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Errata Sheet &X

This errata sheet contains material inadvertently o ted from USITC
Publication 2005, U.S. Global Competitiyeness: Building-Block
Petrochemicals and Competitive Implicationé fer Automobiles,

Construction, and Other Major Consuming Ingdv s, a rt to the
Committee on Finance, U.S. Senate, estiga No. 239, Under
Section 332(g) of the Tariff Act 1l .

The attached material containg §<§ thréé%éggzb'Appendix A
contains the request letter ate 11 on Finance.
Appendix B contains the no e \of\ d ituti 4nvestigation No.

332-230 in the Federal Reg : Ap i ains a review of
the survey design and e contains a review of
the literature on ¢ t ogical concerns.
Appendix E i

s
This material \should insert Q;zggﬁ page 7-65 of the subject
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February 12, 1986 Ps: 0[

The llonorable Paula Stern
Chairwoman

&
U.S. International Irade Comuission
701 E Street, N.W. <§§§§>

Washington, D.C. 20436

Dear Madaw Chairivoman:

The Committee on Finance requestg that the United States
International Trade Commission condu series investigations
under section 332 of the Tariff t o , O weNinternational
competitiveness of selected major baited Sta ustries.
rta

The 99th Congress fac @ 8 ded(31 regarding a
\‘¥? i ration efforts to

wide range of trade issues
negotiations aimed at

n goods, services, and
ecisions about the future
Slve Committee needs to
understand th nd viability of key U.S.

g 4yste
industries, ‘a’“’ §§§§§§}>compecition tacing these

industries in \torei d tie—markers, and the extent to
which any. currxent tnade prdll esult from special sltuacions
lla ’and interest rate probilems, or

investment flows.
of the internation

1 witnes~§§ appearing before this Comnittee have
u.s ‘§&§&»'itiveneas and industrial viability
A\ . -\§§§- of performance in international as well
margz\gw It s importaut fur these studies Lo ‘
mine e viability of these industries and U.S. trade negotl-
n objectives from the vantage point of the global nature of
ot ec%gion and the internationalization of production and
ership.

For each of these industry studles the CoumumitLee requests
coverage of:
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1. Measures of the current competitiveness of the U.S.
 industry in domestic and foreign markets; :

2. Comparative strengths of U.S. and majorcforeign
competitors in these markects; :

3. Nature of the main competitive problem the

U.S. induscry;
eﬁg§§§§§> r extent

eversible ' situations such
st rate problems, as

4, Sources of main competitive pr
from:

a. speclal transitory or
as exchange and inte
opposed to

b. fundamental or structur

re foreign and
3, in terms of

. ahd pre-empting of
< .

t ify specific industries
v e3\'ip to seven studies. The
o work out with ITC staff
production schedule, depending
aff to conduct them within the
quests that all studies be
submitted to the Committee

5. Competitive stratey
U.S. markets to \FQt
economies of s
market advant

The Committee
or numbers of st

studied should be plvotal to overall
hnological strength, by virtue of being
er ‘pa g.in the development of leading edge

ogies tha 11 shape future competitiveness of other
ndustries, or (b) supplying critical equipment or materiel
gsed in other important industries. The selection should be
~\yerse enough that the range of theilr impact should reach
brbadly across the entire spectrum of U.S. industrial strength,
represented by the seven tariff schedules. Examples would be
key industrial agricultural commodities, selected syonthetic
organic chemicals, and texfile fabrics, along with the equlpment
producing industries associated with each.
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The Committee recognizes that much of the information and’
data desired may not be available from secondary sources and
that primary data gathering may prove essential to understanding
global industry competition. It requests that in\meeting the
objectives of these studies the Commission develop“new sources
of information outside the United States through interviews
and questionnaires where possible, to assureCeff¢
of the strengths and weaknesses of foreign co
the terms of competition in key foreign

DT
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concerning the building-block
petrochemical industry on such end-user
industries as the sutomotive and
construction industries.

Public tiearing

The Commission will hold a public
heering on this investigation as well as
the four others in this series (Inv. Nos.
332-229 through 332-233) at the United
States Interational Trade Cuommission
Building, 701 E Street NW Washir.gton,-
DC, beginning at 10:00 a.m. on Feoruary
24, 1987.

All persons shall have the right to
appear in person or by counsel, to
present information and to be heard.
Persons wishing to appesr at the public
hearing should file requests to sppear
and should file preheuring bricfs
(original and 14 copies) with the
Secretary, U.S. Internationsl Trade
Commission, 701 E Street NW.,
Washington, DC 20436, not later than
noon, February 2, 1887. If the
Commission decides to hold one or more
hearings outside of Washington, DC, it
will issue a supplemental notice of
heuring by January 6, 1687.

Written Submission

Interested persons are inviied to
submil written statements concerning
the investigation. Written statem
shouid be received by the -
business on November
Commercial or financial

Commission to
must be submi
paper. each tlee
Conﬂdcmul :

gss info 7 mon. will be made
ble for inspection by interested

d to the Secretary, United
States International Trade Commission,
701 E Street NW., Washington, DC
20436. Hearing-impaired individuale are

_ advised that information on this matter
can be obtained by contacting our TDD
terminal on (202) 72¢~0002.

Issued: july 22 1908.
By order of the Commission.
Kenseth R. Masoa,
Secretary.
{FR Doc. 88-17102 Filed 7-29-82- -4t ]
SRLING COOE TE30-03-0

1332-233)

U.S. Global Competitiveness: Optical
Fibers, Technalogy and Equipment

AGENcY: United States International
Trade Commission.
ACTION: Institution of investigation.

EFFECTIVE DATE: July 9, 1938,
FOR FURTHER INFORMATION CONTACT:
Mr. Christopher Johnson or Ms. Linda

Linkins, General Manufactures Divisio@>

Office of Industries. U.S. Internutional
Trade Commission, Washingion, DC

20438 (telephone 202-724~1730 or 202~
7241748, respectively).

Beckgraund and Scope of |

spproved the institutj
No. 332-213, fulluwing
on February 13, 1906 &
from the Chai
Finance, Unit
requesting that
8 scries of inve

of investigatio
ipt of letters

3. As requested by
e Commission’'s report
d address: (1) Measures
cn§ it compelitiveness of the

ultry in domestic and foreign
ets; (2) comparative strengths of
.-and major foreign competitors in
se markets: (3) the nalure of mujor
competitive problems facing the U.S.
industry; (4) the sources of these
problems, including the.extent te which
they arise from special transitory or
reversible situations or are the result of
more fundamental or strucfural
problems; and (5) the importance of U.S.
and foreign markets to the future
competitiveness of U.S. and foreign
producers, in terms of economies of
scale, growth rates, and pre-empting of
market advantages.

Public Hearing

The Commission will hold a public
hearing on this investigation as well as
the four others in this series (Inv. Nos.
332-229 through 332-233) at the United
States International Trade Commission
Building, 701 E Street, NW., Washington,
DC, beginning at 10:00 a.m. on February
24, 1887. All persons shalil have the right

10 sppear in person or be represented by
counsel. to present information and to
be heard. Persons wishing to sppear st
the public hearing should file requests to

_appear and shovid file prehesting briefs

(original and 14 copies) with the
Secretary, U.S. International Trade
Comm'snon. TME Qtreeﬂ. NW.,

mit written statements concerning
thenvestigation. Wri.ten statements
should be received by the close of
business on March 12, 1987. Commen:ial
or finaucial information which a
milter desires the Commission to .
s confidentisl must be submiited
te shests of paper, each clearly
“Confidential Business
rmation” at the top. All submissions
questing confidential treatment must
conform with the requirements of § 207.0
of the Commission's Rules of Prmctice
and Procedure) 19 CFR 201.8). All

. writlen submissions, except for

confidential business information, will
be made svailabie for inspection by
internsted persons. All submissirns
should be addressed (o the Secretary,
United States International Trade
Commission, 701 E Street NW.,
Washington, DC 20438. Hearing-
impaired individuals are advised that
information on this matter can be
obtained by cnntacting our TDD
terminal on (202) 724-0002

lesued: July 22, 1888,
By order of the Commission
Keaneth R. Masoa,
Secretary.
[FR Doc. 86-17103 Filed 7-20-88: 8:45 am|
PULLING CTOC Te28-02-4

(332-231)

U.S. Giobsl Competitiveness: Steel
Sheet and Strip Industry

AGENCY: United States lnttmtlonal
Trade Commission.

Acniont Institution of investigation.

EFFECTIVE DATE: July 0, 1988,

FOR FURTHER INFORMATION CONTACT:
Ms. Nancy Flecher, Minerals and Metals
Division, Office of Industries, U.S.
International Trade Cuatnssion,
Washington, D.C. 20438 (telephone 202~
523-0341).
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transmitted its report to the President on
July 17, 1988. The information in the
rcport was cbtained from responses to
Commission questionnaires, fleldwork
and interviews by members of the
Commission's staff, other sgencies,

_information presented at the public
hearing, briefs submitted by interested
parties. the Commission’s files, and
uther sourcas.

The view of the Commission are
contained in USITC Publication 1868
(July 1988), entitled “Steel Fork Arms:
Report to the President on Investigation
No. TA-201-80 Under Section 201 of the
Trade Act of 1874.”

lssued: july 23, 1988
By order of the Commission.
Kenneth R. Masoca,
Secretary.
{VR Doc. 88-17100 Filed 7-29-86; 8:45 am|
SNLLING CODE T820-62-4

1332-233|

U.S. Giobal Competitiveness; the U.S.
Automotive Parts Industry

AGENCY: United States International
Trade Commission.

AcTiON: Institution of investigation.

EFPECTIVE DATE: July 9, 1986.

FOR FUATHER INFORMATION CONTACT:
Mr. Dennis Rapkins, Machinery und
Equipment Division, Office of Indugtyi
U.S. International Trade Commi
Washington, DC 20436 (
523-0299).

ag the inumatiom
of a broad range of
ed major United Slates industries.
iqn of this study is scheduled for

The Commission investigation will
examine the U.S. automotive paurts
industry and its major foreign
competitors to determine the impact of
global competition on the industry, and
to ussess how the industry is responding
to these dynamic forces. As requested
by the Committee, the Commission's
report will analyze and uddress: (1)

" Measures of the current compelitiveness
of the U.S. industry in domestic and
fureign markets: (2) comparative
strengths of U.S. and major foreign

competitors in these markets; (3) the
nature of major compelitive probiems
facing the U.S. industry; (4) the sources
of these problems, including the extent
to which they arise from special
transitory or reversible situations or are
the resuit of more fundamental or
structural problems; and (3) the
importance of U.S. and foreign markets
to the fulure compaetitiveness of U.S. and
foreign producsrs. in terms of economies
of scale, growth rates, and pre-empling
of market advantages.

Public Hearing

The Commission will hold a public
hearing on thin investigation as
the four athers in this series
by the Committes (investiga
332-229 threugh 332-233), at the U.

Internutional Trade mission
Building, 701 E Street; NW., Washington,
DC. beginning at 10:00 s.m. on-February
24, 1887. All persons shall .

to appear in
counsel, to prei
be heard. Person

the public h :

itteg slatements concerning
gytion. Written statements

treut as confidential must be submitted
on scpucute sheets of paper. each clearly
marked “Confidential Business
Infonination” at the top. All submissions
requesting confidential treatment must
conform with the requirements of § 201.8
of the Commisasion's Rules of Practice
and Procedure (19 CFR 201.8). All
wrilten submissions, except [or
confidential business information, will
be made available for inspection by
interested persons. All submissions
should be addressed to the Secretary,
United Statas International Trade
Coummission, 701 E Street, NW.,
Washington. DC 20438. Hearing-
impuiced individuals are advised that
Iinfurmation on this matter can be
oblained by contacting our TDD
terminal or (702, 724-0002.

lssued: july 22, 1986.

S

By order of the Commission,
Keaneth R. Masoa,
Secretary. :
[FR Doc. 88-17101 Piled 7-20-8% &48 am|
SNLING CODE 7838-00-4 .

(332-2301

us. Competitiveness: Building-
Block Petrochemicais and Competitive
Implica tor Canstruction,

and Other Major
tries

titution of Investigation.

M DATE: July 9, 1888,

FOR PURTHER INFORMATION CONTACT:
c Land or James P. Raftery, Energy
and Chemicals Division. U.S.

mational Trade Commission, *
an, DC 20438, telephone (202)
und 523-0453, respectively.

and Scope of Investigation

e Commission, on july 9, 1988, .
pproved the institution of investigation
No. 332-230, following receipt of letters
on February 13, 1088 and April 2, 1988
from the Chairman of the Committee on
Financs, United States Senats,
requesting that the Commission conduct
a series of investigations under section
332(b) of the Tariff Act of 1830 (18 U.S.C.
1332(b)) conceming the international
competitiveness of a broad range of
selected major United States industries. '
The Commission investigation will
examine the U.S. building-block
petrochemical industry and its major
foreign competitors to determine the
impact of global competition on the.
industry and to ussess how the industry
is responding to these dynamic forces.
As requested by the Committee, the
Commission's report will analyze and
address: (1) Measures of the current
competitiveness of the U.S. industry in
domestic and foreign markets; (2)
comparative strengths of U.S. and major
foreign competitors in these markets; (3)
the nature of major competitive
problems facing the U.S. industry: (4) the
sources of these problems, including the
extent to which they arise from special
transitory of reversibie situations or are
the result of more fundamental or
structural problems; and (5) the
importance of U.S. and foreign markets
to the future competitiveness of U.S. and
foreign producers, in terms of economies
of scale, growth rates, and pre-empting
of market advantages. In addition, the
Commission will examine the
competitive implications of its findings
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Because of the limited and incomplete nature of available data on the
U.S. building-block petrochemical industry, the Commission found it necessary
to use questionnaires as a primary data-gathering technique in order to obtain
the type of information requested by the Senate Finance Committee.
Questionnaires were developed to generate statistical data on product mix and
the materials produced. These questionnaires were sent to representative U.S.
producers/importers of building-block petrochemicals, suppligrs of materials
with significant petrochemical content, and end users of matézials with
significant petrochemical content. Information was received,

processed so that determining the identification of an.indi al i
not be possible in the public r«port. A complete explangtild t

design and methodology follows.
The following tabulation shows the estimat talfirms\(based on the
rve

most currently available data), the number of firms , and the expected
response rate:

Producers/igiiiféts Suppliers End users

N

Estimated total firms...... \\\E§:;§> 50 2/

Number to be surveyed...... 50 50

Expected response rate..... 6 60

Actual response rate....... < 0 3/ s&
1/ The number of firms that ca dered es pliers of materials
with significant petrochemica epe é way these firms are
defined. For the purpos t esti ix he Supplier sectors' being

r o the Automotive, Packaging,

considered include those )

and Construction indu i 3 timate of the total number of
firms that may re s @t‘ ranges from at least 10,000 to
possibly 100,00 Howev the survey\is—designed to reach 3 specific

discrete subsectoxs of

ot i subsector. However, estimates of the

igg industry range from 10,000 upwards. An
the packaging industry range from 1,000 to

requested information, as discussed in that
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The universe of producers was derived from the mailing list for the
Commission’s Annual Synthetic Organic Chemicals Report. Each domestic
producer reporting production or sales of the building-block petrochemicals
received the Commission Questionnaire. The universe of firms in the specific
subsectors to be surveyed was derived from available lists of producers and
from membership lists of the Society of Plastics Industries. The universe for
the construction and packaging sectors surveyed via the End-user Questionnaire
were determined by compiling lists from Wards Directory of 51,000 Largest
Corporations. Construction end users were selected primarilykfrom a listing
of the largest public and privately held contractors classifi in 4-digit
Standard Industrial Classification (SIC) Code 1521, S3ingl
Contractors, found in Wards Directory of 51,000 Largest{Gofpofati

Commission staff developed a list of the largest packaging\end useérs, as per
f isging
di

advice from the Paperboard Packaging Council, he largest
producers of certain consumer products in the t SIC codes

(according to Wards Directory of 51,000 Largest Co i ): SIC 284, Soaps
Detergents & Cleaning Products; SIC 208, Beverages; and SIC 209, Miscellaneous
Food Preparations & Kindred Products. e omobile séctor was determined by
examining published data. The Producer/Impq i ire, the Supplier

Questionnaire, and the End-User Aut i dueE onnairelWexe sent to the
universe of firms as compiled by the
respondent burden, the End-user Qu

Packaging industries were only.se

ires for struction and
he larges ction and packaging
subsedtors.

éetors, and the packaging
for the firms responding,
industry.

Results of the questior
and construction end use
and may not be used to ¢

The quest
accuracy. Si

ed by Commission staff for

not usable or inapplicable and
actual composition of packaging and

r ctive sample size was smaller than

e ma o account for the discrepancy between

€3 because response rates were only
neveconstruction sector. The following tabulation

Producers/importers Suppliers End-users

X 44 30 78
Questionnaires with usable 37 18 28
information.
able response rate 1/ 84 2/ 60 3/ 36
percent..

1/ Usable response rate is defined as the number of questionnaires returned -
with usable information as a percent of total applicable questionnaires.
2/ Response rates for the individual supplier subsectors were as follows:
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Producers of

Dual-Qvenable

Caps Bottles Cookware
Applicable questionnaires.. 8 15 7
Questionnaires with usable 6 9 3
information.
Usable response rate....... 75 60

3/ Response rates for the end-user sectors were as foilows

Construction }égia tomotive

Applicable questionnaires.. 26 45

Questionnaires with usable 6 20
information.
Usable response rate....... 15 57

S~
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A, Previous Studies of competitiveness

The studies discussed below are believed to be a representative sampling
of the extensive recent economic literature on the issue of international
competitiveness of U.S. industry. The listing should not,. however, be taken:®
to be exhaustive. The focus of the discussion will be on the basic
methodologies and measures of competitiveness employed in these studies,
rather than on their conclusions for the particular industr{es under

investigation.
o& 3 rd Business
ieg over> the past 10 years

1. Annotated bibliography

a. Joseph L. Bower, When Markets Quake
School, 1986).

This focuses on company and goverrunent strateg

in the world petrochemical industry. No e icit defimition of
competitiveness is given, but there is some discussion Yf changes in country
trade balances and shares of world exports\i ochemicals. 1In addition,
"favorable reference is given to Che stem ival ix," which ranked
companies on the basis of relative co produet mix, eagraphic location
of their facilities. The appropriate et is tak evglobal because of"
low transport costs and homogepeous ' Shi uftrency values are
seen as crucial. Emphasis is p po 1 ticalfgggg>l in determining

country responses to interna e res, with ow response observed to
market forces. Q
b. William H amé s : :ve, "Dollar Appreciation and
Manufacturi ent’ and-Qugput, ™ NBER Working Paper No. 1972,

<§§§§§§onsiv .S. manufacturing output and
i §§§§§§ nge rate, using quarterly data from

indixidual industries. Chemicals industries
loyflent losses when the dollar appreciates (a
l1ar was predicted to cause a 1.7% decline in
dls and resins").

