= transport cost on fust ’R St

end foedstock gas) whan ,
location st myrkst {
26"-30" pive
60-65% L.F.

Total transoort cost
{= transport cost on
finished produict) when
plant location at—

Harket
served

Naturel gas oite ! tarket site

34" pipe 26"-30" pipe 33% plpe 26"-30° pipc
90-95% L,F. 60-65% L.F. 90-95% L.F. 60-65% L.F.
@ 1 @ | @

Ararillo source

.0 | g
Monrce source

Bew Yorkuuaneo [ 1. Anarilio sreee [ansieanennnd $1.50 31,15

2. Honroe,., 0.55 , 0 123 105
MNonroe source
3. Housten,. 1 | ( - o
0.59 . . .
J | o7 020 | o
1

Azarillo source

Cincinnati.,., teevieraares 103 5.93

i drarltlo 0.51 0.67
Honroe source
2. Monroe... } 0.32 .82 { 0.93 .83
918 .26 sns evvenneninneas
¥
Azarilio source
Chicago, L. Amarllio | Rall... .47 0.%5 0.60 EELTE TR PRPN (e 1.01 0.87
Henroo source
2. Monros.., | Ral 120 } 0.35 , 0.47 { 0.2 0.8
0.15 | 0.20 0.31
i
Ararilio sourco
St Loviseess |1, Amarillo fRail.. | 4.3 0.3 | 0.46 0.95 0.65
i Monros source
2. Honroewa, |Rallien ;100 } EXTEITTRYT P .71
Barge.. | 2.1 0.2 0.28 { 0.1 -

POLYVINYL ALETATE FROM VINYL ACETATE: TRAMSPORT COST DIFFERENTIALS PER 100 POUKDS

Total trln:aort cast 7(8!'\!90'{ zdnnlaw of a—
Tatal transport cost (= transoort cost on fuel
{= transport cost ea and fecdstock gas) when . 5
Harket finished procuct) when Tocation at market Haterat gas site Harket site
served plant Tocation at- 3" ploe | 26%-30" pita | 30 pire |26%30° pive| 39 pipm 267-30" nipe
so—asz LF. | 60-65% LF. | %0-85% LF. | 60-658 L.F. | oo-gsg Lp. 60-65% L.F.
) (s) {6} ) (8 €]
Yia— Anarillo source
Hew Yerk,..... 1. f2arlito {Rail... | $2.20 *$1.50 | 1,91 [T YT $0.30 $0.29
Honroe souree
2. Mnroe... [Rall... | 182 s | Esg 0.26 0.25
. Menroe “sourcn
3. Bouston.. [Rail...| 2.07 278 5178 0.29 0,29
Shis.. | 0.3 ‘0.4z 0,42 0.03
¥
4narilio soarce
Clncinnatic.e. [1. amarillo [Rail... | 1.60 "us | A [EPIT O TSRO B Y 0,43
Monree ssurcs.
0.9z .92 0.3
017 .17 0.0 0.01
— ]
T
Ararillo source
Chicago.,..... Lu [N 0.36 0.35
Manros source
0,97 *0.97 0.31 0.31
%.17 0.7 0.01 9.0t
. i w
Brarilla scarce !
St Lowite.... L .6 [ .8 0.45 0.65
Honroe sourae
1.00 X | ;‘o.s‘;
_ 0.1 ‘o2 | 0,12 -
S¥iny] acets y rail; Ty pipel ine, Svinyl scetate hicred ty rail 'ram Fouston; fuel 3as M=
ree. v shizred Ly '-cr trom Houston; fuel 5is by pigeline from Mon nroe, Yiryl acelate 'mp:cd Ly targe: fust gee 1y
pipeling.
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POLYVINYL CHLORIDE FROM ETHANE {YIA ETHYLEKE DICHLORIDE):

APPENDIX C (PETROCHIMICAL INDUSTRY )

