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1
INTRODUCTION

The Lima Declaration ahd Plar of Action of Industrial Development and

Cooperation was adopted at the Second General Conference of UNIDO in March
1675 and was subtsequently endorsed by the Ceneral Assembly at its seventh
gpecial session., In the Lima Declaration, the role of industry was re-
asserted as a dynamic instrument of growth, essentia’ to the rapid economic
and social development of the developing countries; the declaration called
for an increase of the share of the developing countries in total world
industrial production, and set a target whereby this share should be increased
to the maximum possible extent and, as far as possible, to at least 25 4 of
total world industrial production by the year 2000. It declared that develpping
countries should devote particular attention to the development of basic
industries (such as petrochemica.ls) therety consolidating their economic
independence while at the same time assuring an effective form of import

substitution and a greater shzre of world trade.

This study represents a concerted attempt to provide an overview of
the opportunities for and constraints upon the development of the petrochemical
industry. Through this study, the International Centre for Industrial Studies
in UNIDO is contributing to an understanding of the issues involved in this
sector, and is identifying the opportunities open to developing countries
in their endeavour to increase their share in world industrial production,

as the problems they have to solve to hit this target.

This study is intended as a tool for decision makers involved in the
petrochemical industry; special attentic) has been devotec to developing

countries. It has been prepared in the light of experience in this sector.

Due to the changes occuring not only from the petrochemical industry
itself but alsc in external sectors having a very great impact on the petro-
chemical i1ndustry, such as the energy sector, financial sector, general develop-
ment rate of growth, the study and its projections as well as the methodology
used will have to be periodically revised in the light of changing

circumstances.

The scope of the study is limited to the four main, large tonnage
end-product families: plastics, synthetic fibers, synthetic rutbers and

detergents, along with their correspoding intermediate and basic products.




1. MAIN FEATURES OF THE PETROCHEMICAL INDUSTRY

1. The petrochemical industry is growing constantly. World production
from a few hundred tons in 1920 rose to 3.5 million tons in 1950 and is

row in excess of €5 million tons. This rate of growth is one of the
switest in industry.

2. The petrochemical industry is capital intensive and requires very high

inve-tments,

3 The markets for this industry covers several industrial sectors since

it provides basic material! for them.
2, Its dynamism is given primarily by its highly competitive position

arainst other artificial and natural products,

5. The petrochemical industry has to compete with other sectors in obtaining

its supply of raw materials,

€. The design, implementation and operation of petrochemical plants
require a emall, highly skilled and qualified;work force to whom a great

deal of responsibility is given.

T The petrochemical industry is subject %o restrictions of economy of

scale, hence of outlets, though to a much lesser degree than pre-~1973.

E. The production of petrochemicals necessarily involves the application
of technologies which may bz highly complev and which are generally owned
i companies involved irn manufacturing or else in researcn and development,

wno, however, are prepared in most cases to make them available under license,

9. The petrochemical industry is a complex, diversified industry, with a

multiple choice of alternative products techniques and raw materials,

Lo




Do P A PelGTIT STTUATION

2.1, POODUCTION OF PLT.IQCH: “CLLS

.11, ractors atfectiags the productior ot petrochemicil products

a, vxistence and develcomenb ol o market

The tirst condition lor the setting up ol an industry is the existence
of a murket, i,e., a dem:nd, whether actual or potential. The rapid develop-
ment o1 the petrochemicil industiry 1y due to the fact thit it was able to

supply at a competitive price, products with characteristics which were not

only constant, but otten superior to those ot the products, generally natural,

which they supplanted.

b. Availability ot petroloeum raw moteriolg

In order tor a petrocheinicul industry to be set up, there must be petro-
leum raw materials; available, exther in the form of gaa or petroleum fractions
obtained through refining. Tt must ve emphasized at this point that the
development and concentratics of the petrochemical industry in such areas as
Yorth America, Japan and Eicope were largely due to the existence of suitably
priced raw materialc: o2thine ind LPG ansociated with natural gas in the
United States and naphtha, until recently in exce s of the requirements of
the petraleum products wou'ert, ir Barope ind Japan, Tn the past, a local
supply ot crude oil wiv vat oom v tacter in the development of the petro-
chemie~l industry, srdd, atr “le exseplion of the United States where the
patrochemical indugtry 1 b o-d on s, mort of the countries where the petro-
chemical 1~dustry 1s uel! 0o deput oo not themsel ses producers ot crude oil,
The cxistence ot i or i Uiedtegpe irdnet oy vhich can supply a5 oil or
nrphtha 15 much more import oit. Tre proportion of raw materials used in
prtrochenictry, out o the ot 1 emwe cil ar g.o produced, although con-—
stuntly ;Towing, 15 stils o~ Ll, 14 we less that ¥ in 1950 and 19 now
somewhere between 1,45 ol .

The avarlability or raw materialds can be linked with the existence of a
refinin,g industry diceu ol ere below. 1t affocts the bauvic petrochemical

production,

c. Exictence ot 5 relining industry

The existence o! a lurge-ucale refining inducsiry is an important factor
as far as the petrocremicil industry is concerned. On one hard,it is an
indispencable source otf aome raw materiais. On the other hand, the refining

industry enables a larpe quantity of by-products trom petrochemiatry Yo be




valorized, The production of 1 ton of e¢thylene by the stem cracking of
niphtha automatically yields avout 0.2 ton of LPG and 0.65 ton ot gasoline.
¥irally, the refining and petrochemical industries roly on technologies
which are in some respecta fuirly gimilar, The prescence of persnnnel vho
are experienced in the operation and mainiemince of a refinmiag plant is of
gr=at benefit to a petrochemical industry which is just starting up. The
impact of the existence of a refining industry is mainly relative to bauic

petrochemical production.

d. Availability of manpower

The technology used in the petrochemical industry is in some respects
very complex, involving the latest technical developments in several [ields,
including, of course, chemistry, but also metallurgy, mechanics and elsctronies.
The persomnel in charge of the operation und mnintenaince of plants is there-
fore miude up essentinlly ot a highly specialised work lorce. In view of the
large sums invested and the cffect ol too frequent stoppags on the profit-
ability o the plant, it is sdvizable that the operdation nd maintenance of
petrochemicnl plants chould be in the hands ol very experienced personnel,
I+ problems ol training cngineers, foremen, operatnrs, maintenance gpecialists
end chemists are a decisive rdactor, und training involves considerable expene

diture,

e, Means of financing invesiment

The patrochemical industry is 2 heavy industry requiring very con-
siderble insestment,

Acness to means of financing these very high investments (ploughing
bick of prolits, sharenclders’ contribution has been mnd will increasingly
be 1 magor clement governirg thu development and setting up of the petro-
chemical invlustry. In the pust, the sutistaztion of the financiuzl require-
netg of the petrochemical industry, ecpecially in the industrialized countries,
w:s preatly tacilitated by the cxistence of funda resulting miinly from the
2ailanility ol raw materials at very tovourable prices, On account of these
ruw material price levels, it wis pousible for the petrochemical industry to
mrrxet compatitively priced products which could compete with natural products,
end @lio very ensily suppliint the products of other industries (for instance,
acetylene manutactured r'rom culcium carbide, or benzenme derived fron coal),
Mt only did these highly advantageous conditions fuvour a rapid increage
in the penetration ol pctrochemical products, with spectacular consequences

with regird to the market tor thege products and the volume of production,




but they 2lso relessed a large amount of accumulated capital, thus racilitating
the financing ot a new plant. This accumulated capital alse cnabled a gread
de1 of momey to e devoted to research, anid this outlay, stimulated by com-
o2tition between f{irms, proved to be voury worthwhile, as it extended the
2zzumulated capit:l without havring any hivmtul eiffects on tic development

n! the market.

. Develoning o tecanology - the importince ol research

The gpectacular development of the prtrochemical inductry, duc to the
increasingly competitive nuture of the products murketcd, was made possible
only through the continuous pertfaciing and improvement ol a technology,
taurks to particularly large suns being set aside for research., Between
1950 and 1970, t: budget devotnd by the leading chemical companies to the
periccting of existing techniques and the development of new processes was
equivalent to 2/.. of their turnover in the United States and Burope.
Compinies cng.ged in production were not the only oncs to undertake such

zse.rch, tnginecring compunics und companies speciulizing in the develop-
ment of processes were also very acuive in this field, with a view to being
aole to offer more and more competitive techniques to their cver-growing
clientele., Thiu constant, sustained effort accounts on ore hand for the
relative cemplexity of the petrochemical industry, mentioned earlier, and on
the other hand rfor the upheavals which tiks place within the industry whenever
a new technique is perfected, us well as its capacity lor adaptation to
chradr s seansmic situation. . O st the sont faneriant Tieldn o raszarch
concer~ed the continual dimprevement ol 4t e aquidlity ol end praducts, e.g., the
mechanical properties of gmthetic subber a-d plisstin-; the snlidity, homo-
genelty and gr=i recoptliity 27 oyt onic Jiores to die shults; the 'de,r;ree

nf biedepr-diniTity of cdutergeats,  The twe nuir lires of rosearch, lowering
ot proauction eosts and improving the quolity of predacts, 1l:d t5 the expansion
ot the market rI'nr patrochenic:.l products, o mujor Yactor in the growth ol the
i~dustry.

The amount of research ard tectinolo,isal developmunt achicved has of
course only been paxde ponsible through tte iniltial revenue realized by the
patrochemical i-dustry, purticularly through hivins los-prisel rw materials
wv1ilaole, thus enuplivg this industry Sc conprte from the very oc¢ginning with
tre natural procucic,

Jf course as far as anv company or codantry is concirned, the development

o: a techrology is nut 1 prervguisite Inre the cutting up of & chemical industry,




s51mce a new producer can have access to a production technology once the
macessary licenses have been acquired.

It must be pointed out that the research urndertaken, stimulated by
i-ter-company competition, sometimes on a world-wide scale, has been very
proritable, Each major change in the choice of production techniques,
which o. course carricd a considerable initlal risk, has remlted in a
m-rked reduction in cost-price or a significant improvement in the quality

+

o th: producta. Kesearch has also been indispensable to the design and
implementation ot larger and larger plants, vhich is mot important to the

proiitability of the petrochemical industry.

<. Ixistence o! a processings industry

The end products of the peirochemical industry are not sold directly
tc trhe ultimate consumers. The petrochemical industry iinds it3 outlets
i~ other industries, i.e., the plastics processing industry, the textile
industry, the tire industry, and the detergent industry. If these industries
zrc vnot already present in a given country or area, there is no etfective
outles for a petrochemical industry, even if there i1s a consideriable market
d~and at the level of the ultimate consumers, tor finished products such
ns tuoes, tilms, material, and tires. The cxistence and development of a
srocessing industry are irndispensable where petrochemicals are to be produced.
Tne processing industry must also be technically capuble of using petrochemical
products; some problems have arisen, in the textile and tire industries in
particular, Processing industries are very different in nature from the petro-
cazmical industry; they do not require ne-rly such hign investments, they
«anloy a very large work force, and their threshold ot economical size is
much lower, Their production capacity matches market growth fairly closely
o~ account of their relatively small unit size, The processing industries
have in fact received a great deal of aid ttom the petrochemical industry,
particularly in the industrialized countries, in the form of after-sales
service, promotion of end products and constant improvements in the quality

o petrochemical products.