Prices, Activity, and Machinery Exports: An
Based on New Price Data," Review of Economics
and Statistics, vol. 68 (May 1986), pp. 248-255.

Irving B. Kravis and Robert E. Lipsey, "Prices and
Market Shares in the International Machinery Trade,"
Review of Economics and Statistics, vol. 64 (February
1982), pp. 110-116.
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Robert E. Lipsey, "Recent Trends in U.S. Trade and
Investment,” in Miyawaki (ed.), Problems of Advanced
Economies (Heidelberg: Springer-Verlag, 1984), pp.
58-79. :

Robert E. Lipsey and Irving B. Kravis, "The

Competitiveness and Comparative Advantage of
Multinationals, 1957-83," NBER Working Paper N
1986.

exports
and investigates the causes. The first two listed)m it mention of
competitiveness, but focus on determinants of . exports of
machinery and transport equipment. They find . export
prices relative to those of our competitors have a subscantial effect on
relative export quantities (and so shares of the world e

the full effect may take up to 4 years to e

take several years for the desirable trade
depreciation to be felt.

The last two papers analyze tyend U.S. expg g‘ as, as an indicator
of U.S. competitiveness. = sk vantage>\Q hé United States and
its multinational firms is meas ) of t§§;:§~' ibution of exports
across industries (e.g., indus es with lar sha of U.S. exports than of
world exports are taken to He& Ind ies i the United States has a

comparative advantage vis-a-vi DN o th rld). They do point out two
limitations of measurin iveness by export share
movements: (1) a dec world trade has accompanied

ion and income, suggesting that a

s of U.S. firms (whatever the geographical
They identify two competing hypotheses for
(1) macroeconomic factors, such as national
he s’ and (2) factors internal to firms, such as research
arid eldpment, technology, investment, or management strategies. These
dtter factors are transferable across countries, within firms, and so will be
ntikely to contribute to national competitiveness or comparative advantage.
Lipsey and Kravis suggest that a large difference between the trade
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performance of the United States and U.S.-based firms would allow one to
determine the policy relevance of the two hypotheses. They report that
although the U.S. share in world manufacturing exports fell from 22 percent to
14 percent over that period, the share of U.S.-based multinationals was steady
. at about 18 percent. The conclusion is that American management and
technology remained competitive, maintaining export shares in rapidly growing
world markets, and that the decline in the U.S. country shaxe of world exports
is largely brcause of relative price changes determined primaxily by movements
in exchange-rates and inflation.

<&
d. James M. Jondrow, David E. Chase, and Ch op
Gamble, "The Price Differential be e om d
Imported Steel," Journal of Busi vo 55 uly

1982), pp. 383-399.

They discuss reasons why imports of & ogeneous product

(steel) sell for a lower price than the domes product without rapidly
increasing their share of the market, The\explapation sypported by evidence
is unfavorable service characteristicss (e.g.\ g lead £l required and
insecurity of supply). This suggests ¢ abs specifically
controlling for all such relevant 1stlcs---« 'c and foreign :
product are best treated as im tutes he demand for imports
depending on the prices of bot d domes ouods. To the extent
changes in relative costs pa o di s in the prices of
imports and domestic goods, (i LObe affected.

e. Robert Z. &) Amé%iiixé}mpete (Washington:

Brooki

d up to 1980, analyzes the sources
The author finds changes in
Ttant cause of structural change than
U.S. comparative advantage declining in
andardlzed capital-intensive products, but
S Lawrence mentions the terms "international
-ustrlal competltiveness without explicit

of structural
domestic

-endlng, and proflt rates as indicators of that success.

He compares U.S. industrial performance with that of other developed
economies from 1973 to 1980, and generally the U.S. manufacturing sector fares
well--in terms of growth in production, employment, R&D, and capital

spending. He estimates the effects of exchange rates on U.S. manufacturing
and attributes most of the changes in U.S. exports and imports during 1980-83
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to the dollar appreciation; however, by measuring real-exchange-rate movements
with relative export and import prices (which may be related to relative costs
and industrial structure) this doesn’t rule out the importance of more
industry-specific explanations for changes in U.S. competitiveness.

f. Richard Baldwin and Paul R. Krugman, "Market Access and
International Competition: A Simulation Study of 16K Random
Access Memories," NBER Working Paper No. 1936, 1986.

Marvin Lieberman, "Learning-By-Doing and Indust
Competitiveness: Autos and Sem1conductq5s int .
and Japan," NBER Working Paper, 1986.

John Zysman and Laura Tyson (eds. Am fiigbi try
in International Competition (I :
University Press, 1983).

These works take a more dynamic view(o
competition than that traditionally taken omists.

Baldwin and Krugman model inte
market with "strong learning effects apanese rivalry in

protected home

market was a crucial advantage ce Japanese firms but
that this policy produced more : 3 e Japan (through hlgher
prices for consumers). 3 implications of "learning-by-
doing" -- "production techn‘ 3N W ing g;fual improvement that is
largely a function of 3 : Ve which he claims to be a
common feature of compl : o\ ies. In these industries, the

behavior of pr
of the learni
firms in deci

~\; e market will depend on the slope
gains), the time horizon used by
which learning diffuses among

encing these factors will be important

exls a series of industry case studies

yrment and change in response to international
consumer electronics, steel, semiconductors,
and autos. The editors, in their introductory
well-being of firms in these sectors depends on
against foreign firms. and selling in markets abroad."
7 an implicit view of international competitiveness in
export-shares and import-penetration. They do define "comparative
advantage" as the relative export strength of a particular sector compared
other sectors in the same nation (and acknowledge the need to adjust for
market-distorting government policies). On the other hand, "competitive
advantage" is defined as the relative export strength of the firms of one
country compared with the firms of other countries selling in the same sector
in international markets.
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Zysman and Tyson argue that in many cases a nation can create its own
comparative advantage by the efforts of government and industry to create
competitive advantage in the market; they refer specifically to government
policies protecting a home market so as to allow either production economies
of scale or learning curve economies. The case studies highlight the role of
Japanese industrial policy in promoting expansion of growth-linked
industries. Typical of competition between advanced countries is apparently
that market success depends on the management of complex processes of product
development and manufacturing, not simply national differences\in factor costs
such as wages or raw materials.

g. J. David Richardson,

in theory and in practice. This analysis
country’s exports in a particular sector
market but to changed "competitiven

change in a
to growth in the
son quegtions the

mpetjtive ignoring

quality, service, financing differe c of

competing nations) and suggests t easure of "éizzié

t

country’s true competitiveness . whethés ountry was
increasing its export shares in i odities and

markets" (the analysis ass e\xo i ngraphic
distribution of exports to titiveness). .

h. Measurement of

ess," Business &

ties in the term "competitiveness," as it
ountries. It reviews several empirical

e "competitiveness" or "price

interpreted the measures employed as predictors
or relative export shares or the balance of
These measures include ratios of wholesale price
S lues, relative unit labor costs, import prices divided
d relative profits. An import demand model is formulated

csorrespond to available data.

i. U.S. Federal Trade Commission, Staff Report on the
U.S. Steel Industry and its Intermational Rivals:
Trends and Factors Determining International
Competitiveness, Bureau of Economics, 1977.
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Despite the title, no definition or strict measure of international
competitiveness is given. At various places the study suggests the importance
of exports, import penetration, and rates of growth in production as
indicators of a country’s "competitive position" or "importance" in the wor1§
steel industry or "relative standing ... among the world’'s steel producing
nations."” However, in the summary chapter, the study is described as one
attempting to explain the pattern of trade flows of the U.S. steel industry
over a 20-year period.

Chapter 3 examines relative trends in steel-producing
States Jipan and the EC, evaluating the impact of re ive
international trade flows. Implicitly, the authors s

models; there, cost changes imply supply
changes in export shares even if, in a h
marginal cost are unchanged.)

es forN\inputs involved in

3 , coverin réent of variable
of<$evelsQ§::§ nds in unit costs in
0 isons are
elasive~cost of excluded inputs
i Xand no check of the

)e and quantity data are not
e of industry definition

After comparing quantities and a
steelmaking in the United States a
costs in the United States, c
. the two countries are given.
acknowledged: (1) the ass
has not changed significant]
realism of this assumption.i

differences, product:mix ffe and fferences in the use of spot vs.
contract price ansfer prices. The primary difference
between U.S. as/Found to be unit labor costs, mainly

ed little during the 1968-76 period.

WY

e vsﬁa‘<hsing product-specific average revenue less
NS ~§§':les, were used to estimate the U.S./EC cost
easi

elative U.S. costs increasing from 1954 to the
ing. Some discussion of shipping costs is given
changes over time.

cly on the basis of a simple linear regression of Japanese and EC
port penetration in the United States on relative costs, the study concludes

t the primary explanation for increasing import penetration is relative
production cost changes. It should be noted that since exchange-rate effects
are incorporated in the measured cost changes there is no allowance for a
separate influence for these effects.
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j. VU.S. Department of Labor, Office of Foreign Economic
Research, Report of the President on U.S.
Competitiveness, 1980.

This is essentially a study of U.S. export performance, although other
indicators of intermational competitiveness used include the trade balance and
the "terms of trade"; the latter is measured by the U.S. export/import price
ratio. A long list of determining factors is considered: lation, rates of
investment, productivity growth, skilled labor resources, tec
innovation, unit labor costs, tariff and nontariff barrie
U.S. foreign investment and technology transfer, tax meast
labor-management relations, the role of engineering,
export of capital goods. Of these factors, inve
productivity were seen as areas where the Unit gged behind its

exports,
factors,

, for industries without much

t ﬁ§§§§§§:} in judging

: studie§§%§§t at "international
th ic y derived definition,

onméan somewhat different
Qé:;gk nterest is always in some

exporting, a relative import penetration ras
comparative advantage among U.S. industries.

2. Summary of results

The conclusion to be dra
competitiveness" does not h
but rather is a term that d
things. However, the ifyd
measure of "success"
success in particul

common measures of this

be shares of world exports or
try’s trade balance in a sector.
ive production costs and exchange
c model of international competition,
as productivity growth, investment, and
strategies. The comparison of these
he\ IMportance of choosing appropriate statistics
R.Z. Lawrence finds R&D in manufacturing grew

estment in technology.
Methodological concerns

The preceding section found that discussions of international
competitiveness of U.S. industries generally fail to precisely define how
competitiveness should be measured. The problem is that there is no unique
measure, but rather several dimensions of the issue. The purpose of this
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section is to set out an analytical framework relating several measures of
competitiveness to determinants of industrial performance in world markets.
1. Definitions of competitiveness
Consider the U.S. industry facing a competing industry in world markets,

with the two industries selling somewhat differentiated, though similar,
products; for example, suppose the U.S. and Japanese automobile industries

competed in markets throughout the world but were viewed by sumers as
selling products not perfectly substitutuble for each oth arate but
interrelated markets for the products of the two inddstri ith prices
and quantities sold determined by elements of supply e iven that
the U.S. and foreign products are substitutes, anmyth es to lower

the price of the U.S. [foreign] product will ¢ e the\de for the foreign
[U.S.] product. In turn, the U.S. price will'be determined By marginal cost,
the sensitivity of demand to price (price elasticity of demand), and the

simply "success" in world markets, he me by the share of the
combined markets for U.S. and foreigns .S. producers (or
the U.S. share of world exports); commonly adopted
measure of international competit 1s measure, any
change that increases world sa reducing (or even
increasing less than propor
increase in U.S. competiti ized that competitiveness
imposed aids and

Such a measure, if

so defined includes the ec : 4
sanctions affecting bo Ealp
examined over a per a i e\quise sensitive to the changing
deyelo g \ip both competitor and consumer
en ed, e ::gk;, that with the post-war re-emergence
omm S
Q e ‘ C

thdugh, again, this measure is quite sensitive to
¢ barriers and export aids. Finally, net investment

g styy is both an indicator of competitiveness and a

o’ of future profitability and market share. These latter two measures

probably more directly affected by the overall state of the domestic
economy than is the share of world consumption or world exports (although this
will also be affected by macroeconomic factors influencing exchange rates and
inflation). While there are exceptions, generally all three of these
indicators of competitiveness will move together and will be similarly
affected by changes in circumstances of supply or demand.
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2. Determinants and indicators

Suppose there is an increase in the cost of producing an additional unit
of the domestic product; this could be because of increases in resource costs,
inefficiencies in management techniques, use of outdated or inappropriate
technologies, increasing interest rates, higher regulation-related costs, or a
depreciation of the domestic currency value (raising the cost of imported
inputs). This increase in costs will be translated into re
higher price for the U.S. product. The higher price will sti
world demand for the foreign-made product. The result wil :
share of the world market (and of world exports), low
(especially if the lower profits are expected to persi
in the U.S. industry. Similar results would ensu
foreign industry: a lower foreign product pric
for the U.S. product, a smaller world market s
investment.

If transportation costs are an import ensideration in world trade of
a particular product (as where the ratio o to weight i
low), a reduction in costs in the in 3

¢ g s relatively
try o countyy 1 enable it to
expand the geographical area in which, cluding transpe osts, it enjoys a
cost advantage. We would expect t'éi;;

:\- nto” increases in
world export shares, profitabl domeétic iq§§;§§ ne .

Similarly, a
reduction in transportation cos pegifiic) to a paxti ar. producing country
(as could occur if shipping i

bsidiz the’ government) would
expand that country'’s geogral etin f1d increase the three
S above'

measures of competitivene
which affects the cost of

foreign production will have an
ctors mentioned above are just
exhaustive list; different elements
daxe

ining U.S. competitiveness in

It should be e

t could also be due to more rapid income growth in parts of the

1d targeted by the U.S. producers than in the rest of the world market.
Regardless of the cause, an increase in demand for the U.S.-made product would
increase sales and the price of that product. Although there may be a
resulting increase in demand for the foreign-made product as well this should
be of smaller magnitude, leading to the conclusion that the world market share
of the domestic industry will rise, as will profits and investment. Improved
technology, resulting from increased research and development in the industry,
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may have the dual effect of reducing costs and improving quality (and,
therefore, demand).

Finally, the nature of competition in the domestic industry may affect
the industry’s success in world markets. The U.S. industry will be better
able to compete with imports and to sell abroad, to the extent that vigorous
competition among domestic producers allows for pricing clégely aligned to
costs, and still allow for profits to be invested in researc
and capital equipment. Such competition may also stimulage ved
management techniques, which by lowering costs will farthe
enhance the U.S. industry's competitive position.-

3. Summary

onal competitiveness is
nal perspective,
examining both indicators and determinants . Three

[ d

The brief discussion above suggests that inte

consumption); (2) profitability of : d (3) trends in
net investment in the domestic indust =

(1) cost factors, both specific to 8
labor costs, interest rates)
input-cost inflation, exchange
the quality and reputation o
incomes in primary export m@
conduct considerations.
these factors they will

81 competitiveness of the
industry. Of course i axsiers erected by governments will
have more dire S ica mpetitiveness.

de i

esource costs,
ital costs, general
factors, including
well as the growth of
® market structure and

Under the\tost faet competitiveness, one may consider

differing~U.S. eign) trends Ins-

(e) transportation and distribution costs --their importance, and
the geographical distance to major markets from U.S. and other suppliers.
Note that to the extent cost measures are converted to dollar equivalents, the
issues of general inflation and exchange rates are controlled for.

Under demand factors, one may consider whether the U.S. and foreign
products are homogeneous or differentiated in some way, whether primary
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markets of the U.S. industry have grown at different rates than primary
markets of foreign competitors, patterns and changes in delivery lags,
service, and quality from competing sources.

Market structure can be evaluated by looking at the number of firms in
the industry, the share of the top firms, conditions of entry into the global
industry, the type of ownership, and the degree of vertical integration and
diversification in the industry. Some qualitative assessment>on the
competitive environment, the extent to wh.ch firms compete or sdboperate, is
useful.

<

Finally, government aids such as subsidies (includi s to

related industries), tariffs, quotas, and other n a £ should be
mentioned, with some attempt at assessing their act.
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GLOSSARY OF TERMS

Petrochemicals: Those chemical materials that are based on or derived from -
hydrocarbon raw materials (usually petroleum or natural gas.

Primarv petrochemicals: First-stage materials produced direc from a
retroleum-based or a natural gas-based feedstock<> ing is a
list of the primary petrochemicals:

Olefins ' Aromatics
Ethylene Benzene
Propylene Toluene
Butylenes Xylenes
1,3-Butadiene Naphthale
Acetylene

Building-block petrochemicals: Those mary pe roaﬁ:igga rom which most,

if not all other petrochemica oduced.
Note: As this study spec conséiders ins and aromatics,
certain primary petrochem s e ¢xcluded onsideration as
" o
ng

"building-block petroc ng e<§pecifically excluded are
methanol and ammonia. rimary olefins and primary
ng-block petrochemicals:"

aromatics consider dy ui
Primar}\gleﬁn ary aromatics

enzene

@ Mixed xylenes

"Qg 1lding-block petrochemicals" is ethylene,

Toluene

us lastics, textile fibers, and solvents such as
ze). .The following tabulation shows the

en lene in 1975 and 1985:

d-Use Marke 1975 Share 1985 Share

------------ (percent)------------

Packaging : 21.3 29.8
Construction 9.5 12.8
Transportation 10.1 7.3
Coatings 1/ 15.0 13.3
Surfactants 9.8 10.2
Other 1/ 2/ 34.2 26.6

Total 100.0 100.0

1/ A significant amount of the end-products of these markets are used in
the packaging, construction and automotive industries.
2/ Includes the textile end-use market.



E-4

Petrochemical derivatives: Those petrochemicals that are produced from the
primary petrochemicals in a chemical reaction. Since there are physical
difficulties associated with the transportation of some of the primary -
petrochemicals, related to their gaseous state at room temperatures, most
of the trade in petrochemicals takes place in the form<pf the
derivatives. The following is a list of derivatives that account for the
majority of petrochemical trade:

Acrylonitrile

Cumene
Dimethylterephthalate (DMT)
Ethylene dichloride (EDC)
Ethylene glycol

Ethylene oxide (EO)

Phenol

Phenolic resins

Polyester resins
Polyethylene resins (PE)

1/ Includes styrene-butadiene
neoprene, and butyl rubber.

bbe

<Bolyb%K:§§§§E> nitrile rubber,

Qas
s (ile", 1;’uxal gas, natural gas

Feedstocks: Those hydrocarbo

liquids, or petrol hat sed as the raw materials for
production of pe ‘he ng tabulation indicates the
% are used as "feedstocks" for

uids Petroleum liquids

Naphtha
Reformate
Raffinate

Gas oil

Crude petroleum

3
am of butanes.

