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1. INTROLUCTION

1.1 OBJECTIVES AND TGCOPE OF THE STUDY

The Lima Declaration and Plan of Action on industrial development and
co-operation was adopted at the Second General Conference of UNIDO in
March 1975, and was endorsed by the General Assembly at its seventh special
session. In the Lima Declaration the role of industry was reasserted as a
dynamic instrument of growth to attain a rapid socio-economic development of
developing countries. It called for an increase in the share of the developing
countries to at least 25 per cent of total world industrial production by the
year 2000. It declared that developing countries should devote particular
attention to the development of basic industries such as petrochemicals,
thereby consolidating their industrial structure and obtaining a larger share
of world trade. The Lima mandate poses two practical problems: one, to
explore the participation of each industrial sector in achieving the 25 per
cent of total world industrial production; and two, to appraise the magnitude

of the resources needed for its attainment.

This report relates to the study of both problems in the petrochcmical
sector. It addresses itself to the first problem by analyzing the world
situation of the petrochemical industry, its structure and its evolution from
the past up to the year 2000. Concerning the possible share of the developing
countries in the total world petrochemical production by the year 2000, three
alternatives are analyzed. ranging from the continuation of the present
conflicting situation up to the degree of co-operation required to achieve

the Lima target and self-sufficiency.

Concerning the second problem, a world petrochemical model was developed
that is able to simulate long-range situations. The three alternatives
mentioned above were processed and duly quantified in order to measure the
resources nceded by each of them. The consequences and co-operative effort
required in each case are also presented so that both developed and
developing countries may become aware of the implications and serious commit-
ments that might be made in implementing any of these alternatives.



One of the main problems in carrying at this study concerns the data-
gathering and the reliability of the information obtained. So far there is
no world-wide authoritative set of data since no comprehensive statistical
reporting system exists. Cften basic data such as production, exports,
«mportg and consumption are not internationlly comparable for all countries.
The descriptive techniques and product definitions used fo_' production or
trade vary substantially since each of these systems was developed for a
different purpose. Furthermore, classification criteria, degree of
disaggregation, standards of valuation and techniques for data collection

vary for these systems in each country.

rven developed countries face difficulties despite their long-standing
sophisticated statistical reporting systems. For instance, the US {s just
completing the task of developing comparable statistical systems for exports,
imports and domestic production. In Western Furope there is no harmonized
statistical reporting system on a total European basis mainly concerning
production and consumption data. Therefore the sheer magnitude of a
comprehensive world-wide data gathering task is compounded by the need to have
internationally comparable figures that are reliable enough to be acceptable
by governments and industry. In view of the above we could not use any time/
extrapolation methods to forecast to the year 2000 as is customary in industry.
We had to develop more sophisticated forecasting approaches able to quantify
long-ierm trends and to incorporate qualitative apprair als.

The three alternatives presented in the world petrochemical model are
only some among many others possible and the petrochemical model was cons-
tructed to simulate the techno-economic relationships of the petrochemical
industry to be used in the first consultation meeting on petrochemicals in
order to get a feedback from the participants. We are aware that a model is
an abstractiaon that only partially simulates realitly although it gives useful
techno-economic predictions. Current on-going work would give a closer
approach to reality by using futures research techniques based c¢n scenarios.
These scenarios are built on the physical structure of the industry; on the
specific aims, programmes and intentions of the actors (organizations active
in the world petrochemical industry), and on the opportunities and constraints
existing or becoming existent through the actions of the actors.




The appraisal of the three alternatives shown and of the formulation of
other hypotheses would be the themes for scenarios. Once the appropriate
feedback from the participants is received, ICIS would be in a position to
prepare the corresponding scenarios. The study presented in this report is
of the policy type and is addressed to policy-makers and decision-makers
whose decisions and actions will shape the future development of this
industry. Its scope is limited to the four main large-tonnage end-product
petrochemical families: plastics, fibers, elastomers and detergents, along
with their corresponding interme'iate and basic products. The figures
given were gathered from various primary and secondary sources by our
technical consultants BEICIP (Bureau d'Etudes Industrielles et de Coopération
de 1'Institut Frangais du Pétrole) screened for reliability and statistically
harmonized, unless otherwise referenced. The study was carried out in
association with the International Labour Organization (ILO) which

contributed in the manpower and training chapters.

1.2 Typology

The aims of the typology of the study are twofold: one, to ensure inter-
sectoral comparability, and two, to highlight the particular characteristics
of the pe‘rochemical sector. To th's end a simplified version of the major

area and region geographical classification of the United Nations, Department

of Economic and Social Affairs, Population Studies, was adopted.

considered are the following:

(a)
(b)

Western Europe «...
Eastern Europe ....

North A-merica sece e
Latin America eeses

North Africa seeees
East Africa seceess
West Africa «cs.e0.0
South Africa ¢eees
Central Africa ...
Middle East «.c000s
South Asla es 00000
East Asia ceeeveves
China

Japan

Pacific area ...s44

Corresponding UN regions

Northern,Southern and Western Europe excluding

Yugoslavia

Eastern Europe and the USSR including
Yugoslavia

North America

Caribbean, Middle America, Temperate,and
Tropical South America

Northern Africa

Eastern Africa

Western Africa

Southern Africa

Middle Africa

Western South Asia

Eastern and Middle South Asia

East Asia excluding China and Japan

Oceaniay, Melanesia, Micronesia and Polynesia

The regions



In some cases the names of some regions are changed to the names by
which they are more commonly known, such as the Middle East region. Although
the regions are left in their geographical composition a further distinction
between developed and developing countries is made. The developed countries
include the regions (a), (b), (¢), (h), (n) and (o). The developing countries
comprise thc regions (d), (e), (f), (g), (i), (j), (k), (1) and (m).

II. GLOBAL ASSESSMENT OF THE PETROCHEMICAL INDUSTRY:
PAST AND PRESENT SITUATION

2.1 QENERAL CHARACTERISTICS OF THE PETROCHEMICAL I''DUSTRY

The main characteristic of this industry is its production complexity
that allows it a multiple choice of alternative products, processes and raw
materials. On this basis it developed a competitive edge over natural and
artificial products that, in the traditional markets for natural products,
resulted in the rapid rate of substitution of petrochemioals for natural
products. This product subsitution has accounted for the high growth rate of
demand for petroohemicals. At the same time the continuous improvement in
produot performance has allowed the industrial end users of petrochemicale a
higher flexibility and versatility in their partioular applioations than may
have been expected from the natural produots.

2.1.1 HKarkets

(i) One of the ealient facts about the petroohemical industry is its rapid
growth. World production rose from a few hundred tons in 1920 to 3.5 million
tons in 1950 tc about 70 million tons in 1976, and has averaged over 14 per cont
a year during the past 25 years.

(11) Its markete are ocomposed of a limited number of users in several
industrial eectors since petrochemical products usually need to be further
processed before they are sold to final consumers.

(iii) The petrochemical industry selle mainly performance chemicals to the
escondary proosseing industries. This requiree the extension of technical
services to these industriee to develop pdlymer grades betier adapted to the
user's needs, to solve the user's technioal problems in ueing the polymers, to
oollaborate with equipment manufacturers for the proosesing industry, to develop
new machinery that better exploits the propertiee of the polymere, etoc.



(iv) Ths abundance of modsstly priced raw materials and sophisticatsd
technologies gave pstrochemicals a cost edge over other natural products for
replacing thsm in their traditional markets. The nsed to meet the soaring
demand of the processing industries 1sd to ths exploeive growvth rate of ths
last two decadee since traditio. =l products could not compete either
quantitatively or eoonomically with petrochemicals. Furthermore, petrochemicale
have properties often superior to thogse of natural products.

(v) The characteristic growth pattern of demand for peirochemicals usually
followe an S-shaped curve and reflects the sxtent of both product substitution
and technology eubstitution with the passage of time. Typioally, synthetic
petrochemicals initially start slow followed vsry soon by a rapid growth
during ths substitution phase, and then tails off onoe the eubstitution phase
is oomplstsd to continue growing in step with the overall growth of the economic
activity. For example, thsrmoplastioe are still in the super-growth
eubstitution phase while slastomers and eyndets are in the tailed-off normal
phase.

Neverthelese with ths soaring ooste of raw materials, energy and capital
investment, petrochsmioals oan no longer be coneidsred as ohsap substitutse
for natural produots but as materiale on their own merits.

(vi) Pstroohsmioale are quite eensitive to price ohanges for they have
to remain oompetitive with natural produots to continue growing. For example,
natural rubber has regained oompetitivenese in relation to elastomers and
is putting up a etrvong fight back. The proportion of elastomers in the total
rubber market ie being checked at the peak proportion of 1973.

Noreover, ths elackening of demand growth rate for plastios ie etarting some
skirmi ehing between oompeting plastics themsslvee for various processing
applioations. For example, the inroade made by HDPE into LDPE film markete,
PP into ABS, PS and LDPE applicatione, PVC into ABS pipe markete, etc.
This interplastioe substitution oomes about beosuss ths proceseing industriee
buy adequate performance at minimum cost after oonsidering the whole produotion
and dietribution system and not on polymer prios alone. For instanoce an
HDPE film needs only half the thickneee of an LDPE film to provide the same
strength,hsnce the highsr coets of HDPE are sasily offsst on a unitary basie.
Currently the petrochsmical industry ie mainly concentrated in a
limited number of large-volume end produot familiee whose end uses and tschnology
are known well enough to permit their produotion by a broad range of companiee
in any region of the world. Ths intermediate and basio pstrochemioals are
techrically integrated into ths production of pstrochsmical end products and
they usually have no alternative marksts of their own.



2.1.2 Technology and investment

(i) The petrochemical industry involves the application of complex
technologies both for the chemical processes and for the many technical
alternati .es offered concerning products, processes and raw materials. For
instance, several basic products are required to produce some intermediates
such as styrene or DMT. One intermediate can be used to produce several end
products the uses of which can be very di“ferent, such as styrene to produce
the elastomer SBR and the plastic PS. The same intermediates can be derived
from different basic products, such as caprolactam can be produced from
benzene or toluene. The same end product can be obtained in different ways,
like polyester fibres can be produced from terephtalic acid or from DMT and
ethylene oxide. The latter method offers an outlet for ethylene which the
first method does not.

Furthermore, the basic products olefins and aromatics, may be produced in various
ways. Production of bLenzene may be linked to that of ethylene if it is extracted
from pyrolysis gasoline. Benzene may be extracted independently if a method
involving catalytic reforming of naphtha and extraction from the reformate i:
chosen, or the two may be combined as one extraction unit may be fed both by a
reformate and a pyrolises gasoline.
(ii) The organic chemical industry was the first research intensive

industry characterized by a fast flow of new products and technologiee that
have been instrumental in changing societal patterns all over the world. Jince
the late 40's the organic chemical industry shifted from coal-based to petrolecum-
based thus becoming the modern petrochemical industry. The innovation effort
persisted up to the 70's where we are now noticing a slowing down in technolo-
gical advance due to sluggish demand, economic uncertainties and inflationary
cost structures. Nevertheless, the industry is pressed io innovate continuously
in order to keep productinn coete competitive, fending off the mounting effects
of inflation, the ever-increasing salary demands, and price increases of feed-
etocks and other inputs.

(11i) A1l large tonnage petrochemicals are derived from eight basic
building blocke: ethylene, propylene, butadiene, benszene, toluene, xylenes,
ammonia and methanol. These in turn can be produced from varioue raw materials
such as petroleum dietillates, LPG, ethane, natural gas, coal, shale oil,
bio mass. Each prooess except ethane and natural gas, involves a nusber of
co-products that have to be upgraded from their fuel value into a chemical value.




Considering the limited petroleus reserves and the steady growth in demand
for oil products, the petrochssical industry is facing a growing competition
from other energy users in the supply of its main raw material naphtha.
Therefore the industry is currently speeding up research towards alternative
fsedstocks that use the heavy end of the oil barrel economically.

(iv) The cracking of naphtha as feedstock produced a number of co-products
and involved costly purification and eeparation processes. This situation led
t0 pressures for getting a chesical value out of co—products through new markets
and/or uses, and to the development of integrated petrochemical complexes; it
also spurred a maximum scaling-up of plant sizes to reduce the investment per
ton of installed capacity and sinimize production cosis. These characteristics
are currently the dominant features of modern complexes throughout the world.
The industry is subject to restrictions of economy of scale although to a lesser
degree since 1973.

At present the industry is going through a period of rapidly increasing unitary
investnent cost due to very large plant and consiruction cost increases, new
environmental regulation and the need to conserve productive throushput factors.
For example, a recent survey carried out by the Chemical Industries Association
of the United Kingdom shows that plant and consiruction costs in the UK have
gone from a cost index 100 in 1970 to 275 in 1977 and ss expected to reach 396
by 1980. Therefore to build a plamt in 1980 in the UK is likely to cost four
times as much as a similar plant built in 1970, without counting additional
equipment for pollution abatesent and energy conservation.

(v) The industry operates large scale plants particularly in the case of
the basic products. Considering the very substantial investments committed in
the plants, there is a need to have efficient and continuous operations at high
capacity ratss and an effective maintenance of large complexes. It requires
the keeping of a relatively ssall but qualified work force and its continuous
up-grading through properly designed training programmes.

(vi) Because of the nature of raw materials, processes and products,
petrochemical plants have potential health and environmental hazards. In the
developed countries a number of its products have mandatory strict toxicity and
pollution standards and some like VCH are recognised human chemical carcinogens.
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Nodern plante are dssigned to meet these standarde under the most unfavourable
operating conditions. As most procesees operate at high temperaturee and/or
pressures and deal with catalytically activated inflamable toxic or corrosive
materials, the products and effluents produced may bring harmful effects to
human, animal and plant life and may adversely affect the quality of the
environment. Damage may occur through continuous affluent discharges, leakages
or accidents. The prevention of damage depends initially upon satisfactory
plant design, reliable quality equipment, and proper pollution control measures
and antipollution equipment. A qualified, alert and reliable maintenance system
is required as well as aafety protection and operation procedures. A permanent
training and rehearsal programme is impertant to minimize any potential damage.

2.1.3 Internal structure of the petrochemical industry

The internal structure of this industry is presented in figure 1.

2.2 WORLD PRODUCTICN OF PETROCHEMICALS

2.2.1 Factors affecting the production of petrochemical producte
. There are many different types of factors affecting the establiehment and

development of the petrochemical industry which may be grouped as geographical,
economic, social, political, financial, technological and environmental. The
analysis of the most important of these factors along with their trende gives a
better insight into the industry.

(s) Existence and development of a market

Ths first condition for the setting up of this industiry is the existence
of an sffective and potential demand. Concerning end petrochesicale, its
products are very competitive with other natural and artificial producte both
a8 industrial materials and as finished goods. It can produce synthetic
materials custom made to meet specific performance requirements.

Regarding basic and intermediate petrochemicale, it can competitively
produce most of the organic chemical products that were traditionally manufactured
from raw materiale other than petroleum and natural gas such as coal, molaswzes etc,
e.g. acetylens from oalciun carbids, bemsene derived from ooal. The rapid
development of this in_.astry is due to its ability to eupply at competitive
prioces products with stabls specifications but whose properties are often superior
to those of natural products, thus effectively substituting them to a large degree
in their traditional markets.

T™e availability of petrochemicals led to a fow new wses but in the main,
market growth oonoentrated on existing applicatioms.
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The increasing availability of petrochemicals had a double effect on natural
products. One, not omly did prices fall but the frequent prioce fluctuatione
of natural products were reduced. Two, there was a marked improvement in the
quality and productivity of natural products such as natural rubber, cotton,
wool. These natural products, having regained competitiveness, have since
recently been able to fight back the petrochemicals® penetration in their
markets, for example, an increased proportion of ootton in polyester cotton
fabrics from 65/35 to 50/50.

(b) Availability of petroleus raw materiale

In order to set up a petrochemical industry there must be petroleum raw

materials available, either in the form of gas or petrolsum fractions obtained
through refining.It sust be emphasized at this point that the development and
concentration of the petrochemical industry in such areas as North America,
Japan and Europe were largely due to the existence of suitably priced raw
materials: ethane and LPC associated with natural gas in the United States,
and naphtha until recemtly in sxcess of the requirements of the petroleum
products market, in Burope aad Japan. In the past, a local supply of crude
0il was not a major factor in the dsvelopment of the industry, and, with the
exception of the United States where the pestrochemical industry is bdased on
gas, most of the coumtries where this industry is well developed are not
themeelves produocers of crude 0il. The existence of gas or of a refining
industry which cam supply gas 0il or naphtha is much more important. The
proportion of raw materials wsed in petrochemistry, out of the total crude oil
and gas produced, although comstamtly growing, is still emall. It was less than
1 per cent in 1950 amd is now somewhere between 4.5 and 5 per oent.

The availability of raw materials should be linked with the sxistence of a
refining industry discussed here below. It affecte the basic petroohemioal
production.

(o) Existemos of s refiaing industry

The existemce of a large-scale refining indwstry is an important factor
for this industry. Onm the ome hamd, it is an indispensable source of feedstocks,
for instance, im order to prodmos 300,000 WT/year of ethyleme, more than
2 million tons of maphtha are required, amd this amount, unless imported, requires
a refinery of at least 5 to 6 million tons/year. On the other hand, the refining
industry enables the valorisation of a large quamtity of basic petrochemiocal
co-products. Por example, the production of 1 ton of ethylene by the stemm
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cracking of naphtha yields abou*t 0.2 tons of LPG and 0.65 tons of gasoline
which can only be fully valorized by blending them with refinery products.
The refining and petrochemical industry rely on technologies which are
in some respects fairly similar. The presence of personnel experienced in
the operation and maintenance of a refinery is of great benefit to a starting
petrochemical industry particularly concerning basic products.
(d) Availability of manpower

The technology used in this industry is complex and involves state-of-the-
art developments in several fields such as chemistry, metallurgy, mechanics
and electronics. Therefore the operating and maintenance work force is made
up mainly of skilled personnel. In view of the large sums invested and the
adverse effects of unscheduled plant stoppages on profits, it is advisable that
the operation ard maintenance of complexes be entrusted to very experienced
personnel. The problems of training engineers, foremen, operators, maintenanoe
specialists and chemists are a decisive factor,for training involves considerable
expenditures.

The personnel requirements of this industry, particularly for the production
of basics, are relatively small in proportion to output and investment. A
fair-sised 1 billion dollar complex, under 1974 oconditions, comprising
400,000 ton/year of ethylene, 580,000 ton/year of thermoplastics, 40,000 ton/year
of PBR, 40,000 ton/year of acrylonitrile and over 400,000 ton/year of petroleum
products, requires for operation, maintenance and general services, a staff of
2,050, 30 percent of which may be classified as unskilled workers.

Personnel requirements per ton produced are larger for end products than
for basic products. For example, a plant produoing 400,000 tons/year of ethylene
and over 1 million tons of other basio petrochemicals and petroleum products
requires about the same operational manpower as a 220,000 ton/year LDPE plant.

A PVC plant opervatss with twioce as much personnel as rsquired by the ocorresponding
VCH plant of similar capacity.

Synthetic fibers oonstitute a special case, for a large staff is required
for production, the majority of which is unskilled personnel engaged in handling
activities.

(e) Means of finamcing investment

The petrochsmical industry is a ocapital-intensive indue.ry requiring very
considerable investments. For instamoce, the current cost of a complex ocentered
around a 400,000 ton/year ethylene plant amounts to over 1 billion dollars under
Buropean oonditions. Acocess to meams of financing this high order of investment



has been, and will increasingly be a major element governing the development

and setting up of this industry.

In the past, the investment needs were largely financed from internal
resources generated by petrochemical companies partly resulting from favourably
priced raw materials. The advantageous cost structure of the industry favoured
a lowering of prices that led to deep penatra%ions into the markets for natural
products. The resulting large increase in volume of production contributed to
an accelerated capital accumlation rate, mainly in developed countries that
facilitated the finaneing of new plants. This accumulated capital also enabled
a great deal of money to be devoted to research, and this outlay, stimulated by
competition between companies, proved to be worthwhile for it extended the
retained funds without stifling market developments.

(f) Developing a teohnology - the importance of research

The spectacular development of the petrochemical industry, due to the
increasingly competitive nature of the products marketed, was made possible
only through the continuous perfecting and improvement of a technology, thanks
to particularly large sums being set aside for research. Between 1960 amd 1970
the budget devoted by the leading chemical companies to the perfecting of
existing techniques and the development of new processes was equivalent to
2 to 4 per oent of their turnover in the US and Burope. Companies engaged in
production were not the only ones to undertake such research. Engineering
companies and oompanies specialiging in the development of processes were also
very active in this field with a view to being able to offer more and more
competitive techniques to their ever-growing olientele. This constant, sustained
effort acoounts on one hand for the relative complexity of the petrochemical
industry, mentioned esrlier, and on the other hand for the upheavals which take
place within the industry whenever a new teohnique is perfected, as well as its
capacity for adaptation to ohanging economic situations. Examples include the
ohangeover from acetylene to ethyline as the main basic block, the progressive
replacement in the US of producing butadiene from butane by extracting it from
the C-4 cuts from the steam cracking, the use of heavier feedstocks, etc.

One of the most important fields of research conoerned the continual
improvement of the quality of end produots, e.g. the mechanical properties of
synthetic rubber and plastios; the snlidity, homogeneity and great receptivity
of synthetic fibres io dye stuffs; the degree of biodegradability of detergenis.
The two main lines of research, lowering of production cosis and improving the
quality of products led to the expansion of the market for petrochemical
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products, a major factor in the growth of the industry.

As far as any company or country is concerned, the development of a
technology is not a prerequisite for the setting up of a ohemical industry
since a new producer can have access t0 a production technology once the
necessary licenses have been acquired. The initial Japanese and, to a lesser
extent, Western European petrochemical industry have been based on imported
US technology.

It should be noticed that the research undertaken, stimulated by inter-
company competition sometimes on a world-wide scale, has been very profitable.
Each major change in the choice of production techniques that carries a
considerable initial risk, has resulted in a marked reduction in cost and/or
a significant improvement in the quality of the products. Research has also
been indispensable to the design and implementation of ever larger plants with
its concomitant positive effects on the profitability of the industry.

(g) Existence of a processing industry

The end petrochemical products are not sold directly to final comsumers.
They find their outlets in other processing industries such as plastics, textiles,
tires, detergents. Without these processing industries there is no effective
domestic market for petrochemicals even if there is a considerable demand for
petrochemical based goods such as plastic pipes, films, fabrics, tires, syndets.
These industries are very different in nature from the petrochemical industry.
They do not require very substantial investments, employ a very large work force,
and their threshold of economic sige is much lower than in the petrochemical
industry. Their production capaoities match market growth fairly closely on
account of their comparatively smaller plant sises.

In most countries the processing industries precede the petroohemical
Produotion. They often receive technical assistanoce from petrochemical producers
in terms of after sales service, product promotion, teohnioal aid to better
exploit the properties of petrochemioal products, and oonstant improvements in
the jJuality of end petrochemicals.

2.2.2 Development of the petrochemical industry

2.2.2.1 Evolution of the petroohemioal industry
From the nineteenth century to about 1936, a coal-based organic chemioal

industry developed rapidly in France, Germany, United Kingdom and United States.
By around 1920 the first few hundred tons of petrol eum-based petroohemicals were
produced for the automotive industry in the form of paints, anti-freeze and
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various additives. Later on, plastics, elastomers, synthetic fibres and

syndets came to the market,but their combined feedstock requirements were

small. The basic organic chemicals were made from coal by-products,

acetylene from calcium carbide and molasses. The Second World War became

a powerful stimulus for developing this industry in the United States since :
it rapidly expanded to meet a demand far in excess of what the traditional

coal and agricnlture sources could supply in quantitative and qualitative

terms. Most of the present large tonnage petrochemicals were already invented by
the end of the war. Among the countries with an important chemical industry

only the United States was at that time a petroleum producer, hence there

was no incentive to use o0il as feedstock. The demand during the war for

gasvline and synthetic products substituting for scarce natural products, the

0il availability from new Middle East sources, and the huge post-war invest-
ments in refineries in Europe of United States oil multinationals,
effectively removed the last objections of the European chemical industry

for shifting from coal to petroleum.

Consequently in the late 1940s the main feedstock changed to petroleum-
based routes assisted by a large simultaneous expansion of oil refineries in
Burope and Japan. The changeover was made for economic reasons and easiness
of operation and was innovatively based on naphtha, then modestly priced and
in surplus supply. This new oil-based industry grew very fast during 1950-70
at about 2.5 times tne GDP growth in the same period. This rapid development
was brought about by a soaring demand for polymer materials coupled with the
inability of traditional materials to compete either quantitatively or
economically with them. This led to the rapid substitution of petrochemicals
in the traditional markets of natural products.

The cracking of naphtha increased the production cost of olefins and
produced a range of co-products. This situation led to efforts for up-grading
the worth of the co-products from their value as.fuel, the development of inte-
grated complexes and the maximum increase i1n plant sizes commensurate with the
technical risk and the reduction of investment cost per ton of product. In
this rather ebullient era, the economic risks by sluggish demand, plant
break-downs etc. were more easily accepted. The evolution of large ethylene
plants was inevitable if Europe and Japan were to beoome cost competitive with
the United States production based on the simpler feedstocks ethane and LPGl/.
These efforts brought about large technical advances in process chemistry and
engineering.

y A.W. Taylor, "The petrochemical industry: some perspective views",
Chemistry and Industry, 1 January 1977.




Currently, the production of olefins and particularly of ethylene, is
ihe major operation of this industry, and has become its bellwether indicator
for the development of the petrochemical industry. In the 19508 large
naphtha-based ethylene plants produced 50,000 MT/y. At the end of the 1960s
the large ethylene plants were producing 500,000 I~‘l‘I‘/y in one single train.
Currently a growing number of experts thinks that maximum economies of scale
have leveled off at about 600,000-650,000 NMT 'y 2,

Four main factors accounted for the super growth of the world petro-
chemical industry during the fast growing period of 1950-70:

{a) An explosive market growth due to the fast substitution of petro-
chemicals in the markets of natural products. ‘'he new materials had
properiies often superior to those of natural producis.

(b) Naphtha, the basic feedstiock, was a commodity whose pricee were
falling, even in mbr.eta.ry terms,the more so in terms of real purchasing
value l"’.

(¢c) The development of econoumies of scale in the petrochemical plants
vhat led to the large-scale modern petrochemical complexes. This was
facilitated by the adaptation of large-scale o1l refinery technology, plant
scale—up that decreased investment costs per ton of product, and by the
sproading of overheads and semivariable costs. This trend, more visible
during the 196Us, led to the provision of capacity ahead of demand in order
L0 reap the benefits from large-scale operations, with the result that eitther
Ir a down-turn in demand or in anticipation of full piant capacity utiliza-
tion benefits, prices were lowered to unrewarding levels 4 .

(d) The very fast technical developments in processes and engineering
thai gave petrochemicals a cost edge over natural peructs. Among the more
imporiant technical developments are the following 2'/:

- more active, robust and selective catalysis;

- metallurgical developments of new materials able to withstand extreme
temperatures, high pressures and corrosive environments;

- development of large and reliable centrifugal ocompressors;

"Are bigger plants better? No small debate", News features, Chemical

Engineering, 22 May 1978.

}/ "Structural changes and their effect in the organic chemical industry:
some perspective views", N. Champion, Chemistry and lndusiry, 7 Jan.1978.

4/ op. cit. in 1/

5/ op. oit. in 1/
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~ advances in chemical analysis methods;

- new separation methods for products of higher and consistent purity;

- advances in instrumentation and control mechanisms and systems.

The success of this industry has been reflected in its very high
growth reie that enabled large investments,sustained innovation efforts,
and the ability to finance its own activities.

In the early 19708 there were signs that the four factors which had
favoured this industry in the previous iwo decades were starting to decline
in their effects. The emergence of new producers in developing countries
highlighted the overcapacity build-up in the developed countries when the
faster substitution phase of most petrochemicals but plastics was tailing
off; the feedstock costs stopped going down and started to move up instead
thus increasing the weight of variable costs over fixed costs; the benefits
of plant economies of scale are peaking off at least for the foreseeable
futures and the laws of diminishing returns began to apply to technical
innovation developments due, in part, to "non-productive" research such as
on pollution abatement and toxicology.

The sudden quadrupling of oil prices in 1973 brought the brewing crisis
into the open. Despite all this, in the first half of 1974 the peak of the
world-wide boom in petrochemicals was reached. After that, the important
and promising petrochemical business developments that had been built up
with the developing countries, virtually collapsed é/.

In the developed countries price increases and shortages towards mid 1974
led to changes in buying habits, savings on materials and substitution for
better coct-performance materials. For the same reasons their 'exports to the
developing countries did nct continue to grow. Moreover, stock control policy
became a prime factor at all levels of the processing industries.

During 1975 a realistic adjustment to the changed world market situation
took place. Because of product surpluses and differences in production costs
in the various regions, petrochemicals were subject to price pressures from
the market at times when production costs increased due to lower plant capacity
utiligation rates. The positive market recovery that started at the end of
1975 continued in certain areas into 1976. However, late in that year it
became apparent that the recovery was to be short-lived. By September 1977
the world market receded strongly back to the bottom levels of late 1974.

In July 1978 some positive signs of market recovery in the more depressed
areas of Western Burope and Japan have started appearing.

§/ R. von der Heyde, "The organic chemical industry and its development:
a commernial viewpoint”, Chemistry and Industry, 7 January 1978.
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To sum up, four factors can be pointed out as the main reasons for the
current structural recession in this industry 1/:

(i) A stronger trend towards materials savings for technical and
commercial reasons. This means that the pre 1973 product use structure is
outdated therefore the expected increases in production and consumption
cannot be realized. The evolving new end-use structure is not complete yet.
Hence the more depressed petrochemical industries, that of Japan and Wesiern
Europe, are now consolidating and rationalizing the receding, stagnant and
very low growth areas of their petrochemical industries.

(ii) A temporary lack of real innovations having short-term effects on
production and sales.

(iii) The emergence of important new producers in Eastern Europe and in
the developing countries that is creating overcapacity problems in the
developed countries.

(iv) The overcoming of planning pitfalls that stem from the 19608 such
as 8 :

- optimistic acceptance of exponential market growth predictioms that
led to overcapacity;

~ double counting of export markets as this industry became more
international in its trade;

~ the disbelief in the likely growth of demand for certain products
where a technical change of route was predicted, thus leading to undercapacity;

~ the delays in plant completion and the unexpected low performance of
some major plants inoorporating insufficiently developed technioal advances.

The growth of world production of the petrochemical industry is givsn
below for the main families of end products and main basics, since the inter—
mediate products are linked to the other two by +-chnical factors and they
have fow markets of their own.

2.2.2.1 - 1. Main end products of the petrochemioal industry

Table 1 shows the growth of the four main end products. Plastios account
for more than half of the petrochemical produots under consideration, in terms
of tonnage and, even 80, the production of plastios is still expanding rapidly,
on acoount of the large potential demand.

As far as the other end products, such as synthetic fibres, rubber and
detergents whioh oame on the market more recently, are oconcermed, the
substantial rise in produotion in the last twenty to thirty years can be

1/ op. oit. in 6/
8/ op. oit. in 1/
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attributed mainly to their having rapidly supplanted those products which
were already on the market, i.e., cellulose fibres, natural rubber and soap.
Generally speaking, the substitution of synthetic products is not
complete, but considering the extent to which they have already penetrated
the market, production of the three groups of products mentioned, namely
synthetic fibres, rubber and detergents, can be expected to slow down

in the near future.

Table 1. World production of the main end petrochemicals
(millions of tons)

1950 1960 1970 1974 1972

Plastics 1.5 7.0 30.2 44 .6 38.5
Synthetic fibres 0.1 0.7 5el 7.5 T¢5
Synthetic rubbers 0.7 2.0 5.9 T.7 7.4
Detergents 0.7 1.5 9.0 11.0 10.8

Total 3.0 13.2 50.2 70.8 64.2

2.2.2.1 - 2. Main basic products of the petrochemical industry

The main petrochemical base pioducts are olefins (ethylene, propylene,
butadiene), aromatics (essentiaily benzene and xylenes) and methanol.

Two basic processes predominate, namely:

- Bteam cracking, which is the main source of olefins tut which can
also be used to produce aromatics;

- catalytic reforming which, independently from its use in refining,
produces aromatics for the petrochemical industry.

In addition to these, steam reforming should be mentioned; it ie used
essentially for the synthesis of ammonia, but also for the synthesis of
methanol .

The basic hydrocarbons resulting from these processes, i.e. ethylene,
propylene, butadiene, benzene, xylenes and methanol, are the key products of
the petrochemical industry. The paths leading from these basic products to
the end products are numerous and complex but the main ones can be traced:
ethylene and propylene serve as basic products for the most important plastics;
aromatics for the basis for the synthesis of non-cellulosic fibres; butadiene
is involved in the production of the principal synthetic rubbers. Methanol is
used essentially for the production of formol, one of the constituents of
adhesives. Table 2 shows the relative importance of the basic petrochemicals.
World consumption of ethylene amounts to roughly double that of propylene or

benzene.
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thousands of tons

trochemicals

Table 2. World production of the main basic pe

Ethylene

United States
Western Europe
Japan
Others

Total

Propylena

United States
Western Europs
Japan
Others

Total

Butadiene

United States
Western Europe
Japan
Others

Total

Benzena

United States
Westoern Europe
Japan
Othersy

Total

P.xylene

United States
Westerr. Europe
Japan
Others

Total

1965 1970 1976

4 600 7 700 3 900

2 000 5 950 8 600

900 3 050 3 aoc
500 1 &G0 2 700 (1)

8 000 18 500 26 030

2 400 3 sao 4 400

1 100 3 280 5 100

700 1 850 2 600
200 500 1 60C (1)

4 400 9 530 13 700

1 100 1 400 1 500

400 880 1 400

100 450 580
300 400 1 400 (1)

1 800 3130 4 880

2 700 3 %00 4 500

1 450 2 750 4 102

380 1570 1 900
250 800 2 800 (1)

4 780 8 820 13 300

1 500

750

550

300

3 100




262422 harce in world production of petrochemicals, by malrn
produc'.s and regions

Up to the end of the 19408 the !nited States was still virtually tne
only country with a significantly developed petrochemical industry thanks
to its oil refining indusiry that developed the basic catalytic cracking and
high pressure high temperature technologies that werc later udapted to
produce basic petrochemicals. gy the mid 1950s the Inited Utates had about
87 per cent of the total world petrochemical production. 'his percentage
has steadily diminished during the past twenty years to the current one third
of world production.

From 1960 onwards Japan and Europe expanded their production more
rapidly than the United States, with the result that Purope became the mzin
world petrochemical producing region since 1971 '72.

The share of the developing countries in world petrochemicai production
is gtill only marginal for all products but synthetic tibers. lheir first
venture into the petrochemical industry was the manuracture ol gyntueiic
fibres in view of the relatively small plant sizes for economic production
and the larger share represented by latour in total production costs. Ir tie
other petrochemical arcas, the production of developing countries prior 1o
1965 was 1lmost non existent except tor a few low-capacity plants mainly irn
Latin America. [ven today there are about thirteen developing couniries witin
an established tasic petrochemical industry. Among the more important
producers in developing countries are Algeria, iJrazil, India, Republic of

Korea, iexico and Venezuela.

2,2.2,2 - 1. 3hare in world production of plastics
During 1950-1970 world production of plagtics was nearly doubiing

every five years but between 1970 and 1974 its increase was littlec more than
50 per cent. Plastics production dropped during 1975 to recover the
production levels of 1974 in 1976. This production increase has also shown a

widening geographical spread as reflected in Table 3.

Table 3. Regional share of world plastics production
(porcentage,

1960 1965 100 1914

United States 50 39 30 32
Western Europe 32 39 41 43
Eastern BEurope 9 10 10 10
Japan 9 11 16 14
Others gy/ - 1 3 1

Total 100 100 100 100

a/ At this stage it is difficult to further disaggregate for lack
of statistics. ,
Source: Calculated on the basis of ECE-CHENM 'GE.1l,R.3/Add.3, 5 Apr.1977
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‘he share of the developing countries in plastics production iy
minimal. Jhe three largest individual producers, the United states,
Japan and tne “ederal Republic of Germuny, account for over half of the
total world plastics production.

i'rom the total werld plastics production, thermoplustics accounts
for abiuttwo thirds. 1n 1979, the percentage of thermoplastics to total
plastics production in the three largest producing countries were as follows:
Japan 7y per cent, United 5tates 74 per rcent and the Federal Republic of

Germany G per cert.

2e24?242 - 2. Uhare in world production of synthetic fibres

uring the 1960s world production of synthetic fibres grew faster than
that of plastics and rubber because early in the 1960s this field was
practically in its infancy. Currently it is the more troublesome arca of
the petrochemical industry.

Lo production of man-made fibres in the total fibre output accounted
for 22 per cent in 1960, 40 per cent in 1970 and 44 per cent in 197H.

ithin the man-made fibres, synthetic fibres have been gaining
impressively over cellulosic tibres. 1n 1970 synthetic fibres accounted for
56 per cent of total man-made fibres output, and in 197, the figure was 71.%
per cent. At the same time, the cellolosic fibres physical output was
diminishing. 7This production increase has shown a widening geographical spread
with the emergence of developing countries as an important world producer,

as given in table 4.

Table 4. Regional share of world production of synthetic fibres
(porcentagei

1960 1965 L0 1915

United States 46 40 33 33
Western Europe 31 30 3l 26
Eastern Europe 5 7 7 11
Japan 18 19 21 14
Others - 4 8 16

Total 100 100 100 100

Source: Calculated on the basis of ECE-CHEY GE.l R.3 'Add.6, 16 Hay 1977
The largest world producers of synthetic fibres are the United States,
Japan and the Federal Republic of Cermany that together account for over
50 per cent of world production.
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In 1975 the percentage of synthetic fibres to total man-made production
in the threec largest producing countries were as follows: the Uniled States
84 per cent, Federal Republic of Germany 82 per cent and Japan 73 per cent.
hs for developing countries, two regions, Latin America and East Asia,
account for over 80 per cent of the total synthetic fibres production of

developing countries.

2.2.2.2 -~ 3. Ghare 1n world production of synthetic rubber

During the 1960s synthetic rubber production grew at 6.75 per cent
annually. 'this growth diminished to 2 per cent annually during 1971-74.
During the same period the share of synthetic rubber went up to around
70 per cent of total rubber consumption, but in some cases such as in the
United States, it went up to 78 per cent. Since 1972 natural rubber 1s
making a strong comeback and has recaptured a few percentage points. ‘he

world production has shown a widening geographic spread as given in table ©.

Table 5. Regional share of world production of synthetic rubber

(percentage )

United States 63 49 37 34 31
Western Europe 12 19 23 24 23
Eastern Europe 17 20 21 23 27
Japan 1 4 12 12 11
Other developed
countries 1 7 4 4 4
Other developing
countries - 1 3 3 4

Total 100 100 100 100 100

The 7.Sou.rcei Calculated on the basis of ECE~CIIEM/GE.1/R.3/Add.15, 3 June 1977
lion tons produced ¥ 1973 give the peak point after which a drop followed
mainly in the United States, Western Europe and Japan. World production is
estimated to have recovered the 1973 level by 1977. The largest world
producers of synthetic rubber are the United States, USSR and Japan,

accounting together for around 60 per cent of world production. As a
difference to plastics and synthetic fibres, the main producers of synthetic
rubber are 0il multinationals and tire manufacturers in market economy
countries. As for developing countries, Argentina, Bragil, Mexico and India
account for about 90 per cent of the synthetic rubber production of developing

countries.
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2.2.2.2 - 4. Share in world production of intermediatcs and basic
petrochemicals

'hese products have a rather rigid stoichiometric reiation to the
maln large tonnage end product families shown above, and their production
evolution has followed, in general, the growth pattern of plastics and
synthetic fibres that together account for about two thirds oi world
petrochemical production. "he regional share in world Lusics production

18 given in table <.

‘'able 6. Regional share of basic petrochiemicals
{percentage '

sthylene SN2 one
To%r . e L | Lee gre LG
United States ng 42 i S0 A4 "
llestern bkurope 25 32 37 W i1 4
Japan 11 16 1Y 5 g 14
Others 8] 10 1v t 7 21
Total 100 100 100 100 100 100

There are very few deveioping countries that have a sizeable basic
petrochemical industry in operation. Among them are ‘razil, India, Republic

of Lorea, Mexico and Venezuela.

2.2.2.3 Regional production capacity

The main factors governing the exisiernce and development of a petro-
chemical industry and analyzed in sectior 2.2.1 have been present together
in the developed countries, hence their development and concentration in
those countries. In fact, in 1977 Europe, Japan and the United States
accounted for 92 per cent of world ethylene capacity, 97 per cent of benzene
and 93 per cent of world butadiene capacity. Those regions also predominate
in intermediates and end products capacities, with over 90 per cent of world
capacity in plastics, elastomers and intermediates, and 84 per cent in
synthetic fibres.

Although few developing countries have a sizeable basic petrochemical
industry in operation, a number of them have important new projects in view,
some of which are already under construction. Taking into consideration the
plants scheduled to start operating before 1980, the share of the developing
countries in world petrochemical production capacity will grow substantially.
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i'or instance, the #ylene capacity of developing countries would increase
about 2.3 times, from 2.6 million tons in 1977 to 7.3 million tons in 1980,
whilc the developed couniries would increase capacity 1n less tnan 40 per
cent, from ‘6 million to 49.9 million tons. The current production
capacities as of' mid-1977 by regions, are given in anncxes 1 (a) through (c).
ore detailed information on production capacities by product and country are

given in appendix A.

2.2,y leadstock supply and energy requirements

2.2.3.1 current situation by main regions

“he petrochemical industry, by virtue of its structure, is subject to
fairly narrow restrictions concerning the raw materials it can use economically.
“ctrochemical products are derived essentially from eight major intermediate
produrts: ethylene, propylene, butadiene, benzene, xylenes, toluene, meth:uol
and ammonia. lhese are the basic building blocks from which a large number
of organic synthetic derivatives can most cheaply be prepared.

The more complex intermediates are rarely uscd, even though they are closer
10 the end product which is to be obtained. In fact, the preparation of these
1intermediates involves the production of other products both physically and
cnemically very close and which are extremely difficult to separate. It is
therefore more economical to synthesize ethylbenzene from benzene and ethylene
rather than to extract it from the aromatic cut produced by steam cracking.

wrrently all these eight basic products are produced almost exclusively
from natural and associate gas, and oil refinery cuts mainly naphtha. The
only important exception is benzene, that is also produced as a by-product of
metallurgical coke.

This situation of the petrochemical industry has remained without any
structural change despite the very steep rise in feedstock costis due to the
quadrupling of oil prices. The world petrochemical industry consumption of

raw materialis and fuel, by region, is given in table 7.

Table ]. World trochemical consumption of hydrocarbons
!percentage’ 1972 1516

North America 35 33
Western Burope 34 32
Eastern Europe 11 15
Japan 17 16
Others —3 4

Total 100 100
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(a) Yorth America

The lowest cost of gas in the United States favoured its penetrat.on in
all fields but transport. In the petrochemical industry methanol is always

produced from natural gas feedstocks and ethylene production developed as

follows:
From gas From naphtha
(ethane or LPG) or gas oil
1971 84 .~ 16
1976 17 .- 23 °

In 1971 ethane was still largely predominant, accounting for 51 per cent
of all ethylene produced, followed by propane (33 per cent),naphtha and gas
0oil. As a result the propylene produced (by steam cracking) was not sufficient
to satisfy the demand, the deficit being made up by propylene obtained as a
by-product from FCC (fluid catalytic cracking). The amount of butadiene
produced was also insufficient, and the additional demand had to be met by
means of imports and butane dehydrogenetion.

The quantity of benzene produced Ly steam cracking was equivalent to
only 10 per cent of the demand. Catalytic reforming of naphtha feedstocks
was therefore used to provide a further 30 per cent in conjunction with
toluene hydrodealkylation, and the remaining 10 per cent wes obtained as a
coke by-product. Catalytic reforming produced xylenes in far greater quan-
tities than required by the petrochemical industry. The surplus was used as
a solvent or in gasoline mixtures.

The decline in the part played by ethane and propane as ras materials
for ethylene production is due to the rapid exhaustion of American gas reserves
resulting from excessive use of this fuel.

In 1976 the North American petrochemical industry used roughly 6 per cent
of the total hydrocarbon consumption (oil and gas) in the form of raw materials
and fuels.

(b) wWestern Europe

The situation of Western Europe is the converse of that of the United
States. The latter, being motor fuel consumers, have for some time now been
obliged to upgrade heavy fractions to light fractions in order to make up the
naphtha deficit. Western Europe, on the other hand, has for a long time had a
surplus of naphtha since gasoline consumption is relatively lower compared to
fuel 0il requirements for industry and gas oil requirements for heating,
transport and industry.

The surplus naphtha fraction, together with a limited supply of natural
gss in some regions, has led to naphtha being used for the production of

methanol (17 per cent for 1973 production) and ammonia (33 per cent of 1973
production).
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1In 1973, 93 per cent of ethylene was produced from naphtha, and the
rest from gas oil and LPG equally. As a result, the amount of propylene
produced was more than adequate, and there was a surplus of butadiene,
some of which was therefore exported to the United States.

As for benzene, in 1973 it was produced 14 per cent from coal,
32 per cent from steam cracking gasoline, 25 per cent from catalytic
reforming and 29 per cent from toluene hydrodealkylation, the toluene
being obtained half from steam cracking and half from catalytic reforming.
The catalytic reforming used for benzene production was more than adequate
tcr xylene requirements. In 1976 the petrochemical industr, (including
ammonia) used approximately 12 per cent of total hydrocaroon consumption
(gas and 0il) as raw materials and fuels.

(c) Japan

Japan is in a similar position to Western Europe, but has always been,
and still is, lacking in both gas and oil. Metuanol is, however, mainly
produced from natural gas feedstocks. FEthylene on the other hand, was
produced in 1976 exclusively from naphtha. This resulied in a more than
adequate supply of propylene and butadiene.

llowever, as was the case in Western Europe, catalytic reforming of
naphtha had to be used to a great extent in order to meet xylenes require-
ments and to make up the benzene deficit. In 1976 the petrochemical
industry (including ammonia) used about 15 per cent of the total hydrocarbon
consumption (oil and gas) as raw materials and fuel.

(d) Eastern Europe

Full information is not always available on these couniries, but it
can be said that:methanol (and ammonia) are produced mainly from natural
gas; there are few steam crackers in Eastern Europe based on naphtha, while
these oountries have a deficit for gas oil; benzene, which in 1973 was
produced in greater quantities than ethylene, is rarely obtained from steam
cracking but more usually as a coke by-product, the complement being made
up by catalytic reforming.

Although propylene produced by steam cracking should easily be
sufficient to meet the demand, there seems to have been a large butadiene
deficit. This was not likely made up through butane dehydrogenation.

In 1976, the petrochemioal industry (including ammonia) used roughly
6 per oent of total hydrocarbon consumption (oil and gas) in the form of
raw materials and fuels.
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(e) Others

In 1976 the petrochemical industry was still in its infancy in almost
all the rest of the world. 75 per cent of hydrocarbon consumption was
devoted to the production of ammonia for use in agriculture.

Oprtions in the choice of raw materials are sometimes contrastive: for
example, ethylene is produced from naphtha in Brazil, and also in the
Republic of Korea. 1In Mexico, on the other hand, where there are large
reserves of gas, ethane is used as a raw material. Other basic petrochemicals
are as yet produced in very limited quantities only. In 1976 the petroche-
mical industry (including ammonia) accounted for little more than 2 per cent

of total hydrocarbon consumption (o0il and gas).

2.2.3.2 Production of basic petrochemicals

There is a distinction betiween methanol (and ammonia) on one hand,
which are produced independently, and olefins and aromatics on the other hand,
which are often produced in conjunction.

l'ethanol

Methanol is synthesized from a CO + 2H2 mixture. This gas is the most
reduced form of hydrocarbon, since whatever their original chemical formulation,
all hydrocarbons (and even coal) can be transformed to give carbon monoxide
and hydrogen. The preparation of ammonia, which also involves this synthesis
gas as an intermediate step, will therefore be subject to the same reguire-
ments as far as raw materials are concerned. Completely desulphurated light
hydrocarbon feedstocks (C1 to 09) are required for the steam reforming route.
So the heaviect feedstock which can be used will be naphtha.

