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INTRODUCTION

The Lime Declaration snd Plan ol Action on Industrial Development and
Cooperation, adopted in Murch 147 ., give UNIDO the mandate to explore ways
tor increasing the shure ol the developing countries to at least 24,. ot total
world industrial production oy the year 2000, This mandzte poses two proctical
provlems:s one, to explore the participation ot esch industrial sector in
achieving the 2y oi total worid industrial production, ~nd, two, to appraise
the magnitude ot the resources needed lor its attainment.

This report relates to the study o both provlems in the petrochemical
sector., The report nddresses itsel. to the Uirst problem by analysing the

world situation nt’ the petrochemicnl industry, its structure and its evolution

rom the past up to the year 2000, Concerning the possible shuare oi the
developing countries ir the total world petrochemical production by the year
2000, three altermatives nre an lysed, ranging irom the continuation o! the
present corilicting situnrtio up to the degree o1 cooperition required to
iichiere the Lima target ond seli-sufticiency.

Concerning the secord problem, a world petrochemical model was developed
that is able to simulate Iore=range situations, The three alternatives
mentioned 2bove were processed and duly quantiried in order to measure the
resources needed by e-ch o. them. The consequences ard cooperntive erfort
required in each case are also presenzéd 30 that both developed and developing
courtiries may become cware ol the impfications and serious commitments that
might be made in implementing any ol these alternatives.

Nevertheless, the three alternatives presented are only some among many
others possivle and the petrochemical model was constructed to simulate the
techno-economic relationships of the petrochemical industry to be used in the
rirst consultation meeting on petrochemicals in order to get a reedback rrom
the participants. We are otten aware that a model is an abstraction thet orly
partially simulates reality although it gives usetul techno-economic predictions.
Current on-going work would give a closer approach to reality by using futures
research techniques based on scenarios., These scenarios are built on the
physical structure ol the industry; on the specitic aims, progrommes and
intentions ot the actors (organizations active in the world petrochemical
industry): and on the opportunities and constr-ints existing or becnming
existent through the actions o: the actors.,

The -~ppraisal oi the three altermntives shown and the rormulation of

other hypotheses would be the themes fnr scenarios. Once the -ppropriat:
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t'eedback trom the participants is received, ICIS would be in a position to
prepare the corresponding scenarios ior the tolloving consultation meeting
on petrochemicals. The study presented in this report is o! the policy type
and is addressed to policy-makers and decision-makers whose decisions and
actions will shape the iuture development of this industry., Its scope is
limited to the four main large-tonnage end-product petrochemical ramiliess
plastics, ribers, elastomers and detergents, along with their corresponding
intermediate and basic products. The figures gi'ren are based on the internal
information scurces o. our technical consultants Bureau d'etudes industrielles
et de coopération de 1'institut frangais du pétrole (BEICIP) unless otherwise
referenced.
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LIST OF ABBREVIATIONS

LNG = liquid natural gas

LPG = liquid propane gas

HDPE = high density polyethylene

LDPE = low density polyethylene

PVC = polyvinyl chloride

SBR = styrene butadiene rubber

PP = polypropylene

Syndets = synthetic detergents

PS = polystyrene

EEC = European Lconomic Community

EFTA = European Free Trade Association

CMEA = Council for Mutual Economic Assistance
TOE = tons of cil equivalent

ABS
DDB = dodecil benzene

acrylonitrile butadiene styrene resins

GDP = gross domestic product
MVA = manufacturing value added
DMT = dimethyl therephtalate
TPA
O-xylene = orthoxylene

therephtalic acid

P-xylene = paraxylene

VCM = vynil chloride monomer
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1, MAIN FFATURES OF THE PETROCHEMICAI INT'STRY

The petrochemical industrv is prowing constantly, World production
rose from a few hundred tons in 1920 to 1.% million tons in 1950 and
now exceeds 70 million tons; this rate of growth is one of the

swiftest in industrv (14 per cent a vear).

Tts dvnamism stems primarily from its highly competitive position

in relation to c*her artificial and natural products.

This indurtry finds its markets in several industrial sectors, in

that it provides them with basic material.

The petrochemical industry is a complex, diversified indurtry with

a multiple choice of alternative products, techniques and raw materials.

The petrochemical! industry has to compete with other sectors in

obtaining its supplv of raw materials,

The production of petrochemicals necessarilv involves the application
of technologies which may te highly complex and which are generally
owned by companies involved in manufacturing or else in research and
development who are, however, in most cases prepared to make them

available under licence.

Obligatory derivation of all high- tonnage petrochemicals from the
basic petrochemicals, i.e..02 and 03 olefins, C(, 07 and CR aromatics,
methanol and ammonia. L

leading role played by petroleum products as a raw material for

olefins and aromatics manufacture.
Leading role played by nattral gas in methanol and ammonia manufacture.

The design, implementation and operation of petrochemical plants require

a small, highly skilled and qualified work force who have to accept a

great deal of responsibility,
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12.

The petrochemical industry is capital-intensive and requires very

high investment, particularly at hasic petrochemical production level,

The petrochemical industry is sutject to restrictions of economy of

scale, though to a much lesser decsree since 1973,
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2. PAST AND PRESENT SITUATION

2.1. Production of petrochemicals

2.1.1. Factors affecting the production of petrochemical products

a, Existence and development of a market

The first condition for the setting up of an industry is the existence
f a market, i.e,, a demand, whether actual or potential. The rapid develop-
ment ot the petrochemical industry is due to the fact that it was able to
supply at a competitive price, products with characteristics which were not
only constant, but often superior to those of the products, generally natural,

which they supplanted.

b. Availability of petroleum raw materials

In order ror a petrochemical industry to be set up, there must be petro-
leum raw materials available, either in the form of gas or petroleum fractions
obtained through refining. It must 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 LPG associated with natural gas in the
United States, and naphtha, until recently in excess of the requirements of
the petroleum products market, in Europe and Japan, In the past, a local
supply of crude oil was not a major factor in the development of the petro-
chemical industry, and, with the exception of the Urited States where the
petrochemical industry is based on gas, most of the countr:es where the petro-
chemical industry is well developed are not themselves producers of crude oil,
The existence of gas or of a refining industry which can supply gas oil or
naphtha is much more important. The proportion of raw materials used in
petrochemistry, out o1’ the total crude oil and gas produced, although con-
stantly growing, is still small. It was less that 1% in 1950 and is now
somewhere between 4.5 and 5%.

The availability of raw materials should be linked with the existence of a
refining industry discussed here below., It affects the basic petrochemical

production.

c. Existence of a refining industry

The existence of a large-scale refining industry is an important factor
as far as the petrochemical industry is concerned. On the one hand, it is an
indispensable source of some raw materials, On the other hand, the refining

industry enables a large quantity of by-products from petrochemistry to be
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valorized. The prnduction ot 1 ton or ethylene by the steam cracking ot
naphtha automatically yields avout 0.2 ton of LPG and 0.65 ton of gasoline,
Finally, the retining and petrochemiczl industries rely on technolcgies
which are in some respects tairly similar. The presence of personnel who
are experienced in the operation and maintenance of a refining plant is ot
great benefit to a petrochemical industry which is just starting up. The
impact ol the existence nf a refining industry is mainly relative to basic

petrochemical production.

d. Aveilability ot manpower

The technnlogy used in the petrochemical industry is in some respects
very complex, inwvolving the latest technical developments in several l'ields,
including, oy course, chemistry, but also metallurgy, mechanics and electronics.
The personnel in charge ol the operation and maintenance ot plants is there-
t'ore made up essentially o1 a highly specialized work torce. In view of the
large sums invested and the erfect o too irequent stoppages on the prorit-
ability or the plant, it is advisable that the operation and maintenance or
petrochemical plants should be in the hands o1 very experienced personnel,
The problems ol training engineers, tforemen, operators, maintenance specialists
and chemists are a decisive tactor, and training involves considerable expen-

diture,

e, Means of financing investment

The petrochemical industry is a heavy industry requiring very con-
siderable investment,

Aacess to means o financing these very high investments (ploughing
back of protits, shareholders’ contributions) has been and will increasingly
be a major element governing the development and setting up of the petro-
chemical industry. 1In the past, the satisfaction of the financial require-
ments of the petrochemical industry, especially in the industrialized countries,
was greatly tacilitated by the existence of funds resulting mainly from the
availability ot raw materials at very tavourable prices. On account ot thesge
raw material price levels, it was possible for the petrochemical industry to
market competitively priced products which could compete with natural products.
and also very easily supplant the products of other industries (tor instance,
acetylene manuractured rrom calcium carbide, or benzene derived trom coal),
Not only did thesge highly advantageous conditions tavour a rapid increase
in the penetration or petrochemical products, with spectacular consequences

with regard to the market for these products and the volume of production,
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but they also released a large amount of accumulated capital, thus racilitating
the financing ol a new plant. This accumulated capital also enabled a great
denl of money to be desoted to research, and this nutlay, stimulated by com-
petitinn between tirms, proved to be very worthwhile, as it extended the
iccumulated capitoal without haring any harmtul effects on tre development

~nt the market,

U, Jeveloping o technology - the impnrtance o! research

The spectacular development ot the petrochemical industry, due to the
ircreasingly competitive nature o the products marketed, was m-de possible
only through ‘he continuous pertecting and improvement of a technology,

thirks to particuiarly large sums peing set aside tor research. Between

10 and 1970, the pudget devoted by the leiding chemical compinies to the
perlecting oi existing techniques und the development ol new processes was
equivalent tn 2/4. of their turmover in the United States and Europe.
Companies engiged in production were not the only ones to undertake such
rese rch., kngineering companies and companies specializing in the develop-
ment ol processes were also very uctive in this rield, with a view to being
able to offer more and more competitive techniques to their erver-growing
clientele, This constant, sustained effort accounts on one hand for the

relative complexity ol the petrochemical industry, mentioned earlier, and or

the other hand ror the upheavals which take olice within the industry whemever
a new technique is periected, as well as its capacity ror adaptation to
changing economic situations. One of the most important fields o research
concerned the continual improvement of the quality ot end products, e.g., the
mecharical properties of synthetic rubber a~d plastics; the solidity, homo-
geneity and great receptivity ol symthetic :ipres to die stut'fs; the degree

of biodegradability ot detergents. The two main lines of research, lowering
ot production costs and improving the quality o1 products, led to the expansion
ol' the market ror petrochemical products, a major ractor in the growth ol the
industry.

The amount of research and technological development achieved has or
course only been made possible through the initial revenue realized by the
petrochemical industry, particularly through havirg low~-priced ruw materials
availaple, thus enabling this industry to compete irrom the very beginning with
the natural products.