2.1.2. Llocalization of the petrochemical industry

The main ractors governing the existence and development or a peiro-
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,




Tn tfuct planis im Furopo, the Mijted Statua and Japan account for 94%
ar world et capncity, ST 6 uorld tonrent aapacity and 935 of world
butadisne capacity. ne imoortance of these regions in terms of production
capicity al-o exvends Lo intorandioten arid een oneaducts, for in these reglons
sz loesbed more "Yan 500 ot 4he fac.lisvier for intermediate products and
tor plasting and sy bx Lo oL oy Teiee

Very Joa ol taw deveioping ccurtricy, in fact, have a sizeable basic
putrochemical indaviry in opcratica .t pre: 2.0 Taoso which do include
Arasil, Mexi—e, Yer2we o, AW o h o ooaannlin of Kerea and Taiwan, Where
favourable 21 zimel rens o v oowaruers s, in Loune )1 Ahe developing countries,
petrochemic.' prodistion will develor, "oreover, thesn oountries have
important projeets ap view, 3o0me ¢ whict are already &t the implementation
stage, Tak'ng inu conoaderation thn projecte plants that will start up
before 1980, thc o re of tae deynlopiu~ sountiias in the petrochemicals
production will grew. 'Phe ~th/lenc capieity in Latin America, Atrica (1)
smd As1a (2) will increaso by about o.5 4 nes from now to 1980; during the
same period the increlsz of the capani*ie: in Kurope, United States and

.

Japan will b~ lower thon 40,

2.1.3, World praduztior citualion U7 me v proaucts and regions
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- Thu three largest individual producers, the United Statea, Japan
und the Federal Republic of Germany, account for over hali of the total
world plastics production,

= From the fot.l world plasticc produc bion, thermoplasti ;s aocounts

for over two-thirds. 1In 197, tue percentage of thermoplastics to total plastics ‘
production in the thrue largeet producing countries were as tollowss the v

United States 747, Japan 7% and the Feleral Hcpublic of Germany 664,

2.1.3.2 iorld production of synthetic fibers

- During the 19¢0's world production ol synthetic fibers grew faster than
thal of plustics and rutber becauce carly in the 1960's this field was

proctically in ite infancy.

- The production of man-made fibers in the total fiber output accounted
for 224 in 1950, 40% in 1970, and 4% in 1974,

= Yithin the man-made libers, synthetic fibers have been gaining impressively
nver celluleosic tibers, In 1970 synthetic fibers accounted for 58% of total
m.m-nade fibers output, and in 1975 the figure was 70%. At the same time,
the cellulosic f{ibers physical output was dininishing.

= This production incrcase has shown a widening geographical apread with
the omorgence of developing counlries as an important world producer, as given

in the following tatle,

Regional Share of Synthetic Fibers Werld Production (%)
1900 1965 1970 1975

Tatted dhates 46 40 33 33
“weatern Europe 33 30 3 26
tastern Europe 5 7 1 n
Jaen 18 19 21 14
Cthors - 4 8 16

Seurces Caleulated on the basias of ECP}‘C}{EM/GE.1/R.3/Add.6, 16 May 1977.

= The largest world vrodncers ot synthetic tibers are the United States,
Jajon and the Federal Hepublin of Germany thuat together account for over

505 of world production.

= In 1975 the peraentage of aynthetic fivers to total man-made production
in the three largect producing countries were as follows: The United States
B84y Jupan T3% and the Federal Rerublic of Germany 82%.




2.1.3.3. Vorld production ol synthetic rubber

- During the 1930's, synthetic rubber production grew at G.75% annually.
This growth diminished to 25 annually during 1971-1979. During the same period,
the share ot synthatic rubber's share went up tc 78) of 'tota. rubber consumption,
but since 1972, natural rubber is making a strong comeback and has recapturel
A fow percentage points.

- The world production has shown & widening geographic spread as glven
in the following table:

Repional Share of Synthetic itubber World Production (7)

1960 1964 1970 1973 1215

United States 63 49 £y 34 31
Westerm Europe 12 19 23 24 23
Eastern Burope 17 20 21 23 217
Japn 1 4 12 12 1"
Other daveloped 1 1 i 4 4
Other developing - 1 3 3 4

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

The figures for 1973 give the peck point (fter which a substantial
drop followed muinly in the United 5Stateas, Wesiern Burope and Japan., World
production is estimated to have rccovercd the 1973 level by 1977,

- Tue largest world producers of synthetic rubbers cre the United States,
the U.5.3.0. »nd Japun th:t bometh v acsouat Jor aeound 0 oU world production.
- As a difference to plastica ard syathetic fibers, the main producers

of synthetic rubbers are oil mulbtiva’ions and tire manulucturers in market
economy countrics,
- Concurning developing countries, Brazil, Maxdcou, Argentina and India

account for aiout 90L of tnt.l deoveloping countries' synthetic rubber production.

2.4.3.4. Vorld production af intonnedintes and basic petrochemicals

- Theaze products have a rather rigid stoichiometric relation to the
main large tonnuge end-product familiec shovm abovsy, and thair production
evolution hau inllowed, in general, the growth pattern ol piastics and
symthetic fibers that {ogether account for about 2/} of world petrochemical
production.
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- The regional sharo in world basics production is as follows:

Regional share of basic petrochemicals (4)

Ethylene Benzene 1A
1965 1970 1976 1965 1970 1976
United States 58 42 38 56 44 34 ’
Westem Burope 25 32 37 30 3 31
Japan 1 16 15 8 18 14
Others 6 10 10 6 1 1
- There are very few developing countries that have a sizeable basic

petrochemical industry in operation. Among them are Brazil, Mexico, Venezusla,

the Republic of Korea and Taiwan.

2.1.3.5. World production of the main petrochemicals

- World petrochemical production of the main end-products families |
is as follows:

10~ Tons

195 1960 1970 1974 1975

Plastics 1.9 7.0 30.2 44.6 38.5
Synthetic Fibers 0.1 0.9 5.1 1.5 1.5
Symthelic iluboers 0.7 2.0 D69 T.1 1.4
Detergents 0.7 3.5 9.0 1.0 10.8

TOTAL 3.0 13.2 50.2 70.8 64.2

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

10° Tons
1965 1970 1916
Ethylene 8.0 18.5 26.0 .
Propylene 4.4 9.5 13.7
Butadijere 1.9 3.0 4.9
Beuzene 4.8 8.8 13.3 .

- The present production cepacities of the main petrochemicals by
regions are given in Annex 1,
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. Exiatmce o a markat

In the carly staces, the quaiity o! the petrochemicai products whioh
came on the marzev was tar frea bLeiog perfect; 1n some sasens, iradequacy
oi the prop:rtivs still limit ihe dovelopment of “he demand for these
products., Howsver. mcat ot tue proclims have now becn resolved, and the
repid growth in the demaad tor 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 be substituted for products already on the market, and
. are sold at competitive prices,

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

. a mixtur: between petrochemicalc and natural produ:ts turms out

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

materials,

« The stifl competition by petrochemiculs haa spurred the national
products to improve their productivity and quality, thus becoming
morc able 1o hold their ground in their traditional markets,
Additionally, it has helped to ntabilize the price of the
treditional produote.

b. Degree of penetration of pectrochemical products in the sectors of use

If the product marketed is well suited to the demand in its sector of

application, ithe iritial growth rate is rapid with a subsequent tendency
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to nlow down as a relative paluratioim poin' i3 reached, Then the petro-

chemicals market growth reuembles thetl of the sector of application as

a whole, \
The m:rket penetration is gernerally partial and in industrialized

countries, where the pewctroilion is greatest, it is secn to reach a ceiling

at about 807 of the total markot, There are wery few cases of total sub- '

stitution like low density prlycthylene bags i paper bags.

c. Potential market for petrochemical products

The potential market for plastics appears to be practically unlimited,

considering the potential outleis in ihree end-uses sectors: packaging,

transport and, over all, construction. By contrast, the potential market

for aynthetic rubber (mainly used in car manutacture) and for synthetic

fibers (mainly used in clothing) is much smaller, As a result, the strong |
growth in the demand for these materials still recently registered in indus-

trialized countries is expected to be limited in these countries on account

of the present high degree of substitution already observed.

d. Prices

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—of plestics during the sixties and early
seventies definitely encouraged ihe growth in demand in their various areas
of use, The effect of the considerable and rccent rise in the price of
plastics wrs, to a lary: extort, limited a5 a result of the simultineous
rise in the 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 favonred the demand of HD polyethylene and polypropylene against
LD polyethylene in many applications except films,

e. Local production "o

Local petrochemical production usually leads to an acceleration of

local demand. Howsver, this effect is not always felt at once on account ofs '
+ import restrictions
+» at the beginning, the reluctance of processors to use a locally

made product whose specifications are often initially considered

inferior to thosc of products previously imported,
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Tt oo el uen an arductty hug oo duefliarte 1niluence on the
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o DR oLesa L e N oo reat pet e ket to the consumers

Tharodb owenld heoul 1L ewre merel o inmroried,

toz.l plroCesanT WLy nlgan Ldde ey iine means that local
produciem sboula ba ohe p comparel with imported emd products,

particulialy oa labonr eesvs ace dloe low,

224020 Davelopnirt o) ihe lomcnd o aelr cencais d producis over the last dec:de

During twe sicedrs cre u vathl 2474, world lemind for potrochemical
products grew consud.r sy 57 e il of *han puried, however, o cartain
d:cline in the growth rate v wlieidy ot ing relt. The yzar 1974 was
charecterized by a slighi but unprecedented drop in world demard, followed
i= 1975 by a further appreciable decline. On the basis od preliminury results
for 1974, world demand for that y:ir regained a level close to the 1974 maximum.