Refinery processes of interest to petrochemical producers are those that
produce streams that have an economical supply of the basic
building-blocks. The primary aromatics, for example, may constitute from
45 percent to 65 percent of the reformate stream. The primary olefinms,
however, are not found directly in the refinery streams. Instead, liquid
fractions are "cracked" to yield ethylene and its coproducts (e.g.,
propylene, butadiene, butylenes, and pyrolysis gasoline, a source of
aromatics). Larger volumes of clefins are also obtained in other
refinery operations, such as from catalytic cracking and thermal units.
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The primary U.S. source for primary aromatics, as well as methanol and
ammonia, is natural gas and its components. Most components of natural
gas have one to four carbon molecules and have mostly single bonds. :
Methane, ethane, and propane, the three primary components are shown

below:
H H H H H
! ] ! ] | !
H-C-H H-C-C-H S - -C-H
! oo |
H H H H H
Methane Ethan Propane

The flowchart below shows how the ac osts of feedstock material may
be transferred to the primary petrochan and to warious downstream
product materials. For example ) f a px ncre naphtha to a
producer of ethylene would be pas down “to” pu PVC pipe, there
would be a $1 increase in the e of the PVC T every $10
increase in the naphtha S

e
a a 100 pex

(> R\

hylene {+65 per{e\%@@ Propylene [+60 percent]

S
cliloride monomer [+ 30 percent]

ethylen Polypropylene
percent] PVC [+25 percent]
[+15 percent]

PE film
[+20 percent]
PE pipe PVC pipe PP moldings
[+ 15 percent] [+10 percent] [+10 percent]
PE bags

[+10 percent]
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Producers of primary petrochemicals, when possible, can take advantage of the
different yields of the various products and coproducts that are obtained from
the use of different feedstocks and different reaction conditions (high or lew
cracking severity). The following tabulation shows typical yields from
cracking ethane and propane and from cracking naphtha feedsggzii.

Ne.phtha
Ethane and Low
Products propane severié}

Methane 21
Ethylene 62
Propylene 9
Butadiene
Butenes
BTX -
C's
5
Fuel o0il
Other
Total

[

@
H

uémwub

5 ITQQ e

ificant commercial wvalue

Byproduct: Any of a number 'of s
th n duct of the petrochemical

that are produced i di
production process.

Byproduct cred{é%::;eve genera Qiiiﬁf sale of byproduct materials
produced in add{éé;zzzzzf maigg§§§§ of an operationm.
. NN
\ 3

;‘ratures, such as the liquefaction of ethylene so that it may be
transported by ship.

Plastics blends (or composites): Mixtures of different plastics materials in
which each of the individual plastics materials remains a separate
component.
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Plastics alloys: Mixtures of plastics resins that are fully compatible with
one another. These mixtures allow for new and different characteristics
that are associated with the alloy, and not with any of the individual -
component materials. An example of this type of material is an
ABS-polycarbonate alloy, which is easier to process, has high heat and

Thermoplastic resins: Plastics capable of being repeﬁked
inreases in temperature and hardened by decreases
changes are physical rather than chemical.
are ABS, nylons, polyesters, polyethylenes

Thermosetting resins: Resins that are ¢

heated, and, once cured, cannot be spftemned by rehéating. These resins
are produced by the additional polyme
polyester resins.

Blow molding: A method of fabxicgaf Q ermop a eriais in which
a tube 1is forced into the e of the mold cavi y intermal air

pressure.

°
Reaction Injection Mold §i> me <§;§é§hich the constituent resins
are pumped by a metering device ing head from which the
reaction gred ts p{§§§§8> ed into a closed mold. .
S

<







Preface

On July 16, 1986, at the request of the Committee on Finance of the U.S.
Senate 1/ and in accordance with section 332(g) of the Tariff Act of 1930 (19
U.S.C. 1332(g)), the U.S. International Trade Commission instituted
investigation No. 332-230, U.S. Global Competitiveness: Building-Block
Petrochemicals and Competitive Implications for Construction, Automobiles, and
Other Major Consuming Industries. The Commission was asked to provide
information on, and analyze, measures of the current competitiveness of the
U.S. industry in domestic and foreign markets; the competitive strengths of
U.S. and major foreign competitors in these markets; the nat of the main
competitive problems facing the U.S. industry; the sources of se problems
and to what extent they are transitory or reversible b opposed to
fundamental or structural problems; and the competitive U.S. and
foreign industries and the 1mportance of global ma
competitiveness.

Notice of the investigation was given by post?® of the notice of
investigation at the Office of the Secret
Commission, Washington, DC, and by publishing the noti in the Federal
Register (51 F.R. 27263, July 30, 1986). 2

The Commission held a public heaxing on

inve as well as the
four others in this series (investigati . 332-2 332 233) at the
%.in Wash DC, on
er e

g Nos
nterested parties
jon. he course of the

‘h n s sponsored by
lng -block petrochemicals
estigation The first

1ners Association (NPRA), was
ponsored by the Chemical
October 7, 1986; the third
MA was held on March 24, 1987. A
from an association representing a

February 24, 1987. At that ti
testifying in relation to this
investigation, Commission s

associations that represent
industry to facilitate
meeting, sponsored by .t

Manufacturers
meeting, cosp
statement was

‘E;petrochemical products, and suppliers of the
he end users. 3/ In addition, information was
lic and private sources, industry meetings, foreign
d London, interviews with industry executives

-'1ng producers and importers of the building-block petrochemicals,
ppliers and end users of the petrochemical products, and public data

ered in other Commission studies and from other sources.

1/ The request from the Committee on Finance is reproduced in app. A.
2/ A copy of the Commission’s Notice of Investigation is reproduced in app. B.
3/ A discussion of the survey design and methodology appears in app. C.
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Executive Summary

Building-block petrochemicals are the primary aromatics (benzene,
toluene, and xylenes) and the primary olefins (ethylene, propylene and
butadiene). 1/ These products, derived from first-stage processing of crude
petroleum and natural gas, are used to produce thousands of petrochemical
products including plastics, detergents, pharmaceuticals, and other consumer
products. Of the many thousands of petrochemicals that have been developed
from these building-block petrochemicals, about 14,000 haves
significant commercial status. These petrochemicals account fer about 75
percent of the total output of the U.S. chemical indg;fry.

Historically, the United States has been, and remadns
producer of building-block petrochemicals. Howey
changes in the global industry have eroded the ce e U.S.
industry, which now faces significant competi allegges Min most world
markets. These challenges come both from traditional produycers, such as Japan
and Western Europe, as well as from newly g conventional

energy-rich nations (CERN’s). Dramatic es in world prices of crude
petroleum have substantially changed the trochemical industry since
the first energy price shock in 197 Alth ent\ situation is

relatively stable, future changes in ‘the pric e( petroleum would have

additional significant impacts on 2 eport analyzes the
competitiveness of the U.S. produ the primg ics (benzene,
toluene, and mixed xylenes) angd’th i ?golefi Ehiylene, propylene, and
butadiene), and then present ion f b analysis for the
automobile, packaging, and ion indu sQ Table A presents an
industry and market profile 6.

The principal s i VQ%OH are as follows:
-8 the-US. shaxe (offworld production of

block petrochemicals declined from 42 percent to
7 '

4 percent, and Asian and Pacific natioms,
percent. Over the same period, the United States
production of 1.9 percent per year. Newer producers,
in Saudi Arabia, emphasize the production of primary

See Glossary of Terms.
2/ For a further analysis of effects of changes in world energy prices, see
Possible Effects of Changing World Crude Petroleum Prices, USITC Publication
1494, February 1984.
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Table A
Profile of U.S. building-block petrochemical industry and market, 1982-06
Absolute Percentege
» change, 1908 change. 1906
ftem 1982 1983 1984 190% 1986 from 1982 from 1982
Net sales (million dollars)............... 6,518 6.009 7.107 -12.7
Net profits (million dollars).. ........ ... -76.4 -167.9 110.9 -
Ratio of net profits to net sales
(POPCOAL) . .. eeeie i -1.2 -2.% . 9 \ -
Capital eapenditures, domestic:
Total (million dollars). ............... 323.5% 246.) . . . -$6.7
Ratio of domestic capital expenditures
to net sales (percent)................ $.0 -
R & 0 expenditures, domestic:
Total (million dollars)................. 19.9 17.0 . R -53.3
Ratio of domestic R & O expenditures
to net sales (percent)................ .31 -
Available capacity: 1/
Primary olefins (million pounds per
POBP) . i e 66,493 64,048 61,724 (4.769) =7.2
Primary aromatics (million pounds per
YOBP) . ot 40,935 38,744 39,366 41,372 ? 2.1
Capacity utilization:
Primary olefins (percent)............ 50.6 70.2 78.6 26.9 .9
Primary aromatics (percent)............. 4.0 .0 - 0.8 8.6 19.9
Employment:
Total (number)................oiiiiinnn 29,166 24 (2,332) -9.1
Production and related workers engaged @
in the production of:
Primary olefins (number)............ 0,979 7.999 (1,55%0) -16.3
Primary aromatics (number)........ 1,400 (57) 3.9
Production: 2/ ?
Primary olefins (million pounds)..... . 4,992 4 0764 92,000 13,049 35.6
Primary aromatics (million poundg)— . ... ] 20,166 20,006 21,770 31,923 22.0
Total (million pounds)....... [1 N 67.000 74,570 17,772 31.3
Exports: 3/
Primary “olefing (million po 290 431 a6 97 199.3
Primary aromatics (mi U 2.0%6 1.79% 1.000 (3%99) -16.3
Total (million po 2,314 2,226 2,286 (62) -2.6
Imports: 3/
Primary olefins (7 (] 1.734 1,921 1.12¢ (271) -19.4
Primary aromatics 7129 2,407 3.08% 3,196 993 Q.9
3,677 6,221 4,566 4,324 603 16.0
46,307 91,245 48,164 53,403 13,202 3.0
20,368 21,816 21,256 23,126 5,239 29.3
66,751 73,061 69,420 76,609 10,517 1.9
(1,39%) (1.476) (1.,090) (603) 567 -
(199) (431) (1.290) (1.3%6) (1,312) -
(1,993) (1,907) (2.340) (2,039) (748) -
3.3 3.4 3.2 21 -1.4 -
10.5 11.4 141 13.0 1.3 -
$.5 S.0 6.6 5.6 -0.7 -
/ Compiled from SR] International Directory of Chemi [] . 1983-87 editions.

Data for 1982-85 compilcd from statistics published in U.S. International Trade Commission, Synthetic Orggnic
icals, U.S. Production and Sales, 1902-85; data for 1986 are nnutcd from prolmm.u—y cuortorly statistics
published in Preliminary Report on U.S. Production of Selected Synth anic csls Pr ry T 966 .
Mar. 31, 1987.

3/ Compiled from official statistics of the U.S. Department of Commerce.

Source: Compiled from data submittad in response to questionnaires of the U.S. International Trade Commission, emcept
as noted.
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petrochemicals and less advanced derivatives. Such an emphasis is also true
of other new petrochemical industries in Brazil and Taiwan (pp. 2-5 to 2-6).

o During 1980-85, the U.S. share of total world exports of
derivatives of building-block petrochemicals fell from 27
percent to 22 percent.

Most of the foreign trade of primary petrochemicals is in the derivative
form of plastics, petrochemical intermediates, and other
products, since ethylene and propylene are gases under ambi
therefore too expensive to transport except by pipeline. e\largest
consumers of petrochemicals are the United States,

§hpa a .
Canada, Mexico, and Saudi Arabia have smaller but mo ap wing
petrochemical industries.
Changes during 1980-85 in world productidn have changed trade patterns.
ima

The following tabulation shows net trade for majo petrochemical
derivatives and highlights the changin de patte (in million tons
ethylene equivalents) (pp. 2-1 to 2-5):

% w g% Net change, 1985
Item 1 over 1979

Major ethylene derivatives:

United States -50

Western Europe e -400

Japan. . ....cceieeiiennnn C OO -650

Canada.............. YA C 175

Mexico 1/..........{ NS 450

Middle East N e 175
Major benzene

-125

0

. -250

...... - 200

........... . .S 125

........ o, . 0

AN

merican nations.
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o The most important factor explaining changes in the
competitiveness of the primary petrochemical industries of
different nations is changes in world prices of crude

petroleum.

The large crude petroleum price increases during 1973-82 provided many
energy-rich nations with the incentive to invest in facilities that convert
previously discarded or otherwise unused natural gas to primar
petrochemicals. The attractiveness of this investment increase
of energy and feedstock materials continued to increase. 1/
crude petroleum were low (before 1973), prices of petrocﬁhmi :
industrialized countries were also low. This meant that
(such as Saudi Arabia) could not viably produce and
because they could not cover the costs of process
though the price of natural gas feedstocks were
when the price of crude petroleum rose sharply after 1 . After 1973, prices
of feedstocks in industrialized countries were 7 as were the prices
of petrochemicals. The sharp increases in atter price¥s were sufficiently
great to cover the costs of petrochemicals p g operations and transport
in these countries (e.g., Saudi Arabia se coun had an
incentive to use their previously discar gas urrensly, the

pricing policies and practices for the 1l gas ass th the
Qigns a sizgait d by

lower-than-average production cos : te uszgzzii- . 2/ Also, in

nations in which natural gas fi di ve hat, because of a

limited size, would not supporf a -orient edgy industry have often
indus€ry:

the prices

With the decline i eum other energy prices in 1986, the
comparative advantage, ssen ill remained. 3/ For example,

the natural gas € thyle udi Arabia has been priced at a
constant $0.50 pe s its initial commercial use, in
order to amortize o Saudi Master Gas System. Although

£°1983-86, the prices paid by industrial
O <pér thousand cubic feet throughout the

ows the average total production cost along
t, for ethylene and benzene during 1985-86 in
world:

is prohibitively expensive to transport natural gas.

2/ Fopr additional information on such pricing policies and practices, see
Potential Effects of Foreign Government'’s Policies of Pricing Natural
Resources, USITC Publication 1696, May 1985.

3/ According to U.S. data from questionnaire responses; foreign data estimated
by the staff of the Commission.

Xii



xiii

Ethylene Benzene
Total : Total

Feedstock production Feedstock production

Country 1/ cost cost 2/ cost cost
----Cents per pound--- ---Cents per gallon---
United States .......... 6-13 6-21 43-95 59-123
West Europe............. 4-13 10-21 60130 75-160
Middle East/Saudi
Arabia................ 1-3 5-9 3/ 3/

Canada...........c.oc0uun 5-9 10-17 O &{gﬁ§>\\\ 4/

1/ Japan, for the first time, imported ethylene from(V. ﬁﬁgggFé%s (203,000
pounds) in 1986 for the production of derivati . is al was valued
at approximately $1.00 per pound because of quefaction of the ethylene

and other transportation costs.

2/ Total production cost can be as low
owing to income generated from coproducts
3/ No trade-significant production of benzgne for chemical use in Saudi Arabia.
4/ Canadian benzene production cosgs are highefthan those in the
United States, since there is 1 plant that ‘s st nds, which are more
expensive than traditional feeds, as eedstock.

S
petrochemi ndustry is that feedstock
o, e total production

ower tha ctual feedstock cost

The great concern of the
and energy costs account
costs. The following tab

feedstock and energy c ure of production costs: 1/
1977 1980
Naphtha cost 510 1,360
Capital cost 180 : 300
73 85
2 : 2
25 13

duction cost.

AYthough not all of the effects of the recently declining feedstock
rices have yet been exhibited, certain immediate positive impacts for the
oducers that rely on these materials have already become evident.

Especially for the Western European petrochemical industry, which relies

1/ Organization for Economic Cooperation and Development, Petrochemical
Industry Energy Aspects of Structural Change, 1985, p. 46.
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heavily on the petroleum-based feedstocks, the variable costs of production
decreased between fourth quarter 1985 and first quarter 1986. The feedstock
share of total ethylene production costs decreased from 60-70 percent during
fourth quarter 1985 to 30-40 percent in early 1986. The reported variable
costs for producing ethylene from gas-based feedstocks in Saudi Arabia during
this same period were only $50 per metric ton; however, costs of more than
$100 per metric ton to transport Saudi ethylene derivatives to European
markets kept some European producers competitive in their home ets. It is
the transportation costs that also have prevented Saudi derivatjives\ from
entering the United States (pp. 2-7 to 2-11). S

o Primary petrochemicals are produced by 44 cqmﬁggiggiyh
production facilities are principally located in Texas ‘and
Louisiana near feedstocks and energy sources.\ The Five
largest petrochemical producers account for about 51
percent of total annual production bf these petrochemicals.

The U.S. primary petrochemical ind ‘ estic
companies, as well as multinationals with :
throughout the world. There are non-integ

horizo
a1 :lnd\igé;;b
&

Petrochemicals are produce companies and chemical

companies. The following t ti s §§§§§§§§§ of total U.S. production

of production, while others are integrf
of the primary petrochemica (o] for leum companies and
-3)

Foreign ownership/investment in th
chemical companies(i%LbH ( ercent) (

mited lines
vertically.
currently

estimated to be about 20 percent o

\ § are))8f U.S. production
Primary petrochemica N etvoleum companies Chemical companies
Ethylene...

50.
29.
41.
15.
5.
8.

osLrUVMENDW
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o During 1982-86, U.S. primary olefins capacity was reduced at
an average annual rate of 1.4 percent and U.S. primary
aromatics capacity increased at an average annual rate of

0.4 percent.

During 1982-85, the U.S. petrochemical industry, along with the Western
European and the Japanese primary petrochemical industries, reduced its
production capacity because of world overcapacity (table B). Some of the
production capacity shut down during 1981-85 could be brought back onstream,
including incorporation of state-of-the-art technology, with\a significantly
lower capital investment than would be necessary to build entixely new
facilities (pp. 3-3 to 3-5).

<
Table B
U.S. building-block petrochemical capacity
Percentage
Building-block Q§f7 . change, 1986
petrochemical 1982 1983 1984 —~ 1985 1986 over 1982
------------ Million\ péundsc--------c--

Olefins:

Ethylene........ 39,345 37 ,725 34 ,609  -9.5
Propylene....... 22,680 | @ 22290 @ 22,260  -1.9
1,3-Butadiene. .. 4,468 038 18,755 75¢ 3,855 -13.7

2

Total......... 66,49 048 63,77 5959Y5 61,724 -7.2
Aromatics: <
Benzene......... 17; 161476 6,947 16,821 -5.1
Toluene......... 8 10,367 12,459 9.2
Mixed xylenes... 1 10,826 19, 6&5 12,052 12,092 6.0
'rocal...ﬁ 0,535) 38,7&5<@)§§719 39,366 41,372 2.1

Source: Compiled fram data i (R\Inpernational Directory of Chemical
Producers, 19 86 editions.