Of course as far as any company or country is concerned, the development

ot a t:chnology is not a prerequisite for the setting up of a chemical industry,
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since a new producer can have access to a production technology once the
necessary licenses have been acquired,

It must be pointed out thai the research undertaken, stimlated by
inter-company competition, sometimes on a world-wide scale, has been very
profitable. Each major change in the choice of production techniques,
which ot course carried a considerable initial risk, has resulted in a
marked reduction in cost-price or a significant improvement in the quality
of the products. Kesearch has also been indispensable tu the design and
implementation of larger and larger plants, which is most important to the

profitability of the petrochemical industry.

g. Existence ot a processing industry

The end products of the petrochemical industry are not solc directly
to the ultimate consumers. The petrochemical industry finds i*s outlets
in other industries, i.e., the plastics processing industry, the textile
industry, the tire industry, and the detergent industry. If these industries
are not already present in a given country or area, there is no effective
outlet for a petrochemical industry, even if there is a considerable market
demand at the level of the ultimate consumers, for finished products such
as tubes, tilms, material, and tires. The existence and development of a
processing industry are indispensable where petrochemicals are to be produced.
The processing industry must also be technically capable of using petrochemical
products; some problems have arisemn, in the textile and tire industries in
particular. Processing industries are very different in nature from the petro-
chemical industry; they do not require nearly such high investments, they
employ a very large work force, and their threshold of economical size is
much lower. Their production capacity matches market growth fairly olosely
or account ot their relatively small unit size. The processing industries
have in fact received a great deal of aid foom the petrochemical industry,
particularly in the industrialized countries, in the form of after-sales
service, promotion ot end products and constant improvements in the quality

ol petrochemical products.

2.1.2. Localization of the pstrochemical industry

The main ractors governing the existence and development of a petro-~
chemical industry, which have been analyzed in the preceding paragraph,
have generally been present together in the industrialized regions, hence
the privileged development and the concentration of the industry in these

regions.




In fact plants in Burope, the Urited States and Japan account for 94%

ot world ethylene capacity, 97 of world benzene capacity and 93% of world
butadiene capacity. The importance of these regions in terms o! production
capacity also extends to intermediates and end products. In these reglons
more than 90% of the facilities for intermediates, plastics and synthetic
rubber productinns are located,

Very tew of the developing countries, in trct, have a sizeable basic
petrochemical industry in operation at present, Those which do include
Brazil, Mexico, Venezuela, Algeria, the Kepublic of Korea and Taiwan, Where
favourable circumstances are occurring in some o1 the developing countries,
petrochemical production will develop. Moreover, these countries have
imporctant pro jects in view, some of which are already at the implementation
stage. Taking into consideration the projected plants that will start up
before 1980, the share of the developing countries in the petrochemicals

(1)

2 .
and Asia will increase by about 2.8 times from now to 1980, from 2.6 million to

production will grow. The ethylene capacity in Latin America, Africa

7.3 million tons; Jduring the same period the increase of the capacities in Europe,
the U.S. and Japan will be lower than 40%, from 36 million to 49.9 million tnns.

2.1.3. World production situation by main products and regions

2.1.3.1., World production o. plastics

- World plastics production was doubling every five years during the
1960's, but between 1970 and 1974 plastics production increase was little
more than 504,

- This production increase has also shown a widening geographical spread,
as reflected in the following table,

Regional Bhare of world plastics production (%)

_ 1960 1965 1970 1974
The United States 50 39 30 32

Western Europe 32 39 41 43
Eastern Burope 9 10 10 10
Japan 9 1 16 14
Others - 1 3 1

Souroe: Caloulated on the basis of ECE-CHEM/GE.1/R.3/Add.3, 5 April 1977.
#*At this stage it ie difficult to further disaggregate for lack of statistics,

1 Excluding South Africa
2 Excluding Japan
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- The three largest individual producers, the United States, Japan
and the Federal itepublic of Cz2rmany, account ror over hal! o! the total
world plostics production.
- i'rom the total world plastics production, thermoplastics accounts
for over two-thirds. In 1979, the percentage of thermoplastics to total plastics
production in the three largest producing countries were as tollows: the

United States 74%, Japan Tl and the Federal Republic of Germany 4(F(.

2.1.,3.2 World production of synthetic 1ibers

- During the 1900's world production of synthetic tibers grew faster than
that ot plnastics and rubber because early in the 1960's this field was
practically in its intfancy.

- The production of man-made ribers in the total fiber output accounted
for 22" in 1950, 407 1n 1970, and A in 1975.

- Within the man-made fibers, synthetic fibers have been gaining impressively
over cellulosic fibers., In 1970 synthetic fibers accounted for 5%} or total
mm-made ribers output, and in 1975 the figure was 70:, At the same time,
the cellulosic ribers physical output was diminishing.

- This production increase has shown a widening geographical spread with
the emergence of developing countries as an important world producer, as given

in the following table,

Hegional share of synthetic fibers world production (%)

1960 1965 1970 1975

United States 46 40 33 33
Western Europe 3 30 L) 26
Eastern Europe S 7 1 11
Japan 18 19 21 14

4 8 16

Others -

Source: Calculated on the basis of ECE~-CHEM/GE.1/R.3/Add.6, 16 May 1977.

~ ''he largest world producers ot synthetic fibers are the United States,
Japan and the Federal Republic of Germany,that together account for over
50% of world production.

= In 1975 the percentage of synthetic fibers to total man-made production
in the three largest producing oountries were as follows: The United States
84%, Japan 73% and the Federal Republic of Germany 82%.
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2.1.3.3. World production ot synthetic rubber

- During the 1950's, synthetic rubber production grew at 5.7} annually.
This growth diminished to 2% annually during 1971-1975. During the same period,
synthetic rubber's share went up to 78% of total rubber consumption. But since
1972 natural rubber is making a strong comeback and has recaptured a few
percentage points.,

- The world production has shown a widening geographic spread as given

in the follewing table:

Hegional share of s ynthetic rubber world production (%)

1960 1965 1970 1973 1975

United States 63 49 37 34 31
Western Earope 12 19 23 21 23
Eastern Europe 17 20 21 23 27
Japan 1 4 12 12 "
Other developed 1 7 4 4 4
Other developing - 1 3 k) 4

Source: Calculated on the basis of ECE-CHEM/GE.1/R.3/Add.15, 3 June 1977

- The figures for 197} glve the peak point 1fter 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 rubbers are the United States,
the U.S.S.t. and Japan,that together account for around 0% ot world production,
- As a difference to plastics and synthetic fibers, the main producers
of synthetic rubbers are oil multinationals and tire manutacturers in market

economy countries,
- Concerning developing countries, Brazil, Mexico, Argentina and India

account for about 90% of total developing countries' synthetic rubber production.

2.1.3.4. World production of intermediates and basic petrochemicals

~ These products have a rather rigid stoichiometric relation to the
main large tonnage end-product families shown above, and their production
evolution has followed, in general, the growth pattern of plastics and
synthetic fibers that together account for about 2/3 of world petrochemical

production.
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- The regional share in world basics production is as tollows:

Regional share of basic petrochemicils (%)

Ethylene
1965 1970 1976
United States 58 42 38
Western Europe 25 32 37
Japan 1 16 15
Others 6 10 10

- There are very few developing countries that have a sizeable basic

petrochemical industry in operation.

the Republic of Korea and Taiwan,

Benzene
1964 1970 1976
56 44 34
30 31 3
8 18 14
6 7 21

2.1.3.5. World production of the mai . petrochemicals

- World petrochemical produciion of the main end-products families

is as follows:

Plastics
Synthetic Fivers
Synthetic Hubbers
Detergents

TOTAL

- World petrochemical production of the main basics is as follows:

Ethylene
Propylene
Butadiene

Bengene

- The present production capacities of the main petrochemicals by

106 Tons
1960 1210
7.0 30.2

0.9 951

2.0 9.9

305 9.0

13,2 50.2

106 Tons
e 1310
8.0 18.5
4.4 9.5
1.9 3.0
4.8 8.8

1274
44.6
7.5
7.7
1.0

70.8

1976
26.0
13.7

4.9
13.3

regions are given in Annexes 1(a), 1(b) and 1(c).

1912
38.5
7.5
7.4
10.8

64.2

Among them are Brazil, Mexico, Venezuela,
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2.2 Demand for petrochemjcals

2.2.1. Factors atiecting the demand

The principal tactors responsible for variations in demand in the

world's main consumer are:s are the following:

a, Existence ot a market

In the early stages, the quality of the petrochemical products which
came on the market was far from perfect. In some cases, inadequacy
ol' the properties still limit the development o the demand ror these
products, However, most of the problems have now been resolved, and 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:

. have properties, both physical and mechanical, which are

perfectly suited to their uses,
. can easily substitute natural products already on the market, and
. ate gold at competitive prices,

In many 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:

. a mixture between petrochemicals and natural products turns out

to be the material best suited to the users for which it was
developed., This is especially important for blends and composite

materials.

. The stii'f competition by petrochemicals has spurred the national
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. Degree of penetration of petroohemical products in the sectors of use

If the product marketed is well suited to the demand in its sector of
application, the initial growth rate is rapid with a subsequent tendency
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to slow down as a relative saturation point is reached. Then the petro-
chemicals market growth resembles that of the sector of application as
a whole,

The market penetration is generally partial and in industrialized
countries, where the penetr:tion is greatest, it is seen to reach a ceiling
at about 807 of the tntal market. There are wery few cases cf total sub-

stitution Jike low density polyethylene bags tor paper bags.

c. Potential market ior petrochemical products

The potential market lor plustics appears to be practically unlimited,
considering the potential outlets in three end-uses sectors: packaging,
transport and, over all, construction. By contrast, the potential market
for synthetic rubber (mainly used in car manutacture) and tor synthetic
tibers (mainly used in clothing) is much smaller, As a result, the strong
growth in the demand 1or these materials still recently registered in indus-
trialized countries is expected to be limited in these countries on account

7! the present high degree o!" substitution already observed,

As in the case of all consumer goods, the demand tends to vary in
inverse proportion to the price. Thus, the sustained fall in the price—
expressed as a constant value—o! plastics during the sixties and early
seventies definitely encouraged the growth in demand in their various areas
of use. The effect of the considerable and recent rise in the price of
plastics was, to a large extent, limited as a result of the simultaneous
rise in tne price of rival products (most of them coming from natural
sources).

In addition, the part played by variations in the prices of petro-
chemical end products themselves should be mentioned. This, for instance,
recently tavoured the demand ot HD polyethylene and polypropylene against
LD polyethylene in many applications except films.,

- Local production

Local petrochemical production usually leads to an acceleration of

local demand. However, this effect is not always felt at once on account of:
. import restrictions (customs barriers set up to protect a new industry)
. at the beginning, the reluctance of processors to use a locally

made product whose specifications are often initially considered

inferior to those of products previously imported.




t'. Local processing industry

The exist2nce o such an industry has a detinite influence on the
development i local demand:
. 1t tends to make the product better known to the consumers

than it would be i’ it were merely imported.