TRAKSPORT COST DIFFERENTIALS FER 100 POUNDS

Total transport cest
(= transport cost on

Total trassport cost
(= transport cost on fuat

|

Tranzport advantaga of a—

and feedstock gas) when

Harket finished pracuct) when Iocation at rarkat Yatural g3 3ite turket sl
served plent Jocation at— 34° pive 26°-30° pisa | 34" pipe  125%-30° pina| 24° plpe 26°-30" pipe
90-35% L.F. €0-65% L.F. 90-95% L.F. | so-g58 L.F. $0-355 L.f. 60-65% L.F,
(1] 2 | @ & | e () U] (s) ]
T
Yige— A=arillo scurce
Kew Yorkeuuues |1, Amariilo [Rail.. | *$2.20 $0.41 $0.54 $1.79 $1.66
Honros aource
2+ Honrce.., {Rail... 1.82 0.320 0.50 152 Ju2
Honros acurce
3. Hmaton.. [Rail.., 2.07 L7 167
ship... | **0.33 ) 0-30 0.5 0.99 5.0
L::rllln’) acurcs
Cinginnatie,es {1, Amarillo Ralii, 1.60 0.25 0.3 RETTTTTTIIPY SO L3 f.26
Honroe sourcs
2. Wonrce... [Rail... 1.25 f.08
Bargas. | **0.16 } 0.7 0.2z
T
Asarillo source
Calcagoeiee, | 1. Amariils Rail... (K7 0,24 0.3 cessversenes . L2 g
Honroe sourcs
2. Monres... | Rail.., r.28 {. serarzisenes .10 Loy
Barge.. | ol } o.18 024 0.02 c.08
¢ :
Amerillo source
I. Azarillo | Rail.., .31 0.18 ’ .24 . teerarnrenan 113 07
Knra seurce
2. Menroa.,, | Ral)... .00 ETTYTIVYTIN o 0.83 0.85
Barge.. | 0.1) } o1 , 0.5 { 0.00 0.09

“AlT rail ratas for rolyvingl chlorlcs are unitom

classitication rates.
als,

~*Al) shlp ang barge ra

tes for polyvinyl chlorice are %

Sumed 15 08 the same as for ordinary nen-corrosive lguld chemfcal
POLYVINYL CHLORIUE FRON NATURAL OAS ACETVLEME: TRAKSPORT 08T DIFFERENTIALS PER 100 POUNDS
Total trensport cost Transport ndvantsgs of a
Total transzert cost {= transaort cost on fusi
{= transport ccat on and feadsicck gas) when
varkst fintahed product} vhen locstion at rarkat tatural gas aite torket slte
served plant leeatic at— S plre [ 26°30" pies | 34 plos [26%30° pive] 3% pie | 2gvoaor pie
095 LF. | 60-65% L.F. | %0-95% L.F. | 60-58 L.F, 90-55% L.F. | co-g5% L.F.
0 @ o | ® () o) (s ©)
T
Via— Ararillo soyres
1. Aaarillo JRail.. | $2.20 T | §i.48 $1.09 &7
Honros sourca
2. Wenroo... {Rablee. | 122 o2 Lo 1.00 .75
Manros scurce
3 Nouston.. [Raite.. | 2.7 } 1.25 1.00
Shlp... | 0,23 0.8z l il
1
. Anerillo source
Cincinnatie... |y, maritto {Rait...| 1@ on 0.93 o.89 0.67
2, v, [Ralle., | 125 } 0.0 0.66
Barge.. | 0.16 0.29
T
Amsritlo source
Chleagoneesne (1. dmarlllo {Rafl...| 147 0.64 Qs [ITTTTCTORIE 0.83 0.53
Honrve source
2. Wenros... [Raile.. | 1.28 [RTTTTT R 073 0.63
. |Barge. | 0.16 } 0-39 0.65 { 0.33
T
krarillo soarcs
3t ouisenes 1. Azarillo [Rail... | 13 " 0.63 .
Hnres ssirce
2. Monroe... jRall.. | 100 ) [i¥:)
Barge.. | 011 0.31 0.5 0. 0.29 [ .