Another route which is beginning to be used and which is likely to
develop is partial oxydation. This method, much more costly in terms of
investments, involves the processing of low quality, inexpensive feedstocks
which thus compensate for the penalisation as far as investments and yields
are concerned. Residual refinery fuel oils or coal could therefore be used
for the production of methanol.

Olefins

Theoretically, all hydrocarbon feedstocks, with the exception of
methane, can be used for the production of olefins. Paraffinic feedstocks,
however, are the best suited. Olefins are produced in steam cracking plants.
Paraffins and branched aromatics are split to give unsaturated hydrocarbons.
The aromatic nuclei are scarcely affected. Thus the olefin yield is greater
with light feedstocks but decreases as the feedstock becomes heavier, as
can be seen from table 8. It will also be seen from this table that large
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quantities of DX (benzene, toluene, xyleries) can be obtained from steam
cracking. For naphtha, gas oil and higher, the choice of feedstock has
little bearing on the BTX yield.

The use of heavier and heavier feedstocks will lead to ever-greater
quantities of low-valorization by-products, ranging in fact from 18.6
per cent with an ethane feedstock to 45.8 per cent for atmospheric gas oil
and even to 51 per cent for vacuum gas oil. Olefins can also be obtained
as a by-product in FOCC (fluid catalytic cracking) plants. Yields of
ethylene and propylene are low, 0.7 and 1.7 per ceni respectively, but in
practice, only propylene is recovered.

Finally those countries such as the United States which do not manage
to satisfy their butadiene requirements by means of the production from
steam cracking plants, resort to butane dehydrogenation.

Aromatics

Steam cracking plants cannot satisfy the total BI'X requirements, even
in those countries where the raw material is limited to naphtha and gas
0il (llestern Furope and Japan). In addition, xylenes produced by steam
cracking cannot be used for the production of orthoxylene and paraxylene
since they contain 60 per cent ethylbenzene.

The catalytic reforming process is used to produce additional IIX.
The feedatock for such plants, unlike that for steam cracking, should be
as naphtenic as possible. The aromatic yields from steam cracking and
catalytic reforming plants are more or less as indicated below, depending
on the feedstock.

Steam cracking Catalytic reforming

gas oil of lMliddle East crude
(percentage)
Benzene 6 6
Toluene ‘ 3 20
Xylenes 2 20

It can be seen that the ITX are not obtained in equal quantities and
there is, in fact, a large surplus of toluene and a small surplus of
xylenes over the demand. For this reason hydrodealkylation is used,
allowing benzene to be derived from toluene, and possibly xylenes.

Finally, there is still another source of benzene, this being the
preparation of blast furnace coke, from which benzene is obtained as a
by-product. This source,which in the past accounts for almost 15 per cent
of the benzene produced in Europe, is no longer expanding and can thus be
expected to show a relative decline. Benzene and naphthalene are the last

petrochemical products to be extracted in sizeable quantities from coal.
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2.2.3.3 Actual feedstocks options

There is a limited choice of raw materials for methanol, benzene,
xylenes, propylene and butadiene, the last two being tied to ethylene
production. Only the production .f ethylene offers quite a degree of
flexibility, since a range from ethane to gas oil can be used. Feedstocks
used in steam cracking fall into six categories, including three major ones:
ETHAN %, liquefied petroleum gas, FULL RANGE NAPHTHA, kerosene, ATMOSPHLRIC
GAS OIL and vacuum gas oil.

The steam cracking of ethane yields no butadiene and very little pro-
pylene. The steam cracking of gas 0il yields propylene and butadiene, but
with no flexibility. Only the steam cracking of naphtha allows the
proportions of ethylene, propylene to be adjusted though within fairly narrow
limits, 2.6 for high severity steam cracking and 1.8 for low severity steam
cracking. On account of these limits there is usually an excess of propylene
over the demand, even in the United States where propylene obtained as a by-
product of FCC (fluid catalytic cracking) compensates for the low steum
cracker propylene production.

The United States phenomenon is due to the importance of ethane as a
raw material. Another result is a deficit of butadiene, this being made up

through butane (or butylene) denydrogenation and also by imports from

Western Furope. The lack of flexibility in butadiene production in the latter

region in fact leads to a permanent surplus of butadiene due to the importance
of naphtha as a raw material for ethylene. The availability of the various
qualities of hydrocarbon required for the basic petrochemicals will therefore
have to be examined.

(a) Petroleum fraction availability

The crude fractions most in demand for the production of basic petro-
chemicals (naphthas) are unfortunately present only in limited quantiities in
crude oil. In order to assess the availability on a regional and worldwide

scale, the following will be taken as an "average' crude:

Share by weight Availability 1976
(percentage) (millions of tons)

LPG and pentane 5 142

Light fraction (naphtha)’ 13 n

Middle frsction (kerosene

and gas oil) 35 997

Heavy fraction (fuel oil) 47 1340
Total 100 2850

* Corresponding to the C6-160° C naphtha "heart cut”. A larger cut C6-175°C
suitable as steam-cracker feedstock represents 15.5 per cent on crude.



This structure does not match world energy requirements, particularly

in the case of the United States. Part of the heavy fraction is therefore
cracked to yield a light fraction.

In 1976 approximately 230 million tons of heavy fraction was changed
into 167 million tons of light and middle fraction by FCC, and approximately
40 million tons of heavy fraction was changed into 35 million tons of light
fraction and middle fraction by hydrocracking. Only the latter method
produces a feedstock which can be used in petrochemistry, and only for the
manufacture of BIX. As aromatics are also very much in demand for gasolines,
only one or two large, combined energy petrochemical refineriecs in the
United States can use ex-hydrocracking naphtha to produce 4. At present ,
therefore, the flexibility presented by world refining capacity for thre
supply of petrochemical feedstocks is fairly limited:

(percentage )
LPG 1.5 to 2.2
Pent ane 3.5
Light fraction 13,0 to 14.2 (extension to 16.7)
liiddle fraction 35 or less (132.5)

(b) Gas availability

There are two distinct sources of natural gas: (i) gas found in
natural gas fields and (ii) gas associated with oil production.

(i) The first is usually rich in methane, contains a greater or lesser
quantity of inert gases and often only a small proportion of higher hydro-
carbons. The extraction of the higher hydrocarbone for olefin production
is usually uneconomical. These gases are therefore mainly suited to energy
needs and, as far as petrochemistry is concerned, to the production of
methanol and ammonia. There are some natural gases, however, from which
higher hydrocarbons can be economically recovered. One example is !lassi R'mel
gas (Algeria) which has the following composition: Methane 79.6, inert gases
5.3 and other hydrocarbons 15.1 per cent respectively. The operation is
facilitated by the fact that this gas is sold for export in the form of
liquefied gas. The various steps in liquefaction make recovery very eco-
nomical but it is, however, limited, because sufficient higher hydrocarbons
have to be left in the gas for it to have a commercial calorific value
(1000 BTU/SCF).

(1i) The gas associated with 0il production, however, offers more
interesting prospects in terms of raw materials for the petrochemical industry.
These associated gases produced at an average rate of 800 SCF/BRL of oil, i.e.
166 m3,"t0n of oil, often contain a good proportion of ethane, propane, butane




and sometimes natural gasoline. Some examples are given in table 9 and

from these the potential availability of NGL (natural gas liquids)
associated with crude oil production can be assessed. Up till the o1l price
increase,extraction of iiGL was carried on in the United States in particular,
as can be seen from table 10. ‘ihe main reason for this was the structure
of energy prices in the United S3tates, where gas was two or three times
clicaper for the same calorific value, than oil. It was therefore economical
to extract the maximum possible quantity of liquid products. 'the ethane
fraction was entirely used as a feedstock for steam cracking, a further
10 per cent of the recuirements of the latter being supplied by ethane
produced in refincries. DPart of the propane fraction was also used as a
feedstock for steam cracking, but as the amount of ex-refinery propane
available was roughly equivalent, there was a large excess of propane over
the requirements of the petrochemical industry.

. The incentive to recover L.GL spread all over the world following the oil
?géggase at the end of 1973. This phenomenon was particularly pronounced
among the oil producers of the liddle East. The cost of liquefaction plants
and fleets of methane tankers, made necessary by the great distances from

gas-consuming areas, led to !liddle East gas having a valorization three or

four times lower than oil. Emphasis is now placed, therefore, on extracting the

maximum of liquid products from associated gas. Associated gases are usually
collected and sent to a I.GL plant where propane, butane and natural gasoline
are extracted. Ethane is extracted only if it is to be used as a feedstock
for steam cracking.

The gas producing countries have all launched or already set up large
gas-collection programmes. Saudi Arabia will naturally, in view of the
magnitude of the country's oil production and the richness of the associated
gases, supply the greatest quantities of LPG since 15.3 million tons should
be produced in 1985. By that time other producing countries should be in a
position to supply large quantities of LPG, e.g. Iran 7.5 million tons;

Abu Dhabi 4.5 million; Iraq 3 million; Kuwait 3 million and Catar 1 million.
Production of LPG in the Middle East will therefore rise from 5 million tons
in 1974 to 35 million tons by 1985. Other areas will also emerge as producers
of LPG from associated gas: the llorth Sea 6 million; North Africa 4 million
(partly from natural gas). Cuantities such as these will result in an export
surplus of more than 20 million tons towards 1985. This surplus could present

opportunities for the petrochemical industry.
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Table 10. Estimated world natural gas liquids, :(GL, production, 1973

GEOGRAPHICAL AREA mi???ﬂﬁﬁTégﬁs_ PERCENT
NORTH AMERICA 781.2 75.2
U.S.S.R. 79 7.6
MIDDLE EAST 71.3 6.9
SOUTH AMERICA 53.3 5.1
AFRICA 25.2 2.4
AUSTRALIA 17.4 1.6
WESTERN EUROPE 10.4 1.0
FAR EAST - 1.0 0.1
EASTERN CUROPE 0.9 0.1

(c) Restrictions imposed by hydrocarbon prices

The minor part taken by petrochemistry in the consumption of hydro-
carbons means that this industry is subject to the scale of prices
determined by energy uses. Considering the evolution of Rotterdam spot
prices between mid-1974 and mid--1976, an important development appears:
in 1974 the price margin between heavy and light products was fairly narrow.
The considerable increase in the price of light products led to an
appreciable widening of the margin. As will be seen later on, future tensions
on light products will give rise to a price structure fairly similar to that
existing in mid 1976. As only limited quantities are involved on the
Rotterdam market, mid=-1976 prices are compared below with average prices

current on European domestic markets as a whole at the same period.
Mid 1976 prices

Rotterdam Euro aver
‘7 ton i ston

Premium 163 175
Regular 143 165
Naphtha 134 150
Kerosene 119 138
Gas oil 105 121

Fuel oil (1,%) 70 77



The price margin between naphtha and gae oil is much greater than

the break-even point of 15 $ 'ton for the preperation of ethylene. The
margin is in fact 29 $/'ton in Rotterdam and the same for the European

average. This will, therefore, be an incentive to petrochemical manu-
facturers to choose gas 0il rather than naphtha whenever possible and,
at least for flexible crackers, during sprirg and summer when the gas

0il market is depressed.

Another of the main basic petrochemicals, methanol, seems to be
fairly flexible in respect to the corresponding raw material, since a
range from methane to naphtha can be used; but as can be seen, the
respective prices of the feedstocks (valorized in this production at more

or less the calorific value) favour the use of natural gas.

Price in $§ ton Price in § million BTU

Naphtha 135-150 3.00 - 3.39
LPG 120-140 2.50 - 2.92
Imported natural gas 2.40 - 2.80
Domestic gas 1.60 - 2.40 or less

These conditions, which are valid for the European market, are also
valid for the Japanese market, although no locally produced gas is available
for the latter. In all the other gas-producing countries, the interest in
natural gas is even greater for gas-rich countries such as Algeria, Saudi
Arabia, the USSR etc. could become major exporters of methanol. Methanol,
in fact, has the advantage of being easy to transport in conventional tankers
whereas the corresponding rsw material is very costly to transport in refri-
gerated tankers.

To sum up, price levels will favour natural gas as a raw material for
methanol production, and gas 0il as a raw material for ethylene production.
LPG may eventually become a partial alternative to gas o0il since the antici-
pated excess supply worldwide, could result in an appreciable drop in prices.

2.2.3.4 Availability of hydroogrbons

Known reserves of gas, oil and coal are shown in table 11. Ry the
19908 coal might have regained some of its former status as a source for
petrochemicals. In the Federal Republic of Cermany, for example, production
of primary chemicals from coal reached a peak of 1 million tons in 1960.



Table 11. Reserves and fossil fuel resources in 1 6
!millions of TOR)

Raservas Natursl gos Crude o1l Coal intal
NORTH AMERICA 7 904 5 116 124 680 137 S00
E.C.C. 3 228 2 440 30 674 6 34;"*
Othars WESTERN EUROPE 808 913"' 1 340 3 081
JAPAN 60 4 687 751
EASTERN EUROPE 26 985 11 109 202 840 "2‘4_0' 934 -
_— B
AFRICA 5 989 8 263 8 426 22 676
LATIN AMCRICA 2 587 4 039 (4) s 8 358
MIDDLE EAST 16 982 50 160 200 —E;:—,;;ﬂ
CHINA 716 2 729 67 £33 70 976—."
AUSTRALIA-NEW ZEALAND 1102 214 16 347 17 663
SOUTH EAST ASIA 2 270 2 619 8 84C 13 735 ‘
WORLD (1) 60 631 87 606 463 486 619 723

World resourcas (2)
Range of estimates

Expacted value

(171 to 344)
x 103

300 000

(134 to 1840)
x 103

300 000(3)

(729 to 3600)
x 103

2 200 000

(1075 to 5/7¢4)

2 800 000

x 103

-

(1) Paoved and recoverable reserves at 1976 economic conditions
(2) Known, paocbable and uniliscovered
(3) 04l recovered §rom tarn sands and shale 0if could double this value.

- (4) Venezuela oil belt and large extemsdion of Mexico oil reserves (clwimed
by Pemex) are not included in this {igure.



''me part taken by coal, on the other hand, has shown a constant decline:
71 per cent in 1958; 56 per cent in 1960; 28 per cent in 1965; 9 per cent
in 1970 and 5 per cent in 1973. 'This gituation points out that the
proportions of known reserves do not correspond to consumption since
coal, which accounts for 3 4 of all reserves, supplies only } of the con-

sumption. Reserves are, in fact, as follows (as of 1976):

68,631 million TOE of natural gas (11.1 ")
87,606 " " of oil (14.1 )
463,486 " " of coal (14.8 .0)

Gompared with these reserves, world energy consumption in 1976 was
as follows:
1,143 million TOE of natural gas

2,879 " " of oil
1,941 " " of coal
470 " " of electricity (hydroelectricity and
nuclear electricity)
6’433 " "

The part taken by petrochemistry, (including ammonia, for which about
60 million TOD (')of hydrocarbons were consumed in 1976) in the total con-
sumption, is very small, amounting to approximately 250 million TOFE or:
3.9 per cent of total energy consumption and 6.2 per cent of hydrocarbon
consumption. Out of the 250 million TOE, only 200 were used as raw materials 1
for the petrochemical industry, the rest being used as fuel. Known reserves \
of hydrocarbons would therefore be equivalent to more than 600 years of \
consumption by the petrochemical industry on the basis of the 1976 figure.
lowever, the part taken by the energy sector is such that sectoral
and,'or geographical problems of supply can be expected in the 1980s. In fact, 1
the energy industry requires large amo.nts of oapital as well as a |
highly complex infrastructure of production extending to consumer level. The |
replacement of oil by other forms of energy will therefore be a very slow
process,all the more so since despite the sharp rise in oil prices in 1973,
alternative forms of energy are rarely in a position to compete at the moment.
Annex 2 gives the share of the different energy sources in world energy

consumption.

(#) From this amount, only 8 per oent was used for petrochemioal products.
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Conseguently the part played by oil in meeting energy requirements,
which increased from 1962 to 1973 should, by 1985, have stabilized at a
level slightly below that of 1973 (between 44 and 46 per cent). This result,
which seems surprising in view of the 1973 oil crisis, can be attributed to
5 factors:

- The lack of flexibility in the energy sector, mentioned above.

- A slight decline in the part played by gas, due to the fairly swift
repl acement of this fuel in the United States in order to avoid exhaustiing
reserves. This decline conceals fairly rapid expansion in the rest of the
world (6.8 per cent per year between 1974 and 1985). !owever, since the
United States accounted tor 49 per cent of world gas consumption in 1974,
developments in the United States easily counterbalance those in the rest of
the world.

- A slight decline on the part of coal which, in countiries with a
planned economy (Eastern Burope and China), is facing increasing competition
from oil and gas. In these countries 52 per cent of all energy needs were
still met by coal.

- The increase in energy consumption in countries other than the OECD
and planned economy countries concerns oil first and foremost and, to a
lesser extent, gas. These countries have, in fact, relatively little coal
and for various reasons cannot place much reliance on nuclear energy in the
immediate future.

- The growth of nuclear energy, particularly in the OECD countries,
more or less makes up for the slight decline of gas and coal.

Although the price of energy today acts as a brake on its growth (4.2
per oent per year from 1973 to 1985 compared with 5.6 per cent per year from
1962 to 1973), reserves of hydrocarbons and particularly oil are being
fairly rapidly exhausted. Thus, out of the reserves known today, shown in
table 11, there would remain by the beginning of 1985 only:

56,600 million TOE of natural gas, equivalent to 33 years' consumption

at the 1985 rate;

58,200 million TOE of 0il, equivalent to 13 years' consumption at the

1985 rate;

446,000 million TOE of coal, equivalent to 168 years' oconsumption at

the 1985 rate.

As far as natural gas and oil are ooncerned, the problem from now
onwards will be the optimum mamangement of resources. The position with
regard to oil is more worrying than that of natural gas, bearing in mind



Table 12. Utilities consumption
zper ton of products
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ETHYLENE-PROPYLENE (1)
BUTAD IENE - BENZENE
ETHYLENE (2)

)
)

BENZEMNE-TOLUENE-XYLENES (3)

METHANOL
VINYL CHLORIDE
ST YRENE
CAPROLACTAM
OMT

TPA

ADIPIC ACID
HEXAME THYLENE DIAMINE
ETHYLENE OXIDE
ACRYLONITRITE
PVC

KPR

LOPE

POL YPROPYL ENE
POL YSTYRENE
ALK YL BENZENE
POLYESTER FIEBRES
NYLON FIBRES
ACRYLIC FIBRES
POL YBUTAOIENE
SER

Cooling water‘
Fuel Electricity Steam circulation
(AT = 10° C)
10* Kcal/ton | Kwh/ton tor/ton 4) m? /st
0.3 (5) 156 - 170
0.2 (5} 120 - 100
2.5 60 1.6 -

- 40 - 230
1.1 140 2.3 300
1.4 110 4,2 S0

. 380 13.5 1500

. 700 3.0 €50

.8 650 - 400

- 200 - 300

- 150 - 50

- 650 - 360

- 400 - 5500

- 230 0.9 S0

- 750 2.8 300

- 1300 - 300

- 840 3.2 330

- 410 0.5 50

- S0 0.1 <0

- 2000 - 200

- 2800 - 230

- 1850 2.0 870

- 250 - 1000

- 450 3.5 200

(1) Per ton of ethylene. Based on nephthygas oi) stean cracking
(2) Ethane steam crecking
(3) Per ton of aromatics
(4) The corresponding electricity roguiremente are included in

slectricity consumptiovn

(5) Excluding reaw material used as fusl
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that new finds between the end of 1966 and the end of 1976 totalled
58,700 million TOE of o0il equivalent to 2.4 times the consumption during
the same period and 49,000 million TOE of gas, equivalent to 4.9 times
the consumption of oil. !
This problem has become more pronounced over the last Bix years since
0il finds have done little more than balance consumption (finds = 1.25
times consurption), while finds of gas have remained more or less at the
same level (4.5 instead of 4.9).
The part played by petrochemistry in this optimum management will be
minimal, considering the minor part it plays in the demand. However, the
options taken in the energy field will open up new perspectives for

petrochemistry according to the feedstock options discussed in 2.2.13.3.

2.2.3.5 Energy requirementis

The energy requirements for fuel and electricity vary widely according
to products and processes. levertheless, table 12 presents typical utili-

ties consumption per ton of product for 24 main petrochemicals.

2.2.4 Investinents in the petrochemical industiry

The petrochemical industry is a capital-intensive industry that requires
vary high invcstments. In the developed couniries large sums of money have
been devoted to the construction of petrochemical plants. For example, in
1973 and 1974, the United States and Japan invested 2,500 and 1,950 million
S dollars respectively in their local petrochemical industries. Investments
by Zuropean countries, although considerable, are lower: between 1970 and 1975
the Federal Republic of Germany invested 1,504 million dollars in their local
petrochemical industry, France 1,329 million, the United Kingdom 1,322 million 1
and Italy approximately 1,200 million. Table 13. gives invesiment estimates |

in the petrochemical industry for some developed regions. |

mable 13. Investments in the trochemical indust
lmillionl of @,

196 1970 1913 L9l

(%)

United States 1500 1500 1400 1100
Hestern Furope 500 2000 3000 2000
Japan 250 300 450 900

(*) Basic, intermediate and end-products including plastics,
synthetic fibres, synthetic rubber, detergenis, ex-
cluding fertiligers.




2.2.4.1 Current situation

Construction costs for petrochemical plants have risen sharply in the
last few years and these changing costs can be expressed by constiruction
cost indices. The construction cost indices established by JEICIP for
petrochemicals are given in table 14. These indices are arrived at by
breaking down the construction cost of petrochemical plants and following
the development of cach of the constituent elements of the cost, taking into
account both official indices and observations based on actual construction.

The rise in construction costs was very steep in 1973, T4: 20.7 per cent
according to the indices given in table 14 compared with a rise of about 12
per cent from 1972 to 1973 and a yearly average of 8 per cent over the five
previous years.

Table 14. Construction cost indexes

Year (average) Index
1960 100
1966 132
1967 137.6
1968 145.9
1969 155.6
1970 174.9
1971 188.9
1972 202.2
1973 221
1974 274
1975 305.8
1976 340.6

The rise over the period 1972-74 is higher than the rate of inflation.
This large increase can be considered as being only partly a direct result
of the rising coet of energy; the effect of the cost of energy on the manu-
facturing cost of some building materiales is shown in table 15.:

Table 15. Impact of energy in the production of
some building materials

Energy consumed Share of energy
for produotion in the oost,1974
(kWh/ton (percentage)
Steel 3,600 4
Copper 16,000 3
Aluminium 1,300 23

Concrete 3,000 15




It is signifircant for some materials but it is out of proportion with the
increase in invesiments for petrochemical plants leads to the conclusion that
the major part of the increace which occurred from 1973-74 is more an indirect
result of ithe rise in the cost of energy rather than a direct result. Since
1972, salaries have risen at the same pace as inflation; 1in addition, the
cost of some basic items of equipment such as pipes and sheets has risen
sharply. for sxample, betwecen mid-197) and the end of 1974, the price of
large diameter pipes rose by approximately 270 per cent, that of carbon steel
sneets by 45 per cent, that of stainless steel sheets by 25 per cent, that of .
bloom steel by 40 per cent and that of phosphorous cast iron by 80 per cent.
"“liese increases were caused principally by the supply and demand situation.
~any companies, concerned about the rising cost and the supply of energy,
bought ecuipment and plants in large cuantities; this was also a time wher
major installations were under construction in certain sectors of industry,
particularly fertilizers. From 1974 onwards, the demand fell away, the price
of some materials also dropped and the average coet of construction rose by
only 11.5 per cent between 1974 and 1979, a smaller increase than between
:972 and 1973. The rate of growth measured between 1976 and 1975 was similar.
1t is expected that in the future, the relationship between the supply and
demand for plant and equipment will be more balanced and the index for
petrochemical plants will rise at the same rate as inflation. It must be
stressed however, *hat even if rates of increase similar to those in the
1972-75 period are not experienced again, their effect remains. A new
petrochemical plant built in 1977 costs approximately twice as much as an
identical plant built in 1970. Furiheimore, extra investment will be required
to comply with increasingly strict standards in connection with anti-pollution
regulations.

These increasingly high investments, which correspond to a given output,
would have the following consequences:

- major projects would be undertaken by joint ventures, constituted
either by several companies or by governments and companies; -

- there will be less reinvestment of profits, but more contribution
from shareholders and more external financing through long-term loans.

- the oil-producing countries, who have considerably increased their
financial resources, will be better placed to resolve these problems;

- because of the very considerable rise in fixed costs, production costs
will be higher for new plants than for those built before 1974. Newcomers on

a given market will therefore have a handicap to overcome, whereas those

]



Table 16.

Estimation of installed cost for petrochemical plants

(Battery limits licence fees included - 1977 European conditions)

Installed
Capacity
cost range _
Product range Process- remarks
103 t/year $/ton of
product
Ethylene 200 - 400 650 - 500 Naphtha steam cracking
Propylene 100 - 200 (1) (1) butadiene extraction
Butadiene 32 - B4 benzene extraction
Benzene 58 - 116 toluene hydradealkilation
Ethylene 150 - 300 500 - 380 Ethane steam cracking
Benzene 40 - 66
0.xylene 38 - 63 520 - 430 Catalytic reforming aromat-
P.Xylene 100 - 185 (2) (2) ics extraction
Methanol 200 - s00 180 - 150
Ethylene oxide 60 - 100 340 - 370 Oxygen basic process
vinylchloride 100 - 250 370 - 250 Oxychloration including
Styrene 100 - 250 400 - 270 ethylbenzene production
Acrylonitrile 60 - 150 750 - 520
Caprolactam 50 - 150 1800 -1150
oMT 50 - @0 850 - 830
TPA 70 - 1090 880 - 750 Amoco process
Adipic acid 100 - 150 800 - 500
Hexamet hylene diamine 30 - S0 500 - 400
. Low-density polyethylene 50 - 150 80O - 600
High-density polyethylene 50 - 100 1000 - 800
Polyvinyl chloride 50 - 100 400 - 340 Suspension process
Polypropylene 50 - 100 800 - 750 :
Polystyrens a0 - 80 700 - 460
Alkylbenzene 20 - 40 200 - 170
Polybutadiene 30 - S0 800 - 530
SBR 30 - .80 300 - 250
Nylon fibres (yarns) 5 - 12 2300 -1500 Caprolactam polymerization
and spinning
Acrylic fibros (staples) 10 - 15 1450 -1400 Acrylonitrile polymeriza-
- tion and spinning
Polyester fibres (staples
and yarns) 10 - 15 1450 \PA polymerization and

spinning

(1) Per ton of ethylene

(2) Per ton of aromatics
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companies which already have large instuallations will be able to modify
their prices as a greater proportion of the requirements is supplied by

the new plants.

2.2.4.2 Ranges of investment cost for petrochemical plants

Fstimated ranges of investment costs per ton of product for 27

major petrochemicals are given in table 16.

2.2.5 Petrochemical production cosis

In practice, production costs vary greatly depending on the product,
the process used, plant sizes, the price of raw materials and energy,
manpower and total investment costs, the year in which the plant was built
and the place where it was located.

The first factors are obvious and require no comments, but the
importance of the last two is not always realized. Inflation, which has
doubled plant costs in the last £ years, and the erection of plants in
locations with insufficient infrastructure, have made the attempt to
produce generalized cost estimates a hazardous proposition.

To circumvent this difficulty and as a reference guide, we shall
present typical production costs for conditions in iurope by mid-1977 for
19 major petrochemicals. Later on, with appropriate cost translation factors,
those production costs may be estimated for any particular location. Iliowever,
they will represent only an average. ''he real cost will depend on the
knowledge, resources and staying power of the buyer.

2.2.5.1 Production cost of olefins

Table 17 presents the typical production costs of a naphtha-based
300,000 MT,'year ethylene plant.

Table 17. Olefins typiocal production cost (mid=1977)

Process: llaphtha steam cracking
Capacity (tons/year ethylene) 300,000
Fixed capital cost (million US$) 184.3

(cont'd)
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Table 17. (cont'd)

Production cost (million Us§)

Raw materials & 129.¢C
Utilities 2.2
Catalysts and chemicals 1.0
lManpower 1.1
Other charges 12.0
Amortization and return 35.0

Total 18C.9

/
?roducts prices and sa\.lelaB

Unit price Sales
(3 ton) (million &/year)
320

Ethylene 96.0
Propylene 280 30, °
Butadiene 370 14.1
LPG 130 Te3
Gasoline 168 32.9

Total 180.9

a’ Raw material naphtha = 960,000 ton,’year

b’ Products: Ethylene - 300,000 ton, year
* DPropylene - 139,000 "

Butadiene - 38,200 "
Propane - 12,000 "
Butane - 44,200 "
Gasoline - 195,000 "

2.2.5.2 Production cost of aromatics

Table 18 presents the typical production costs of a napht ha-based
400,000 T 'year BIX plant. The materials balance of the plant showing raw
materials feed and products output is presented in figure 2.
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Table 18. Aromatics typical production costs (mid-1977

Fixed capital cost (million §) 106.0
Capacity (tons,'year B-X) 215.0

Production cost (million §,’year)
Raw material (at 135 8/ton) 108.0
Hilities 11.9
Catalysts and chemicals 1.3
Manpower 1.3
Other charges 6.9
Amortization and return 20.5
Total 149.9

Products prices and sales
' Unit prioe Sales
mg;’-_ (million §, year)
Reformer by products 125 21.2
Raffinate 110 20.1
Fusl gas 15 1.1
Aromatics by-products 135 6.0
Bensens 230 10.9
Toluene 180 31.5
O.xylene 285 12.8
P.xylene 385 46.2
Total 149.8
2.2.5.3 Production of major intermedigtes gnd epd petrochemicals

Table 19 presents the typical production costs of 17 major intermediates

and end petrochemicals for average plant sises.
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2.2.5.4 Changes in the production cost structure of petrochemicals

Among the various factors that are pushing production costs upwards,
the more important is the price increase in oil products used as feedstock
and energy. This situation affects petrochemicals in varying degrees.

Figure 3 illustrates the effect of petrolcum price rises on oletins and
their main derivatives. This shows that the further down the stream, the
lesser are the impacts of feedstock cost increases. "herefore in order to
appraise the effects of the quadrupling of o0il prices on petrochemicals in
1973, the analysis will be concentrated on the production of ethylene.

Table 20 gives detailed production costs for a 300,00C M| year naphtha-
based ethylene plant in conditions prevailing in 1972 and 1977, before and
after the large oil price hike. 1t can be seen that the cost of raw
materials grew 6.13 times and the total manufacturing cost increased 1.6
times from 1972 conditions to those of 1977. Furthermore, the plant built
in 1972 will have a 9 per cent total manufacturing cost advantage over u
gimilar plant built in 1977.

This shows the great change that has taken place in recent years in
the production cost structure of petrochemicals, especially in ethylcne.
There has been a considerable decline in the tixed costs of total manufactured
cost from 39.5 per cent in 1972 to 19.3 per cent in 1977. Conversely, the
variable costs share mainly comprising raw materials and utilities rose from
44.4 per cent in 1972 to 72.9 per cent in 1977. Moreover, the variable cost
share in a pre-1973 plant was 79.5 per cent in 1977. Since most developing
ocountries are not planning ethylene capacities of 300,000 MT, year, table 21
was prepared to present a comparative analysis for 1972 and 1977 of two plant
sises, 300,000 MT/year and 150,00 MT ‘year, since the latter capacity is
within reach of several developing countries. The changes in the production
oost struocture of the smaller plant are in line with that shown for the larger
facility.

In 1972 the doubling of ethylene capacity would lead to a 17 per oent
reduction in production costs. In 1977 the cost reduction would be only
8 per cent. Therefore ths developing ocountries that can oontrol their feedstock
prices may set up a smallsr capacity basio plant and still remain oompetitive
with the larger plants. Unfortunately not all developing countries are
sbls to realise this advantage for quite often incremental plant oonstruction
oosts and infrastruoture expenses charged to the plant may off-set a part of
the variable costs advantage.
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Table 20. olefi oost
Naphtha Naphtha Naphtha
Steam cracking|Steam cracking|Steam cracking
—m— oad
Capacity tons/y ethylsns 300 ooC 300 o000 300 GOO
Economic conditions Preveiling Prevailing Prevailing in
in 1972 in 1977 1977. Unit
erected in
1972. Invest-
ment in 1972
Fixed capital cost MM § 104 184.3 104
Manufacturing cost MM §
Raw materials 21 150 128 600 129 800
Utilities 1 060 2 200 2 200
Catalysts 8 chemicals 6820 4 0oC 1 000
Manpower 700 1 100 1 100
Other charges §/ € 750 12 000 12 000
Amortizetion § return 19 800 35 000 19 800
Total manufacturing cost S0 100 180 800 165 700
Products prices § sales $/ton $/ton $/tor.
103t/y
Ethylene 300 80 315 Y/ 200 ¥/
Prupylene 138 58 183 ¥/ 172
Butadiene 38,2 150 520 b/ 465
Propane LPG 12 32 130 130
Butane LPG 44,2 2 130 130
Gasolinn 195.0 45 188 168

o/ Neiateammce, overiead czpenses, insurence, gemeral facilities, interest

on workiag cepital.
Y

Ratio of olefins prices have been kept comstamt in the table.

In f“‘l.

reatio betwesn ethylens and propylens prices is eclightly decressiag from

1972 (1.6) t0 1977 (1.4).

now olose to 0.9.

oconsidering these present retiocs, would be as follows:

Bhyleme 320 §/ton
Propylens 220 §/ton
Mtadicne 370 §/ten

Ratio of ethylens versus butadiens prices is
Olefins prioces corresponding to 1977 conditioms,
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Table 21. Steam ocracking economios

(Buropesan conditions)

Conditions prevailing in Conditiony paevailing an
1972 1977
Naphtha steam]Naphtha stoam]Nophcha ateanfNaphtpa ste=m
cracking cracking cracking crachking

Capacity t/y ethylene 300 0U0 150 000 300 000 150 0CO
Fixcd capital cost MM US$ 104 67 184.3 118
Production cost MM US$

Raw materials 21 150 10 570 123 600 64 gun

Utilities 1 080 540 2 200 1 10

Catalysts-chemicals 620 310 1 000 50U

Manpower 700 700 1 100 1 M0

Uther charges 6 750 4 350 12 000 7 700

Anortization & return 19 800 12 750 35 000 22 400

Total 50 100 29 220 180 900 97 600
Produrts prices $/ton

Ethylene 80 108 320 340

Propylene 55 g6 220 220

Butadieno 150 186 370 390

L.PG 32 kY 130 130

Gasoline 45 45 168 168

2.2,6 Mgnpower structure
Although personnel requirements vary widely acocording to products,

plant sise, region and degree of vertioal integration im complexes, an
attempt is made at estimating the regional manpower structure at the ond

of 1976.

Table 22 shows the total operating personnel required for typical

plant capacity ranges. This manpower does not inolude the requirements of
the utility plants, general units and maintenanoe.
acoount, total personnel requirements would average twioe the figure given
in table 22, with the exception of the synthetic fibres plants that require
about 130 per cent of the operating personnel figures given in that table

——_——-—J

When those are taken into
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In general terms, administrative personnel is estimated at 10 per cent
of technical manpower requirements, while marketing personnel is estimated
at about 5 per cent of technical manpower. In addition, considering the
investment pattern reflected in the plant capacity figures and the strong
correlations between investment and manpower, an estimation,by region, of
active manpower employed in the petrochemical industry was evolved. Further
details on this matter are given in Appendix E.

Table 23 gives the estimated manpower structure of the petrochemical
industry by region. It can be seen from it that the developing countries
account for about 13 per ocent of total world petrochemical manpower, while
their share in world petrochemical plant capacity was below 8 per cent in
1977. This fact shows the emphasis on synthetic fibres production that is
more labour-intensive than the rest of the industry.

Tgble 22. Total operating manpower

Production Capacity range Operating
manpower
103 tons/yser (Average)
men
Ethylene 200 - 400
Propylens 80 - 180 ‘ 80
Butadiene 25 - 50
Ethylene 100 - 200 60
Benzene 0 - 50 °
O.xylens 38 - 83 i 70
P.xylens 100 - 165
Methanol . 200 - 500 SO
Ethylens oxide 60 - 100 50
Vinylchloride 100 - 250 71
Styrene 100 - 250 85
Acrylonitrile 60 - 150 74
Caprolactam S0 - 150 81
oMY 50 - o0 71
TPA 70 - 100 74
Adipic acid 100 - 1%0 55
Hexamethylene diamine - % 25
Low-daensity polysthylene 50 - 150 93
High-density polyethylene 50 - 400 93
Polyvinylchloride S0 - 100 138
Polypropylene S0 - 100 93
Polystyrens 3 - &0 128
Polybutadiens 30 - % 105
SBR 30 - 80 125
Nylon fibres (yarns) S - 12 300
Acrylic fibres (staples) 10 - 15 200
Polysster fibres (yarns anc 10 - 15 250

staples)
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Table 23. Estimated manpowsr structure region (end-1976)
E!Euunan of men )

Adminis-

Technical trative Marketing Total World total

personnel personnsl personnsl manpowsr (percentage)
Western Burope 164.3 16.4 8.2 188.9 30.1
Eastern Burope 63.5 6.3 3.2 73.0 11.6
North America 167.8 16.8 8.4 193.0 30.8
Latin Amerioa 25.4 2.7 1.2 29.3 4.7
Africe 2.9 0.} 0.2 3.4 0.5
Asia
Middle East 4.4 0.5 0.2 5.1 0.8
Beast Aaia 27.5 2.9 1.1 1.5 5.0
Japan 75.8 7.6 3.8 87.2 13.9
South Asia 11.4 1.2 0.5 13.1 2.1
Pacific area 2.6 0.} 0.2 3.1 0.5

World total 545 .6 55.0 27.0 627.6 100

2.2.7 cent developments fut trende in the petrochemic

ustry

Over ths past faw years some important developments have taken place
in the environment of the petrochemical industry that are markedly afiecting
it. They includs a gensral economic slow-down in industrialised countries,
the eteep rise of energy costs, a major increase in plant oconstruction costs,
a growing swarensss of pollution problems and the introduction of environ-
mental regulatione. Their impacte on this industry are given below:

(a) Incpeased production oosts

Three factors have been affecting the coste of ths petrochemical
industry:

(1) The riee in the cost of energy, partioularly oil, led to a oon-
sidersble ries in feedstock ooste and utilities that were translated in
higher production coste of petrochemicale, which in turn deoreasingly affected
the products as they move down etream. Thie, in tumm, ie leading the industry
t0 a resource conservation policy in order to more efficiently use the raw
sateriale and the energy.

(11) Rieing construction costs and stringent antipollution regulations
have resulted in substantial investment cost inoreases.
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(iii) The current technological slow-down has, so far, not enabled

the industry to push the production costs down as was customary during
1950-70. However, some important signs of a technological upswing are
starting to appear that may help to slow down the rising production costs.

The effect of these factors, particularly the increase in the price
of raw materials, has been to increase olefin production costs by 360
per cent between 1972 and 1977 under West European conditions as shown in
section 2.2.5.4.

(b) Slower market growth

The general decline in industrial activity and the steep rise in
production costs have brought about a slowing down of market growth.
Nevertheless, the set-back of petrochemicals demand has been limited due
t0 the simultaneous and in many cases higher cost increases of the compe-
titive natural prbducts as shown in annex 3. Furthermore, as petrochemical
products are now increasingly accounting for toxicological and environmental
consequences as well, all these factors are leading to changing demand
patterns for particular products. Moreover, alternative products and/or
technological routes may supersede some existing producis, mainly
intermediate petrochemicals. This trend reflects the fact that end pstro-
chemicals are primarily performance chemicals required for their phys#tal
properties rather than for their chemical reactivity.

(c) Changes in the production cost structure

The sharp increase in the cost of energy has brought about a major
change in the production cost structure as shown in section 2.2.5.4.
Whereas in 1972 feedstock and energy represented 44 per cent of the pro-
duction oost of ethylene, it now accounts for 73 per cent. On the other
hand, the proportion represented by amortigzation and return of investment
has dropped from 40 per cent in 1972 to the current 19 per cent of the
ethylene production cost for new plants. Therefore variable costs now are
muoh more important than fixed costs. This new situation will affect the
petrochemioal industry in two ways:

(1) Those countries having feedstooks oheaply available due to large
petrolsum ressrvas or a favourable market gtructure of petroleum products,
or government aid to this industry, will be in the strongest position oon-
cerning basio petroohemioal production.

(11) Roonomies of scale will become less important since variable cost
is the dominant factor in production, thus somewhat diminishing ths sffeot
of the limited market constraint to the development of the petroohemioal
industry.
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(d) Difficulty in obtaining raw materials — trend toward flexibility

The fundamental situation is that petrochemicals usually have a higher
hydrogen to carbon ratio than crude oil. For most products the ratio is
around 2, whereas crude oil has a ratio of 1.6, tar sands 1.4 and coal 0.8.
Therefore the lighter end of the oil barrel has been used as premium feedstock
because of their ability to provide sufficient hydrogen for the interrelated
processes in a petrochemical complex. Henoe the trend is to upgrade the
heavy end of the oil barrel mainly concerning the hydrogen required in a
petrochemical complex. Therefore the greatly increased importance of
feedstocks in the production cost has spurred a concern among petrochemical
producers about securing their raw materials supply. Furthermore, the
dwindling gas reserves in the United States, the need to import naphtha in
Japan, and the trend among West European peiroleum refiners to release
decreasing amounts of naphtha to the petrochemical industry are aggravating
the medium- and long-term feedstock supply problem. Hence, a renewed tech-
nological effort is being made toward flexible multiple feedstock crackers,
even at the price of higher investment costs. Therefore ihe availability
of raw materials and their price will affect the location of new petro-
chemical complexes and the type of oil fractions that will be used, with
price being influenced by the ability to optimize the utilization of the
'"total" oil barrel.

(e) Excess capacity problems

As a result of the marked slow-down in petrochemical markets growth, l
the world industry is in an excess-capacity situation. Therefore one can |
expect delays in new capacity additions and/or the establishment of new |
petrochemical facilities. The most pressing problems at the moment are 1
those of market outlets and competition. In the meantime, no major new ‘
investment commitments are likely to be approved until the aupply/demand . {
situation becomes more balanced and clear.

(f) Trends toward international co—operation

The above described situation tends to produce a polarization towards
co-operation due to the following effects on the factors affeoting petro-
chemical production:

(i) a decrease of the market-size oonstraint that nevertheless will
still remain important;

(ii) the very high impact of feedstook availability at attraotive prioes;

(11i) the increasingly higher needs of financial means that entail

either plertiful domestic finanoial resouroes, or external co-operation from




other sources, or project implementation with foreign participation.

This last alternative might help solve the market-outlets problem through

the opening by the foreign participant of a share in its own traditional
markets.

(iv) Participation of companies from industrialized countries in
projects in developing countries would be accel-rated due to raw material

availability anl environmental problems.

2.3 WORLD CONSUMPTION OF PETROCHEMICALS -
2.3.1 Factors affecting the demand for petrochemicals

The principal factors responsible for variations in demand in the
world's main consumer areas are the following:

(a) Existence of a market

In the early stages the quality of the petrochemical products which
came on the market was far from perfect and in some cases this fact was
detrimental to the trade image of petrochemicals and hindered their market
growth. For example, the premature aging of plastics (PVC), and in general
the lack of constancy in the technical characteristics of the products sold.
However most of the problems have now been solved through sever.al means, the
more important of which is by increasing the range of grades of end petro-
chemicals, with each grade havirg its own specifications. It should be noted
that the different grade characteristics of one product such as polypropylene,
are determined not only by the physical and chemical properties of the product
but also by the secondary processing method to be used (injection moulding,
extrusion etc) and its expected speed of production. Hence, when a product
grade does not meet its strict specifications it is usually sold more cheaply
as off-grade material, generally without the manufacturer’s brand name.

In some cases the inadequacy of product properties has limited the develop-
ment of the demand for petrochemicals. For example, the poor receptivity of
polypropylene to dyestuffs that for a long time limited its use in the textile
industry; the inflammability and toxicity during combustion of polyurethanes
and PVC that limited their use in the construction industry; the ability of
vinyl chloride and styrene monomers to pass through the walls of the
corresponding polymer has limited their use in the food industry.

Nevertheless the rapid growth in the demand for petrochemical products
since the end of the Second World War is explained by the fact that these
products:

(i) have poperties, both physical and mechanical, which are perfectly

suited to their uses;
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(ii) can easily substitute natural products already on the market and
(1ii) are sold at competitive prices.

In most cases petrochemical products have been able to partially
supplant the products already on the market, mostly natural products, the
competition between these two kinds of products being the strongest at the
level of the relative prices. However, there are very few instances of
total substitution since:

- & mixture between petrochemicals and natural products turns out
to be the material best suited to the usera for which it was developed.
This is especially important for blends and compomsite materials.

- The stiff competition by petrochemicals has spurred the natural
products to improve their productivity and quality, thus becoming more
able to hold their ground in their traditional markets. Additionally, it
has helped to stabilize the price of the traditional products.

(b) Standards of living

The main factor in the growth of the demand for petrochemicals is the

rising inoomes and standards of living of the population. The elasticity
per caput of most petrochemical products has been quite high in almost all
regions, the most dynamic of which are the plastics.

(c) Degree of penetration of petrochemical products in the seciors of use

This is the second most important factor in consumption growth for
petrochemicals. If the produot marketed is well suited to the demand in
its seotor of application, the initial growth rate is rapid with a sub-
sequent tendency to slow down as a relative saturation point is reachc? .
Then ths petroohemicals market growth resembles that of the sector of
applioation as a whele.

The market penetration is generally partial and in industrialissd
countriss, where the penetration is greatest, it is seen to reach a csiling
at about 80 per ocent of the total market. Thsre are very fasw cases of total
substitution such as low density polyethylene bags and wovsn polyprcpylens
bags for paper bags.

(4) Potential market for pstroohsmical products

Ths potential market for plastics appears to be practioally unlimited,
considering their many possible appliocaticns in three end-use sectors:
packaging, transport and especially the construction industry. It oan be
expeoted that future oonsumption will be in the order of hundreds of kilcs
per capita. By oontrast, the potential market for synthetio rubber (mainly
used in tyre msnufacture) and for synthetic fibres (mainly used in olothing)
is muoh smaller. The demand in these fields of application are not expeoted
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to exceed some tens of kilos per capita. As a result, the strong growth
in the demand for these materials, still recently registered in indus-
trialized countries, is expeoted to be limited in these countries on
account of the present high degree of substitution already observed.

(e) Prices

As in the case of all consumer gocds, the demand tends tc vary in
inverse propor%ion to the price. Thus, the sustained fall in the price
(expressed as a constant value) of plastice during the sixties and early
seventies, definitely encouraged the growth in demand in th;ir various
areas of use. Conversely, the considerable rise in the prioe of plastics
and other petroohemical products would normally have resulted in a sharp
drop in the demand for these prcducts. However, this effect was limited
due to the simultaneous rise, generally in at least equal proporticns, in
the price cf competing products: wood, paper, cardboard, non=-ferrous
metals (in the case of plastics), natural rubber (in the case of synthetic
rubber), natural fibres (in the case cf synthetic fibres). Where the price
competition between natural and petroohemical products is not limited by
technical considerations, product substitution ocours readily. For example,
variation in the proportions of the constituents of polyester/cotton
mixtures from 65/35 to 50/50 and viceversa. In other cases, the requirements
or habits of the processing industry must be closely adhered to, for example,
slight variations in the proportion of synthetic rubber for eaoh type of
tyre. In sdditicn, the part played by variaticns in the prices cf petro-
chemical end products themsslves should be mentioned. As a result of
differentiated price inoreases in recent years, the price of the large
tonnage plastios liss in the range of 25-30 USonntl/lb. This, for instance,
is favouring the demand of high density polysthylene and polyprolylene
against low density polysthylene in many applications except films.