. local processing with a high :dded-vzlue means that local
production should vbe cheap compared with imported end products,

particularly when labour costs are also low,

2.2.2. Development of the demand tor petrochemical products over the last decade

During the sixties and up until 1973, world demand for petrochemical
products grew considerably. By the end o this period, howcver, a certain
decline in the growth rate was already being telt. The year 1974 was
characterized by a slight but unprecedented drop in world demand, tollowed
in 1975 by a furthe: uppreciable decline, On the basis of preliminary results
tor 1974, world demand tor that year regained a level close to the 197.) maximum.

Two types of growth in regional demand tor petrochemicals crr ve distinpuished:
the irdustrialized courtries' growth and the developing countries' growth, The
variations are obriously more acute it country level,

In the rirst case, the growth o dem:v:d is slew and steady, due to the
stabilization of markets which zre reacqi g 1 s:turation level (particularly
a high rate o substitution exists in these markets). The fall in the growth
rate in 1J71-T7,due mainly to ecoromic causes, also reflects a change of
attitude on the part ot producers and consumers toward petrochemicals., As wus
noticed pre:iously, the etffect of the rise in the price of these products on
the level o: the demand has been limited by a simultaneous rise in the price
¢t competing products. As for the tuture, as already confirmed b the first
results recorded for the years 197u~1977, there will appear a new growth pace
ot demand trr petrochemicals, in any case more moderate than betore.

The growth in demand in the developing countries is typically higher--a:ter
a "take-orf'" phase--but also irregular., However, it must be noted that in
developing countries as a whole, the growth in demand was much less atfected
in 1974-197% than it was in the industrialized countries. This can be explained
as follows:

- economical growth was still generally sustained in developing

countries

- potential demand remains quite large,
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Here below are given signiricant figures summarizing the development
of the demand for the major petrochemical end products over the last decade.
For intermediate and basic petrochemicals, the volume and variations of the
demand are simply and directly brought about by the demand for end products.
A table summarizing the growth rate 1965+1)75 tor end products is given in
Annex 2.

a. Plastics

Over the 19,,~1)7, periol, demand for plastics in industrialized
countries grew at average rates in the range of 7-11% p.a., this figure
oeing badly a.fected by the results registered in 1974-1975. By contrast,
the demand for plastics kept growing at a very fast pace in developing
countries., The rate of increase was in the range of 19~20% p.a. in most
of them.

*
b. Man-made fibers — synthetic fibers

Over the 1959-1975 period, average growth rate of the demand for man-
made fibers in industrialized countries was in the range of 4.4 p.a. to
7.2 p.a. Corresponding figures tor developing courtries was as wide as
7 to 23" p.a. In these countries the still moderate degree of penetration
ot man-made libers in textile market (only 20-2%. of the total at the
beginning of the seventies) has generally largely contributed to sustain
the growth o the demand., An even higher growth ot the demand has been
registered ior synthetic tibers, retlecting their gradual penetration in the
man-made tiber market, whereas demand tor cellulosic fibers has become
stagnant at a world-wide scale. Synthetic tibers now account for around
70,. o1 the man-made tibers world market (this percentage is not very

ditferent between industrialized and developing countries).

c. rubber - synthetic rubber

Over the 1959-197Y period, demand for rubber in industrialized countries
rose at rates in the range ot 3.4 to 8.% p.a.,with a fall at the end of the
period. In developing countries as a whole, demand for rubber rose by 10%

p.2. as an average,with large variations at the scale of regions.

* Man-made tibers include cellulosic and synthetic (or non-cellulosic) fibers,
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The penetration o!f the synthetic material into the rubber market
amounts to 707 of the total. This percentage was only 33 ol the total
in 1971, 1In these countries, the ratio synthetic rubber/total rubber tends
to increase still,whereas it goes toward stabilizing in the industrialized

countries.,

d. Synthetic detergenty

From the begirring o' the seventies and on, only a modest growth ot the
demnd tor detergents was observed in industrialized countries, reilecting
the deep penetr tio~ or syndets in the soap~detergent market. By contrast

ir developing countries, demand r'or syndets has been growing at still high

yearly rates, us a result ol a strong development ot the needs of soaps and
detergerts a'd ol 1 moderate de;Tee o1 penctration ot syndets in the above

market .

2.2.3. Size o! the market - geographical preakdown i

Annex 3 shows the present' size and localization by regions oi the
markets for the main types ot petrochemical products.

In 1974, world consumption o: plastics reached nearly 4’ million tons,

a tonnage by iar higher than that registered tor synthetic ribers, 7.6
million tons,and for synthetic rubber, 7.7 million tons.

Annex 4 shows the world consumption breakdown of major petrochemical
end products (1974). The share ol the developing countries (excluding China
for which statistics are not available) in world marke: was 117 as an average.
This percentage corresponds to only 9.3 or the total in the case oi plastics
but 19.%" for synthetic fibers, 12.¥ for synthetic rubber and 20.3 " tor
symthetic detergents.

Latin America ranks (irst among developing countries with regard to the
volume of the demand tor petrochemical products: 4% of the total in 1974,
South Asia is the second market among developing countries, 21. of the total,
whereas the market o1 East Asia (excluding Japan and China), Atrica (except
South Africa) and the Middle East have about the same importance—respectively,
13%, 126 and 104 of the total.

2.2.4. Major trends in the evolution of demand tor the main tinal products

a. Plastics

The major share ot the plastics market is held by thermoplastics,

* We refer to the year 1974 because of the drop in demand recorded during
the following year in the industrialized countries. 1In most cases, 1976
figures were again at the 1974 level. |
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accounting for 704 in industrialized countries and 89/ in developing
countries of the total market, Concerning the situation and likely
development o' the main types ol plastics, the following trends are

observed:

- Polyoletins (LDPE, HDPE, PP) presently account for one-third of the
world plastics market, and is expected to rise up to 404 by 1985. Taking
into account the strong expansion ot demand expected for high density
polyethylene (HDPE) and polypropylene (PP), demand for low density
polyethylene (LDPE) would likely grow at -~bout the same pace as plastics
» the whole, This situation should result in low density polyethylene
concentrating in (ilm applications whereas the other two polyolefins concentrate
in more sophisticated applications like injection molding. Currently the
prices for these three plastics are leveling ¢ ©f, thus tavouring the cost-
periormance ratio of the more expensive HDPE and PP, WNevertheless, the
penetration rate of HDPE and PP into polyolefin markets will likely remain
lower ir developing countries than in industrialized countries.

- PVC is the first ndividual plastic in the plastics world market
with 227 of the total. Its tuture growth is expected to be lower than that
of plastics as a whole, for it is besieged by high energy costs and health
hazard problems., Nevertheleas, PVC is expected to keep on holding its
leading position supported by its forthcoming developments for rigid appli-
cations,

- Polystyrene (PS) accounts tor 10.%} of the plastics world market
and its share in this market is expected to remain constant as in the past.
It is interesting to note that about the same percentage applies in most
regions, therefore PS demand alone can be considered as characteristic of

the plastic consumption level in any given area,

b. Synthetic fibers

Concerning man-made fibers, synthetic fibers alone will be responsible
for its expansion, since cellulosic fibers, after years of stagnation, are
gradually decreasing their market share, The major exception is Eastern
Europe where cellulosic fibers has kept a very slight growth rate. The
main reasons for the decline of cellulosic fibers are expensive raw materials
wd qualities below those of synthetics. Nevertheless, the high degree of
substitution oi cellulosics tor synthetics (72% of the total in industrialized
courtries), coupled with the high degree of pemetration of synthetics into

the textile market, will become an important limiting tactor in slowing
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m-rket growth or sy~thetics. 1In developing countries, synthetic fibers

sccourt tor 7 of the man-made market. In these countries, market growth
would result from n deeper penetration of man-made !ibers into the textile
market (currently 250 ot the total =s agninst 505 in industri-lized countries)
“nd trom the overall growth oi the textile market. The demond pattern for
the three muin synthetic i'ibers is changing as follows:
- Polyester tibers, curre-tly accounting for 1%, of world synthetic
markets, will keep on increasing in importance,
- Polyamid tibers,presently accounting for 3. of world synthetic
markets, will continue decreasing in importance,
- Acrylic fibers should keep almost a constant share of the world

synthetic market of about 205 of the total.

C. Synthetic rubber

The ratio of synthetic rubber consumptirn to total rubber consumption
has gone from 60.4% in 1969 to 8.2 in 1974. However, this pe-centage
slipghtly decreased in 1975 s a result of a change in the rubbers competition:
the production cost of syrthetic rubber has been rising whereas the production
cost of ratural rubber is trom now on in a downward trend, This new trend
would lead to having nbout the same growth rate for natur~nl and synthetic
rubbers, at least in industrialized countries which already have a high degree
ot substitution ot naturnal tor synthetic rubbers,

The single most important synthetic rubber is SBR that accounts for
W ot the total in industrialized countries and up to 805 in developing
courtries. It is envisaged that SBH will remain in its leading position
tfor all its current :pplications. Most ot the other synthetic rubbers,with
the exception oi polybutadiene (that accounts tor 10:-1457 ot the total) and
butyl rubber (used in tubes),are generally used in specialty applications.
Polyisoprene,still considered as a possible substitute of natural rubber a few
years ago, seems to have no chance o! development in the near future due to

the newly gained competitiveness of natural rubbers.

d. Synthetic detergents

Alkylbenzene sulfonates are by far the main active material used for
preparing detergents. In 1975, its demana amounted to 1.2 million tons,orf
which 0.33 million tons were in developing countries.

The relatively high volume of alkylbenzene used in developing countries

partly results from washing habits: handwashing with cold water instead of
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machire washing with hot water requires substantially more of the active
material. It is expected that alkylsullonates will continue to develop at
n moderate growth rate and will keep its leading position in detergent
markets because no other surfactant can match this material on a cost-
perormince brsis ior spray-syvthetic detergents,

Due to recent regulitions on water pollution brought into industrialized
countries, biodegradable detergents based on linear alkylate sultonates have
largely displaced '"hard" detergents based on branched chain dodecylbenzene
sul fonate, In industrialized countries there is a continuing trend toward
liquid detergents that could alter the market structure and the linear
alkylate sultonate dominant position in it, These long-term threats come
mainly from alpha olelin sulfonates and alcohol-based suriactants,

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

prospects in developing countries,
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2.3 International trade and distribution

2.3.1 = Current situation

Petrochemical products torm a rather important share of internatior.l
trade in 1976 . For inetance, U.S.A. exports of eynthetic fibers, thermo-
plastics and synthetic rubber amounted to 1,450 mm US$, i.e., more than
17 of the total U.S. exports. In 1975, the internal and external
exchanges of the EFC relative to the main petrochemical end products
alone (thermoplastics, synthetic fibres, synthetic rubber) were about
5,000 mm US$. Such a value is equivalent to 9-10 % of the total imported
crude oil (but represented 25 7 in 1973, before the skyrocketing of crude
0il prices).