APPENDIX € (PETROCIFMICAL INDUSTRY) cal
FOLYVINYL CALORIDE FROY ETWANE ACETYLENE: | TRANSPORT COST IFFZRENTIALS PER 100 POUNDS
I Tatal transport cost Transport advastage of a—
Total tramapert cost {= transport cost ca fusl
(= treaspert cost on ard feedstock gas) when
sarkst finlshed product) when location at sarket Patural ges site Harkot aite
served Plant location at— Je g | 2530 pive | 30% pibe [26-30' oisa| 5 pips | 2570 pipe
095 L.F. | 60-65% L.F. | 90-05% L.F. | 60-65% L.F. | b0-asg Lir. 60-65% L.F.
O Jelal w 1 o (6) [ (s) (s
T T
Via— kzarfllo sourca
Yow Yorkewoeus 11, Aaarlilo [Rall.., | $2.20 e 1 e $1.56 $.ar
Honros sourcs
2. Hanroe... [Rail... | g2 0w | 0.61 1.3 121
Honres ‘source
3. Housten.. |Rall.., 2,07 } srversiane | vecenserons .60 I.46
Ship... | 0,39 0.47 0.6 0.03 0.22
I
Azarillo seurce
Cincinnative, (1. Azarillo [Rall... | 160 ost | o l1g Lo7
Hmres ceurco
2. Monroe... [Ralle.. | 1,25 } : { 0.99 0.5
Birge.. | 0.5 9.28 0.3 o.10 0.1 TR O
T
Amarillo scurce
Chicagoiasenes 1. Amarillo [Raite.. | 1u7 0.37 0.45 [ ] 0.29
Honres sourcs
2. Woros... |Rafl... | 1.28 1.00 [ R
Barge.. | 0.16 } 0.28 0.37 0.21
1]
Arar| 1o source
1. Azarlilo Reile.. | 131 0.28 0.37 1.63 0.54
Honree scurce
2. Weroe.. [Rall.. | rog 0.82 o7
Eerge.. | 0,11 } 0.18 0.23 { 0w -
YINYL ASETATE FROM KATLRAL 643 (VIA ACETYLENS AXD ACETYLENE—4CETIC JCID}: TRANSPORT COST DIFFERENTIALS FER 100 POLNDR

Total transport cost
(= transoort cost on fusl
and feedstock gas) when

- Total transport cost
{= transport cost on

Transport advantage of 2~

Market finished precuaty vhen Tocatlon at market xatural gas slis Harket 3ite
served plant locstion at— 34" pipe 26"-30" pina 34" pive  126"-30" pive| 34" pipe 26"-30" pipe
0-958 L.F. | e0-65% L.F. | 90-55% L.F. | 60-65% L., 0-95¢ L.F. | 60-65% L.F,
) (2) () (s} (6} [£4] (8) )
1
Via— Anarillo source
Rew Yorkeuaoo. br. duaritie [Rait.. fog1.m 8.9 $i.55 $0.65 $0.29
Honroo saurce
2. Maroe... fRail., | 1.6 0.7 | g 0.64 0.37
Monroe source
3. Beuston.. [Rail...| ;¢ } 0.87 ] { 0.86 6.59
ship.. | 0,39 0,58 075
F.-a:rill:‘: B )
Cincinnatioaas | 1. Aparilly L oras 0. | 0.93 0.37 0.
Henroe saurce
tonroe... .23 } .48 l 0.6 ( Q.1 0.26
0.6 0,32 0.47
i ! Ararillo swrea
. Amaritlo 1.08 I 0,68 0.8 0.80 o.19
Honrce sturge
Hares.., 0.5 I) 0.59 0.6 o | seseniennen 0.4t 0.25
0.16 | 0.37 0.53
! i Krarig searce
3t Lvivenne 1 deerilio (Rait.. | 53 § 0.52 | 0.¢8 0.3t o5
i Honree soure
Wonree... | Rail.., | 0.62 ) o | 0.43 { 0.2 0.18
Barge.. | 0.1 0.22