<

o ng 1982-86, W imary petrochemical production
fluctuatedq Showing a net gain for the primary olefins,
and a smalllned Yoss for the primary aromatics.

crease

rimary pe\\<§%emica1 production data during 1982-84 show a net

: followed by a decline in 1985 and another rise in 1986 in both the
primary olefins and primary aromatics (table C).
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Table C
U.S. building-block petrochemical production
Percentage
change,
Building-block 1986 over
petrochemical 1982 1983 1984 1985 1986 1982
--------------- Million pound------------
Olefins:
Ethylene........ 24,501 28,680 31,383 29,847 S , .9
Propylene....... 12,535 13,959 15,559 14,887 R A
1,3-Butadiene... 1,915 2,353 2,452 2/5%0 22.2
Subtotal...... 38,951 44,992 49,394 52}§9U/ 2.6
Aromatics:
Benzene......... 7,700 9,025 9,646 19,053 30.6
Toluene......... 5,148 5,623 5,24 , 5,845 13.5
Mixed xylenes... 4,999 5,518 6,49 A7~5,542 / 5,872 17.5
Subtotal...... 17,847 20,166 21,385 \\( 206,006 21,770 22.0
Total......... 56,798 65,158 31.3

W79 N\)\67,)080 70
RN IR

1/ Estimated by the staff of the U.S, rnational Tr q:ii§§§YSSion.
io ,<gzntheg;; Qrganic Chemicals,

iminazy Report on U.S. Production
eliminery Tdotals, 1986, Mar. 31,
X/

Source: U.S. International Trade
U.S. Production and Sales, 1982-<8§5,
of Selected Synthetic Organic (Chepica
1987.

However, th d together with the reductions

t were taking place during the
same period, sho

lume
umygizgﬁty utilization rates, as shown in
figure A ( 3-4 3-8)
NS
n exports of olefins and primary aromatics

werxé valued atcoRbW\$422 million while exports of the
mayor derivatives\were valued at $3.3 billion.

and total industry exports of primary

Thi wing tabulation contains data supplied by the respondents to the
s uestionnaire concerning the value of their export shipments of
pritiary petrochemicals and derivatives,
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petrochemicals and derivatives (see tables 3-2 through 3-4 in the text for
details of the total industry exports) (pp. 3-8 to 3-14): 1/

(In millions of dollars)

Item 1982 1983 1984 1985 1986 1/

Exports of questionnaire respondents 2/

Primary olefins......... 38.1 32.8 39.1

7 31.7

Primary aromatics....... 114.9 72.7 67.7 3. 24.0

Olefin derivatives...... 316.4 338.3 % & . 480.0

Aromatic derivatives.... 209.8 136.3 18 244.1

Total......oovvunnn. 679.2 580.1 699.4 \739.6 779.9
Exports of total pe © emical\igéﬁstry

Primary olefins........ 43.4 5.6 65.5

Primary aromatics...... 561.3 4 3 356.8

Major derivatives...... 2,944.4 ,932 3,344.5

8

3, 1 g
Total.............. 3,549.1 \> 3,719.3 @\};7 9 3,766.
<\¢\
1/ Estimated from partial-year data<&g§$;:§§’) respon t® questionnaires of
ORn .
R <>

the U.S. International Trade Commn

Although the prima nd the entire petrochemical
¥ , by far the largest portion
rm of derivatives. The primary
nor share of the total
outgrowth of the involvement of
her\process the primary petrochemicals into
tals and petrochemical products.

@

App. G for complete survey methodology. Questionnaires were sent to
the 44 firms that comprise the domestic primary petrochemical industry.
Useablé\responses were received from 38 firms, a response rate of 86 percent.
These firms are estimated to have accounted for between 85 and 99 percent of
the total domestic production of each of the individual primary olefins and
primary aromatics during 1982-86; Compiled from official statistics of the
U.S. Department of Commerce.
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o Trade barriers were cited by Commission respondents as
inhibiting exports of both primary petrochemicals and
their derivatives.

The 11 barriers to international trade most often mentioned by
the respondents to the Commission questionnaire were, in order of
the number of responses, as follows: 1/

Government subsidies

State trading, Government monopolies, and explusive franchises
Government laws and practices which discourageimports
Licensing requirements

Government procurement (procedures) <

Discriminatory bilateral agreements

Exchange and other monetary or fi ~£ib~
Antidumping practices
Customs valuation

Restrictive business practices
Documentation requirements

FPOWVOONONUVLEPD WN -

= e

The countries most often associated with & ariou riers to
international trade were cited by the respondents tolth ission
questionnaire in the following orde

Mexico

South American trie

European ﬁ y S
Japan }

. Other A ad\ Rim

. Cana

o Iumo@D X;\\A

s
of pr. y petrQl s increased by more than

5 percent during 1982-88But declined by 35 percent
during~1985:/86. <In 19867 Canada accounted for nearly 100

rcent-of U.S.\import¥ of ethylene, for 92 percent of
propylene impdrta,Nand was the principal source of toluene
and mixed xYlenes\imports.

OO0

VD WN

rimary petrochemicals totaled 4.3 billion pounds in 1986
million; overall, Canada accounted for 37 percent of
gll . primary petrochemical imports. The U.S. dependence on Canada as a
source’ of primary petrochemical imports was due primarily to its proximity to
U.S. facilities and the availability of a ground and pipeline transportation
nfrastructure that connects facilities in both nations (pp. 3-19 to 3-21).

1/ There were 21 firms responding to this question in the Commission
questionnaire.
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o New foreign primary petrochemical-producing industries have
based their facilities on existing and anticipated export
markets, thus changing the historic relationships between
traditional suppliers and consumers.

The traditional petrochemical-producing areas of the world--the United
States, Western Europe, and Japan--are now competing with energy-rich nations

gas. Leading the new participants are Saudi Arabia, Ca
Indonesia, Kuwait, the U.S.S.R., and the People’s Republ
Often, a significant share of these nation’s productjion
export.(pp. 5-8 to 5-10).

o U.S. primary petrochemical producers are respo ng t
changes taking place in the primafy petrochemical industry
worldwide and assess their own pokitiﬁﬁ\in the world
market as one of competitive stren

Respondents to the Commission quest naire ed\ that}) although the
U.S. industry’s level of competitive'-‘- declined stry will
remain competitive once capacity rat ions are

completed. Commission questionn
place great importance on pric
quality, a captive sales forc

that although they
ies such as product
service will continue
s believe foreign

to be relied on to remain .
competitors rely almost e icies to obtain, maintain,
and increase market s & %n 5 13).

o The U.S <§iizochem

1 indﬁég evaluation of
competitiveness factore\ieiﬁfbfces the importance of
<:;\edstocﬁ\§iié§/and availability both to the primary
e

etrothemical produders\ and to the producers of
lerivatives, ang\Eitiﬁ§>the importance of environmental
cegulations, and safety regulations.
\<§§;¢
produ sponses substantiated the theme that fuel and
ds pfice and avalllability are the most important competitive factors.
: eir responses also emphasized the importance of environmental and
afety regulations and taxes, compared with lesser regarded factors such as
st measures, investment restrictions, nontariff barriers, profit
repatfriation, and barter and countertrade relationships
(pp. 6-1 to 6-2).
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o The productivity index for the primary petrochemicals
industry, based on data for the primary olefins sector,
has been erratic during 1981-86, particularly compared
with the index for all manufactures and the chemical and
allied products industry.

During 1982-86, there was a swift climb in productivity of the primary
olefins, which rose from an indexed value of 100 in 1982 to about 137 in
1986. Corresponding productivity indexes for the overal .S. chemicals and
allied products industries and for all domestic manufactur industries, both
of which have a larger base and a more diverse product mix e at a slower
rate during the same period. Also, the labor factog>us:- ulating
productivity accounts for 5 percent or less of the togal S\ of >production
of the primary olefins and aromatics, whose manufac pital rather than
labor intensive (pp. 6-10 to 6-13). .

S

o The packaging, construction, and-automotive ‘industries are
the most significant consumi ndustries edther employing
or incorporating materials with sighificant petrochemical
content into their output. “\\\:>

The implications of the compe
industry for the U.S. consuming
economic, financial, and so
the individual consuming ind
degree of impact is assoc
total material cost acco
availability, price,
materials, and (3)

p
context of the fimish nd roduc

&

eness of t .\primary petrochemical
es varie spect to the

sidefati associated with each of
purel ntitative basis, the
r%of the consuming industry’s

’Qis;emical content, (2) the

sources of supply or alternate
the petrochemical content in the
to 7-3).

i
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The following conclusions may be drawn from the information discovered in
this investigation:

1. The positive impacts on the U.S. building-block petrochemical
industry attributable to the decline in world crude petroleum prices during
early 1986 have not been reversed by the subsequent slight price  recovery and
stabilization of prices seen in late 1986 and early 1987. This S not mean
dramatic or even continued further gradual price increases would nut effect
the industry. Feedstock and energy prices are a significggt nent of
the total production cost of primary petrochemicals.

uc ations by
aterials,

2. The competitive advantage conferred on cer
virtue of the availability of abundant, low-cost
particularly crude petroleum and natural gas, is the p ctor

global competitiveness.

3. Direct or indirect intervention\by na
energy and/or primary petrochemicals industries ea
industrial competitiveness via low-cost 1lo , energy,
government-owned or government-direct es, which
primary petrochemical industry’s ¢ e e eﬁ&, or
workplace safety regulations, whic

ion r <%uring, closing

OC industries in

'\\ , Western Europe, and

P‘\\\ e nations’ industries to the
"Q\ stream during 1982-86 in

-rich nations may be absorbed
§§§§§§>realignment may be required in the
ad%> onal producing nations.

Ximary petrochemical derivative capacity

bsh nations, further pressure will be brought to

the U.S. primary petrochemical industry. Such
e pressure on the entire U.S. petrochemical

4. Rationalization (i.e.,
facilities, etc.) of the bu

Indirect influences and factors, particularly changes in the fuels

energy industries, play a significant role in determining petrochemical
industty competitiveness; such changes as the switch from leaded to unleaded
fuel affect the available supply of certain primary petrochemicals, and
therefore may influence the pricing of these materials and any of their
coproducts.
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7. Exchange-rate fluctuations are an important factor in the
competitiveness of a nations primary petrochemical industry; stimulating
either imports or exports.
The expected direction of changes in the level of competitiveness of the

U.S. building-block petrochemical industry as they relate to certain factors
are shown in the following tabulation: 1/

Expected directidhig?xchange of
Factor competittvene§;:§\

\G;

Decreased world price of crude petroleum.....
Imposition of U.S. petroleum import fees.....
Increase in strength of U.S. dollar
versus foreign currencies..................
Change from leaded to unleaded fuels..... N
Development of new petrochemical processes/
PrOAUCES . .ottt ittt

Development of new markets for
petrochemical materials...... et oo
Increasing production of building-block

petrochemicals and derivatives in e
rich nations...................
Increased government environment a
safety regulations and taxes
Producers........ooeiieiuanaas

1/ Assuming all other factors remain constant.
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Chapter 1. Definitions of Petrochemical Industry
Competitiveness and Scope of This Report

1.1 The petrochemicals industry

Since the early 1980's, many sectors of the petrochemical industry within
the industrialized world (e.g., Western Europe, the United States, and Japan)
have suffered from overcapacity. In response, companies have restructured
their industry by shutting down or selling production sites. One segment of
the industry that has been particularly active in this respec s the primary
or "building-block" petrochemicals sector.

Primary or building-block petrochemicals include the P
(benzene, toluene, and xylenes) and the primary olefins
and butadiene). 1/ These products are derived from i

petrochemical products (fig. 1-1).

For this study, petrochemicals will be
production. Figure 1-2 divides the petroche
The first stage is where the primary olefins\ s
produced. The second stage is where prima are converted
to many different intermediate petrochemixals. - ge, the
chemical process industries convert rmediates toNfinal petrochemical
products. As figure 1-2 implies : :

Besides the primary olef ic®, this report also looks
at certain intermediates (e. inyl chloride) and

certain resins (e.g., pol ene). These products are

included because they ke t d internationally than are
the primary olef y romatﬂézzg;e thus reflect changing world

trade patterns iveness of primary petrochemicals.

%§§Z§§Zularly reforming (of naphtha) and

ome of the primary aromatics and
along with ethylene (the principal product),
also produced in high-temperature crackers.
hip with the feedstocks, the cost to produce
ighly dependent upon the prices of their
: o of feedstocks used in the production of
984 and anticipated for 1994 are shown in the

l}{gsi purposes of this report "building-block petrochemicals", primary
petrozhemicals" and "basic petrochemicals" are used interchangeably and mean
primary olefins (i.e., ethylene, propylene, and butadiene) and primary
aromatics (benzene, toluene, and xylenes).

2/ SRI International, Chemical Engineering, Nov. 25, 1985, p. 22, and DeWitt &
Co., "Commodity Petrochemicals," Presentation to Chemical Marketing Research
Association, May 1985.
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Figure 1-1
Petrochemical Industry Relationships

<&
Raw materials
Oil fractions. Natural gas

Cracking and
other processes

Sales

to the chemical
; @ industry

Base chemicals
Olefins and aromatics

Other

industries

Metals, glass, cement,
etc. motor vehicles,
-textiles, paper.

%h%%l process
industries
Rubber and plastic goods.

fibres, paints, detergents,
dyestuffs, pharmaceuticals,

agrochemicals, adhesives, [P food products.
etc agriculture, etc
Consumer needs

Food, clothing, housing,
health, transportation, etc

Source: Shell International Cemicals, Ltd., Petrochemicals Handbook, 1988
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Feedstocks 1984 1994 1/

Ethane................. 24 30

LPG (propane, butane).. 13 12

Naphtha................ 52 47

Gas oil................ 9 10

Other.................. 2 1
Total.............. 100 100

olefins and aromatics. The large number of derivat
each of these primary petrochemicals 1is the reaso
building-block petrochemicals. They can be combined in wvari
other petrochemicals, which in turn can be made

Over the years, many thousands of petro
which about 14,000 have achieved signi
chemicals are derived from a small numbe
the primary aromatics (i.e., benzene,
primary olefins (i.e., ethylene,
value of shipments, petrochemical
output of the U.S. chemical indus
products such as pharmaceuticals;
products, rubber products, and

production quantities, the e uct

is even greater.

1.2 Concepts of @t&qess 1 @
S

have been developed, of
: These 14,000
g-block pe chemicals--

hemical-dependent
ents, molded plastic
. In terms of
uted to petrochemicals

balance has stimulated numerous

QM| tiveness of U.S. industry and the

age Although these terms are discussed
vanged, they are, in fact, terms that do not
angjtative measures. Competitiveness, in

Rogept. It has been said that competitiveness is
stands, but none can define. Therefore,

pesents many problems. As discussed by Suomela, "we

, at a firm is twice as price competitive if it cuts all of its

ices by 50 percent, only that the firm has become more price competitive". 2/

Comparative advantage and product life cycle.--Traditionally, the pattern
of a country’s imports and exports is explained by the principal of

1/ See app. D for a review of literature on competitiveness.

2/ John W. Suomela,"The Meaning and Measurement of International Price
Competitiveness," Business and Economics Section, Proceedings of the American
Statistical Association, 1978.
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Figure 1-3

Ethylene derivatives flowchart
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Figure 1-3 (Cont.)

1-6

e
ETHYLENE COPOLYMERS
OXO LINEAR ALCOHOLS

SULFONATED SURFACTANT SIODEGRADABLE SURFACTANTS

LINEAR ALKYLPHENOLS
—

(C4 TO Cyg ALCOHOLS) st PLASTICIZERS

SR RUBNER

POLYSTYRENE PLASTICS

STYRENE-SUTADIENE
COPOLYMER PLASTICS

STYRENE-DIVINYLBENZENE
COPOLYMER PLASTICS

SIYRENE-ALKYD POLYESTERS
FOR PROTECTIVE COATINGS

SIYRERIE-ACRYLONIRILE
COPOLYMER PLASTICS

ACRYLONITRILE-BUTADIENE=
STYRENE RESINS

STYRENE-MALEIC ANMYDRIDE
COPOLYMER

STYRENE PLASTICS, OTHER

STYRENATED OILS

m)omm $-TVPE ELASTOMIR

et PLASTICIZERS

(C12 TO C g ALCOHOLS) emmmmuegm. $1ODEGRADASLE SURFACTANTS

. l SOLVENT
ANESTHETIC

CORROSION INHIBITOR
RUBBER ACCELERAIOR
INSECTICIDES

TEXTILE FINISHING AGENT

ORGANIC SYNTNESIS -
REFRIGERANT

SOLVENT

GRAIN AND FRUIT FUMIGANT

ety CHELATING AGENT

AND Ctll\:!tO“ FiseRs

SIVE COATINGS
LSIFIERS
C ION INHISITORS
PAPER PROCESSING

et TEXTILES (FIRE-RESISTANCE AND
CREASE-PROOFING)

PEIROLEUM PRODUCT ADDITIVES
e

CHLOROS TYRENE st DILUENT FOR POLYESTER RESINS

(FIRE RETARDER)

ACETALDOL

| 1,3 SUTYLENE G(VCV
CAOIONALDENYDE
[ Sy

[POLvestens
URETHANE COATINGS
ADIPATE PLASTICIZER
HOMECTANT
PRUHITING INK
OYESTUFFS

LY

—
n-BUTYRALDEHYDE

PEROXIDE STAMILIZER
RUBBER ACCELERATOR

r—
ACETANILIDE

ACETIC ANHYDRIDE

ACETYL CHLORIOE

AMMONI

ACENIC ACID =

m&@

>NVI ACETATE et

OYE INTERMEDIATE

ACEYYL SALIC
VitivL ACETATE

AHIC PREPARATIONS
0 UFFS

ILOROACETATE et

)

GLYCINE
SYNTHETIC CAFFEINE
AND SARCOSINE

THIOGLYCOLIC ACID st |
)