The impact of petrochemicals is even higher if we consider the case
of Japan. For that country, exports of synthetic fibers alone amount to
about 2.5 /; of the total exports.

The only traditional exporters are Japan, the EEC couniries
and the United States, though Canada, some EFTA countriee and Eastern
Europe have a significant weight for eome products.

2.3.2 - Trade exchanges

Regarding exchanges, figures are taken for 1973, the last "normal"
year before the world economic slowdown, and for 1975, the last year i
for which comprehensive statistics are available. The main conclusione <
¥hat can be drawn from these data are the following: |

- Except for a few products, the EEC countries are a net exporter.

- The United States imports mainly butenes, butadiepne and benzene.

- As for Japan, the export-import balence is favourable for all

the products considered except for xylenes and methanol.

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

(a) Olefine - About 80 % of the world ethylene market is accounted
for by the U.S.A., Western Europe and Japan. Currently there is no
significant trade in ethylene and propylene,except between the EEC
countries and within CMEA members. On the ocontrary, there is a
relatively large amount of butenes/butadiene exported from Europe to
the United States.

(b) Aromatice - Deepite current overcapacities in benzene in
Western Europe and the U.S., the latter still continues exporting benzene

to Europe. The eame observation applies to toluene and xylenes.
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European imports are partly due to growing aromatics needs in
low-lead content garolines.

Finally, in recent years there has been a significant movenent of
aromatics from Eastern to Western Europe.

(c) Intermediate products - The U.S. still exports methanol,

styrene and cyclohexane to EEC countries, whereas raw materials for
synthetic fibers and plastics are exported bty the U.S., EEC and
Japan to developing coutries that have recently built polymerization
facilities.

(d) End products - About 1.4 million tons of synthetic fibers
1n 1973 and 1.1 million tons in 1975 have been exported by the three

main industrial regions. Japan and EEC continue to be the biggest
exporters. PFor Japan, South East Asia remains its largest market due to the
huge filament processing facilities in such countries as the Rep.of Korea.
Eastern Europe and EFTA countries corgditute important markets for

Western Europe in final petrochemicals, while Eastern Europe is

emerging as an important synthetic rubber exporter.

Concerning plastics, EEC is largely the main exporter with Japan a

strong second -exporter, while Eastern Europe still remains a large net
importer.

2+3.3, - Share of the international trade in the consumption

To assess this share one should compare the international exchanges
of petrochemicals with their consumption, and measure the importance
of the total exports oompared to world production.
A. Data relative to the weight of inter-regional trade in world
consumption is given in Annex 5, Figures are given for 1973, the last
"normal" year. In fact, it is difficult to draw general conclusions
from the exchange and consumption data, each product and each area being
a particular case. Nevertheless, the following facts can be pointed out:

- The ratio of exchanges (imports + exports) to consumption
are of the same order of magnitude for Japan and the EEC ~ountries, as
far as end products are 3oncerned (EEC internal trade not taken into
account}. The same ratio is far lower as concerns the U.S.

- The total exchanges relative to the EEC are very important when
compared to the consumption. In 1973, the exchanges amounted to
89 % of the consumption for synthetic fibres, 58 % for plastics, 76 %
for synthetic elastomers. In 1975 figures were 93 % for synthetic
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fibres, 67 = for plastics and 84 ” for synthetic rubbers, the higher
figures for 1975 mainly reflecting a depressed consumption situation.
Figures relative to intermediate products are often lower, though
sometimes important.

- Japan and Kr( export a very large quantity of petrochemicals
compared %o thelr consumption, about 25-30 ' for synthetic tibres and
high density polvethylene, 22 ' for low density polyethylene, 18 '
for plastics and as concerns Japan 45 ' for polybutadiene and 31 ' for
SBR.

- The position of the United States 1s quite different. In fact
tiv: 1.8. exports a rather minor quantity compared to their consumption:
6 . for synthetic fibres, 7 ' for plastics, o-xylene exports (about
35 7 ot their production) represent an exception,

B. The world exports production ratio data does not take into
account the int.rnal trade of the EEC., The tollowing conclusions can I

be drawn:

- The most important ir-ae is in e-d products, while lor most
oasic and intermeai :te products traae cir be -~onsidered as margmiro 1
(less thun 10 ~: production).

- Tonnages exch nged are rel-tively important for toluene and

o-xylene (but not for bernzene) and for . d products, including synthetic
rubbers (about i% ), non-cellulosic man-made fibres (about 1% )
thermoplastics ‘up to 21 ' for high density polyethylene).

- The same ratios for 1975 could be slightly higher due to a poor
production of most producis in 1975 and to the fact that the decrease
of exchanges has been more moderate.

2.3.4.- Major trends in the international trade

- The EEC 1nternal trade should continue to be very active,

- Propylene exports from EEC should develop due to a glut being
formed by the faster-growing ethylene needs.

- Butadiene export from EEC to the U.S.A. should continue as long
as significant feedstock shift for basic petrochemicals 15 not 1mplemented
in the U,S.A.

- Aromatics, styrene and cyclohexane could sontinue to be
exported from the U.S.A. to Europe in the same magnitude as now.

- As for Japan, export tonnages are likely to remain almost
constant, with a slight decrease in the exports. 'consumption ratio due

to the stronger internaticnal competition and the planned implementation
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of new petrochemical plants after 1980 in the Middle East and South East
Asia.

~ The prospects of huge capacity export-oriented plants emerging
after 1980 in Eastern Europe and some o0il producing countries with
numerous buy-back deals between 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

peographically broadening the whole petrochemical trade.

2.3.5 - Price evolution of petrochemical products

Before 1973, the price of petrochemicals varied along the time
with a general trend for decreasing. This was mainly due to the following
factore,by chronological order of apparition and influence:

- Technological improvements,

- Larger diffusion of products

~ Economy of scale with the implementation of larger units.

- A strong competition between manufacturers for the same products.

Due to these main factors plus sometimes due to some overcapacity,
the prices really decreased towards a position very close to the production
costs until the end of the 1960's.

However, up to around 1967 large advantages were gained by
producers able to use large single—stream units while the market was
then still predominantly 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 collected 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, abstracting from
such transitory phases as the 1974 boom, prices are relatively down to
the level needed by the largest scale operators to have an attractive
return on investment. But often prices have dipped lower to the point
where medium-size producers are seldom able to make a protit,

Between 1972 and 1974 prices have tripled or doubled, a slump in

1975 and a relative stabilization in 1976 have been recorded. Evolution

of international prices is given in Annex 6.
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2.4 Feedstock supply

2.4.1 - Current situation

The petrochemical industry is derived trom eight major
basic oroducts: ethvlene, oroovlene, butadiene, benzene,
toluene, xylenes, methanol and ammonia. Currently all these basics are
produced almost exclusively from natural and associate gas, and oil
refinery cuts mainly naphtha. The only important exception is benzene,

that 1s also produced as a by-product of metallurgical coke.
This situation of the petrochemical i1ndustry has remained

without any structural ‘' hange despite the very steep rise in feedstock
costs due to the quadrupling of oil prices. The world petrochemical
industry consumption of raw materials and fuel, by regions, is as

follows in percentages:

1973 1976
North America 15 33
Western Europe 34 32
Japan 17 16
Eastern Europe 11 15
Others 3 4

100 7 100

(a) North America

The lowest cost of gas in the U,3.A. favoured its penetration in all
fields but transport. In the petrochemical industry:
- methanol is always produced from natural gas feedstocks

- ethylene production developed as follows:

From gas From naphtha
(ethane or LPG) or gas oil
197 84 7% 16 /%
1976 77 % 23 1

In 1971 ethane was still largely predominant, accounting for 51 %
of all ethylene produced, followed by propane (33 %) and naphtha gas oil.
As a resuit the propylene produced (by steam cracking) was not sufficient
to satisfy the demand, the defioit being made up by propylene obtained
a8 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 dehy-

drogenation.
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The quantity of benzene produced by steam cracking was
equivalent to only 10 ? of the demand. Catalytic reforming of
naphtha feedstocks was therefore used to provide a further 80 7 in
conjunction with toluene hydrodealkylation, and the remaining 10 1} was
obtained as a coke by-product. Catalytic reforming produced xylenes
in far greater quantities 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 raw
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 ' of the total hydrocarbon consumption (0il and gas) in the form
of raw materials and fuels.

(b) Western Europe

The situation of Western Europe is the converse of that of the
Unitad 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 FEurope, on the
other hand, has for a long time had a surplus of naphtha since
gasoline consumption is relatively lower compared to fuel oil
requirements for industry and gas oil requirements for heating,

transport and industry,

The surplus naphtha fraction, together with a limited supply of
natural gas in some regionsyhas let to naphtha being used for the
production of methanol (17 % for 1973 production) and ammonia
(33 7 of 1973 production).

In 1973, 93 7 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 U.5.A.

As for benzene, )in 1973 it was produced 14 % from coal, 32 % from
steam cracking gasoline, 25 % from catalytic reforming and 29 7 from
toluene hydrodealkylation, the toluene being obtained half from

steam cracking and half from catalytic reforming.
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The catalytic reforming used for benzene production was more
than ad equate for xylene requirements.

In 1976 the petrochemical industry (including ammonia) used
approximately 12 / of total hydrocarbon consumption (gas and o0il)
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.

Methanol is, however, mainly produced from natural gas feedstocks.
Ethylene on the other hand was produced in 1976 exclusively from
naphtha. This resulted in a more than adequate supply of propylene
and butadiene.

However, as was the case in Western Europe, catalytic reforming
of naphtha had to be used to a great extent in order to meet xylenes
requirements and to make up the benzene deficit.

In 1976 the petrochemical industry (including ammonia) used
about 15 % of the total hydrocarbon consumption (0il and gas) as
raw materials and fuel.

(d) Bastern Europe

Full information is not always available on these countries, but
it can be said that:

- methanol (and ammonia) are produced mainly from natural
gas.

- There are few steam crackers in Eastern Burope based on
naphtha, while these countries 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. Thie was not likely made up through
butane dehydrogenation.
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In 1976, the petrochemical industry (including ammonia) used
roughly 6 [ of toral hydrocarbon consumption (oil and gas) in the
form of r.w materials and fuels.

Others

In 1976, the petrochemical 1industry was still in its infancy
in almost all the rest of the world. Seventy-tive percent of hydro-
carbon consumption was devoted to the production ot ammonia tor use in.
ngricul ture,

Options 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. In Mexico,on the other hand,where there
are large reserves of gas, ethane 1s used as a raw material. Other
basic petrochemicals are as yet produced in very limited quantities only.