Two types ol growth in regional derard for petrochemicals con be distinpguished:
the i-dusiriclized countries® growth and the developing countries! growth, The
viriationg arce obrionsly more acrite at country level,

In the Jirst cose, the growth of demurd 1o slow and steady, due to the
st2bilization of markets which are reaching a saturation level (particularly
2 high rate of substitution erists in these markets). The fall in the growth
T e T0T=T S due ey U ceananic crases, oloe roilects i+ chang: ol
attitude on the purt of producers and consumers toward petrochemicals. As was
noticed previcusly, the cffect ot #ho rice in the pricc of these products on
the level ol the demand hun bLeen limitcd by a simultaneous rise in the price
ol competing products. As for the future, a3 alrcady confirmed by the first
rezults recorcded for the years 1976-1977, there will appear i new growth pace
o demand Jor petrochemicals, in any case more moderatc than before,

The grown in cemand in the developing countries is typically higher—after
a "teke-olf" phase—but alre irregular. However, it must be noted that in
developing couatries us a whole, the srowth in demind was much less affected
i 19791973 thun 2t wry in the indantrinlized countries. This can be explained
as follows:

= ececnomic2l growth wan st1ll generally sustained in developing

countriesg

- potemtinl wimend remairs by fur relatively larger.
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Here pelow are givom cigni icant fisures sumnarizing the development
oi the dumand for the mijoxr potrochemical ond products over the last decade,
Soroi-tarmedinte nad baoin svbtrocheqiculs, the volume and varintions of the
demresd sre simply ood fareclily orougat ubcoud by the avn 21 for end products,

A otable swamariziagg the grouth sube 1905-1 379 ror ond products 15 given in

Arnex 2,
‘e Plagtics

Over ths 1973-127) prio’, demand for plastics in industrialized
countiries grew at average rat2s in the ringe o P-11,0 p.2.y this lijure
oeing ondly afected by the resulis regintered in 1974-1975. By contrast,
the dunand for plastics kept growing at a very fost pace in develoving
countriceg, The rate ot incrensze viis in the range of 15-20 p.2. in most

0. thenm,

*
b. a2n-nade fibers - Synthetic fibers

Over the 1955-197%) period, averuge growth rate orf the demand for man-
mzde Jibers in industrialized countries w2g in the range of 4.7%5 p.a. to
7.2 p.a. Corresponding “igurces for duveloping countries wos as wide as
7 to 2% p.a. In thesc countries the .till moderate degree of penctration
of mum-made [fibers in textilc market (only 20-257 of the total at the
beginring of the scventics) has generally largely contributed to sustain
the growth of the demuad. An even higher growth of the demand has been
registered ror synthetic Uibers, reflecting their rradu:l penctration in
mz--made liber mirket wherews demend for cellulosic tibers has become
stagrnant at a world-wide scale, Synthetic fibers now account for around
70.. of the man-mzde fibers world market (this percentage is not very

dirfercnt between industrialized and developing countries).

c. fubber ~ Synthetic rubber

Over the 1355-1975 period, demand for rubber in industrialized countries
rose 2t rates in the range of 3.4 to 8.8 p.a. with a fall at tho 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 recgions.

* Tan-made ribers include cellulosic and synthetic (or non-cellulosic) fibers.

l

|
|
%
i




The penctrociion of they eyptel.c milo i 4l v Le the rusber market
counts to 7O 00 o wolnle Ui perconbia o wan 91 7 910 of the tatal
in "7 on these countzivs, wro poiic ambictic rubb r/uctal rubber tends
to iwcreage still whereans il moers bovecd & awilising in the indnatrialized

coantrivs,

d. Sythetic detergents

From the heginning of the goventies or, only 1 mnidest growth of the'
1m-nd for detergents wear obuersec in irdusbrialized eountries, reflecting
ine deep peaetrition of syndets in the son-deterport market. By contrast,
1~ developirg countiries, demmd Dor cyndets his been growing at still high
vearl r rates, as a result of a strong developmeat ol the needs 6f soaps and
detergents and of a moderate degree of penectration of syndets in the above

market,

2.2.3. Size of the market - Geopraphical bruakdown

Annex 3 shows the present' size and localization by regions of the
markets for the main types o! petrochemical products.

In 1974, world consumption of oplastics reached nearly 495 million tons,

2 tonnage by far higher than that registercd for synthetic fibers, 7.6
million tons and for aythetic rubober, 7.7 million tons.

Annex 4 shows the world consumption breakdovm of ma jor petrochemical
end products (1974). The shure of the developing countries (excluding China
-or which statistics are not asmilabie) in world market was 11,5 a3 an average.
This percentage corresponds to only 9.3%" of the totzl in the case of plastics
but 19.3} for synthetic fibers, 12.87% for sjnthetic rubber and 20.3% for
symthetic deterpgents,

Latin America ranks first among developing countries with regard to the
volume of the demund for petrnchemical products: 4175 of the total in 1974.
South Asia is the second market among duveloping countries, 21% of the total
whereas the markct of Eust Asia (excluding Japan ond China), Africa (except
South Africa) and the Middle East have about the same importance—respectively,
13%, 124 and 10% of the total.

2.2.4. MWajor trends in the evoiution of demand for the main final products

a. Plastics

The ma jor share of the plastico market is held by thermoplastics

* We refor to the year 1974 because of the drop in demand recorded during
the following year in the industrialized countries. In most cases, 1976
figures were again at the 1974 level,
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that account for 70, in industriniized courtries and 895 in developing
countries, of the total m.rkel. Concerning the situation and likely
development ot the moin typos U plactiecs, the following trends are

observed:

- Polyoletins (LDPE, IIIVE, PP) presently accoun’ for one=third
vorld plastics market, and is expuct:d to rise up to 40,0 by 1985, Taking
into .ccount the strong expansion of dumand expected Yor high density
polyethylene (HDPi) end polypropyl me (P?), derand for low density
polyethylene (LDPE) wiould likaly grow at about the same pace as plastics
om the whole, This situation should result in low density polyethylene

concentrating in I'ilis applicutions whereas the other two pulyolefins concentrate

in more sophisticated applications like injection molding., Currently the
prices for these threc plastics are leveling off, thus favouring the cost-
performance ratio of the more expensive HDPE and PP, WNewertheless, the |
penetration rate of HDPE and PP into polyolefin markets will likely remain
lower in developing countries than in industrialized countries,
- PVC is the first individual plastic in the pl.astics world market
with 225 of the total. Its future growth is expected to be lower than that
ol plastics as a whole, for it is busieged by high energy costs and health, !
hazard problems. Nevertheless, PVC is expected to keep on holding its !
leading position supported by its forthcoming developments for rigid appli-
cations,
- Polystyreme (PS) accounts tor 10.:% of the plastics world market
ard its share in .his market is expected to remain constant as in the past,
1 is interesting to note that about the same porcentage applies in moat
regions, thercforc PS demand alone can be considered as characteristic of

the plastic consumption level in any given area,

b. Synthetic (ibers

Concerning man-node fibers, synthetic fibers nlone will be responsible
for its expansion, since cellulosic fibers, after ycars of stagnation, are
gradually decreasing their market share. The major exception is Eastsrn -
Europe where cellulosic fibers has kept a very slight growth rate. The
m2in reasons for the declire of cellulosic fibers are expensive raw materials
ard qualities belowu those of synthetics, Noverthelcgs, the high degree of
substitution ol cellulnsics tor synthetics (729 of the total in industrialised
countries), coupled with the high degree of penotration of symthetics into

the textile market, will become an important limiting factor in slowing




marvel geeetio b0 el L lertrs acrt des fgethelbic fibers
mecount tur b - T maneanaf b, T biece cruncriesn, e ot growth
would result from a desocr ouiw'malim, a1 wiencd * “ibers into the textile
moriet (currently 055 U th el anoazurst 505 fn iedustriclined countries)
and from tre cioral gaawth of the £ o«til . casdtel. T demand puttern for
the three main uyn Yetio [iper. Lu slicadn. an tellowa:
= Polyectvr “ivery, arsen ly  seoanting Jor O of vorld synthetic
markets, wil' eep 04 erecsirg g Inporianza,
- Polyamid ‘ibers presently accornting for Yyje 9. world synthetio
markets, il continue Jdezru sing LA imeortaane,
= Acrylic tibers riouid knep almont 1 constant shars ot the world

symihetic marknt of ebout 20.0 »Y the *total.

C. Synthetic rubber

The ratio of synthetic rubber consumption to tctal rubber consumption
has gone from (0.4% in 1965 to 68.2% in 1974. However, this percentage
slightly decresced in 1975 as a result ol a change in ihe rubbere competition:
the production cost of synthetic rubber has been rising whereas the production
cost of natural rubber is from now on in ¢ downward trend. This new trend
would lead to having abou. the same growth rate for naturzl and synthetic
rubbers, at least indusirialized couniriem which already have a high degree
of substitution ot natural for synthetic rubbvers.

The single most importont symthetic rubber ic SBR that ascounts for
50% of the total in industrialized counirien and up to 407 in developing
countries, It is envisaped that S3R will remnin in it: lerding position
for all ite curren applications. Moot of the other symihetic rubbers with
the excoption of polybutadiene (that accounts for 107157 ot the total) and
butyl rubber (used in tuhes) are ;enerally uwed in epacialty applications.
Polylsoprene,still considered as a rossible mbititute of natural rubber a few
years ago, seens to hava no chanca of devein-ien’ in tho near future due to

the newly gained compatitiveneus of na‘ural rubbers.

d.  Synthetic detergents

Alkybenzene sulfonates aro by fur the main active waterial used for
preparing detergento. In 1975, its denand amounied to 1.2 million tons,of
which 0.33 million tone were in develeping countries,

‘The relatively high volume of alkylbenzene used in developing countries
partly results from washing hebits: handviaghing with cold viater, whereas
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machine washing vith hot water requires suostuntially less of the active
m~terial. Tt is expected thit aiky' mlionates will cortinue to develop at
7 moderate growth rate and will kecp ity jeading position in dotergent
mirkets, because no other surfactent con match this materizl on a cost-
performance busis “or spray-symthetic deterpgents,

Due to recent regulations on wiaiter pollution brought into industrialized
countries, biodegradable detergents bared oa linear alkyl~te sul fonates have
largely dieplaced “lLard" detergents bused on branched chain dodecylbenzene
sul onate, In industrialized countries thore is a continuing trend toward
liquid detergents that could alter the murket stiucture and the linear
alkylate pulfonate dominant position in it. Thuse long-term threats come
mainly from alpha olefin sulfonazies and alcohnl-based surlactants.

Detergent-range aloohols (non-ionic surfactants), second in importance
a3 wurfaoce active material in industrialized countries, has very moderate

proapects in developing courtries.




2.3 _mternit oral irade and 3iusrirution

2.4.1 - Curreat nvation

Petrschemic il ormducin fare a rather important share of international

trade in 1954, tor iobmen, 3. oxwrt of yrihetic tibers, thermo-
pinstics e cynoha 12 raocrr wolibea oo |, 450 nn US8, i.e., more thun
1 0f the taual 1.9 e .~a, Tr 1.7, tac ir*nal and external
exch:nge:s of “he A2 r2. . o Lo *he amain L2treshemical end products
alonc (“herm~nlastico, svitoaors Sl ayatnelic mibber) were about
5,000 m 3%,  Suach o velue o wptoveren' o 910 % of the total imported
crudz oii (b, oprooen 40 St 11, vefore “he skyrockeling of crude

0il prices).

The impact o0 peirocremiczale 18 2ven higher if we consider the case
of Japan. Fu: ihat couriry, exports o’ synthetic fibers alone amount to
about 2.5 / of :he total exports.

The only suitable traditional exporters are Japan, the EEC countries
and the United Siates, thongh Canada, some EFTA countries and Eastern
Europe have a significant weight for some products.

2+3.2 - Trade exchanges

Regarding exchanses, tigurce are taken for 1973, the last "normal"
year before the world economic slowdown, and for 1975, the last year
for which comprehenaiva statistics are available. The main conclusions
¥hat can be drawn fr-m thecase data are the following:

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

- The United 5¢+tes iaports nuinliy butenes, butadiene and benzene,

—~ As fir Japan, the export-imp .rt balance is favuurable for all

the products considered except (or xylenes and methanol.

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

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

(b) Aromatics - Neapite current overcapacities in benzene in
Western Europe and the U.S., the latter still continue exporting benzene
to Burope. The same observation applies to toluene and xylenes.
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European imports are partly dun to growing aromatics needs 1in
low-lead content gascl:n«o.
Finally, in recent years ‘hece nas been a significant movement of

aromatica from Easierr to Hestern Europe.