SOLVENTS FOR et
PERFUMES
FLAVORING EXTRACT

POLYVINYL ACETATE

POLYVINYL
CHLORIDE-ACETATE RESING ——o

EXPLOSIVES
SYNINETIC LUBRICANT

l PLASTICIZER
2-ETHYL DEFOAMER AND WETTING AGENT
PENT

SLEACHING TEXTILES, PAPER, OILS
POLYMERIZATION CATALYST
'!MC!"C ACID s ——-
EPOXY RESIN PRECURSOR

OXIDANT IN ORGANIC SYNTHESIS
Shiy

DYE INTERMEDIATE

PARAL SOLVENT FOR FATS, RESINS,
AND CELLULOSE DERIVATIVES
PYRIDINE L
—

ALKYD COATINGS

URETHANE FOAMS
TRIMETHYLOLPROPANE SILICANE LUBE OIS

Sy

LACTONE PLASTICIZER
TEXVILE FINISHES .
—

MOLDING RESINS

ALK YD RESINS
L

o | MANUFACTURE OF DDT
o CHLORAL HYDRATE = | INIMENT
FOOD PROCESSING BACIERICIOE/FUMGICIDE

RUBAER ACCELERATOR AND ANTIOXIDANT

MEDICINALS

?MIAI SOLVENT

SOLDERING FLUX INGREDIENT

ANHNACIO IN LACOUERS,
EXPLOSIVES, AND
COSMETICS

PLASTICIZER IN LEATHER,

CLOIN, AND FiLMS
—

HERBICIDE

P—nm:mt PROMOTER
WATER BINDER AND
| EMULSION STABILIZER
PAPER AND TEXTILE SIZING
LATEX PAINT
FOODS (o.9., ICE CREAM)
L

ORGANIC SYNTHESIS
SOLVENT
VAT DYESTUFFS

ORGANIC SYNTHESIS
FOOD ADDITIVE

[REAGENT FOR RON
FEAMANENT WAVE SOLUTION
VINYL STABILIZER

[Pastics
LACQUERS
SYNTHETIC RESINS
| NATURAL GuMs

POLYVINYL ALCOHOL
POLYVIMIYL BUTYRAL
POLYVINYL FORMAL

o

INDUSTRIAL PLASTIC PRODUCTS

SURFACE COATINGS
UG BACKING

LSA_’(‘Y GLASS



Figure 1-4

1-7

Propylene derivatives flowchart
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Figure 1-5
Benzene derivatives flowchart
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Source: Stanford Research Institute, op. cit.
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Toluene and mixed xylenes derivatives flowchart
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comparative advantage. 1/ The principal theory of trade is the factor
environment (Heckscher-0lin) theory. Building on a number of assumptionms,
this theory states that a country will export those products whose production
intensively uses that country’s relatively abundant resources and import those
products whose production intensively uses the country’s relatively scarce
resources. Thus, capital-abundant countries are expected to export
capital-intensive goods and labor-abundant countries are expected to export
labor-intensive goods. Whereas early theory used labor and capital as the
explanatory variables, later studies included such factors as
resources and distinguished between skilled versus unskilled lab

In a major review, Stern 2/ classified the determi§g s
advantage into the following factions: factor endowmen h al
differences, scale economies, market impediments amd i fe and demand
factors. Studies of comparative advantage are b mul dusyry,
multicountry studies comparing the structure of trade qver e. As such,
these studies can overlook industry-specific institutiogal fdactors affecting
international trade.

theories of
lcal influences

As more and more variables were tested
international trade evolved emphasizing dynami
such as differences in knowledge about p

significant theory to evolve fr
cycle" formulated by Raymond Ve
industries pass through four pha
decline. As these phases prog
the product matures and becom
low-cost areas--typically

follow the same
Justification £

ither theoretical nor empirical
The theory does, however,
amic and that expenditures on

lously flared and tap smaller natural gas reservoirs
k for primary petrochemicals. A high level Saudi

1 recently stated that industrialized nations would
6ok increasingly to the energy-rich regions to provide commodity chemicals,
supplied to world markets at lower prices using their comparative advantage.
Upgrdding these bulk chemicals to higher value-added consumer products,
specialty and fine chemicals can be optimally accomplished in the

1/ For a review of the theory of comparative advantage, see Caves & Jones,
World Trade and Payments: An Introduction, (Boston: Little,Brown) 1981

2/ R.M. Stern, "Testing Trade Theories," International Trade and Finance:
Frontiers of Research, (1976) P.B. Kennen, editor, New York: Cambridge
University Press.

3/ Raymond Vernon, "International Investment and International Trade in the
Product Cycle," Quarterly Journal of Economics, 80 (1966), pp. 190-207.
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industrialized nations with their greater technology and access to broad
markets. This would be the case until such time when the developing countries
become developed.” 1/

Competing in world markets.--In general, competitiveness considers how
successfully a country competes in world markets. Price and cost are obvious
dimensions of competitiveness. Competitiveness is also influenced by many
other factors including product quality and features, post-sales support and
service, transportation costs, certainty of delivery, financing conditions,
and market imperfections. 2/

<

A 1984 New York Stock Exchange (NYSE) study listed t o/

facets of international competitiveness: ‘
1. Price (landed) - Is an industry cost /cempetitive? “Can it compete

pricewise in world markets? . . .

2. Quality - A good which can matich or underpriee its competitors
at the expense of quality usua s only short-term success.

a cu y re e\to foreign
n its abi 11 abroad.

3. Exchange rates - The value
currencies has a major im

nts -<§bme c t . . . subsidize
Fu , differences in tax
and lower total costs." 3/

vant to understanding the global
chemicals industry. Thus, when large
e found in Alberta, the Canadian

found comparative advantage. When the United

hange rate increases by 30 to 40 percent, the level
ustry competitiveness in world markets has decreased.
ature and production facilities are transferred to

ixigé:. Hisham Nazer, "The Royal Commission for JUBAIL and YANBU and the
Petrxgochemical Industry in Saudi Arabia," Speech at the Twelfth International
Petrochemical Conference, National Petroleum Refiners Association, San
Antonio, TX, Apr. 5-7, 1987.

2/ For example, since there are only a limited number of world-scale producers
of crude petroleum (i.e., oligopoly) they may, under certain conditions, have
significant market power.

3/ "U.S. International Competitiveness: Perception and Reality" New York Stock
Exchange Office of Economic Research, August 1984, p. 8
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developing countries (as suggested by the product life cycle theory),
production facilities for basic petrochemicals may also be transferred to new
areas.

Analyzing competitiveness quantitatively involves constructing two types
of measures. The first measure should indicate an industry’s competitiveness
(e.g., share of world trade); the second should quantify the major determinant
of competitiveness. Although difficult to interpret, a number of measures
have been used to indicate international competitiveness. One Qften-used
indicator of U.S. international competitiveness is the trade ba
However, this measure is limited because "(1) It does %it spea

the level or growth in U.S. exports; (2) U.S. trade deficitis, paxt y

reflect the relative growth rates of the U.S. and its tr g -éf} exs." 1/
A second indicator is the share of U.S. exp in ld\markets, which

attempts to measure how well an industry does in“wo markets.” This measure

also suffers from a number of shortcomings. What is
year? What are the influences of exchange fate

appropriate base
ge share in the

A third indicator of competitiveness is : ofitab of a domestic
industry. When an industry, like basic ‘petrochemicals, sed of
multinational companies with production

acilities C\ t the world, it
can be difficult to equate indust @ ab@ty w graphic
g uc
d

competitiveness. 2/ Furthermore pmpany pr a number of products
in a vertically integrated env is o§§§§t$§y icult to relate

profitability of the company

Since prices, ultima erations, are important
determinants of overal : itdveness (i.e., over all
industries), a n es have been developed. Morgan
Guaranty Trust of wholesale price indexes for
manufacturing. has used the ratio of U.S.
wholesale o0ods to the import unit value index
ingdom Treasury has used a variety of
anit values, wholesale price indexes, and
a2lues and unit labor costs. The OECD has

@-- ivene ‘ stry-specific competitiveness study. For example,

preduced several studies, including a study of the U.S. petrochemical

summarize predictions of future growth rates.

1/ Ibid., p. 9.

2/ Robert E. Lipsey and Irving B. Kravis, "The Competitive Position of U.S.
Manufacturing Firms," Banca Nazionale del Lavoro Quarterly Review, No. 153,
June 1985.

3/ U.S. Department of Commerce, Office of Competitive Assessment, A
Competitive Assessment of the U.S. Petrochemical Industry, Aug. 31, 1982.

1-15



1-16

1.3 Determinants of competitiveness

In a study of the U.S. steel industry, the Federal Trade Commission
developed a number of unit factor cost variables. They then compared the unit
factor costs with those major international competitors of the U.S. industry.
This study assumed steel technology was universally available and capital
costs were constant throughout the world. Therefore, internatignmal

competitiveness in the steel industry was dependent on changes variable
costs.

The numerous international competitive studies publigk d\in t have
focused on a number of factors influencing international t s.
Most can be listed under one of the catagories of t YSB\st D ey also
viewed these factors as conditions influencing ei supp or mand. On
the supply side, we are ultimately concerned with the st of> supplying the

product but this is very difficult to assess. While it be“relatively easy
to obtain data for the prices of major raw matrerila inputs,>there are a number
of other factors that are very difficult to These include such

factors as quality of management, labor relat lity o he workforce,
availability of specialized resources, ustry ure, t and
production technologies, and marketing strategy. e o e ombined
influences are often captured in some productiv sure such as

die§  typi ess these
greater detail.

output per worker. However, mana
factors, along with company strat

benzene, toluene,
therefore,
substanti
beginning

soline, Western Europe is just

of the century, the demand for BTX used for
ease the price for BTX used in chemicals
i6nal competitiveness of the European

products vis-a-vis the U.S. industry.

developing countries are subsidizing new plant construction with low-interest
loans.” A country’s tax structure can also influence an industry’s supply. In
a country with a value-added tax (VAT), the method by which a company is
charged to value a feedstock will affect the respective industry’s
competitiveness. 1/

1/ For a discussion of the effects of changing the tax valuation of feedstocks
in Great Britain, see "ICI Wins Appeal Court Ruling Against Ethane Tax
Concessions Granted BP, Shell and Esso," Chemical Marketing Reporter,

Mar. 3, 1986, p. 1.
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In sum, assessing the competitiveness of the U.S. basic petrochemicals
industry is difficult because there are many factors that are difficult to
quantify. In addition this report is studying a fairly new industry that has
grown rapidly since the end of World War II. It was only in the late 1970's
and early 1980’s, when growth slowed, that overcapacity became apparent. The
focus of this report is on the time period since the late 1970's, which makes
it hard to develop a quantitative measure against which analyses of various
causal factors can be performed.

1.4 Scope of the report

S

This report summarizes the global market dimensio

industry. To further clarify and define the fo
industry is viewed as being composed of those firms g domestic
facilities for the production of building-block petro s. Although
there are many foreign facilities owned and operate firms that are

part of the domestic industry for the purposes of\this st . Detailed
profiles of other major international\producexs. (both industrialized and

developing countries) are presented in . E. ajor ompetitiors are
also discussed where appropriate i report.
Next, the report builds on e

to U.S. producers of primary a
summarizes how the U.S. induj

ve questionnaire sent
y olefins. This section
piVe position in the

changing world market, and-s yZes : ed to the Commission by
respondents to the quest( : ' and methodology are
contained in app. C). : s \section focuses on certain measures
and factors of : : RpUtL e om the questionnaires, as well as

data compiled

on obtained from the questionnaire and
ofiles to compare the international
é>producers. Based on this information, the

1/ Secondary sources of information that have previously compiled information
reported directly by the U.S. industry to such agencies as the Securities and
Exchange Coumission are used. The Commission questionnaires did not resolicit
data from respondents already available in the public domain.
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Chapter 2. Global Market Dimensions

2.1. World consumption

The quantity of primary olefins and aromatics consumed in most nations
differs relatively little from production, because most of these basic
petrochemicals are converted to derivatives in adjacent or nearby plants. In
addition, ethylene and propylene, being gases under normal conditions, are
especially costly to transport, except in pipelines. Most of the foreign
trade in this industry, therefore, involves the products derived from the
olefins and aromatics such as plastics, intermediates, and oth downstream
petrochemical products. S

In 1985, estimated free-world consumption and prod
olefins and aromatics was 187.8 billion pounds--pl

on primary
d 28 billion
'suan

pound of building-block petrochemicals. fexrgeas the a ge unit value of the

building blocks in the Free world was 15.8\cents.per pound, that of the
value-added derivatives was an estimated 39\cé per poun Hence, the
estimated value of all the thousands petroche pl derivatives was
$221 billion, as shown in the following of t eworld’s

petrochemical output for 1985: Q§i§>
%
(

1/ 6A4's are petrochemicals that contain 4 carbon atoms, and C5's are
petrochemicals that contain 5 carbon atoms.

2/ These figu.es do not include 104 billion pounds of ammonia, valued at
$6 billion. Methanol is an alcohol made from the principal component
(methane) of natural gas.
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1980 1985
Average unit value of building blocks... 17.9 cents/1lb 16.4 cents/1lb
Average unit value of derivatives....... 40.0 cents/1b 40.5 cents/1b
Ratio of derivatives/building blocks, 2.45 2 .88
by quantity.
Ratio of derivatives/building blocks, 5.65 7.37

by value. S €>\
It is estimated that the ratios in the above tab \Q§§§§D roughly the

same for the petrochemical output of Western Europe a and average
U.S. unit values were ascribed to those reg calculating a world
total. 4/

In contrast, in the large new petrochemi Saudi Arabia,
using plant capacity figures for exiszgﬁgiggf n lants, the

quantity ratio of derivatives to building while the value
ratio (again using U.S. unit values) 1
emphasis on the production of pr (o) s advanced

s reflect the
derivatives by the newly emergin enpical indu in Saudi Arabia that
cost feedstocks. It is
other newer petrochemical
a, Singapore, and India,
ch as Canada and Mexico lie
wer producers, but closer to

tra ditio
ié§§§§§§§§h 1986, producers in the large
t

ack and withdrawing from some of the

\ﬁﬂs\ﬁnly country that publishes full statistics
aJue of all petrochemicals. Many of the

SRI International), no two of which are likely
However, nearly all of the leading

2/ Derived from the unit values of that share of domestic production sold in
the merchant market, as reported in U.S. International Trade Commission,
Synthetic Organic Chemicals, U.S. Production and Sales, annual issues.

3/ Ibid.

4/ Department of Commerce data for petrochemicals rely on 8 SIC groups but
omit most of the building blocks produced in petroleum refineries. The
Department of Commerce data for 1980 show shipments of $86 billion, which is
close to the $89.6 billion shown above for derivatives. The latter figure,
however, includes on-site captive consumption as well as shipments to other
establishments, and is from U.S. International Trade Commission, Synthetic
Organic Chemicals, United States Production and Sales, an annual report. )
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major markets in which petrochemicals seem to have reached a growth limit as a
replacement for more traditional materials such as metals, wood, glass, and
paper. In the United States, Western Europe, and Japan, petrochemical
consumption grew at a rate of at least 7 to 10 percent per year until the
1980’s, but since that time it has slowed and only grown at a rate
approximately equivalent to that of the real growth in GNP. 1In contrast,
consumption growth for petrochemicals has been and remains at or above the
early 1980's rate cited above in the developing areas of the(Cworld, such as
the Middle East, Southeast Asia, Mexico, and Brazil.

In energy-rich nations such as Saudi Arabia and Mexic wth in
petrochemical production has been prompted by the availabdil -cost
natural gas and crude petroleum, government polic ndustry,
and availability of competitive technology. 1In t s>"such as

Taiwan, Brazil, the Republic of Korea (Korea),
factors again are applicable, along with campaigns
availability of naphtha from petroleum refir
feedstocks. 1In 1985, the consumption of hy
United States, Westerm Europe, and Japan--% than 150 billion pounds of
capacity--was about 85 percent of free world mption 1980, at nearly
the same volume, it had been close to The tayindicate that

because of the faster growth rate inconsumption for<§§§§>t r areas of the

world, consumption patterns are ::-_~ S
chemicals, fggiggre the United States,

-;5!\ s, part rky West Germany, France,
it\growth o own petrochemical

inga e,\the latter two
romete exports and the
e as petrochemical

the United Kingdom, and Italy

industries in recent ye ven negative. Prominent among
countries with smalle 2 0 petrochemical industries are
Canada, India, , xico, , and Korea.

ery country depends on population
tHe latte more important than population

ijal nations of Western Europe, the
RN
\.t\\\\\ dely available because almost every sizable
0\‘ e

some leading developing countries, far
eRETgy- poor, operates petroleum refineries producing
: ed for chemical conversion to olefins and

er degree, (2) the aromatics themselves--benzene,

1/ U.s. International Trade Commission, Chemical Industry Growth in Developing
Countries and Changing U.S. Trade Patterns,) USITC Publication 1780, November
1985, p. 26.
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2.2. World production

A regional breakdown of recent overall world production statistics for
the six major building-block petrochemicals is given in the following
tabulation. 1/

. Quantity Share of Annual growth
Region 1980 1985 world, 1985<\ during 1980-85
--Million pounds--

United States............ 73,638 67,080
Canada........cco000venn. 7,630
Mexico.......iiiviennennn 1,801
South America............ 5,390
Western Europe........... 54,360
Japan.......ccieeninnennnan 25,392
Other Asia & Pacific..... 5,280
Middle East and Africa... 1,100

Total, free world.... 174,591

These data show the progress of t v fQ%ew compe s in Mexico,

Southeast Asia, and, especially, ast and ern Africa. The
following tabulation shows world or th ajor petrochemical
building blocks in 1980, 1985 pec 90: 2/

<§§h;\\1;y) Q?fi§v Share of

nt free world Growth
19850 \\1990 1985 1980-1990

T\\\\\\/{/Biil10n§@f\\‘ijbﬁnds--- --Percent per year---

...... . 113.0 43.5 .2
9.5 11.7 4.5 5.9

75.2 74.0 28.5 -1.0

41.5 51.0 19.7 2.6

7.4 9.8 3.8 16.2

244.9 259.5 100.0 .7

;;\§§;} tabulation, the North American and Asian totals obscure the fact that
the United States and Japan are only holding their own or retrenching, while
real growth has been and is continuing in Mexico, Canada, and Southeast Asian
countries other than Japan.

1/ SRI International, industry sources and trade publications, and Commission
staff estimates.

2/ Ibid., ethylene, propylene, 1,3-butadiene, benzene, toluene, and mixed
xylenes.
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During the 1970's, world consumption of petrochemicals was still growing
at an average rate exceeding five percent per year in terms of quantity.
Prices had more than doubled. Encouraged by these trends, construction of new
capacity was underway not only in the large industrial countries but also in
the energy-rich countries of the Middle East, Mexico, and Canada, and in other
developing countries such as Brazil, Taiwan, Korea, and Singapore. By 1980,
there was an overcapacity in petrochemicals just as the worldwide growth trend
slackened. In 1980-8l1 in Europe, and in 1982 in the United Sta (and
Canada) there was a recession in the chemical industry that led t shutdown
of older plant capacity in the industrial countries. But the newer\eutrants
in petrochemicals continued to build. S

2.3 Comparison of international competitors

: d aromatics. The
information specific to the products involved|{in this investigation, however,
is very inconsistent. In particular, such data\ ¢encerning the newly

industrializing and developing areas, even in rels to muc oader
industrial categories such as their overa chemi indus Nwexe in many
cases unavailable. 1/ Therefore, the b ilable inf onyon the
competitive factors is used throughout qﬁgon. 2

Changes in net trade of ethyle n enzene equi ts.--Since the

the  discoveries ofcpajor new fields of
A the éfforts’ ny nations to develop

gbuhdant natural resources has
-‘=¥~ ical industry. Entrants
(@‘\ market by employing the
entry have often been via joint
anies for their assistance in the
tise, as well as access to these
etworks. The following trade balance
ublications 3/ for major ethylene

derivatives ves are indicative of the changes that
have c petrochemical industry.

industrial economies based
changed the complexion of

1/ Questions were posed in the Commission questionnaire relevant to the
foreign industry; however, there were insufficient data collected regarding
these questions to compile meaningful responses for .the report.