In 1976, the petrochemical industiry (including ammonia) accounted
for little more than 2 ¥ of total hydrocarbon consumption (oil and gas).
2.4.2 - Availability of hydrocarbons

Known reserves of gas, 0il and coal economically recoverable in

1976 by regions are given in Annex 7.
The present preponderance of o0il over coal may be more balanced
by the end of this century when coal might have regained some of its
former status as a source for petrochemicals. In fact at the end of
the 50's,coal, as petrochemical raw material for chemicals, peaked off
in Western Europe and Japan from about 70 7 in 1960 to about 5 % in 1973.
This situation points out that the proportions of known fossil
reserves do not correspond to consumption since coal which accounts for 3/4
of all reserves supplies only *of total consumption.
From the total consumption of fossil fuels in 1976, the petrochemical
industry only consumed 6.2 7 of it, that amounted to 250 million T.0.E.
Out of this amount 200 million were used as raw materials and 50 million
as fuel.
If known petroleum reserves could be earmarked only for petrochemicals,

they could last more than 600 years at the 1976 consumption rate.
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However, the part taken by the energy sector is such that substantial
supply problems might be expected late in the 80's. In fact, the
replacement of petroleum by other forms of energy will be a very slow

process, all the more so since, despite the steep rise in oil prices ,
alternative sources of energy are rarely in a position to compete at
the moment.

Although the current energy price acts as a brake on its

growth, petroleum reserves are being fairly rapidly exhaugted.
Therefore, as far as natural gas and 0il are concerned, the
problem from now onwards will be the optimum management of its
reserves.

The problem is more worrying in the case of petroleum since
over the last six years new 0il finds have done little more
than balance consumption (finds = 1.25 times consumption) while

gas finds have remained more or less at the same level.,
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2.5. Recent developments and future trends in the petrochemical industry.

Nver the past few years some important developments have taken place
in the environment of the petrochemical industry that are markedly affecting
this industry. They include a general economic slowdown in industrialized
countries, the steep rise of energy costs, a major increase in plant con-
struction costs, a growing awareness of pollution problems and the introduction
of environmental repulations. Their impacte on this industry are given here

below:

a) Increased production costs.

The rise in the cost of energv, particularly oil, led to a considerable
rise in feedstock cogts and utilities that were translated in higher
production costs of petroctemicals, that decreasingly affected the
products as they move down stream. To illustrate this case see

Annex 8,

Moreover, rising construction costs and stringent antipollution

regulations have resulted in substantial investment cost 1ncreases.

The effect of these factors, particularly the increase 1ir the price
of raw materials, has been to increase olefin production costs by
3504 between 1972 and 1977 under West European conditions. Besides,
the production cost in new olefin plants will be about 12 % higher

than in the case of a similar plant built betore 1973.

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.
MNevertheless the set back of petrochemicals demand has been limited
due to the simultaneous and in many cases higher cost increases

of tne competitive natural products.

¢) Changes in the production cost structure.

The steep increase in the cost of energy has brought about a major
change in the production cost structure. Whereas in 1972 feedstock
represented 42 ¢ of the production cost of ethylene, it now accounts

for 78 9. On the other hand, the proportion represented by amortization
and return of investment has dropped from 40 % in 1972 to the current

12 4 of the ethylene production cost. Therefore variable costs now

are much more important than fixed costs.
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This new situation will affect the petrochemical industryv in two wayms:
+ Those countries having feedstocks cheaply available due to large

petroleum reserves or a favouratle market structure of petroleum
products, or government aid to this industry, will be in the
stronpest position concerning bhasic petrochemical production,

» Fconomies of scale will tecome less important since variable
n0st 10 the dominant factor in production, thus somewhat
diminishing the effect of the limited-market constraint to the

development of the petrochemical industry.

d) Difficulty 1n obtaining raw materials - trend toward flexibility.

The dramaticallv increased importance of feedstocks in the production

cost has spurred a concern among petrochemical producers about

securing their raw materials supplv. Furthermore, the dwindling £as
reserves 1n the U,5.A., the need to import naphtha in Japan, and the trend
among West Furopean petroleum refiners to release decreasing amounts

of naphtha to the petrochemical industry are aggravating the medium-

and long.term feedstock supply problem. Therefore, a renewed techno-

logical erfort is being made toward flexible multiple feedstock crackers,
even at the price of highe:r investment costs.

e) Excess capacit. protlems

As a result »: the marked slowdown in petrochemical markets, growth, the
world industrvy 15 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 those of market outlets and competition. In the meantime,
no major new investment commitments are likely to be approved until

the supply/demant situation becomes more balanced and clear.

f) Trends toward International coopezation

The above described situation tends to produre a polarization towards
cooperation due to the following effects on the factors affecting
petrochemical production :

--a decrease of the market-size constraint that nevertheless will still

remain important,

- the very high impact of feedstock availability at attractive prices,
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- the 1increasingly higher needs of financial means that entails either
plentiful domestic financial resources, or external cooperation

from other sources, or project implementation with foreign partici-
pation. 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.

- participation of companies from industrialized countries in

projects in developins countries would be accelerated due to raw

material availability and environmental problems.
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3. MEDIUM-TERM PROSPECTS: THE SITUATION IN 1985

.1, Demand

3.1.1. Methodology and assurmptions

A combination of three methods have been used for estimating the
future demand for plastics, man-made fibres and rubber:

. 1 eroeeonorie pprosoh bunest on trevdds obsered over the 190 w1978
period wit+h a particular emphasis on recent recession period
bersimning at the end of 1973,

. supply problems (producirg capacities) at least for the next
coming years, and

. analysis of structural changes and consumption analyses for the

major petrochemical products.

Macroeconomic approach has been mainly based on an accurate analysis of

the variations and trends of per capita elasticity coefficients « observed

in world regions over the 1955-1975 period. The compatibility of the

forecast results with these r~usi-ested by a sectoral aznalysis has been checked.
Tre main methodological factors tor estimating the future development

of the demand for plastics, man-made fibre and rubber are:

+» Total consumptior. average growth rates over 10 arnd % years period

As a result of the progressive saturation of the markets, these
rates are expected to never exceed the rates p.a. previously observed.

. The levels of consumption ( expressed in kg per capita)

To different levels of consumption generally corresponds a certain
pace of growth and certain end-uses breakdown of the demand. In
addition, graphic reference to the "master curve" (corresponding to the per
capita average demand in different regions for the same individual income)
has been a haipful indication of the future development of demand.
. Per capita elasticity of demand versus income.
They have been slightly decreasing, reflecting the gradual saturatior

of the markets,
a. Plastics
In industrialized countries, the coefficients of elasticity will
keep higher than 3,0 up to 1980. Thereon, they would decrease to a limited
extent correspording to a still moderate degree of market saturation. Japan
is the only exception among industrialized countries with 1 coefficient of
elasticity of about 2.0. This situation reflects the rela  ively high
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GDP growth rate expected for the next 10 years.

In developing countries, the coefficients of elasticity will in
general keep higher than in industrialized countries, reflecting the large
potential demand existing in these countries. However, there are two
regions where the coefficient of elasticity will be close to 2.0: the
Middle East, owing to the strong rise in income per capita, and East
Asia, where the current congsumption level is higher than those observed
in other countries with about the same income level.

b. Man-made fibres

In industrialized countries, current coefficients of elasticity

of about 2.0 will significantly decrease over the next 5 years reflecting

the saturation of *extile 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
fibers. However, the coefficients of elacticity of Middle East and

East Asia will likely be even lower (close to 1.0) than in industrialized
countries.

With the exception of Eastern Europe, current coefficient of
elasticity in industrialized countries im close to 1.0, thus reflecting
the higher degree of market penetration and saturation. A coefficient of
below 1.0 has been estimated for the next 5 years (between 0.85 and 0.9).
In developing countries, the coefficient of elasticity will generally
remain below 2.0. The remarks concerning Middle East and East Asia also

apply here.

Taking into account the main factors of the growth of the demand for
the main final petroohemical products (espeoially coefficients of elasticity
and their variations) forecasts of the demand for these products have been
gset up. Amexes 9(a), 9(b) and 9fc) show the figures corresponding to the
year 1985. As it appears from this table, the share of world market held by
developing countries will be then 18.9% of the total (as against 11% in 1974).

3.1.2. Forecast of the demand for the main individual products

. Main final products
Structure of the demand for the main families of final products
has generally been changing very gradully over the 10-15 last years,

according to well established trends. This has been the basis of a pre-
liminary €orecast of the demand for final produots when applying the
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extrapolated structure to the forecast figures of plastics, rubber, etc.,
previously estimated. Of course, the preliminary forecast has to be
checked carefully and,in some cases, corrected,taking into account
different elements (e.g., saturation of the market, better competitiveness
of one polymer versus others) able to modify the long-term trend.

By this way, starting from the forecast structure of demand and
from the forecast volume of the demand for the main classes of petro-
chemicals, the following demand forecast has been done:

. plasticsynamely low density polyethylene, high density poly-
ethylene, polypronylene, PVC, polystyrene, ABS resins.

. man~made fibers: cellulosic and non-cellulosic (=synthetic)
fibers. The latter figures in annex 9(a) have been obtained by
difference taking into aocount the stagnation of demand for cellulosics.,
The three most important types of synthetics gre polyester,
polyamid,and acrylics.

. rubber: natural and synthetic rubber. The latter figures in annex
9(a) have been obtained by difference taking into account the moderate
growth of natural rubber and,on the other hand, the saturation
of some markets., The main types of synthetic rubber are SBR
and polybutadiene.

. sgynthetic detergents: the most representative detergents are

DDB sulfonates and non-ionic detergents.

« Main intermediates and basic produgtp
Starting from the forecast figures of the demand for final products
and applying appropriate technical factors, forecast of the demand for

intermediates can be easily obtained by up~stream integration. Consequently
intermediate figures indicated in following tables correspond to final

demard as if all intermediates needed were locally produced, since production
of the four major classes of final products absorbs by far the largest part

of main intermediates under consideration. The remainder part correspording to
miscellaneous uses has been estimated by referring to the sturcture of the
demand in selected consuming areas,

3.2, Produotion

3.2.1. Methodology and assuppidons
As the overall time required to implement a petrochemical complex
might take between 5 and 7 years under normal conditions, the methodology
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used is as follows:

« to compile the announced projects and facilities under design, con=

struction and firm commitments.

. to estimate further production capacities, taking into consideration
specific hypotheses product by product, and the following general
assumptions:

ae An overall trend towards self-sufficiency in the developing

countries reaching markets high enough to justify economic production.

be Preferential locations in areas profiting by raw material
availability and financial means.

C. Solution to the problems that could rise in some countries by

constraints,like manpower formation or financial means available through

international cooperation.

d. Location of the most sophisticated products preferentially in

the industrialized countries.

e, Imports of the non-producing developing countries from both their

traditional suppliers and the new producers in the region.

f. Production capacities and consumptions in 1985 balanced at world

level with an average production factor of 0.85.

The petrochemical products have been separated in three groups
for analytical purposes:
- First group: final and intermediate products that can be manu-
factured from imported raw materials. Their productions can be
contemplated individually,
- Second group: ethylene and its derivatives. Their production is
usually concentrated in complexes based on ethylene production, because
of its high transportation cost.
- Third group: other basic products, the production of which is
rather linked to, or influenced by, the ethylene facilities.