(f) Looal produotion

Looal petrcohsmioal production usually leads to an acceleration of
looal demand. Howevsr, this effeot is not alweys folt at onoe on account of s

- import restrictions (oustoms barriers sst up to proteot a new industry)

- the problems of supplying the market at the moment of start-up

- at ths beginning, the reluctance of proocessors 40 use a looally made

product whoss speoifioations are often initially considered inferior
40 those of products previously imported.
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(g) Local processing

The existence of a national processing industry has a definite influence
on the development of local demand:

(i) The presence of this industry, generally spread over the country,
tends to make the product better known to the consumers than it would be
if it were merely imported (effect of diffusion)

(ii) Local processing with a high added-value (especially in the case
of textiles, less so for everyday plastics) means that local production
whould be cheap compared with imported end-products, particularly if labour
costs are also low.

(iii1) ‘'he case of tyre manufacture, by far the largest user cf rubber,
is different: the setting up of such an industiry, (usually controlled by
large international companies) has no appreciable direct effect on the
local market. Besides, any one plant, even a fair-sized one, does not
produce the whole range of tyres required by the consumers. The situation
would be quite different in the case of a car assembly plant possibly

using locally manufactured tyres.

2.3.2 Development of the demand for getrochomic;ll
During the sixties and up until 1973, world demand for petrochemical

products grew considerably. By the end of this period, however, a certain
decline in the growth rate was already being felt. 1974 was characterized
by a slight but unprecedented drop in world demand, followed in 1975 by a
further appreciable decline, but in 1976 it regained a level close to the
1974 maximum.

Two types of growth in regional demand for petrochemicals can be
distinguished: the growth of the developed countries and the growth of the
developing countries. The variations are obviously more pronounced at
country level.

In the developed countries, the growth of demand is slow and steady
due to the stabilization of markets which are reaching a saturation level
(particularly a high rate of substitution exists in these markets ). The fall
in the growth rate in 1974-75, due mainly to economic causes, also reflects
a change of attitude on the part of producers and consumers toward petro-
chemicals. As was notioed previously, the effeot of the rise in the price
of these products on the level of the demand has been limited by a simul-
taneous rise in the price of competing produots. As for the future, as
already confirmed by the first results recorded for the years 1976-1277, a
new growth pace of demand for petrochemicals will appear, in any case more

moderate than before.
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The growth in demand in the developing countries is typically
higher - after a "take—off" phase - but also irregular. However, it
must be noted that in developing countries as a whole, the growth in
demand was much less affected in 1974-1975 than it was in the indus-
trialized countries. This can be explained because economical growth
was still generally sustained in developing countries and their potential
demand remains relatively large.

Considering that the consumption of end petrochemicals is the key
factor in assessing the evolution of the demand for petrochemicals, the
data and analyses are concentrated on them. The demand for intermediate
and basic petrochemicals is mainly derived from the production of end
petrochenicals through the corresponding production factors. Their con-
sumption is mainly located in petrochemical producing countries while end
petrochemicals are consumed everywhere. Table 24 shows the world con-
sumption breakdown for major petrochemical end products in 1974. The
share of developing couniries (excluding China for which statistics are
not always available) in the world market was 11 per cent on average.
This percentage corresponds to only 9.35 per cent of the total in the
case of plastics but 19.3 per cent for synthetic fibres, 12.8 per cent
for synthetic rubber and 20.3 per centi for synthetic detergents.

Latin America ranks first among developing countries regions with
regard to the volume of demand for petrochemicals: 44 per cent of the
total in 1974. South Asia is the second market, with 21 per cent of the
total, whereas the East Asian (excluding Japan and China), African
(except South Africa) and Middle East markets are roughly the same Bize:
13, 12 and 10 per cent respectively of the total for developing countries.
In general terms in 1974 plastios accounted for 58 per cent of total
world end petrochemicals consumption while man-made fibres, rubbers and
synthetic detergents acoounted for 14 per cent each, respectively. The
detailed data on end petrochemicals oonsumption by major product, country
and region from 1965 onwards is given in appendix B. From this basic
data the corresponding tables have been prepared for thas four main end
product families giving their world oonsumption, their main economic
characteristics and their structures of the demand. They are presented
in annexes 4 through 7. To complement the economic indicators, data on
income per capita and population are given in annexes 8(a) and (b).



TALE 24

WORLD CONSUMPTION BREAKDOWN OF MAJOR

PETROCHEMICAL END PROOUCTS - PERCENTAGE

[ REGIONS OF THE WORLD 1974 .
WESTERN EUROPE 31.81
EASTERN EUROPE 11.91
NORTH AMERICA 31.88
LATIN AMERICA 4.7
AFRICA 1.684
NORTH AFRICA 0.54
WEST AFRICA 0.28
EAST AFRICA 0.28
CENTRAL AFRICA 0.14
SOUTH APRICA 0.55
ASIA excl. CHINA 16.89
MIDOLE EAST 1.01
EAST ASIA excl. JAPAN 1.40
JAPAN 1.8 )
SOUTH ASIA 2.27
PACIFIC 1.3 .
L L
TOTAL WORLOD 100.0
n L
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2.3.2.1 Pl!!;“

The evolution of the demand for plastios, by region, from 1965 to 1975,
is showm in annex 4(a), as well as the corresponding markst share of the
developing oountriss. This share grew from 6.5 per cent in 1965 to 8.8 per
cent in 1970 to 11.5 per oent in 1975, almoet doubling their market share
during ths period.

Amnex 4(b) gives ths main soonomic characterietios of world plastiocs
demand in terms of growth ratss, oonsumption level and structure of tme
demand Detween thermoplastios and thermosetting resine. The struoture is
given as perosntage of thsrmoplastics over total plastics, the balancs
being made up of thermosettinge. Currently thermoplastics represent two
thirds of the total plastics market.

(a) Concerning the developed countries, their dsmand for plastiocs grevw
during 1965~75 at ratss between 7 to 11 per cent per ysar, depending om ths
oountry, this figure being advsrsely affectsd by the substantial drop in
desand in 1974/75. As regards the lsvsls of oonsusmption against inoome,
major oonsuming areas are found in about ths same eituation with the exoep-
tion of Bastsrn Europe where this level is far lower than that of the
developed markst eoonomy oountriee. Thie situation indicatss that ite
market saturation is lower, hence ite potential market development prospects
are brighter. Therefrom its smphasie on a rapid plant capacity expamsion
through "buy-baock" agreements.

(v) Comocerning the developing countries, thsir demand for plastios
over 1965-75 kept growing at a vary fast pace with growth rates between
15 and 20 per ocemt per ysar in most oases. The 1974-75 markst drop wes
quite limited in most ocountries, in ocontrast to the eituation of the
doeveloped countries. This faot indicates how high the potential demand
for plastios etill ie in theee ocountries. Referring to the level of plastios
consumption against income, most dsveloping countriss are found in about a
similar situstion, with the exception of East Asia whsre the existemce of am
agressive export-oriented plastio prooessing indusiry has speeded up the
rapid development of ite plastios market far above ths average sarket
szpansion of the developing countries. In fact, it oconsumes 9 Kgs of plastio
per capita against the } Kgs for the other regions having the same imoome.

2.3.2.2 MNgp-mede fidres
The evolution of the demend for men-made fibres, by region, from 1965

$0 1975, ie presented in amnex 5(a), and includee the ocorresponding market
share of the developing countries. This share grev from 14.6 per oeamt in
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1965 to 15.9 per cent in 1970 to 22.8 per cent in 1975, thus increasing
their market share in about 50 per cent during the period.

Annex 5(b) gives the main economic characteristics of world man-made
fibres demand concerning growth rates, consumption level and structure
of the demand between cellulosic and synthetic fibres. The structure is
given as percentage of synthetic fibres over total man-made fibres, the
balance being made up by the cellulosic fibres. Currently synthetic fibres .
represent 71.5 per cent of the total man-made fibre market, whereas demand
for cellulosic fibres has become stagnant in the last years.

(a) Regarding the developed countries, during 196575 the average
growth rate for man-made fibres was in the range of 4.6 per cent to 7.2 per
cent per year depending on the country. As observed in the plastirs
market, their demand also dropped substantially during 1974-75. Tuis slow-
down in the demand reflects the high degree of penetration of man-made
fibres in these courtries. Currently their market penetration is 50 per
cent over that of total textile markets.

Likewise, the synthetic fibres kept on making deeper inroads into the
total man-made fibre markets from about 65 per cent in 1970 to around 80
per cent in 1975. The far lower marketi penetration of synthetic fibres in
Eastern Burope (50 per cent in 1975) indicates that this region has the
highest market potential of the developed countries regions.

(b) Concerning the developing countries, the demand for man-made
fibres over 1965-75 has been strong but irregular. This situation is
typical of countries where the level of consumption is still low, below
1 Kg per capita in most regions and about 2 Kgs in Latin America and
Middle East. An exoeption is East Asia where iis aggressive export-oriented
textile industry has boosted man-made fibres consumption to 4.3 Kgs per
oapita in 1975, a level comparable to that of Eastern Europe.

By oontrast with the situation in developed countries, the market pene- .
tration of man-made fibres is still moderate at about 25 per oent of total
textile markets. Likewise, the synthetic fibres made fast inroads into
the man-made fibre market, at the expense of cellulosic fibres whose growth
practioally stagnated. Their market share went from about 50 per ocent in
1970 to about70 per cent in 1975.

2.3.2.3) Rubber

The evolution of demand for total rubber, by region, from 1965 to 1975,
is shown in annex 6(a), and inoludes the corresponding market share of the
developing countries. This share went from 12.8 per cent in 1965 to 14.1
per cent in 1970 to 17.3 per oent in 1975.




Annex 6(b) gives the main characteristics of total rubber demand
regarding growth rates, level of consumption and structure of the demand.
The structure is given as a percentage of synthetic rubber over total
rubber, the balance being represented by natural rubber. Currently
synthetic rubbers account for 69 per cent of total rubber consumption,
but their dynamic market penetration has been checked since 1972 at
about 70 per cent, due to the strong come-back of natural rubber and
present trends towards using more natural rubber in tyres.

(a) Concerning the developed countries, during 1965-75 the demand
for rubber rose in the range of 3.} per cent to 8.8 per cent per year,
depending on the country, with a marked drop during 1974-75. This evo-
lution reflects developments in the automo'.ive industry since about two
thirds of rubber is devoted to tyres and related products. The market
penetration of synthetic rubbers was about 72 per cent of the total rubber
industry in 1975.

Although the level of rubber consumption in Eustern Hurope has
corresponded to the levels of other developed countries, its demand for
rubber has been growing at a fast rate, specially during the 1970s. This
expansion corresponds to a phase of intensive equipping in the road transport
gector that has led it to beoome the first region to pass over the observed
80 per cent market penetration ceiling for synthetic rubber.

(b) Regarding the developing countries, their demand for rubber grew
at an average of 10 per cent per year. lHowever, there were considerable
variations in the growth rate of the different regions, specially for those
oountries with a still low level of consumption, below 1 Kg per capita.

In many cases, market growth has been faster during 1970-75 than during
1965-70. This evolution is typical of regions with a large potential
demand. The market penetration of synthetic rubber was around 56 per cent
of the total rubber industry in 1975.

Referring to the level of rubber consumption against income, most
developing countries are found in a similar situation with the exceptions
of East Asia and China. In East Asia the existence of an export-oriented
processing industry has acoelerated the growth of its rubber market quite
above the average market expansion of developing countries. In China, the
very low level of rubber consumption stagnated over the past few years,
remains quite below the level of other developing countries having the same
inoome level, hence it has the larger potential demand.
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Data concerning the world detergent market is oftem lacking or

contradictory. Neverthelees, annex 7(a) shows the evolution of demand
for synthetic detergents from 1965-75 amd the corresponding market share
of the developing countries. Thie share rose from 16.9 per oent in 1970
to 20.5 per ocent in 1975. The consumption figures correepond to a formu-
lated detergent tonnage as delivered to industrial or domeetic consumers.
These symthetic detergente take the following forms:

(1) Surface-active finished detergent powder, that accounte for 65
per oent of total formulated detergente for Western Burope and 70 per oent
for Jepan respectively;

(1) ecouring powder, that on the average accounts for 7 to 8 per oent
of the total;

(ii1) liquid detergente that reprecent 27 per cent of the total for
Western Burope and 23 per ocent for Japan respectively.

The formulated detergents have many oconstituents in their formalaee.
The most used among them are eodium tripolyphosphate (30-35 per oent of
formlations by weight) and other sodium salts. The active constituents
of petrochemical origin account , on the average, for about 20 per ceat
of the tonnage of formulated detergesnts. Thie percentage greatly fluoctuatee
from one oountry to another depending on washing hadbits. Among the petro-
chemioal active oonstituente,the more important are the alkylbensenes
(bremched and linear types), non-ionic, anionic and cationic surfactemte.
Annex 7 (b) givee the regional market oonsumption of the two more iaportant
petrooheaioal active oonstituente, alkyldensenes and non-ionic surfactamts,
for 1975.

(s) Conocerning the developed countries, during 1965-75 they had only
a modest growth rate in formulated detorgente oconsusption, whioch did mot
exzoeed 4 per oent per year. In 1974-75 the detergeants demand vas stagnent
due 10 the world economic slump end changes in consumere’ behaviour. The
ourreat slow-down in consumption growth ie mainly due 40 the desper market
penetration of synthetic detergents in the scap, total detergent and oclesning
agent markets. Henoe ite future growth in consumption would resesble that
of the scap and total detergent mazkets as a whele.

(v) Regarding the developing countiries, the demend for gynihetioc
detergmnts has been growing at high yearly retes, comparable with thoee
obeerved for other end petrocheamicals.
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Thie growth stems mainly from two factors: a strong development of
the need for soap and detergents at the current level of consumption, and
the still moderate degree of market penetration of synthetic detergents
in the total soap-dstsrgente market.

On account of these factors, the growth prospects for synthetic
detergents remains favourable in moet of these oountries.

2.3.)} or trends in the evolution of the d for the n

trochemicals

A detailed analyeis of the major trends and the changes of end-use
patterne of the four main snd-producte families by product is presented
in appendix D. Based on that analyeis the main trends affscting end
petrochemicals consumption are given below.

2.3.3.1 Plgstiocs

The major shars of the plastice market is held by thermoplastice
which sccount for about 70 per ocent in developed countries and around
82 per oent in devsloping countries of total plastios. Concerning the
situation and likely development of the main types of plastics, the
following trends are observed:

(1) Polyelefine (LPDE, HDPE, PP) presently acoount for one third of
the world plastics market. Taking into acoount ths etrong expansion of
demand expected for high density polyethylene (HDPE) and polypropylems (PP),
demand for low density polyethylsne (LDPE) would likely grow at about the
same pace as plastios on ths whole. This situation should reeult in low
deneity polyethylens concentrating in film applications whereas the other
two polyolefins oonoentrate in more sophistioated applioations like injeo-
tion molding. Currently the prices for these three plastios are leveling
off, thus favouring the coet/performance ratio of the more expeneive HIPE
and PP. Neverthelees, the penetration rate of HOPE and FP into polyolefin
markete will likely remain lower in developing oountries than in developed
oouniries.

(41) PVC ie ths firet individual plastio in the plastios world sarket
with 22 per ocemt of the total. Its future growth is expected to be lower
then that of plastios as a whols, for it ie desieged by high energy ooste
snd Nealth hasard prodlems. MNeverihsless, PVC ie expected to kesp on
holding its leading position supported by ite forthooming developmente for
rigid epplications. This eituation would ohange in 1985 should LDPE take ‘Bd

(111) Polystyrens (PS) acoouats for 10.5 per oent of the plastice world
sarket aad its ehare in this market is expected to remain constant as in the
past. It ie imteresting 1o mote that about the same perosntage applies in
most regions, therefore PS demand alone can be oconsidered as charecterietic




of the plastic consumption level in any given area.

2.3.3.2 Synthetic fibres
Concerning man-made fibres, eynthetic fibres alone will be responsible

for its expaneion, since cellulosic fibres, after years of stagnation, are
gradually decreasing their market share. The major exception is Eastern
Europe where cellulosic fibres hawe kept a very slight growth rate. The
main reasons for the decline of cellulosic fibres are expensive raw materials
and qualities below those of eynthetics. Nevertheless, the high degree of
substitution of cellulosics by synthetics (72 per cent of the total in de-
veloped countries), coupled with the high degree of penetration of synthetics
into the textile market, will become an important limiting factor in slowing
market growth for synthetics. In developing countries, synthetic fibres
account for 63 per cent of the man-made market. In these countries, market
growth would reeult from a deeper penetration of man-made fibres into the
textile market (currently 25 per cent of the total as against 50 per cent
in industrialized countries) and from the overall growth of the textile
markst. The demand pattern for the three main eynthetic fibres is changing
as followe:
(1) Polyseter fibres, currently aocounting for 46 per cent of world
synthetic marksts, will keep on inoreasing in importanoe.
(ii) Polyamid fibres, presently acoounting for 33 per cent of world

synthetic markets, will continue deoreasing in importanoe.

(ii1) Acrylic fibres should keep almost a conetant ehare of ths world
synthetic market of about 20 per oent of the total.

2.3.3.3 Synthetic rubber
The ratio of synthstic rubber consumption to total rubber consumption

has gons from 60.4 per csnt in 1965 to 68.2 per oent in 1974. However, thie
peroentage slightly decreased in 1975 as a result of a change in the rubber
competition: ths produotion oost of synthetic rubber has been rising whereas
the production cost of natural rubber ie on a downward trend. This new trend
would lead to having about the eame growth rate for natural and synthetic
rubber, at least in devsloped countries which already have a high degres of
substitution of natural for eynthetio rubber.

The eingls most important synthstic rubber is SBR that accounts for 60
per cent of ths total in developed oountries and up to 80 per oent in
developing countries. It is envieaged that SBR will remain in its leading

position for all its ourrent appliocations. MNost of the other synthetio rubbers,
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with the exception of polybutadiene (that accounts for 10-15 percent of
the total) and butyl rubber (used in tubes), are generally used in
specialty applications. Polyisoprene, considered as a possible substitute
of natural rubber, seems to have reduced chances of development in the

near future due to the newly gained competitiveness of natural rubbers.

2.3.3.4 ngthetic detegggnta

Aikylbeaz-ne sulfonates are by far the main active material used for
preparing det:-z.uts. In 1975, its demand amounted to 1.2 million tons, of
which J.33 mill.c.a were in developing countries. The relatively high
volume of alkyltenzene used in developing countries partly results from
washing habits: handwashing with cold water instead of machine washing with
hot water requires substantially more of the active material. It is
expe.*ad that alkylsulfonates will continue to develop at a moderate growth
rate and will keep its leading position in detergent markets because no
other surfactant can match this material on a cost,/performance basis for
spray-synthetic detergents.

Due to recent~regulatione on water pollution brought into developed
countries, biodegradable detergentis based on linear alkylate sulfonates
have largely displaced "hard" detergents based on branched chain dode-
cylbenzene sulfonate. In developed countries there is a continuing trend
toward liquid detergente that could alter the market siructure and the
linear alkylate sulfonate dominant position in it. These long-term threats
come mainly from alpha olefin sulfonates and alcohol-based surfactants.

Detergent-range alcohols (non-ionic surfactants), second in importance
as surface active material in developed countries, have very moderate

prospects in developing countries.
2.4 INTERNATIONAL TRADE AND DISTRIBUTION

2.4.1 Evolution of international trade

Petrochemical products form a rather important share of international
trade. In 1976, for instance, United States exports of synthetic fibres,
thermoplastics and synthetic rubber amounted to 1,450 million dollars, i.e.
more than 1 per cent of the total US exports. In 1975, the internal and
external exchanges of the EEC relative to the main petrochemical end products
alone (thermoplastics, synthetic fibres, synthetic rubber) were about
5,000 million dollars. Such a value is equivalent to 9-10 per cent of the
total imported orude oil (but represented 25 per cent in 1973, before the
quadrupling of crude oil prices).

L]




The impact of petrochemicals is even higher if we consider the case

of Japan. For that country, exports of synthetic fibres alone amount to

about 2.5 per centof the total exporta. The end products are higher price

goode; the international trade in intermediate and basic petrochemicals

has less impact than the end products. United States exports of benzene,

toluene and xylenes, for instance, amounted to 250 million dollars in 1976,

and Japan exported about 100 million dollars with the same products in 1975. .
2.4.1.1. Trade exchanges

The differing evolution between regional consumption and productior s
patterns and intercompany competition generated surplus or deficit halance
situations, which in turn originated the trade flows and petrochemica.r
exchange patterns. Appendix C gives detailed data on regional trade f:ows
by product for 1973-75. Based on this data annex 9 was prepared to show
the trade flows for the main end petrochemicals.
The major part of international trade in petrochemicals is constit:’:c
by end-product exchanges: plastics, synthetic fibres, synthetic rubber,
and to a lesser extent, detergent. In terms of itonnage, plastics account
for about 70 per cent of this group.
Petrochemical end-product trade continues to grow, slightly faster thar
world production. In 1960 the volume of trade was of the order of 2 miliion
tone; by 1965 3 million tons, and in 1970 more than 9 million tons. A peak
was reached in 1973 with a figure of 12 million tons. Since then, inter-
national trade has suffered ths effects of falling demand, and today's figure
ie equivalent to the 1973 level.
The traditional exporters are the EEC oountriee, Japan and the United
States, with end produot exports of 8.8 million tons, 1.6 and 1.4 million
tone reepsotively in 1975. The main importing areas are the EEC oountries:
6.1 million tons including 5.4 million of internal exchange; other Weet
Buropean countriee: 1.3; Asias 1.7 and Latin Amerioa 0.6 million tons. .
Regarding exchanges, figuree are given for 1973, the last "normal" year
before the world economio elow-down, and for 1975, the last year for whioh .
oompreheneive etatistios are available. They do not repreeent the whole of
international trade eince, for example, tonnagee sxohanged between lees
developed oountries, or between EBastern Burope and EFFA oountries, are not
always taken into acoount, dus to the lack of statistios. Howevsr, the great
bulk of tonnages exohanged ie represented so that some oonclusions can be
drem from the data given in appendix C and annex 9:
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(i) EBxcept for a few products, the EEC countries are a net exporter.
(ii) The United States imports mainly butenes, butadiene and benzene.
(iii) The export-import balance of Japan is favourable for all the
products considered except for xylenes and methanol.

Taking into account the trade evolution, the main trade flows are as
follows:

(a) Olefins. About 80 per cent of the world ethylene market is
accounted for by the United States, Western Europe and .apan. Currently
there is no significant trade in ethylene and propylene, except between the
EEC countries and within CMEA members. On the contrary, tlere is a
relatively large amount of butenes /butadiene exported from Europe to the
United States.

(b) Aromatics. Despite current ove - :apacities in benzene in liestern
Europe and the United States, the latter st:11 continues exportirg benzene
to BEurope. The same observation applies to toluene and «vlen:s. European
imports are partly due to growing aromatics needs in low-lead content
gasolines. Whereas o-xylene . ovements from the United States to EEC
countries have been decreasing since 1969, the EEC formerly an exporter of
P-xylene, has become a net importar. Finally, in recent yervs iherc has
been a significant movement of aromatics from Eastern to Wesiern Europe.

(¢) Intermediate products. Tre United States still exports methanol,

styren- .ad cyclohexane to EEC countries, whereas raw materials for synthetic
fibres and plastics are exported by the United States, EEC and Japan to
developing countries tnat have recently built polymerization facilities

such as South asia and Latin America.

(d) End products. About 1.4 million tons of synthetic fibres in 1973
and 1.1 million tons in 1975 have been exported by the three main industrial
regions. Japan and IEC continue to be the biggest exporters. For Japan,
South East Asia remains its largest market due to the huge filament pro-
oessing facilities in such countries as the Republic of Korea. Eastern
Burope and EFTA ocountries constitute important markeis for Western Furope
in end petrochemicals, vhile Eastern Europe is emerging as an important
synthetioc rubber exporter. Concerning plastios, EEC is largely the main
exporter with Japan a strong second exporter, while Eastern Burope still
remains a large net importer.

2.4.1.2 Share of the international trade in the ocons

To assess this share one should compare the international exchanges of
petrochemicals with their consumption, and mrasure the importance of the
total exports ocompared to world production.
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Dat a relative to the weight of inter-regional trade in world consumption
is given in annex 10. Figures are shown for 1973, the last "normal" year.
In fact, it is difficult to draw general conclusions from the exchange and
consumption date, each product and each area being a particular case.
Nevertheless, the following aspects can be pointed out:
(i) The ratio of exchanges (imports + exports) to consumption are of
the same order of magnitude for Japan and the EEC countries, as far as end .
products are concerned (EEC internal trade not taken into account). The
same ratio is far lower as concerns the United States. .
(ii) The total exchanges relative to the EEC are very important when
compared to the consumption. In 1973, the exchanges amounted to 89 per cent
of the consumption for synthetic fibres, 58 per cent for plastics, 76 per cent
for synthetic elastomers. In 1975 figures were 93 per cent for synthetic
fibres, 67 for plastics and 84 per cent for synthetic rubbers, the higher
figures for 1975 mainly reflecting a depressed consumption situation.
Figures reictive to intermediate products are often lower, though sometimes
important.
(iii) Japan and EEC export a very large quantity of petrochemicals
compared to their consumption, about 25-30 per cent for synthetic fibres
and high density polyethylene, 22 per cent for low density polyethylene,
18 per cent for plastics and as concerns Japan 45 per cent for polybutadiene
and 31 per cent for SBR.
(iv) The position of the United States is quite different. In fact
the United States exports a rather minor quantity compared to their
consumption: 6 per cent for synthetic fibres, 7 per cent for plastics,
o-xylene exportis (about 35 per cent of their production) represent an
exception,
(v) The most important trade is in end products, while for most basic
and intermediate products trade can be considered as marginal (less than ’
10 per cent of production).
(vi) Tonnages exchanged are relatively important for toluene and ,
o-xylene (but not for benzene) and for end products, including synthetic
rubbers (about 15 per cent), non-cellulosic man-made fibres (about 15 per
cent), thermoplastics (up to 21 per cent for high density polyethylene).
(vii) The same ratios for 1975 could be slightly higher due to a poor
production of most products in 1975 and to the fact that the decrease of
exchanges has been more moderate.
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2.4.1.3 Major trends in the international trade

From the above analysis the major trends in international trade are
the following:

(i) The EEC internal trade should continue to be very active.

(ii) Propylene éxports from EEC should develop due to a glut being
formed by the faster—growing ethylene needs.

(iii) Butadiene export from EEC to the United States should continue as
long as significant feedstock shift for basic petrochemicals is not
implemented in the United States.

(iv) Aromatics, styrene and cyclohexane could continue to be exported
from the United States to Europe in the same magnitude as now.

(v) Japanese exrort tonnages are likely to remain almost constant,
with a slight decrease in the exports/consumption ratio due to the sironger
international competition and the planned implementation of new peiro-
chemical plants after 1980 in the Middle East and South Fast Asia.,

(vi) The prospects of huge capacity export-oriented plants emerging
after 1980 in Eastern Europe and some oil producing countries with numerous
buy-back deals betwen Eastern European countries and chemical companies or
contractors might substantially alter the current trade situation by
toughening the competition, increasing very substantially the trade in basic
and intermediate products, and geographically broadening the whole petro-
chemical trade.

2.4.2 Market ogggrtunitiu

2.4.2.1 Commodity chemicals
Commodity chemicals are defined as chemicals sold on the basis of their

specifications only. They may be worth from a few oents/kg to many dollars
per g, but they will always be identified by objective specifications, and

not by their performance on a downstream processing machine, or in a product
incorporating or made from the chemical in question. Intermediate and basic
petrochemicals generally fall within this category. Figure 4 shows how the
market for any commodity chemioal can be broken down according to the type of
commercial channel through whioh it moves or the manner in which it changes
hands. This figure illusirates the fact that the market actually available to
a new entrant is usually, in the case of heavy organic chemicals, only a small
fraction of the actual overall demand. As an example, the West European
etkwlbonsene/ltyrono monomer marke! has been selected. Its captive consumption

represents about 74 per cent of total demand. Of the remaining 26 per ocent
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not all ie accessible to a newoomer. Fur instance, some chemical companies
or traders may have ethylbenzene available (e.g., from an unbalanced opera-
tion, or by superfractionation of a C8 aromatios fraction) and have it
converted to styrene on a toll basis. BASF is known to carry on this type of
business with some leading trading ocompanies. Similarly in propylene oxide,
the Oxirane plant in the Netherlande is usually classified as "merchant'" and
such a large oonsumer as BASF is coneidered '"buyer' but in this case Oxirane
converts the propylene supplied by ROW (a 50/50 BASF-BP venture) to o-pilene
oxide, so that sales are in the form of f.rvices but not of goods.

Returning to styrene, at least one case is known where a North Ameri:an
polymer producer located in Western Europe buys styrene monomer locally
(although the parent company overseas is the producer) in exchange for which
the North American producer sells a similar amount of styrene to the North
American polymer plant of its West European monomer supplier. This results in
freight savings. Once again, what appears as a non-captive user is, in fact,
truly part of the merchant market.

There are frequent cases of business that are so "traditional” that it
cannot properly be considered part of the available market. In the case of
styrene, for example, Gulf has an entirely merchant plant, and Hoechst, a big
user of styrene, has no production capacity of ite own, and sales by the former
to the latter are so well established that no outsider could aspire to a major
part of this business. Taking another example, Shell, despite its size, does
not produce caustic soda and chlorine, its needs being supnlied by AKZO0 which
in turn "traditionally" buy its fibre-grade ethylene glycol from Shell. Other
such examplee of "reciprooity" are not to oome by in the ohemical industry.

Although there are few examples of non-integrated styrene plants in
Western Europe (Forth Chemioal, for example, buys its ethylbenzene), it will
nevertheless turn out in any given year that some theoretically balanced
Ethylbensene/styrene producers will have bought a certain amount of ethyl-
benzene. This may be due to aocoidents, malfunctioning of the plant, mainte-
nance planned or not and similar oauses, all theee cases being included in
figure 4 under '"non-recurring" business.

The truly merchant business can be further broken down into contract sales
and spot sales. Contract sales, in the case of styrene, make up 79 per cent
of the merchant market, spot eales the remaining 21 per oent. Although prioces
are nowadays seldom fixed for more than three monthe (even monthly re-
adjustments are not unknown) these contraots are usully established for
periods of 3 to 5 years, and a produce) new to the market will thus have to
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wait until going contracts expire before being in a position to compete
for the business.

Spot sales include both regular business of a speculative nature and
non-recurring business. FKFven a large buyer of a given commodity will cover
no more than, say, 80 per cent of his requirements by contracts, the rest
will be acquired on the spot market in the hope that by means of agile
purchasing the weighted average cost of the commodity can be somewhat reduced
without incurring too much outside risk. The spot market is handled mainly
by brokers and traders.

The new entrant thus faces, at least initially, markets in which very
little is left to chance and where structural shortages are at best rare.
The new entrant must thus carve his share out of a market that is
basically in balance. The extent to which this is possible will depend on,
among other things, the number of companies already supplying the merchant
market. Thus, there are, for example, six or seven habitual sellers of
styrene in Western Europe, so that a new producer may aim at getting about
15 per cent of the true merchant market. This would mean that each merchant
supplier would already have to give up ar.und 15 per cent of his business
which is generally considered to be an upper limit, and even so provided the
newcomer is willing not to touch off a price war in the process of trying to
capture a disproportionate market share.

2.4.2.2 Performance ochemicals

Performance chemicals are products that are bought on the basis of both
their specifioations and the results obtained when using them. Thus, for
example, two polymers (typical examples of performance chemicals) may yield
extruded films of substantially identical properties and performance charac-
teristics, but ore may permit higher output from the extruder. Similarly,
the properties of the films themselves may differ, affecting, for example,
their performance an packaging machinery, which in turn will influence the
market value of the various alternative resins from whioh the films can be
made.

From these Mundamental differences between performance chemicals and
commodities, it oan be realised that the marketing »f the former requiree
a far greater effort than the latter. Thus, marketing a family of perfor-
manoe chemioals will require all or most of the following types of action:

- frequent teohnical service at the customer level

- oocasional, although less frequent than in the case of customers

proper, assistance to the customers®' own olients
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-~ back-up of a technical service laboratory

- advertising, both technical and institutional

Because of the diversity of the types of contacts needed between
producer and market, it is usually impossible to sell performance
chemicals from a distance without having a substantial supporting
organization close to the market able to carry out the various types of

tasks mentioned above.

2.4.2.3 Captive and non-captive petrochemical marke's

To complement the above analysis, it is interesting to consider what
the proportion is of petrochemical production actually delivered to
consumers through dealers. Sales are defined as actual quantities of
petrochemicals sold only by the original producers. They include: shipmentis
of a commodity for domestic use and export, shipments or a commodity produced
by others under toll agreements, and shipments to subsiduary or affiliated
companies. Annex 11 shows the ratic of sales to production in the Unted
States and Japan. The main conclusioas that can be drawn are the following:

(i) end petrochemicals, being performance products, are almost wholly
non-captive markets;

(ii) the situation varies for the different intermediate and basic
petrochemicals but most of them have higher capiive markets, in particular
the olefins thqt in the United States have about two thirds of the market.

2.4.2.4 Costs of sales

In general, commodity sales costs should not exceed 2-3 per cent of

sales in the case of bulk chemicals. Thus, assuming that the minimum cost of
running a one—trader sales office is around $ 125-150 thousand,/year, one
concludes that the sales volume at which such an office would break even is
around § 6-7 million/year. At mid-=1977 prices this corresponds to sales of
around 20,000 tons/year of aromatics, or 15,000 t/yr of styrene, and
correspondingly less of the more sophisticated organic intermediates.

The minimum running costs for an operation to back up the sales of per-
formance chemicals are much higher, in the order of § 500-700 thousand,'year
to cover all the various functions, but admissible sales costs as a part
of business volume are also higher. The danger here is that the newcomer
will have to support sales costs resembling those of introducing anew
performance product, whereas for his established competitors ihese products
are already mature. For instance, the cosis for a new entrant of selling
IdPE may turn out to resemble the costs that a more mature chemical company

experiences when introducing, say, a new engineering resin.
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2.4.3 Or‘anization of markets and distribution systems
2.4.3.1 Trade practices

(a) Contract business, usually accounting for the bulk of the

merchant market, consists of agreemenis between buyer and seller that cover
a number of transactions over an extended time-period. Contract terms usually
specify the following:

(i) Total volume and size of liftings. In the case of certain com-
modities, take-or-pay clauses may be included but these become less frequent
as one moves down along the petrochemical stream.

(ii) Duration: three to five years is common, often with clauses that
make renewal more or less automatic.

(iii) Prices and payment terms: although fixed prices are no longer
practicable, there are usually clauses tying the initial price to a mutually
agreed-upon benchmark such as, e.g. the Rotterdam naphtha price, or else to
"market" prices which must likewise be defined.

Promptness in payment varies greatly from country to country. In some
markets, e.g., the Federal Republic of Germany, an invoice three days overdue
will already lead to a reaction on the part of the creditor; in France or
Italy tolerance for delays is much greater. This is in part due to the fact
that in certain countries the seller retains title to the goods until they
are paid for, which constitutes a strong incentive to pay on time.

(iv) Currency clauses. These have become more important since the
industrial countries have reverted tc flexible exchange rates. The closer
a product stands to the basic petrochemical building blocks, the more trade
in this product will be found to resemble trade in the basic commodities such
as naphtha or bensene. Thus, for example, a take-or—-pay clause will be
frequently found in the case of naphtha, less sc in that of bensene, only
very occasionally in the case of styrene, and practically never in that of
a more sophisticated intermediate suoh as caprolactam or phenol.

(b) "Fidelity" bonuses are common in certain countries, for example,
in the Federal Republic of Germany under this system the amounts to be bought
are still estimated at the beginning of the period and if they are met or
exceeded, a fidelity bonus will be paid. This bonus is usually around 2-3
per cent on the total amount purchased and varies with the deviation (if
positive) between actual and target sales. Thus, for example, if a cusiomer
takes 60 per cent of his requirements from a given supplier, the latter will
pay him a year-end bonus of, say, 2 per oenij but if the percentage rises
1o 70 per cent, the bonus will rise, say, to 3 per cent. In this example,
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it works out that the additional 10 per oent will have been bought at a
marginal cost of only 91 per cent of the original price, which - and this
is the whole purpose of thie systes - makee it all the more difficult for
a newcomer to fight for a share of the oomtract businese.

(¢) Spot business is often handled by brokers, particularly in the
case of hydrocarbons, bensene, xylene isomers, etyrene. With the boom in
prices following the shortagee of 1974, the number of trading firms
increased greatly and margine have oonsequently sunk to the point where
even figures as low as 1 or 2 per ocent are mot uncommon in the case of
heavy organics such as styrene. In 1977, however, a number of bankruptcies,
and not always voluntary mergers, have had the effect of weeding out the
less solid of these trading companies, and in particular those who werse
tempted into taking big positions as opposed to carrying out their tradi-
tional roles as brokers or back—to-back traders. Therefore, it would not
be eurprieing if trading margins began moving upward again in due course.

Tradere may also be of use to newcomers to ihe patrochemicals market
in arranging toll oonversion or swap delays. However, these have tended
to be more profitable to the tradors and thus less so to the sellers, often
reflecting the availability of a given commodity at distress prices. Traders
have been trying more and more to move into the contract end of the
merchant petrochcmicals business. One of their main incentives to do so
has come from the relstively large amounts of some basic chemicals that
certain West European engineering companies have had to accept in partial
payment for plants delivered to the CNEA ocouniriss, and which usually they
are not qualified to market themselves.

2.4.3.2 Distrilution ocosts
In addition to the cost of the sales discussed in section 2.4.2.4,

there are oosts assooiated with distribution. Terminalling oosts around

$ 2-5/ton in handling costs (in and out), to which must be added § 1-2/4on
per month for etorage. Thus, in order to ensure acceptable shipping costs,
a product must not be stored more tham two or three months. The ocost of
terminalling and storage can be as high s $ 10/ton.

Drusming at destination mey be necessary, espeocially in order to be abls
10 serve the more highly dispersed segmemts of the epot market. Costs of
drusming are around $ 100/ton.

2.4.3.) Orggpisgtion of distribution systems
The mewoomer to a given merket must be able to select an optimum

sombination of several types of distribution systems:




- own distribution force

- agents, exclusive or non-exclusive

- propers

distributors having own facilities (terminals, warehouses etc)

Each of these have their advantages and drawbacks, and a suitable
strategy will probably turn out the best possible combination. In the
case of performance chemicals such as polymers, in some markets there
may exist representatives so well entrenched that even a local manufac-
turer may prefer to deal through them. In Brazil, for example, a major
LD polyethel ene producer formed a joint company with a 1local trading firm
that handles their entire output on the sirength of the trader's position
established during the years in which the entire demand was satisfied by
imports.

It is impossible to affirm that any one method is preferable to
another. It may, for example, be a matter of time-preference: for
example, whereas the export-oriented nitrogen fertilizer company in Qatar
decided to market their products through Nitrex (a muiltirational marketing
consortium), that of Kuwait decided from the start to use a mixed stratsgy
of independent traders and their own market.ng force. Only time will tell
which was the best option; the former is found to lead to better results
in the short run, but the latter may prove to yield better returns ovsr
the long haul.

2.4.3.4 [ransportation costs

From a general point of view, transportation costs do not play a pro-
minent part in the petrochemical industry's economy. Usually transportation
expenses are relatively low compared to production costs. The more ths
product is elaborated, the less i®s the impact of the transport. Inland
transportation costs are of less importancs compared to commercial nst work
storage and after-sales services expenses. The more significant transporte-
tion cost is relative to the long—range seatorne product movement. Orders
of magnitude of operating transportation oost are given below:

Product Aver transportation oosts Remarks
IUS !5:\;\1‘610;1 niio?ton,

Solids (resins,

rubber) 0.4 Return freight is oonlisorod;
cargo capacity 12,000 s

Non-corrosive liquids

(bensene,xylens, No return tnightstnkor

styrene) 0.2% oapacity 23,000 m




Volatile and corrosive
liquids (vynilchloride) 0.70 No return freight;
tanker capacity 15,000 m

3

Ethylene 1.} No return freight;

6,500 nautical mise trip,
capacity 2%,000 m

These operating costs do not properly reflect the current situation.

The freight rates are presently determined by the law of supply and demand.

Due to a very high over capacity for both tankers and dry cargoes, the

freight rates levels are currently very low. According to experts it would

be unwise to anticipate any rapid or radical transformation of the shipping

trade; there are signs that the recovery of the market will prove to be a

slow and painful process and that to reach a relative equilibrium between

supply and demand will take several years.

The indicated transportation costs show that they become significant in

the case of volatile and corrosive liquids and mainly in the case of ethylene.

These transportation costs will probably be minimized.

2.4.4 Prices of petrochemical products
2.4.4.1 Definition of pricgs

From a number of souroes, different kinds of prices can be found:

(i) international transaction pricee which can be:

- spot prices, usually published in specialized reviews

- contract prices which are seldom published, but for which a range
can be given

- average prices represented by average values calculated from the trade
statistics of large developed countries or areas by dividing
total sales (in US dollars) by tonnages traded for a given month. They
are, of course, significant for products actively traded and actually
available on the international market. Iliowever, such statistics have
10 be dealt with and compared carefully on account of particularities
of the markets, at least for end-products, volumes, qualities (grades)
geographic area, competition, custom duties etc.

(11) domestic prices whioh can be:

- 1isted (or posted) prices, that give an order of magnitude, normally
above the real prices, and permit oomparisons from one market to another

- em=factory prioces as reported by the manufacturers, usually for non-
ocapiive sales.



2.4.4.2 Price evolution of petrochemicais

sefore 1972 the price of petrochemicals varied through iime, with a
general trend toward:s decreasing. This was mainly due to the following
factors?

- technological improvements

- greater diffusion of products, making it possible for larger units .

t0 be set up

- strong competition between manufacturers for the same products

As a result of these factors, combined in some cases with overcapacity,
prices really decreased towards a level very close to production costs,
until the ond of the 1960s.

Prices has previously been considerally higher than production cosis.
They were chiefly determined by competition with natural productis.
Petrochemicals, on account of their quality and low production costs, could
be valorized at prices substantially higher than their cost price, thus
creating a sizeable profit which could be used to finance rcsearch and self-
finanoing of new plants.

Up to about 1967 great advantages were still gained by producers
able to use large single stream units, while the market was then still pre-
dominantly made up of small units. Thus in the early phase of the plant
scale-up process the operators of large units were content to allow the
smaller producers to provide a "price umbrella' under which they themselves
oollected large profits without having to disrupt the business of their
competition.

Since around 1967 the impact of large plants on prices has made itself
felt more and more to the point where today, apart from such transitory phases
as the 1974 boom, prices are relatively down to the level needed by the
largest operators to have an atiractive return on investmeait. .

Between 1972 and 1974 prioces doubled or tripled. A slump in 1975 and
a relative stabilisation in 1976 have been recorded. The doubling or
tripling of prices was brought about by the rise in energy costs, with its
consequences for petrochemical production costs, and in fact, bore no
relation to actual production cost increases.

The 1973-1974 price boom was, in fact, eesentilly caused by uncertainty
as t0 the level of 0il prioe inoreases; moet petrochemical users overeetimated
the ocoming rise and its effect on the petrochemiocal industry, and so eought
to build up their stocks against a future increase. The law of supply and
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demand added momentum tc rising prices. A reverse trend began to make
itself felt in 1975, and the tendency since then has been towards
comparative stability. Present prices are sery close to production
costs and in some cases actually lower. This can be attributed to world
overcapacity, and also to the fact tlat price is increasingly becoming
the main criterion of choice on the part of purchasers.

Annex 12(a) gives the international price trends for 17 petrochemicals
from 1970 to 1976. Annex 12 (b) illustrates the large price increases
suffered by Western European contract prices for 21 petrochemicals between
January 1974 to July 1975 in comparison t0 1972. Two main conclusions
can be drawn from those tables and recent develcpments:

(i) after 1975, contract prices have tended to stabilize in current
terms with two exceptions:

- the price of aromatics has slumped, especially in the case of p-xylene
the price of which has greatly decreased in more than 25 per cent,
reflecting a poor market (and pessimistic medium-term forecasts) for
polyester fibres.

- though olefin prices have stalled, the price of butadiene has seen
a swift increase due to demand pressure from Japan and the United
States.

(11) wepot prices, which represent prices of more or less marginal
volume sales (in the case of ethylene, spot irade is quite negligitle), are
traditionally lower than contraot prices in times of overcapacity and de-
pressed markets. In that sense, the situaticn cf petrochemical products
can be compared to the case cf petroleum products traded in Rotterdam and
Italian spot markets, where prices are much lcwer than domestic ex-refinery
price levels and often represent marginal production costs only. Spot
prices see swifter fluctuations than oontract prices, but they are taken
into account when contracts are neg.tiated and give information on very
short-term trends.

It should be noticed that ocontract price variations did not match the
price escalations ir. fagdstocks and investment costs that have so deeply
affected the production cost struoture of petrochemicals, specially basic
produots. Figure 5 illustrates the evoluticn of ethylene oontiract prices
compared to the naphtha prices in Western Europe from 1960 to 1976. It shows
that - from 1972 to 1976 naphtha prices have seen a 61 per cent increase

- during the same period, ethylene prices have undergone a 370 per ocent
inorease

- the $ 117/ton increase in naphtha prices has led o s $ 240/ton

increase in ethylene prioes.
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If naphtha-relatzd production cos.s of ethylene are estimated to be
about 72 per cent of total production costs, it can be concluded that
ethylene market price-increases have rather well reflected the increase
in naphtha prices, but have not followed the total increases in production
costis. In other words, prices have not taken into account the capital-cost
inflation. On the other hand, it is generally recognized that the $ 240/ton
increase in ethylene prices only expressed the naphtha increase without
taking into account other changes in production costs. This abnormal
situation was mainly due to an overcapacity which kept prices depressed,
but 1t can be assumed that prices would tend, nthe long run, to cluster
around a long-term-trend price determined by technical, economic and

social considerations.

I11. MEDIUM-TERM PROSPECTS: THE SITUATION IN 1985

3.1 MEDIUM-TERM PETROCHEMICAL DEMAND

J.l.1 Methodolog

A combination of three approaches have been used for estimating the
medium~term demand for plastics, man-made fibres and rubber:

(a) a macroeconomic approach based on trends observed over the 1965-75
period, with particul ar emphasis on the recession period that began at the
end of 1973;

(b) assessment of structural changes and consumption end-pattern
analyses for the major end petrochemicals;

(c) analysis of supply difficulties over the next few years.

Concerning the forecast for synthetic detergents, a simplified delphi
method was used since the statistical base was not as comprehensive as for
the other three main end petrochemical families. The macroeconomic approach
underlies the existence of a highly correlated relationship between the
consumption of end petrochemicals and the income per capita in a given country
or region. To this end, differsnt equations have been tested and the one
tha. gives the best correlation coefficients is of the following form:

Y = a log x+ b, where y is per capita consumption, x is the GDP, and a and b
are coefficients corresponding to a regression analysis using the least

square method. However, although these equations lead to preliminary results
of future demand for end petrochemicals, they cannot be used in a mechanical
way based on past trends alone for they do not acocount for the entire effects
of the current recession and the effects of a progressive market saturation.



-88 -

Furthermore, even if this equation is a reliable approach for a given
country or region, the same function cannot be applied directly to the world
because of a too large scattering of results. However, the macroeconomic
approach enables the use of a graphic extrapolation of consumption per
capita levels against income per capita over a period of time as a very
useful guide. A certain pace of growth and a particular end-uses breakdown
of the demand generally correspond to different levels of consumption. The
line representative of this evolution for petrochemicals is generally well
established for the period 1965-75 except during 1973-75 for the high con-
sumption per caput regions (Bay 10 Kgs per capita for plastics). For these
latter regions the representative lines tend to become parallel among them-
selves. This situation shows that the income elasticity of these regions is
almost constant and often about the same.