(c) Interrediate vroducts - The U.S. st1ll exports methanol ,
styrene ana ~yclohexiann to EiIC cousrtries, whereus raw raterials for
synthetic fibera and piastics are exporied by the J.5., EEC and
Japan to developing coutries that hove recerntly built polymerization
facilities.

(d) End prcducts - About 1.4 nillion wonu of syntheiie fibers
in 1973 and 1.1 million tons in 197Y have been cxported by the three
main industrial regions. Japan and EEC continue to be the biggeat
exportcers. For Japan, South East Asia remaina its largest market due to the
huge filament processing facilities in the Republic of Korea and Taiwan.
Easterm Europe and EFTA countries contitute important markets for
Western Europe in final petrochemicals, while Eastern Europe is
emerging as an important synthetic rubber exporter.

Concerning plastics, ERC is by far the main export with Japan a
strong second-exporter, while Eastern Furope stil) remains a large net
importer.

2.3.3. - Share of the international trade in the consumption

It is interesting to compare the intermational exchanges of
petrochemicals with their consumption, and to measure the importance of
the total exports compared to world production.

Data .elative to the weight ¢ ' inter-regional t.ade in world
consumption 18 given in Annex 5. Figures are given for 1973, the last
"normal" year. In fact, it is very 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 + oxports) to consumption
are of the same order of magnitude for Japan and the EEC countries, as
far as end products are concerned (EEC internal trade not taken into
account). The same ratio is far lower as concerns the 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

S
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fibres, 67 , fur plasticc and 84 ;% for synthet.c rubbers, the higher
figures for 1979 mainly reflccti~ r a dapressed consumption situation.
Figures relative to intermedinte products are often lower, though
sometimes important.

-~ Japan and EEGC cxport o very large quuniity ol petrochamicals
comparcd to their consunption, about 24-30 ) for synthetic fibres and
high density polyethylcne, 22 ,. for low density polycthylene, 18 Y2
for plastics and as concerns Japan 45 % for polybutadiene and 31 4 for
SBR.

- The position of the United States is quite different. In fact
the Y.5. exports a rather minor quantity compared to their consumptions
6 ;5 for synthetic tibres, 7 7/ for plastics, o-xyline exports, about
15 73 of their production, represent an exceplion.

The world exports/production ratio data doea not take into
account the inturnal trade of the EEC. The following conclusions can
be drawn:

- Trade can be considered as marginal (lecas than 10 4 of production)
for most basic and intermediatc products.

- Tonnages exch .nged are relatively important for toluene and
o-xylene (but not for benzenc) and for end products, including synthetic
rubbers (about 15 ), non-cellulosic man-made fidres (about 15%7)
thermoplastics {up to 21 / for high density polyethylene).

- The same ratios for 1975 could be slightly higher due to a poor
production of most products in 197, and to the fact thut the decrzase
of exchanges has becen more moderate.

2.3.4 - MYajor tronds in the internn’ional trade
4 g

- ‘fhe EEC inticrnal trade shou.d continue to be very active

- Propylene exports from FieC should develop due to a glut being
formel by the faster-growing cthylere neads.

- Butadiene export from MEC to the U.S5.A. should continue as long
as sirnificant feedstock shitt for basic peirochemicals i3 not implemented
in the USA.

- Aronmatics, ctyreae and cyclohexane could continue to be
exported from the U.S.5. to Kurnpe ‘n the same magnitude a9 now.,

- As for Japan, export tonnag:s ure likely to remain almost
constant, with a slight decrcase in the exports/consumption ratio due

to the stronger international compet*ition and the planned implementation
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of new petrochemical plants after 1980 in the Middle Bast and South Eust
Asia.

-~ The prospects ol huge cepacity cxport-oriented plints emerging
atter 1930 in Eastern Enrope and some 0il producias countrics with
numarous buy-back deals belween Bastern Europern 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 intermcdlate products, and

geographically broadening the thole petrocherical trade.

2.3.5 - Pric: evolution of petrochemical products

Before 1973, the price of petrochemicals varied along tha time
with a general trend for decrcasing. This was mainly due to the following
factors by chronolomical order of apparition ard influcnce:

Teclhnolorical improvements

Lurger ditfusion of products

Economy of scale with the implementiation of larger units.

- A ptrong competition between manufacturcrs Tor same products.

Due to these mun Factors plus sometimes aue to sore overcapacity,
the pricus really decreased towards a positicn very clos > to the production
costs, t1ll the end of the 1900,

However, up to around 1957 large advantises were gained by
producers able to use iarge sinple=sbream units .hile {the market was
then st1ll predominantly made up of small units.  Thuo, in the early
phase of the plint scale—up process, the oparatoers of lar~e units were
content to allow the smaller prodiac i to provide a “priee umbrella"
under which they themselves collected larpge r.ofits wi.hout having to
dicsruot the business of their cempetitior.

Since around 17967, the impact of large plants on rriceg has made
itseli felt more and more to the porwut whe -2 tolar, »hatracting from

such transitory phases as the 1974 boom, priccs are ore in line vith

the level needed to allow the largest operntors a rormal return on .

investment and of'tcn below.
Fetween 1972 and 1974 priccs havs tripied or doubled, a alump in
1975 and a relative astabilization in 1976 have been -~ecorded. Evolution

of 1nternational prices is given in Annex 6.




2.4 Feedstock sunply

2.4.1 - Curreat pituation

The petrochenical indusioy, hy virtyy of 1*3 gtrunture, is derived

from 8 major Lasic productas: thylen~, jropylen:, butadiene, bensene,
talvene, xyicrsa, nshih-nel) ard ammoria. Cvrrer*ly all these basics are
produced almost exclusively fron notural wnd aseocliate gos, and oil
refinery cuts mairly naphthc, the on'y ‘znnri-nt svaention is bensene

that is also produced as & by-producy of ratallurgiocal coke.
This situation of thn petrochecical indu.ilry hon remained

without any structural changs despite Lhe verv steap rise in feedstook
costs due tn the qucdrvpling of oil prices. The orld petrochemioal
industry consumption of raw materia’a srd fiel, “»y reglons, is an

follows in percentagos:

191 1975
Horth America 35 33
Western furope 34 32
Japan 17 16
Enstern Eurove 11 15
Others 1 4

100 ¢} 1¢0 4

(2) North America

The lowest cost of ga: ‘v tho USA frrov.cd 1ta poietration in all
fields but transport. in ‘re petroctenical indutry:

- methaiol is elw.avs nroduced | o7 natntal gon fesdatocks

- ethylene prcducticn Jdavelop:d ns “ollsue:

Fro~ ern From naphtha
{8 hane or LP4) or gas oil
1971 84 16 %
1976 il 23 4

In 1971 ethane was still largel presorinant, accovnting for 51 %
of all ethylene produced, folicwsed "y prapunz {33 4) and naphtha gas oil.,
As a result the propylens preducd (~y stews cracking) was not suffioient
to satiofy ke dermand the deficii 1:i7# maca un by nropylene obtained
as a by-product from FGC ("luid craciiung catalytic).

The amount of buiadieac producc! wa: clro incufiicieat, and the
additional demand had to be el by neana ¢f importe and butane dehy-
drogenation.
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The fquantity of b:nzcne produced by steum cracking was
equivalent to only 10 % of tho demend. Catalylic raforming of
naphtha feedstocks was therofore used "o provide a further 80 Y in
conjunction with toluene hydrodealkylulior.,, and the remaining 10 % was
obtained as a coke by-prnduct. latalytic reforming produced xylenes
in far greater quantities than required by the petrochemical industry.
The surplusg was used as a coulvent or i1n gasoline mixtures.

The decline in the part played by ethane and propane as raw
materinls for ethylene production ie dur to the rapid oxhaustion 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 (oil and zas) in the form
of rew materials and fuels.

(b) Western Europe

The situation of Weatern BEurope is the converse of that of the
United States. The latter being motor fuel consumars have for some
time now been obliged to upgrade heavy fractionn to ligut fractions
in order to make up the naphtha deficiti. Vestern BEurope, on the
other hand, has for a long time had a surplus of nephtha since
gasoline consumption is relatively lower comnared to fuel oil
requirements for indusiry and gas oil requiremeats for heating,

transport and industry.

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

In 1973, 93 ¥ of ethylene was produced fiom naphtha, and the
rest from gas oil and LPG cqually.

A8 a result the amount of propylene produced was more than adequate,
and there was a surplus of butadisne, mone of vhich was therefore
exported to the USA,

As for benzene, in 1973, it was produced 14 95 from coal, 32 % from
steam cracking gasoline, 25 % from catalytic reforming and 29 % from
toluene hydrodealkylation, the toluene being obtainad half from

steam cracking and halt from catelytic reforming.
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The catalytic reforuing nsed for benzene production was more
than adequate for xylene rejuir:ments.

In 1976 the petrochemical indusiry (including ammonia) used
approximately 12 ;5 of total hydrocarbon consumption (gas and o0il)
as raw materialc and fuels.

(¢) Jupan

Japan is in a simiiar position Lo Western Europe, but has always
been, and still is, lacking in bota pas and oil.

Methanol i3, however, mainly produccd from natural gas feedstocks.
Ethylene on the other hand was yredocec sn 1976 exclusively from
naphtha. 7his resulted in 2 rore than adequate supply of propylene
and butadienn,.

towever, an was the case in ¥Western Furope, catalytic reforming
of naphtha had to be nied Lo a graat extent in order to meet xylenes
requiremonts and to make up the henrene deficit.

In 1976 the petrochemical industry (including ammonia) used
about 15 5 of the total hydrocarbow consumption (oil and gas) as
ra«4 materials and f{uel.

(d) Eastes Burope

Full informatiorn 1s not alwiy: available on these countries, but
it can be vuaid that:
- methanol (ard ammonia) arc produced chiefly from natural gas.

Thus, in 1375 the fecdatocks te produce ammonia in the USSR were as follows:

- natural gas g2, "
- cok~ oven 10.4 7
- coke anrd coa: dat
- naphthr. o«
- others 2,2 %

- stean crockers, of whish these are as yot only a few in
Fastcrm turupe, gerecailly oparate or napitua, of which there tends to
be u surglus whereas these cowmtrier have a deficit for gas oil.

Benzeae,which in 1274 wzs produced 'nogreater quantities than
ethylene, is rarely ottained from stean cracking hut more usually as

a coke bv~-product, the comrlimen' boiag mase up by catalytic reforming.
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Although propyiunae protuced by sicam cracking should casily
be sufficient to reet .ie demand, there seems to have been a large
butadiene deficit. ‘ihie was oot l.kely mnde up through butane
dehydrorenation.

In 1976, the petrocherucal industry (including armonia) used
roughly 6 7 of tota. hydrocarbun consunption (uil und gas) in the
form of ruw materials and fueln.

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

Options in the choice of raw materials arc someiimes contrastive:
for example, ethylene is produced from naphtha in Brazil, and also
in South Korea and Taiwan. In Mexico,on the other hand,where there
are large reserves of gas, ethane i3 wed as a raw material. Other
basic petrochemicclo are as yet preduced in very limited quantities only.