*ATY rail rat,

€3 for vieyl scetate are based cn quateg commodily rares,
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YIMYL ACEVATE FROM ETANE (ViA ACETYLERE AND ACETYLERE—ACETIC ACID): TRAMSPORT COST DFFERENTIALS PER 100 POUNDS
Tetal transport cost Transport advantage of a—
Total transport cost (= transport cost on fuel
(= trensport cost on and feedstock gas) when N .
Hackat finished product) when Jecation at markst Katural gas site Msrket site
served plant location at— 34° plee | 26°-30° pice | Su* pips  [26%-30° pie| 34" plpe | 26730 mips
0-85% L.F. | 60-85% L.F. | 90-55¢ L.F. | 60-65% L.F. | 90058 L.F. | 60558 L.F.
’ () @) | @ %) (s) (6) 1] (8} )
Vidw Ansritlo source
Wew Yorkeweeo. 1, Amarillo [Rail.. | $1.84 $0.58 | s .26 $1.08
Honroe source .
2. Matroe... fRalleee | Fu51 o4z | o6 1.08 0.5
Honros scurce
3. foenton.. .73 0.3 0.56 1.30 117
0.38 087 [asessnaensss fooniionarnnnn
1
Amaritlo seurcs
Cincinnatle.es | 1. Agariilo | Rail. 113 0.37 0.49 0.56 0.6
Henroe source
2. Wonrce... [Rail.. | 0.89 0.24 0.51 { 0,65 0.58
feeras. | B 0.08 0.15
T
trarilio source
ChicAgaaueecs f1. Amarilio {Rail.. | 1.08 0.33 .68 0.75 0.6%
Monroe source
2. Wonroe... [Rail.. | .94 0.26 0.34 { 0.£8 0.60
Barge.. | 016 0.10 0,18
T
Amr“l? sourre
St. Loviseeees f1. Ararillo {Rail... | 0.83 0.25 i 0.3¢ . cesiverrens 0.57 0.4
Honroe seurce
2. Honroe... [Raile.. | 0.62 o.18 0.21 { 0.4
Barge.. | 0.1 0.05 0.10 [ eurunriieren furinnmncrnanas
VIKYL ACETATE FRON ETWANE (ETHYLENE—ACETIC ACID) AND KATURAL GAS (ACETYLEKE): TRAKSPOT GOST DIFFERENTIALS PER 100 FoUnDS

Tatal transport cost

Total transport cost
(= tranzoort cost on fue}

Transport advantage of a—

{= transport cost on and fesdstock gas) when e
Market Finishod praact) s location at arket Hatural gas site Market sits
rved ion atee
s plast location at 34 pive 2630 pive | 36" pioe  26°-30% pive | 3u* plpe | 26%-30° pips
0-9EL LF. | 60-65% LF. | 955§ L.F. | 60-65% L.F. | 90-358 L.F. | 60-G51 L.F,
) 2) @) ) &) &) 7} (8) (9)
Yia— Azaritlo source
Now Yorkeweoro 11, Auartiio [Rall... | it $hos | 19 $0.75 $0.41
Honros source
2. Moroe... [Rail.. | 1s) oe0 | 1.6 0.7 0.46
Hofiron scurce
3. Houstonw. fRail,.. | .73 o { 6.93
- 1.05 . -
Salp.. | 0.39 9.81 0:66 _ feerennsrans | auen
T
Axarttlo source
Cinclanatie.ee |1, Amsrillo |Rail... | 1.3 o0 | 0.81 2.3 0.22
Monroe source
2. warce... [Ratl... | 9,59 0.5 .58 { 0.3
Bargn. | 0.8 0.28 0.42
1
Ararillo seurce
Chicagaiuausns (1. Amardilo [Raid., | (.08 0.63 0.82 2.45 0.26
Heriroe aource
2. Waroe... | Rzil.. | 0. { 0.46 0.31
0.8 0.63 - -
Barge.. | 0.06 0.22
T
Anarillo scurce
1. Kmaridlo (Rl | 0.3 0.48 0.63 0.35 0.20
Monros source
2. Haroz.., |Raib... 0.82 0.30 - 0.0 ereernvniene 0.32 0.2
Barge.. | 001 0.29
JEe— e



APPENDIX C (PFIRNCHEMICAL INDUSTRY}

VINYL ACETATE FROG ETHANE (VA ETHYLERE—ACETIC AZID; AXD ACETYLENE):