Furthermore, the representative lines of the evolution of demand against
income over a long period for every region shape a 'world master curve".

This master curve represents the reference line of the world-wide demand for
a product at a certain level of income. The individual position of each region
with respect to the master curve shows its markei potential.

These assessments complement the macroeconomic approach that is mainly
based on an accurate analysis of the variations and trends of the per capita
elasticity coefficients observed in the regions during 1965-75. The relevant
data for the macroeconomic approach including its forecasts to 1985 is given
in annexes 4(b), 5 (b), 6(b), 8(a) and 8(b). The fore.asted coefficients of
elasticity for the main end petrochemical families for 1975-80 and 1980-85
are given below. Their values have been selected based on the trends ob-
served from 1965 onwards and foreseeable future developments. Coherence of
these results between the regions and with those suggested by an end-uses
analysis has been checked as well.

(a) Plastics

In developed countries, the coefficients of elasticity will keep higher
then 3.0 up to 1980. Thereon, they would decrease to a limited extent
corresponding to a still moderate degree of market saturation. Japan is the
only exception among developed countries with a coefficient of elasticity of
about 2.0, This situation reflects the relatively high GDP growth rate
expected for the next ten years.

In developing countries, the coefficients of elasticity will, in general ,
keep higher than in developed countries, reflecting the large potential demand
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existing in these countries. However, there are two regicns where the
coefficient of elasticity will be close to 2.0: the Middle East, owing
to the stirong rise in incomc per capita, and East Asia, where the current
consumption level is higher than those observed in other countries with
about the same income level. Annex 4 (b) gives the main econometric cha-
racteristics of the world demand for plastics.

(b) Man-made fibres

In developed countries, current coefficiernts of elasticity of about

2.0 will significantly cecrease over the next 5 years reflecting the
saturation of textile markets. Likewise, Japan will have lower coefficients
of elasticity for the same reason given above. Concerning the developing
countries, the remarks given above for plastics also apply to man-made
fibres. However, the coefficients of elasticity of Middle East and East
Asia will likely be even lower (close to 1.0) than in developed countries.
Annex 5(b) gives the main econometric characteristics of the world demand
for man-made fibres.

() Rubber

With the exception of Eastern Europe, current coefficient of elasticity
in developed countries is close to 1.0, thus reflecting the higher degree of
market penetration and saturation. A coefficient of elasticity below 1.0
has been estimated for the next five years (between 0.85 and 0.95). In
developing countries, the coefficient of elasticity will generally remain
below 2.0. The remarks above concerning Middle East and East Asia also
apply here. Annex 6(b) gives the main economeiric characteristics of the
world demand for rubber.

(d) Synthetic detergents

Based on the assessments of the delphi panel put forth by our technical |
oonsultants, the likely growth rate for synthetic detergents for 1975-85 was
estimated. These estimates take into consideration the relative market
stagnation in developed countries and the market expansion potential of
developing countries as discussed in section 2.3.2.4. Annex 7(a) shows the
estimated growth rates for 1975-80 and 1980-85.

3.1.2 Outlook on the evolution of the demand for petrochemicals
{0 ZLEE

Taking into aocount the main factors of consumption growth for the four
main end petrochemioal families, forecasts of the demand for these products
have been set up.
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3.1.2.1 Main end petrochemicals

Based on the relevant data ir the macroeconomic approach and an
analysis of "world master curve" extizpolations, a preliminary set of
medium-term forecasted demand figures was arrived at. 'This preliminary
forecast was carefully checked, and in some cases corrected, taking into
account several factors abie to modify the long-term trend such as market
saturation, i1mproved competitiveness between polymers etc. These figures
are shown in annexes 4(a), 5(a), 6(a), 7(a) and 7(b).

World demand figures are determined to a large extent by the
developed countries' demand which in 1974 accounted for 89 per cent of the
total and would still account for 81.5 per cent of the total in 1985. This
means a substantial increase in the leveloping countries' share in total
world demand: from 11 per cent in 1974 to 18.% per cent by 1985. The share
of the developing countries in 1985, by main end petrochemicals would be:

15.8 per cent of total world demand for plastics; 32.4 per cent of total
world demand for man-made fibres; 21.2 per cent of total world demand for
rubber and 26.1 per cent of total world demand for synthetic detergents.

This new world market breakdown will be the result of sustained growth in
demand amont the developing countries: 14.75 per cent/year, 13.8 per cent,/year,
9.7 per cent/year and 6.6 per cent,year respectively over the 1974-1985 period.

(a) Plastics

The prop--tion of large tonnage plastics on the total plastics market will
changemoderate% 1985, thus continuing the trend established in Ppast years.
Thus LD polyethylene and PVC will lead with 22.7 and 20.7 per cent respectively.
of the total 1985 market, and polystyrene still about 10 per cent. On the
other hand, plastics which have more recently come on to the market and whose
growth is favoured at present by a relative price decrease, will certainly
increase their share of the world market: from 7.0 to 10 per cent in the case
of HD polyethylene; from 6.0 to 37 p. cent in the case of polypropylene and
from 2.5 to 4 per cent in the case of ABS resins.

As a result of this, thermoplastics will increase their share of the
total plastics market to the detriment of thermosettings. Such changes in the
structure of plastics demand will continue to occur, to various extents, in
almost every country. Annex 4(a) gives the forecasted demand for plastics
for 1980 and 1985.

(b) Man-made fibres/synthetic fibres

Synthetic fibres today represent 71.5 per cent of the world man-mad.

fibres market, having risen from 56 per cent in 1970, 38 per cent in 1965 and




and only 21 per cent 1n 1960. I[f thic rate is sustained they will reach
77.5 per cent 1n 1980 and 813.5 per cent in 1985. This will be the result
of demand for man-made fibres continuing to grow fairly fast while demand
for cellulosic fibres alone remains static. Since by the eighties syn-
thetic fibres will have supplanted el lulosic fibres to a great extent,
demand growth tor the former can be exnected to be somewhat lower than in
the past. The structure of the demand for synthetic fibres will continue
to follow the trends established over several years, i1.e.:

- stagnation as regards acrylics (18 per cent 1ir 147, 17 per cent 1in

1985)

-~ continuing decline 1in the case o' polyamides (34 per cent 1 1979,
27 per cent in 198%), matched by w1 1ncrease ot at least the same
amount on the part of polyester fibres. Or the long terr, the
potential market for the latter which lend themus=lves to the wides?,
range ot applications 1n the textile indus'ry, wiil continue to be
enormous. By 1985 polyester fibres could alireadv represent about
30 per cent ol al! textile fibres (trom |4 per rert an 1979 and 2,
percent in 1980).

Annex 5(a) gives the forecasted demana for man-made fitres tor 193¢
and 198%. The corresponding figures for synthetic fibres can be derived by
usiny the factor: percentage of synthetic fibres over total man-made fibres
shown 1in annex 5 (bj.

(c) Rubber synthetic rubber

Synthetic rubber supplies nearly 70 per cent of the world's rubber needs
today, in 1965 1t had already reached 63 per cent. Market penetratior seems
slower, therefore, than in the case of gyr.thetic fibres on the total man-
made fibres market. This can be explained by the fact that the corresponding
natural product was in a better position tc compete. Natural ,ubber has, 1in
fact, further improved its competitive position thanks to rising synthetic
rubber prices and better yields from hevea plantations. In view of this,
synthetic rubber should not be expected to significantly increase 1tis share
of the total rubber market in the next few years. The 1985 figure has b.«n
estimated at 72.5 per cent.

The structure of world synthetic rubber demand, in the light of previous
years' trends, cannot be expected to vary greetly:

- stagnation or a slight drop in the case of SBR (63 per cent of the

total)

- slight increase as regards polybutadiene (14 per cent of the total

in 1985)
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-~ stagnation or even a temporary decline on the part of other synthetic
rubber (chloroprene, butyl, EPR, polyisoprene, etc).
Annex 6 (a) giver the forecasted demand for total rubber for 1980 and
1985. The corresponding figures for synthetic rubber can be derived by using
the factor: percentage of synthetic rubber over total rubber shown in annex 6(b)
(d) Synthetic detergents

World demand for synthetic detergents is expected to be 17.2 mi'lio1 tons
in 1985, whereas in 1974 it was 10.85 million tons, with an average annual
growth rate of 4.3 per cent over 1974-85. Annex 7(a) gives the forscasted
demand figures for 1980 and 1985.

Among the constituent elements of the synthetic detergents formulae,
petrochemical-derived active ingredients represent about 20 per cent of the
total. Therefore the demand for the two most widely used active elements,
alkylbenzenes and non-ionic surfactanis, was estimated. Annex 7(b) gives
the forecasted demand figures for these products for 1980 and 1985. It
shows that by 1985 the developing countries market share would be 31.7 per
cent and 12.35 per cent respectively.

3.1.2.2 Main intermediate and basic jetrochemicals

As intermediate and basic petrochemicals are mainly captive inpute of
end petrochemicals production, their real markets are where the end netro-
chemicals plants are located. However, since there are many forms for
arranging the production of intermediate and basic products to supply the
end petrochemical plants, it was deemed convenient, instead, to estimate the
potential market for intermediate and basic petrochemicals corresponding to
end products demand as if all intermediates needed were locally produced in
each region. Consequently, starting from the end petrochemicals forecasted
demand the potential markets for intermediates and basics was estimated by
applying technical factors obtained by up-stream integration. This poten-
tial demand represents by far the largest part of the total main intermediatet
market. The remaining part corresponding to miscellaneous uses has been
estimated by referring to the structure of the demand in selected consuming
areas. Annexes 13(a) and (b) give the estimated potential world demand for
the main intermediate and basic petrochemicals.
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3.2 MEDIUM-TERM PETROCHEMICAL PRODUCTION

3.2.1 Methodology
As the overall time required to implement a petrochemical complex

takes between 5 to 7 years under normal conditions, the methodology used '
to estimate future plant capacities is as follows:
3.2.1.1 Capacities in 1980

The indicated capacities for 1980 are based on announced projects and

facilities under design and construction. As concerns synthetic fibres,
from habits and because of small size and easy construction of additional
production lines that are usually implanted inside existing factories,
companies are not accustomed to announcing their projects. The additional
facilities have been estimated and must be considered as order of magnitude.
These capacities by product and country are given in appendix A.

3.2.1.2 Capacities in 1985

The production capacities by regions in 1985 have been estimated,

taking into consideration specific hypothesis indicated here below, product
by product, and the following general assumptions:

(a) An overall trend to self-sufficiency in the developing countries
reaching markets large enough to justify economic productions.

(b) Preferential locations in areas profiting by raw material availa-
bility and financial means.

(¢) Solution of the problems that could rise in some countries by
restraints such as personal formation or financial means availability,
through international co-operation.

(d) Location of the most sophisticated products, preferentially in
the developed countries.

(e) Imports of the non-producing developing countries from both their
traditional supplier in the industrialized countries and the new producers of
the ares.

(f) Production capaciiies and consumptions in 195 equilibrated at world
level with an average plant capacity utilization rate of 85 per cent.

The petrochemical products have been classified into tour groups:

(i) First group: final and intermediate that can be manufactured
from import~d raw materials. Their production can be contemplated individually.

(ii) Second group: ethylene and immediate derivatives of ethylene (and PVC).
Their production is usually concentrated in complexes based on ethylene
production because of high transportation costs of ethylene and vinyl chloride.

(No significant ethylene transportation has been assumed).
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(iii) Third group: other basic products: propylene, aromatics, butadiene
and also polypropylene, the production of which is either linked to, or
influenced by the ethylene factilities.

(iv) Fourth group: methanol, that can be produced from methane,

3.2.1.3 Plant capacity hypotheses,by product, to 1985
(a) First group products
S BR

The SBP production plant can be ecomomically operated with capacities

of about 50,000 ton/year based on imported raw materials (styrene and
butadiene). In 1980J Western Europe, United States, Japan and East Asia
will be in a position of over-capacity, the other areas being net importers.
For 1985, it is assumed that Western Furope, United States and Japan will
remain in over-capacity. In Fast Asia, no expansion is assumed. New plants
would be erected in Middle East, South Asia and Africa, in order to meet
locally a share of the local requirements. Eastern Europe will be balanced.
Polybutadiene

This product is more sopuisticated than SBR. The outlets in tons are
far lower. The production is and will probably remain concentrated in the
developed countries, mainly in Western Europe, that will continue to export
to other areas. For 1985, the following has been assumed: Eastern Europe
and North America will be self-sufficient. Latin America, in over-capacity
position in 1980 due to the new plants of Argentina and Brasil, will be close
to equilibrium in 1985. In Africa, Middle East, East Asia, Pacific Area,
the market of the individual countries will remain rather low and no additional
units have been assumed. This hindrance will not erist in some South Asian
oountries where additional facilities of 80,000 tons/year have been assumed
to have been adaed to the Indian plant presently under construction. Japan
and Western Europe will remain high exporters, Japan mainly to Asian countries
and Western Europe mainly to Africa.

DMT

In 1980, the offer and demand condition will be greatly unbalanced
because of a large over—capacity at world level. Few units would have to
be erected in order to meet the world requirements (corresponding to a
400,000 tons/year total capacity). It has been estimated that these plants
will be located in Eastern Europe and Latin America. These areas would
continue to be close to self-sufficiency as aggregates.




_95 -

TPA

TPA also will be in a condition of notable over—capacity in 1980.
The balance would still be obtained earlier and between 1980 and 1985
about 900,000 tons/year of additional capacity would be required,
corresponding to about 10 new plants. It is assumed that these will be
located in the United States, Europe and Latin America (self-sufficiency),
in South Asia (300,000 tons/year) where several countries will reach notable
individual markets, and in Middle East (1 plant of 80,000 tonsyear).

Adipic _acid Hexamethylene diamine

In 1980 both consumption and production facilities will be concentrated
in the United States and Western Europe. From 1980 to 1985 few additional
facilities would be required. It is assumed that they will be located in
the United States and Western Europe according to the requirements.

Synthetic fibres

In 1980 Western Europe, Japan and East Asia will be in an over-capacity
position as concerns synthetic fibres and will be able to export to the net
consuming areas. Eastern Europe will be self-sufficient as concerns polyamids
and polyesters, and Latin America as concerns polyamids.

In 1985 the following situation has been assumed: Latin America, Eastern
Europe and United States would be self-sufficient. Africa would increase itis
production/consumption ratio, but would still be dependent on imports mainly
from Europe. East Asia would remain net exporter, mainly to the South Asian
countries, these would iater nevertheless increase their production/consump-
tion ratios. Japan and Western Europe would remain net exporters.

Polystyrene

This polymer can be economically produced from imported monomer at low
capacity (lower than 50,000 tons/year). In 1980 at regional level, outlets
and production facilities would be roughly equilibrated, except Japan and
mainly Western Europe (over capacity) and Africa, with only one small capacity
plant in South Africa. It has been assumed that in 1985 there will be an
offer and demand situation roughly equilibrated at regional level in Africa
except where only the South African requirements have been considered to be
locally met. The outlays of North Africa have been preferentially estimated
to be intended for the ethylene and immediate derivatives production. Export
from Western Europe to Africa would go on.

Caprolactam

The order of magnitude of the new capacities is 80,000 tons/year. Such

plants require high invesiments (about 180 million $). The main raw material,
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benzene, can be easily transported. In 1980, the offer and demand situation
would be as follows: North America, equilibrium; Japan and Western Europe,
over capacity; Latin America, trend towards self-sufficiency; other ar-as,
need to import. In 1985, it has been assumed that Japan and Western Burope
would continue in an over—capacity situation. Latin America, with the start-
up of two 90,000 ton, /year plants would be as a whole self-sufficient and
Eastern Europe would head towards autonomy (nevertheless it would be reached
because of the very high capacity to be erected). North America would be
equilibrated. In South Asia a limiting factor will be the capacity of the
polyamid fibres production facilities (estimated at 300,000 tons,/year).
However, it has been assumed that the production/consumption ratio will
increase.

Acrylonitrile

This product can be easily transported. It needs propylene as raw
material. The present unit capacities are ~round 100,000 tons/year. The
corresponding investment is rather high (about 80 mil.$). In 1980, as in the
present, the main exporting areas are Western Europe, North America and Japan.
It is assumed that these areas will remain in an over-capacity situation in
1985. Eastern Europe would probably be sel f-gufficient. East Asian countries,
in relative global over-capacity in 1980, would not erect additional plants.
African and Middle East countries will not have individual internal markels
high enough to back exports and would not erect facilities. On the other
hand it has been assumed that the new facilities will be erected in Latin
America and South Asia, where some countries like Brazil, Andean group
countries, India, and Iran would be able to implement them.

(b) Second group products

These products are ethylene, low-density polyeihylene, high-density
polyethylene, vinyl chloride, polyvinylohloride, styrene, ethylene oxide.
The following assumptions have been made:

Latin America

In the aggregate the requirements will be met by local production, with

the exception of the equivalent of 300,000 tons/year ethylene corresponding
to the production of sophisticated products (other than polyethylene, vinyl-
chloride, styrene and ethylene oxide) and of about 5 per cent of the main
ethylene derivatives, imported from the United States by the non-producing

oountries.




North America

The production wili meet the needs of the region and the deficit of
Latin America.

Eastern Europe

The area will be self-sufficient and, additionally, will produce about
400,000 tons, year of low-density polyethylene corresponding to buy ~back
deals with Western Europe.

Western Europe

Western Europe will import about 400,000 tons, 'year of low-density
polyethylene from Eastern Europe (buy-back deals), about 400,000 tons, year
of ethylene from Africa in the form of 200,000 tons, year of low—density
polyethylene, and 400,000 tons/year of PVC and about 350,000 tons/year of
ethylene from Middle East in the form of 200,000 tons year of polyethylene
and 300,000 tons/year of PVC. It will sell about 500,000 tons,year of ethylene
to Africa, 150,000 tons/year in the form of sophisticated products, 250,000
tons/year in the form of polyethylenes, PVC styrene, polystyrene, ethylene
oxide, and 100,000 tons/year to Middle East 1in sophisticated products.

Taking into consideration the already planned ethylene-based complexes
of the Libyan Arab Jamahiriya, Egypt and South Africa, the only additional
countries in a good positon to build new complexes are Algeria and Nigeria.
At continent level, it has been assumed that the equivalent of 500,000 tons,/year
of ethylene will be imported from Wesiern Europe, 150,000 tons,’year in the form
of sophisticated products; 250,000 tons/year in the form of polyethylenes,
PVC, styrene and polysiyrene and ethylene oxide. On the other hand, 400,000
tons/year of ethylene will be exported to Europe, mainly from plants located
on the Mediter.anean Sea in the form of high-tonnage products: polyethylene
and PVC.

Pacific area

The region will be self-sufficient with the exception of the equivalent
of about 100,000 tons/year of ethylene imported in the form of sophisticated
products.

Micdle East

The region will benefit from attraotive raw material availability (mainly
ethane) and of consequent financial resources coming from hydrocarbon exporis.
It has been assumed that international companies from Japan and Western Europe
would participate in complexes in the region, providing technical assistance,
skilled manpower, and opening a share of their traditional markets to ihe
products. The region will export about 200,000 tons/year of polyethylene and
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300,000 tons, year of PVC to Western Europe, 80,000 tons’year of high-density
polyethylene, 150,000 tons, year of low-density polyethylene and 300,000 tons’
year of PVC to Japan. It will import about 100,000 tons, 'year of ethylene
from Western Europe in the form of sophisticated products.
East Asia
Several countries in the region have alreadv entered into petrochemical
activity and, according to the firm projects, the area will be ethylene-
balanced in 1980. [t has been assumed that the region will import from Japan
about 100,000 tons year of ethylene in the form of sophisticated products,
and that complexes will be erected with Japanese participation in the region
(1n order to decrease pollution problems in Japan and to benefit from a share
of the local market), exporting to Japan £0,000 tons,year of high-density
polyethylene 150,000 tons, year of low-density polyethylene and 300,000 tons/
year of PVC.
South Asia
In this area, Iran will benefit from raw material availability and
financial resources. It has been assumed that complexes will be erected there
with Japanese participation, exporting to Japan 80,000 tons,/year of high-
dencity polyethylene, 150,000 tons,/year of low-density polyethylene and
300,000 tons,’year of PVC. On the other hand, the region would import from
Japan about 150,000 tons,'year of ethylene in the form of sophisticated products,
and 150,000 tons 'year of ethylene in the form of polyethylenes, PVC, polystyrene
and ethylene oxide, corresponding to a share of the non-producing countries'
market .
Japan
Japan would be mainly an exporter of sophisticated ethylene derivatives,
corresponding to 250,000 tons,'year of ethylene and would import from complexes
erected with Japanese participation in the Middle East, East Asia and South
Asia 240,000 tons,/year of high-density polyethylene, 450,000 tons/year of low-
density polyethylene and 900,000 tons/yea.r of PVC.
(¢) Third group products
Butadiene
Butadiene car be extracted from the C4 cuts of the naphtha and gas oil

steam—crackers. At world level it will be a relatively low deficit, made up
through butane dehydrogenation facilities located in the most deficit—-showing
areas, North America and Eastern Europe. For reasons connected with relative
locations of surplus and deficit, these butane dehydrogenation facilities

have been assumed to be slightly higher than the total world deficit.




Progxl ene

Propylene is a co-product of ethylene when using liquid feeds steam-
cracking; 1t is also produced in catalytic cracking facilities located in
refineries. Taking into consideration the estimated ethylene and catalytic
cracking facilities, the offer /demand situation would be balanced in 198%.
At that time, North America and, to a far less extenl, Western kurope and
East Asia would be net exporters. The other regions would import a share of
their needs in the form of propylene derivatives, except Eastern Europe,
that are balanced. The following propylene movements in 1985 in the form
of derivatives have been asswned:

- North America will export the equivalent of about 6%0,00C tons to
Latin America, 100,000 tons to the Middle kast, 330,000 tons to .Japan,
400,000 tons to South Asia, 170,000 tons to Pacific Area.

~ Weetern Europe will export the equivalent of about 120,000 tons to
Africa and 110,000 tons to Middle East.

- Bast Asia will export to Japan the equivalent of about 370,000 tons
year.

Polypropylene

1t has been asgured that the polypropylene production demand situation
will be balanced at regional level in 1985, with the exception of Japan,
who will import 400,00C tons: 200,000 from Fast Asia and 200,00C from North
America.

Ortho- and paraxylene

CB aromatics are produced in both steam—cracking and catalytic retorming
units. However, C8 cut from steam-crackers is used as solvent; the only com—
mercial production of o- and p xylene is based on catalytic reforming.
o- and p~xylene are produced in the same facilities. The designs of units
allows the adjustment, o/p~-xylene production ratio to the needs. This
production induces toluene and benzene production. The actual outlets of
p-Xylene are the DMT and TPA plants. It has been assumed that a global self-
sufficiency will be reached at regional level with the exception of Africa
importing from Western Europe and exports from Eastern Europe to Western Europe.
As concerns o-xylene, it has been assumed that a global self-sufficiency will
be reached at global level, with the exception of Africa importing from Wes-—
tern Burope and South Asia importing a share of its needs (about %) from Japan.

Bengene
A share of the benzene production is linked with the ethylene production:

benzene is produced in naphtha and gas oil steam-crackers at the rate of about
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0.18 tons of benzene per ton of ethylene. Benzene is also produced in the
xylenes production facilities: about 0.29 tons of benzene per ton of

xylenes. The totality of this benzene by-product has been assumed recovered.
Small amounts of benzene are also rvecovered from coal processing (coke-oven).

Th:ge co-productions are not sufficient enough to meet the benzene
requirements at both world and regional levels. A share of the toluene
produced from steam-cracking and xylene facilities has been assumed to feed
hydrodealkylation units producing benzene. Due to tne high energy consumption
of these units, 1t can be considered more attractive in some cases to extract
benzene from aromatic cuts produced in the catalytic reformers for gasoline
pools.

The notable benzene outlets are in the form of numerous and sophisticated
products the production of which has been assumed to remain in the developed
countries; a notable share of benzene would be exported from North America,
Western Furope and Japan to the developing countries.

(d) Fourth group product

ilethanol

Methanol is the chemical commodity easiest to transport on long haul.
1t can be produced from methane, the cost of which represents about 60 per
cent of the production cost. The countries having cheap natural gas resources
available will rapidly grow as producers. In 1985, 94 per cent of methanol
units will produce methanol for export, for example the USSR and Saudi Arabia
signed contracts for 2,500 tons/day and 2,000 tons,/day units. Western Europe
will import methanol (about 2 mil. tons) from the USSR and Africa. Japan will
import about 2 mil. tons from other Asian countries. North America will import
about 1 mil. tons from Latin America and Middle East. This important inter-
national trade (20 per cent of methanol production) assumes methanol consumers
will grasp opportunities offered by cheap natural gas resources and low
freight rates tied to massive transports by tankers.

3.2.2 Production outlook for petrochemicals to 1985

Few developing countries will enter the petrochemical industry between
1977 and 1980. As far as basic and intermediate products are concerned, the
new producing countries would be Egypt, the Libyan Arab Jamahiriya, Iraq,
Qatar and Iran. Other developing countries that are already producers such
as Venezuela, Brazil, Mexico, Argentina and Republic of Korea, will increase

their capacities a great deal; nevertheless the share of the developing

countries will remain low.
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Annexes 14(a), (b) and (c) show the estimated production capacities
for the main petrochemicals, by region. If the assumptions leading to the
1985 estimates would be confirmed, the share of the developing countries in

the world petrochemical production would be as follows:

Share of the developing countries in world production capacities

(percent age )

1977 10 1985
Ethylene 6 11 17
Benzene 3 T:5 15.5
Xylenes 6.4 13.5 16
Monomers for synthetic fibres
production 4 10.5 14
Synthetic rubbers 8 10 13
Synthetic fibres 16 18 23
Plastics (thermoplastics) 6 9.3 20

3.2.3 Feedstock supply and energy requirements to lﬁj

Based on the estimates for petrochemical plant capacity arrived at in

section }.2.2, the requirements for feedstocks and utilities were calculated.
On a world basis, the hydrocarbons required to produce the eight main basic
petrochemicals represent 95.8 per cent of all hydrocarbons used as feedstock.
Other hydrocarbons are more commonly used as fuel by the indusiry. However,
the net requirements are limited because petrochemical plants besed on steam-
cracking units produce large amounts of fuel (or equivalent) as by-products.
The plant capacity values for basic products given in annex 14(c) converted
into production figures allow the estimate of net utilities consumption, by
main petrochemicals. In these estimates fuel, electricity and steam require-
ments are mainly met by fuel oil and gas, for in many cases petrochemical
complexes self-produce their steam and electricity. They also include fuels
recovered as steam-cracking by-products in calculating the net utilities needs.
Annex 15 gives the petrochemical industry's hydrocarbon requiremenis in 1985
for feedstock and utilities. As only 8.6 per cent of ammonia is used for
petrochemicals production, the amounts of ammonia for other uses are also
given. The petrochemicals' hydrocarbon requirements in 1985 represent about
4.6 per cent of the total energy needs in 1985 and 7.3 per cent of total
-ydrocarbon consumption in that year, discounting non-petrochemical ammonia

uses.
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The situation by main type of hydrocarbons is as follows:

(1) Methane: about 7 per cent of the 198y gas consumption is used
for ammonia, methanol and minc~ petrochemicals manufacture. No problems
of feedstock availability is foreseen at world and regional levels (except
tor Japan).

(ii) Kkthane: assuming a recovery of 31 per cent on :thane contained in
associated gases (and some natural gases), 42 per cent of available ethane
will be used for ethylene production. This limited availability will act as
a brake on the development of ethane crackers.

(111) LPG: about 9 per cent of the 1985 availability of LPG will be
used 1n petrochemicals. Foreseeable surplus of LPG in the 1980's will open
opportunities for each petrochemical firm meeting problems of feedstock for
a steam cracker.

(iv) Naphtha: on a world-wide basis 28 per cent of the naphtha available
from topping-reforming type refineries will be used for petrochemical production.
Due to the competition of feedstocks with the gasoline pool, a more precise
analysis 1s necessary.

(v) GCas 01l: about 5 per cent of gas 0il produced in refineries will be
used as petrochemical feedstock. However, as gas 01l is extensively used for
transportation and heating, and by the industrial sector, its availability has
to be seen more precisely.

(vi) Fuel oil: only | per cent of available fuel oil will be used as
petrochemical feedstock (and ¢ per cent if all net utilities requirements are
met by fuel oil).

Annex 16 gives an estimate breakdown of world consumption of crude oil
products by the main energy users. Consequently, the regional supply of
feedstocks for petrochemical production is as follows:

(a) The supply of raw materials for the petrochemical industry accounts
for only a small part of total hydrocarbon consumption. Problems concerning
the availability of raw materials for the petrochemical industry will continue
to be very much a function of the economic situation.

(b) With regard to gas, the main raw material used for the production of
methanol and also ammonia, only Japan being entirely dependent on imports, can
be expected to have a significant problem with regard to supplies. North
America and Europe will, in certain areas, have to face price problems, since

these regions make up their deficit of gas by relatively costly imports of LNG.
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(c) Everywhere but in Eastern Europe there »*11 tend to be a deficit
of naphtha. Some regions, particularly Western Europe and Japan, will have
to set aside a large amount of their straight run naphtha for use in the
petrochemical industry (about 48 per cent and 38 per cent respectively in
1985). More rostly refining schemes and strong tension on naphtha prices
can be expected 1n these areas.

(d) In the developing countries the low consumption of fuel o1l and
the hirh demand for naphtha will present big problems. If ethane or LPG are
available they will have a privileged place as steam cracking feedstocks;
the use of gas 01l may lead unavoidably io the production of poor quality fuel
o1l, whick 1t will be very difficult to sell on account of the lack ot major
industrial development and the very low requirements of the domestic heating
sector. ‘he extensive use of naphtha without the required upgrading faci-
liti1es will have the same adverse effect because for one ton of naphtha pro-
duced 1n a refinery, three tons of fuel 0il are also obtained. It appears
this will be the major problem for developing countries as far as petro-

chemical feedstocks are concerned.

}.2.4 Capital requirements to 1985

Investments for petrochemical plants vary according to the plant location
and the technical options relating to production and financing conditions.

In plant location, local conditions substantially affect the main cons-
tituent elements of the construction cost such as engineering services,
plant and equipment, plant erection and civil works. Construction costs are
generally higher in developing countries than in developed ones due to
several reasons such as lack of adequate infrastructure, construction manage-
ment to avoid cost overruns, the greater distance from equipment suppliers etc.

Concerning the technical options, there are many factors affecting
investment. The more important ones are the choice of process and of raw
materials, plant sizes and degree of integration within a complex, and the
policy adopted for production schemee and the supply of utilities.

In view of the considerable variation in investment that is possible for
a given output, the investment estimates represent a regional average for
typical plant capacities in US dollars of 1977.. The total investmente for
1980 and 1985 were estimated based on the battery limite investment cost
estimates shown on table 17. The cost of the correeponding off-sites that
varies considerably according to the technical options chosen, has been

estimated on average as 25 per cent of battery limits coste.
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As the plant location also greatly inf.uences the cost of local
factors on the total investment cost, specific regional construction cost
indexes were estimated based on field surveys in developing and developed
countries. The construction costs indexes are as follows: developed
countries: 100, Latin America: 1.25, Africa: 1.30, Middle East: 1.35,
Other Asia (excluding Japan and China): 1.25.

The cost of administrative expenses, project management and follow-up,
initial supply of catalysts and chemicals, spare parts, training and start-
up, represent on average 14 per cent of additional costs over the battery
limits investment.

Based on the above and the corresponding plant capacity estimates for
main petrochemicals, annex 17 was prepared to show the investment require-
ment estimates to 1980 and 1985. These estimates include the investments

for plant replacement assuming a 30-yea-~ plant life.

3.2.5 Manpower requirements to 1385

Manpower requirements depend essentially on plant size, average level

of qualifications, production plant automation policy and the degree of plant
integraticn within a complex. I. general terms, total! technical personnel
break-down for petrochem.cals production, except synthetic fibres, is as
follows: engineers.and managerial staff: 5 per cent, foremen and
technicians: 15 per cent, skilled workmen: 55 per cent and unskilled
#orkmen: 25 per cent. Total technical personnel in synthetic fibres pro-
duction is about 130 per cent of the technical personnel of other petro-
chemicals production, and is broken down as follows: engineers and
managerial staff: 3 per cent, foremen and technicians: 8 per cent, skilled
workmen: 49 per cent and unskilled workmen: 40 per cent.
In general terms, administirative personnel is estimated at 10 per cent of
technical personnel requirements, whereas marketing personnel is estimated
at 5 per cent of technical manpower. Annex 18 gives the manpower require-
ments for 1985.

3.2.6 Technological developments
In addition to the trends and ohanges described in section 2.2.7,

further developments in production technology can be expected. In general,
the expeoted ohanges are more likely to result from further improvements
on existing processes than from the introduction of new routes on a
commercial soale. The more likely teohnological changes by products are
the following:



(a) Basic products

(i) Olefins

The main changes anticipated in the production of olefins will be
brought about by problems in connection with the availability and price
of raw materials and the cost of energy: these .ave already been discussed.
There will be a general tendency towards greater flexibility at all levels:
in raw materials, fuel and also in the distribution of products.

(ii) Aromatics

The production of aromatics will be more closely linked to the produc-
tion of olefins and the part played by catalytic reforming 1in benzene pro-
duction will diminish. With regard to catalytic reforming units, the tendency
towards .he use of increasingly greater severity which 1s already apparent,
will continue. _

In the field of the production of uenzene by toluene hvdrodealkylation,
thermal processes have, thanks tc recent progress 1in the improvement uf yields,
partly caught up with catalytic processes, which still have the disadvantage of
making frequent de-coking necessary. The ioluene dealkylation metrod will
meet strong competition in the future from a new method based on toluene
and with a lesser degree of aromatics 1n (29 transalkylation. [oth benzene
and xylenes are obtained. Transalkylation takes place on a catalyst during
the gaseous stage, in the presence of hydrogen.

(b) 1lntermediate products in the production of plastics

(i) Vvinyl chloride

Some units which use acetylene are still operating, but this method is
likely to be discontinued. The oxychlorination process will remain the
mose widely used. The only changes anticipated are connected with safety
and pollution problems: elimination of the risk of leakages, and greater
control over the VCM contained within the battery limits of units; reduction
and incineration of non-valorizable chlorine residue.

A new route for the production of VCM from ethane has been developed:
the corresponding process, which is called Transcat, is based on direct
aynthesis by oxychlorination, from ethane and chlorine. The potertial
licensors claim that the chlorinated by-products of the reaction can be
recycled with an increased yield of VCM. The main advantage of this
process is the direct use of ethane instead of ethylene. It could be used
where there are not enough outlets for ethylene (apart from VCIK production)
for a steam cracking unit to be required, and of course, where ethane is

available.
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(i1) Ityrene
‘ihe changes which can be expected in the next few years in the mnanu-
facture of styrene are linked to the development of new, high-yield
catalysts which affect the alkylation of benzene and ethylene at the steam
stage. ‘'then these new catalysts are used, the catalysis is *ruly hetero—
genous: no trace of the catalyst leaves the reactor and the operations of
separating and recycling the catalyst are therefore unnecessary. The
recently discovered method which uses butadiene dimerization does not
appear to be suffirciently developed for industrial use; besides, butadiene
would have to be obtalnable at a very low price in order to compete with
the classical ~oute using ethylene and ber.zene.
(c) Intermediate products in the production of synthetic fibres
(i) Dimethyl terephthalate (DMT) and terephthalique acid (TPA)

‘These two monomers are in competition with each other in the produc-

tion of polyester fibres. The DMT route has been the predominant one in

the past, due to technical difficulties in obtaining TPA pure enough for use
in the production of fibres. However, over the last few years, the pro-
portion of polyester fibres produced from TPA has risen steadily, chiefly
thanks to improvements offered by the TPA process developed by AMOCO. The
quantities of raw materiuis used are not the same: the production of 1 ton
of polyester fibres requires 0.91 tons of TPA, or 1.1 tons of DMT. As far
as the producer is concerned, there is no difference in the quality of

fibres produced from DMT or from TPA. The technical problems presented by
the use of TPA have been resolved, and the world's largest producers, such
as 1CI, Rhone Poulenc, Monsanto and Toray generally use TPA. However, if

a producer of fibres who uses DMT decides to switch to TPA asr feedstock, some
modifications to the plant will be required. From the fibre producer's point
of view, the TPA route offers more economic advantages such as: fuel
consumption is reduced by about 20 per cent; the investments required are
slightly lower; less TPA is consumed than DMT whereas their cost prices
are very similar in large capacity units.

TPA will gradually replace DMT. In particular, all the main new plants
being set up by the world's largest producers will use the TPA route which
is very advantageous. However, DNT is still oompetitive where smaller
capscities are involved, and DMT units will continue to be built during the
next few years, mainly to supply fibre producers whose plants are designed to
use these products.
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(i1) Caprolactam

The method 1involving Beckmann's rearrangement of cyclohexanone oxime
Wwill continue 1o be the most widely used, with benzene via cyclohexane
remaining the predominant raw material. The chief drawback of this method
used to be that considerable quantities ot umonium sulphate, for which
there are generally very few outlets, were produced as a by-product. OSome
companies have, however, developed processes by which tne amount ot the
ammonium sulphate by-product 1g reduced trom 4.5 tons to 1. tons per ton
of caprolactam (Stamicarbon’s PO process) or even totally eliminated at
the cost of higher 1nvestments and greater consumption of eneryy (Stami-
carbon's bisulphate lactam process ). Research 1s belng carried out at the
moment with the aim of making the latter methnd more econumi al, and 1t
will probably be widely used in the future 1n areas wher: there zre ro
outlets for ammonium sulphate.

(d) Plastics

No spectacular developments are expected 1n the fi1elud ot polymerisatior
methods. Changes 1n the production of polystyrene and V& wiil essentially
concern the reduction of the quantity of monomers 1n the resins, in order 1o
meet new, Biricter specification:. With regard to high-density polyethyier:
and polypropylene, more active catalvsts will ve used, and this will lead to
a significant reduction in production costs due to sectiors for the removal
of residual catalyst that are no longer required.

(e) Synthetic fibres

The case of the production of synthetic fibres 1s similar t. that of
plastica: few new methods will be i1ntroduced. One development that can be
anticipated, however, is the i1ntegration of the texturation ot polyester
yarns into their manufacture, resulting in a marked decrease in the cost of
texturation.

(f) Synthetic rubbers and monomer

In the field of high diffusion synthetic rubbers, no technological
changes are expected to take place. In view of the existence of ever larger
capacity steam cracking units, production of isoprene by extraction from (‘,5
cuts from steam cracking will increase. Production from one steam cracking
alone would not be economical as the isoprene obtained is equiva.ent to only
about 3 per cent of the ethylene. Therefore the C5 cuts from several steam
cracking units would have to be used together to give an economical size.
The proximity of steam cracking units and transport facilities will be
important factors in the development of this method.
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3.3 DEVELOPMENT OF TH INTERNATIONAL 'TRADE

1.3.1 Evolution of trade exchanges

According to the estimates made for 1985 the international trade of

petrochemicals would be highly altered. The main new trends would be:
(1) a global increase in self-sufficiency at regional level,

(1i) a less prevailing positon of the developed countries,

(iii) despite the trend toward regional self-sufficiency, the trade
volume would keep at least its present order of magnitude because of
consumption increases and the appearance of new trade streams,

(iv) the appearance of new trade streams such as sophisticated products
exported from developed to developing countries (currently of little
importance), commodities and high consumption products exported from
developing countries (mainly hydrocarbon-producing countries) to developed
countries.

These trends will demand greater efforts and resources in the areas
of marketing and distribution by the emerging exporters in order to benefit

from their attractive production costs.

3.3.2 PFuture price trends

In recent years petrochemical prices have been upset both by sudden
changes in some manufacturing cost clements (raw material, investment) and
by a situation of general overcapacity. It 1s expected that in the future
the overall situation will tend towards equilibrium, and that price trends
will be more linked with changes in the production cost elements. From a
general point of view the production cost evolution can be practically tied to
two main factors: crude oil prices and overall inflation (general price index
reiated charges: investment related, manpower, maintenance tec.). The
impact of changing crude oil prices (via naphtha, LPG, fuel etc) becomes less
importent when working from basic to intermediate to end products. .
Annex 19 presents the respective shares of the present prices of some petro-
chemicals that will move accordingly with the crude o0il price and the general
inflation.

Iv. LONG-TLRIM PROSPECTS: THE SITUATION IlI THE YEAR 2000
4.1 METHODOLOGY

When considering the future, a distinction should be made between the

future - that is, the foretelling of happenings at any given time horizon -
and the futures - the exploring of possible economic situstions in the future
based on the probably extension of current trends, the happening of probable

events and possible variations of present sectoral restrictions.
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The first concerns mankind as a whole and cannot be described in detail.
Moreover, even if it could be described, it would represent a point function
in the future without explanation as to how one got there from the present.
Thus it would not be a very useful aid for immediate decision-making. The
gsecond kind of future pertains to the world's economic game board that, to
a large extent, influences and is influenced by the economic players or
actors. This means that, as in every human contest, the setting of agreed
economic rules of the game and the skills, resources, knowledge and strategy
of the economic players make all the difference between belonging to the
winners or the losers. Therefore it is in this second context that three
broad approaches are possible:

(i) The opportunistic approach that concentrates on short-term options
and leaves the future to take care of itself. These practices usually create
increased turbulence in the international environment, decisions become erratic
and often work against other decisions.

(ii) The deterministic approach based on the extrapolation of past trends
and an analysis of possible events. This view involves two modalities:

- forecasting models that are mechanistic time series extrapolation
techniques based on past trends alone. The methods can be graphical, mathe-
matical or statistical but all are functions of time as the only independent
variable;

- simulation models built on structural relationships of quantitative
variables used to analyze, through simulation, alternative hypotheses and
strategies within the model in order to appraise the results of alternative
decisions before a final decision is taken.

(iii) The normative approach views the future in terms of alternative
desirable possibilities for whole systems (futurea). It involves the use of
prognostics that are futures research techniques enclosing qualitative and
quantitative variables. It also implies the intentions of the economic
players or actors to influence the current deterministic trends and steer
them towards a desirable alternative possibility along defined strategic
options.

For the purposes of this study, a world Petrochemical Industry Simulation
Model has been used to explore various development alternatives to the year
2000 based on a combination of macro-economic, regional and product
hypotheses. By using scenario methodologies further on-going studies will
more deeply explore the implications on the petrochemical indusiry of the

normative aim stated in the Lima Declaration and Plan of Action.



4.2 THE WORLD PETROCHEMICAL MODZL

When analyzing a sector, two main factors help its definition: its
characteristics and its dynamics.

The characteristics of the petrochemical sector are given by its
physical internal structure that mainly includes its stoichiometric
relationships from feedstocks to basics to intermediates to end petro-
chemicals. These characteristics are shown in figure 1 (page 7a). The
dynamics of the petrochemical industry are given by its social structure
that includes the sectoral environment and the strategy of the actors.
Figure 6 shows the environmental structure of the industry including the

main actors.

4.2.1 Description of the method

"he futures explored are based on a small number of hypotheses and
the relationships of the sector to its environment. Based on them, the
world demand and world production can be estimated and the constraints on
inputs such as feedstocks, investment and manpower can be brought to light
for further calculation.

Considering that the variables of the model influence each other
mutually, a computerized iterative process has been used at every stage and
for the whole model to express such relationships between variables in order
to arrive at consistent and coherent pictures of the year 2000 compatible
with the main hypotheses explored. The general steps of the method are as
follows:

(i) Stating of the main hypotheses to be explored.

(i1) Then, formulating a preliminary set of consistent assumptions relative
to key variables such as GDP growth rates, coefficients of elasticity, trade
exchange etc. The preliminary set of assumptions are based on a previous
analysis of the characteristics and dynamics of the petrochemical indusiry
that identify the main variables and actors.

(iii) From there on, the consumption of the main end petrochemicals is
determined for each main hypothesis. Intermediate and basic product require-
ments are estimated based on the stoichiometric relationships of the internal
structure. Exchange level assumptions are used to assess the necessary pro-
duction, by region.

(iv) The production capacity requirements can be established from the
figures in (iii) above and hence estimate the finance, manpower and raw

material needs, by region.
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(v) In the light of a critical examination of constraints to be
overcome .4 the feedback of the i1terative process, certaln prelininary
assumptions may be modified 1n order to obtain a set of quantified and

consistent pictures of the year ¢000 for the main hypotheses.

4.2.2 Utructure of the model

The World Petrochemical lodel 15 a simulation model ooerating on setlu
of hypotheses applied 1n the input to the parameters al'tfecting tre varions
activities considered. The model comprises several aggregation jevels
(108 countries, 15 regions) and two main strictures: a dynamic structure
expressing demard growth and 4 static structure reflecting the situatior at
a given period.

(a) Dynamic structure of the simulation model

This structure expresses end product consumption growtn, country by
country, up to a fixed horizon, dealing with successive time periods. .l
method employed 1s based on the build=-up of un elasticitv network (GO capita
= consumption), this type of link depends on market saturation, diftusion
and penetration etc .

(b) Static structur: of the simulation model

This structure generates a gquantified picture of wor.a petrochemical
activity for a given year. “he situation scenario tnus cbtained 1s goverred
by sets of assumptions such as:

- demand levels to be reached before the decision to bLuild pruduction
plants 1s taken,

- the extent of regional and inter-regional co-operation,

- import opporiunities offered to developing countiries by the developed
countries.

Technical aspects of the petrochemical industry are expressed by sets
of technical and economic coefficients, relating in particular to:

- obtainment of basic producis from raw materials,

- obtainment of intermediates and end p:roducts from basic products,

- investment and manpower requirements for construction and operation
of new plants.

Products flow patterns are described by means of inter-regional exchange
coefficient matrices.

(c) Aggregation levels

The model operates on various levels, according to the aspect under

consideration:
- at national level (population, GDP, consumption growth and plant

construction decisions);




- at regional level (exchange patterns, raw materials requirements,
investments)

he world has been divided into 15 geographical regions, 13 of which
represent the developing countries, each country being considered indivi-

dually, the other two aggregates being developed regions.

- Africa: North Africa (7 countries), West Africa (14), East Africa (17),

Central Africa (8)
- Latin America: Andcan countries (8), Argentina, Brazil, Caribbean and
Centre (18)
- Asia: East Asia (4 countries), South Asia (15), Middle East (13),
China
- Developed couniries: Eastern iurope - 1 aggregate
Others - 1 aggregate

Figure 7 gives the classification of products used in the model.

4.3 HYPOTHESES TO THE YEAR 2000
4.3.1 Main hypotheses

‘'he attainment of the Lima objective of 25 per cent share of world

production by developing countries in the year 2000 can be expressed by a
growth relationship between GDP, population and MVA (manufacturing value
added) by regions. ''herefore the main hypotheses for the model concern
GDP growth rates that are then translated into demand figures using macro-
economic relationships and a preliminary set of assumptions. In order to
properly explore the future, at least three GDP growth rate hypotheses
should be considered:
(i) the attainment of the Lima objective as the minimum;
(ii) a reference trend if things continue as they are;
(iii) the probably share of world production that developing countries
may achieve as viewed by the business community.
It should be noted that each liypothesis involves two factors: one,
a world GDP growth rate; the other, the relative share of developing
countries in petrochemical world production by the year 2000. To make the
three main hypotheses comparable, their respective world GDP growth rate
should be about the same. No major conflictual or catastrophic hypotheses
has been considered here.
- Hypotheses A is based on a simplified simulation model developed

by UNIDO to assess the implications of the Lima target. It shows the different

speeds at which developed and developing countries should grow to attain at
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least the 25 per cent world production target. From the wide range of
growth-rate relationships, the one giving the following values was chosen :
world NP growth - 4.0 per cent; developed countries = 2.9 per cent and
jeveloping countries = 6.8 per cent.

“hese figures were choser because they were the ou2s nearer to the
historical growth rate achieved by developing countiries during the high
economic growth period 1960 - 1973, while developed countries still
retained ar attractive GD” growth rate.