The torecasted capacities to 1985, by regions, are given in Annexes 10(a),
10(b) and 10(c).

3.2.2. Forecast of production for the main petrochemicals

Few developing countries will enter the petrochemical industry
between 1977 and 1980. As far as basic and intermediates are concerned,
the new producing countries would be Egypt, Libya, Iraq, Qatar and Iran.
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The other developing countries th.at have already a petrochemical
industry would increase substantially their plant capacities. Nevertheless,
the share of the developing countries will still remain low.

On the other hand, if the assumptions leading to the 198% estimates
would be confirmed, the share of developing countries in the world petro-
chemical production would be as follows:

Share of world production capacities by developing countries (%)

1977 1985
- Ethylene 6 17
- Benzene 3 15.5
- Xylenes 6.4 16
- Monomers for synthetic
fibers 4 14
- Synthetic fibers 16 23
- Synthetic rubbers 8 13
- Plastics 6 20
3.3 Future prices evolutions

During the previous past yvars the prices of petrochemicals have
been upset by both sudden changes in some manufacturing cost elements
(raw material, investment) and a situation of general overcapacity. It
is expected that in the future, the overall situation will tend to reach
equilibrium, and that the prices evolution will be more 1inked with changes
in the production cost elements. From a general point of view the production
cost evolution =an be practically tied to two main factors: trude oil price
evolution, and overall inflation (general price index related charges:
investment related, manpower, mairtainance, etc.). The impaot of the crude
oil price evolution (via naphtha, LPG, fuel, etc.) beoomes less important when
moving from the basic to the intermediate and final products. Annax 11
presents the respective shares of the present prices of some petrochemicals

that will move accordingly with the crude oil prioe and the general inflation.

3. 4. Impact on the international trade

According to the estimates done for 1985, the international trade of
petrochemicale would be highly altered.

The main new trends would be:

« aglobal increase in self-sufficiency at regional level
« a less prevailing position of the industrialized countries
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. despite the trend toward regionul selt-sutficiency, the trade
volume would keep at least its present order ot magnitude because
ot consumption increases and the appearance of new trade streams.

. the appearance oi new trade streams such as sophisticated products
exported rrom industrialized to developing countries (currently or
little importance), commodities and high consumption products
exported trom developing countries (mainly hydrocarbon-producing
courtries) tn industrialized countries.

Thegse treeds will demand grecter ettorts and resources in the
areas o! marketing =nd distributior by the emerging exporters in order

to bereiit irom their attr-ctive productio- costs.

3.5 Feedstock supply

The supply of raw materials for the petrochemical imdustry accounts
for only a small part of total hydrocarbon consumption. Problems in
comnection with the availability of raw materials for the petrochemical
industry will continue to be very much a function of the economic situation.
Annex 12 presents an estimation of the hydrocarbons required by the manufac-
ture of petrochemicals in 1985,

With regard to gas, the main raw material used for the prnduction
of methanol and also ammonim, only Japan, being entirely dependent on
imports, can be expected to have a significant problem with regard to
supplies. liorth 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 ING.

Everywhere but in Eastern Europe, there will 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% and 387 respectively in 1985).
More costly ref.ning schemes and strong tension on naphtha prices can
be expected in these areas.

In the developing countries the low consumption of fuel oil and the
high demand for naphtha will involve big problems. If ethane or LPG are
available they will have a privildged place as steam cracking feedstocks;
the use of gas o0il may lead unavoidably to the production of poor quality
fuel oil, which will be very difficult to sell on account of the lack of
huge industrial development and the very low requirements of the domestic
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heating sector. The extensive use of raphtha without required upgrading
facilities will have the same adverse effect because for 1 ton of

naphtha produced in refinery, an amount of 3 tons of fuel oil is also obtained.
It appears this will be the major problem for developing countries as

far as petrochemical feedstocks are concerned.

.Ah,. Estimation of investment and manpower needs

3.641. Investments

The petrochemical industry is an industry which requires very
high investments. Construction costs for petrochemical plantthhave risen
steeply in the last few years (507 increase from 1973 to 1976). This
rise will have the following consequences:

« major projects will be undertaken by joint venture constituted either
by several companies or by governments and companies.

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

« the 0il producing countries who have considerably increased their
financ ial 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.

Investments tor petrochemical plants vary according to the technical
options and the lncalization o: production, The estimated investment
range, battery limits tor 1977 European conditions, varies betweem 150
to 0,0 3/ton ror basics, and r'rom 200 tn 2,300 3/ton for intermediate and
finals., Local conditions preatly atffect the mnin constituent elements ol
the construction cost. Ir particul~r construction costs are gererally
higher in the developing countries, chieily due to the tfact that contractors
and marufrcturers ot equipment are such » distance away, and also because
n{ i-trnstructure problems,

The investment requirement estimrtes ror the petrochemical

industry are presented in Arvex 13,
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1.,5.2. Manpower *

Estimated manpower requirements are given in Annex 14, which
shows that by 1985 the petrochemical industry will require a labour
force ol about 1.3 million, of which 285,000 would be in the regions
of Latin America, Africa and Asia. It is foreseen that the composition

of the required personnel would be as follows:

Technical personnel

including:
- engineers and managerial staff 3%
- foremen and technicians 105
- skilled workmen 49l
Administrative personnel
including:
- managerial staff vy A
- clerks %

Sales and marketing personnel
including:

- managerial staff 2%
- clerks /A
¥

Unskilled workmen: 2

The data from manpower-need estimates for 1985 racilitates
the calculation of the manpow : for ditferent regions until 2000

under the three difterent scenarios (UNIDO, Cavendish and Leontief).
The estimates of the three hypotheses give preliminary indications

about the intensity of manpower itraining and development problems
which could appear in different regions in this period.

The mair problem i» pronviding 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 kinds of skilled manpower, as well as

*The information in this section was provided by an ILO study on
manpower iraining needs in the petrochemical industry in developing
countries, specifically conducted for this UNIDO paper.
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graduates o! secordary schools and vocational educational inutitutes.
Aside from the shortage of qualiried personnel in the developing countries,
there is a lack o. qualilied trainers and adequate training programmes,
insutficient linurces, and a climate which iavours "academic" study
rather than vocational and technical training.

To uchieve the target or providing required personnel :or the
petrochemical industry, the policymakers should be aware ol not only
the above problems, but also the positive and negative implications
in the rield ol job-generation and induced employment. The positive
implication is the backward and forward linkage of the petrochemical
industry with other sectors of the economy; the negative implication
is the influence o! the industry on labour-intensive industries, i.e.,
development or synthetic tibre production competes with labour-intensive
Jjute production in some developing countries whose exports revenue is
heavily dependent on jute and the same could be said about substitution

of the natural recin by synthetic ones. However, taking intc consider:tin.

positive ard negntive effects in job-generation in developing countries
as a whole, it must be stressed that the net employment-creation efrect
of the petrochemical development is a positive one. Most ol the specialists,
both in developing and developed countries, believe that ior the conditions
in the developing countries, on the average one new Job in petrochemicalsg
could create tive to seven jobs in other industries,

Thus, the main policies which could be helpful to meet the
growing requirements ot the rapid petrochemical expansion in daveloping
countries on the manpower development side are in the folloewing areas
of activitys

a) manpower planning;

b) co-operation and co-ordination of activities between
the petrochemical industry and the educational systenm;

c) 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,
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The above policy measurements mainlv underline that the policymakers
should formulate manpower planning at the same stage that they

tormulate 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 overlapping between

them, and to avoid the waste of human and financial resources
nationwide. The next step would be to identify the right training
systen 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 28 training institutions, research centres, marketing
organizations, etc. In addition, the assistance of the educational
institutions of industrialized countries is vital in encouraging

the transfer o1 know-how needed for training the required personnel,
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4. ASPECTS OF THE FORECAST UP TO THE YEAR 2000

4.1, Methodolo‘x

The aim is to examine several ways in which the development
of the petrochemical industry could attain the growth objectives stated
in the Lima Declaration.

The characteristics of this sector are given by its physical
internal structure, that in the main include its stoichiometric relationships.

The dynamics of this sector are given by its social structure that
includes the sectoral environment and the strategy of the actors.

For the purposes of this study, a World Petrochemical Industry
3imulation Model has been used to explore various dévelopment alternatives
to the year 2000 based on a combination of macroeconomic and specific
regional and product hypotheses.

Further on=going studies will develop exploratory and normative
scenarios using futures research techniques,

4.1.1. Brief description of the world petrochemical model

The 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 1light
for subsequent calculation.
Considering that the variables uf the model are mutually influencial,
a oomputerized 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 hypothesis explored,

4.2. Main es

The attainment of the Lima objective of 25% 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. Therefore, the main hypotheses for the model concern GDP growth
rates that are then translated into demand figures using macroeconomic
relationshins.

In order to properly explore the future,at least three GDP growth
rate hypothesis should be considered:

a. the attainment of the Lima objective as the minimum.
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b. a reference trend if things continue as they are,
ce the probable share of world production that developing countries
may achieve as viewed by the business community.
Here i1t should be noted that each hypothesis 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.

llypothesis A

It is based on a simplified simulation model developed by UNIDO to
assess the implications ot the Lima target. It shows the different spreads
with which industrialized and developing countries should grow to attain =at
least the 25, world production target. From the wide range of growth-
rate relationships, the one giving the following values was chosen:
world GDP growth - 4.0y, industrialized countries = 2.9, and developing
countries = 6.8, .

These {igures were chosen because they were the nearer to the
historical growth rate achieved by developing countries during the high
ccoriomic growth period 1960 - 1973, while industrialized countries still

retained an attractive GI'P growth rate.

liypothesis B

It is based on Leontief's "The Future of the lorld Economy" and
corresponds to the passive scenario X. It was closen because it has a
world GDP growth rate of 4.8%, the nearer to ensure comparability with

hypothesis A, while providing a different world production target.

ﬂzgofhesis C

Seven different GDP growth rate hypotheses given by different busi-
ness organizations were analysed. The one given by the Cavendish Laboratory
(U.K.) that corresponds to ita high estimate was chosen. Its
world GDP growth rate of 4.0% ensures a proper comparability with the
other two hypotheses.

4. 3. Pictures of the petrochemical industry in the year 2000
The results of the orld etrochemical odel for the three main
hypotheses are given in Annex 15,

The more important conclusions to be derived for each hypothesis

are as follows:
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Hypothesis A

It is the only one that attains in excess the Lima objective.
entails a major shift from the present international order and the nature
of the relationship between industrialized and developing countries.

It requires over 20 years of suastained international cooperation
as the major means to allow developing countries to achieve the required
economic growth.