In 1976, the petrochemical irdustry (including ammonia) accounted
for little more than 2 7 of total hydrocarbon consumption (0il and gas).

2.4.2 - Availability ol hydrccarbons

Known raserves 3 gas, oil ond coal economically recoverable in
1976 uy regions are ivea in Arnes 7.

The presen’. praypondexrance of oil over coal may be more balanced
by the end of this century whiun cog® might have regained some of its
former status a3 a -ource for petrochemicals. In fact at the end of
the 50's,coal, as netrochemical raw material for chemicals, peaked off
in Western Europ: ard Japan frem about 70 % in 1960 to abcut % in 1973.

This situation poiats ou. that ihe proportions of known fossil
reserves do not correspond to consumption since coal which accounts for 3/4
of 1ll reserves supplies only -+ of lotal consumption.

From the total consumpiicn of fosail fuels in 1976, the petrochemical
industry only ~on~umed €.2 £ of ut, that amounted to 250 million T.Q.E.
Out of this amount 200 million were used as raw materials and 50 million
as fuel.

If known petrolewn reserves could be earmarked only for petrochemicals,
they could last more than 600 years at the 1976 consunption rate.




However, tho part taken by the onergy sector is such that nsubstantial
vupply protlems might be expected late in the BO's., In fact, the
replacement of petroleum by other forms of encrgy will be a very slow

process, all the more so since, denpite the steep rise in 0il prices

alternative sources of cnergy are arely in a position to compete

the momunt.

Altnough the current energr price acts as a brake on its
growth, putroleum reserves are leing fairly rapidly exhausted,
Therefore, as far as natural yac and oil are concerncd, the
problem from now onwards will - bh. ofbimam management of its
Teserves.

The problem 1u more worrying in the case of petroleum since
over thn last six years new oi! finds have done little more
than balance consumptien (finds - 1.29 times consumption) while

¢aa finds have remauned more or less at the same level,
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2.5. Recent Davelopments and Future Trends in the Petrochemical Industry.

Over the past few years some important developments have taken place
1n the environment of the petrochemical irdusiry that are markedly afiecting
thiz induntry. They include a general economic slowdown in industrialized
countriex, the steep rise of enersy costs, a major increase in plant congt-
struction costs, a growing awareness of pollution problems and the introduction
of environmental regulations. Thear impacts on this industry are given here

below:

a) Increased production costs

The rise in the cost of energy, particularly oil, led to a considerable
rige in feedstock costs and utilities that were translated in hizher
production costs of petrochemicals, that decreasingsly affeccted the
products as they move down stream. To illustrate this case see

Annex 8,

Moreover, rising construction cosis and stringent antipollution

regulations have resulted in substantial investment cost increases.

The effect of these factors, particularly the increase in the price
of raw materials, has been to increaze olefin production costs by
3504, betueen 1972 and 1977. Benides, the producticn cost in new
olefin plants will be about 12 ¢ higher than in the case of a

imilar alast berdt el 00T,

b) Slowsr murket crowth

The penaral decline in industrial activity and the uteep rise in
production coste have brought abhut a slowing down of market growth.
Mevertheless the set back of petrochemicals demznd has been limited
due to the simultaneous and in many cases higher cost increases

of the competitive natural products.

¢) Chanres in the production cost strusture,

The steep increase in the cost of energy has brousht about a major
chanre in the production cout structure., Whercas in 1972 feedstock
reprecented 42 4. of the production cost of ethylene, it now accounts

for 78 5", On the other hand, the proportion represented by amortization
and return of investment has droppad from A0 % in 1972 to the current

12 % of the ethylene production cost. Thernfore variable cost: now

are much more important than fixed costs.
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Thie cAdiaiarnl chenn? wil: arlect the petrochemical industry in two ways:

o 1hoe courtviag having feedsiuecky caeaply available due to large
astrolacm peroorey or oo favourabie aargat structure of petroleum
products, or povarnmen.y asd to tnis industry, v1l]l Le in the
gtronpert rosition Lorcermuy bat © petrocteminal pooduction,

. Teonomics of senle w.orl sceeme 1o impurtant gince variable
cog* 1 the gominant facior in producticn, thus_soméwhat
dinin shin,e the effect of the limited-market congtraint to the

developim. 0. tiae petrocivnics) industry.

d) Uiffienits ieoebb-irdnic ame retc viea o taend toward flexibility.

Tra draastic-=ily  wore o impurtance of feadatoecka in the production

cost lur u,uived a concern among pat oahienical producers about

senvrin s theis raw onterialds gupply.  Farvhernore, the dwindling gas
rauarves 1r ko 11,5 .4, the need ln import rophtha in Japan, and the trend
2aong West rurcpear petroleum refiner: 19 releas: decreasing anounts

of napitha to ‘he petrachamiecal induutry arc aggravating the medium-

roti lunget. 1m feedstorel eupply problconm. Therefore, a renewed techno-
Jogienl erfort iu beiny nade toward » multiple feedstocks flexibility,

evy; al the price »” =ighae investment costs.

e, Eweps crpacity problens

As a4 oramilt ot 1he packod s'owdovm Lo patrecuemtend markety growth, the
world inhvetry 15 in an oxcean capreily situation. Therefore, one can
Axpi. % 'eiiya in new capacity cddit ons ard/or the cstablishment of
new otooshem’cal facilities, The mest pressing problema at the

ryn’ miv Yhose of market nut.e's erd cempetition, In the neantims,
no wajor new invoiimmt commitments ¢re likely to be approved until

the e v/ ood citvation bucomus rore balanced and clear,

J1 0 Tmends_touard_1aternationnl coopersal.on

The a:.ocve 750

~

d situntion teadd o vredure o polarization towards
cocparatinon due fo trne Jollowing eff:te on the iactors affecting

pnt cochemira’ produsticr

- A decreane oF the anvke* 30 %e woart,a.ni that nevertheless will still

remrin 0o rhart,

- the voy "iogh Lipuet of feadatozk av flabiluty ab attractive prices,
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- the increasingly higher needs of financial means that entails either
§ plentiful domestic financial resources, or external cooperation

from other souroes, 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 dévelopins countries would be acoelerated due to raw
material ;\v;il'n.bility and environmental problems.

-
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3. MEDIUM TERM PROSPECTS: THE SITUATION IN 1985

1. DEVAND

3.1.1, Methodology and assumptions

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

« macroeconomic. approach based on trends observed over the 1965-1975
period with a particular emphasis on recent recession period
beginning at the end of 1973,

« supply problems ( producing capacities) at least for the next
ooming 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 ~ cbserved

in world regions over the 1965-1975 period. The compatibility of the

forecast rcuults with those suggested by a sectoral analysis has been ohecked.
' The ruin methodological factors for estimating the future development

of the derman! {or plastics, man-made fibre and rubber are:

o Total consumption average growth rates over 10 and 5 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 ceiiu.l wul~uses breakdown of the demand. 1In
addition, graphic reference to the "master curve" (€&orresponding to the per
capita average demand in different regions for the same individual income)
has been a helpful indication of the future development of demand,
o Per capi‘a elasticity of demand versus income.

They have been slightly decreasing, reflecting the gradual saturation
of the n.rkats,

B 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 a coefficient of
elasticity of about 2.0. This situation reflects the relatively high
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GDP growth rate expected for the next 10 years.

In developing countries, the coefficients of elastioity will in
general keep higher than in industrial ized countries, reflecting the large
potential demand existing in these countries. However, there are twa
regions where -the coeffiic ion+ of elastic ity will be close to 2.0: +the
Middle Fast, owing to the strong rise in income per capita, and East
Asia, vhere the current concumption 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 textile markets. Likewise, Japan will have ]ower 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 elasticity of Middle Fast and

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

Co Rubber

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 noxt  years (betweon 0.85 and 0.9).
In developing countries, the coefficient of elasticity will generally

remain below ?.0. The remarks concerring Middle East ar East Asia also
apply here.

Taking into account the main factors of the growth of the demand for
the main final petrochemical products (especially coefficients of elastioity
and their variations) forecast of the demand for these produsts have besn
set up. Annex 9 shows the figures correspording to the year 1985, As
it appears from this table, the share of world marvet held by developing
countries will be then 18.5% of the total (as against 11% in 1974).

Je1.2, 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 lant years,
according to well cetab) ished trends. This has been the basis of a preli-
minary forecast of the demarnd for final products when applying the
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extrapolatel o'iuctur~ to ithe forccast [igurcs of plastics, rubber, etc.,
previously estimated, Cf courue, lhe preliminary forecast has to be
checked carefully ard in some cases, corrected taking into account
different elements ( e.g., saturation of the market, better competitivity
of one polymer v:rsus others) able to melify the long-terr trend.

By this way, starcing trem the forecast structure of demand and
from the forecast volume of the demand tor the main classes of petro=
chemicals, the followir~ dem nd forecast has Leen done:

« plastics,ncmoly low density polyethylene, high density polyethy-
lene, polypropylens, PVC, polystyrenc, ABS resincg,

e man-made fibers: cellulassic and non-cellulosic (synthetioa)
fibers., The lat*er [igures have been obtained by taking

ir.to account the siagnition of demand for cellulosics,

The three most imporitant types of synthetics are polyester,

polyamid, acrylics.

. rubber: natural ard synthetic rubber. The latter figures have
becn obtained by taking into acecount the modarate growth

of natural ruhher and,on the other hand, the saturation

of nomz marketo. The main types of mynthetic rubber are SBR

and polybutaliene.

+ synthetic detespontc: the most representative dotergents ares

DDB sulforates orl non—ionic detergents.

» Main intermadirins ond - -ic_products
torting fre- “w. 7 womaet figures of the demand ior final produots
and applyirs rpprcnoini. teechnicil f£aniore, forecast of the demend for

intermediates car be cvr Ily ohtsine’ hy me-at-eam integreticn. Consequently
intermediate firur~u irdic-ied n foillovine tablas correcpond to final

demand as if all interr«diatcs nedel viesre locally produced, since production
of the four raior clas:aa of final produc+s absorbs by far the largest part

of main inicrmadiates 1rier considercotions Tho remainder part corresponding to

miscellanr~ v vees hing bheen entim-ted by referring to the sturcture of the
demand in s-lc-icd ~ imvniny avnen,

32, PROVCIIO!

J2.1.  Metiodolery and ogeurmticns

Ag th. over:)ll 4irm: remired 1o implement a petrochenical complex
might take hetzeii ) -1 7 yecra vnler 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 eatimate further production capacities taking into consideration
specific hypotheses product by product, and the follo/ing general
asgurptions:

2. An overall trend towards self-sufficiency in the developing

countries reaching markets high enough to justify economic production.

b. Preferential locations in areas profiting by raw material

availability and financial means.

Ce 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 moat cophisticated products preferentially in

the industrialized countries.

€. Irports of the non-producing developing countries from both their

traiitional suppliers and the new produccrs in the region.

f. Produstion capacities and consurptions in 1985 balanced at world

level with an average production factor of 0.85.