- Hypotheses ! is based on Leontief's "The Future of the World

hconomy" and correspords to the passive scenario X. [t was chosen because
it has a worli GDP growth rate of 4.8 per cent, the nearer to ensure com-
parability with hypotheses A, while providing a different world production
target.

- liypothesis . 7Jeven different GDP growth rate hypotheses given by
ditferent business organizations were analyzed. The one given by the
;avendish Laboratory (UK) that corresponds to 1ts high estimate was chosen.
Its world GD!’ growth rate of 4.0 per cent ensures a proper comparability
with the other two hypotheses. These estimates were presented in the energy
consumption growth scenarios for the World Energy “onference held 1in
!stanbul, :eptember 1977.

Annex 20(a) gives the GDP growth rates, by region, corresponding to
each of the main hypothesis for 1989-2000.

A.3.2 Preliminary set of assumptions

4.3.2.1 Main variables of the petrochemical industry

Based on the analysis made in chapters 2 and 3, the internal structure
of the industry and its environmental structure shown in figures 1l and 6
respectively, it was possible to draw a long 1list of variables, internal and
external, that influence this industry and its future development. Since the
list includes hundreds of variables, a suitable elimination process was
carried out based on .nalytic reduction techniques. These main
variables are the following:
(i) availability and distribution of raw materials, especially oilj
(1i) stability of the international monetary system and irade balance;
(iii) availability of financial resources in developing countries;

(iv) the existence of a supply and distribution infrastructure.
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4.3.2.2 Hain actors of the petrochemical industry

From the large number of actors and power relations between them,
only a small number have enough economic weight as to become the main
actors of this industry. To ascertain that, an economic weighting analysis
was carried out, by country, based on the 1976 GDP values and demographic
weight as well as current sales and personnel employed by companies.

The results show that the main actors are the following:

(i) the government in developed countries;

(ii) the government in developing countries;

(i1i) oil multinationals;

(iv) petrochemical multinationals;

(v) financial institutions.

Concerning the first two, figure 8 gives a graphic view of the relative
economic weight of the countries in terms of GDP and population in 1976.
Regarding 0il and petrochemical multinationals, the number of individual ac-
tors is limited and their operations are highly integrated. Atter an initial
period of competition, this situation tends to favour inter-company agree-
ments, hence the markets left that can be classified as spot are
relatively small.

Regarding the last actor, a comparison of oil and petrochemical company
sales with GDP shows that the amount a company or a country has available
for investment in the manufacturing industry is a jut one-tenth of gales or
GDP. Hence, with the sharply increased investment costs, the financial
institutions would play a greater role.

The main power relationships between actors are the following conflict-
co-operation relations:

(a) Relations between developing countries.

(b) Relations between developed and developing countries.

(c) Relations between governments and multinational companies (oil
and petrochemicals).

(d) Commercial practices (of countries, national and multinational

companies).

4.3.2.3 Assumptions concerning the main variables

The preliminary assumptions on the main variables shown 1in section

4.3.2.]1 consistent with the main hypotheses given in section 4.3.1, are the
following:
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Hypothesis Hypothssis Hypothesis
B C

Main variable A

Availability of crude oil Appropriate Very difficult Difficult

International monetary system,

trade balance Satisfactory Very poor Satisfactory

Developing counpries’

financial resources Excellent Very limited Limited

Infrastructure Developed Unequally Limited
spread

4.3.2.4 Assumptions oconcerning the actors

The realization of any of the main hypotheses will depend primearily
on the actors' behaviour. Therefore three strategic policy lines were
assumed that are consistent with the main hypotheses. They are:

Hypothesis Hypothesis Hypothesis

Power relationships A B C
Assumed strategic policy High degree of Minimal co~ Developing
co-operation operation countries give
among all between the priority to
actors. actore. sectors other
than petro-
chemicals.
Relations between developing
countries Excellent Bad Good
Relations betwesen developed
and developing countries Excellent Bad Good
Relationships between govern- Developed Very slight Slight
ments and multinationals co-operation
Commercial practices Nany agree- Aggressive Countries re-
ments latively iso-
lated.

4.3.2.5 As ione derived froam the ors' behaviour

(a) These sssuaptions relate to petroohemical trade betwaen the regions
that are direotly influenced by the bshaviour of the actors. These trade
assumptions can be expreseed as a degree of openness to importu, by region,
for the main hypotheses. These are:

Bypotheeis  Hypothesie Hypothesis
Trede pattern —_A B C
Openness of OECD oountriee to ex-

ports from developing oountries
(percentage of total demend) 104 2% 24

Openness of Eastern Rurope to ex-
porte from developing countriee
(percentage of total demand) 4% 14 14

Openness of developing ocountries

t0 exporte from developed ocoun-

tries to make up trade defioite

(peroentage of the deficit)a/ 10 £ 80 % 40 %

5/ The rest of the defioit ie made up by other developing countriee, taking
into account their respective export possibilities.
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(b) A second set of assumptions relates to plant sizes that are
also decided upon by the actors. It has been assumed that the various
plant sizes adopted are determined by domestic demand and exports, the
sise being about three times larger in hypotheses A and C than in
hypothesis B. In the first two hypotheses the aim is to minimize invest-
ment through economies of scale in plant sizes. The assumptions on
production options are:

Hypothesis Hypothesis Hypothesis
Production options A B C

Plant size Rather high Low Rather high

Degree of regional integra-
tion in petrochemical

production High Low Mean
Degree of priority given to Rather high High Low
the petrochemical industry at regional

in developing countries level

The preliminary trade and plant capacity assumptions presented above
span a fairly wide range of possibilities, each of which has been quantified.
Through the model's feedback and iteérative processes, the quantified assump-
tions concerning power relations between actors, degree of the internal
market opening of the developed countries to imports from developing countries,
and minimum economic plant capacities that are optimally consistent with the

three main hypotheses, are given in annex 20 (b).

4.3.3 Description of consistent pictures for the main hypotheses

4.3.3.1 Hypothesis A
Realization of this hypothesis depends on a great number of favourable

circumstances involving, in particular, reversal of many short-term irends.

The high degree of co-operation called for between actors would mean a
reversal of the present situation. States would be required to commit them-
selves at last to a new distribution of the world's wealth and means of pro-
duction without any opposition on the part of the most powerful economic
actors. The situation would have to be free from major conflicts of interest
between actors; energy supplies would be adequate in this case, but given
the quantities of energy needed if the developing countries® high growth rate
is to continue, a large number of sizeable 0il finds would be required in
addition to present known reserves.

A further requirement would be that the developed oountries, despite
their slower GDP growth rate, make a major contribution towards financing




investment in the developing countries, otherwise the developing countries’

indebtedness and dependence would only increase. I[n order to achieve a
balance of payments equilibrium the less populated among the OPLC countries,
Saudi Arabia, Kuwait, the Libyan Arab Jamahiriya and the United Arab Fmirates
would also have to ccntribute financially.

A final consideration is that the developing countries' rapid growth

should not be impeded by infrastructure limitations.

4.3.3.2 Hypothesis B
This hypothesis is somewhat the opposite of the hypothesis A in that it

assumes failure in instituting international co-operation over the long
period leading up to the year 2000.

Relations between developed and developing countries are assumed to be
more or less as they have been since 1973. In particular, since the developed
countries of the OECD cannot supply their own 0il requirements, the main OPEC
exporting countries would probably maintain fairly close connections with the
major OkCD countries - France, ederal Hepublic of Germany, Japan, United
States — to help them make up their oil deficit.

With a fairly high rate of growth continuing 1in the developed countries,
the demand for energy will be high. Oil supplies #ill thus be barely adequate
and some developing countries may suffer as a corsequence. GDP growth is
average but unequally distributed, on account of permanent conflicts of
interest in which the more powerful contenders tend to obtain the upper hand.
Industrial development financing will thus be difficult, with each party
trying to find a means, to the detriment, if need be, of other major sectors
of the economy such as agriculture.

This conflicting situation will be reflected by an unsettled monet ary
system struggling to maintain a precarious balance over a long period, and

unfavourable trade balances for countries.

4.3.3.) Hypothesis C
This hypothesis envisages a continuing fairly high growth rate in the

developed countries that, in order to avoid any barriers to growth, would
adopt a position of relative co-operation with the developing countries that
supply part of their raw material requirements.

The developing countries would try to develop as autonomously as posgible
with little dependence on international trade. Their population being rural ,
the agricultural sector would be considered as first priority. Since the
productivity increase of this sector would be slight, this strategy policy is
linked to a fairly low growth rate in developing countries.
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This choice of priorities may result from awareness of the difficulties
of obtaining o0il and may be associated with a conservative forecast of oil
supplies. If, on the other hand, it derives from other considerations, it
may lead to improved oil supplies when the priority economic sectors have
a low energy consumption level.

This choice could also be a consequence of the difficulty in raising
sufficient finances to allow rapid growth in those sectors of the economy
where major investment is required. In this case, infrastructure develop-

ment would also suffer.

4.4 OUTLOOK OF THE PETROCHEMICAL INDUSTRY IN THE YEAR 2000

On the basis of the preceding sections, three consistent pictures of

the year 2000 emerged from the world petrochemical model corresponding to
the three main hypotheses analysed. A detailed comparison of the principal
results is given in annex 21(a). Annexes 21(b to (d) give a graphic
picture for each of the three main hypothesis analysed.

4.4.1 World demand to the year 2000

Annex 21(a) gives the main macro-econometric characteristics and

demand figures in the year 2000 for the main end petrochemicals:
thermoplastics, synthetic fibres and synthetic rubbers, for each main
hypothesis. The quantities of intermediate and basic products are then
deduced from the end products' demand using the corresponding technical
factors. To help assess the implications of the demand figures for the
year 2000, table 25 gives the corresponding world demand figures for the
main end petrochemicals in 1990.

4.4.2 World production in the year 2000
Annex 21(a) gives the main end petrochemicals production figures in

the year 2000 for each main hypothesis. The production figures represent
total regional production including export oriented production. The
policies and strategies pursued by the actors will determine where the
new productions needed to meet world demand is going to be located. The
production of end petrochemicals inolude those products shown in figure 8.

The production of intermediates and basic products are derived from
the regional production of end products acoording to production factors.
Annex 21(a) shows the estimated production of ethylene in 2000, for it is
the single most important petrochemical building blook. The developing
countries' share in world peiroohemical production by 2000 would be 35 per
cent for hypothesis A and 18 per ocent for the other two hypotheses.
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Table 25. Demand for the main end petrochemicals in 1990
(millions of tons)

Developed Developing Total
countries countries world !

Hypothesis A

Thermoplastics 88.35 23.84 112.19

Synthetic fibres 18.33 9.52 27.85

Synthetic rubber 17.12 5.32 22.44
Hypothesis B

Thermoplastics 110.95 20.30 131.25

Synthetic fibres 22.20 8.27 30.47

Synthetic rubber 20.06 4.84 24.90
Hypothesis C

Thermoplastics 97.96 18.28 116.24

Synthetic fibres 20.05 7.48 27.53

Synthetic rubber 18.49 4.54 23.03

4.4.3 Raw material requirements to the year 2000

In the World Energy Conference held in Istanbul in September 1977, the
French Petroleum Institute presented the results of a very comprehensive
delphi survey on ultimately recoverable oil reserves. From the data of this
survey it is apparent that oil production is not expected to exceed 6.5
billion tons in the year 2000 and may be as low as 3} billion tons, thus
giving an average of 4.5 billion tons. 0il requirements, however, vary
between 4.5 billion to 6.3 billion tons as shown in annex 21(a).

Thus a situation of potential scarcity emerges which, if it is to be avoided,
calls for immediate action on the part of the developed countries, both in
reducing high energy consumption levels and in finding oil substitutes
wherever possible. Tensions on the oil market would have an adverse effect
on the world economy and in particular, on the petrochemical development

plans of the developing countries. Additionally these tensions would lead

to substantil oil price increases that would only accentuate an al ready
difficult trade balance.
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4.4.1 vorld trade developments to the year 2000

In the calculation of regional production figures and based on the
behaviour of the actors, estimations were made concerning total trade
cxchanres belween the regions that are consistent with the main hypotheses.
{owever, when comparing them with the current trade situation, very impor-
tant differences appear that will require substantial efforts by the actors
to redress the present structural i1mbalance. In 1972 world trade totaled
415 billion US dollars and it grew to 980 billion in 1976, including 67
billion worth of chemicals and about 160 billion dollars for oil and
petroleum products. It is the large price increases in oil since 1973 that
account for the step rise in the trade of the developing countries.

In 1976 oil represented 59 per cent of exports to developed countries of
market economies (108 billion), 50 per cent of exports to Eastern Europe
(v billion) and 37 per cent of trade between developing countries (20
billion dollars).

This new situatior has given rise to a structural imbalance which
will take much time and effort to redress. Of the two billion tons of oil to be
exported by the OPEC countries in 1985, 60 per cent will originate from
the Libyan Arab Jamahiriya, the United Arab Emirates, Kuwait, Gatar and
principally, Saudi Arabia. These are all countries with a low population
and limited import potential, which means that they will continue for
some time to show favourable balance of payments with regard to developed
and other developing countries. The likelihood of a tense situation and
high prices on the oil market before 2000 will only exacerbate the condition,
with increased stress, for the international monetary system.

Developed and non-oil producing developing countries may thus be ex-
pected to seek to correct their trade balances through reduced imports and
increased exports. If the developed countries fail to cut down their
energy consumption and hence oil imports, this strategy, if pursued, will
be detrimental to the economically weaker countries whose balance of payments
would show a permanent deficit, as is in fact the case at present.

This situation would considerably hold back petrochemical development
in many non-oil-producing developing countries. Indeed, while such
countries continue to lack equipment and industrial plant construction
industries, the creation of which is a long-term process, they will be

obliged to pay most of their petrochemical investments in foreign currency



(at present 75-85 per cent of the total according to country and type of
plant). Removing a barrier of this type would probably involve financial
co-operation between those oil-producing countries with a low population

and the other developing countries.

4.4.5 Financial requirements to the year 2000
Annex 21(a) shows the total investment figures for the period 1977-2000
in US dollars of 1977 and includes all petrochemicals included in figure 8.

Likewise the ratio of total investment to GDP shows the percentage of GDP

to be invested in petrochemicals between 1980-2000, that ranges between 0.19
and 0.32 for developing courtries indicating the really heavy committments
that will have to be met.

Not only will financing petrochemical development in the developing
countries require financing mainly by foreign currency, but the necessary
investment must not be such as to represent an intolerable burden on the
country's economy by consuming too great a part of savings.

While the petrochemical industry was expanding rapidly in the developed
countries from 1960 to 1974, the share of gross fixed-capital formation
allocated to petrochemisiry generally ranged from 0.6 to 1.6 per cent, i.e.
0.15 to 0.40 per cent of GDP. The developed countries'’ average 1s fairly
close to the lower figure. OShort- and medium—term estimates put petrochemical
investment at 0.16 per cent of GDP over the 1977-1980 period (projects in hand ),
with 0.17 per cent for the 1981-1985 period.

In the case of developing countries projects in hand or scheduled for
implementation between 1977 and 1980 involve investments equivalent to
0.25 per cent of GDP.

The petrochemical industry's period of rapid growth in the developed
countries was favoured, as far as investments are concerned, by two major
factors: (i) a large industrial and commercial network which favoured
capital build-up and (ii) considerable market domination by the major petro-
chemical companies, resulting in limited competition and hence larger profits
which could be used for a high degree of self-financing (70 to 75 per cent of
investments).

Of these two factors, the first does not apply to developing countries, while
the second depends on the implementation of a first petrochemicai complex,
which of course will not enjoy such benefits.

With regard to the implementation of an initial petrochemical complex,
it can be noted that for 1970-78 investment costs would remain within 0.7
to 2.0 per cent of GDP.
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4.4.6 Wanpowcer requirements to the year 2000

Annex 21(a) shows the manpower needs related to the petrochemical
plants to be built from 1980 to 2000 and cover all technical, adminis-
trative and marketing personnel according to the manpower breakdown
factors given in section 3.2.5.

The estimates of the three hypotheses give preliminary indications
about the intensity of manpower training and development problems which
could appear in different regions in this period. Appendix E elaborates
further on this matter.

The main problem in providing the skilled manpower according to the
expansion of the petrochemical industry in developing countries is the
structure disproportions between graduates supply and demand, which is
due to the lack of sufficient specialization of chemical and mechanical
engineers and all kirds of skilled manpower, as well as graduates of
secondary schools and vocational! educational institutes. Aside from the
shortage of qualified personnel in the developing countries, there is a
lack of qualified trainers and adequate training programmes, insufficient
finance and a climate which favours "academic'" study rather than voca-
tional and technical training.

To achieve the target of providing required personnel for the
petrochemical industry, the policy-makers should be aware of not only
the above problems but also the positive and negative implications in
the field of job—generation and induced employment. The positive impli-
cation is the backward and forward linkage of the petrochemical industry
with other sectors of the economy; the negative implication is the
influence of the industry on labour-intensive industries, i.e. development
of synthetic fibre production competes with labour—intensive jute produc-
tion in some developing countries whose exports revenue is heavily
dependent on jute and the same could be said about substitution of natural
rubber by synthetic. However, taking into consideration positive and
negative effects in job—generation in developing countries as a whole, it
must be stressed that the net employment-creation effect of the petrochemical
development is a positive one. Most of the specizlists, both in developing
and developed countries, believe that for the conditions in the developing
countries on the average one new job in petrochemicals could oreate five to
seven jobs in other industries.

Thus, the main policies which could be helpful to meet the growing
requirements of the rapid petrochemical expansion in developing countries
on the manpower development side are in the following areas of activity:
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(a) manpower planning;

(b} co-operation and co-ordination of activities between the
petrochemical industry and the educational system;

(¢) training policy and development of the institutional
training;

(d) co-operation among developing countries in the manpower
training field and

(e) assistance of the developed countries in the manpower
development field.

The above policy measurements mainly underline that the policy-makers
should formulate manpower planning at the same stage that they formulate
petrochemical expansion, and closely integrate it into the overall plans
for economic and production development of the petrochemical sectors.
Moreover, they should coordinate the activities of the existing educational
and training systems with industry in order to avoid duplication and over-
lapping between them, and to avoid the waste of human and financial
resources nationwide. The next step would be to identify the right
training system and to institutionalize this training, including the right
mix between on-job and off-job training. The developing countries in their
effort to provide required manpower for the petrochemical expansion could
save a considerable amount of scarce resources by pooling them to create
common support-services for the petrochemical industry, such as training
institutions, research centres, marketing organizations etc. In addition,
the assistance of the educational institutions of developed countries
is vital in encouraging the transfer of know-how needed for training the

required personnel.

d4.4.7 Infrastructural requirements

One factor which partly accounts for the high growth rate in petro-
chemicals demand in developed countries is the existence of a highly
developet infrastructure, as regards both raw material supplies and distri-
bution of petrochemicals. For example, Western BEurope is characterized by
a large number of deep—water harbours and very few instances of highly popu-
lated industrial regions situated far inland. The few which do exist have
good communication lines with ports, either via major navigable waterways
or else via crude oil pipelines. The major European refineries are con-
sequently supplied with crude oil at a cost only fractionally higher than
in the Middle East, on account of the moderate transport cosis made possible

due to tankers and crude oil pipelines.
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Fnergy requirements for industry in general, and raw material
requirements for the petrochemical industry in particular, were thus met at
low cost throughout the Furopean petrochemical industry's rapid growth
period. The supply infrastructure i1s matched in burope by a highly
developed distribution 1intrastructure: major industrial centres, roads,
motorways, railways and canals,all contribute to keeping transport conts
to & minmimum and in addition, urbanization has made possible large mass
distribution centres.

Japan, thanks to 1ts geographical features, has en joyed the same
advantages as Burope and though having very limited energy reserves of
ei1ther o1l, natural gas or coal of 1ts own, provides a good example of
access to world-wide oil and petroleum product sources for countries
wi1th easy maritime access.

North America, characterized by a large land mass and lack of deep
water harbours, has been able to overcome the resulting difficulties through
construction of a suitable infrastructure. Part of the continental masc
can be penetrated, at lower transport costs, thanks to the large rivers
(Mississippi, issouri ),the fGreat Lakes and their navigation systems.
Population and cenires of industry thus tend to be concentrated along sen
coasts and the major inlets. A series of crude o1l pipelines frum the
TMexas oilfields and, more recently, from import terminals, bring o1l to all
these centres of industry as well as to the refineries supplying ther «1th
petroleun products. The petrochemical distribution intrastructure makes uSe
ot the same types of facilities as in hurope.

Lack of a similar infrastructure is likely to inhibit rapid development
of the petrochemical industry in many developing countries. 'The benefit, 1in
social terms, will be derived from investments if petrochemical development
is accompanied by development of the infrastructure (harbour, roads, railways,
refineries and possibly rivers and canals). In grass root locations 1inves-
ments in infrastructure may be as high as doubling the total costs of a
petrochemical complex. The practice in many developing countries of charging
infrastructural investment costs to the project contrasts markedly with the
well developed infrastructural facilities the developed countries furnish

free to a project.

4.4.8 Assossment of the pictures described in the main hypotheses
Hypothesis 4

This case enables the attainment of the Lima Declaration goal for it is

based on economic growth hypotheses through which the income gap between

developing and developed countries may be narrowed.



- 129 -

It therefore contains a major break away from the preseni ecoromic
order and nature of the relationship between developed und developing
countries. OSustained co-operation over the next 21 years leading up to
2000 represents the only means of achiving o sufficientiv high aconomic
growth rate. In the case of the petrochemical irdustiry, this means that
technical training will have to be organized sufficiently 1r advance to
ensure that costly petrochemical plants operate with maximum efficiency.

Investment finance will also constitute an obstacle as 1t is
equivalent on average to 0.32 per cent of 7DP over a period of more than
20 years. It could, however, be brought down to about D27 per cent by
gsecuring finance from the developed countries to cover the proportion
(16 per cent of production) which accounts for exports to such countrics.
The burden will nevertheless be a heavy one, but an incrcnsed assistance
from the developed countries could build up considerable funds that would
be for a time made available to the petrochemical industry in developing
countries if this was considered a priority industry.

Supply of raw materials would not become a problem as lons as inter-
national co-operation ts achieved, petrochemistry being ronsidered as having
priority over other uses for oil. It is important, nevertheless, that costs
be minimized through a judicious opportunities selection between refining
and petrochemistry.

This hypothesis is the only one to surpass the Lima objective in that
developing countries account for 35 per cent of world petrochemical pro-
duction. It must be emphasized, however, that this can be achieved only
by a major political and economic effort on the part of every country.

Hypothesis B

This hypothesis corresponds more or less to a continuance of the

present economic order, and emerges as a hypothesis that not only fails
to realize the Lima objective but postulates many apparently insurmountable
physical obstacles. This alternative involves the highest oil consumption.
Without co-operation, the less wealthy countries might find themselves
deprived of the vital raw material for their petrochemical industry in the
event of the occurrence of a relative shortage.

Financial outlay is almost as great as in hypothesis A but it is
difficult to envisage how some countries could manage this in the absence
of international co-operation; this latter factor would, moreover, cons-

titute a barrier to technical staff traiaing.



This picture, which excludes any desire to achieve a fairer world

income distribution, clearly does not offer a means of attaining the
Lima objective since developing countries are to account for only 18 per
cent of world production.

Hypothesis C

This hypothesis invdves a fairly minor political and economic effort,
yet at the same time this is taken into account in the objectives.

Investments, equivalent to 0.19 per cent of GDP, are intended only
to satisfy immediate domestic demand through production capacities which
use economy of scale to advantage. The need for qualified personnel is
conseouently less, and fairly moderate world oil demand would mean relative-
ly few raw material supply problems.

This picture, with 18 per cent of production in developing countries,
is as far from meeting the Lima objectives as is hypothesis B through

constraints appear that would be much more easy to overcome.

V. TIE ESTABLISHMENT OF THE PETROCHEMICAL INDUSTRY
IN DEVELOPING COUNTRIES

The aim of this chapter is to set out the practical criteria and
factors that affect the establishment of the petrochemical industry. It
is based on practical cases of ee¢tting up this industry in developing
countriee. It analyees the reasons for its eetablishment, the problems of
its implsmentation and its impact on ths national economy. The analysis
shows that no country can afford to neglsct the proper weighing of these
factore to avoid future unnecessary problems or very costly plants that are
uneconomical. Experience has shown that only a properly etarted and
equipped petrochsmical industry can fulfill ite economic promisss to ths
country.

5.1 TECHNICAL ASPECTS

5.1.1 Criteria for the selection of technologies
The judicious choice of technologies to be used in petrochemical plants

ie vital to the euccsee of any undertaking in this field. The wrong choice
may eeriously compromies the future of & project which has involved coneider-
able outlay, chiefly on inveetmente and etaff recruitment.

(1) Adaptability to market requirements

Thie will determine the operating rate of the plant, which is an
eseential ocondition for profitability, especially in the developing countriee
whose plant siee is often limited. Ths choioce of petrochemioal intsrmediates
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and end products and their specifications should be in accordance with the
specifications and, in some cases, even the habits of the immediate cus-
tomers, the processing industries. The choice of monomer for polyester
fibres is a typical erample: if the synthetic fibres industry is already
established on a large scale in the country and equipped to use DMT, pro-
duction should be geared to the manufacture of this monomer, even in cases
where from a production point of view TPA would be more economical. The
fibre manufacturing industries would, in fact, continue to import DMT,
thereby depriving the monomer production plant of a large proportion of
its local market. Similarly in most countries tyre manufacturers use well
defined formulae which they are most reluctant to change and this must ve
borne in mind when deciding on the type and specifications of synthetic
rubber to be manufactured. The definition of products to be made and their
specifications should thus be based on a precise and thorough market survey
of both the existing client industries and projects under way. A survey of
this kind was particularly important for the definition of the Bahia petroche-
mical complex in Braszil, this country being relatively well provided with
proceseing and synthetic fibre industries.
As a number of countriee are considering the export of petrochemical
products to international markets and not only to export surplus capacity
to spot markets, production must be internationally competitive, meeting
the product specifications prevailing in the target markets.

(ii) Ease of operation, adaptation to local conditions

It is even more important for the developing countries than for other

countriee to select techniques which will provide for easily operated plante,
particularly in view of the relative inexperience of operating staff. They
should use processes which have been tested in industry and employ sound,
reliable equipment. They should be wary in particular of technical inno-
vations which have not yet acquired industrial references and techniques
which can be used only by extremely experienced, highly qualified personnel.
On example of this problem is that of a large plant manufacturing
basic products in one of the countries of Latin America which has never
operated satisfactorily, with the result that for some years a number of
derivative plants have been deprived of their raw material and thus have been
reduced to relative inactivity. Before choosing a technology, tuture
operators in the developing countries would find it helpful to contact and
visit users of the technology in question in order to hear their point of
view, to benefit from their experience and to establish whether the necessary




conditions for the satisfactory use of the technology are present in the

developing country. The technology chosen must be adapted as closely as
possible to local conditions: a r’art producing 50-80,000 tons per year
of polypropylene or low density po.y: ' iylene, sited in a developed
country and owned by a company which has other production units, will
comprise only one production line for reasons of economy of scale; a
plant of similar capacity sited in a developing country where there are
no other plants manufacturing the same product would in many cases have
two production lines, each of which would specialize in a certain range
of products; the drawback of higher investments would be amply compen-
sated by greatly increased ease of operation and limited losses when
product quality 1s changed.

A petrocherical company setting up a plant in 1 country which already
has a chemical or refining industry using a given type of instrumentation
(pneumatic or electronic wi'l fir. .t in their interest to use the same
type of instrumentation, sir-e trair 4 personnel will be available and the
stock of spare parts whichk : r to be kept is minimized.

In countries where a large lahour for 13 available but where there
1s a shortage of specialists, the adoption of hi hl, antomated techniques,
resulting 1n a saving on staff but or the other hand requiring highly
specialized maintenance personnel, wculd not be desiratle. Plarts in
developing countries, which are usually at some distance from plant and
equipment manufacturers, must have a much larger stock of spare parts
available than is necessary in developed countries, so that failure of a
key item of equipment does not result in too long a standstill of the plant,
which would seriously affect the profitability of the undertaking,

Local conditions and their consequences for the selection of techno-
logies and plant design are at times little known to,and scarcely considered
by the companies who supply the technologies and build the plants. In order
to be competitive, these companies may regard a low price as being the main
criterion to the detriment of local requirements. Companies intending to set
up & petrochemical industry in one of the ﬁeveloping countries should analyze
local conditions as thoroughly as possible, assess their implications for
optimum plant design and specify them in the invitation to tender documents
sent out to process owners and construction companies. This type of work
calls for experienced personnel and companies new to petrochemistry would be
well advised to seek external aid from an experienced source, for example a

producing company or firm of consultants.



(iii) Profitability of the process

The process adopted must be able to face competition from rival
producers. This point is obviously not specific to the developing countries
but it may be more difficult to achieve in these countries due to a relative
lack of in-depth knowledge of the petrochemical industry. The wrong
decision on this question may be disastrous. An example is provided by a
butadiene production plant in Latin America based on alcohol dehydrogenation
which was obliged to shut down entirely as it was unable to complete with

imported petrochemical butadiene.

5.1.2 Transfer of technology

5.1.2.1 Plant construction

The technologies used in the petrochemical industry have been
developed in the developed countries. Their use in the developing countries
therefore involves a transfer which essentially takes the form of production
units designed and built by companies from the developed countries and the
licensing of processes they have developed.
As far as the construction of petrochemical plants is concerned, contractors
generally conform to the invitation to tender documents drawm up by the
client and containing construction procedures and a general statement of all
the conditions governing the submission of bids by the contractors.

The situation with regard to the licensing of production processes, however,
igs different. In the field of petrochemistry, most companies which own a
production process technology are also producers. The licensing side is
usually only marginal compared with the sale of petrochemical products and
may, in some cases, be considered as detrimental to the latter since it 1
consists in handing over to rivals a technology which has been perfected
within the company. This accounts for the fact that in the petrochemical ‘
industry competition between process licensors plays a relatively minor part
and that the conditions governing the award of a licence remain very varied,
depending on the policy of the licensing company. These conditions usually
remain confidential but mention can be made of some major differences which
have been noted in licence contracts proposed in developing countries for
identical production schemes. These differences involve the following points:

(1) oontinued access for the licencee to later developmentis of

the process;
(i1) aessistance from the licensor's after-sales service in order to
facilitate market promotion of the product;

o



(iii) possibility of using the brand name owned by the licensing
company ;

(iv) limitation of export rights for the products;

(v) exclusive use of the process within a given country or

region;

(vi) assistance with start-up and in some cases commercial operation

of the plant.

Some of these points may be vital to the success of a petrochemical
project in a developing country,and a company intending to set up a petro-
chemical industry may,in some cases, find it worthwhile to secure a
licence contract involving maximum assistance, even at the price of higher
fees. In order to facilitate the launching on the market of a product
corresponding to a given production licence, the future producer may
negotiate with the licensor and the authorities in the developing country
for sale of import rights for the licensor's products in the years prior
to plant start-up. This allows the process industry to adapt progreseively
to the use of these products. An agreement of this type was put into
effect in Venezuela in respect of a polyethylene plant.

The transfer of technology is not confined to the sale of plante and
production licences but covers various other aspects, the most important
of which is staff training. The presence of qualified and trained personnel
is indispensable for the proper operation of a petrochemical industry and
such personnel can be trained only through the assistance of oompaniee
which have the necessary experience: engineering companies, producers, or
specialized staff training organisations.

5.1.2.2 Manpower formation and training systems
An estimate of the total personnel needed for the development of the

petrochemical industry in the devsloping countries is contained in the pre-
ceding chapters. Additional information cen be found in appendix E.

The requirements are considerable and since the greatest part is made wp

of skilled workers, the recruitment and training of staff present some
problems. These problems occur at different levels according to ths country
and depend essentially on the general level of education and industrialisation
in the country. In eome cases the population of the oountry mey be a factor
of eome importancs. On acoount of the lsvels of education and industrialise-
tion in certain of the developing countries, as in Brasil and India, the
recruitment and training of personnel for the petrochemical industry does
not present any particular problems. In other countriss where techaical



education in particular is under—-developed and where there are no existing
petrochemical plants, the recruitment and training of the personnel
required for the successful operation of a petrochemical industry can
constitute a serious problem.

In the majority of cases, the importance of staff training prior to
any commercial operation is underrated in the developing countries.
Awareness cf the lack of training comes when the moment to start the plant
up arrives and in many cases expatriate workers have to be called upon; or
it may even be necessary to hand over responsibility for the management and
operation of the plant to specialized companies for a period of some years;
in this event the local personnel gain experience progressively on the job
by working alongside the specialists and can eventually take over from the
expatriates.

It has becn seen that manpower problems can vary considerably depending
on the country in question. The capital structure is also of prime impor-
tance. Petrochemical projects undertaken in joint ventures with inter-
national petrochemical companies, e.g. complexes in Brazil, Venezuela and
in the Republic of Korea, benefit from the assistance and experience of
these companies which supply the local industry in the developing country
with skilled personnel and work methods. In addition, they are also able
to train local personnel through training systems worked out on the basis of
their own experience and also by involving them in the operation of plants
of their own which are already operational.

On the other hand, projscts undertaken without the assistance of
international compasnies and in countries which do not yet have an established
petrochemical industry such as Algeria or Morocco, come up against great
difficulties in respect of staff recruiting and training within the context
of specific projects. In such cases, the recruitment and training of all
or part of the staff is carried out with the assistance of the contractor
within the framework of a specifio training contract. This is so in
particular in the petrochemical oomplex (ohlorine, VCM and PVC) presently
being implemented in Morooco where the operating company has signed a
contract with the contractor for staff training. The contractor implements
this oontract with the help of a specialist ocompany in the field of industrial
training.

In all cases the oreation of a staff recruitment and training policy
should be based on a study of the local availability of manpower. This study
should be carried out in great detail and should specify the different types
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of manpower available by geographical area and classify them by level,
e.g. workmen, foremen, technicians, office staff, salesmen, administrative
staff, management, engineers, also indicating mobility and changes through
time.

The main difficulties connected with the availability and training
of personnel in the developing countries are that:

(i) Persons having a wide general as well as specialigzed educational
level must be available. Some of the jobs will inevitably require indus-
trial experience ani the suitable personnel will have to be taken from other
industries (chemical, mechanical, refining, plastic processing etc). These
industries must already exist and be able to support such transfers. Some
posts require experience in a specific job and, in many cases, technical
agsistance will be necessary.

(ii) Training is usually given partly by instructors from more
developed countries and partly through training periods spent in other countries.
However, here some language and cultural barriers may occur.

(iii) Recruitment may be difficult in some cases, particularly where
diploma~holders are concerned, as they may congider a career directly
linked to production as not very atiractive.

(iv) On completion of their training some people may prefer to look for
work in an area other than the petrochemical industry where they would be
able to put their training to equally good use.

(v) On account of the secrecy attached to manufacturing processes,
acceptance for a training period in a similar plant may prove difficult.

It should be mentioned that some developing countries have started to
organize training courses within the petroleum industry, generally through
specialized training organizations, which could also be useful for the
petrochemical industry.

5.1.2.3 Strategies to develop national engineering capabilities
At tie moment, most engineering companies working in the field of

petrochemistiry are concentrated in the developed countries and most of the
plant construction work in developing countries is carried out by these
companies. This concentration can be explained as follows:

(1) Existence of a market. Engineering companies need to pool a
certain amount of work in order to remain operational and this possibility
arises chiefly in the developed countries.
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(11) Proximity of suppliers of plunt and material. In order to

be able to offer satisfactory, competitively-priced plunts to their
clients, engineering companies must huve several competing suppliers of
equipment avalliable to be able to select the best and should carry out
constant checks at different levels during the manufacture of a given
1tem. This 1s greatly facilitated by the presence of several suppliers
in the area.

(i11) Availability of a skilled labour force. Ihe engineering work

is partly the responsibility ot specialists who are usually available 1in
the developed countries.

(iv) Access to financing. The construction of petrochemical complexes

requires very high investments usually leading to financing ty developed
countries which i1nsist on measures that i1n many cases restri~t the choice
of the engineering company. In addition, the construction of plants
involves the need for the engineering company to gsecure pre-financing

over the whole construction period, to allow them to commit part oi the
considerable funds required for construction while awaiting payment from
the client. This is possible c¢cnly when having access to large sources of
financing that are mainly found in developed countries. These require-
ment*s give some idea of the scale of the problems in expanding engineering
activiti:s 1n the developing countries.

In view of the various kinds of specialists needed such as process
engineers, mechanical engineers, estimators, draughtsmen, pipefitters,
instrumentation specialists, plan controllers, purchasing, follow-up and
start-up personnel etc., the establishment of a petrochemical plant of the
styrene, polysiyrene, vinyl chloride, PVC type requires the presence of a
minimum of about 200 people corresponding to an annual cost of approximately
12 million US dollars. To ensure the viability of such an undertaking, the
size of the turnover would be such that investments of about 100 million
US dollars per year would be required. The magnitude of this sum shows
that an engineering undertaking should not be confined to petrochemistry
but should also aim at other markets such as refining or chemistry and
even at other industries where the technology is rather different, for
instance food and textiles.

An effective way of developing national engineering capabilities ir

the developing countries is the transfer of technology from foreign to

local engineering companies via subcontract or implementation as a subsidiary.
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This transfer of technology would permit an increase in the possibility
and share of the local engineering work in future jobs.

Some kind of engineering activities already exist in most of the
developing countries such as civil and erection works. According to the
opinion of this industry the development of engineering activities in
these areas can be envisaged and, in fact, some successful examples have
been noted. The engineering industry is automatically associated with the
construction of petrochemical plants through sub-contracts with the foreign
engineering company who acts as the main contractor. During the implemen-
tation of such projects sub-contractors in the developing countries benefit
from an extensive transfer of technology in the form of testing methods, ways
of organizing the work and standards; thus these companies become more
capable of undertaking an increasingly large share of the engineering work.
A number of successes have been registered in this field in the last few
years, particularly in Brazil, India and Mexico. One of the most notable
examples is the case of a steam cracking plant in Brazil for which all the
detailed engineering work was carried out by a Brazilian firm under the
supervision of the French company who was the main contractor. It should
be pointed out that such situations are only possible when a deliberate
decision is taken by the government or company buying the plant to make
use of the services of local firms.

The development of engineering activities in the petrochemical field
in the developing countries can only take place progressively, by increasing
participation in the work initially carried out by companies from developed
countries. Caution must be exercised in this respect as the problems stemming
from faulty design and construction due to lack of experience may increase
to such an extent that they become out of proportion with the advantages
ensuing from the use of local engineering firms.

5¢1.2.4 ldentification of constraints on the development of
national research and development capabilities

The tremendous development of the petrochemical industry has been made
possible only by constant improvement of production methods and product qua-
lity. This is the result of intensive research stimulated by inter-company
competition, sometimes on a world-wide scale. This research, facilitated
by the relative profitability of the petrochemical industry, has proved very
worth while in that it has led to continuous lowering of production costs
and constant improvements in product quality. Any company or country
intending to laun~h into the petrochemical industry was more or less obliged

to undertake research and each newcomer had to develop their own manufacturing




process as existing producers had no wish to help set up rival companies

by granting licences. The situation today 1s, however, no longer the
same and the developing countries in particular may have access without
much difficulty to the process-licences and know-how necessary for most
petrochemical processes. The development of research 18 no longer
indispensable. Nevertheless, some of the developing countries will have
to undertake research unless they want to remain in a state of constant
dependency with regard to the acquisition of technology and some steps
have already been taken in this direction. Activities and purpose of
research and development are very diverse and the problem must be
approached by taking this diversity into consideration.

The constraints on the expansion ¢{ research and deve.opment 1n the
developing countries are considerable.

(1) Some research and development act:vitie: cai. for great resources
in terms of both investment and qualified perscnne'. [n tne petrochemical
industry, they cannot be undertaken without expensive equiplent which has
to be purchased and paid for in currency and 1t s often difficult to
secure financing on account of the aleatury and long-terr nature of the
profitability of ths undertaking. in addit:on, research and development
rev.ce highly qualified personne! who may not always be available 1n a
comp-.ny and whom the managemeni iight be reluctant to take away from other
wory directly connected with production or sales.

(ii) The result of some research and development activities are of an
aleatory nature and will only make themselves felt in the long term. For
instance, the expenditure on fees involved in a licence agreement, though
sometimes considerable, can often be offset by the technical advantages
offered by certain processes or products. There are numerous examples of
companies particularly in the field of monomers for synthetic fibres who,
although they have developed and perfected a process or product of their
own, build commercial planis based on licence bought from other producers.

(iii) Research and development work, if it has to be profitable, shouls
aim at reaching a large market. In order to undertake research in pe-..0-
chemistry on a national level, the substantial growth of this 1ntuaisy
within the country must be certain as it is becoming increasim iy difficult
to fird a market for processes or techniques which have not yet been used
on an industrial scale.

On the other hand, some activities in the field of research and

development are within the possibilities of some developing countries and



the results have proved to be very useful. These activities are mainly

aimed at improving existing plant operation, to adjust it to local

conditions, to solve specific problems linked with domestic raw materials

utilization and to improve and increase after-sales services and market )
development. They are usually performed inside operating companies.

Some developing countries which have a large capacity or a specific
aptitude for the oil industry have already launched themselves into
longer-term research and development work, initially in sectors of more
immediate application such as production and refining, rather than in the
field of petrochemistry directly.

Most of the research organizations which have been successful in the
field of petroleum and petrochemistry have the following characteristics
in common:

- they started up production with the help of experts from developed
countries,

- their early activities consisted of services such as analysis of
crudes, checking of product specifications, physico-chemical tests with
immediate application,

-~ initial research and development work concentrated on the solution
of specific local problems such as the use of local raw materials, testing
of catalysts for use in commercial plants in operation in the country etc.,

- they make an important contribution to the training of personnel for
the 0il and petrochemical industry.

Developing countries intending to set up research and development
activities would be well advised to follow this pattern. There are some
organizations in developing countries which have built up experience in
these fields over a number of years and are in a position to help newcomers.
Co-operation between such organizations would be very profitable.

Some of these organizations and their main activities are indicated in
appendix F.
5¢.1.3 Infrastructural requirements

An infrastructure is essential for the seilting up and satisfactory
operation of the petrochemical industry. In particular, land,
water, electricity and roads are required as well as harbour facil-
ities for the delivery of raw materials, the dispatch of products

and for unloading material used in the consiruction of petrochemical

units.
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b To give an idea of magnitudes, a petrochemical complex producing

3009000 tons per year of plastics based on naphtha stcom erack e,
requires an area of about 100 hectares, 1,000 m3/h wator, and

83,000 kWh/h of electricity.

Thece prerequisites do not all fall within the same catepory and

mny be clacsified according to two main types: natural facilitieg

which must be present on the site such as land and make-vp water;

and those which may be previded by means of additional 1uvestmenty

for crample, harbour facilities, power stalions.

The natura) prerequisites do not present any problems spcorfic to

develeping countries. Ao far as other requircuents are coencerned,

each country and even cach complex is a gpecific case. For exumple,

the corstruction and operation of the Bahin complex in Prazil involved

corisiderable gpecific requirementis in terms of infrastructure

including a harbour, accommodatinne and the crcation of new towns

but theae were built up within the {ramcwork of the general indvsir-

ialization of the regiurn {mechanical, food, textile, tyre and

plastic industries, etc. where the petrochemical industry itself, |
~lthoush important, docs not predominate. The SKIKDA cemplex in
Mgeria involving petrochewiciry, gas lisuefastion, refinirng and
fertilizers, bus necenniiated the consiruction of a large harbour

anda the cxichsion of 4he road neivork,

A petrochemical project presently under construction in lragq

|
|
|
|
|
|
involves the building of a harbour exclusively for the complex
. as the horbour at Basrah is aliready overcrowded, which naturally

leads Lo an appreciable rise in investment and prolongs constructian

time. In contrast, a petrochemical complex of the same size planned

fory one of the ywouth-east Asian countries and presently in the degign

stoge, will require only the construction of a pier, in view of the nalural

facilities elready eristing.

exigting generatiag stations, reliability of the supply and umount

|
|
\
The pupply of electricity also depends on local conditions:
of local consumption., 1In the Bahia petrochemical complex, the

electricily needed for its operation is produced by e utilities
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centre withan the complex itself., At SKIKDA, all the requirements

of the petrochemical industry, gas liquefaction and the fertilizer
plant arc to be supplied by one common power station. In a complex
rresently being started up in Morocco, the entire supply of electricity,
anounting to 30 Megawalts, can be supplied by the national grid

mthout requiring any additional infrastructure. The situation will

be gimilar in the case of a complex in Asia presently under study,
vhich is to produce approximately 300,000 tons per year of plastics

and will cousume 650a 106 kih/yoar.

It is a fact, however, that the doveloping countrics generally have
a much less developed infrastructure than the developed countries
Thvs, when a petrochemical induntry is to be set up in a developing
country, some expenditure in this connection will be necessary,
ajding to thc investment costs, somectimes considerably, ac far as

th2 petrochemical industry itself is conoerned.

In ruch cases, government support in providing infrastructurc not
charged dircctly to the project is desirable. Otherwise, the new
corijpany will be placed in a very weak financial pogition compared
with eimilar plants that are located in places with adequatec infra-

stracturar facilities provided at no cost to the project.

5.1.4 Plant capacity
Certain technical problems specific to the developing countries tend

to reduce plant capacity utilizatior in the petrochemical industry. These
problems can be traced to the following main causes:

(a) 1lack of training and experience among personnel ;

(b) distance from equipment suppliers;

(c) wunreliability of certain services outside the petrochemical
complex such as the supply of electrioity in partioular.

(a) The lack of training and experience of the staff makes itmelf
felt at two levels:

(1) At the level of plant design, choice of technology and contractor
and construction follow-~up; wrong choioes may result in serious operating
difficulties at a later stage.

(11) During operation itself, errors may lead to lengthy stoppages
and even to damage to the plant. Problems of this kind arise at the
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beginning of commercial operation and become less frequent as improvements
take place within the plant and the personnel become familiar with the
correct operating methods. In several developing countries such as in
Brazil and Mexico, such incidents are no more frequent than in the developed
countries.

(b) The distance which separates moe of the developing countries
from equipment suppliers may have important oonsequences for the production
rate of the units. In the eveat of a breakdown it may take several weeks
to send replacement equipment from Europe or Japan to a petrochemical
complex located in Latin America, so that the plant is at a stanstill during
this period if no spare parts are held in reserve. Therefore the spare
parts stock has to be larger in those countries located far from the equip-
ment suppliers. The amount of investment earmarked for spare parts for a
petrochemical complex being designed for the Middle East is in the order of
15 million US dollars. These extra costs, though sigeable, must be allowed
for they are fairly low compared with the conssquences of the prolonged
stoppage of a plant or complex.

(¢) The unreliability of certain services outside the petrochemical
plant inevitably affects the rate of production. The most common problem
concerns the supply of electricity. In the majority of the developing
countries, the electricity supply is more frequently subject to failure
and voltage fluctuations than in the developed countries. When the
electricity supply is interrupted, all machines run by electricity stop and
production comes to a standstill. Furthermore, tn2 prolonged stoppage of
some machines, such as furnace fsed pumps, polymerisation reactor agitators
or cooling water circulating pumps would result in serious damage to the
equipment. For this reason, emergency equipment must be provided for ths
production of electricity (diesels and alternators) which would automatically
take over at oncs from the failing grid. Suoh equipment would have to be
more extensive. in those countries whsre the elsctricity supply is inadequate.
In many cases a specific power supply would be nseded in order to avoid ths
problems linksd with ths dsficienciss of the looal grid and this means
additional invsstments.

In a ocomplsx designsd for a South Asian oountry, the local grid was
found to be so unreliable that production of the slsctriocity required for
ths petrochemioal processes had to be inoluded in ths plans, whsrsas from

a purely eoonomical point of view it was not recommended.




5.2 ECONOMIC ASPECTS

5.2.1 Marketing structure and product motion

5.2.1.1 Marketing aspecte

The existence of a potential market is insufficient to ensure the
disposal of the petrochemical output. The market has to be penetrated and
if possible expanded; competition has to be faced; products have to be
dispatched to clients who may require assistance in making use of the
products to their fullest advantage. Marketing thus covere all these various
activities.