2/ See ch. 1 for detailed discussion of these factors.

3/ Based on data compiled from various issues of European Chemical News, 0il &
Gas Journal, Chemical Week, and Chemical & Engineering News.
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(In millions of tons equivalents)

Producing Net change,
area/nation 1979 1982 1985 1985 over 1979
Major ethylene derivatives:
United States..........ovovvnnn 1,400 1,700 1,350 -50
Western Europe................ 1,025 825 625 -400
JaPAN. .t ettt it e e 425 50 -225 -
Canada.........covvevrninneenns 75 150 250
Mexico 1/........cocvviuiin., -750 -575 -300
Middle EaSt.....covvvvenennnn. -350 -375 -175C0
Major benzene derivatives:
United States................. 575 600 5
Western Europe................ 50 25 50
Japan...... .ottt 75 -25 195
Canada...........couu.. e 50 75 2 00
Mexico 1/.......cvviiuvninnn -175 - -50 125
Middle East.......covevvvennnnn -75 -\75 -75 0
RN

1/ Includes other Latin American nation M ®

The United States, Western E : n hav g;giﬁe n the major
producer areas that have competed t the dema n their own
markets and that of all other con a

alances of the
traditional producing countries(g
of Canada, Mexico (including othe

. tr
e fng 1979-85, and those
ons), and the Middle
East increased, as shown i <§3>
Exports share/iﬁfy egg--Du -85, as shown in the following
tabulation, mutua et emic een the United States, Western
Europe, and Japan tive nt, decreasing slightly in some
<

instances, except crease ts to the United States from
Western Eu and J bilidon dollars): 1/

NN
80

yaN
\\s\ \;:Qg?@ted States Western Europe Japan
Matket K 1985 1980 1985 1980 1985
AN

\\<§>§
t Stat€s ............0 - 2. 3. 0 1.1

.5
.8 .9

OO
~N L
ot ®

[
m
o
)
[
- W

1.

Western European exports to the U.S. market increased by $1.7 billion, or
81 percent, while Japanese exports to the U.S. market increased by
$600 million, or 120 percent. Individual country shares of total worldwide

1/ Compiled from statistics of the OECD.
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exports of these products, however, have displayed an interesting shift as
shown in the following tabulation: 1/

1980
Percent of Percent of

Country Exports total total

Billion

dollars
United States............. 10.9 22
Western Europe............ 15.1 37
Japan.......ccoiiiiiiniaann 6.0 14
Rest of world............. 8.0 26

Total..........ccoovnn 40.0 -

This shift in shares illustrates the

countries other than the traditional p
exports from Canada, Mexico, and the
World countries for products f

ation of

t that as
mand in Third
1 decrease.

Exports from the new produ Ee—C1 ted towards major
markets traditionally supplile 25O Western Europe, and

Japan. Exports by these c sed as a means to offset
relatively small domest

Feedstock
petrochemical

imp tor for comparing building-block
ong nations is the variation in the
to the present, there have been
sts that have drastically altered
ountries Although the current
inative stability, a change in the price of

oleum1s simultaneously stimulated. U.S.-production of crude petroleum
-'creased during 1985-86 by 3.5 percent while imports increased by 28 percent;
the import share of U.S. consumption increased from 26 percent to 32 percent
during that same period.

Because of the multitude of feedstocks, the effects of the price changes
for these materials affect industries in various countries differently. The

1/ Ibid.

2/ For a further analysis of effects of changes in world energy prices, see
USITC Publication 1494, Possible Effect of Changing World Crude Petroleum
Prices, February 1984.
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following tabulation shows data for 1986 concerning feedstock prices, as well
as costs of production of two major building-block petrochemicals in the major
producing nations. 1/

Ethylene Benzene
Total Total
Feedstock production Feedstock production
Country 1/ price cost price cost

Middle East/Saudi

----Cents per pound--- --—Centigﬁpr zallon---
United States .......... 6-13 6-21 43-9 23
Western Europe.......... 4-13 10-21 - -160

Arabia................ 1-3 5-9 2/
Canada.........co000uuns 5-9 10-17 3/
([~
1/ Japan imported ethylene from U.S. producers 000 pounds) for the

production of derivatives for the first time in
valued at approximately $1.00 per pound because o :
liquefaction of the ethylene and other transportation—eosts.,

2/ No trade-significant production of b e for chemica e\in“Saudi Arabia.
3/ Canadian benzene production cost tIQ>high k those in the
United States, since there is 1 pla h c :

ts tar n

<
Since there are no absoluyte s rang!;.OT\uasts are used to
highlight the variability wi ; ustr ‘\~>rives from (1) the use of
either natural gas-based S troleum-based feedstocks,
and (2) whether the ated uction process are charged
to the particular pefrochem nother chemical product (or a

fuel product) in wh
byproduct.

cab produced is considered a

eCprice of crude petroleum along with the
r natural gas also contributed to the
eedstocks and total production costs as
ulation: 2/

1/ U.S. data from questionnaire responses; foreign data estimated by the
Commission staff.
2/ Compiled from official statistics of the U.S. Department of Energy.
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Refiner acquisition

cost of crude Wellhead natural
Period ' petroleum __gas prices
Per 1,000
Per barrel cubic feet
November 1985. ... cueeneenennennnn. $26.86 $2.36

January 1986........... ..t 25.64 2.28
March 1986...........0000tvvvnnnnn, 14.87 .16
May 1986.......0000iviienneennnnn, 13.05 S

July 1986......cc0iiiiiiniiirnennn, 11.51 .
September 1986.............0000 ... 13.11 7
November 1986............. .00 13.30 <§§S\ .65

As noted during 1986, the costs of produ
directly reflect the cost of their main ra
market price for the primary petrochemicals i
cost of the feedstock used in the production eSS .

st ck prices in 1986

Although the final effects of decline in £ 0
have not yet been exhibited, a ediate p°§§§255:5“'8Cts were
immediately evident. For the texn Eurgpean petwocKRemical industry, which
relies heavily on the petro -c§;§;§§g§p dsto t ariable costs of
be n

production dropped significant 0 ‘December 1985 and
January-March 1986. The share co s a share of the total cost
of making ethylene fell st during fourth quarter 1985
to 30-40 percent in odrth quarter 1985, variable costs
to be approximately $270 per
naphtha price was about $250 per
phtha fell to between $120 and §125

feedsto

&costs for producing ethylene from gas-based
g this same period were only $50 per metric

"Key Chemicals," Chemical & Engineering News, Feb. 9, 1987, p. 11. A
ailed analysis of the relationship of feedstock price and product price is
contained in Ch. 4.
2/ "Naphtha Price Slide Turns Tables on Ethane Crackers," European Chemical
News, Mar. 17, 1986, p. 9.
3/ Ibid.
4/ Ibid.
5/ Ibid. As of the first quarter in 1987, crude petroleum prices had
increased and stabilized at about $18 per barrel on the world market.
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The change in the U.S. industry’s costs were neither as dramatic nor as
rapid as that for the European industry because of the ability of U.S.
producers to vary feedstocks to a greater extent than can European producers.
As illustrated earlier, the cost for feedstocks for the U.S. producers
declined at a slower pace, reaching their lowest levels during late summer to
early fall of 1986. As a result of the swifter and more dramatic price
decline of petroleum-based feedstocks compared with the gas-based feedstocks,
U.S. producers with dual-fire capability 1/ substituted the napi
and other feeds from petroleum sources (such as gas oil) for eths
natural gas) in the production of ethylene. The use of petrole

produced in 1986 compared with about a 23-percent share in
resulting increased production of coproducts created
situation and prices for propylene and 1,3-butadien
percent, from more than 20 cents per pound in lat
per pound, during the fourth quarter of 1986. 3/

In general terms, lower prices for petrd
in the United States have a negative impact ox

gas feedstocks
hemlcal producers in
energy-rich areas, as their feedstock caost advantage 4/ The
European and Japanese petrochemial industries tend> to rably
affected, as they are most dependent o feedstock
and fuel needs and can, during period tion in fuel
markets, obtain the materials at r .S. producers

are, in such situations, faced wit ed) competitiy

pressures from
Western European and Japanese produte te.th}r improved level of
competitiveness vis-a-vis the energ at1{§§:§§_jcnada, Mexico, and Saudi
Arabia. 5/

Capital costs.-
steadily since th

?g;§§§honstruction have increased
@to the 1970’s. Also, there

0 percent higher, associated with
y as opposed to the U.S. gulf
eht differential were made by a U.S.
Middle Eastern project. 7/

h would need to be built would also cost

sigééiiiiﬁsiib\ lant constructed on an existing site in an
N

: \i{izy to alternate)) when dictated by economics, the feedstock used to
e t sired producet.

ake-DO Decade for Petrochemicals," Chemical Business, March 1987, p. 14.

Price Crash Impact Evaluated for the Petrochemical Industry,"
Hydrocarbon Processing, June 1986, p. 19. Feedstock costs in many of the
energy-rich nations, such as Saudi Arabia, are often static and do not rise
and fall along with changes in the world market.

5/ OECD, Petrochemical Industry, 1985, p. 59

6/ Wharton Middle East Economic Service, The Petrochemical Industry in the
Middle East; Special Report #2, April 1983, p. 56.

7/ OECD, Petrochemical Industry, 1985.
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industrialized area. Estimates of cost differences for developing a new site
in a less developed area ranged up to an 80-percent cost differential. 1/

To provide a better perspective into the relationship between capital
costs, feedstock costs and total production costs, the feedstock costs account
for 67 percent of the total cost of production in a hypothetical plant 2/
built in 1980. The total capital costs of the plant would be as follows (in
millions of dollars):

Plant.......ciiiiininnnenn 320
Offsite.........cccvvevenn 128 S
Total fixed capital..... 448
Working capital.......... 20 X
The depreciation, at 10 percent of fixed ‘cap 1, d account for about

15 percent of the production cost of ethylene produ at this plant.

political and social goals
5 of su n industrial base.
acka inyolving tax rebates

3 h areas in a low-cost
oggh to offset any
Eor, example, for capital

<%l.e ethylene plant (that

In spite of these additional capita
set by a government may encourage the deve

These may be manifest in low-intere loans™an
or holidays.

Other costs.--The fuel-
feedstock market situation is
disadvantages elsewhere in
costs. Estimated fuel requir
required after fuel geners
200,000 metric tons
metric ton as in e
$4.5 million.

fuel gas of $120 to $150 per
> would be $3.6 million to

<§§:§§§ or less developed countries would, in
ercent differential of the capital cost
\Nf

gher maintenance costs and generally more _
.4‘<ﬁowever, interest rates, for example, may have
pe itiveness. In some cases, governments in

cansportation costs.--There is a considerable transportation cost
isadvantage facing the new Middle Eastern facilities attempting to supply the

1/ Ibid., p. 62.

2/ Based on an assumed 990 million pound-per-year naphtha cracker operating at
capacity. Organization for Economic Cooperation and Development (OECD),
Petrochemical Industry Energy Aspects of Structural Change, 1985, p. 58.

3/ Ibid.

4/ Operating and maintenance costs, includes tax and insurance.

5/ OECD, Petrochemical Industry, 1985, p. 62.
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traditional consuming markets (North America, Japan, and Western Europe),
compared with producers located in those areas. However, the continued
industrial development of the nations located in Africa, Asia, and the Pacific
Rim are expected to provide new markets and increased demand for the Middle
Eastern production, as well as some Canadian production. As such demand
becomes a reality, it would also tend to expand markets for U.S., Japanese,
and Western European production of more specialized materials derived from the
building-block petrochemicals.

Wage rates.--One factor of competition generally accepted a
significant impact on the competitive status of most industrie
labor. Although many competitiveness studies show wage rat
countries are considerably lower than in developed co

requires skilled labor not readily available domesticall The industry thus
imports foreign labor at high wages. : mall share of

a minor factor in determining international compsg .
petrochemical industry. @

2-12



Chapter 3. U.S. Industry Profile

3.1 Historic perspective

Significant production of petrochemicals in the United States from
petroleum and natural gas feedstocks was achieved in the 1930’s as an
outgrowth of success in upgrading byproducts 1/ of the petroleum refining
process. Even earlier, natural gas liquids (NGL’s) were converted to ethylene
oxide, ethylene glycol, and other products by chemical produc Soon
ethylene plants 2/ were built in order to satisfy the growing
newly developed range of ethylene derivatives. As the rapidly i
demand for gasoline soon consumed all of the available :

ethylene production. After cryogenic and absorpti
efficient and lower in cost, the ethane in NGL’s
feedstock for ethylene production. To protect the 1o

was granted, permission to import low-cost

that time under petroleum import regulations)\ result of this change in
U.S. trade policy, several naphtha/gas->o0ll basg

constructed on the gulf coast. 3/
as rapid sz; by the low-cost
éﬁk of (o} d-use sectors, such
an
&

Petrochemical growth during the
raw materials and the technologital &
as plastics, synthetic fibers, syx
However, the ethylene plants b
flexibility to change feedsto
petroleum and petroleum p
decontrol of U.S. natur
plants to enable t

bbers, er products.
1960's had little
t increased prices for
9 (coupled with the
irms modified ethylemne
tha/gas-oil as feedstocks. 4/

P eum companies and chemical companies purchasing materials from the
petroleum companies.

2/ Ethylene was already being produced from coal-based feedstocks.

3/ U.S. Industrial Outlook 1986, Chemicals, pp. 11-2 and 11-3.

4/ Ibid, p. 11-3.

5/ Compiled from data submitted for the Synthetic Organic Chemicals report.

17\§§§ chemical production using these byproducts was performed both by
et
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Share of total domestic production
accounted for by firms oriented
towards the production of--

Petroleum

Petrochemical products Chemicals
Ethylene................ 49.7 50.3
Propylene............... 70.8 29.2
1,3-Butadiene........... 58.6 41.4
Benzene...........c000.. 84.5 {;.5
Toluene........cooonveus 94.6 A
Mixed xylenes........... 92.0

Petroleum companies usually have the largest
primary aromatic petrochemicals and are also often t
primary olefins. Petroleum companies have the advanta
primary petrochemicals compared with chemige
back into their petroleum operations byprod
the production of primary petrochemicals.

ilic for producing
ajor producers of
in the production of
ompanies in that they can take

% ludin el products from

A number of U.S. firms are su s of fore tinational
companies. Foreign chemical £ ntly> favo g the U.S. market by
purchasing U.S. firms and fac estimate\of ‘foreign ownership in the
U.S. industry is approximate : Currently three of the
and one based in the
emicals industry. In 1985,

»f U.S. production of basic

United Kingdom operate
these firms accounted f¢

mestically by 44 companies, 2/

inly in Texas and Louisiana. The
are petroleum companies, account for
duction of these petrochemicals. In 1985,
omestic production. All of these companies
o the production of synthetic rubber, ‘
g;ls. 0f the 38 respondents to the questionnaire,
dxoduction facilities devoted to the production of
Of\these facilities, one is 3 to 4 years old, 16 are

d, 43 units were between 10 and 19 years old, and the

K/ George B. Megman, "Mergers & Acquisitions: The Impact on the U.S. Chemical
stry," paper presented at the Energy Bureau, Inc., Conference, Sept. 15,

19

2/ Questionnaires were sent to 46 "companies"; however, in two cases, there

were questionnaires sent to two separate divisions within one parent company.

In both cases, the responses were consolidated into one questionnaire.

Useable responses were received from 38 firms, a response rate of 86
percent. These firms are estimated to have accounted for between 85 percent
and 99 percent of the total domestic production of each of the individual
primary olefins and primary aromatics during 1982-86.

3-2



3-3

remaining 14 units are at least 20 years old. There were a total of 46 units
producing primary aromatics among the questionnaire respondents, one of which
is aged 0-2 years, 2 are aged 3-4 years, 4 are aged 5-9 years, 12 are aged
10-19 years, and 27 units are at least 20 years old.

3.3 Production capacity

The total capacity of the U.S. huilding-block petrochemical\industry was
reduced significantly during 1981-85. The following tabulatigp
total annual production capacity for each of the six majgk build
petrochemicals. 1/

Percentage
Building-block (EZ) change, 1986
petrochemical 1982 1983 1984 /~1985 1986 over 1982
-------------- Million fx: cmmeenmensae-
Olefins:
Ethylene....... 39,345 37 725 34 65 -9.5
Propylene...... 22,680 <:éz;2 S 21, ;;? 260 -1.9
1,3-Butadiene.. 4,468 755 3,855 -13.7
Total...... 66,493 1\5\\0 61,724 -7.2
Aromatics: <>
Benzene........ 17,720 ;) 476 16,821 -5.1
Toluene........ 11,405 @ 367 12,459 9.2
Mixed xylenes.. 11,410 2,052 12,092 6.0
2.1

Total........ f% 5@\\\) \i\;}@ 39,366 41,372

lder, less efficient facilities and

§§Q§igncy of the active facilities. Reducing
--~try does not usually involve the total

::d rationalization allows for the eventual

ead, the use of parts to service operating

hough the U.S. industry had far less

h than did the Western European and Japanese

Primary olefin capacity during 1985 declined to a low of 59.5 billion
pounds per year; of that volume ethylene accounted for 34.7 billion pounds

1/ Compiled from data in SRI International Directory of Chemical Producers,
United States, 1982 through 1986 editions.
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(approximately 60 percent). 1/ Other sources indicate that ethylene nameplate
capacity may have been higher, approximately 36.5 billion pounds, although
there was only 33.9 billion pounds of capacity available. 2/

The following tabulation shows the differences between nameplate capacity
(the amount of production the plant can produce according to the designer’s
specifications), available capacity (the amount the plant can produce assuming
24-hour, 365-day-per-year operation), along with the effectiv
(capacity assuming normal production schedules including routin
and servicing) for the U.S. ethylene industry during 1981-85 lions of
pounds): 3/ S

Item 1981 1982
Nameplate capacity.............. 40.8
Available capacity.............. 39.5

Effective capacity.............. 36.4

The effective capacity may vary fr
such as age and the current condition ¢
capacity is assumed to be approximate

le, effective
vailable capacity.

3.4 Industry production

The following tabulat

building-block Petroch2§§;§§>:

1/ Stanford Research Institute, SRI International Directory of Chemical
Producers, 1986.

2/ "Ethylene-Capacity Shortage Looms in Early 1990's, New Study Shows,"
Hydrocarbon Processing, July 1986, p. 17.

3/ Ibid.