The petrochemical products have been separated in three groups
for aralytis2l purnouess
- First group: finaz' and intermediate products that can be manu-
factured from impcrted ruw malerials. Their productions can be
contemplated individually.
- Secornd 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 ise
rather linked to, or influenced by, the eibylene facilities.

In Arrex 10 are given the forecasted capacities to 1985 by regions.

3.2.2. Foreccast 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 developin; countrine that have alrecady a petrochemical

irdustr would increase a great deal their plant capacities. Nevertheless,
the ghore of the developin: countries will still remain low.

On the other hand, if the hypothesis lealing to the 1985 estimates
would be confirmed, the are of developing countries in the world petro-
cremical production would 'o an follouss

Share of llorld Production Capacities by Developing Countries (%)

V11 1985
- Uthylene 6 17
- Benzene k) 159
~ 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 VOILTIQS

During th~ previous past years the prices of petrochemicals have
been upset by both sulden changes in some manufacturing cost elements
(raw naterial, investment) ani a situation of gereral overcapacity. It
is exnected that in the fu*ure, the overall situation will tend to
equllivrium, ad that tne prises cvolution will be more linked with changes
in the production cost clements. From a general point of view the production
cost evolution can be prac'ically tied to two main factors: crude oil price
evolution, ard overall in*!-*io~ (peneral price irdex related charges:
investrent related, rarpower, mintiinance, etc.)., The impact of the crude
oil price evelution {v 1 nophtha, LI, fuel ...) become less important when
moving frorm the basic to the wtermedia*e and final products. Annex 11
presents the respective shares of the present prices of some petrochemicals

that will move accordingly with the crude oil price and the peneral inflation.

3e4. INPACT QI THE DiTLMATINAL TRADE

According to the estimates done for 1985, the international trade of
petrochemicals would be highly altered.
The main new trends would beg

« & global increase of self-sufficiercy at regional level

+ a less prevailing position of the industrialized countries
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. decnite the ircreasc of self-sufficiecrncy, at lcast a holding of
the otal rovemcnis order of maymitude because of the increase
of consumption, ani the apprarance of new streams,

« tho appeararce of nuu streamc:  cophisticated products exportecd
from irdustrinrlized countrics to developing countries (precently of
few i=portance), cormodily i high consumption products exported
from developin: countries (mainly hydrocarborn-producing countries,
to some inductrialized countries). .

These trends imply a notable effort to be done by the new exporters
in the areac of marketing ard digstribution in order to benefit from their

attractive production costs.

3.5, Fo05T0CK SUDPPLY

T™e supply of rau materizls for the petrochemical industry accounte
for only a s=all part of total hydrocarbon consumption. Problems in
connection uitn the availability of raw maierials for the petrochemical
irdustry 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 1935.

With regard to (;as, the main raw material used for the production
of methanol ard also ammonim, only Japon, being entirely dependent on
iemozrt o, S se GEDecioa L0 noawve o olnalicwad provien uith regard to
supplies. liorth America and Puropc will, 1in certain areas, have to face
price problems, since theuc rejionc make up their deficit of gas by
relatively costly imports o’ LG,

Everyvhcre but in Bastern Furope, there will terd to be a deficit
of naphtha. Some resions, particularly Westiern lurope and Japar, will
have to set aside a largre amount of their straight run naphtha for use
in the petrochemical inlustry (about 48,0 and 38, respectively in 1985).
Yore costly refininy: cchemes and stron: twnsion on naphtha nrices can
be expected 1n thece arcas.

Irn tre developiry: countrics the low consurmtion of fuel oil and the
high demand for naphtha will involve big problems. If ethane or LPG are
available they uill hove a privilegad place as steam cracking feedstocks;
the use of 7235 01l ~uy lcad uravoidably to the production of poor quality

fuel oil, which will be very difficult to sell on account of the lack of

huge industrial develonment and the very low requirements of the domestic
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heating sector. The extensive use of nophtha without required upgrading
facilities will have the same alverse effect because for 1 ton of

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

far as petrochemical feedstocks are concerned.

3.6. ESTIMATION OF INVESTMINT AND MANPOWER NEEDS

3.6.1. Investments

The petrochemical industry is a heavy industry which requires very
high investments. Construction costs for petrochemical plant have risen
steeply in the last few years (50% increase from 1973 to 1976). Thie
rise will have the following consequences:

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

« there will be less ploughing back of profits, but more contribution
from shareholders and more external financing through long-term lcans,

» the o0il producing countries who have considerably increased their
financial resources, will be better placed tc resolve these problems,

. Dbecause 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 handioap to
cverrome,

Investmnetsn for petrochemical plants vary according to the technical
options and the localization of production. Local condicions greatly
affect the main constitutent elements of the ccnstruction ccst.e 1In
particular construction costs are generally higher in the developing
countries, chiefly due to the fact that contrators and manufacturers of
squipment are such a distance away, and also because of infrastructure problems.

The investment requirement estimates for the petrochemical industry
are presunted in Annex 13.

3.6.2. Manpower

The petrochemical industry is a capital-intensive industry which
employs a rolatively small number of highly qualified personnel.
Estimated manpower requirements ore given in Annex 14. By 1985 petro-
chemical industry worldwide will require a labour force of about 1.3
millicn made up as follows:




Technical personnel
including:
- engineers and mansgerial steff

- foremen and +ochnicians
~ pkilled workmen
-~ unskilled workmen

Administrative personnel
including:
- managerial otaff

= oOlerks

Sales and marketing personnel
including:
~ managerial staff

- olerks

45%

ax Ax ¥

8r%

4t
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4. ASPECTS OF THE rORECAST UP TO THE YZAR 2CQ0

4.1, METHODOLOGY

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

The characteristics oi ihis sector are given hy 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, 4 Vorld Petrochemical Industry
Simulation Model has been used to explore various development alternatives
to the year 2000 bazed on a combination of macroeconomic and specific
regional and product hypotheses.

Furthsr on—-going studies will develop exploratory and normative
scenarios usinz futuraes research techniques,

4.1.1. Brief description of the ‘lorld Petrochemical !lodel

The futures explored are based on a small number of hypotheses and
the relationshipa of the scctor to its environment. Based on them, the
world demand and world production can be estimated, and the constraints on
inputs such as feedstocks, investment ard manpower can be brought to light
for mubrequent c2alculation,

Considering that the variables of the model are mutually influencial,
a computerized iterative process has been used at every stage and for
the vhole model +o expres: such relationships between variables in order
to arrive at consistent and cohevent pictures of the year 2C00 compatible
with the main hypothcsisz explored.

4.2. MATN HYPOTHESES
The attainment of *he Lima objective of 25% share of world production

by developing countries in the year 2C00 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 ii.o demarnd figures using mecroeconomic
relationships.

In order to properly explore the future,at least three CDP growth
rate hypothesis chould ba considered:
a, the attainment of the Lima objective as the minirmum,
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b. a reference trerd if things continue as they are.
c¢. the probable chare of world production that developing countries
may achieve ac viewed by the business community.
Here it should be noted that each hypothesis involves two factors:
one, a world GDP grouth rate, the other, the relative schare of developing

countries in petrochenical world production by the year 2000,

Hypothesis A
It is based on a sinplified model developed by WIIDO to assess

the implications of the Lima target. It shows the different spreads with
which industrialized and developing countries should grow to attain at
least the 25% world production tarzet. From the wide range of growth-
rate relationships, the one giving the following values was chogen:

world GDP growth = 4.0, industrialized countries = 2.9% and developing
countries = 6.8%.

These figures were chosen because they were the nearer to the
historical growth rate achieved by develcping countries during the high
ecoromic growth period 1960 - 1973, vhile industrialized countries still
retained an attractive CDP gr: th rate.

Kyo othesis B

It is based on Leontiei'c "[he Future ol the \lorld Economy" and
correspords to the passive scenario X. It was chosen because it has a
world GDP growth rate of 4.8% the nearer to ensure comparability with
hypothesis A, vhile providing a different world production target.

Seven different CDP growth rate hypothses given by different busi-

ness organizations were analysed. The one givea by the Cavendish Laboratory
(U.K.) that corresponds to its high estimate was chosen, Its

world GDP growth rate of 4.0% ensures a proper rnmarability with the

other two hypotheses.

4.3, PICTURES OF THE PETROCHEMICAL BIDUSTRY IN THE YEAR 2000
The results of the orld Petrochemical lodel 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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Ilypothesis A

It is the only one that attaines in excess the Lima objeotive,
entails a major shift from the present international order ani the nature
of tho relationship between industrialized and developing countries.

It requires over 20 years of sustained iniermational 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 ard steady supply of world
markets from new producers.

Investment financing is the equivalent of O.32% of ODP over more
than 20 years, which is a fairly high ratio. As a comparison, sborti-term

ectimates put petrochemical investment for developing countries projects in hand
or ocheduled for irplememtation between 1977 and 1980 at O. 25‘,‘: of GDP.
Hypothesis B '

This alternative involves the highest oil consumption. UWithout <
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 alrost as large as in hypothesis A, but it
is difficult to envisage how it can be solved since this hypothesis entails
very lit4le international cooperation. In fact, it projects a rather gloomy
picture for developing countries.

Hypothesis C

It involves a minor political and economio effort, yet at the same
time this is taken into account in the objectives as translated from the CDP
crowth rates,

Investments equivalent to 0.19% of GDP are intended only to satisfy
+the immediate domestic demand through production oapacities, taking advantage
of tl}e economies of scale.

The noed for qualified manpower is reduced, and fairly moderate
world oil demand would mean few raw materials supply problems.
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9. STIATEGY OF THE ACTORS

Actors are those cl-uucenbs vho loremost dynamize the gector's structurse,
The actors' actions are presented in terms of their perceived strategio .
pasture, which comprises the ways (decisiors, major action programmes) in
which actors intend to use their means (the resources auvailable to the actor)
to achieve their objectives and mission.
Herebelow is given an overview of some of the main actors active in the
petrochemical industry, and the porocived international re-deployment strategy
that is ocurreniiy emerging.
5.1, Actor 1

5.1.1. U,5. 0il multi-national corporations (and affiliatos)

BY their nature, the multinational corporations have as basic 'ralson
d'etre" to defend, maintain and maximize profits. Among various multi-
rational firms already constituted, the oil corporatians are characterized
by an advanced degren of internationalization and world-scale spreading,

These corporations already dispose of’:

a. a large linancial autonomy with, a3 a consequence, a polioy
basically of celf-rinsnced investment;

b. a multi-national nclwork nf e¢xtracting and reiining plants

recently rainforced, under t“e impact of downstream integrationm,
by 2 growing citegory of chemical fertilizars, pstro-
chemicals and, 10 coctin ¢ aeg, of synthetins prot:in manu-
facturing plants;

¢c. amobile milti-national network of skillful labour ,techrological
equipment and services;

d., amlti-national aetwork of closed marketing channels first
reduced to crude oil, but increasingly extending to gas,
fert.liz rs ard sesercl catoegnrics of petrochemicals

and other derivatives of hydrocarbons.

a. strong research and developmont capabilities.