TRAXSPORT COST DIFFERENTIALS PER 100 POUNDS

Total transport cost

Total transport cost

Transport sdvantage of a—
(= transort cost on fuel i

{= transpert cost on and feedstock gas) when .
Harket flnished product) when tocation at markat Natural gas site tarket site
served Plant location 21— 3 ploe [ 26730 pice | 3% pipe |25730" nive| 3% pipe | 26730 aive
$-95% LE. | €553 LF. | %0954 LF. | 60-65% LF. | s0-95% L.r. 63-555 L.F.
{) (2) {3} @) (s} {e) 7} (8} (8}
Vigm kaarilto source
Kew Yorkeveses {1, Amarille [Rail... | $i.8 $0.77 $. $1.07 0.8
Honroe source
2. Hoaroe... |Raile.. | 1.5 0.56 0. 0.5 0.77
Monroe source
3 Housteno. [Rait | b7s 1) o o 0.99
shiv... | 039 |
Amarillo source
be Amarillo |Rail.. | (.3 039 0.6 0.6 0.59
Manroe source
2. Monroe... [Rail... | 0.89 } 0.1 J ol { 0.58
Bargen. | 0.16 | 0,15 0.25  Jeeesrerrrans
T
Ararille source
t. hearillo [Raiti.. | .08 o | 0.58 0.4 0.50
Monroe source
2. arcen.. [rait... | 0. } om | oas { 0-60 0.4
Barge.. 0.16 H u. 18 0.28 sesveeinaese fariinsvanneenas
! pl
Amarilla searce
St. Lovisew. [ 10 Amarillo {Rail... ! 0,83 o3 | 0.4y .49 0.38
Ncnm:‘lour;c
2. onroe.,. {Raiti.. | 0.62 o 0.28 { Quki a3
Barge.. [ 011 ! 0.10 007 Jesssrearninn Jiuseennicrnnene
VINYL ACETATE FAOH ACETIC 4CI0 AND NATURAL GS {ACETYLENE): TRANSPORT CosT OIFFERENTIALS PER 100 POUNDS
Tetal transport cost Transport advantage of a—
Total trensport cost {= transpart cost on fuel
(= transport cost oo and feedstock gas) when . i
Harket finlahed product) when location at market Xatural gas site tarket site
served plant Jocation at— B pive | 2630 aloe | 33" give [26'-30° pise| 35 pime | 26%-307 irs
0-95% L. | 60-65% LF. | 90-950 L.F. | 60-65% LF. | soosg 1k, | g 4 LF.
[{}) 2} 33 <] &) (s} @ (8) (8)
. Via— &aarillo source
Rew York. I- Amarlllo jReil.. | 3.5 2$i.8 242,00 $0.16 $0.00 oo,
Fonroe source
2. Manroe... (Ratl...| 1.5 o145 358 0.07 0.06
Honroe ‘source
3. Houston.. |Rall...| 1.73 .60 B8] 0.00 i3 $0.00
Ship... | 0.39 .73 £0.85 $0.34 .47
1
AzariHo saurce
Cincinnattuen. |1, Amarilin {Reit... | 1,13 L L T 0.i7 5,28
Honroe source
2. Moaroe... |Rail... | 0.69 fow | Lo .08 0.15
Sarges. | 0.6 | 90,38 i o .20 0.27
[
Aariilo source
Chicagaeuuae. 11 Amaritlo (Rail... | 1.08 211 [T 0.4 0,21 farrenennanan
Manroe source i
2. Menros... (Rait., | 0%, Y00 | o7 .06 r 0.13
0.16 0.38 ‘ %0.45 0.2 | 0.9
- N T "
Ararills searce H
St Louisewes | 1. Amaritio ] e o3 1 e 026 | 03 Jeevvieins e,
Honroe sourse i
2. Wanros... [Rail...| 0.62 #0.80 H - g | .22 . .
Barge.. | 0.4 %6.25 %0.29 L B ST

Jacetic meid chigg.a by Tail; fuel A3 feeditock gax hy pineling,
sped Ly tanacr from nouzlon;
ry pigeline,

by pipel ine from c
shipped by darge: fuel and feedstock ga:

MoRroe. Cacetic zc

P acetic acld snirped oy rai | from o
fuel end freostocs gat ty pisedine




- 0y APPENDIX C (PETROCHEMICAL INDUSTRY)
YINYL ACETATE FRCH ACETIC ACID AXD ETHANE (ACETYLENE): TRANSPORT COST DIFFERENTIALS FER 160 FOWNDS
Total transport cost
Trangport advantage of e—
Total transport cost {+ transoort cost oa fusl port adventags
{= transpert cost on ard feedstoch gas) when . con .
sarket finished product) when Iocation et zarhat Hatural gas site Warkat sits
served plant location at— 3* pise | 26°-30° pive | 3u* pipe [26°-30% sia| av* pipe | 263" pipe
%-955 L.F. | 60-657 LF. | 90-050 L.F. | 60-65% L.F. | 90-95% L.F. | €0-65% L.F.
({3} (2) @) ) (5) ) ) (8) [£2]
Via— Anarillo seurce
- dsarilo [Raite [ gig | s | 2gg $0.33 £0.25
Moroe saurce
2. Moros... | Raile. | 1y 2.9 | s 0.29 0.2%
Honroe “source
3 Houston.. [Rail... |} 73 R4 o2 0.31
Shipe.- | 0.3 o.50 %0.55
T
Amarillo source
Cincinnatiooe, F1. Amarllto {Rait.., | 1,13 1.9 (R . 0.01 0.04
Hearee asurce
2. Monroe,.. [Rall... | 0.£9 0.1 { 0.87 0.02
Barge.- | 0.16 ‘0.3 (%02
1
Amar. 1o source
Chicagonenses 1), Amarillo [Rail,.. | 1.08 2o | %los 0.07 0.03
Monree source
2. Haroe... {Rail... | 0.9% 25.b8 I 20.89 0.08 0.0%
Barpe.. | 0.16 %0.24 IR 0.08 0.1t
H
ararTily source
St. toudsee.. [ 1. Amarilto JRail... i o0.83 20.95 | ®o.08 0.12 0.15
Honree sourse
2. Monrooue. |Raite.. | 0.62 0.7 | %m 0,09 e .-
Bargecs | 011 Y5 1 o4 0.05 0.07
Bacetic azid snipped by rait; fuel 2nd teecztock Gas by pipeline. " acetic azid saipped by rail from wouston; fuel and feedstock gas
by pipeline from ponroe. Ciietic 2c'd snipped ty tanker from kouston; fuel and feedstock gas by ripeline from hMonroe. dicetic acid

hipped by varge; fuel and facdstock gas ty pipeline.

VIRYL CHLORIDE FROM ETMANE~—ACETYLENE: TRANSPORT £OST DIFFERENTIALS PER (0O POUNDS

Total transport cost Transport advantage of a—
Total transport cost (="transport cost on fual
(= transport cost on and ferdstock gas) whe
sarket finished product} vhen Tocation at sarket Natural gas site Markat site
sened plant location at— 3% pipe | 2630% pips | 397 pive |267-30° pive| 34 olpe | 257-30" mico
90-95% L.F. | 60-65% L.F. | 90-05¢ L.F. | 60-65% L.F. | 90-95% L.F. | 60657 L.F.
) (2} ) (%) (s} (s) ) (8) )
Viaw Azarlito source
Fow Yorkueeass |iL Anarillo |Ralle. |*42.50 o8 | tous $2.15 $2.02
Honroe source
2. Manree... [Rail. | 2,10 0.30 0,33 1.89 (8]
Konroe scurce
3. Houston.. jRall...| 2 49 ) 2.10 2.01
shipe.. | o6t 0.2 0.3 0.2 0.31
T
Azarillo source
1o Agariilo jRail.. 181 0.25 0.34 1,55 147
Mooroe source
2. Wonrom... |Rafl... | J.q2 } { 1.25 1.20
Barge.. | 0.4 0. 022 0.24 0.3
¥ |l
2zarillo sourca
Chicagoeannss [1, Amariito |Rail... 1.65 0.2% ! 0.2 crrereererer feernieninens 1.42 1.35
Henroe sourcs
2. Monroe... famlo | o } 1.25 1.20
. 0.18 0.2% - -
Barges. [, 0.25 0,20
T
Azaritie souren
St Loulsene [ 1. Emarillo [Reble. | |.en 0.18 0.2% 132 1,56
Mon| 301
2. Honree... IS S 1.02 .9
o9 1) M e 018 0.1