I+ also requires massive technical training programmes to ensure
efficient plant operation rates, and the smooth and steady supply of world
markets from new producers. ‘

Investment financing is the equivalent of 0.327 of GDP over more
than 20 years, which is a fairly high ratio. As a comparison, short-term
estimates put petrochemical investment for developing countries projects in hand
or scheduled for implememtation between 1977 and 1980 at 0.25% of GDP.
Hypothesis B

This alternative involves the highest oil consumption. Without

cooperation, the least solvent countries may find themselves deprived of
this vital raw material for their petrochemical industry in the event of
shortages.

The financial outlay is almost as large as in hypothesis A, but it
is difficult to envisage how it can be solved since this hypothesis entails
very little international cooperation, 1In fact, it projects a rather gloomy
picture for developing countries.

Hypothesis C

It involves a minor political and economic eftort, yet at the same
time this is taken into account in the objectives as translated from the GDP
growth rates.

Investments equivalent to 0.19% of GDP are intended only to satisfy
the immediate domestic demand through production capacities, taking advantage
of the economies of scale.

The need for qualified manpower is reduced, and fairly moderate
world oil demand would mean few raw materials supply problems.
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5. STRATFGY OF THF ACTORS

In studving the dynamics of a sectoral structure, the most important
element concerns the power relationships hetween the actors that participate

directly or indirectly in the industry under consideration.

These actors usually are organizations, governments, groups and individuals
whose relative power positions, expectations and intentions determine the
duration and intensity of the power relationships hetween them, These
relationships usually evolve within a framework of conflict-cooperation

acrording to the degree of concurrence or disagreement reached by the actors.,

As result of the ahove, actors usually determine their actions in terms
of strategic postures that could be enounced by them and/or perceived by the
&her actors, The strategic posture indicates the ways (decisions, major
action programmes) in which actors intend to use their means (the resources
available to the actor) to achieve their aims and objectives and overcome
their ronstraints, In the petrochemical industrv the main actors have bteen
the larse chemical multinationals who until recently were in position to
shape the world-wide development of this industrv. These companies are
oripinally from developed countries and can be of private, putlic or mixed

ownership.

Currently emerging actors, new evolving power relationships hetween
actors, increasing role of governments in this industry and a growing
hody of constraints (economic, technological, environmental, etc.) are

changing substantially this situation,

Presently work is being carried out to analyse these chapges and their

likely outcome in terms of the strategy of the actors.
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t. RECOMMENDATIONS FOR THE DEVF!OPMENT OF THE
FETROCHEMICAL INDUSTRY IN THE DEVELOPING COUNTRIES

The ronditions which most favour petrochemical proects have tended to
be present tofether in the industrialized countries, hence the ~oncentration

of the petrochemical industry today in Europe, the United States, ard Japan,

Althoush a number of major prorects are at present in the pianning or
construrtion stage in several of the developing countries, the situation of
this industry in 1980 will stil] be far from the objectives contained in the

Lima Declaration.

When setting up a petrochemical industry 1n a developing countrv, a
numter of ctstacles have to be faced. The most 1mportant among them being
small market si17e, difficulty in penetratins markets atroad, amount of
capital required, the need for skilled, qualified manrower, raw material

and i1nfrastructure requirements,

Taking 1nto account expected trends and corstraints, some attempt
can bte made tc formulate overall straterivs aimed at overcoming or
minimizing these constraints, and recommendations which will help promote
petrochemical development in the develupinge nountries, with emphacis oun

the setting up of sound projects whi:nh will tenefit the country,

e Suggested overall strategies

National 1ndustrial development planning

Settirg up or developing petrochemical production in developing
countries involves a great deal of outlay, particularly in financial
terms. The new 1ndustrv, once set up, affects many other sectors ranesing
from refining to textiles, plastics and rubber processing, construction,
afgriculture, transport, etc,., In addition it creates manpower and
infrastructure protlems which can be rescolved only in the medium or
long term; and 1t i1nvolves a number of major dicisions, In the light of
these circumstances 1t appears that industrial development planning on
a national acale offers the best means of creating a favourable environment

for petrochemical development in the developing countries,

Co-operation with industrialized countries

It is difficult to imagine how developing countries might acquire at
present certain means indispensable to the development of petrochemical
production unless they co-operate with the industrialized countries,

where,i1n fact, some vital factors are almost exclusively concentrated: large




- 46 ~

petrocremie~l camp.nies, construction lirms, sources or finance,
tech-olngy, plunt design, and operating and marketing experience.
Pererver, thess countries contirue to iccourt .or o major share of the

petrochemic.ls m.rkets,

.2, aecommendations

1, The petrochenical industry is a heasy industry requiring substantial
resources in terms o. investment, r:w moterials, skilled personnel and

in.rastructure, T1: implement:tion conditions are not optinmum, venetit

to the country will pe slight, unless justitied by specitic, particularly
~rouraple circumstances. Those developing countries that still do not

hove petrochemictil industiries may sturt oy manutacturing petrochemical

urd products, in particular sythetic ribers, best suited to prevailing

coriitiors and the needs o most ni these countries.

2. hefore the decision to set up the petrochemical industry is taken, a

verv detailled assesnment has to te made: on the ore hand of possible -d:antagpes

for the country (raising the gross domestic product, foreign currency
saving, securing raw materials, etc.) and on the other hand, the resources
required (estimation of requirements and determination of available

resources ).

1, Industrial planning and choice of product must be the result of
well-considered decisions, tearing in mind the country's needs and the
possibilities it offers. The following aspects in particular must be
covered:

a) An in-depth market survey, the market being one of the determining

factors in the success of a petrochemical undertaking:
the domestic market and probable future development must be
studied in the greatest possible detail. The study should
identify local constraints likely to limit petrochemical
consumption, such as product quality and price problems,
distribution networks, process industries. Petrocnemical
process industries should receive particular attention,
These include textiles, plastic processing, tire and other
rubber processing industries. They will constitute the petro-
chemical industry'’s direct clients, and if they do not
develop sufficiently, petrochemical outlets will be seriously
affected. Thus means must be found, wherever necessary, to

encourage such development, e.g.,economic incentives,
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personnel training, setting up of petrochemical application

demonstration units,

The domestic market survey as a whole should lead to formulation

of a marketing strategy for the future products.

The export market survey should cover in particular interna-
tional competition, customs protection, transport costs and
existing distribution networks. Also included should te an
assessment of the investments required, usuallv considerable,
in order to reach these markets. One possitle solution would
be to use the services of an international company, who would

btecome a participant 1n the project.

b) Inventory of the country's raw material resources and their valo-

rizatilon. This sghould give consideration to uses other than in the
petrochemical industry, and particularly, in the case of oil and gas

producing rountries, to export opportunities. Possitle consequences

for local refining industry of the arrival of a new petrochemical
industry likely to seriously affect markets, will also have to be |

considered.

c) Techno-economic studies y based on the results of the above studies:

these should include in particular an accurate and realistic investment
estimate, allowance for the effects of inflation, and a detailed foreign
currency balance, so as to allow the best possible assessment of each

project’'s positive effects on the country.

d) Accurate assessment of infrastructure requirements in respect of

different schemes, and comparison with existing faci ties. If the

petrochemical industry is set up in a country lacking an adequate
infrastructure, it will not operate satisfactorily, or,alternatively,

considerable additional investment will be required to set it up.

4. The following problems have to be resolved in the course of pro ject
implementation,

a) Technical choice

In choosing a technology caretul attention should be given to the
l'ollowing, overlooked tactors:

- Adaptability to market requirements, tor it will determine the

operating rate ot the plant which is an essential condition for
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proiit.wility. The choice o1 products and their speci l'ica-
tions should be in line with the requirements and habits ol
the petrochemicnls consumers, i.e., the processing industries,

- Ease ol operation, The processes should be adapted to local

conditions since ir developing countries there is not enou h
experienced personnel cble tn correct oper:ting dericiencies,
The processes should be industry-tested, with sound, reli-ble
equipment. Stuite-oi-the-art technic:l inrovations which have
rot vet ndequate industriil reterences con only be used by very

cxperienced ind highly qualitied personrel.,

Belorc choosirg @ techrolopgy (there are seversl competing pro-
cesses per product, put usunlly one or two o those beceme the
commerci-lly domiv-»t technologies), intending operators should
visit the users n. the prospective techrologies in order to see
the equipment working -rd benetit .rom the user's experience,
ard to .ssess whether the necessary conditions tor trouble-iree
operating conditions 0. the prospective technology are present

or not in their local conditions.

- Proiitapility ot the process. It should be ensured that the

process adoptud must give production costs able to race stitf
competition irom domestic and external producers,

Personnel recruitment and training

The manpower resources should be developed and trained at all

levels for various 1unctions existing in the petrochemical

industry. For this purpose, the general education system should

be reoriented to put greater emphasis on the natural sciences,
technology and vocational skills. Technician training should

be expanded and on-the-job training be given direrl assistance

by the local indusiry and by facilitating the transter of know-how
from foreign sources, in particular from multinational petrochemical
companies, including temporary use of expatriate personnel where
required., The national vocational training schools and university
departments dealing with petrochemical training need to te expanded
in quantitative and qualitative terms and co-ordination between
industry ard educational systems improved, The regional co-operation
among the developing countries should be egtablished and strengthened
by the educational institutions of the industrialized countries and
the cooperation oI engineering and construstion enterprises, as well

ag process owners,
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c) Plant localization

In deciding on the localization of a petrochemical plant, many
very different considerations have to be borne in mind, and the
final choice may in some cases be a compromise between conflicting

factors.

The region where the production unit is to be set up is deter-
mined first of all, and, this once settled, a more specific

choice of site can be made,

When determining the region, the following censiderations have

to be taken 1irtc account :

« a reliable rupply of raw material:

o minimization of the cost of obtaining raw materials and of
dispatching products to the consumer

o avallability of an existing or potential work force

. existence or cost of setting up the infrastructure necessary
for the implementation and operation of the petrochemical industry {
+» 1nterest for each of the regions under consideration of estabilish-
ing this tvpe of industry

. geographical features : clamate, altitude, incidence of earth-

quakes, and consequences of these on investment and operating costs,
Once the region has been decided, the choice of the site itself
can be made, according to criteria relative to the available land
and infrastructure. The first essential is of course that an area
of land suitable for a petrochemcial plant should be availatle.
The chosen site should comprise the infrastricture indispensable
for the setting up and proper funetioning of the petrochemical plant,
The infrastructure —~seded includes the following main items :
« facilities for the delivery of the constituent equipment
+ a supply of water and electricity
. effluent disposal facilities

« transport facilities

« housing,
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1)

e llb

£)

Pollution regulations

Specific regulations to deal with problems presented by the vetro-
chemiral indvstry must be drawn up by the relevant authorities.
Such regulations are indispensable to contractors for the design .

of pollution control systems, ard must therefore be 1n existence
when the tender documents are sent out. 1t 1s recommended that
the different ministries concerned, e.f., industry, health, devel-
opment, should Araw up relevant rerulations, referring if

neaessary to other countried experience.