The perceived sirategy of oil multi-national corporations covers various but
cupplementary aspects, which are as follows:

a. 8 financial stratery of gel f-financcment of investment, but with

a growing orientation toward intermational financial markets and

governmental assistance,
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b. a global production strategy implying a systematic policy
of energy diversification and of further involvement in the

fertilizer und petrochcmical sectora. Another factor is the
turning of petroohemical companie:n to heavier oil-cuts or oil
itself because of the stoady olimbing of lighter feedstck
prices and the acceptonce of a larger dependence on oil
corporations for ethylene supplies.

¢. a tochnological strategy aiming at the control of technological
processes, patents and servioes,

d. a commercial strategy which will aim to extend the present
trade-closed channels of the OMC, essentially limited at present

to crude oil and refined products, in order to oover petrochemical
sectors,

e. a political strotepy with a contradiotory tendency simultaneously
to seek and resist governmental intervention. The OMC are
struggling against increasing state intervention while feeling
its strategic nccessity. The examples of government intervention
are: subsidized oil refining companies through price control
to protect their prorit margins; state-pricing subsidies of the
domestic crude oil which they have refined.

5.1.2. The states-oil European companies

The new strategy of the Western Europeun oil companies for oil contrel

a~d refining consists basically of the following three complementary elements:

a. To obtain from the EEC assistance for their refining ventures,
and further reestablish their profits by both oontrolling Westsm
European refining in the forecoming years and obtaining a release
of their refined products' sulling prices,

b. To obtain that the XEC assists those companies in developing their
own system operations and vertical integration on a Western Zuropean
community basis by helping them to accrue raw material and new
resouroes,

c. Adopt a strategy of introduoing partnership in new oil resources

for Westem Eurcpe, acquired by Western European countries on a
community basis,
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5,2. Actor 2.
3.2

,1. The Petrochemical Companies

a., Financial Strategy

A major difficulty facing most of the petrochemical companies, big or
small, Morth Ameiican or Western European, 1s to rinance their heavy invest-

ment plans both in the short and long term. The three following different
cases have distinct corresponding implications:
1. some emall and vulnerable companies can seek and get financial
assistance from stronger groups. on a joint-—venture basis;
2. sgome small and vulnerable companies can seek and levy funds
through banking and tinancial sectors;
3. some small and vulnerable oompanies can seek and obtain assistance
from their own or other states,

b. Production Strategy

1. Changing production technology

If gas is to assume its proper pricing position in relation to oil,
then the increasing trend to develop multi-feedstock crackers, either tased
on naphtha and heavier cuis or directly on crude 0il, would accelerate,
Zepeninlly in the United States, gne may 1nge more and more of its role

as major feedstock in the world petrochemical industry,

2. Setting up multi-nationalization

The tendrncy toward establishing new manufacturing plants and
marketing platforms by Western European companies in other countries is
stimulated by simultaneounly motivating the companies' need to escape
"high" domestic labour and financing costs and that of consolidating their
export markets.

3. GCeographical orientations

Geographical orientations of the multi-nationalization is realized
as follows: Southerr Eurogoan petrochemical companies are pushing into
two main directionst +the U.S.A, and Northern Europe. It should be noted

that the multi-national expansion of European petrochemical companies




A5

through their joint-venture with the U.5, and other strong groups
15 associated with a striking development of propylene plants in particular,
Aurthermore, multianiticnalization ind new dilrerentinl spccirlization are
d.veloping demands to the eil-producing countries that are alreedy movirng
strongly into processing domestically thear hydrocarbons and basic petro-
chemicals,  However, rurther specialisation and achievement ot geographical
milti-mational expancion ruequire a freater developaent of research and
techirology that Southern European petrochenical compani<s are not able to
dn it alare, and these compories will drpend on international banks and
‘inencial institutions and /or on multi-v tional and specialized chemical
corporations, through joint-ventures in develooed couniries, lMoreover, the
cil-price increase caused the loss o low-priced reedstock, and, thercfore,
ctimluted the specifically and run~intecgrated petrochemical companies to
scek aguin new advantageous positions by going into joint ventures or direct
pilzateral agreements with the oil-exporting countrics (The United States in
Szudi Arabia, Japan in Iran and Prance ir Qatar), whereby those companies
c:n simultaneously :
. reduce the financial burden ot their raw materials,
purchases, and accele to locai under-priced asanciated
gas end crude oil;
» conuolidate their csporis by shi:ting some ol their new
projects to “hme oil-producing countries, thus multi-
nationualizing their production und extending further their

export markets,

5.3. Monufacturing Re-deployment stratecy

The rise in the pri~c ot recdstocks and energy costs reduced the rate
0. profit o1 the compunies dealing with petrochemiczl industries and at
the same time the acute competition and rclative stagnation within their
existing sales' markets brought up diiterential strategies as tollows:
The vertical integration, upstrenm in the case of petro-
chemical companies seeking tuel stock and energy, downstream
in the case of 0il multi-nuational corporations or major

compznies moving tfurther to end products, This strategy
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impliec a continuation oi three strataric poals:

a

Sweure, stabilise und muximize protits from.a

direct or partial corirol o: thu feedztonk and

the enetyy sourses which al. ow tcizing the oil

or jac rents at moasinum;

g0 into vuriunt downstreon m.nuizcturing operations,
the most proiitible ror the nogt vilue-adding ot the
petrochenic:l industriec.

develop new processes to reduce and, whenever possible,
to eliminite intcermediate stom s and their outputs ag

well o by-producty.
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&. RICOMMENDATIONS ¥OR THY DEVELOPMELT OF THE
PETROCHIYICAL INDUSTRY IN THE DEVELOPING COUNTRIES

The conditiors which most favour peurcchenical projects have tended to
te presert toether in the industrialized coun.rics, hance the concentration

of the petrochemical industry today in Europe, the United States, and Japan.

Although a number of major projects ar: ut present in the planning or
construction stage in several of the developing countries, the situation of
this industry in 1980 u1ll sti)1 be far [=~m the objuct ves contained in the

Lima Declaration.

When setting up a petrochemical industry in a developing couniry, a
nunber of obstacles have to be faced, Tie mcs’ imporiant among them being
small market size, difficulty in penetrating markats abroad, amount of
capital reguired, the neced for skilled, qualitied manpower, raw material

and infrastructure requirements.

Taking 1irto account expected trends and ~onsiraints, sone attempt
can be made to formulate overall rtrategies airmed al overcoming or
minimizing these constraint«, and recommendations which will help promote
petrochemical development in the Adevel-ping countrics, irith emphasis on

the setting up of sound projzcts which -n1li ber_fi1% the country.

. - e ot iy A T e
Cote SLICESTED OVPRALL STUATGIES

Settirg up or developing petrochemiral praduction in developing
countries involves a great deal of outlay, pariicularly in financial
terns. The new industry, once set up, aifects mary olhrr sestors ranging
from refining to textiles, plastics ond rurle. processing, construction,
acriculture, trangport, etc.. Tn cddition it creatos manpower and
infrastructure problems whicin can be »esolved c1ly in tne medium or
lorg term;  and it involves a number of major dicisionss In the light of
these circumstances it appearc that industrial ¢~velopment planning on
2 national scale oflers the bart¢ m~aus of creating o fovourable environment

for petrochemical development in the developin~ counirias,

ot i POt R e T S0 lou P S el ey

It is difficull to imagine how develcping countries might acquire at
present certain means indispensable to the derelopmen? of petrochemical
production unless through co-operaticn with *he industrialized countries,

where in fact some vital factows ac2 alwog® wxclunivily soacenirated: larpe
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peirochemical companies, construction firms, sources of finance, technology,
a funi of plant desien and operating as well as marketing experience; more-
over, these countries continue to account for a major share of the petro-

chemicals market,

t.2. PECONMENDATIONS

1. The petrochemical industry is a heavy industry requiring susbtan-

tial resources in terms of investment, raw materials, sikilled personnel and
infrastructure. If implementation conditions are not optimum, benefit to

the country will be slight. Unless justified by specific, particularly
favourabtle circumstances, it is preferable that a certain level of industrial

development be reached before a basic petrochemical industry is set up.

Those developing countries which have not et reached such a level could
starr by manufacturing petrochemical end products, in particular synthetic
fiters, best suited to prevailing conditions and the needs of most of

these countries,

2. Zefore the decision to set up the petrochemical industry is taken, a
very detailed assescment has to be made, on one hand of possible advantages
for the country (raising the gross domestic product, foreign curremcy
savinz, securing raw materials, etc..) and on the other hand, the resources
retiired (estimation of requirements and determination of available

resources).

3. Industrial planning and choice of product must be the result of
well-considered decisions, btearing in mind the country's needs and the
ressitilities 1t offers. The following aspects in particular must be
covered:

a) #n 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, Petrochemical
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 te 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 domeutic market survey as a whole should lead to formulation

of a marketins strategy for the fu’ure products.

The export market survey should rnover in particular interna-
tional competition, customs protection, transport costs and
existing distribution networks. Also included should be an
assessment of the investments rejuired, usually considerable,
in order to reach these markets. One possible golution would
be to use the services of an international company, who would

btecome a participant in the project.

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

rization., This should give consideration to uses other than in the
petrochemical industry, ana particularly, in the case of oil and gas
producing countries, to export opportunities. Possible 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-sconomic atudies , based on the results of the above studies:

these chould irclude in narticular an accurate and realistic invegtment
estimute, allowance for the effects or i1nflation, and a detailed foreign
currency balance, so ag to allow the best possible assessment of each

project's pogitive effects on the country.

d) Accurate agsessment of infrastructure requirements in respect of

different cchemes, and comporison with existing facilities. If the

petrochemical i1ndustry 1i: set up i1n a country lacking an adequate
infrastructure, it will not operate gatisfactorily, or,alternatively,

considerable additional inve:stment will be required to set it up.

L. The following problems have to be resolved in the course of project
1mplementation.

a) Technical choice

The Jjudicious choice of technologies to be used in petrochemical
plants 15 vital to the success of any undertaking in this field.
The wrong choice may seriously compromise the future of a project
which has involved ronsiderable outlay, chiefly on investment

and manpower,
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c)
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The main criteria to be considered are :
. Adaptability to market requirements
. Fase of operation, adaptation to local conditions

. Profitability of the process.

Perronrel recruitment and trainivg

Petrochemical industry personnel are few in number but are, above

all, highly skilled and gualified, and have to accept cunsiderable
responsidbility., The greatest of care must be giver to personnel
recruitment and treining. kirstly, personnel must have a certain
level of genecral education and skili, and secondly specialized
training may be quite lengthy and must not be rushed. It is recom-
mended that wherever possible the services of process licensors

and the selected contractora be used, as well as those of npecialized
industrial training companies and, in the case of juint ventures,
those of the international companies involved. Moreover, co-
operation between rountries, especially between developing countries,
should be encouraged with a view to making personncl training easier

and more efficient by using units establighed in producing countries.