4/ Data in this tabulation are derived from data previously published in the
U.S. International Trade Commission Publication, Synthetic Organic Chemicals,
U.S. Production and Sales, 1981-85 editions. .
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Percentage
Building-block change, 1986
petrochemical 1982 1983 1984 1985 1986 over 1982
-------------- Million pounds--------------
Olefins:
Ethylene....... 24,501 28,680 31,383 29,847
Propylene...... 12,535 13,959 15,559 14,887
1,3-Butadiene.. 1,915 2,353 2,452 2,340
Subtotal... 38,951 44,992 49,394 47,074
Aromatics:
Benzene........ 7,700 9,025 9,646 9,390
Toluene........ 5,148 5,623 5,249 74
Mixed xylenes.. 4,999 5,518 6,490 1 , 1 ,8 17.5
Subtotal... 17,847 20,166 21,385 20,006\ 21770 22.0
Total........ 56,798 65,158 70,7?%:3 67,080 74,570 31.3

function of both the demand for
result of the amount of coproduct
chemical or fuel). Demand for e

some cases, a
sésses (either
e and most important
2939 billion pounds before
This was the lowest
production volume for ethy S e)rhe second petroleum price
SS s projected by a group of
eriod in 1986. The domestic
industry would n ds by 1990 to satisfy
anticipated dome

This %§§§§§9 resent about a 2.5 percent average
annual rate of gr . @
3.5 Capdéggf utilizat

<

illustrate pacity utilization rates of U.S. producers
s and .a

1/ See Glossary of Terms.
2/ "Ethylene-Capacity Shortage Looms in Early 1990’s, New Study Shows,"
Hydrocarbon Processing, July 1986, p. 17.
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Figure 3-1
Capacity Utilization Rates & %
80.0% . «
| 7
70'"1; ~ é
60.0% 4 ‘ /
50.0% 4 / ?
Rates 40.0% - =
7 Primary
3°'°’; ' ™ olefins
20.08%
| Il Benzene
10.
0.0% .
g 1983 1984 1985
© Year -

Source: U.S. International Trade Commission Publication, Synthetic Organic
Chemicals, U.S. Production and Sales, 1981-85 editions and, SRI International

Directory of Chemicals Producers, United States, 1982 through 1986 editions.
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A comparison of capacity utilization rates of benzene (for chemical uses)
was used in lieu of a comparison involving all of the primary aromatics, since
benzene is often produced from an aromatics stream containing toluene and
mixed xylenes as a feedstock. Figure 3-1 shows the increased rates of
capacity utilization for the primary olefins, increasing from a period low of
67 percent in 1982 to a peak of 79 percent in 1985. 1/ However, the capacity
utilization rate of facilities for the production of the benzene ran at
consistently lower rates. This may be partially explained bx the location and
type of facilities used for the production of benzene and the
aromatics. Approximately 90 percent of the production of t
takes place at facilities controlled by producers of pébrol
in particular, motor gasoline. As the petroleum compan

towards the chemical uses. This could give the appearance that’ the :
utilization rate for chemical use of primary aromatics at these facilities is
decreasing as more and more of the aromatigs are produced for non-fuel uses.

Ethylene capacity utilization rates have( @
shown in the following tabulation of Qperating

s bas nameplate
capacity and on effective capacity (in percent)s 2
Item @m 1982 @3 1984 1985
N
Nameplate capacity 1/........, o : 6 82 86
Effective capacity.......... AN Q 97 99 98

1/ Derived from data in <i>" at%§§:§§>

There are currently plams and-to i Zz §3&ilable ethylene capacity.

Information supplied by_the resp ts the Commission questionnaire
s r

indicated that, the compa ting present ethylene capacity, 9
capaqxfy ring the next 3 years. Of the
nds)0f planned expansions reported, 8 percent

s to present facilities and the remainder
itly mothballed facilities and/or through
cilities, that is, improving the plant’'s

8 specific reaction processes that are currently
s of the entire production process. These changes
process related.

increased steadily, as

Domestic market

The major suppliers of primary petrochemicals in the domestic markets are
the U.S. producers, particularly the petroleum companies. Chemical companies

1/ Data derived from: U.S. International Trade Commission, and SRI.
2/ "Ethylene-Capacity Shortage Looms in Early 1990's, New Study Shows,"
Hydrocarbon Processing, July 1986, p. 17.
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producing primary petrochemicals tend to be net purchasers of the primary
petrochemicals and, in many instances, have constructed plants that produced
derivative chemicals near a specific secondary source of the primary olefins
or aromatics. 1/ Table 3-1 shows U.S. production, imports, exports, and
apparent domestic consumption for the primary olefins and aromatics.

Between 1981 and 1982, the apparent consumption of the primary olefins
and aromatics decreased from 68.8 billion pounds to 58.1 billion
representing a decline of 16 percent. At this time the effects o
petroleum price shock were having their greatest impact o
the world economies in the form of a prolonged recession.
declining demand for petrochemicals in end-use markets is
decline in domestic production of automobiles. (See
report on the automobile industry.) As the domest

olefins and aromatics increased by 25 percent
pounds. In 1985, apparent consumption declinéd
compared with that in 1984, representing a 5-pe

Since 1981, consumption of ethylene ‘and prop
65 percent of the total consumption of the prima

has d for about
Y pe ls.
Benzene’s share of this total has appr ed>15 percen toluene and
the mixed xylenes combined have aw perent of| onsumption.
1,3-Butadiene’s share of primary petxochemfical) apparent)cofisumption has
averaged 4 percent during the samé _p d. S

Imports account for a ve

cases, are actually intracomg
primary olefins or aroma s

3.7 Exports of prégii§7§§§§b¢

hemicalsQan vatives
U.S. exports of primary petrochemi were valued at $371 million in
1986 (tabl -2 and The .1 diQ> markets for these exports during 1986

were as fo wS @

gre o S. sumption, and, in many
als or exchanges of the
exivative.

NN
‘\\\ /)) <§§§§§Q> Share of exports
Mégizﬁ Value to total

Million

dollars Percent
MexXicCo. . ittt i i i e e e e 114 31
Taiwan. ... it i i i i i i i i 60 16
Belgium.......oitiiiiiini ittt iiieennnonnes 43 12
T . 42 11

1/ Discussions with industry representatives.
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Table 3-1
Building-block petrochemicals: U.S. production, exports of domestic merchandise,
imports for consumption, and apparent consumption, 1982-86

Ratio (percent)

_ Apparent of imports to
Ltem Production 1/ Exports Imports consumption cOnsumption
1,000 pounds:

1982: S
Ethylene..... 24,501,346 2,137 145,671 24,644,880
Propylene.... 12,534,972 44,049 499,615
Butadiene. . 1,915,094 102,432 753,254
Benzene...... 7,699,721 61,495 994,693
Toluene...... 5,148,456 160,675 836,000
Xylene....... 4,998,598 1,976,980 412,080

Total...... 56,798,187 2,347,768

1983:

Ethylene..... 28,679,842 633 .62
Propylene.... 13,958,546 56,379 .37
Butadiene. 2,353,372 96,517 M6
Benzene...... 9,024,529 80,117 77
Toluene...... 5,622,887 251,4@év? 0.02
Xylene....... 5,518,150 1,598,69 10.32

Total...... 65,157,326 g 5.51

1984:

Ethylene..... 31,383,000 1.05
Propylene.... 15,559,452 19) 996,820 3.30
Butadiene.... 2,452,131 ,179,900 27 .44
Benzene...... 9,646, ) P 10,780,185 11.81
Toluene...... 5,249&% %9%\ 5,559,444 10.75
Xylene....... 6,490\ 435 5,477,408 11.24

Total...... 70,780 72,687,362 5.81

1985
Ethylene. ... A 230,989 30,029,803 77
Propylene.. .’ < 458,109 15,148,752 3.02

831,97% 2,985,271 27.87

1,093,996 10,400,617 10.52

1,131,847 6,002,6%6 18.86

819,447 4,852,281 16.89

4,566,363 69,419,380 6.58

32,811,217 975 286,413 33,096,655 .87
17,342,733 264,680 389,474 17,467,527 2.23
2,645,635 179,949 452,504 2,918,190 15.51

10,211,188 63,589 1,138,370 11,285,969 10.09
5,798,419 193,408 996,746 6,601,757 15.10

5,861,211 1,582,913 1,060,717 5,339,015 19.87

74,670,403 2,285,514 4,324,224 76,709,113 5.64

1/ Production data from Synthetic Organic Chemicals, U.S.

Production and Sales,

1982-85 and Quarterly Report on Synthetic Organic Chemicals, December 1986, data

for 1986 are preliminary figures.
2/ Estimated by Commission staff.

Source:
except as noted.

Compiled from official statistics of the U.S.

Department of Commerce,
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Although Mexico accounted for more than 99 percent of U.S. ethylene exports in
1985, exports to Mexico in 1986 declined to account for only 31 percent, while
Canada and Japan each accounted for 25 percent of U.S. ethylene exports.
Mexico was the major market for U.S. exports of propylene, 1,3-butadiene,
toluene, and mixed xylenes. Canada was the major market for U.S. exports of
benzene in 1986.

U.S. exports of the primary olefins and aromatics in 1985¢accounted for
approximately 3.3 percent of total U.S. production of these products. U.S.

exports as a percent of production on a product-by-product bas as follows
(in percent): S
Ethylene...... e et e e e 0.2
Propylene..........coiiviiinnnnns 1.3
1,3-Butadiene............c.....00n 8.
Benzene........coivvinirrerannnans .9
TOLUGNE. .ttt v vivv i envnrnnnesonnnns 4.0
Mixed xylenes...........cooiiiunnn .2

The following tabulations that cont a\supplied by
the respondents to the Commission ques alue of their
export shipments of primary petrochem/ and their es, and total
industry exports of primary petro cals g er ves (see tables
3-2-3-4 for details of the total lions of dollars): 1/

Item 1982 1985 1986 1/
Primary olefins..... .8 57.5 31.7
Primary aromatics... 72.7 . 31.3 24.0
Olefin derivat . 338¢ . 468.8 480.0
Aromatic derivatives ) 4&3 144.6 182.0 244.1
Total......\ - . X)) 699.4 739.6 779.8

1/ Estim from pa yea azs plied in response to the Commission

questionn : '
1983 1984 1985 1986
43.5 63.5 95.6 65.5
432.7 474.3 405.3 356.8

2,932.1 3,181.5 3,057.0 3,344.5
3,408.3 3,719.3 3,557.9 3,766.8

Most of these petrochemicals, particularly ethylene which is a gas under
ambient conditions, are rarely exported over water because of handling,
storage, and shipping difficulties and expenses. The most significant amount

1/ Compiled from official statistics of the U.S. Department of Commerce.
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of U.S. trade is with the derivatives and not with the primary petrochemicals.
The producers of the primary petrochemicals are as a group not the principal

exporters of the derivatives made from these primary petrochemicals; rather,

many of the derivatives are exported by those firms that use purchased primary
petrochemicals to produce the derivatives or by export brokers and agents.

During 1982-86, the questionnaire respondents’ (i.e., primary petrochemical
producers) share of total exports compared with U.S. Department of Commerce
statistics of primary olefins. aromatics, and derivatives range
percent in 1983 to 21.5 percent in 1985. Meanwhile, total U.S.
derivatives of primary petrochemicals increased from $2.2>bilA
$3.3 billion, or by 13 percent.

Another way of analysing export trade in relat

es n.  The

the primary olefins and aromatics that respon d to the
questionnaire (in percent):

Source 1982 1983 <::i> 984 6£§F§b985 1986
Primary olefins producers...... 0.87 \Q%i£9 0.'Qi3§§;§i.27 0.76
Primary aromatics producers.... 0 3.2 <§§:éb 1.42 1.59
. Qﬁirect export markets
for the primary aromatics. primary olefins were
fully utilizing production e primary aromatics
producers did not reach e s : rate during a period when their

level of exports e 1y ion in 1984 to an estimated
$24 million in 1986) and t to sales fell by more than

50 percent (from 5)30 percent)>in L%§§Z§§ 59 percent in 1986).

3.8 Impo of primary petrgq§§§§gé§s and derivatives

These data indicate the f

trochemicals in 1985 were valued at $777 million
percent to $508 million in 1986. The primary

e Canada (40 percent), the Netherlands

0 percent). In 1986, Canada accounted for nearly

& . ethylene imports and accounted for 92 percent of propylene
Canada was also the main source for U.S. imports of toluene and
ylenes during 1986. Canada is the primary source for the imports of
building-block petrochemicals primarily because of its proximity to U.S.
facilities and the availability of ground and pipeline transportation
infrastructure connecting facilities located in both nations.

Questionnaire responses show that the value of primary olefins and
primary aromatics imports by multinational companies increased by 17 percent
between 1982 and 1985. Canada and the Netherlands were the leading sources of
these imports. Respondent data for the multinationals also show that in 1985
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imports of primary olefins derivatives were three times the value of primary
olefin imports.

During 1981-85, the ratio of U.S. primary petrochemical imports to
apparent consumption increased from 4.8 percent to 6.6 percent with a 5-year
average of 5.8 percent. 1/ On a product-by-product basis, the
imports-to-consumption ratio during 1981-85 was 0.9 percent fo
3.4 percent for propylene, 25.0 percent for 1,3-butadiene, 10.8

primary petrochemicals, increasing from 13.9 percent
in 1985 after a peak year in 1982 when it reached 2
1981-85, the ratio of imports to consumption for
averaged 25.0 percent. The primary sources of 1,3-but
the Netherlands (27 percent), the United Kin
(10 percent).

During 1982-86, imports of the derjivative
also increased from $391 million in 198 ah
before declining slightly to $877 million 1986
tabulation shows estimates 2/ of the U.S. tra ce figures for
derivatives of the basic petroche h maj g partners
(in millions of dollars): dgiiéb

\J
Nation 1982 (0 \vwss f\& 1985 1986

- --XX- ----(MWollars) -----------------

Brazil........... 28,795 51,612 87,446

Canada..... e 11 1 22,695 -71,319 -97,724

Japan...., /..... 9 264,099 226,373 247,425
Republic 0! &

,748 167,692 155,094 220,736

61,697 233,965 276,944 260,002

9,691 23,221 28,548 16,602

31,133 28,348 67,540 97,672

1,477,144 1,602,080 1,416,350 1,635,139
2,357,160 2,370,895 2,151,142 2,467,298

1/ Compiled from official statistics of the U.S. Department of Commerce.
2/ There is no exact correspondence between the TSUS for imports and the
Schedule B for exports of these items.

3/ Compiled from official statistics of the U.S. Department of Commerce.
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3.9 Government involvement

There are no U.S. tariffs on the six primary olefins and aromatics.
However, under the Toxic Substances Control Act of 1976 (TSCA), the
Environmental Protection Agency (EPA) is responsible for establishing
standards for the use of topical chemicals. Some importers believe these
regulations are a nontariff barrier which hinders imports. 1/

Some domestic producers regard these Government regulatio
impediments to production. Additionally, as of January 1, 15
producers of primary olefins and aromatics began to pay-the\&
Superfund tax again 2/ at the rates shown in the follow

mated tax
: rate as share of
| Tax rate 1986 price
Petrochemical : (percent)

Ethylene.......ooiiiiiiiiiiinnnnnnnasnenn : 1.68
Propylene..........iiiivvrinnranneeaan . > 2.43

1,3-Butadiene .20
Benzene........cotiiiinrrsrnannannn RN . 1.82
Toluene........coivivvrnennnnans . 8 2.52
Xylenme. ...covvevernnnrennnnonnns NP . 4.78

critical of decisions on({domestic p N

consideration of the t of the on) the worldwide competitiveness
of the U.S. ind . : tated that both "the refining and
petrochemical . are of vital importance to the
U.s. t)is therefore essential that government
d es relative to foreign competitiors."”

risors petrochemical derivative export
artment, the State Department, and the

1/ U<S. International Trade Commission, Study of the Petrochemical Industries
in the Countries of the Northern Portion of the Western Hemisphere, USITC
Publication 1123, January 1981, p. C-5.

2/ The original Superfund legislation expired on Oct. 1, 1985.

3/ "Superfund Taxes: Some Winners and Some Losers," Chemical Week, Dec. 17,
1986, p. 6.

4/ Submission from National Petroleum Refiners Association, Feb. 25, 1987.

5/ U.S. International Trade Commission, op. cit., pp. C-28-C-29.
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3.10 Factors affecting U.S. exports

Respondents to the Commission questionnaire to primary petrochemical
producers cited certain international trade barriers that they felt adversely
affected their ability to export both primary petrochemicals and their
derivatives. The 11 barriers to international trade most often mentioned by
the respondents were as follows: 1/

Government subsidies

State trading, Government monopolies, and excl nchises
Government laws and practices which discourage\im s
Licensing requirements

Government procurement (procedures)
Discriminatory bilateral agreements

Exchange and other monetary or finarncial\contxdls
Antidumping practices

Customs valuation
Restrictive business practice
. Documentation requirements.
The countriés most often associated with ese va s <§§§§§§§to
S ﬁgiﬁi 1ssion

RPOWVOONONUVLEWNK

e

international trade were cited by the ents to t

questionnaire in the following o S Q§i£9

Mexico

Japan
Other As
Ca

oaounmp LN
=
Q
5 g
° D
g
58
o
[<Hal
Q =
B O
H ®
=}
o

o not permit estimates of the
Yarr ers, certain observations regarding the
@c Mexico was cited for impeding trade
any other country. Second, preshipment

he\questionnaire responses, the natural resource

: e, Mexican industry 2/ are believed to be the

g nt factor, along with the limited opportunities for foreign
estment, in impeding the flow of international trade.