Petrochemical marketing varies greatly depending on the type of
product, producer's degree of vertical integration, type of market to be
aimed at, domestic or export market, and competition encountered.

Marketing differences according to product type have been analyzed
in chapter 2. In the case of intermediate and basic producte, classified
as commodity chemicale, marketing ie relatively uninvolved: one plant
ueually supplies only a limited number of cliente; often a large part of
production is disposed of under iong-term contraots, eome of which are
negotiated prior to construction of the producing and coneuming plants. In
some cases, e.g. ethylene marketing, production plante are linked to con-
sumer plants by fixed transportation facilities (i.e. pipelines) thus making
flexibility of supply and delivery practically impoesible.

In contrast, clients for end products, the majority of which belong to
the category of performance chemicals, are diepersed and marketing involves
a wide variety of major activitiee euch as:

- frequent technical eervices at customer level;

- occasional, though less frequent than in the case of customere
themselves, aseistance to the customers' own olients;

- support by a technical servioe laboratory;

- advertising, both technical and institutional}

- finanoing the working oapital for oliente in the form of raw
materials oredit.

The type of market is also a major factor in marketing: for instance
less problems will be involved in reepect of the domestio market which
ie often ooncentrated and whers ocompetition may be restricted by protec—
tive measures or high transport oosts. If the aim is to export, the
importamce of oompetition, organieation and tramsport cost factors inoreases.



In the case of end product export, because cf the diversity of the types of
contracts needed between producer and market, it is usually impossible to
sell large quantities of performance chemicals from a distance without
having a substantial supporting organization close to the market which is

able to carry out the various types of tasks needed.

5.2.1.2 Characteristics of marketing structures

(a) Developed countries

There is a large diversiiy in the petrochemical marketing of the deve-
loped countries. This diversity depends on economic systems but also on
geographical, demographical and economic conditions and even on traditions.

In the United States and in Western Europe, a large share of petro-
chemical output is directly sold by manufacturers either to other producers
(often subsidiaries or affi.iated companies) a8 in the case of basic pro-
ducts and intermediates, or through their own trading network to processors
in the textile, plastic or rubber industry as in the case of related perfor-
mance products. Whereas producers usually deal with large and medium-size
customers (for whom selling oftien includes technical assistance), sales to
other custiomers are channelled through trading firms.

In the United States trading firms operating throughout the country
form a wide system consisting of:

(i) large firms opering on a national basis (including international
and foreign companies); these firms are partly interlinked with local
producers but operate independently, they are affiliates of international
trading firme;

(i1) regional distributors covering teritory of one or more federal
states who are largely independent;

(1ii) 1local dealers (three-tier system) vho are also largely independent.

In some European countries where the petrochemical industry is domina-
ted by one or two producers (e.g. ICI in the United Kingdom, Anic and
Montedison in Italy), this is a decisive factor in shaping the pattern of
trade in chemicals. In the United Kingdom, by far the major part of ICI's
business in petrochemicale ie channelled through ICI's own sales network.
However, despite the difficulties for a chemical trader to hold his own
sgainst such a strong competitor, large import firms have a relatively good
position in the British market and foreign chemical mamufacturers are
widely represented by them.

In Japan trading firms play a larger role in selling pstrochemicals
then in any other developed country, about half the petrochemical output
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basing sold through them. Japan's major trading firms (the ten largest
account for about 80 per cent of the chemical trade) are active in the
import-export trade and in the wholesale business, while their
affiliates are engaged in regional trading. There are no brokers and
only a few independent dealers. As a general rule, trading firms are
merged with banks, producers and insurance companies, forming concerns
which contribute to the financing of production. The close inter-
relationship between production and trade leads to long-term distribu~
tion agresments which prevent any significant structural changes or any
lntrusion by outsiders. A noticeable aspect of this situation is that
agents are usually 100 per cent affiliates of foreign companies.

Marketing structures are quite different in Eastern European
countries where all the petrochemical output is channelled through
state-controlled organisations such as Soyuschimexport in ths Soviet
Union, & branch of Soyusneftexport.

(b) Developing countries

As observed in the case of developed countries, marketing structures
also differ between developing countries. Marketing structures in Brazil
and Mexico are described below as examplas.

(1) Brasil. The production of basic petrochemicals is in the hands
of large state-owned enterprises (mainly Petroquisa). The major part of
this output is sold directly to a number of end product manufacturers
already operating in the country most of whom are foreign (e.g. Union
Carbide, Dow, Hoechst, Dupont, ICI, Rhone Poulenc). These and othar
private ocompanies together with their affiliates operate side by sids with
the national trading agencies. In addition, the affiliates of foreign
companies also safeguard the imports of their parent ocompany's products.
A few international ohemical trading oompanies (e.g. Fallek, Klookner,
Helm, Nissho-Iwai) are responsible for ths sales of foreign producers who
have no affilistes in Brasil. They promote direot sales to consumers and
have practically no stocks. The international trading oompaniss active in
Brazil are all locatad in three oonsuming centres: Sao Paulo, Rio de Janeiro
and Porto Alsgre.

(11) Mexioco. Most of the output is produced by state-ownsd snterpri-
ses (mainly Pemex) that are in direct oontact with the consumers and who
have their own distribution network. The same appliss to affiliates of
foreign chemioal producers with plants operating in Mexico. In some cases
the chemical production of small Mexican companies is distributad by
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themselves on a regional basis. As in Brazil, there are almost no private
enterprises offering trading in chemicals in Nexico. The state-owned
chemical enterprises actually control imports either for their own use or
for their customere. Whenever problems occur in their own production,

these companies import chemicals and sell them on a nation-wide besceis.

5.2.1.3 Qovernment regulations - Tariff protection

The situation in two major developed countries can be summarized as
follows:

(i) In the United States, domestic trade 1s completely free; the
main restrictions come from the Federal Department of Transportation.
Imports are restricted through the Amsrican Selling Price system.

(ii) In Japan, although imports and exports are officially free, they
are 1n fact controlled through the Ministry of International ''rade and
Industry. Licencss are required for some products. Customs duties range
from 6 to 16 per cent.

Hy comparison drastic measures have to be taken by developing countries
with a new petrochemical industry. In Frazil, with a view to saving foreign
currency and stimulating local production, the governr:nt has imposed heavy
import restrictions; an import licence must always be obtained and an
interest-free 12-month deposit put down (without any inflation adjustment)
equivaisnt to 100 per cent of the value of the chemicais. Letters of credit
also require a 100 per cent deposit. In addition, imports are sul jected to
high i1mport duty, depending on the protection required by the relevant
domestic industry.

5.2.1.4 Transport
Ths choice of means of transport closely depends on local conditione:

(i) in the United States chemicals are transported by road (dense
network, vehicles well suited to the traffic: containers, tank trucks)
rather than by rail.

(1i) In Japan, on ths contrary, chemicals are mainly shipped by ra:il
(favourable freight rates) whereas the road network allows only relatively
small coneignments.

In some cases transport problems can, for a time, be a limiting factor
in petrochemical trade. In Brasil, areas in ths north and ths aorth-east
can be supplied only by ship eince other forms of iraneportation are very
difficult., However, in spite of the large dis . . . ue covered, the
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importance of road transport is on the increase.

It should be kept in mind that there are great differences between
the transportation and storage conditions of petrochemicals such as
plastics, rubber and some non-corrosive liquids (aromatics, styrene monomer)
on the one hand and petrochemicals such as volatile and corrosive liquids
(vinyl chloride monomer, propylene and particularly ethylene due to its
physical characteristics) on the other hand. In the former case, the trans-
porta‘tion and storage of petrochemicals are basically not very different
from Yhat of many industrial solids or petroleum white products. In the
latter case, the means of transportation and storage have to be well matched
to the traffic, resulting in higher costs (limiting factor). For example,
maritime transport of ethylene for '"peak saving"” is only possible financially
when fixed costs of liquified gas carriers are met entirely by a large
complementary consignment of LPG. The maritime iransportation of ethylene
may be economically viable on a large scale when integrated into a whole
system including terminals, storage and other facilities, possibly pipelines.

5.2.1.5 Marketing cost

As a general rule, commodity selling costs usually do not exceed 2 to
31 per cent of sales in the case of bulk petrochemicals whereas a significantly
higher percentage is required when selling performance chemicals. Salesmen's
salaries and commission account for about 40-50 per cent of total marketing
costs in the case of petrochemicals.

Generally a petrochemical producer should turn out at least 100,000
tonn/year to justify having his own salss network. However, even at this
level a better solution would be to channel petrochemical exports through
traders. Another alternative would be to make buy-back or compensation
agreements, a practice currently adopted by Eastern European countriss
when the necessary services for a new plant (such as supply of equipment,
engineering, basic design etc) are providsd by a western partner in exchange
for a share of the plant's exports.

5.2.1.6 Specific problems of the devsloping couniries
(a) Domestic market

Intermediate and basic product marketing doss not present any specific

problems as far as the developing couniriss are concerned. There is

general 1y little competition, the number of producers and clients tend to be
limited and the limited amount of petrochemical projects which are generally
small in sise usually leads to harmony between the respective capacitiss of

producer and client. Moreover, markets are often protected by custioms tariffs
and monopolies.



On the other hand, end product mark-ting in Jeveloping countries s

.ore complex being relatively easy 1n some aspects but with major difficultie:
i1, others. As in the case of basic products and intermedlates, on the one
nwd, the market 1is usually protected with little competition and a clientele
possi1bly unaccustomed to efficient after-sales service which facilitates
marketing; on the other hand, the marketing involved requires considerable
competence and experience. New local products are often at a disadvantage
compared to those hitherto imported, processing equipment having been
adjusted to suit the latter and brand names being well known. Market develop-
ment, involving in particular research into new applications for products,
requires a major outlay on research and development which is often consider-
able compared to the size of the manufacturing company,

In the case of new plants in developing countries, a eolution is often
provided in the form of a joint venture with international end product
manufacturers. In addition, aseistance may be obtained from process
liceneore during the negotiation of the licence contract in such matiers
as the organization of marketing services, eetiing up and operation of after-
ealee service and use of the brand name. Accees to future developments
regarding product applications may also be negotiated. Finally, 1t may
prove profitable to make use of the exieting marketing network for imported
products with possibly the added benefit of an in-depthknowledge of the
clientele and their requirements.

(b) Export markete

The main factor in marketing commodity chemicale is the price. The
only condition which applies to the developing countriee in thie reepect is
that they are generally lese able than the leading developed countries to
subsidise exports through a large domeetic market. Pricees, however, are
determined by a number of very different factore, thus making each case
differsnt.

It is very difficult to export performance chemicals without the
assietance of a large supporting organisation to maintain the vital link
between producer and cliente. The developing oountries face a specific
problem in this reepect due partly to a relative lack of experience and
partly to the disparity between the siee of domestic manufacturers and that
of their international competitors on the export market; domeetic producers
being rslatively small, export activitiee may be restricted or non-exietent.
Very few developing couniriee are, in fact, concentrating on chemical exports
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at the moment. As can be seen from the case studies below, most of the
countries in the Middle East carry out their marketing through major
international companies in the form of a joint venture project.

(i) Saudi Arabia. Saudi Arabian Basic Industries Corp. (SABIC),

a corporation established to help implement industrial development plans
and represent the government in joint venture partnerships, and Shell
International have formed a 50-50 venture to build a complex at Yanbu
(450,000 tons/year ethylene plants and downstream units). The production
will be mainly for export and Shell will handle marketing in south-east
Asia, Japan, Europe and the United States. The complex is due to start
production in the second half of 1981.

(i1) Iran. Iran’'s National Petrochemical Co (NPC) has formed a joint
venture with Japanese partners (Toyo Soda, Mitsui Toatsu, Mitsui Petrochemical,
Japan Synthetic Rubber) for the construction of one of the largest grass-
roots chemical complexes ever set up (due to start production in 1980).
After 1C years, ownership of the project is planned to be entirely in NPC
hands. The Japanese partner will handle the marketing at the beginning
(about 70 per cent of production will go to Japan).

(iii) Qatar. A complex of 300,000 tons per year of ethylene at Umm
Said is a Joint venture between the Qatar government and the foreign partner,
France's CdF Chimie (16 per cent share), with the latter being responsible
for the petrochemical production (polyethylene) for the export market (local
market is very small).

(iv) Venezuela. Ethylene Plastique, the French partner of a joint
venture formed with I.V.P. is in charge of selling LD polyethylene soon to
be produced in a new plant (local market is sizeable).

As can be seen from the above examples, marketing operations are
generally entrusted to foreign partners in joint ventures formed in order
to achieve and operate export-oriented complexes. Generally such partners
are in a better position to do so, having experience in marketing operations
from eelling their products either through their own sales network or through
major trading firms on both local and export markets.

In some cases, exports are under oonsideration for sconomical reasone.
In Egypt, for instance, the output of the future complex at Alexandria may
be exported to the extent necessary to pay off construction loans and
interests. The same would apply to the future petrochemical production in
Pakietan. In such cases, exporte are likely to be channelled through traders.




Trends in the Japanese plastic export marketing policy illustrate the

difficulties which may be encountered by performance product exporters.
Within a few years Japanese exporiers succeeded in becoming Asia's leading
suppliers with an extremely low export price policy even to the point of an )
internal price war. The sales volume (15-20 per cent of total sales) was
achieved through a higher price systein on the domestic market. However,
when in 1976 Japanese exporters applied a floor price system to plastic
exports to south-east Asian countries, they rapidly lost ground in these
markets to the profit of United States and European exporters (taking
advantage of their more favourable naphtha position) even though their
customer service was better. Faced with this situation, Japanese exporters
decided to stop fixing floor prices and come up with a short-term, more
flexible export price fixing system. Despite this, the average gap between
the lowest export prices for general purpose resins and the highest Japanese
ones was Btill 20 per cent (July 1977) not allowing for recovery of lost
ground in Asian markets. As a result, Japanese exports may be reduced in
1980 to one-~half of the present level.
In anticipation of this adverse situation arising in the near future,
the Japanese plastics indusiry as a whole is making a deliberate effort io
promote sales of special resins and to cultivate the overseas market for
special secondary resins and sophisticated moulding machines. It is essential
for this purpose to train local dealers by providing full technical service
and sufficient materials. This will help Japanese companies to escape
excessive price oompetition for exporis among themselves and foreign companies.
Another difficulty producers are faced with when marketing petrochemicals
abroad on their own, is the recruitment of qualified, well-trained personnel
(mainly foreigners) for trade agencies.

5.2.2 Downstream and connected industries

Downstream and connected activities are necessary for the development
of tne petrochemical industry. Downsiream industries provide a local market
for petrochemical products, while oonnec.ed industries facilitate production.
The relative importance of the presenoe of these industries is, however, very
different, the downstream industries being absolutely indispensable for the
satisfactory operation of the petrochemical industry; however, the industry
can operate, whether or not connected industries are established in the country,

by providing or importing the necessary gervices.
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5.2.2.1 Downstream industries

The existence of local downstream industries which use petrochemical
products is indispensable where the production of the petrochemical industry
is aimed at the domestic market. Downstream industries include: tnhe tex—
tile industry (spinning, weaving, knitting), the plastics processing industry
(extrusion, moulding, blow moulding, calendering etc), the tyre industry
and other rubber processing industries.

These downstream industries already exist 1in the majority of the
developing countries where they were established before the petrochemical
industry. They naturally have to rely on imported petrochemicals and they
supply the main share of the demand for end products. In most of the non-
producing developing countries, 85 to 90 per cent of the ultimate consump—
tion of plastics is accounted for by polymers, the remainder being in the
form of plastic products. The same can be said for synthetic fibres where
most of the needs of the non-producing countries are met through the impor-
tation of fibres. Therefore the choices of end products, its grades and
quality, are greatly influenced by the processing industry, for example
the tyre industry that has fairly rigid formulae may determine which type
of synthetic rubber is to be produced; or a study of the type of equipment
used in the plastics processing industry would provide a guide to the plastic
grades and quality to be produced.

In some cases, the existing processing industries may not be capable of
absorbing the entire production of a new petrochemical complex, in which
event the processing industries would have to be expanded when the petro-
chemical industry is created. It is therefore important in the developing
countries to carry out a detailed inventory of the downstream industries
(existing and planned) when setting up the petrochemical industry and, where
necessary, to take steps to promote them.

In many developing countries the problem of producing or leasing the
moulds, dies, jigs, required mainly in plastic processing industries, is a
real constraint since usually the cost of the moulds is much higher than in
developed countries. The local mould processing industry often does not
have the precision machine tools, thermic treatment equipment and skilled
labour needed to produce low cost high quality moulds, and mould leasing
from abroad demands scarce hard currency while the plastic products are
usually sold locally. Additionally, most plastic processors end up with
very substantid capital investments in moulds, which accumulate once their

specific production runs are over. The organization aiming to set up a




petrochemica! industry might assist in rationalizing this kind of
problem by finding a more permanent solution.

The processing industries are very different in nature from the
petrochemical industry: the unit size is much smaller; lower investimentis
are required; the labour force is larger; since problems are not the same
as those faced by the petrochemical industry it is essential to assess
precisely the barriers to their expansion in order to attempt a solution.
In some developing countries, on the contrary, the dynamic nature of the
downstream industries greatly favours the development of the petrochemical
industry as well as substantially affecting market development and offering
the petrochemical industry an opportunity for more rapid growth. The
downstream industries employ a large labour force so that labour costs form
an imPortant element of the cost price. In countries where cheap labour is
available, conditions are highly favourable and may in some cases lead to
the export of petrochemical products in the form of end products, for
example, synthetic fibres exporied from the Republic of Korea in the form
of fabrics and clothing.

It should be pointed out that the downstream industries, boosted by
the presence of a local petrochemical industry which provides them with a
reliable source of supply as well as permanent assistance with after—sales
service, can at times be put at a disadvantage by an increase in the price
of getrochemical products caused by local production being uneconomical and
highly protected; such increases have at times been considerable in periods

of world over-capacity when import prices were relatively low.

5.2.2.2 Connected industries

The petrochemical industry requires the services of other industries
for its establishment, operation and maintenance, e.g. engineering, civil
engineering, equipment supplies, mechanical industry. The existence of
these industries in the area is not a prerequisite to the setting up of a
petrochemical industry, as most of the necessary services can either be
imported or provided within the petrochemical complex itself, but their
presence does allow a saving in foreign currency during construction and
operation of the plants.

In most cases the civil engineering industry is sufficiently well
established in the developing countries for the major part of the work to be

carried out by local firms. With regard to engineering, itis development is
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very progressive and should not be founded on the petrochemical industry
alone; the same is true for the production of equipment: the development of
these two activities cannot be based on the petrochemical industry but
depends on the general state of industrialization of the country. The

impact of the mechanical industry is less important since plant maintenance

requirements are usually met within the complexes themselves.

5.2.3 Plant location

The location of petrochemicul plants should take into account the
following:

(i) ease of operation: a reliable supply of raw materials, ease of
product flow, waste disposal facilities, minimization of labour problems;

(i1) lowest possible investiments and operating costs;

(iii) maximum benefit for the country: a plant should be set up
preferably in a region where industrialization is being encouraged or in
one most likely to benefit from the presence of a petrochemical plant.

In deciding on the location of a petrochemical plant, many factors
should be considered and the final choice may in some cases be a compro-
mise between conflicting factors. The region where the production unit is
to be set uf) is determined first of all and then a more specific choice of
site can be made.

(a) Determining of the region

The following considerations have to be taken into account when
deciding on the region where a petrochemical plant is to be set up:

(i) a reliable supply of raw materials;

(ii) minimization of the cost of obtaining raw materials and of dispatch-
ing products to the consumer;

(iii) availability of an existing or potential labour force;

(iv) existence of, or cost of setting up the infrastructure necessary
for the implementation and operation of the petrochemical .industry;

(v) advantages for each of the regions under consideration for
establishing this type of industry; ‘

(vi) geographical features: climate, altitude, earthquake danger
and consequences of these on investment and operating costis.

In practice, in the developing countries the basic petrochemical indusiry
is often situated close to the source of raw materials, usually a refinery, and
to harbour facilities which are used for unloading equipment and for dispatch-
ing some of the products. It is difficult to isolate a petrochemical plant
from the refinery supplying it with raw materials. On the one hand, the
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quantities of raw materials to be transported are quite large: a plant
producing 300,000 tons,/year of ethylene requires over one million tons
of naphtha; and on the other hand, some by-products of the basic petro-
chemical industry cannot be fully valorized except by blending with
refinery products. Where the petrochemical industry 1s based on gas,
there is a wider choice of locations.

It is useful to group different petrochemical plants together into
complexes so that they may benefit from common facilities and avoid
having to transport basic or intermediate products over long distances.
"he transportation problem becomes greater with the lessening of the
price of the product and the difficulty of liquefying ihe product increases
because it requires complicated and troublesome means of transportation and
storage. Intermediate production units are therefore in most cases
installed close to basic products.

liore elaborate products, in a solid or liquid state as necessary, are
much less difficult to use at a distance from their area of production:
storage and transportation are relatively easy and the influence ot the
cost of transport on their price and on the price of end products 1s
proportionally smaller. This is particularly so in the case of the
intermediates used in the productiorn I synthetic fibres: synthetic fibre
plants are often close to major consuming centres and in some instances
quite far from the site where the intermediates are produced.

(b) Choice of site

Once the region has been decided upon, the choice of the site itgelfl

can be made according to criteria relative to the available land and infra-
gtructure. The most essential prerequisite is that an area of land suitable
for a petrochemical plant should be available. To give some idea of the area
involved, a complex producing 300,000 tons per year of plastics based on
steam cracking requirer about 100 hectares. It is advisable to allow for
possible future expansion when selecting and purchasing the site. The cholce
of the land itmelf is important because its nature, configuration and present
use can have quite an effect on investment in such aspects as civil works

and the possible expense when relocating its present occupantis.

The chosen site should comprise the infrastructure indispensable for
the setting-up and proper functioning of the petrochemical plant. The
infrastructure includes the following main items:

(i) Facilities for the delivery of the equipment. Some pieces of
equipment in a petrochemical plani are very heavy and bulky. In the

developing countries most of the equipment must be imported, usually by sea.
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Bearing this in mind, harbour facilities for the unloading of equipment will
have to be available as well as means of transport from the port to the site.
If such facilities do not already exist, they will have to be constructed.

(ii) A water and electricity supply. The complex taken as an example
would require about 1000 mj/h of water and 8,300 kWh,h of electricity.

'he electricity can of course be supplied from within the complex itself at
additional cost but little can be done to provide a water supply where none
existg,

(ii1) Effluent disposal facilities. The petrochemical industry generates
effluents, particularly waste water which has to be disposed of into a water
course or into the sea, according to the regulations in force. Pollution
risks for inhabited areas must be considered, e.g. the relation of the site
with inhabited areas and taking into consideration prevailing winds.

(iv) Transportation facilities. The site selected should have or
must be provided with a network to handle the delivery of raw materials and
the dispatch of products to the consumer (pipelinea, roads, railways, harbour
facilities).

(v) Housing. If the plant is not to be near an existing urben centre,
accommodation will have to be provided for the operating personnel as well
as for the labour force engaged in the construction of the plant.

The factors to be taken into account when choosing a site can be
divided into three categories:

- Absolute essentials which must be taken into consideration:
availability of land (minimum area required); water supply (minimum flow);
restrictions arising from pollution problems.

~ Factors affecting investment: the price of the land; site develop-
ment and cost of rehousing occupants; supply of utilities: water supply
and electricity generating systems; harbour facilities: extensions or y
dredging required; cost of pipelines for the supply of raw materials and
possibly for the dispatch of products; road and rail access: 1links where .
necessary; pollution control facilities requires; investment in connexion
with personnel accommodation; external factors affecting plant design.

- Factors affecting operating costs: cost of raw material brought to
the site; end product transportation costs (from plant to markets); ocost

of utilities; waste disposal restrictions; local taxes.




- 157~

5.2.4 Plant size

) The main factor which determines plant size is the market. ‘ihe

amount of investment involved in the setting up of a petrochemical plant

1s such that the plant has to operate at a rate as close as possiltle to |
the full production capacity. [t i1s therefore desirable to assess tne market
accurately so that 1ts demand can be matched as accurately as possible. 'fo
illustrate this point the production costs for a 200,000 tons year styrene
plant working at 80 per cent capacity, are equivalent to those of a

100,000 tons, year plant working at full capacity.

Production costs are higher for low capacity plants, basically due to
the fact that investments do not vary as a linear function of capacity but
are governed bty a power function whose exponent is somewhere between 0.60
and 0,90, hence the desirability of building large capacity units costing
proportionally less than small or medium capacity plants. The same can be
said with regard to manpower, plant and office overheads, as well as
maintenance, which represent less expense per ton of products for large
capacity plants.

These differences lead to the notion of economy of scale. It must be
emphasized, however, that this notion can be considered only in certain
particular cases and that plant sizc is only one of several factors
governing operational profitability. For instance, a 15 per cent rise in
the cost of raw materials for a 100,000 tons/year styrene plant operating
at full capacity would bring production costs to the same level as those
of a 65,000 tons per year plant. A 20 per cent increase in investments,
due perhaps to a location involving higher construction cosis on account
of unfavourable local conditions, would have the same effect. ‘

Competitive conditions also vary greatly from country to country, l
being influenced, for example, by the proximity of exporters which may
sometimes lead to very different CIF prices for products.

Some typical examples of the effect of capaciiy on production costs are
given in table 26. The ranges correspond to different economic condition:.
Plant capacity generally has a greater influence on production costs in
the developing countries due to higher investments leading to higher fixed
costs. Where attractively priced raw materials are available, tiie impact

of fixed costs is even greater andproduction capacity becomes an even

more important production cost factor.




-158 -

Tgble 26 PRODUCTION COSTS

ETHYLENE (naphtha steam cracking)
Prcduction capacity 103t/year 300 150

Related. production costs % 100 106-112

LOW DENSITY PULYETHYLENE

Production capacity 103t/year 150 75 75

110-112 . 110-113

Relative production costs % 100 (1) (2)

(1)

(1) Ethylene grom 300, 000 t/year steam cracking
(2) Ethybene grom 150,000 t/year steam cracking

AROMATICS
Production capacity 103t/year 165 82.5

(O + P xylenes) (0 + P xylenes)
Related production costs % 100 108-115%
o
Production capacity 103t/yesar 80 30 30
Related production costs 3 100(1) 114-115(1)114‘117(2)

(1) P-xylene fram 165,000 t/year plant
(2) P-xylene from 82,500 t/year plant

POLYESTER FIBRES

Production capacity 103t/year 12 s 8
)
Related ' production costs ] 100 113-118

121-123

(1) (2)

(1) OMT from 60,000 t/year plant
(2) DMT from 30,000 t/year plant




It is of course possible in many cases to stimulate the creation

of a petrochemical industry based on relatively low production capacity

by means of reasonable customs protection, as shown in table 26.

Although percentage cost i1ncrcases are not excessive, 1in the case of

more sophisticated producle they correspond to a considerable sum in

absolute value. Thus an increase of 1. per cent for LD poiyethylene and

15 per cent for DMT means extra costs of approxamately 80 dollars per ton.
where part of the production is for export these figures should be compared
with transportation and marketing costs with regard to the particular market.

The advantage of large capacities has declined sharply in recent years
due to variations in the structure of production costs. These can be
attributed basically to the rise i1n the cost of raw materials and energy.
There has been a considerable drop in fixed costs essentially linked to
investment, with a rise in variable coste, particularly raw materials ana
utilities as shown in section 2.2.5.4.

The problem of the rate of return of low capacity units, though less
significant than formerly, still remains and may affect the planning of
petrochemical development in developing countries. For instance, concerning
synthetic fibres plants, several of the developing countries commenced pro-
duction with spinning plants having a capacity of 1,000 to 3000 tons, year.
Once the market has reached more than 6000 tons per year, they were able to
consider polymerigation plants but the monomer, caprolectam or DMT plants
require an annual market of more than 25-30,000 tons.

In some cases, in addition to purely economical considerations, technical
constraints accentuate the advantage of large capacities. This situation
arises in the case of methanol production in particular, where at capacities
of less than 150-200 tons/day it is impossible to use centrifugal compressors
due to the volumetric rate of delivery; thus alternating compressors have to
be used and these are not only more costly but also much less reliable.
Therefore there are very few modern plants with a capacity of less than
150 tons/day.

In the case of very small capacities, it may be of interest to consider
technologies which are different from those used in medium-sige plants, some
of which have been practically discontinued on the world scale. It should
be stressed, however, that such plants are not very economical unless the
local conditions are exceptional or where they are intended to supply a
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protected market. Examples are provided by an alcohol dehydration plant
in Peru producing about 3000 tons per year of ethylene and supplying a

6000 tons/year vinyl chloride plant; and a vinyl chloride plant in the
Philippines based on acetylene produced from calcium carbide.

5.2.5 Financing sources and schemes
The petrochemical industry is a capital intensive industry that

requires high investments. In the case of developing countries, the
petrochemical industry usually imports from developed countries most, if
not all, of the equipment which means high invesiment in a foreign
currency. While this aspect may not be so important for petroleum—
producing countries 1t remains significant due to the level of investment
required.

in selecting the best financing combination for petrochemical projects
in developing countries the most important considerations will be the avail-
ability of funds, the conditions in which such funds may be raised and the
need or the opportunity for participation of foreign companies in the
venture,

5.2.5.1 Equity, debt ratio - Foreign participation in equity

The relationship of debt to equity in a project is subject to many
considerations. Maximum debt/equity ratios may be controlled either by
the central bank in the developing country or by the financial institution
providing outside financing to the project. Of prime importance 18 the need
for the project to obtain a quality rating that will entitle 1t to borrow
at the most favourable rates and for the longest terms.

The capital structure is therefore quite important. A high debt ratio
will cause many lenders to view their loans as a substitute for the absent
equity and their conditions for such loans will reflect this poeition.
Similarly a conservative debt proportion should afford greater confidance
and, of course, will demonstrate greater asset protection for the lender
who should react accordingly to the request for loans.

Equity capital may come from ths government of the developing country,
local p'rivgto investors or foreign investors. The present trend in the
petrochemical industiry in developing countriss indicates a preference for
100 per cent participation of govermmsnts in basic units, i.e. ethylene,
propylens and cauetic-chlorine plants plus infrastructure, while downstream

plants are owned by joint venture ocompaniee.
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International joint ventures involving the participation of chemical
companies from developed countries appear to be more and more common,
rather because 1t involves the provision of know-how and assistance to
operation and marketing, than basically as a source of financing. Also
some intermational development institutions which will be reviewed below,

may invest 1in equity capital of companies in developing countries.

9e2.5.2 Loan financing

Financing can be arranged through several agencies, the most
important sources being the World bank, regional development banks and
certain forms of government assistance such as the export-import banks
of many developed countries, Details on these various Yinancing sources
are given in appendix . Ilere are brietly some of thelr characteristics:

(a) World Bank. The largest and most important scurce of inter-
national development financing 18 the World Bank group, whose lending and
investment activities help serve the capital requirements of developing
countries. The group consists of three financial i1nstitutions: the
International Bank for Reconstruction and Development (I“RD), the Inter-
national Development Association (IDA) and the International Finance
Torporation (IFC).

Loans from the first two bodies are mainly made to governments and
government agencies., IFC makes loans to private enterprises and invests
in equity capital but usually the loan investment has been considerably
larger than the equity part. It is also worth noting that the use of
funds provided by 1FC is not tied to the purchase of specific equipment
or to disbursements for imports from a specific country. Illowever, as 1t
appears from the data in appendix G, the World Bank group has been
investing rather in infrastructure pro jects than in industrial projects
and its participation in petrochemical projects is minimal.

(b) Regional development banks, such as the Inter-Am rican Develop-
ment bank (IDB) or the Asian Development Bank (ADB) or the European
Development Fund (EDF) provide funds for the financing of projects that

are considered of importance to the economic development of the area they
serve. They are usually owned by participating governments although
privately owned regional development banks exist also. The conditions

for obtaining funds from the regional development banks are generally based
on the same criteria as those used by the World Bank group.
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(¢c) Arab funds. The availability of funds resulting from the
increase in crude oil prices since 1974 has given rise to a new source
of financing. While this financing 1s primarily intended to cover the
needs of Arab countries, it is becon.i:y more often available for other
developing countries.

(d) Governmenti-sponsored export credits

Because of continuing efforts by governmenis uf most developed
countries to get a greater share of the export market, nearly every
dcveloped nation has set up its own export credit institutions. Hasically
the terms are very similar from one country to the other, especially since
the most important exporting countries agreed in 1976 to apply the same
rules regarding duration of credits, interest rates and percentage of
credit versus itotal foreign currency required. However some differences
may exist: for example the United States kxport-Import Bank in the past
used to provide only 40 to 50 per cent of the foreign currency required
at a reduced rate of export credit, leaving the rest for financing by a
commercial bank. Usually in Europe, export credits at the preferred
interest rate cover 85 per cent of the foreign currency requirec.

Of course the credits sponsorec by an exporting country must be used
by the foreign recipient of the loan for financing the purchase of goods
from the country providing the funde. Generally the credit i3 providaed
to the foreign buyer through a bank consortium in the so-calied buyer's
credit. The procedure of supplier's credit by which the financing conditions
are directly a part of the commercial contract beiween the foreign buyer
and the supplier, is decreasingly being utilised, exoept in some exporting
countries such as Italy and the Federal Republic of Germany .

Most of the loans for petrochemical industiry invesiment in developing
countries oome from the export credit programmes of the developed ocountries.
It is worth noting that the modalities of these credits generally allow
the investor to benefit from the same interest rate during the construction
period as the rate applicable during the repayment period which starts
generally six months after the plant oonstruction is completed. Modalities
of these credits in most cases also provide for the possibility of financing
part of the local ourrency costs under the same oconditons as the foreign

currency part.
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" e2+5+3 Hinancing schemes utilized for petrochemical indusitry

investment in developing countries

Data publi:ly available or col:ected !trom companjes and banks reiavin
to financing schemes for petrochemical plants in deve oping countries are
gummarized in appendix G. From this data the following conclusioans
regarding currently utilized financing schemes can be drawn:

- In many cases, companies sel up for the development of the petro-
chemical industry are joint ventures including a foreign partner ,gZenerally
the process licensor for the relevant plant which is often a manutaciurer
itself of the relevant products). However, for basic plants and infre-
structure, local government participation is generally close to, or is
100 per ocent.

- In a very few cases, the World Bank group or regional banks parti-
cipate in petrochemical industry investment.
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- Loan financing is mainly based on exporting country credits
(with preferential conditions and commitments to purchase the plant
in that country. The rest of the funds are generally raised through

commercial credits.

5¢3 SOCIAL AND POLITICAL ASPECTS

This chapter aims at analyzing the impact of the petrochemical
industry on a country as a whole. The analysis will cover benefits to
the national economy, including the creation of employment; the effect
of the petrochemical industry on the environment will be considered,
along with the various policy measures to be taken for the establishment
of petrochemical industries from planning to production and marketing at

national ,regional and international levels.

5«3.1 National economic benefits

Historically, the industrial sector has been the most dynamic force
in contributing to structural change in the economic and social system,
It has attained growth rates that generally are in excess of those for
the population increase.

The growth rates for manufacturing reveal that the pace of industrial
development in many of the developing countries quickened in the early
19708 . The manufacturing output of all the developing countries increased
by 8.2 per cent in 1971, 8.8 per cent in 1972 and 11.2 per cent in the
first months of 1973. 'This indicates that the developing countries had
made a good start towards achieving the target of a minimum average growth
rate of 8.0 per cent per annum as set by the International Development
Strategy for the Second United Nations Development Decade.

A sample of 29 developing countries has been selected to study the
stage of industrial development to which the petrochemical industry has
evolved and is bemeficial to the economy of a country. The method adopted
here is to classify a country according to the share of the manufacturing .
sector in the GDP. Thus a country is industrialized when the share of the
manufacturing sector in GDP is more than 30 per cent; it is in the process
of being industrialized when this share is between 10 and 20 per cent. It

is non-industrialized when this share is less than 10 per cent (see
Industrial Development Survey, UNIDO ID/134, p.12-14).
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According to table 27, 7 per cent of the 29 developing countries
(Argentina, Brazil, Chile, Iran, Republic of Korea, Mexico and Venezuela)
had reached the semi-industrialized stage of development in 1970 compared
with 4 countries (Argentina, Chile, Iran and Venezuela) in 1960. In 1970
geventeen countries were classified as industrializing countries and five
as non-industrialized countries as compared with 18 industrializing coun-
tries and 7 non-industrialized countries in 1960. At present,most of the
developing countries characterized as gemi-industrialized also have popu-
lations of over 20 million. It is noteworthy that the two exceptions,
Chile and Venezuela, are both economies in which natural resources endow-
ment plays a particularly important role.

It should be noted that the share of manufacturing output, egpecially
value added, in each sector of industry varies among the countries. The
variations are caused not only by differences in the stage of industriali-
zation but also by differences in the size of the countries involved anu
in the extent of their natural resources. Thus size and natural resources
appear to be influential factors affecting the industrial structure of a
country. In Latin America and Asia, for example, such countries as
Argentina, Brazil, Chile, India, Iran and Mexico that are important in
terms of size (measured by population and GDP) or extent »f resources,
all have a relatively large value added in capital and intermediate goods.
By contrast, in small countries such as Costa Rica and Paraguay, the share
of value added in consumer goods is considerably larger. One probable
reason is that many economic activities classified as capital goods indus-
tries require large markets owing to economies of scale and it 18 relatively
easy for a large country to establish these markets domestically and to
induce development of other sectors of industries such as chemicals and
petrochemicals.

The conclusion may be drawn from the above factors that the countries
that had reached the semi-industrialized stage of development, with a higher
share of manufacturing output in GDP especially in branches of intermediate
and capital goods,which are important in size (measured by population and
GDP) a.nd/or resources endowment, are those with a developed petrochemical
industry.

The experience of those countries which have developed th~i: peiro-
chemical industry to a certain level of industrialization 1indicates that
a number of national objectives have been set up which are closely related
to their overall industrial development objectives in assigning priorities
for the development of the petrochemical industries. Thus, the benefit of
the petrochemical industry should be envisaged within the overall national
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Table 27. Growth rates of manufacturing output and share of
manufacturing output in GDP for 29 selected developing
countries, 1960-1970

{percentage)

Average annual Share of
rate of growth manuf acturing
of manufacturing output in GDP

Country y" output
1960-1970 1960 1970
Population over 20 millton
India 4.5 13 13
Pakistan B 9 13
Indonesia 2o 8 9b ;
Brazil (:'f:d/ 18 2 "/
Nigeria 11.53~ 4 T~
Mexico Qe 19 23
Philippines &) 16 16
Thailand 11.1 13 16
Republic of Korea 17,7 14 22c/
iran RO 25(" 28~
Burma 1.0 10I/, ﬂ
Ethiopia 1l.0= 6~ 10
Arientin: 5.7 29 28%
olombia £ 18 19
“ypulation less than 20 m.llion

Aorocco <3 1 }k 14
‘ni1ted Republic ¢f Tan<ania 109, 6~ . 9
. ~ a b m/
5ri Lanka folier ; 9
Kenya 7 10~ 11
Jerezuela 6.7 2% 21
“hile €5 23 23c
Juntemala g0 13 1
Holivia 7. 13 14
Haiti -0.1 10,/ 10
Zambia 12,50 6~ 11
Dominican Republic 4.7 17 19
tl Salvador 8.7 15 19
Honduras 7. 11 12
Jaraica £ 12 11
Palnama 1C. 12 152

curces: based on Monthly Bulletin of Statistics, May 1974; and
Yearbook of National Accounts Statistics, 1972, vol.III
('nited Nations publication)

Countries arranted according to decreasing population

5 1969 1967 1/ 19631970

¢ 1960-15C4 ?,// 1961-1970 ﬁ 138- 7

4 1960-1966 i/ 1961 n/ 1968

c 1962-1967 U 1964-1970 o/ 1965
1362 K/ 1964 P 19651970
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ecnnomy of a country and particularly its influence on the gross domestic
products, foreign currency savings, valorization of raw materials and

acquisition of raw materials for other sectors of industry.

“v3¢ls]1 Rarsing the Gross Jomestic Product

e petrochem.cal industry affects the GDP in twe ways: directly and
indirectly. [te direct effact essentiaily concerns the :indusiry's very
high added value. wWhen the raw mater:al, either naphtha, gas oil or gas,
;8 priced a% approximately .00 US doilars.ton, then its plastics and syn-
thetic ruobers are priced at around 500-700 dollars, tun, while synthetic
1 bre's are priced a. approximately 1800 tc 22?00 dollars ton. As an 1ndi-
~ation of *he manufacturing value added by the pebrochemical inaus:ry, a
recent report shows that 1n the United States the value added to a $ 9
barrel ol crude ¢1l rises to § 13 ‘barrel when refined anu soid =8
gasoline. ihe same barrel of crude oii upgraded to a peircchemical i1nter-
mediate such as giycerine is worth about $ 50. Further processed into
pelrochemicai =2nd products, the value of the barrel of crude oil gces up
to between 100 and 200 dollars. In addition, the setting up ¢f a petiro-
chemical industry has a positive influence on the deveiopmert of cther
industries, particularly the downstresar industries.

he di1rect i1mpact of the petrochemical industry on the CDP varies
copsiderably from c¢ne country to another and at the moment can be said to
ve significant only in the case of the developed countries. Table 28 shows
the proportion of added value attributable to the petrochemica. industry,
in the GDP of some representative developed countries.

Table 28. Share of the petirochemical industiry in the economies
of some developed countries

(percentage)
Share of value added Share of invesWents in |Share of investments
in GDP formation the gross fixed-capital|in the manufacturing;
formstion industries
Country _ ] ‘
1971 1974 1971 1974 9 1974 |
hlnited S’ute# 0.8 0.7 0.6 0.5 na 3.5
Fed . Republio
lof Germany 1.5 1.7 0.5 0.2 1.3 1.8
France 0.9 1.2 0.5 0.2 2.0 2.3
J.p.n 1.6 1.3 0.3 0.3 1.6 na




5.3.1.2 Foreign currency savings

Setting up a petrochemical industry always causes a drop 1in imports and,
in some cases, makes it possible to export products at a relatively high
price, However, the foreign currency saving effected by setting up a petro-
chemical industry depends on many factors, so that a detailed study i1s ne-
cessary in order to appreciate it fully. The investments required and the
operating cost of a petrochemical plant include factors involving the
spending of foreign currency, sometimes »n large sums where the developing
countries are concerned.

A representative example of foreign currency saving is provided by a
petrochemical complex project in south-east Asia, designed to produce
230,000 tons year of plastics. Investments amounted to 400 million doilars,
more than three—quarters of this belng in foreign currency. The setting up
of such a complex will allow an average saving of $ 25 million, year over a
10-year period of operation or $ 45 mllion year over a 15-year period.

The greatest spending of foreign currency falls in the early ycars of
operation on account of the size of the loans to be paid back together with
the interest. The foreign currency balance does not become positive until
the third year ct operation. Taking an actualization rate of 15 per cent,
foreign currency savings are reduced to an average of § 19 million year over
ten years.operation.

The same complex in a country where 85 per cent of the investment had
to be paid in foreign currency (instead of 75 per cent as 1n the previocus
example) would allcw an average saving (without actualization) of § 17
million/year over a period of 10 years operation, corresponding to a 30
per cent decrease.

ln the above examples, raw material costs account for over § 30 million
year in foreign currency; in a country where unexportable local raw material

is used, savings of foreign currency would be more than doubled.

5.3.1.3 Supply of raw materials for other industiries

The petrochemical industry provides raw materials for a wide variety
of other industries, involving several important sectors of the national
economy. The main indusiries concerned are plastics, textiles and tyres.
These industries are much less capital intensive 'than the petrochemical
industry; they employ a much larger labour force and they have a higher
added value. These industries generally benefit from a local petrochemical
industry if it can supply them with reasonably-priced products. They tend

to be set up and expand in areas where they have a reliable source of supply
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and where they can take advantage of after-sales services and efforts
to develop their main markets, i.e. 1in the ncighbourhood of the petro-
chemical 1industry.

These processing industries in turn supply a variety of other
industries which will thus also derive benefit from the presence of the
petrochemical industry. lhose chietfly concerned include building and
construction, transport, furnishing, agriculture and, through packaging,
a large number of fields such as tertilizers, the agriculture and food

industries, transport.

5.3.1.4 Valorization of local raw materials

In some cases, setting up a petrochemical industry can lead to the
valorization of local raw materials. One i1nstance 1in particular, 18 1n
gas-producing countries where the fuel price per calory is relatively low.
The production of some petrochemicals such as methanol wiil, under
certain conditions, produce a good valorization of avallable raw materials;
in some areas the large quantities of LPG inevitably produced with the oil
are difficult to dispose of and since the cost of transporting them 1is
fairly high, using them 1in the petrochemical industry can, under certain

conditions, result in good valorizations.

-

e «¢ Policy and institutional measures

As part of the motivation generated by governments, incentive measures
have been adopted to promote a wide range of objectives dealing with petro-
cherical industries. Investigations of several case studies of developing
countries that have or plan to have a petrochemical industry show that the
process of instituting a package of incentive measures has several elements:
namely, promotion of the objectives either at the national and 'or sectoral
level and removal of the difficulties confronting the development of the
petrochemical industry. Further information is given in appendix i,

The main obstacles in the development of the petrochemical industries
in a number of developing countries that have been reported in the past 15
years are the following:

(i) The small size of the market for petrochemical products as com—
pared with the relatively large plant capacity required for economic
production.

(ii) Uncertainty as regards natural resources and raw materials for

the industry.
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(1i1) The private monopoly in petroleum industries and the short-
comings in legislation governing its operation.

(iv) The capital intensive nature of the industry.

(v) The difficulties in exporting to international markets because
the developed countries possess large integrated plants which are operated
around their nominal capacity and therefore having lower production costs.
This factor combined with the marketing experience and resources of large
companies, result in low-priced products againsct which it 15 not possible
for small plants to compete.

(vii The problem of vaiorizing the oyv-products due to¢ the lack of a
chemical industry able to use them.

(vii, Shortr Jf technicians and skilled persornei.

Ir view of the above, deveicping countrius have taken a number of
policy measures ic facilitate and protect the i1mpiementation of their
petrochemical 1ndusiries. These policies may be classified under the
foi.owing areas of incentives:

\

\a) Import dity concessions

4

Import duty concessions are onc 0! severul types 0f incenilve measures
whict can be used Lo enhance the profitability of a new i1ndustrial prorent,
Where import duties are levied on .mporte of machinery and equipment, it
Wl.. serve t¢ reduce the capital cost of a project' where concesfions are &also
granted on the duties levied orn the i1mport of raw materia:s ana suppilies, 1t
w.ll serve 1o reduce ihe operating cocte o!f the project.

(b, Tariffs and other types of protectiorn

By raising the price o the importec product reiative to thati of the
home-produced substitutes, tariffe 1mprove the competitiveness of the latter.
Moreover, tariffs are sometimes resorted tc as a means cf correcting exter-
na. 1mbalance or to improve the terms of trade. Tariffs, subsidies and
foreign exchange controls represent the major form of protection and have been
used i1n some developing countries for the protection of private enterprises,
e.g. 1n Argentina, India and Mexico.

(c) Tax incentives

The tax incentives are intended to encourage private and toreign
investment by raising the potential profitability of new investment. Many
different taxation forme are used in protecting peirochemical projects.

The income or profit tax is the main instrument used in different forms such

as holiday tax, accelerated depreciation allowances, investment allowances etc.
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(d) Invesiment promotion of private sectors

The investment in private sectors ir promoted hy import duty concessions,
tariffs and other types of protection an orher tax incentives. Examples
of the countries using sich incenilve measures are brazil, “hile, Indis,
Iran and Venezuela.