Marketing policy implementation

On the basis of the market survey results, marketing policy and

organization should be planned prior to plant start-up : it may

prove helpful to facilitate market penetration by preceding product |

launching with imports of ideéetical products from plants using the ;
i

same techniques,

Financini sources and schemes

The petrochemical industry requires very high investments. In

the particular case of developing countries, a specific aspect

of the petrochemcial industry is also that it involves importing
from industrialized countries most 1f not all of the equipment,

and means high investment in foreign currency. Therefore the
possibility of raising the funds required for financing the required
investment amounts will probably be decisive for petrochemical

industry development in developing countries.

Government support

In order to set up and develop on a sound basis in the developing

countries the petrochemical industry must receive Government support.

Aspects where support is essential include :

. import duty concessions on machinery and equipment

. tariffs and other types of protection

+ tax incentives

. export promotion

+ private sector investment promotion

« development of industrial estates making land and infrastructure
available

. assistance with manpower training.




Promotion of co-operation

Co-operation between countries, particularly among developing countries,
offers a means of reducing or overcoming several barriers, in
particular as regards :
« domestic market limitations
. financing problems (resources can be combined)
. raw material and infrastructure requirements (plante can be sited
in the most favourable areas).
Moreover, co-operation makes for more efficient personnel training
and exchange of information thus enabling many countries to benefit

from the experience of others in setting up petrochemical plants.
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Annex 3

WORLD DEMAND

FOR PETROCHEMICAL END PRODUCTS

1974
(1,000 Ton)
EGIONS OF THE WORLD OLASTICS A IRSOALIES S::‘gsg?
~ESTERN ZURQPE 15 430 1 770 1 720 3 300
ZASTERN EUROPE 4 500 830 1 300 1 =00
NCRTH AMERICA 13 872 2 591 2 485 2 700
LATIN AMERICA 1923 437.0 3498 300 |
AFRICA 724 196.9 162 250 ;
ICRTH AFRICA 220 50.6 51 110 |
WEST AFRICA 102 29.3 45 50
EAST AFRICA 108 21.3 38 40
CENTRAL AFRICA g4 9.4 1" 25
30UTH AFRICA 230 86.3 18 25
ASIA fexcl. CHINA) 7 554 1 498.8 1 058 1 350
ChINA - - 85 -
MIDDLE EAST 405 16.7 83 150
EAST ASIA excl. JAPAN 576 185.6 73 4aa
JAPAN 5 800 655.1 615 850
SOUTH ASIA 773 362.7 220 550
PACIFIC AREA 800 155.4 78 250
TOTAL WORLD 44 603 7 538.1 7 708 10 850
of which
developing cou:tries 4 171 1 451.3 985 2 225
*  including CHINA
¥  of which about 20 % active materials
Note: 1In most cases 1976 figures were again at 1974 level; recovering from the ;
heavy drop in demand recorded for 1975.
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Annex 4

WORLD CONSUMPTION BREAKDOWN OF MAJOR

PETROCHEMICAL END PRODUCTS - PERCENTAGE

REGIONS OF THE WORLD 1974
WESTERN EUROPE 31.81
EASTERN EUROPE 11.91
NORTH AMERICA 31.68
LATIN AMERICA 4,71
AFRICA 1.81

NORTH AFRICA 0.54
WEST AFRICA 0.29
EAST AFRICA 0.28
CENTRAL AFRICA 0.14
SCQUTH AFRICA 0.55
ASIA excl. CHINA 16.89
MIDDLE EAST 1.01
EAST ASIA excl. JAPAN 1.40
JAPAN 11.81
SOUTH ASIA 2.27
PACIFIC 1.38
TOTAL WORLO 100.0
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Annex 5

WEIGHT OF INTER-REGIONAL TRADE COMPARED TO PRODUCTION

(MAIN EXPORTS/WORLD PRODUCTION)

1973
PROOUCT %
Ethylene 0.7
Propylene 0.6
Butadiene. butenes 3 -4
Benzene 5.4
Toluene 12.7
O.xylene 14.1
| Mixed xylenes 5.6
Styrene 8.3
Methanal 8.6
Phtalic anhydride 6.9
Ethylene glycol 11.0
Formaldehyde 1.5
Acetone 5.7
) Cyclohexane 3.0
Caprolactame 9.5
Acrylonitrile 8.4
Cimethylterephtalate 5.3
Synthetic detergents 4.5
Styrene-butadiene rubber 11 - 15
Polybutadiene rubber 12.7
Synthetic rubber 15.0
Acrylic fibres > 14
Polyamide fibres > 1
Polyester fibres > 6
Synthetic fibres 15.2
L.0. polyethylene 14,4
H.D. polyethylene 20.7
Polypropylene 20.1
Polyvinylchloride 9.8
Polystyrene 6.8

Footnote: At the world level, world production is considered as equal to
world consumption.
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Arnex 7

RESERVES AND FOSSIL FUEL RBSOURCES

10¢ TCE
-_
U777 Reserves™ st Natural gas | Crudéoil | T coal T “Tetai”
NORTH AMERICA 7 904 5 116 124 880 137 soo
E.E.C. 3 228 2 440 30 674 36 342 )
Others WESTERM EUROPE 808 913 1 340 3 051
JAPAN 60 4 .- 687 751
EASTERN EURDPE 26 985 11 109 202 840 240 934
AFRICA 5 989 8 263 8 425 22 678
LATIM AMERICA 2 587 4 039 (4) 1713 8 339
MIDDLE EAST 16 982 50 160 200 67 342
CHINA 716 ] 2 729 67 533 70 978
AUSTRALIA-NEW ZEALAND 1102 214 16 347 17 663
SOUTH EAST ASIA 2 270 2 619 8 846 13 735
WCRLD (1) 68 631 87 606 463 486 619 723
World resources (2) (171 to 344) | (184 to 1840) | (720 to 35C0) (1075 to 5784)
Range of estimates x 103 x 403 x 103 x 103
Expacted value 300 000 300 000(3) |2 220 o000 2. 800 000

(1) Proved and recoverable reserves at 1976 economic conditions
{2) Known, probable and undiscovered

{3) 04t necovened from tan sands and shate oif could doudble this value.

{4) Venezuela oil belt and
by Peiex} ere not included in this figure.

lange extension cf

Hexico oil neserves |
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Annex 9 (a)

WORLD DEMAND FOR PETROCHEMICAL END PRODUCTS

1985
1,000 tons
REGIUNS OF THE WORLO PLASTICS S:;‘E::E;I: Sgﬁ;;g;lc S}{?gs;?
AESTERN EUROPE 36 330 3 200 2 553 4 800
EASTERN EURCPE 13 975 2 64sS 3 394 2 700
NORTH AMERICA 33 575 4 545 3 681 3 600
LATIN AMERICA 7 886 1 490 308 1 850
AFRICA 3 255 743 431 580
NORTH AFRICA 1 908 270 129 230
WEST AFRICA 575 168 100 110
FEAST AFRICA 4390 75 95 S0
CENTRAL AFRICA 285 29 31 50
SQUTH AFRICA 805 207 76 40
ASTA (excl. CHINA) 23 310 5 650 2 710 3 240
CHINA - 1 080 213 -
MIDOLE EAST 2 210 380 245 310
EAST ASIA excl. JAPAN 2 525 670 174 750
JAPAN 14 675 1 665 1 252 1 150
SOUTH ASIA 3 3900 1 855 826 1 030
PACIFIC AREA 1 875 293 123 410
TOTAL WORLO 120 306 18 572 12 A01 17 180
of which
developing countries 18 971 6 017 2 722 4 480
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Annex 11

ESTIMATED PETROCHEMICAL PRICE TRENDS

(based on current prices)

Share of present price
expected to vary with
crude oil price %

Ethylene 50
Propylene 50
Sutadiene 50
Benzene 50
Oxylens 50
P. Xylene 50
Styrene 40
omMT 30
Acrylonitrile 33
Ld Polyethylene 29
Polystyrene 28
Polyester fibres 17

Acrylic fibres 16

Share of present price
expected to vary with
overall inflation %

50
50
50
50

50

72
93

84
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ANNEX 12

HYDROCARBONS REQUIRED BY THE MANUFACTURE OF PETROCHEMICAL PRODUCTS

1985
10% 71.0.k€.
Feedstock Net ctilities | Total 0f which
REGIONS CF requiremants |requirements requirements |rydrocartcns
{ (excluding for non pe-
TH

€ WORLO fuel recovere: trochamical
as Dy oroducty anmonia
WESTERN EUROPE 112.4 29.1 141.5 (15.4)
EASTERN EURQOPE 68.9 12.7 81.5 (27 .3)
NCRTH AMERICA 129.4 23.4 158 .8 (19.7)
LATIN AMERICA 21.9 5.3 29.8 ( 4.8)
AFRICA 9.5 2.5 12.3 (2.8)
CHINA 16.7 4.4 21 (10.5)
MIDOLE ZAST 8.5 2.6 1.1 ( 1.4)
EAST ASIA 1.3 3.3 15.1 (1.7}
JAPAN 39.3 1.4 50.7 (1.9)
SOLTH ASIA 22.5 4,3 26.8 (11.3
PACIFIC AREA 4.3 1.4 3.7 ( C.6)
TOTAL W~CRLD 444 .7 128.2 253.2 (s8.C




Arnex 13

INVESTMENT REQUIREMENT ESTIMATES

10% uss (1977)
AREA UP TO 1980% 1380 - 1985
‘
WESTERN EURQPE 14.5 14.9
EASTERN EURQOPE . 6.7 13.2
‘ NORTH AMERICA 12.8 27.2
LATIN AMERICA 5.9 15.3
AFRICA 1.2 5.6
ASIA
MIDOLE EAST 2.2 5.7
EAST ASIA 3.5 5.3
. JAPAN 4.9 8.1
SOUTH ASIA 2.4 10.2
' PACIFIC AREA 9 2.3
TOTAL 55.0 108.4

#® Corresponding to the plants that will ctart up before 1981
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Annex 14

MANPOWER NEEDS ESTIMATES (MEN)

,

1985
»% Technicel .\:miwistra:iue Marketing
Area perczonnel serscnrel and Eélfé
DETISNNE L
Wwestern Surcpe 223 3CO 28 00 3 233
Eastern Zurope 160 500 16 300 & CCQ
fiorth Arerica 328 4CQ 31 gCo 16 3C3
Letin Arerica 85 303 3 a8 4 3C0
Africe 23 802 < 436 1 203
Asie
Miccle Sast 25 360 2 700 1 320
€25t Asis 52 100 5 200 2 320
Japan 124 205 12 28C 2 2CC
South fsie £3 €CO 3 220 3 0CC
racifiic area 17 800 1 E00 €ae
TOTAL WCRLD 1 189 500 114 SCO 53 05C
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