1/ There were 21 firms responding to this question in the Commission
questionnaire.
2/ See App. D for discussion of the Mexican industry.
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Chapter 4. Major World Petrochemical Producers

Following the boom in capacity in the mid to late 1970’'s, petrochemical -
producers have witnessed a period of excess capacity and low profit margins.
However, declining crude petroleum prices in early 1986 resulted in higher
profit margins, increased demand, dwindling inventories, and plants running at
near full capacity. As a result, the number of reported petrochemical
construction projects rose in 1986. The following tabulation shows global
petrochemical projects in 1981, 1985, and 1986, for selected geggraphic
areas: 1/

Country 1981 1985 <k986
North America.......... 94 29 4
14

Latin America.......... 144
Asia/Pacific........... 176
Western Europe......... 70 - 37

Eastern Europe......... 94
Middle East/Africa..... _94 _4&6
Total world........ 672 344
The traditional world producers Europe,
Canada, and Japan, discussed herecare 14 consumers of
petrochemicals. Industry sources les e ock costs could
result in consumption in industrie in fast as the Gross

National Product (GNP) at least (un e e further. Also

d and Mexico because they
possess certain advantages in terms of petrochemical
production. These nati : um and natural gas reserves
on which to base industries as well as

ons planned, Brazil, China, and
cussion because of their reserves
The following tabulation

1986: 2/

1985 1986
16 37
adé 12 5
Japan......ooeeeennann 35 7 6
Saudi Arabia........... 19 7 7.
Mexico..........ovvuvn 64 18 32
Brazil.........cicivnnn 36 9 16
U.S.S.Riiiiiiiinninnns 27 11 8
China.................. 31 28 30

1/ "Refining/Petrochemical Report," 0il & Gas Journal, Mar. 30, 1987, p. 54.
2/ Ibid.
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4.1 Western Europe

Western Europe'’s proved reserves were estimated at 22 billion barrels of
crude petroleum and 230 trillion cubic feet of natural gas, as of
January 1, 1987. Norway and the United Kingdom together account for
89 percent of total crude petroleum reserves and 60 percent of the natural gas
reserves. 1/

Distinctive features.--The Western European petrochemical i stry,
unlike that of the United States, primarily uses naphtha as a
the production of basic petrochemicals. In 1986, naphth4 accp@n
approximately 70 percent of Western European feedstock co
with close to 100 percent during the mid-1960’s. The
share of feedstock consumption was mainly a result ©f
petroleum products prices in the 1970's and early B
flexibility designed into the newer Western European plea

a the” increased
its tovallow for use
the remainder of

e 1970's was
the 1979
ock of the
: s 2/ According to
% estern Europe began
ease un the decline in
re@t deal of older
Qh)'r of producers declined,

cdme onstream. 4/ However,

One problem highlighted by the pe
industry overcapacity. Much of the new
petroleum disruption brought about the
decade and, in turn, caused a slowdo
industry sources, petrochemical \.
increasing again in 1983 and su
petroleum prices beginning in
capacity was shut down during
some new and more efficient
the new capacity, mostly

within Western Eur Ls S eliminating inefficient surplus
capacity.

Industry st ure. -4The” Wes pean petrochemical industry started
up in the 0's wi dvent\ of ‘thevproduction of chemicals from petroleum
fractions and some nat phtha, readily available in Western Europe

afnly used for heating and fuel rather than
in the U 2 ates, became the primary feedstock for the

anging from muttinational oil companies and chemical companies to
g-owned” companies. Although several of the multinational firms operating

sstern Europe are based in the United States, the majority of production
in the>Western European petrochemical industry is domestically owned and

1/ "Worldwide Report," 0il & Gas Journal, Dec. 22-29, 1986, p. 36.

2/ Ibid, pp. 2-3

3/ Dr. K. Mehta, "An Overview of the Petrochemical Sector in the European
Community," OAPEC Bulletin, March 1968, p. 20.

4/ Draft chapter from a forthcoming book for Warwick University, p. 4.
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controlled. Western Europe is said to have 12 of the world’'s top 20
petrochemical companies. 1/ Currently, approximately 40 percent of the
Western European petrochemical industry is either state-owned or influenced.
The French and Italian petrochemical industries, for example, which are
dominated by state- holding companies, have each undergone extensive
restructuring primarily under government sponsorship. 2/ The industry changes
in France and Italy, and those in the United Kingdom and West
the overall rationalization of capacity in the Western European‘petrochemical
industry. 3/ The French conservative government, however, ele

companies. 4/

Most of the industrial and corporate restruct nvolved
bilateral agreements such as portfolio exchanges e c tion of joint
ventures, primarily among Western European firms and ween stern European
and U.S. firms. Two of the more recent joi ventures olve the production
of polypropylene and of PVC and VCM. Portfaq
closures and transfers of ownership. 5/ All\sy
approval of the European Commission to
which contains certain competitive prov
of agreements between firms. Current s
is generally approved in view of the
between more than two parties, o

EC treaty, 6/
mber and type

Agreements
the formation of a

cartel, are discouraged by the The Treaty
provisions could in some cases fyrther restructuring in
the Western European petrochem Try. ly, however, most of the

agreements have been appro

Qgi;;?h the industry in the late

rochemicals, investment has
estructuring throughout the

Although the
1970’'s in respon
recently decline
industry.

REY petrochemical industry. Industry sources
projects to improve efficiency. Research and

he Western European industry has increased in the
: of restructuring, particularly in France and
Th¥ French and Italian petrochemical industries have regrouped their
' production and orientation. Specialized "poles" were created, grouping
commogdity chemical production at particular firms and specialty chemical

1/ p. 42.

2/ Jean Guinet, Petrochemical Industry, OECD Publications, 1985, pp. 120-122.
3/ Draft chapter, from a forthcoming book for Warwick University, p. 19.

4/ "French Chemical Producers Test a Business Formula," Chemical Week,

Dec. 3, 1986, p. 18.

5/ Draft chapter from a forthcoming book for Warwick University, p. 23.

6/ Dr. Mehta, op. cit, p. 18.
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production at others. 1/ The industry in these nations remains large enough,
however, to prevent any one company from gathering a major share of the
market. The top three producers in any of the major markets are said to hold
no more than 51 percent of those markets. 2/

Production in the Western European petrochemical industry in 1984 was
estimated to have amounted to approximately $67 billion. 3/ This was a
decrease of approximately 20 percent compared with that in 1980, Western
European imports and exports of petrochemicals in 1984 were valu
approximately $9.2 billion and $16.4 billion, respectively.
consumption of petrochemicals in Western Europe in 1984 w
$59.8 billion, representing a decrease of about 20 percent
in 1980. Petrochemicals accounted for approximately 50 p
Western European chemical imports, as well as 50 pe
European chemical exports in 1984. In 1984, impo
Western Europe amounted to about $9.2 billion of petro
sources of the imports in 1985 included the United State
within Western Europe, and Saudi Arabia. Imports increased by 11 percent in
1984 and 7.5 percent in 1985. They are believe ave increased by
4.5 percent in 1986. 4/

Major

In terms of the products covered in t
accounted for the largest percentage Qf
Imports of polyethylene into Westew:
approximately 2.2 billion pounds.

study, pol lene” imports
imports i by quantity.
ébuntri sa ted to
benzene,\and) toluene were the
.LE llion pounds, 1.0

. thylene imports,
usually between Western Europes o approximately 651
million pounds. petrochemicals in Western
Europe in 1984 was abou approximately 12 percent in

(iu\\\u\\, profit margins declined in past years
Retroteun shocks of 1973 and 1979, overcapacity, and

Guinét, op. cit., p. 122.
2/ ft chapter from a forthcoming book for Warwick University, p. 21.
3/ Production recorded in terms of Western European turnover as presented in
speech by Dr. Mehta, op. cit., p. 19; may encompass more than the basic
products covered in this study.
4/ "Europe'’s Chemical Industry is Tackling Restructuring," European Chemical
News, Sept. 15, 1986, p. 16.
5/ Ibid., and CEFIC/AFPE Working Document, "The Impact of a Volatile Oil Price
on Energy Costs to the Chemical Petrochemical Industry and on End-Product
Pricing," p. 7. '
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Europe are generally purchased at prices related to the U.S. dollar, and the
products are generally sold at prices related to the Deutschemark. 1/

Imports of petrochemicals from certain developing countries into Western
Europe are currently eligible for duty-free entry under the EC’s Generalized
System of Preferences (GSP). 1In 1985, imports of methanol and polyethylene
from Saudi Arabia exceeded their competitive need limit after\J\months. As a
result, the EC imposed duties on both products. The EC reimposed\the duties
during the first week of 1986, assigning a duty of 12.5<gerc: C
polyethylene and 13 percent on methanol.

The EC has also taken action in several unfai
alleged dumping and subsidies. During 1982, for
such allegations concerning vinyl acetate monomexr;, s
phenol, PVC, acrylonitrile, and other petrochemical dexivatiwves and products.

Of approximately 28 such cases, 8 items inc d an app tion of permanent
duties, 1 item was assigned temporary dutie 13 cases were suspended
either following a pricing agreement or for evidenc

cals

Export markets.--Exports of petroch

pe in 1984
were valued at approximately $16.4 b These exp unted for
approximately 15 to 25 percent o ion 3/ whereas, .

n

exports account for approximatel of tot : production
U.S. iIndustry is comparable wi a ustry in regard to
volume of sales. The discrepe @icates that the U.S.
industry would probably face -fbern Europe if demand

: Western Europe'’'s third-
world export markets 1 Y "new producers" in the Middle
East, Canada, Me e nergy-rich nations, displace
Western Europea :
approximately 45 tyochemicals to Western Europe,
2 percent t to Japan, and 27 percent to other
various Far East nations. 5/ 1Imn 1985, a
Western trade association estimated that sales of

: Arabia to Western Europe amounted to

with negligible amounts to the United States
N believe, however, that the decrease in the
~‘ e:sed consumption in the Middle East have blunted
i1 material on world markets. Traditional primary

1/~"Jean Guinet, op. cit., p. 65.

2/ Jean Guinet, op. cit., pp.140-141

3/ Speech by T.O0. Hutchinson, op. cit., slide 10; these figures may include
more products than defined as primary petrochemicals in this report; other
sources estimate that Western European exports account for 40 to 50 percent of
its annual output.

4/ Draft chapter from a forthcoming book for Warwick University, p. &4;
"Europe’s Chemical Industry is Tackling Restructuring”, European Chemical
News, Sept. 15, 1986, p. 16

5/ Ibid., p. 37. ’

6/ T.0. Hutchison speech, op. cit., slide #10.
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Development of new export markets is considered to be essential to the Western
European industry if it is to remain viable.

As is also the case for imports, polyethylene exports from Western
European nations accounted for the largest share of total chemical exports,
amounting to 2.1 billion pounds in 1985. Polypropylene, PVC, and styrene were
the other individual petrochemicals accounting for the largest shares of
exports, amounting to 819 million pounds, 525 million pounds, and \4Q6 million
pounds, respectively. Exports of ethylene, mostly to other Western\European
nations, represented the next largest export share, amount%gg t lion
pounds in 1985.

Most of the petrochemical companies in Western Euy
better economies of scale as a result of increased c
because they are oriented toward production for exp S
consumption. Although there are no known programs of govern

such as tax programs, to benefit producers expor
markets.

o\ non-We rn European

The prices for Western European pe emisal export (:\§ arily
derived from the world market price ¢ products <ii§ s may differ
from those of domestic products as a -etroleu§§§§zf ng, supply and
demand for the products, and curre 12 y fluctuations are
currently affecting the competitiyéness opéan petrochemicals
with U.S. petrochemicals in t n costs are also a
factor. 1In 1984, the U.S. p be benefiting from an
f.o.b. cost advantage for h the Western European
ssociated with U.S.
tage was practically
sportation costs and duties. 1/

cshemical producers are pursuing a strategy of
Most companies have worldwide marketing

States, for example, to supply what are currently export markets in the United
States and other locations. This strategy allows the company increased market
presence, ready access to information concerning the local markets, and
increased security of supply to the local markets.

1/ "Producers Must Tighten Their Belts in Europe," European Chemical News,
Oct. 28, 1985, p. 13.
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Factors of competition.--Naphtha, the primary feedstock for the Western
European petrochemical industry, has accounted for a major portion of the
production costs of petrochemicals. This is mainly a result of the increased
prices for naphtha (through 1985) and all petroleum-based feedstocks in past
years and the relative lack of flexibility in the Western European industry
for chemical feedstocks.

In 1973, costs for energy-based materials accounted for
of the total production costs of ethylene, increasing to 85 pe
and remaining around that level until 1983. 'As a result of the line in
world petroleum prices and the increase in flexibility ¢prev
the use of feedstocks, the price of the energy products :t: d
first six months of 1986. The price of naphtha fell\b 50" percent
during January-June 1986; however, naphtha prices o‘increase
over the next few years, mainly because of incr osts associated
with operating the refinery even if the price of pet ins

out 45 percent

ethylene plants in Saudi Arabia. 2/ Increase
as well as increased flexibility in utilizing 1 priced(feedstocks, could
help maintain the higher level of competitivene Accoxding \to a trade
journal, production costs could be red :

Eur ngyeased during 1980-84,
. intended to increase
ase in labor productivity,
oyment in 1985. In 1985,

countries, excluding the United
ent in 1984. During 1980-84,
O nt. 5/ The level of employment is
expected to contihue to n e years at a rate proportional to the

E /AP Workin\Rﬁiment, "The Impact of a Volatile 0il Price on Energy
t Chemical rochemical Industry and on End-Product Pricing," pp.

2 \'Petrochemicals and Plastics: Survey 1986," CEFIC, p. 7.

3/ Western Europe’s Petrochemical Industry is Subject of New BP Briefing

Paper," Hydrocarbon Processing, February 1985, pp. 15 and 17.

4/ World Economic Outlook: A Survey by the Staff of the International

Monetary Fund, International Monetary Fund, April 1986, p. 31; International

Economic Indicators, U.S. Department of Commerce, December 1984, p. 61.

5/ International Economic Indicators, U.S. Department of Commerce, December
1984, p. 64.
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size of the overall workforce. 1/ Labor costs are not expected to increase
significantly during 1987-89. 2/

Total unit labor costs in manufacturing in Western Europe during 1980-85
declined (when examined in terms of U.S. dollars) after reaching a high in
1980. In terms of national currencies, however, the unit labor cos
increased in those years, but at a decreasing rate each year. 3/ Thi
declining rate of increase was attributed in part to the declining rat
increase in hourly compensation throughout the Western Europesn inddstry.
rate of increase in hourly compensation decreased from 11.5 pe ‘i;:-
5.3 percent in 1985. 4/ The slower increase of unit labo also
result of increased productivity. Information particul
industry is not readily available.

conditions and utilizing inputs that are readily avaf e, the startup and

maintainance costs of such infrastructure a ose in
the Middle East, and comparable with those of

infrastructure in Western Europe is extensiwe cient
transfer of materials throughout the EC and ' - pipeline
system exists solely to facilitate the S} ne within Western

Europe.

The Western European petroche
established infrastructure.
facilitate the transport of e

dollar. 5/ A &tzbyﬁg Western European industry is state
held. ‘-q§§ Funding is primarily derived from the
government’. : \-’\\Q‘- try is financed through private

1/ World\Economic Outlook: A Survey by the Staff of the International
Monetary Fund, International Monetary Fund, April 1986, p. 31.

2/ Ibid., p. 33.

3/ International Economic Indicators, U.S. Department of Commerce, December
1984, p. 64; World Economic Qutlook: A Survey by the Staff of the
International Monetary Fund, International Monetary Fund, April 1986, pp. 33
and 189.

4/ International Economic Indicators, U.S. Department of Commerce, December
1984, p. 33.

5/ "Western European Capital Investment in Chemical Industry Remains Strong,"
European Chemical News, June 16, 1986, p. 6.
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In the United Kingdom, capital expenditures in the chemical industry
increased by 25 percent in 1985 to §1.9 billion and are believed to have
increased in 1986 by about 8 percent. Approximately 50 percent of the
investment during this period was believed to have been used for renovation of
existing facilities. 1/ Capital expenditures in Italy, which were necessary
to increase the ability to generate material for export purposes, are
estimated to be in the range of $10 to 15 billion. Accumulating such capital,
however, is not believed to be particularly easy for the Ital firms. 2/
France increased its investment to approximately $1.3 billion im\}985, mainly
to modernize and improve production facilities. At least one m said to
be looking to the government for additional capital. 3/

Transportation costs to North American and oth n pts are
generally higher for other areas of the world tha European
producers. This is particularly true for the pr ddle East.
Much of the transportation costs involved in shipments“Overseas, such as to

the United States, are moderated by the presen ted States of
subsidiaries of the Western European firms.

The level of technology employed the We

increased as the restructuring of the We P
that were (breought onstream were
€5ss te !i5§ es, although much
l J

the shutdown of older plants. The new
more efficient. These plants ut

of the basic chemistry is the sam e\ greater lity of
feedstocks. The process techn t ewe lants are comparable
with those recently built in $ The large number of
multinational firms operat uro petrochemical industry,

both those based in Weste
the transfer of techno i

in<g§§§§> 1d areas, helps facilitate

Adjustments/;gzgzmpe tiv presgﬁ%és n terms of exports of
petrochemicals £ ddle Eas ‘%Qggyestern European market in 1986-87
appeared to be ab 34 the increased imports. Industry
pean industry can remain competitive in

) is said to be $67 per ton, compared with
gpean producers, the addition of freight, duty,

e Saudi product. Similarly, the price at European locations of

1/ Chemical Industry Spending Up By Quarter," European Chemical News,
Apr. 7, 1986, p. 1l4.

2/ "Italy’s Chemical Trade Deficit Mars a Vintage Year," Chemical Week,
Oct. 8, 1986, p. 22.

3/ "French Firms Still Trail EEC Rivals," European Chemical News, Jan. 20,
1986, p. 4; "CDF Chimie Seeks Government Cash," European Chemical News,
July 28, 1986.

4/ "Producers Must Tighten Their Belts in Europe," European Chemical News,
Oct. 28, 1985, p. 13. .
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U.S. polyethylene is said to be "virtually identical" with the price of the

Western European polyethylene, once transportation and duties are added to
U.S. product. 1/
4.2 Canada

Canada’'s estimated proved reserves of crude petroleuﬁ$Ver 6. ion

barrels, as of January 1, 1987; natural gas reserves were -:Q: 00
trillion cubic feet. 2/
Distinctive features.--The Canadian petrochemical\iundus is” largely
3/

is 1s

attributable to the relatively small domestic t and the
available resources. According to industry sa es, the Canadian industry
must maintain and enlarge its export markets to \ wue operating at high
enough rates of capacity to remain econofi}cally able)in t ure. 4/
Capacity utilization in 1985 was 85 percent) representing se of
3 percent compared with that in 1984.

Industry Structure.--The Canadisa c ﬁe<zoche a dustry has

significant foreign investment apd
multinational firms. These firm
ventures. One such venture
Government and a multinatio
products are ethylene, pr

ar filiated with
erdl domestic joint
s owned by the Quebec

m an older plant to a newver,
more efficient facj

Plant to allo liquid feedstocks. Natural gas

28 two multinational firms, the Canada
d a firm that was 100 percent owned by the

the

ompany, whose major
e \i§ currently undergoing
0 million. The restructuring

eedstock flexibility of the newer

1/ Ibid>
2/ "Worldwide Report," 0il & Gas Journal, December 22-29, 1986, p. 36.

3/ Report of the Petrochemical Industry Task Force, February 1984, p. 7.
4/ The Canadian Petrochemical Fact Book, The Canadian Chemical Producers’
Association, Winter 1982/83, p. 17; "Alberta Must Signal Its Long-Term
Dedication," European Chemical News, Sept. 2, 1985, p. 14.

5/ "Changes at Canada’s Petromont," Chemical Week, Aug. 13,1986, p. 28.

6/ "Petrosar Seeks Financial Help," European Chemical News, Dec. 24-31, 1984,

p. 5.
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