(e) Foreign investment promotion

The measures which developing countriee use to attract foreigr
investment depend on the extent tc wnich they facilitate foreign investrier:
and minimize the risks 1nvelved in the eye: of potential 1nvestors. Jome of
these measures are inter-related with tne other types of incentives ri:ul.onec
above. However, the main measurss are sl oul beiow! an aiequate rravewor:,
assurances and guarantees, & favourable pclicy on the ‘rem: i s of cup '
and dividendc: favourab.e treaiment under ar agreemen.; favourable oo,y
on employmer.t of foreign personne..

£ Y . . ) R
(f) Deveiopment of ipi:strial esistes

The establishment of .ndustriai eptuales or nreas hag .in useu 1
geveral deve.on:t counb? es & an ncent.ve for sxpanstor o the petri
chemical indusivy. The Sounir.er uwd iy Coor ncenlives are nradiag

Malaysia anc " riridad and TuLogc.

(g A8E:c.Bie2 L. 8K .0 aabug:
The govestrerts of Ceve dpno. cnwtries have triced toeocequee thie

deterrence i twe wavs: Py angticg too eovcation and tra:ning sysie
certain institutione and aniversiti.es, a:l by encoursg.ng .. enterpri .-
10 play a part i iraining. Eramplss are to v seen .o ‘raana Mexic

(h) Expori promoiior

Promotior of cxports by indirest mearurcs such a@ expo:. guaranteo~,
marketing surveys, shori term s¢yport crvedris at reasonablec 8t and 1ntegrate.
efforts at a regional level.

(i) Encouragement of iocal demand

In order to :ncrease per capita concumplion, «ficrts have peen corcor
trated on the developirg of manufuctinring industries w.,1ch require petr
chemicair products, and by modifying conswner habite, for exv.ople by

encouraging conswners to buy national goocs made of plastic cnt orite aC TIBLIE

One of the most imporvanti i<e.tures of ite petruriiemica. indusiry 1s the
continuous introduction of new pro.u-~ts wri e:dly changing production

processes which can be achieved through research. Supporting activities

have been encouraged in most developing countries which have developed &
petrochemical industry.




- 172 -

{he degree of involvement in research varies in developing countries.
In some countries, a number of bodies are studying 1n considerable depth
and scale national problems i1n the field of petrochemical i1ndustries and
are engaging 1n scienti1fic research, e.g. Argentina. in other countries,
there are a number of research laboratories and institutes connected
directiy or indirectly with the chemical i1ndustry but they have not yet
reached the stage where they can provide substantial assistance with
respect to process and design know-how 1n sophisticated technologies, such

as 1n lran.

S«3.4 Promotionof co-operation

Regional and semi-regional co-operation has developed with certain
political conditions attached. Apart from the political i1nfluence, several
factors encourage co-operation at the regional and international levels,
ttie most important of which 1s the rapid g rowth ot the economic inter-
dependency 1n the world.

'he expression "world interdependence' refers to a variety of inter-
national links or flows: the transfer of technology from the developed
to the developing countries; flows of natural resources and semi-processed
goods; large-scale investments of foreign companies; the operation and
lu:cation of the transnational corporations and their subsidiaries; inter-
national labour migration; the creation of regional schemes of economic
integration; and above all, international trade.

If the normal trade 1s considered as a guage of world interdependence,
table 29 shows that total exports and manufactured exports have grown at
higher rates than worl. growth of GDP. Thus, it the GDP is considered as
the yardstick for economic growth and development, and the irade of manu-
tactured goods is taken as indicators of world interdependence, the data
support the opinion that world interdependence has been increasing at a more

rapid rate than world economic growtih.

Table 29. Aver annual wih rates of GDP
Total exports (SITC 0~9) and exports of manufactures (SITC 5-8)
for the world and the developing countries, 1960-1970

(percentage)
Total Manufactured
GDP exports exports
Developing countries 5.2 6.8 12.2
World 5.6 9.4 11.2

Sources: Based on Monthly Bulletin of Statistics, March 1966 and July 1973
and Yearbook of National Accounts Statistics, 1972, vol. III
(United Nations)
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Industrial progress in the developing countries is tied to the growth
of world interdependence and specialization. Just as trade-oriented
economies may be specially vulnerable to the vicissitudes of world market
conditions and trade policies, developing couniries are susceptible to
world economic changes and shocks that are transmitted through the network
of international links. Examples include the rapid chianges 1in world
production technology, the energy shortage, the breakdown of the monetary
system, the world food crisis, the impact of the transnational corporations
on international 1nvestment flows, and tariff barriers.

The econumies of the developing countries lack the rescurces and ithe
skills as well as the s1ze and breadth and markets to adjust to these
changes independently. Their insulation from such fluctuat:ons can be
achieved only within the framework of the international community.

Accompanying growing world interdependence are sucial and humaritarian
problems that are specially pronounced in the developing countries. 'uese
include mass poverty and starvation, sericus urban unemployment, steadily
mounting population pressures and the inabil:ity of large pgrouptc and sncial
strata to share in t!'e process of economic development and 1ndustrimlization.
{1t 18 not surprising that governments facedi with such 1mmediate problems do
nnot have the perapeclive necessary Lo contemplate ur facilitate intervational
co-operation. (For turther neta:ls see UNIDO Industrial Deveiopment 3urvey,
D 134).

Regional ecoromic 1ntegration

The principle of international efficiency and equality 1s aiso appli-
cable at a regional levei. Regional integration schemes have appeal for
medium—sized and small countries where the limited size of the market and
production efficiency through specialization are important.

Industrialization is the baeic economic justifi~».ion for regional
integration‘ + Two secondary benefits may be point¢d out. Often, economic
integration encourages a more rational formulation of economic pclicy at the
national level. It may also iake a decisive contribution to joint political
and economic action vie-d—vis the rest of the world.

Traditionally, the approach to economic integration has erpl xized the
reduction of tariffs and the liberation of quotas. Experi:- = .u¢ indicated,

however, the fragile nature of many schemes that have relied solely on a

' See "The economic integration of developing countries and the

function of joint industrial planning" (E/AC.54/L.65), p.}
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liberalization of community trade and external tarifl barriers. Often,
one or more participating countries have found that they are dissatisfied
with the share of new industrial activities coming to them through the
integration process. [n some -~aseu, the attainment of free trade has not
heen accompanied by the »xpected alterations (n industrial structure. [n
sther instan.en, trade iiberalization hag rrested certain inflexibilities in
peolaction that oppoce natirnal obu-2ctivie. “inally, “he scope for the
espe.gion of ‘rade an the bansis of an exiutine industrral structure may be
ragticular., [ cwited in the ase of ore teve,oting countries.  Most
nvogervers and part.olpatisg countries are of the general opinion tuat many
ragional schoeser nave Pfalien short of 2xpentationsg,

Txperioce has Led to 4 search 131 nvw nweans (¢ cu-ordinate national
sbjectiven and tmdistribuvion of btenefite 1 the regional schemex .t the
develoving ~cuntries. 'he . riooal probiem, especially for ‘ne less deve-
‘oped conrtriem, 18 the tormuation of an integratior scheme that will
epult in an equitable dintr. butice of industries and benefits. Although
the importanze of comparat:v. savartage 18 acknowledged in determining
whick integrati m industries should be entabiisheds . ~ountries tend to
a‘tach greater weight to *rie anticipatet a’teration in their industrial
atuctures that integration industries could bring obout. The i1ssues to
be q.scusser go beycnd trade and encompass questions such as the volume of
investment, income and emplcyment genera®ion .nd technology.

The compositi=n ni ite membership of integration schemes 1s important
in terms of the apprcpriate balance between efficiency on one hand and the
distribution of integration benefite on the other. A stable association
requires an agreement that incorporates these principles satisfactorily.
The process naturally requires some reconciliation of national aims but the
exact nature of the agreemant will depend on the economic characteristics
of the countries involved. The weak or least developed countries in an
integration scheme will not normally atiract integration industries to the
extent that their more developed partiners will. Consequently, in an
equitable scheme, the weaker countries may be expected to benefit more from
regional co-operation in relative terms than the atronger countries. At the
same time, there ax natural limits to which the principle of equity may be
carried without jeopardising the stability of the regional organisation.

8/ Integration industries are new industrial activities made possible
by the merger of national markets.




Examples of ways in which efficiency and equity may be combined
include: equitable distribution of capital investment; fair division
5t the number of industries assigned to different countries or of 1ncome
generated by the project; and the elimination of disparities 1n levels of
per capita income and of differer-es in rates of economic growth.
Essentially, tlere seems to Le nu aingle approach that would provide a
basis for .r objective neasurement ot an equitable distriwvution >f inte-
gration uvenefits. Some form of regional planning 18 frequently adopted as
a nfcessény ad jurct to the free play of market torces, toc the comparative
advantage of the participants.

The ideas of the form that integration industries should have vary among
regional organizations. [he sectoral complementarity agreementis Af LAFTA
provide for the opening ot regionai marketls 1n specific industrial sectors.
The Central American “ommon Market { ACM) attempts to promote new industries
through taritff protection and tax incentives and the industries are dis-
tributed through rounds ot negotiations at which a second plant 18 not
allocated to any country until each member has one plant in conformity with
the specifications of the agreement. Joint purpose enterprises are a
third type amployed by the organization for Regional Co-operation for
Nevelopmer. (RCD). Flexibility is an important feature of the RCD since
faw rights or obligations are specified. The industries involved require
markets larger than any member country canprovide. The only obligation is
that the commodities shculd be supplied at internationally competitive prices;
participants are not required to grant tariff preferences for joint purpose
enterprises. The industrial licensing system of the East African Common
Market (EACM) is a fourth approach to regional integration. The main
problem arising under thie system has been that of intra-regional trade
flows; it has been dealt with by devising a system for the redistribution
of tax revenue coupled with a transfer tax to protect specific industries in
the least developed countries of the EACM.

More recently, the innovations of the Andean Group in adopting a form
of joint industrial planning, represent a step further towards realising the
principles of efficiency and equity in a regional oontext. This particular
approach is still too new to permit judgement, although it offers several
promising features. The practice of joint industrial prograsming of

investments in key industries has been described as a necsssary compl ement
%0 trade liberalisation if success is to be lasting.
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Industrial programming can take two forms: sectoral programmes of
industrial development and rationalization programmes. Sectoral programmes
apply to the priority industries that are being introduced, while ration-
alization programmes deal with existing industries in the context of the
general liberalization of tariff barriers. The Board of the Cartagena
Agreement is a subregional body that has well defined powers to take
action and make proposals to the government representatives. The Board
is responsible exclusively for safeguarding subregional interests and
special treatment of the least developed mem}mra is carefully specified
in the Agreement. These characteristics of fledibility 1n joint planning
and programming as well as of equity may allow the necessary degree of

stability which is 80 often lacking in other attempts at regional co-operation.

5.3.5 Manpower
The petrochemical industry is a capital intensive industry which

employs a relatively small number of highly qualified personnel. It 1s
among the industries requiring the highest investment per directly created
Job, approximately 200-300,000 dollars/job throughout the petrochemical
industry as a whole. The manufacture of synthetic fibres constitutes a
special case within the industry: about 55 per cent of the personnel in
the petrochemical industry are employed in this field and the investment
per directly created job is not more than 60,000 dollars.

This industry employe a large proportion of unskilled workers (about

40 per cent). The setting—up of a petrochemical industry creates, in
addition to direct employment, various indirect employment. This 18 due

to the impact of the creation of a petrochemical industry on the development
of other industries. Foremost among these other industries are the downstream
industries which are direct clients of the petrochemical industry.

The labour force required for the processing of petrochemicals is more
than 10 times larger than that required for production; moreover, invest-
ments per job created are very much lower: aproximately 20-30,000 dollars
per job in the conventional plastics processing industry ard the textile
industry downstream from synthetic fibre production. As already mentioned,
since these industries had been set up before the petrochemical industry,
it is difficult to express in terms of figures the direct effect of setting
up a petrochemical industry on the creation of employment in the downstream
industries. Very little information is available on this point but it is
interesting to note from the result of a study on a petrochemical complex
in France, orientated chiefly to the production of plastics, that in the



-177 -

surrounding region three new jobs were created in the downstream industries
for every one in the petrochemical industiry.

Jobs are also created in connected industries such as transport,
mechanical and various services, but it is difficult to assess these as
they depend on the level of industrialization and infrastructure 1in the
region and also on the degree of autonomy of the petrochemical industry.
Nevertheless, in general terms it is estimated that one new job in petro-
chemicals could create five to seven jobs in other industries.

However, from the national economy view point, the main problem is the
supply of the skillei manpower required for the growth of the petrochemical
industry in the developing countries, and for the other jol places it
creates. Furthermore, this industry may create substantial relocation and
retraining needs in the personnel currently employed in the traditional
products industries that petrochemicals substitute for. The 1implications
concerning the general education policy, the development of a training
capability able to meet both training and retraining needs are discussed

in detail in appendix E and section 4.4.6.

5.3.6 Environmental problems in the petrochemical industry

This section is designed to give an overview of environmental problems
in the petrochemical industry and their effective remedy. An environmental
impact evaluation procedure raises the key environmental issues that should
be dealt with in the initial stages of planning a new petrochemical plant.
Pollution regulations and the importance of maintaining pollution control
atandarde are discussed. Air and water pollution problems are summarized and
costs of pollution abatement are given.

This report contains an appendix (appendix 1) on environmental probl ems
intended for technical persons responsible for planning and managing petro-
chemical plants in developing countries. There, the environmental impact
evaluation procedure is dealt with in depth, key questions being posed in
respect of each of the nine steps in the procedure. The problems of air and
water pollution are also covered in depth, as are the technical means of
combating these problems. Estimated costs for reducing pollutant emission
levels are indicated for many air pollution solutions used in certain
chemical processes and the overall costs of treating plant waste water in
activated sludge and anaerobic-aerobic treatment procedures are given.
Disposal of solid wastes is presented in conjunction with the air or water
pollution control device which also give rise to a solid waste requiring

disposal.
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(a) BEvaluating the enyironmental impact of a new petrochemic \

An environmental impact evaluation procedure should form part of the
planning procedure for any new petrochemical plant. The purposes of eva-
luating environmental impact are twofold: '
(i) To prevent the deterioration of natural resources suoh as the
river whioh is to receive plant waste waters, so that these resources can
continue to provide a basis for further economic development and
(1i) To give ample warning of deleterious side-effects of the .
producte,which may result in economic or social coets not normally iden-
tified in the project review procedure.
The environmental impact procedure sets out a series of analytical
steps applicable to environmental problems that may occur during the
rav materials phase right through to the final disposal of materials
produced. The definitions of these steps are:
(1) Raw_materials linkage. Environmental considerations beginning
with extraction or arrival in the country, up to the project under
evaluation.

(ii) Site assimilative capaciiy. Present and baseline analysis of

air, land and water carrying capacity to determine original conditions
and effects of the project.

(i1i) Project design and construction. Analysis of alternative
possibilities for unit operations and energy sources.

(iv) Operations. Maintenance of project and monitoring (analysie
of outputs, including by-products and wastes for treatment and reuee;
monitoring waste discharges).

(v) Sooial aspects. Social implications of project.

(vi) Health aspects. Safety and welfare of population affected by
plant.

(vii) Place of ultimate deposit. Recycling, reuse or assimilation of
product and future products. .
(viii) Long-term considerations. Plant expansion.

(ix) _Optimisation. Cost of analysis of alternatives.

The environmential impact guidelines cover a broad array of problems.
They are deeigned to aseess costs that would result if the project were to
impair the future productivity of a country's natural resource base or
result in other adverse side effects of investments. As indicated in the
nine analytical steps, the impact of investments on the human environment

requires a systematic and integrated view, focusing on materials flow within

production processes and outside the plant.
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Proceeding through the nine steps from the raw materiuls linkage
to optimization, attention s called to the 1nterrelat.onship between
the choice of process and recycling and or reuse potential, between plant
location and urbanization issues, Letween waste management and process
design. These connections are au effort to impress upon the project
manager the need to design an 1ntegrated project which is sensit:ive to
environmental rneeds,

(b) Pollution regulat.ons

In recent ycars, an increasing number of countir.es have cxpanded
or adopted new environmental legislation. Governmenis nave -r. . leu
official bodies which are respensible for the elaborat.on of now
legigiation and 1ts appircatior and enforcement. As « guide i precern:
practice, a comprehens.vc listing of air qd&litﬂé'end polliutant wn;sa;ﬁng
standards from a numbe: cf countries, .rc.uding Japan, JULHL, Lalwe Suabos
and several Buropean cuntr.es, ar. 1o be founcd in a receni Jurid Sans
puhizrationg/ which a.ao relaps L0 oriteri. for maximun OCrce, Liatidi <
various water poliatarte in public waterwavo.

A problem specif . 70 the developing countries wier ente-avourlrng o
trotect the environmernt Lirough roemulal o, s lack LY eaperiorcr.  Never
previously having cad Yo Pace envircasertal srobicme dus 16 aadestiia.
onilvtiony a large roucier of Lhe developing countrian heve 5o rproL D
reguiatione at hand. .ol reguiations are, however, indisve.slble L0 L
sontractor for the desiym of pu!latior conpiuro systams 2 0 0id L
«ffe t at the time the tonder documentis are seni cul. 1 1. réliTmenas.
tnerefore, that the ministries concerned s.c' 48 those ¢! nilaetir . neaatl
or development, shouic draw up thne relevant regu.ations rele-» g g
necessary 10 the sexper:ences oi atrer countries cited 1n tn: sSrevi: .5
paragraph.

{c) Air pollutioy

Air pollutants emitted by the petrochemical indusiry 1oc¢’uae the
following: Hydrocarbcne, moestly paraffins, olefins, nitriler. chlorira - .
hydrocarbons; carbon monoxide; oxuies of nitrogen:; part.ov.sroes, b ooovoe-
chloric acid; sulphur dioxide (mostiy from cimbustion ¢f wu.on Tl Ly

fuel ).

g/ An air quality standard requires that the soncestrat.on I a pollutant
ir the atmosphere at ine peint 8 measurecent shall rot exceed a
specified amount.

An emission standard reguires tta* the amount oi a pclluitant emitted
trom a specific sciur- e sha'i nc! exceed 4 operdled ooncetration.
"Environmertal . He:wt  Lad iamar meoncy o tonsracsrats ons or meoanon

* 1

Develcpment "~n o ot worTor el
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The following are means of reducing air pollutants in the
petrochemical industry: process changes; incineration of waste stream
for heat value; flares; scrubbers; condensors; carbon adsorption;
absorbers; bag filters (for particulate control); cyclones (for
particulate control).

There are more than 200 different petrochemicals produced in large
volumes in the world. It is obvious that it is necessary to control
emigsions from the processes which yield the largest tonnage, which are
fustest growing and which produce the most air pollution.

The most toxic high-~volume petrochemical is vinyl chloride which was
reported in 1974 to be carcinogenic. Control of pollutants from the
processes for manufacturing vinyl chloride and polyvinyl chloride are
therefore especially important. A model polyvinyl chloride plant which
incorporates improved stripping, refrigeration of the vinyl chloride
recovery system vent, canned pumps and a leak detection programme, would
reduce the vinyl chloride content from about 0.035 1bs/1b of polyvinyl
chloride produced to about 0.016 l1bs/lb. A capital investment for a
200 million 1b/year plant would represent about 1 million dollars and add
annual operating costs of 125,000 dollars.

In order to reduce total vinyl chloride emissions by about 55-60 per
cent for a 700 million lb/year vinyl chloride plant, a total capital
investment of 650,000 dollars would be required. A 90 per cent reduction
of vinyl chloride emissions would require a capital investment of about
2 million dollars. These pollution control costs would be additional to
a total plant capital invsstiment of 42 million dollars.

There. are 32 chemicals produoed by 41 processes which require speoial
control. Several of the chemicals are produced by twc or more processes
whioh are sufficiently different to warrant separate study. There are -
12 ohemicals that are causing the most severe air pollution problems:
VCM, acrylonitrite, ethylene oxide, pthalic anhydride, PVC etc.

() Mater pollution

The petrochemical industry presents a waste water treatment problem
because production processes are sc widely varied. Therefore waste stireams
are complex. One must focus on the ability of known methods of wasts
treatment to handle the key materials, intermediates and end products of
th: industry.
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The sources of wastes generated by petroohemical operations can
be divided into seven general categories:

(1) wWastes containing a principal raw material.

(ii) Product remaining in solution after separation.

(iii) By-products produced during reactions.

(iv) Spills, washdowns and vessel clean-outs.

(v) Cooling tower and boiler blow-down, steam condensate and water
treatment vaste.

(vi) Storm water run-off.

(vii) Sanitary wastes.

The prinocipal contaminants in the waste waters include oils,
organic chemioals, suspended solids, acidity, heavy metals and other
toxio materials; colour, taste and odour-produoing compounds.

The sources and quantities of pollutants should be cunsidered during
the design phase of a petrochemical plant and overall process waste-water
treatment facilities should be incorporated in the construction of new
facilities or additions.

The most effective petrochemical waste water collection sysiem
incorporates the segregation of waste streams. These can be classified as
the following: '"clean" water contained in cooling tower or boiler
blow-down; highly contaminuted process wastes including spills, batch
dumps etc.; oily water; ocontaminated storm run-off; wuncontaminated
storm run-off; sanitary sewers.

The types of waste treatment methods applicable to the petirochemicals
industry oan be categorised as physical, chemioal, biblogical and special
in-plant methods. An evaluation of the treatability and pre-treatment
requirements of each waste stream is a prerequisite to determing the inte-
gration of processes oonstituting the overall waste treatment system of
the plant.

Faysical methods inolude gravity separation, air flotation, filtra-
tion, ocentrifugation, vacuum filiration, evaporation and carbon adsorption.
Oravity separators and air flotation units are designed to remove floating
0il and settleable solids. Filtration is used primarily as a pre-treatment.
Centrifugation and vacuum filtration are used for sludge dewatering. BEvo-
poration is utilised when available land perwmiis ponding and the climate is
favourable. Carbon adsorption removes refractory organic materials.
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Chemical treatment methods include coagulation-precipitation,
chemical oxidation, ion exchange, chemical pre~treatment and sludge
oonditioning.

Biological treatment methods which are available inolude waste
stabilization ponds, aerated lagoons, trickling filters and aotivated
sludge. Prior to biological treatment, pre-treatment is usually necessa-
ry. Wwhen designing the biological treatment unit for the overall facility,
consideration must be given to the possibility of spills, storm run-off,
variations in flow and contaminants, and toxic or inhibitory subsiances.

The activated sludge process is generally considered the most
effective biological process for treating petrochemical waste, with
removal efficiencies in the range of 70-95 per cent of BOD (biological
oxygen demand), and 30-70 per cent of COD (chemical oxygen demand).

The activated sludge process allows the continuous mixing of biological
grovths and waste-water in the presence of dissolved oxygen. The micro-
organisms remove organic material from the waste primarily through
biological oxidation and to a lesser extent by physical absorption. The
suspension of biological floc is then separsted by settling. A portion
of the sludge is reoirculated to the asration basi for additional ocontact
with the waste.

Oxygen and mixing in the basin can be provided by diffused or mecha-
nical ssrstion. BExtended asration is particularly useful for petrochemioal
waste treatment. The longer detention times allow the micro-organisms more
time to degrade the complex organic chemicals.

In sy waste-water treatment plant, large quantities of sludge
acoumlate daily and the oost of its dewatering and disposal may exceed the
ocost of any other unit proocess. PFacilities for treating acoumulated primery
and secondary sludges represent a substantial capital investment. The
proossses involved are sludge oonoentration, dewatering, iransportation emd
final dieposal.

The first rule of in-plamt waste treatment is good waste oontrol practios
in the different process operations. These prectioces may include the
recovery of unreacted chemicals and by-products, multiple reuse of water,
where permissible,snd good housekeeping techniques. In-plant oontrol methnods
inoclude stripping and other recovery and temperature control. In some cases,
product recovery will result in a oost credit for the particular proocess.
These practioces and ocontrols will not only reduce the waste loadings givea
40 the plant-wide treatment facility tut will enhanoe its operation.




A major new waste treatmeni plant for treating petrochemical wastes

is under construction for the El Tablazo petrochemicals complex in
Venezuela. The plant will u’ilize the activated sludge process. A large
waste treatment plant recently began operation at the Waterton Gas Plant
of Shell Canada Ltd. Two sequential aerobic biological ireatment
processes are utilized together with chemical treatment, filtration and
carbon adsorption. The influent has a COD of 3200 mg/l and is very toxic.
The € fluent has a COD of 25-50 and is non-toxic to rainbow trout
fingerlings.

‘Regarding costs of water pollution control, one study of a 10 million
gallon/day flow of waste-water of BOD of 800 mg/1 shored that secondary
treatment by an anaerobic-aerobic series cost about 3.40 £/1b of BOD
removed, whereas treatment of the stream by activated sludge cost 4.3 £/1v
of BOD removed (both in 1971 dollars). A study of treatment by activated
carbon shoeda cost of 18 £/1b of COD removed (1975 dollars). Effective
performance of the anaerobic-aerobic system is restricted to the temperature
range of 20—4300, whereas the activated sludge system is efficient at much

lower temperatures.

VI. ACTORS IN THE PETROCHEMICAL INDUSTRY AND INTERNATIONAL CO-OPERATION

The present situation of the world petrochemical industry is
characterised, at least in the developed countiries of market economies, by
a serious crisis. The demand is way below on-stream plant capacities and
under current market conditions, production cost increases are leading to the
erosion or disappearance of profits. The future looks uncertain.

This uncertainty is mostly due to the questioning of the very dynamics
of this industry in the future and to the problems connected with the
emergence of new producers in net importing areas. Moreover, this outlook
is further compounded by the generalized praotice of top decision-makers in
this industry to limit forecasts to only 5 years ahead. They claim that up
t0 5 years in the future it is still statistios but beyond that, becomes
anybody's guess. However, decisions taken now or in the near future will
substantially determine the future world petrochemical industry from 10 to
20 years ahead. Consequently there is a large gap that needs to be bridged
between the customary forecasting horizon and the far—reaching impacts of the
decisions taken.
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This chapter attempts to analyze that situation by determining the
main problems that influence the decision process, to explore the long-
term implications in terms of the strategy of the actors, and to present
an approach aiming at strengthening ‘he international co-operation between
countries. This analysis is particularlx difficult in view of the general
characteristics of this industry given in section 2.1. The difficulties are
of three kinds:

(i) Structural, for its production complexity allows the multiple choice
of alternative products, processes and raw materials, according to evolving
changes in the economic conditions.

(i1) Forecasting, since the dynamism and competitiveness of this industry
is based and will continue to be based on research and development, as shown
in section 2.2.1 (f). Therefore the difficulties of economi:z forecasting
derived from the uncertainties of econom.c growth now common to all economic
sectors, is compounded to that of technological forecasting both of whicn
are more sensitive in this industry. The technological developmerts do
influence the physical structure of the petrochemical industry and are quite
likely to destabilize it in the medium to longer run, according to the magnitude
of the breakthrough and the speed of its commercial spread.

The evolution of technological structures are driven by power—invested
actors, whose power positions are usually unequal as regards the access and
control of raw materials, market areas, financial means and technological
cecpabilities. Hence a proper forecasting involves the identifying of the
actors, their projects and aims, and the influences of these on the petro-
chemical industry.

(1i1) Informational, for on the one hand it is difficult to keep track of
the aims, decisions and strategies of the main oil and petrochemical companies,
and on the other hand, the reliability of the information tends to diminish
with the increase of economic competition. This lsst point is particularly

important for projects usually become unstable due to internal political changes
in the comntries that host and/or support them.

The announcement of investment projects (real or fictitious) can be a
deterrent weapon to discourage and block adverse developments as well as the
entranoe of new competitors. The action of informing or withholding information
provokes reactions and anticipations that slow down or accelerate other

projects.
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However, co-operation implies informed partners. The biases and gaps
of reciproccl information are doubtlessly the most serious obstacles to the
dialogue between developed and developing countriesg/. Despite these
obstacles, reciprocal information is progressing. The Euro-Arab dialogue i«
one of these channels. The recent OPEClgjseminar marks, perhaps, a decisive turning
point in the identification of reciprocal positions between the developing
0il exporting countries and the large market economy developed countries.
1f the general conclusion is the recognition of short-term conflict of interests,
the perspective is possible co-operation in the long runll/, The conflict
zones are beginning to be located with more precision, which is the first
condition to solving them. The implementation of a realisti~- co-operation
implies the identification of conflict situations and their analysis.

More recently, three other meetingslg/'li/’lQ/ laid more ground for
international co-operation. They have enabled knowing with more precision
the projects and intentions of the countries which in their respective zones

plan the start or the development of a petrochemical industry.

2/ Only one example will be given: after mentioning "one piece of good news:
attempt by some OPEC countries to arrange oil supplies in retura for a
guaranteed offtake of their petrochemicals output in the 19808 have
fizzled out", the commentator adds: "The o'l glut and uncertainty over what
the Arab countries actually wiil have on stream before 1985 have killed the
plan" (The Economist, 3 June 1978).

~~

Seminar on Downstream Operation in OPEC member countries: Prospects and
Problems (OPEC Headquarters, Vienna, Austria, 9-11 October 1978)

"In spite of the disparity that exists between the two groupings and the
existence of a short term conflict of interest, emphasis is placed on
co-operation in the long term through the development of a concept of
inter-dependance and the common endeavour to formulate global stratagies”
(Chairman's review of the OPEC seminar 1978, by H.E. Ali Khalifa Al-Sabbah,
Minister of 0il, Kuwait).

12’ Regional meeting for Arab States to prepare for consultation on the
Petrochemical Industry,Doha, Qatar, 21-24 October 1978.

ll/ Second Latin American Congress on Petrochemicals, Cancun, Mexico,
12-18 November 1978.

14/ Global Preparatory Meeting for Consultation on the Petrochemical Indusiry,
Vienna, 27-29 November 1978.

ls

—
—
~



- 186 -

The first world consultation on the petvochemical industryli/ should
permit taking new steps. For this purpose, on the basis of the material
gathered in those meetings and recent developments in the industry, it has
been attempted to isolate the main problems facing international co—operation

in the petrochemical industry.

6.1 IDENTIFICATION OF THE MAIN PROBLEMS OF THE PETROCHEMICAL INDUSTRY

Since the original medium-term forecasts were made over a year ago a
number of develcpmznts have taken place that significantly affected the
forecasted figures. It should be noted that during 1977 many medium~term
international forecasts were around the 9 per cent annual growth raie range
based on 1976 trends and figures that pointed to a good recovery of petro-
chemical markets. Hewever, a number of forecasts made in 1978 show a
4 per cent annual growth rate range based on: the larger plant overcapacities
in OECD countries built on the misreading of the 1974 consumption boum, the
1977 market depression out of which this industry is just about to come, the
current depressed situation of most petrochemical prices, and the general
slow-down ot the economy. Furthermore, during 1978 several new trends emerged
that should change some of the plant capacity and demand assumptions for 1985.
Some >f these new trends will be presented in section 6.2.

As there is not much time left at the present to attempt a thorough
ad justment of the 1980 and 1985 forecasted figures before the first consultation
meeting on the petrochemical industry, the example of ethylene will be given in
section 6.1.1.1 to illustrate the effect and magnitude of the changes that
current developments have brought about in the original figures.

Based on the preceding points, three main categories of problems have been
identified in the petrochemical industry. These are:

(a) the overcapacities of production and the exportable excedents;

(b) the medium-term transparency of the markets and evaluation of the
long-term prospects of the petrochemical industry;

(0) the barriers to the entrance of new producsrs.

6.1.1 The overcapacitiee of production and the exportabie excedcnts

The exiatence of substantial ovsrcapacitiee of production in the developed
countiries of market sconomies is a dsmonstrated fact. Therefore ths real
questions today are: How was thie situation reached? How are the sxportable
excedente distributsd?

15/ Mexico ity, 12-16 February 1979
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6.1.1.1 The present groduction overcapaoity in the developed

countries of market economies.

It is interesting to try to define the reasons for the present imbalance
between supply and demand.

In the first place it should be noted that the lucidity of professional
organizations has not been caught at fault. As a matter of fact, as of
October 1971 the European Petrochemical Congress Association (EPCA) at Monaco
insisted on the necessity to adopt at the world level, a more strict
discipline for investments in petrochemicals. The European Economic Community
elaborated co-operative projects among enterprises and market regulating
projectalé/.

Before 1973 the United States situation differed substantially: the ,
crisis in the United States chemical industry was mainly an invesiment crisisu .
In the plastics sector, the United States capacities failed for polyethylene
(low density and high density), polyvinyl chloride and polysiyrene; only
polypropylene was manufactured in sufficient quantity-l-@/,

In recent years, the United States production cepacities of basic prpducts
Jjumped from 35,640 million 1bs at the end of 1974 to 56,600 million lbs at the
end of 1978—2/ , this being an incrzase of 58 per cent. From the published data,
it could be calculated that 85 per cent of the new production capacities in
basic products are to be credited to the oil companies and 15 per cent to the
United States petrochemical companies.

A similar calculation at world level meets statistical difficulties.

It is well known that the specialized agencies encounter difficulties in
producing reliable statistics for their respective regions. It should be
agreed that this exercise is far more risky at world level. This is why it
has been limited to only one representative case: ethylene,for the reasons

explained in the introductory part of section 0.l.

16 / Institutional project of a European co-operation group (G.E.C.) presented
to the Council on 21 December 1973, see Bulletin of European Communitiss
supplement, January 1974

17/ Frangois Cuinot, Les strategies de 1'industrie chimique (Calman Levy, 1975)
18/ Plastics Engineering, February 1974, and European Chemical News,
March !5, %7

19/ First Boston Corporation study, cited by Buropean Chemical News,
11 November 1977.
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(a) The example of ethylene

Two statistical series related to supply and demand are utilized and
compared: the first is the data which appear in the study (up-dating in
the middle of 1977); the second is data revised in November 1978 and
deriving from different sources20 v 2/, 22/, 23/, gi/,and given in section 6.1.1.

As previously explained, it should be noted that these data are only
relatively reliable. However, despite this reservation, they do represent
likely orders of magnitude. Thus, because of the economic recession, it is
probable that within the EEC, the additional foreseen capacities of
2.4 million tons &eargl/ would be reached not in 1980 but wiil spread until
198222/. A certain indecision also exists for some United States prospectagé/.
The same is the case for the prospects in the CMEA countries. The other data
result from other projects in the course of implementation in the developing
countries. Doubtless further adjustments to the data presented would be
necessary, and the first world consultation on petrochemicals is an oppor—
tunity to make them. !lowever, they do not appear to be likely to affect the
following essential conclusions:

(i) The world ethylene production capacities should increase about
54 per cent from 1975 to 1980 and 42 per cent from 1977 to 1980, at the

annual rates of 9.1 per cent and 12.5 per cent respectively.

gg/ OCDE Study on Petrochemicals. This study has not been officially diffused,
but excerpts of it have been published in European Chemical News, 9 June
1978). This information is therefore given with the necessary reserve.

21/ Revaluation of the demand in Western Europe, United States and Japan,
W IDO, November 1978

gg/ Referance material of the Group de Recherche sur l'espace les Sociétés

1'environnement (GRESE ) on the petrochemical industry in the Mediterra-

near. Documents presented at an international seminar on "The future of .
international relations for petrochemicals'", Montpellier (Franoce,

26-27 October 1978.

23/ OPEC (Vienna) 1978 seminar documents, op.cit.l0
24/ op.cit.l2

gi/ This deployment of projects explains the difference between the estimates
in the report for 1985 (85,800 T- see Annex 14 c) and the present esti-
mate (66,570 T). However, if account is taken of the projects after 1985,
the figures agree.

Three projects seemed undecided in October 1978: 600,000 t/yr by EXXON at
Baytown (Texas), 540,000 t/year by ICI and others at Corpus Christi(Texas)
and 540,000 t/year by Gulf 0il on the coast of the Gulf of Mexico. At any
rate, if they are implemented, they will be felt beyond 1980.
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The annual growth rates for both the five and three-year periods are
6.9 and 9.9 per cent for the developed countries of market economy, 10.8
and 16.2 per cent for Eastern Europe, and 31.2 and 33.8 per cent for the
developing countries respectively. The growth rates of the developing
countries is comparable to that observed in the past in the developed
countries during their fast—growing phase. It is interesting to notice
that in all three groups the tendency seems to speed up the growth rate in
the last period, including the OECD countries, despite the economic
recession.

(ii) The higher growth rates in the developing countries reflect their
low starting point and their small share in world petrochemical production.
Thus in 1980 the share of the developing countries in world ethylene
production capacities would be 12.6 per cent based on the revised data, and
up from tie 11 per cent capacity share originally estimated.

The share of Eastern Europe in world ethylene capaciiy would increase
from 7.5 per cent in 1975/77 to 8.3 per cent in 1980/85. The corresponding
share of the developed countries of market economy would diminish from
85 per cent in 1977 to 79 per cent in 1980.

(iii) In relation to the additional ethylene capacities from 1977 to
1980, 65.3 per cent of the growth would originate from OECD countries,
10.1 per cent from the CMEA countries and 24.6 per cent from the developing
countries. Even if the spreading of current projects with the EEC until
1982 is taken into consideration, OECD countries would still account for the
same two thirds of the increase in ethylene world production capacities.
Nearly half of this increase is located in Western Furope. Thus it becomes
clear that the OECD countries' large overcapacities are at the source of
the serious imbalances brought upon their own domestic markets.

(b) The reasons for over—investment

Although in section 2.2.2.1 the main causes that led to excessive over—
capacities during this decade are analyzed, two factors need to be highlighted
to better grasp the roots of the problem.

At the beginning of the 19708 the strong demand in lestern Europe coupled
to deficits in the United States markets and export expectations to devecl.ping
countries determined the speeding up of the EEC petrochemical ind::try
investmenta. Thus in 1972 over 10 new steam crackers were scheduled to come
on stream after 197521/. Likewise in 1974, further new steam crackers were
committed in all OECD countries but especially in EEC countries, in order to
meet the expected future market bonanza heralded by the 1974 market boom that

2]/ The problems of investment in the petrochemical industry,
J.5. Hunte, EPCA Congress, Montecarlo, October 1972




later proved to be short-lived. Nevertheless, the plant committments were
made to come on-stream after 1977, although later on some of the plant
committments were cancelled or postponed.

From all the above, it seems that the over-investments were the result
of the following four interconnected reasons:

(i) The own dynamics of the petrochemical industry, that brought about
a crash between the pre 1973 super-growtih factors (see page 14) and the
post 1973 structural recession factors (see page 16), particularly concerning
the slow-down in market growth that recently emerged as a 4-year market
stagnation between 1974~78 in most OECD countries. The effects of this crash
was compounded by the behaviour of the actors explained in the preceding
paragraphs .

(i1) The industry's delay in perceiving the depth and duration of the
economic recession specially in OECD countries during the 1970s. Warnings
relating to the end of the fast market growth phase have been sounding since
the late 1960529/. However, the reassessment of the medium and longer-term
significance of the changing market growth rates in the light of the economic
recession took place later than expected, for at that time the economic
recession was perceived as a shorter-term event. Trsorefore the petrochemical
companies moved ahead with their plans. It 18 only recently that the OECD /
chemical industry has realized the magnitude of the current structural crisisgg/.

(iii1) The lack of medium—term market transparency, that brought surprises
and disappointments to the industry's planners, does influence and/or restrict
the number of real alternatives open to individual companies thus hightening
the competitive conditions in the market. Therefore the only certainty the
companies have is their determination to face squarely this hightened competi-
tion in order to keep their market's share, and this entails further invest-
ments. The least risk from the company's point of view is to remain always
competitive, but the aggregation of these individual risk stands does not
minimize the industry's collective risks. As an alternative to this, in
Western Europe and Japan there have been proposals for a temporary plant capacity
rationalization programme in order to enable the affected industries to readapt

to the changed conditions. So far no such programme has yet been approved

gg/ For instance, during the UNIDO-sponsored conference on petrochemicals at
Baku, USSR, in October 1969, a market growth reduction was predicted for
Western Europe from 22 per cent per year during 1967-70 to about 13 per cent
a year for 1970-75.

29/ In a recent speech Shell's E. Werner said "Plants are still being built
that were planned before the economio downturn of 1975, and although a
marked decline in growth rates was foreseen, the fact that demand would
hardly rise at all over the period 1975~77 was not. T.e chemical
industry is now confronted with the problems caused by these plants
planned after 1975 on the assumption that demand would return to its
previous forecast levels". European Chemical News, 22 Sept.1978.




- 191 -

within the EEC, whereas Japan has approved some "anii-recession cartels" and
"congolidation plans" to assist its distressed industries to streamline and /or
convert into higher—growth more profitable market areaslg/.

(iv) The difficulty in idlying or scrapping older plants. Despite being '
fully depreciated and considered rather obsolete by modern standards, these
plants are nevertheless kept in production, thus significantly contributing
to accentuate the over-capacity situation while holding down market prices;ljx
However, in the case of expensive plants such as steam—-crackers, the plant
repayment debt burden is so large that industry considers it preferable to
run the plant even a little above the variatle costs than to close it down,
for labour cost savings by plant closure are relatively smallég/. Furthermore,
the close interrelationship of plants within a single complex makes it very
difficult to close down any of the major installations because the economic

effects to be felt by the rest of the plants would be very severe.

In addition to the four reasons given abuve, social and political pressures,
particularly on government-owned companies, make it very difficult, if not
impossible, for them to close down inefficient or unproductive older plants.

In several countries, the closure of cone or two major plants may entail
practically the disappearance of that country's petrochemical industry, which

is politically unacceptable to them.

To sum up, the petrochemical industry is at the same time frail and
regilient. It is frail because the setting-up of a few major plants can
substantially disrupt the balance between supply and demand. It is |
resilient because it is concentrated in fewer large-scale plants whose idlying
or scrapping ®eets with stiffer resistance than that expected under normal 1
market conditions. The magnitude of the investments committed, the quasi=-
monopolistic position of certain companies in their national markets, the |
social pressures .o maintain employment, and the political pressures to

seserve some technological advantages are among the principal factors res-

tricting the free operation of the market.

See European Chemical News, page 6, 12 August 1977, and Chemical Week,
page 44, 7 June 1978.

See Petrofina's P. de Tillese' speech, European Chemical News, page 28,
T October 1977

op.cit.9

Kkt

e
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6.1.1.2 The exportable excedents

Based on the analysis of chapter 2.4, it has been noted that the
international trade in petrochemicals presents three important characteristics:
exports represent a rather small proportion of world production, the main trade
streams are intra-regional, and OECD countries hold in exports a more dominant
position than in world production. Therefore any major modifications in the
world production structure will produce far reaching impacts on international
trade. Some major structural shifts in world production are now taking place
that will affect primarily the OECD countries. From those, the impacts are
being felt more strongly in the EEC countries, for it is one of the world's
largest markets that has the most plant overcapacities.

As has been pointed out in a recent studyél/, the EEC countries will be
receiving three waves of new productions during the next ten years which,
according to the study, will change the EEC countries from a net exporter to
a net importer position.

(i) The first wave will come soon from Eastern Europe mainly through
buy~-back agreements. A recent study by CEFICéﬂ/ on this subject estimates
that from the 28 billion US dollars worth of compensation deals concluded
prior to 1978 an estimated 2 billion dollars[year in payment and products will
be flowing back to the EEC. This amount corresponds to about 60 per cent of
total EEC chemical imports from Eastern Europe in 1977. The study warns that in
these deals "there is far more involved than the short-term support of jobs in
the engineering sector" for there are at stake some 2.2 million jobs directly
involved, and between 6.6 and 10 million jobs indirectly supported by the EEC
chemical industry.

Consequently there is a growing unrest within the EEC chemical industry
and the consideration that 'compensation deals cannot be more than an
emergency solution3 /? The core of the problem is, according to CEFIC's
chairman K. Lanz that "payment is effected by giving an EEC market share to
the buy-~back contract". Therefore if its marketing is arranged in the EEC
by a chemical enterprise, the price level would correspond approximately to
the prevailing price level. If,however, marketing is arranged by independent
merchants with no longer-term committment to the business, there is a grave
risk o. irresponsible pricing, market instability and under-utilization of

existing EEC capacity"

}}/ "Study on the Western European Markets for petrochemicals by Eurofinance",
European and Chemical News, 14 July 1978

34/ European and Chemical News, page 4, 10 November 1978

35/ VAre Fast-block buy-backs worth the price?", Chemical Week, 8 Nov.1978
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MNevertheless, some Italian producers-}i/ see the dcals "as a way of
eventually freeing themselves from the need to make low profit basic chemicals",
that, adds Montedison's Gatti, 'can lead to the harmonious development of
commerce at world level".

‘"hus a promising co-operation effort has started sounding very conflicting
tones whose outcome would have far reaching repercussions.

(ii) The second wave will come from non-EEC VWestern European countries
who are now establishing and ‘or expanding their petrochemical industries,
and would become a net aggregate exporter of petrochemicals around 1985.

(iii) 'The third wave will come from OPLC countries, especially from Arab
countries, and would start arriving in the EEC in significant amounts around
1985 and beyond.

The effect of Eastern European and OPEC imports are feared not because of
their volume but because of their possible marketing channels, "especially if
they enter through independent tradex:s or other channels not having a direct
stake in the present market system‘n"'. Therefore the estimation of world-
wide exportable excedents by region, becomes a crucial issue in the quest to
achieve a lasting co-operation in the pet.rochemical industry.

As an example of this type of analysis, the case of the ethylene is
presented according to the information given in section 6.1 and 6.1.1 and the
general assumptions to estimate plant capacities to 1985 given in section
3.2.1.2. The results concerning the exportable excedents by region, for both
the original and the revised sets of data are given in tables 30 (a) and (b)
for 1980, and in tables 31(a) and (b) for 1985. The results of the calculations
are naturally subject to reservations inasmuch as the reliability of statistics
and projections is concerned. Under these reservations, they lead, however, to
the following conclusions:

(a) For 1980, the original data shows a world potential excedent of
26.2 per cent of installed capacity but an estimated excedent of 13.2 per cent
of the estimated supply capability (85 per cent plant operation rate). The
revised data shows excedents of 29.1 per cent and 16.6 per cent respectively.
These are large figures indeed for excess capacity that give an average world
capacity utilization rate of between 71 per cent to 74 per ceni. In both
cases, OECD countries are responsible for betiween 87 per cent to 91 per cent
of the total excess capacity.

(b) For 1985, the original data shows a world potential excedent of 15.4
per cent of installed capacity but an estimated excedent of only 0.5 per cent
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of the estimated supply capability (85 per cent plant operation rate). The
revised data shows excedents of 18.2 per cent and 3.8 per cent respectively.
In both cases OECD countries are responsible for 61 per cent and 102 per cent
respectively of the total excess capacity.
However, since the resulting average world capacity utilization rate of '
82 to 85 per cent is higher than past records, it may turn out that additional
steam crackers may be needed just to meet the expected 1985 demand. . Furthermore, .
if the current budding market recovery in OECD countries does speed up a bit,
then the world may be facing a potential undercapacity situation. This .
possibility does show that there may be enough room for setting up more
steam—-crackers in developing countries instead of continuing to enlarge capacities
in OECD countries.
(c) The above analysis shows the substantial changes that can take place
in the forecasted figures and hence in the exportable excedents in a little
over one year. It points out to the sensitivencss and the insecurity of
results when taken as an isolated exercise and not as a continuous monitoring
of events. Therefore it becomes indipensable to set up a permanent information
and forecast analysis system in order to achieve a market tranparency useful to
the actors.
(d) The analysis of exportable excedents and its geographical location
should enable the identification of the "hot issues" for the future of the
international co-operation in this industry. The anticipation of problems
is a very reliable way for their timely solution.
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6.1.2 The
prospects of §

As was already explained at the beginning of chapter 6, lasting
co-operation impliee informed partners. This neocseeity concerne not omly the
medium-term future but goee beyond. An improvement in the traneparency of the
markets, the predictability of credible future demand levele, and the develop-
ment prospecte of thie industry based cn the etrategy of the actors, have
become an indiepeneable condition of co-operation. Therefore in order to pave
the way for attaining a future transparency of this industry and its markets,
some of the more pressing problem areas will be briefly reviewed.