A1) rail estes for vingt caloride are based on quoted camodity rates



APPENDIX € {PETROCHEMICAL TNDUSTRY) c-25
VIHYL CHLORIDE FROM ACETYLENE {NATURAL GAS): TRANSPORT COST DIFFERENTIALS PER (00 POUNDS
Total transport cost Transport advantage of a—
Total transport cost (= transport cost on fuel
(= transpert cost on and fecdstock ges) when N R
Markot finished product) when location st rarket Natural css slte Harket site
sorved plant focation at— 34" plee [ 26°90% pie | m* pive 1267-30% pive| 34" sibe | 26%-30" pire
SO L.F, | €0-65% L.F. | 90-96% L.F. | 60-s5% L.F. | o091 LF. | o-mg LF.
() (2) (3} {4) {5) (s) @) (8) {8}
Yia— Ansrillo source
Wew Yorkeueuus |1, dmarillo [Raili.. | .55 0.85 | st s $1.45
Moniroe scurce
2. Menroe... {RsHeu | 2,10 0.62 0.8 t.48 1.29
Horroe saurce
3. Houston.. [Ratle.. | 2.u0 . i.78 1.59
shim. | o8l } 0.€2 0.8t { ol i
T
Azaritlo source
Cincinnativ.e. | 1. Amarillo [Raite.. ot 0.5 0.70 sresreasriee frrunenianegs .27 I}
Monroe source
2. Wonroe... [Raite.. | L2 1.08 0.97
a.. 8
Barge--| 0.5 } % 048 0.0 207
+
Azarillo source
Chleagoneeusas |1, Amariflo |Raile.. | .65 05 | 0.62 17 1,03
Monroe sourca
2. Maroe... JRallee, | g gy } 1.06 0.95
0.3 0.43
Barge.. | gouy s 0.05 0.06 |-
N T =
i Amarillo source
St teulseoes | 1L Avartito [Reite. | g 0.3 0.49 113 1.01
Moaree seurce
2. tonroe.,, [Railia | 3 } 0.9
- o. .
Barge.. | g.39 = o3 LTI
VINTL CHLORIOE FROM ETWANE (¥)h ETYLENE DICHLORIDE): TRANSPORT COST DIFFERENTIALS PER 160 POUNDS

Total transpert cost
(= transport cost on

Total trensport cost
(= transport cost on fusl
and feedstock gas) when

Transpart advantage of a—

Harket firisbed product) when locat ion at market G aite Yarket alte
] 2ti — - - y
sene plent locstion at ° pivs 26°-30° pive | 347 plpe  126°-30° mise]| 34° pipe | 26*-30° pige .
S0-65% LF. | 60-551 L.F. | 90-55% LF. | 60-65% L.F. | %0-51 L.F. 60-65% L.F.
() (2) (3} ®) 15) (6} @) (8) @
Yia— Akzaritlo source
Now Yorke oo s [ 1. Anaritlo [RaM.. | $2.55 $0.2) f 30.27 $2.35 $2.29
Monros sosrce
2. Kewros... lRalte. | 2.0 0.15 0.20 1.35 .90
Henroe source
3. Houston.. [Raile., | 2,40 } [ETTTIIV 2.25 2.20
Shigee | 0.1 } 0.15 0.2 0.48 o
T
Aearillo source
1. Aearilio [Rail... b g g oa3 | 0.17 . 1.68 1.6%
Hanroe source
2. Hooroe... | Ra . 142 } { veasas frunesiinenns 1.34 1.3t
.08 .
BargeL | 0.4 0.0 0.1 LRI FIo 0.33 0.30
k]
Araritlo source
I. Anarillo [Rail... | .66 G.12 0.16 1.54 1.50
Monroo ree
2. Menrcoee. [Raite | plug } 0.03 o1z 1.32
Barge.. [ 0.32
! .
Anarillo source
St Louitae.. {1, Azarillo jRail.. | L 0.05 | 0.2 (] 1.38
Honroe source
2. Wanroe.., |Rait. | 1.3 N
Barge., | 0.2 6.05 0.03




APPENDIX C «PFTROCHEMICAL TNTCUSTRY)