Plant localization

In deciding on the localization of a petrochemical plant, many

ts

yery gitierent conLbliretioas nude to e ioorae an mae by, and the
final choice may 1in some nases We a compromise between conflicting

factors.,

The region where the production unit 1s to be set up is deter-
mined first of all, and, this once settled, a more specific

choice of site car be made.

vhen determining the region, the following considerations have

to be tzken into account :

. a reliable supply of raw material:

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

. availability of an existing or potential work force

. existence or cost of setting 9 the infrastructure necessary
for the implementation and operation of the petrochemical industry

. interest for each of the regions under consideration of estabilish-
ing this type of industry

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

quakes, and consequences of these on invesiment and operating costs,




d)

e)

f)
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Orce the rep.on nye oo Gegidae, the ¢ 58 91 tha pite ltgelf
can te mode, 1oacrdiy Ly omytuil ~iative to the nvallable land
and inircotrustare.  Miv first ascer’lal e of ccurane that an area
of iand suit ble for & petsocheroia’ plant should be available.
The chosen site shuuid rcmopriss the intrrstrrcture indispensable
for the setting wp sna proper funciioning of the petrocnemical plant.
The infrastructure needed includes tie following main items

o facilities for th- delivery of the constituent equipment

« a supply of water and eleactricity

. effluent disposal facilities

« transport facilities

« housing.

Pollution regulations

tnacific regulations to deal with problems presented by the petro-
chemical industry must be drawn up by the relevant authorities.
Such regulations are indispensabln to contractors for the design
of pollution control systems, and must therefore be in existence
when the tender documents are sent out. It is recommended that
the different ministries concerned, e.g., industry, health, devel.
opment, ' should draw up rnlevant regulations, referring if

necessAary to other countries experience.

Marketing policy implementation

On the besis of thre rmarket survey rusults, marketing policy and
organization should be planned prior to plant start-up : it may
prove helpful to facilitate market penetra%tion by preceding produoct
launching with importn of iddetical producte from plants using the
same techniques.

Financing sources and schenes

The retrochemical indusirv requires very high investments. In
the particular case of developing countries, a specific aspect
of the petrochemcial industy is also that it involves importing
from industrialized countrios most if not all of the equipment,
and meane high investment in foreign currency. Therefore the

possibility of raising the funds rejquired for financing the required




investment wiowit< wiil probably Le deoisive for petrochemical

industry deve.opmasut i ceveloping countries.

5 Covernrent n.pport

In order 10 yet up and develop on a sound basis in the developing
countries the petrcchemical industry must receive Government support,

Aspacts where eunport is ecsential include

+ 1import duty concessiune on machinery and squipment

+ tariffs and other typos of protwction

. tax incentives

« export promotion

+ private mector investment promotion

+ development of industrial estates making land and infrastructure
available

« assistance with manpower training.

€. Prorotinn of co-operation

Co-operation batwo2n countries, partioculsarly developing countriee,

offers a neane of reducing or overcoming several barriers, in

particular ag regards :

+ domactic markat limitationm

. finanoing problems (resources oan be combined)

. raw motecinl and infrastructure requirements (plants can be sited
in the most favou=nh'e areas).

Moreover, co-oneralion makes for more efficient personnel treining

and exchenge o information thus enabling many oountries to benefit

from the oxperience of others in setting up petrochemical plants.
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Annex 3
(LSS T A SRV RS C LN AT TR S RSN ISR
B VA
. AT ’ SUNTE SR SYNDITS
T FLoDs WSDT {149,%)

LISV ZURDPE 15 439 170 1720 3 300
EASTER" ELRCAT 4 500 8aa 1 €CO0 1 S00
NORTY AERICA 13 872 2 59 2 435 2 700
LATIN ATZRICA 4 923 437.0 3gs 809
EFRITH 724 196.9 162 253

NU2TH AFRICA 220 50.6 51 110

WEST AFRICA 102 28.3 45 S0

EAST AFRICA 108 21.3 39 40

CENTRAL AFRICA 64 9.4 1 25

SOUTH AFRICA 230 86.3 16 25
ASIA (maxcl. CHINA) 7 554 1 498.8 1 056 # 1 850

CHINA - - 65 -

MIDOLE EAST 405 116.7 a3 150

EAST ASIA excl. JAPAN 576 185.6 73 400

JAPAN 5 800 655.1 615 850

SOUTH ASIA 773 362.7 220 550
PACIFIC AKREA 8Qo 155.4 78 250
TOTAL WORLD 44 603 7 533.1 7 709 10 850
of which
developing countries 4 471 1 451.3 905 2 225

e . - —————— = —

including FHINA
(1]

of which aobout 20 % active materials

Note: In most oases 1976 figures were again at 1

heavy drop in demand

recorded for 1975.

974 level, recovering from the

|




58

Annex 4

VORLE COLTvMPTION ZREALLG.N G MAUCK

FLiROCAL e TG 400 5TH - Sakieiinn
[ REGINNS CF THE W.=LD 1674
WESTERN cll” 1A E 31.81
CASTERM ZU77-3 11.91
NORTH AMZIRITA 31.88
LATIM AMERICA &N
AFRICA 1.81
NORTH AFRICA 0.54
WEST AFRICA 0.22
EAST AFRICA 0.28
CENTRAL AFRICA 0.14
SOUTH AFRICA 0.55
ASIA excl. CHINA 16.69
MIDDLE EAST 1.01
EAST ASIA aexcl. JAFAIl 1.40
JAPAN 11.81
SOUTH ASIA 2.27
PACIFIC 1.39
TOTAL WBRLD 100.0




hnex 5

DTS OUE L A TONAL TRAD D COMRPAED T PRODUCTION
B CopmE™ gr .‘ VAT IeT '..t' TROUUST D) )
T T ers

FRICLTT k1
Cthylan, 6.7
Prepyla . 0.8
Buteciena, butenes 3-4
Bsnzenz 5.4
Toluens 12.7
0.xylena 14.1
Mixed xylengs 5.8
Styrane 8.3
Methannl 8.8
Phtalic enhydride 6.9
Ethylene glycol 11.0
Forraldehyda 1.5
Acatons 5.7
Cyclonexens 8.0
Caprolactame 8.5
Pcrylonitrile 8.4
Dimethylterephtalate S.8
Synthetic detargents 4.5
Styrena-butadiena rubbar 11 -.15
Polybutadiene rubbar 12.7
Synth2tic rubbar 15.0
Acrylic fibres > 14
Polyamide fibres > 1
Polyestar fibres > 8
Synthetic fibres 15.2
L.0. polyethylens 14.4
H.D0. polyethylene 20.7
Polypropylene 20.1
Polyvinylchloride 9.8
Polystyrane 6.8

Iootnotet At the world level, world production is considered as squal to
world ccnsurption,
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Armex 7

RESERVES ANC FOSS[L FUEL RESSOQOURCES

109

"W
H

Reserves Natural gas Crude pil Coal Total
MNORTH AERICA 7 304 5 116 124 880 137 S00
E.E.C. 3228 ’ 2 440 30 674 36 342
Others WCSTERN EURDRE 808 913 1 340 3 061
JAPAN 60 4 687 751
EASTERN EURCOPE 26 985 11 109 202 840 240 934
AFRICA 5 889 8 263 8 428 22 678
LATIN AMERICA 2 567 4 039 [4) 1 713 8 338
MICOLE EAST 16 982 S0 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}
Range of estimates

Expected value

{171 to 344)
x 103

300 oo0

(184 to 1840)
x 102

300 000{3)

(720 to 3600)
x 103

2 200 000

{1075 to 5784)
x 103

2. 800 000

(1) Proved and necoverable neserves at 1976 ecoromic conditions
(2) Known, probable and undiscovened
(3) 048 recovered from tan sands and shale oif could double this value.

(4} Venezuela 04l belt and Large cxtension o4 Mexico 0il neserves |clairod
by Peuex) are not included in inis figurc.
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Arnex 9 (a)'

WOILD D7 MAIL FUR PE NROCHENTOAL CRD PROL LTS
e ”_._ggggu.-ﬁu.“ o o s me
1,000 tons
.

! REGIT. S XN Ml WnALD PLAST 3 C’}”,",_‘:Ih c’ri'“;:;u‘ S‘{:’gi ?
WISTIT. IURC L 3% 572 3200 < 413 4 80
EAT.LN. SLACHE 13 0/5 2 84€ 3 384 2 710

f LORTH FERICA 33573 555 5 681 38
LATZ AFERICA 7 885 1 450 803 1 856

) irRIcA 3 255 745 431 5cu

i HTTTH AFRICH 1929 270 120 22

© LZST AFRICA 575 168 109 110

! EAST AFRICA 490 75 a5 30

z CEMRAL AFRICA 295 29 31 50

' SOUTH AFRTCA 805 207 76 40

5 ASIA (excl. CHINA) 23 310 5 650 2 710 3 240

: CHIMNA - 1 080 213 -

: MIDOLE EAST 2 210 380 245 310

1 EAST ASTA mxcl. JAPAN 2 525 570 174 750

; JAPAN 14 675 1 855 1 252 1 450

‘ SJUTH ASIA 3 900 1 855 826 1 020

‘ PATIFIC AREA 1975 233 123 410

. TOTAL WCaLD 120 306 18 572 12 801 17 130

P - which
drvaloping countries 18 971 6 017 2 722 4 480

\
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Share eatimetad to Shace ‘sstimatad to

mce acsuraing oova ecsording

ta cruda oil to the o.rrall

préc- evolutian 3 inflation %
Etiylare ‘ _ 50 S0
Prapylana 50 S
Butzciona 8 S0
E:azene 50 S0
Civlang 1y Sy 53
P. Xylans S0 S0
Styrane 40 80
omT 30 70
Acrylonitrile 33 87
Ld Polyathylana 28 7
Polystyrens 28 22
Polyestar fibras 17 a3

Acrylic fibras 16 84
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TaZ Woos “iyel racove- truen.ttcal
rad a3 by a&manie
proieces)

Z3IVIIN EURIS 402.,: 2341 141.5 {15.4]
S.ETEIv, TPLE: 35,3 12.7 61.35 (27.3
SPTH AMERICA 12¢.4 2%, 158 .5 (18.7)
~AT AMZRIZA 29.9 23.8 { 4.3)

“IDILE 2557
ST ASIA
JAPAN

SOUTH ASIA
PACIFIC AREA

[N] - -t

w = v o 0
L] - » -
W W o NN

22.5
4.3

11.4,
4.3
1.4

12.0
21.1
1.1
15.1
S0.7
26.8

S.7

TOTAL WORLD

443.7

108 .5

553.2

( 2.9)
(1C.5)
(1.4)
{1.72)
€ 1.9)
(11.3)
( 0.6)

(s3.0)

J*—-




CA T e
MATIRDN S

S e s+ —

et - - = -

Jastlting

and wales

Narth Aeriea

Lasin frarlco

[ el

Miegln

1a

East Asio
Japar
South =sis

Pucific arpa

(¥
N
[§Y)

~N

{

[

~

[}

T 203
2 600

5 200

(#]
[§ ]
(=]
o

T3TAL WCRLD

L

W

[%2)
(48
<
o .
o




712
]
Amex 14
ENY STUENT PEC C{REMENT ES5TLe 1ES
107 Uss C1o7) '
N
ARE A UP TO 1380% 1280 - 1935
UESTERN ELOACS 14,5 14.9
EASTERM ZUb e 6.7 13.2
y

HORTH AMEF TCA 12,9 27.2
LATIN AMERICA z.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 a 2.9
TOTAL 55.0 108.4

% Corresponding to tha plants that will start up hoforn 1581
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