6.1.2.1 The ont ting of information on the
industry
This problem area pertains to the continuous and timely acocess by the

co—-operating partners to accurate information on the current situation and
future proepscte of this industry, especially information on preeent and

future plant capacitiee and the evolution of the markete. In this regard,
projecte are more than a declaration of intent, they are the ooncrete opers—
tional form of the strategies of the actors. Thie ie why their identification
and regular acoounting are eseential, as was shown in the preceding seotion
6.1.1 Experience has also ehown that in a world of generalised interdependences
only a world view could provide a clear picture of the complex and dynamic
realities underlying thie industry up to the end of the century. An interne-
tional organisation such as UNIDO oan contribute $o facilitate the flow of this
reciprocal information, but it can only do so with the active support and the
co—-operation of all the actors oconcerned. Such a role has been already
recommended by the global preparatory mseting for consultation on the petro-
cheaical indutnﬁl.

¥/ op.cit.l4
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6.1.2.2 The identification of the strategies of the actors

This requires specific type of information that is not always readily
available because the identification of an actor's strategy involves a defi-
nition of its aims, means, constraints and ways of action. Consequently the
strategies of the different actors vary according to the significance of
those factors. Later on, section 6.2 will attempt to present the elements
of the strategy of the actors in more detail. However, it should be noted
that no lasting co-operation can be achieved without a mutual acknowledgement
of the compatibility of aims. In this regard three problem areas have been
identified:

(a) The increase of the share of developing countries in the world

petrochemical production that reflects a number of conflicting situations
between the claims of developing countries to become world petrochemical
producers and the reluctance of developed countries to facilitate the access
of the new producers to their domestic markets. However, in the recent )
global preparatory meeting for consultation on the petrochemical industr

that included representatives from developed and developing countries, the

need was expressed throughout the meeting to increase the developing countries'
share in world petrochemical production through broad range co-'operatiorx efforts
in a number of areas but especially on markets and technology. Nevertheless
the current conflictual positions of two of the strongest groups of actors,
that of the OPEC countries from the developing countries and that of Western
Europe from the developed countries, illustrates the problem that can be
sumarised as follows:

(1) The OPEC position expressed by its chairman in a recent OPEC
notinrﬁ/. states the OPEC countries decision to become world petrochemical
producers regardless of the attempts to dissuade them to do so. In this
regard the OPEC chairman viewed the viability of petrochemical production in
their countries within the wider context of their socio—eoconomic development.
However, he welcomed the commercial approach of multinational companies, and
pointed out that it "would not rule out the soonomic feasibility of downstream
operations in OPEC countries where a higher comparative ocost advantage was
secure on the one hand a greater absorption capacity of the world market on
ths other hand".

3]/ op.cit. 14
)/ op.cit. in 10 and 11
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(ii) The perception of the future developments of this industry expressed
by several Western Furopean business leaders in last year's meetings of the
Society of Chemical Industry, Continental kuropean Section, in Vienna and the
European Pecrochemical Ass ciation in Venice, have been further clarified by
recent statements from lloechst’s K. Lanz, current chairman of CEFIC, and
Shell's E. Werneréz/, concerning a probable geographical distribution of future
world petrochemical production. Tne business leaders envisage for the late
19808 mdbeyond, that North America, Western Burope and Fastern iurope each
would account for about 25 per cent of world petrochemical production and Japan
would account for a further 10 per cent, despite the construction of more
petrochemical complexes in developing countries, particularly in oil producing
countries. Therefore the developing countries' share in world petrochemical
production during the 19908 may become about 15 per cent, a situation that is
way below the expectations of the Lima Declaration's aim that they should reach
at least 25 per cent of the world industrial production by the year 2000.

(b) The strategies of oil and petrochemical companies

These stirategies show that oil and petrochemical companies hLave been
moving in opposite and potentially conflictual directions:

- the downstiream integration of o0il companies moving from basics to inter—
mediates to end products;

~ the upstream integration of petrochemical companies aiming at achieving a
larger degree of independence concerning feedstocks and basic petrochemicals.

However, with the exception of a few countries, thsre is a good co-ordi-
nation and ‘or integration between 0il and petrochemical companies in most
countries since a number of thoase companies are either government-owned or
government-influenced. Nevertheless a number of the main oil and petrochemical
multinationals do go their own independent ways and the response of both
industries to this potentially conflictual situation will strongly influence
the future shape of the petrochemical industry.

In the developing countries the oil producing countries are finding the
strategies followed by the 0il companies is the logical path for them to
follow, as expressed by OPEC's Secretary General in their recent -aminarig-{
Likewise, the non-oil producing leveloping countries eager to develop their
petrochemical industry may find the stratsgies followed by petrochemical
companies more akin to their own needs.

39/ BRuropean Chemical News, page 4, 9 June 1978 and op.cit. 29, respectively
40/ op.cit.10
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(c) The assured supply of petrochemicals to the markets

Since changes in the production cost structure have shifted the conparative
oost advantages to o0il producing countries at least for basic and intermediate
products, then the problem of the assured supply of those products to existing
markeis becomes crucial if it is to be a real alternative for their potential
buyers, who will otherwise consider enlarging capacities in order to produce
tham. For instance, this assured supply guarantee is one of the important
factors that lies at the root of most buy-back agreements signed between OECD
countriss and Eastern European countries, based on the latter's track record
in keeping up with their contractual committments 1 . As a matter of fact,
the assured supply factor may beoome one of the key practical elements in
implementing a new world petrochemical production structure by regions bassd
on co—~operation between the actors, be they governments and/or companies.

6.1.2.3 The time factor in the long-term prospects of this industry

Ths importance for the developed countries of timely investments and the
need to know the prascise echedule for the on-stream entry of additional
oapacitiss, undsrlies the painful effeots now being endured by their petro-
chemioal industry dus to the excessive over-capacity probleme as explained in
section 6.1.1. Likswiss, the developing countries and especially OPEC
countriss, are dependent on the time factor. In a recent epeech 2, the
Secretary Gensral of OPEC stressed the urge to prepare now the economic and
industrial structure that will support those countries in the future, in ordsr
"{o provids against the day when there is no more oil and gas'.

In the meantime, naw dsvslopments indicate that reserves of oil and gas
appear larger than previously snvisaged, and that a coal-based synthetic fuel
industiry may maks a commercial start-up at the end of the 1980s. Under thsse
changed conditions, it seems that the establiehment of petrochsmical industiries
in oil producing countriee is beooming a race against time. This situation
appears to havs been keenly perceivad by OPEC countries, hence their political
decision to go petroohsmical as indicated in section 6.1.2.2 (a).

Purthermore, the still fast-growing svsr larger investment requirements
for ths same plant oapacity dus to inflation and the skyrocketing inoreases
in equipment and construction coets, urge against further delays in plant
committments if developing countriss are to raise their present low share in
the world petrochemical production during the next two dsoades. This effort
would require active co—operation between the actors involved, at the earliest.

41/ "Are Bast-block buy-backs worth the price?" Chsmical Week, 8 Nov.1978
42/ op.cit. 10
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6.1.2.4 The technological factor

Technology is one of the main prime movers of this industry. However,
current major technologies are at least 10 years oldil/hut at present the
industry is seeing the emergence of new technologies that stireamline the
prooesses, reduce investments and improve the products. These forthcoming
innovations are likely to modify the constraints, the means, and consequently
the strategy of the actors. This is why the need for technological forecasting '
and ths discussions of long-term development alternatives for this indusiry are
likely to influence the projects of developed and developing couniries, in
order to avoid the pitfalls of a chaotic growth in plant capacities.

6.1.3 The barriers to the entrance of new producers

These barriers are objective hindrances resulting from the structure of
the seotor and the market game of the actors. Ths aim of this section is on
the one hand, to realistically appraise the existsnce and level of objective
barriers, and on the other hand, to raise or reduos the level of the barriers
resulting from the actors.

Co—operation implies contributions and countsrparts. The lowering of
entry barriers is a part of the latisr. The entrance of new produocers is not
only benefiociary to ths consumers in their own countiries, but also to squipment
suppliers in the developed countries. As the OPEC chairman aptly said: "After
all, ths world eoonomy is not a zero sum game whsre somebody has to lose for
another to benefit" .

In the petrochemical industry game, however, actors are not subjeot to ths
same constraints and do not disposs of the same means of action. The following
table MW:: general ths analysis of the barrisrs to the entrancs of
new produoers:

(a) Cost advantage for establishsd firme

(b) The differentiation of products (market ssgmentation)

(c) The sconomies of scale

(d) The tsohnological capability (inoluding management and marketing)

(e) Availability of oapital goods

(f) Pinancial requirements

(g) Institutional barriers (tariff and non-tariff barrisrs)

The customary market hindrancss inolw.ll:

(1) The agreements ocovering, among other things, price fixation among
producers, the sharing out of marksts and the commercial organization.

4}/ op.oit. 1

44/ This table has been based on works by J.S. Bain, Barriers to New COuEtition,
Cambridge 1956, Harvard University Prese, and more recent works part arly
by Boger Sherman. The Economio of Industry, Boston, Little, Brown and Co,1974;
Alexis Jaoquemin, Economie Industrisils &og_‘_cnc; Structures ds marché

? gfgﬂﬁu d'En %F ses, , Jean Warie Chevaller; Y "Economie
ndus elle en Question, Calmann Levy, 1977.




(i1i) The leadership effects shown by price fixations by the leading

firms or, under their influence, by collective prices among a group of firms.
(iii) The discriminating effects on a market occur directly through

prices or by the preferences of buyers. These "horizontal" effects are com-—
pleted by "vertical" effects. The latter include the refusal to supply, the
cancelling out of a market, and the squeeze of prices. The squeeze of prices
implies the vertical integration of producers. The simple squeeze consists
in an upstream action on the integrated producer through the jacking up of
prices for intermediate products and feedstocks; the double squeeze consists
in completing the simple squeeze by a downstream pressure on the end products
prices.

A thorough analysis of the interactions of all these elements is at this
stage beyond the scope of the present study. However, a brief overview of the
barriers and hindrances in the petrochemical industry will be given. Figure 9
presents them in graphic form.

6.1.3.1 Nain barriers to the entrance of new producers from
developing countries

(i) The cost advantage of established firms undoubtedly exists and supports

a dissuasive argumentation against the entry of new producers into the sector.
The 0il producing developing countries feel they should compensate this
disadvantage by the lower cost of their raw materials in order to fully benefit
from the recent shifts in the production cost structure shown in section 2.2.5.4.
''his cost advantage may suffice in commodity chemicals provided that suitable
longer term supply contracts are concluded. However in performance chemicals

the situation varies for unless appropriate marketing arrangements are ooncluded,
the cost of establishing independent marketing channels could be very steep
indeed, as shown in sections 2.4.2 and 2.4.3.

(ii) The differenciation of products makes the emergence of new producers

more difficult in connexion with the marketing of a competing product. This
phenomenon is especially relevant for performance chemicals where changes in
the specifications of products may create new markets or the disappearance of
existing markets in a rather short period. This market segmentation has little
influence on commodity chemicals, although new prooesses may change the market
importance of many intermediate products.

(i1ii) The economies of scale. The scaling-up of plant capacities has been

one of the essential characteristics of the petrochemical industry leading both

to a drastic reductionof costs and to a considerable increase of investment costs.
The economies of scale does not play directly the role of a barrier, but it does
hinder potential new producers through the conditions associated with them, such

as cost competitiveness, needs of capital and know-how, management and marketing

etc.
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Figure 9.  BARRIERS TO THE ENTRIFS OF INDUSTRY
AND MARKET POWERS
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(iv) Technological capability. There is a total asymmetry between the

ciuntries and companies creating technological innovation, holding know-how

and having the property of manufacturing processes, and the developing countries,
which own none of these essential elements that could have enabled them to
negotiate from a stronger posifion in the present industrié.l world.

It is appropriate to distinguish the levels of technology trancfers.

The assimilation difficulties are not linear but exponential between trans-

fers of technology for production and the transfer of technological ability that
besides production includes the management of complex units and the reproduction
or setting-up of techknology.

Currently the transfers of technology are rarely refused for commodity
products including bulk end products because of the existence of competing
proceuesﬁ/. llowever, this is not the case for specialty performance chemicals.
Concerning the transfer of technological ability, this has been very limited
and most new producers have had to learn the haMdway, by trial and error.

(v) The availability of capital goods. It is usually possible to buy all

the equipment needed for petrochemical production. However, the developing

countries are finding equipment buying a barrier due to soaring equipment
prices, the difficulties of their balance of payments, and the lack, with few
exceptions, of a domestic equipment manufacturing industry able to supply their
needs. However, the other current modality of buying equipment through buy-back
agreements is at present restricted only to OECD and CMEA countries.

(vi) Financial requirements

This i8 one of the most immediate and pressing barriers that has led to
the delay and/or shelving of many petrochemical projects in developing countries.
Even for OPEC countries the very large amounts to be invested are not without
difficulties and this is compounded a#t a time when most OPEC countries are
having a deficit in their balance of payments although their borrowing ability
and credit rating remain high.

The petrochemical industry is a high-risk industry for developing countries
in view of the large sums committed. If plant delays and/or operating difficulties
do occur, then developing countries may easily find themselves in a very tight
financial bind to repay the large debts incurred on time. At present, there is
no inolusive insurance to shore up the huge losses to be inocurred in oase of
plant failure. Consequently the co-financing of projects through joint-
venture agreements may be a way out of this barrier. In this regard the OPEC

49 "Licensing: are sellers moving more cautiosly?", P.R.Savage, Chemioal
Engineering, 28 August 1978
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countries have olearly stated their willingness to co—-finance downstream
projects in the Arab countries and other developing countriuig/.
(vii) The institutional barriers are the well-known tariffs and quantitative

non-tari ff barriers that countries impose to protect their markets and/or the
petrochemical industry.

6.1.3.2 Main market hindrances
(1) The market _agreements. So far the highly competitive environment

on most OECD petrochemical markets seems to have excluded formal market
agreements among end products manufacturers. The only exception is Japanﬂ/
and the EEC proposed '"crises cartel on synthetic fibres" that has not yet
been approved. However, the social organization of the CMEA countries bestows
considerable market lsverage through their monopoly of international trade.
Similarly, ths OPEC oountries exercise a considerable market leverage on the
fixation of crude oil prices and consequently on the costs of petrochemical
products.

In the above examples the actors are not exercising simply "bargaining
power" but indeed more permanent "structural power"ig/. The developing
countries without oil or large domestic markets are devoid of the elements of
a structural power.

(i1) The leadership effects. The leadership in prices is a strategy whereby

market prices are periodically announced by a leading firm. A variation of this
policy is that of collusive prices practiced by firms of similar size. In those
cases the agreement takss place on a bottom price guaranteeing a minimum profit.
The existence of "barometric firms" in the petrochemical industry is a

fact and they deserve a more thorough analysis. Likewise the discrimination of
buyers through differential price policies axists at all levels such as the oil
policies practiced bty some OPEC countries.

(1i1) The commercial organisation is one of the essential slements of markst

leverage and it is a structural weakness of most developing ocountries, the
projects of which are directed mostly towards exporis to the dsvsloped oountiries.
One of the few alternatives to a main actor's refusal of co—operation in this
field would be to oirocumvsns barriers through the channsl of independsnt

traders, but this solution involves a very ocostly oonfrontation.

op.cit. 10 and 12
op.cit. 30

According to the distinction made by Northwestern University's J.A.Caporasso
"Dependence, dependancy and power in the glodbal system -~ a strucural and
behavioural snalysis”, International Organisation, Wintsr 1978

EE&




(iv) The "vertical' market leverage is based on the production rigidities

of a vertically integrated complex. They include the "squeeze of prices'" and the
refusal to supply.

(a) The price squeeze occurs mainly in two forms:

- The simple squceze happens when for instance feedstock prices rise and an
economic recession prevents their downstream repercussions. It may mean a
pressure on the intermediate products' prices and a vanishing of profits.

- The double squeeze takes place when to the upstream squeeze a downstream

one is added, i.e. the pressure on the final or intermediate price of

products. These complex relations do not only have effects at the interanational
level but also within national boundaries. For instance, the move by oil
companies into petrochemical markets may have two opposite consequences
according to the policies followed through their control of feedstock prices
and the production at the same time of basic, intermediate and end products.
Either they may be tempted to foster higher prices for oil and gas or they
would moderate these increases as producers of intermediate and final products.
Naturally the OPEC petrochemical companies could also, according to the
circumstances, play this alternative.

(b) The refusal to supply is certainly the most effective weapon to attain
market leverage. It has been used in various circumstances‘l?-/. Therefore the
clear warning of the OPEC representatives to resort ultimately to this weapon
if co-operation does not permit the access of the markets in the industrialized
countries, should be taken seriouslyzo“/. Fortunately, however, these extremes
have not been reached and a large margin for negotiations and co-operation

exists.

49/ Among others by the Arab countries in Oct. 1973 during the oil crisis and
also in the home American market by the big oil companies towards
independent refineries and distributors (see Federal Trade Commission,
Preliminary Federal Trade Commission Staff Report on its investigation
of the Petroleum industry. Rapport Jackson 1974)

jﬁf "Ag far as the problem of market penetration is concerned, the producers
emphasize the collective approach as the most effective moans of increasing
their bargaining power. On the other hand they cannot dissociate the market
penetration for their products from their considerable weighi as the major
supplier of crude oil. This means that ultimately the oil producers may be

forced to link the export of products to their exports of crude oil."




6.2 STRATEGY OF TIE ACTORS

6.2.1 Actors and power relationships

6.2.1.1 Conceptual approach to power relationships

Within a simplified framework, the power relationships evolve from conflict-
co-operation tensioné between actors that involve,basically, direct or indirect
negotiations. The object of the negotiations comprises all the clements desired
by the actors such as entry to markets, market shares, financing conditions,
supply of feedstocks and petrochemicals, transfer of technology etc.

In order to better understand the significance of the power relationships
that are taking place in the petrochemical industry, the following concepts
will help to clarify the nature and characteristics of those relationships:

(a) Power positions of the actors: considering that in order to assume

the role of an actor any organization, group or individual must have an object
of negotiation, there are two main power positions available:
(i) bargaining power, that involves the actor's possession of part
of, or access to, an object of negotiation;
(ii) staying powe;}—*,implies the dominant possession and or control

of an object of negotiation.

(b) Approach to the negotiatiun: comprises two main categories of

thorough preliminary preparation by the actors in order to use their relative
power positions advantageously:
(i) strategic posture, implicitly or explicitly enounced, and the
accompanying tactical and operational measures;
(ii) 1lack of strategic posture, having only overall planning that
aimg at implementation through tactical and operational measures.

(e) 1ypes of actors: include two main categories of actors according to

their ability to polarize the development of the negotiations to their
advantage:
(1) primary actors who are usually those who have staying power
and approach the negotiations through stategic postures;
(i1) secondary actors who are usually those who have bargaining
power and approach the negotiations with or without strategic
postures.

51/ This concept is akin to that of structural power, op.cit.4B
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Based on thess concepts, the following types of power relationships can
be evolved within the conflict-w-operation framework:

Nain types of power rolation-hig between actors

Power relation Characteristic Conflict—co—operation framework

staying/staying ...... mutual respect ......... lasting co-operation
$CO-OPERATION AREA
bargaining/bargaining.. agreement .............. contractual co-operation

'tvlu/muniu veses latent oonflict seso00see l“tiu mniii FLICT AREA

In the practical application of this scheme three major problem areas
arise due to the dynamism of the power relationships and their epeed of change
in time, when actors manouvre tc maintain or shift their relative power
positions and strategic postures:

1. Degree of abstraction in identifying the actors ocomcerns the
identification of the specific actors involved at a level of aggregation that

becomes meaningful for the analysis. This is specially relevant in assessing
the effective resources available to the actom in order to determine their
particular power positions.

2. Degree of relativity involves the varying power levels between one

actor and each of the other specific actors for every object of negotiation.
3. The complexity of the negotiations, for it usually involves a
number of objects of negotiation that are closely intsrrelated in complementary

and /or antagonistic ways.

As a result of the above, the negotiation struggle becomes a complex
matter whose outcome, within a time perspective, is diffiouls to predict
although it is usually possible to envisage its main altermatives for
appraisal. The outcome of the struggle is influsmed by a number of factors
such as the ranking of the objects of negotiation, the quality and completenesa
of the information, the accuracy of the actor’s reading of reality, the nego-
tiating ekills, the degree of committment and risk taking, the resources
involved etc. Therefore this section aime at presentiang a first analysis of the

dynamice of the petrochemical industry through the assessment of the power
relationshipe between the actors.

6.2.1.2 Main actors

Based on the economic weighting analysis presented im seotion 4.3.2.2
the primary actors of the petrochemical industry were idemtified. Ths most
important actors are the following:
(i) The government of developed countries of market ecomomise
(ii) The government of developed ocountries of oentrally planned economies
(1i1) The government of 0il exporting developing countriee

(iv) Ths government of non-oil sxporting dsveloping countriss but with
large domestic markets for petrochemicals
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(v) The oil multinationals
(vi) The petrochemical multinationals

These actors are usually organizations, governments, common-interest
groups and individuals whose relative power positions, expectations and
intentions determine the duration, intensity and type of the power relation-
shipe between each other. These relationships usually evolve within a
framework of oomflict—co-operation according to the degree of concurrence or
disagreement reached by the actors.

As a result of the above, most actops implicitly or explicitly determine
their actions in terms of strategic postures that could be cnounced by them
and /or perceived by the other actors. The 3trategic posture indicates the
ways (decisions, major action programmes) in which actors intend to use their
means (the resources available to the actor) in order to achieve their
aims ‘objectives amd overcome their constraintes.

It presents a conceptual approach to the actors and their power relation-
ships, the main eoconomic gameboard areas of this industry, and the perceived
strategies of the ma. -~clors.

6.2.2 The maan aconomic gameboard areas of the petrochemical industry
Ths main imtemal and external factors that affect thiz industry can be

grouped into four ecc uic gameboard areas: markets, production coste, raw

materials and eoomoa: tfinancial aspects.
6.202.1 .".a.'k('tl

The prinoipal factors of this gameboard area are the folliowing:

(1) Market growth that shows the differing growth prospects for the main
regions. In this regard, the developing countries, despite their overall
sconomic difficulties, stiil keep a dynamic market growth rate in petrochemi--
cals although a bit below the rates achieved during the 1960s. This is
sspecially true for the more advancsd developing countries ant reflects the
fact t.at the substitution process of petrochemicals for natural products 1is
fir from being exhausted.

Likewise, Bastsrn Europe still has sizeable potential murketa for petro-
chemicals growth through substitution of natural products. Furtherwore, the
substantial new capacities under construction may spur this growth further
when part of this additional production becorwe shortly available in their
domestic markets.



The market situation in the OECD countries ie relatively etagnant for
the peak 1974 demand levels are just being regained in 1978 in basic products
and many end-products but plastics. The latter has shown good growth pros-

pects especially in the United States. However, the situation is not the
same in all OECD countries. .Japan is looking to further growtih prospects
through a production restructuring that concentrates on specialty products
at home while internationalizing its production structure of commodity
chemicals. Western Furope's market growth prouspects look dimmer due to a
deep structural change (large plant overcapacity, greatly depressed prices,
rreater maturity of its petrochemicals substitution process, anticipated
increased competition for domestic and export markets from other emerging
producers etc), Lhat may change the EEC countries of this region from being
a net exporter to become a net importer of petrochemicals some time during
the 1980s 5_2,/ The United Utates shows good growth prospects ahead, specially
in plastics, as a result of the industrial drive towards energy conservation
spurred by the large 011 price increases of 1973. This drive has brought
about a deeper market segmentation and the emergence of entirely new markets
such as fiber optics and thermoplastic elastomers il/

(ii) Changing patterns of consumption that point to deeper changes in

market outlets for the main end products based on three new trends:

- the emergence of plastics as the most desirable manufacturing material for
it became a more energy-efficient material to produce and to tramsform by
the processing industry;

- the evolving of a new market eegmentation where general purpose end
products became more '"commodity" chemicale along with the basic and inter-
mediate petrochemicals, while a faster-growing and more profitable market
segment of performance chemicals is coming out made up of specialty products
such as special-purpose bulk resins, engineering thermoplastics, composite
materials and other emerging new markets.

- the economic evaluation of manufacturing materials in terms of cost/
performance advantages for specific processing industries and not omly in
terms of lower coste or performance advantages as was customary in the past.
This trend may spur a new round of product substitutions both between
petrochemicals themselves and against such bulwarks as steel and steel alloys.

2/ "Eurofinance's study on the situation in the Buropsan psirochemicals market”,
Buropean Chemical News, 14 July 1978.

53/ "What ie happening in the US plastics indusiry", Nodern Plastios Inter-
national, July and October 1978.
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(1ii) Access to the markets, reflects the legal to0ls and business
practices used by actors in order to assure supplies to the markets and,or
obstruct the entry of newcomers to existing markets. They include tariff
and non-tariff barriers, marketing arrangemenis, licensing and trade mark

restrictions etc., a8 shown in section 6el.3e

6.2,2.2 Production costs

Two main factors play the leading roles in this area:
(i) Shifts in international production cost advantages that reflect

the major shifts towards the predominance of variable costs over fixed costs
and shown in section 2.2.5.4. This gives an important production cost
advantage to feedstock producers specially concerning commodity chemicals.
These shifts favour oil producing countries and the oil multinationals
that are the major refinery operators. Nevertheless, this leaves the
question open concerning the ability of those actors to take full advantage
of the production shift, specially concerning rragtructural cost and techno-
managerial capability.

(1i) The role of technology that customarily gives the edge to check

raising production costs,streamline processes, valorize co-products, reduce
investment costs and further market developments. Usually the dominance

over this factor is one of the main sirengihs of petruchemical multinationals
although some oil multinationals are becoming strong in this field specially
concerning commodity chemicals.

6.2.2.3 Rew materials

This area deals mainly with the threshold of economic substitutability
betwsen competing feedstocks that have a hydrogen to carbon ratio of around
2, and the life span of their recoverable reserves at the expected consumption
levels.

Current developmentis point out that 0il reserves may be larger than
previously estimated, that LPG production will be in excess of demand in the
medium term, that natural gas reserves may be several times larger than
estimated as technologies able to tap gas resources other than from dry gas
fields become commercially available, that some coal liquefaction technologies,
speoially direct liquifaction processes able to produce fuels and chemical
feedstocks are already in the large-scale pilot plant stage and may become
commercially available by the end of the 19808, while further developments on
oil shale and biomass conversior. technologies inay make them effective contenders
in supplying chemical feedstocks by the end of the 1990s.
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6.2.2.4 Economic and financial aspects

The principal factors of this area are the following:

(i) The inflation factor that makes cost accounting and cash flow

generation for new fast-growing investment needs much more difficult to
undertake, while current depressed prices of petrochemicals do not help
senerate enough cash flow for majority self-financing of new investments as
was custonary in the past.

(i1) Effects of fluctuating currency exchange rates, that is producing

a shift of petrcchemical investments irom Western Lurope and Japan mainly to
thin United States because of substantial depreciatiomof the Unitad States
dollar in recent years against other major OECD currencies. The fall of the
Inited States dollar has resulted in substantial investment savings for other
OEZD investors engaged 1n business transactions in the United 3States.
However, in general, developing countries do not enjoy the same inveatment
attraction for GECD investors since most of the equipment needed for petro-
chemical production i1g& i1mported anyway, thus they do not provide an invest-
ment advaniage comparable to that of the United States.

(iii) Speculative behaviour: the previous two factors have created a

speculative behaviour in o1l and petrochemical multinationals in order to
use more cfficiently their cash flows, both as a hedge against inflation and
18 an extra source of in~ome. This may explain ihe care with which these
actors are acreening future investiment programres,specially in developing
countries, where once favourable corditions may change almost overnight.

(iv) Financing has become a difficult problem for all but some OPEC
countries and 0oil multinationals. This situation is a major problem especially
for non oil exporting developing countries that have medium—sized markets and
balance of payments difficulties. However, developing countries with larger
and dynamic domestic markets protected by adequate trade barriers continue

attracting petrochemical investiments.

6.2.) Perceived strategies of the main actors

6.2.3.1 Perceived aims ani power positions of the main actors

The perceived main aims and relative staying power positions of the
primary actors of this industry at a very broad level of aggregation are as follows:
(1) The governments of developed countries of market economies have a
perceived aim of encouraging new investments and/or plant capacity retionalisa~
tion programmes, with increasing regulation of the petrochemical industry by
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environmental , social, health hazard and industrial security issues. Their
staying power is based on the setting and applying of the economic rulee of
the game for their countries, their capacity to spur or depress their own

and the world's economies, and bargaining power in dealing with other
governmentis.

(ii) The governmentc of developed countries of centrally planned economiee
have a perceived aim to accelerate their industrial development to cater for
their population'’s expectations in raising living standards, and to achieve
growing exports 1in order to finance a Bizeable part of their needs to import
technology and equipment. Their staying power is based on their almost total
corntrol of the economy, resources and priorities, and bargaining power in dealing
with cther governments and with multinational companies especially within the
buy~back agreement framework.

(i1i) The governments of oil exporting countries have the perceived aim of
making a downstream integration of their 01l activities from basic to inter—
mediates to end petrochemicals, and to get favourable access into the larger
markets of the developed countries in order to secure outlets for their future
petrochemical output. Their staying power is based on the control of most
world flared gas and oil exports, and their large financial resourcee and
bargaining power in dealing with other governmente and 0il and petrochemical
multinationals.

(iv) The governments of non oil exporting developing countries but with
larger domestic markets for petrochemicals have the perceived aim of speedily
meeting their domestic demand and to export if feasible. Their staying power
is based on their control of the access to their domestic markets by external
euppliers, the setiing and applying of the economic rules of the game for their
countriee including government support and incentives for this industry, amd
bargaining power in dealing with other govsrnmente, 0il and petrochemioal
multinationals, and financial organisations.

(v) The oil multinationals have the perceived aim of diversifying their
resources to become energy companies and to find profitable outlets for their
large cash flows. To this snd, 0il companies are diverting a larger portion
of their investmente to downstream petrochemiocal operations from basic to inter-
mediate to "commodity type" end petrochemioals. Their etaying power ie based
on the ocontrol of a variety of feedstocks some of which may be cheaper than
others at any given time,and their advantage,through further processing, in
upgrading the sales value of return streams from steam crackers based on liquid
feedstooks. Murthermore, this feedstock cost preponderance enables them to take



full advantage of the major shifts in the international production costs

shown in section 2.2.5.4, thus extending their cost edge down to the main
large tonnage thermoplastics. Their staying power is enhanced by their
large self-financing capability, their control of basic petrochemical
markets and their fast growing market share in several intermediates and
"commodity type" end products. They have bargaining power in dealing with
governments.

(vi) The petrochemical multinationals have the perceived aim of becoming
specialty producers of end petrochemicals in order to achieve higher market
growth and enhance profitability and cash flow. Their staying power is based
on the control of sophisticated technologies, a still dominant market share
of end petrochemicals, the excellent co-operation track record with the
processing industry in order to develop new market segments and custom-—made
grades of polymers, resins and compounds more cost-advantageous for that
industry, their strong customer service organizations, and their competitiveness
in terms of cost efficiency through their closely integrated operations and
the production of a full range of end products. They have bargaining power
in dealings with gcvernments, and with oil multinationals concerning feedstocks,

basic and intermediate products.

The above analysis shows that not all the actors' staying powers are
equal but that within each broad category of actors there are many individual
actors that have conflicts of interest with another. Therefore the interplay
between individual actors does produce a number of mixed conflict/co-operation

situations where one or the other prevail.

6.2.3.2 Some perceived power relationships

Although the analysis of the main power relationshipe between primary
actors is not yet completed, one simplified example of this analysis shall be
given to illustrate its application. The power relationships between 0il and
petrochemical multinationals conform to a pattern approaching lasting co-opsration,
where the strength of their respective staying powers is basically complementary
and not oonflictual, and it is characterised by a mutual respect. This
situation is reflected in their long-standing involvement in basic product,
where oil companies through joint ventures and/or supply arrangements do provide
the lasrger portion of the petrochemical industry's needs for basic petro-
ciemicals. This situation is practically generalised throughout the world with
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the exception of several United States petrochemical companies (that have basic
olefins production based on associated gas) and some EEC petrochemical companies
(that, as in ICI's case, produces basic petrochemicals in collaboration with
Phillips Petroleum at the 0il refining end)ﬂ/.

Since the large oil price increases of 1973 that brought about a shift in
the production cost structure linked to large plant overcapacity in OKCD
countries, coupled to depressed market prices, a potential area of conflict
came forth in the major bulk thermoplastics. The response of both industries
that emerged recently does reflect the co-operation power relationship between
them: the gradual separation of plastics suppliers, thosc who primarily handle
commodity-type resins (generally oil companies) from those that concentrate on

specialties (generally petrochemical companies)ﬁi.

6.3 CONCLUDING PROPOSAL TO SPUR CO=OPERATION Ik w115 PELUROCIEMICAL INDUSLRY

After assessing three alternatives that explore the possible participation
of the petrochemical industry in achieving the 2% per cent of total world
industrial production by developing countries in the ;ear 2000 and presented
in the previous chapters of this study, the conclusion is that the only way of
attaining a 25 per cent share or higher is through a high degrece of co-cperation
among the countries,

The preceding sections of this chapter 6 show, on the other hand, that the
forthcoming years will be under varying tensions 'mong the
actors. The current outlook points out that market realities and the pro jects
of the actors dwell more in the conflict area in the hort term but have interesting
possibilities of co-operation in the medium and long term. Neither conflicts nor
co-operation are irreversible, but of the two the latter requires more sustained
efforts to bear lasting fruits. Co-operation then becomes the outcome of the
images of the future as perceived by the actors and the efforts at organizing
these actors in co-operative rather than conflictual ways. This organization
implies continuous action backed by information systems, by consultations,
and by a progression towards a global transparency of this industry able to create
consensus for joint action.

A proposal to actively organize co-operation is suggested here below. It
comprises four stages:

(a) The establishing of a working group to set up a reliable information
system and achieve medium-term market transparency.

(b) The analysis of the actors' strategy.

$4/ "0il and/or chemical refineries", W.C. Thomson, Hydrocarbon Processing,
February 1978.

55/ Modern Plastice International, August and October 1978, pages 4 and 38
respectively.
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(c) The elaboration of alternative scenarios or comprehensive images
of the future.
(d) The selection of a reference scenario that includes the analysis of
the ways and means for its implementation, and the search for a global
consensus for further joint action.
These stages are briefly described as follows:
(a) The establishing of the Working Group has already been recommended
by the Global Preparatory Meeting for Consuitation on the Petrochemical Induatryi-/

including its suggested terms of reference and potential membership. Doubtless
the representative character of this Group would lend it authority to validate
information and elaborate forecastings.

(b) The analysis of the strategies of the actors involves the identification

of the actors' projects, perceived strategies and probable evolution. Ite sim—
plified analysis has been shown in section 6.2. A more systematic approach
would consist of the following steps:

(1) the identification of the variables of the petrochemical industry

(ii) to classify them in "mover" ard "dependant' variable:

(11i) to select the key variables of this industry

(1v) to formulate hypotheses on their evoluticn .

All primary actors are usually among thz most important "mover" variables ot
this industry. The remaining key variablea correspond to factors whicn are cons-
traints or means of action for the actors concerned. Their interaction would
determing the compatibility or incompatibility of the actors'® projecis

(¢) The elaboration of scenarivs. laking tihe hypotheses of the evolution

of the strategy of the actors as a starting point scemarios woulid be elaborated.
It should be noted that a scenario 1s not a simple 1image of the future but the
coherent combination of several hypotheses. A scenario is not, theretore, =
simple extrapolation directed by a main hypotheses,for the future is not always
taken into account by the trend alone. It depends on the explicit projects of
the actors. It can tend to one aim (for instance the aim of the Lima Declara-

tion). There are several types of scenarios, such as the tendencial scenarios

(the future is the continuation of the past although it can be unacceptable by
the developing countries interested in a structural change in the petrochemical

industry), the normative scenario (inspired, for instance, by the Lima Decla-

ration) and the most probable scenario resulting from an objective analysis of

the constraints and implementation possibilities.

56/ op.cit. 14, draft report, 29 November 1978
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(d) From this moment the negotiations would consist in choosing a
reference scenario, midway between the normative and the most probable, and
trying to get as close as possible 1o the normative scenario (assuming naturally
that the normative scenario and the nost probable would be different).

The conditions for the realization of this reference scenario would then be
analyzed and submitted for discussion by the actors. It would include a proposed

plan of action concerning co-operation in production and trading, transfers of

various types includirg financing, as well as a programme for the progressive
development of the petrochemical industry in the developing countries.

The choice of a reference scenario would already reflect a certaln degres
of consensus among the actors. lHence, a sectoral plan of action may take the
form of an indicative contract for the development of the world petrochemical
industry.

When considering objectively the barriers, the markeil powers, tte respective
constraints and strengihs of the various actors, the genera! corclusiorn 1s that
the joining in the petrochemical industiry of new producers cculd oe stoppei witr
difficulty should there be an intention in this direction. A discarston Lve D
ihe entry or non-entry seems to be u Wroni approasn: the real protlem us
which conditions tn1s ioiniag will take place. 'The alternat. v s trher2iors;
gither this participation wi.l be sontlietong, Wile 2 conirortaticr worsening
the market conditions anl Likeiv 1o croatl o cnadtiC £ibualicn, or it will b=
co=operative, thzt :s nepollated 1n an exchange of concessions on the peretration
of certain market:, the new producers actepiinsg a certiln discipline 1n productac
and marketing. Ac this study underlines, serious proolems of expGriable curp. .
exist tor certain products. fhe situation in 1984 appears, however, oo dramsatlo
as ceartain analyses imply. Beyond that date the ruiare depends malnty o ¢noaintews
national relations either of concensus or ot conflict,

The study suggests also that the regional framework iu not ithe adequat .
dimension for a market regulation. 1he pruper dimensicu is uct veglonal L
global .

It might sound paradoxical ito propose widening this fram. although the Ovar-
whelming difficulties of reaching consensus on a more restrictod scale ars fnowin,
such as the EEC market and the debates between the followers of froe trace and
those in favour of trade control. Precisely these contradict.ng oeints of view,
however, show that there are consensus possibilities witnout n:in; obligmed T2
resort to oontrol at th: borders between countries .

The borders of the petrochemical industry, at the time of generalized
inter—dependences, are on a worid scale,iherefore it 1s the petrocherical project

that should be the object of a negotiation. In fact,the petrochemical industry




sinould be co-ordinated as a whole, the non-consideration of the inter~dependence

linkages would risk to destabilize the best established regional or national
projects.

It is also clear that the sole agreements at the enterprise level are not
sufficient to overcome the problems. The guestion is not that of an ideological
preference but a matter of fact: the existence of national enterprises (parti-
cularly in the OPEC countries) and the recognition of the petrochemical industries
45 a seclor of national interest.

Consequently the idea of an indicative contract for the development of the

world petrochemical industry comes up. The question would be to elaborate and

negotiate amons the interested actors an indicative medium- and long-term reference
framework for the development of this industry.
- This framework would include updated information on the projects and the
prospects of the market.
- It would work out a schedule, as precise as possible, of the commissioning of
installations and of the excedents to be exported.
- [I1 would contain a negotiated market sharing out objectives for the petro-
chemical products exported by the developing countries.
- It would contain agreements on marketing policy including market channels.
-~ This "contract” would be neither a plan nor a programme in its economic sense
but would assume the role of a "doubt reducer".
- This very flexible framework will not be substituted for national or interw
enterprise bilateral agreements for which,after all, there is no substitute.
it would serve, however, as a reference framework to direct particular agreements.

In order to be operational, such an agreement should not remain at the level
of principles and generalities but be based on an in-depth appraisal of the markets
for the main products and their prospects, the analysis of which was only out-
lined in the present study. It necessitates also the devising of a method and a
step-by~step progression, which would, under certain circumstances, be linked to
the various stages of the UNIDO world-wide consultations on this industry.

UNIDO is aware of the still general character of the proposal and of the
embitious scope. It is, however, also convinced that without an effort of
inventiveness it will not be possible to solve the accumulating problems. The

new economic order has still to ba created.
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fapex ¢ - \Morld epergy consusption

Total % share in total
consumption
Year Million ton
oil equiva- Cruds o4l Natural gas Solid fuels Uthers
lent
1862 3133 ©37.3 13.8 42.7 0.4 l
1068 4 538 43.0 16,3 .4 6.3
1972 5 857 4.5 17.9 29.2 6.4
1973 6 039 « 7.5 17.8 20.5 6.4
19751 8 155 43.9 7.0 3.7 7.4
1978 6 433 44,0 7.0 3.2 L 7.3
1985 » .
forscast 9 820 48 1 27 10
. -

® Corresponding. to & 520 million ton 01l equivelent. Lower estimetes for

energy consumption will sllow seving about 300 million T.0.E. of crude
oil. Then crude oil shere would be reduced to 44 %,

[ —
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fanex 3 - Mpergy requirements - Fingl prodycts

Tons 0i] esquivalent required for *

1 million fertilizer bage
Polyethylesne bags 470
Peper bags ) 700

400 hilometers of 1-inch
dismeter service pipe

Polyethylens pipe t ¥4
Copper pipe 1]
Galvenized steel pipe 232

100 hilometers of 4-inch
diameter dreinage pipe
with fittings

P.v.C. pipe 380
Asbestos cement pipe - 400
c-it¥tron pipse 1 970
cioy pipe 800

1 million liters
PVeC | L
Sless . . 230

® tnsluding both rew materiel end energy for processing

govrge ¢ ICI Plastics Divisten
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Ethylune

Propylene
Butadicna, butenes
Benzene

Tolusne

O.xylene

Mixed xylenas
Styrene '
Methanol

Phtalic anhydride
Ethylene glycol
Formeldehyde

Acstone '
Cyclohexans
Caprolactame
Acrylonitrile
Oimethylterephtalate
Synthetic detergents

Styrene-butadiens rubber

Polybutadicne rubber
Synthetic rubber
Acrylic fibres
Polysmido fibres
Polyester fibres
Synthetic fibres
L.0. polyethylene"
H.0. polyethylene
Polypropylens
Polyvinylchloride
Polystyrens

0.7
0.8
3-4
5.4
12.7
14.14
5.8
8.3
8.8
8.9
1.0
1.5
5.7 |
9.0 |
9.5 1’
8.4
5.9 |
4.5 |
1M - 18 |
12.7 |
18.0
> 14
> 14
> 8
15.2
4.4
20.7
20.1



Ethylenu
Propylene
Butadiene (rubber
grade)

Banzene
0. Xylene
P. Xylone

Methanol

Ethylenoc oxide
Vinyl chloride
Styrene
Acrylonitrile
Cepudactam

onY

TPA

Adipic acid

L0 polyethy une
MD polyuthylene
Polypropylens
PVC

Polystyrenea

Polybutadiene
SBR

Polyamid .
Polyestar
Acrylic fibers

Alhylbenzene

Synthetic orgenic
chamicals of which:

« Plastice

50.5
79.5
839.5

$1.5

80.5
58.5
47.5
36.5
n.a
186
n.s
8.5

88.5
82
86.5

83.5

74
79

n.e
Nl
n.e

1.9

5.9

« Synthetic rubber 081.8

¢« Surfsce-gsctive
agent

SEthylene glycol

53.8

82
72
59

6s
73
78

72

20
48
72
100
48
82
53
N.0

100
82
83

100
80

100
27

N.O
n.s
n.s

100

]

77
82
5@

50.5
62.5
58

97

18
49
8s
74
] ]
50
L1
n.a

100
100
100
92
L1

100
77

N.d
N.o

100
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Appex 12(b) - Centrect prices indeges

et Rl AR B
ETHYLENE 100 280-345 | 310-340 290-2350
PROPYLZNE 100 200 325 310
BUTAD IENE 100 260 290 255
BENZENE 100 350-380 | 435-470 370-4G0
NRTHOX YLENE 100 405 425 28C
PARAXYLEE 100 160 375 350
PHENCL 100 395-465 4€5-475 316-375
ACETCNE 100 290 420 320-3/0
PHTALIC ANHYDRIDE 100 420 370 210
DIOCTYLPHTALATE 100 215 290 225
STYRENE 100 300 360 240
ETMYLENE OXZDE 100 110 250 250
LOW-DENSITY POLYETHYLENE 100 130-160 185-210 165-185
MIGH-DENSITY POLYETHYLNE 100 170 185 160
FOL.YSTYRENE 100 135-150 180-250 180-240
PO YPROPYI.ENE 100 140 150 130
P.V.C. 100 135 170 158
NYLON YARN 100 135 115-120
POLYESTER YARN 100 100 78
ACPYLIC FIHRE 100 130 105
S.B.R, (Early 1673) 100 140 187 178

310-475
253
280

280-47%
a2
210

106

115-172¢
150
140-170
118
145
80-85
60-70
90-85
175

Searce: Duresesn Ohemical News, 3 Ootober 1975
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Anpex 15 ~— carbons required for the manufacture of petrochemicale -1
millions of TOE
Feesdstoch Net utilities | Total 0f which
REGIONS OF requirements |requirements requiremants |[Hydrocarbons
e Lo et e Crecremical
as by productsj amonis
WESTERN EUROPE 112.4 29.1 141.5 (15.4)
EASTERN EUROPE 88.9 12.7 81.6 (27 .9)
NORTH ARER ICA 129.4 29.4 158 .8 (19.7)
LATIN AMERICA 21.9 6.9 28.8 ( 4.8)
AFRICA 8.5 2.5 12.0 ( 2.8)
CHINA 16.7 4.4 21 1 (10.5)
MIDOLE EAST 8.5 2.8 1.1 ( 1.4)
EAST ASIA 1.3 3.8 15.1 ( 1.7)
JAPAN 38.3 11.4 50.7 (1.9)
SOUTH ASIA 22.5 4.3 26.8 (11.3)
PACIFIC AREA 4.3 1.4 5.7 ( 0.8)
TOTAL WORLD 444 .7 108.5 §83,2 (96.0)
—— - -

Caude ol
Gas

4520 million tons
1730 million TOE

NOTE : Woald hydrocarbons requined for all purposes
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ex 1 - Investmsnt regquiremont estimates
ions o [

AREA UP 70 1980% ' 1980 - 1985
WESTERN EUROPE 14.5 14.9
EASTCRN EUROPE 8.7 - 132
NORTH AMERICA 12.8 27.2
LATIN AMERICA 5.8 15.3
AFRICA 1.2 5.8
ASIA

MIUDLE EAST 2.2 5.7
EAST ASIA 3.5 | 5.3
IAPAN 4.8 8.1
SOUTH ASIA 2.4 10.2
PACIFIC AREA - 9 2.9
TOTAL ' ' 55.0 108.4

® Correspunding to the plants that will start up beforo 1981
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Mooz 19 - o

on curreat prioes

Share of present price Share of present price

sxpected to vary with sxpected to vary with

crude oil price % overall inflation %
Ethylene 50 50
Propylene 50 $0
Butediene S0 S0
Benzene 50 50
Oxylene S0 S0
P. Xylene - %0 50
Styrens 40 80
onT 30 70
Acrylonitrile 33 LY
Ld Polyethylens 29 71
Polystyrens rd ] 72
Polyester fibres 17 s

Acrylic fibres 1 o4




Anpex 20(a) -

QpP wth

theses, 1 2000
percsntage per year

Hypothesis  Hypothesis Hypothesis
Region A B C
Westsrn Europe 2.9 4.5 3.4
Eastern Europe 2.9 4.5 4.2
North America 2.9 4.5 3.4
Latin Amerioca 6.3 Sed 5.1
Africa 6.8 5.9 5.2
Asiat
Niddle East 7.8 6.8 5.9
Bast Asia 6.9 5.9 5.2
China 6.9 5.9 5.2
Japan 2.9 4.5 3.4
South Asia 6.8 5.9 5.2
Pacific area 2.9 4.5 3.4
Total world 4.0 4.8 4.0
Apmex 200b) - W
peroentage
Inter-regional Internal market
co—-operation opening of the Kinimum
among developing developed ooun- economic
oountries tries to imports ogpecity
Hypothesis A 90 10 High
Rypothesis B 20 2 Low
Rypothesis C 60 rd High
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