.24
UREA FROM HATURAL GAS (VIA AWNIA)T TRANSPORT COST DIFFERENTIALS PER 100 POINDS
Total transport cost Transport sdvantage of a—
Total trarsport cost {= transport onst on fuel
(= transport cost on and feedstoek gas) when
Market flnished prosuct} when location at warket Natural gas site Harket slite
served plant locaticn at— " pipe | 26°-30% pie | 3u® pipe |26°-30* pipa] 34" pipe | 267-30° plpe
20-95¢ 1.F. | €0-65% L.F. | 90-95% L.7. | 60-65% L.f. | %0-95% L.F. | 60-65% L.°.
[{h] (2} (3} ®) (5) {s) ) {8) (9}
Vi marillo source
Kew Yorkieeaoo |4 dnaritlo JRail... | “gp.g¢ 0.3 | $0.51 $1.52 $1.50
Monroe source
2. Waroe... [Rail... 153 0.28 0.37 1.30 1.2
Monree source
3. Houston.. Rafl.‘. 1.73 } 0.28 0.37 1.5t .42
Snigees | ""0.39 0.t1 0.
1
Anarillo source
Cinclnaatl.. .. 11, Amarilio [Raite. | 128 [FER 0.32 13 1,66
Monrece source
2. Monros... |Rail... (K } { 0.92 0.88
Bargse- | **D, 16 o.18 0-20 0.00 0.0%
T
Arsrilio saurce
Chicagaaeeres {1, Amariilo [Rail.| 128 02 | [ T POV T 1.06 0.59
Honroe sourcs
2. Honroe... [Raile | 110 } . s { 0.93 0.87
Bargs 0.6 0- 0.23 0.0i 0.7
1
Areritlo source
St Louiseeses |1, Azarlllo |Rail.,.| L4 6.17 0.22 0.57 0.88
Honree source
2. Menree... |Rzil... 0.6 ) {..‘....... Ceseasansade Q.75 0.72
Barga.. | 0.1 0.8t 0.t 0.00 008 freerrervnnns bovniissensennns

A1 rail rates for urea zre u
ordinary non-zerrosive 1izuid cremicals.

POLYETHY!

classification rates,

LEKE

FROM ETHAKE: TRANSPORT COST DIFFi

AN snip and barge rates

ERENTIALS PER

for urea a2re assumed to be the same o5 for

100 _POUKDS

Tota! transport cost
(= transport cost on

Total tranzport cost
{= transport cost on fuel

Transport advaniage of a—

2 feedstack gas) when

Market finiahed product) when location at sarket Hatural gas site Market site
d — N N
aerve plant locaticn at W pigs | 267-30" pive | 3" .epe | 267-30° pive| 4% plpe | 267-30" pire
50-953 LiF. | 60-g5% L.F. | ©0-05% L.F. | 60-65% L.F. | 90-35% L.F. | 60-65% L.F.
n, (2) (3} {4) (5} (6) {7) {8} (9)
Yia— Anariilo source
Kew Yorke..... [4. Amariilo {Raile.. | 350 $0.54 | $0.79 $1.66 $1.50
Honros aource
2. Honroe... |Rsll... (%73 .30 0.5) veversrreare {searesnanran 1.43 .31
Heonros source
3. Houston.. } 0.3 0.5 { ceveentns Joeniinnanans 1.68 1.56
) 0.0 .12
T
Amarillo source
Cincinnatic, .. 15, Amarillo [Rail... 160 034 0.45 1.26 .15
- Manroe source
2. Honroa... |Rall... 1.25 } { 1.03 0.97
Barge.. | ‘0,15 0.22 0.28 0.66 0.2 J O s

T
Azarilio source

tokmaritto fRall. | Ly (XTI [T T- I PO IO 116 107
N:nroa’wume
2. Honroe... |Rail... 1.28 ) ( Lo 0.97
Rarge.. 0.16 0.z I 031 0.08 0.15 sesransnesre Jesnnsnvanrerian
1
Azarlllo source
4, Lewbseaans [0, Azarilic |Rail.., 1.3t 0.2 i 0.3 .07 1.00
Monroe source
2. Monroe... JRail... [ } { 0.8 0.8
. 0.5 . X
Barge. 0.1 0.18 0.0 0.0z ssescernaaae toviacvaiiiani,

111 rail rates ‘or rolyettyle
tre 5w a3 for o

erginar,

&Y cnip and barje rates for colyethylene are assumed 10 be
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