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INTRODUCTION 

The  Lima Declaration and Pia* of Action of Industrial Development  and 

Cooperation was adopted at the Second General Conference of UK IDO in March 

I975 and was subsequently endorsed by the Cenerai  Assembly at  its seventh 

special session.    In the Lima Declaration, the role of industry was re- 

asserted as a dynamic instrument of growth, essentia1  to the rapid economie 

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 # 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 petrochemicals) thereby consolidating their economic 

independence while at the same time assuring an effective form of import 

substitution and a greater share 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 attentii \ has been devotee 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  industry,   mich as the energy sector,   financial sestor,  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 rubbers and 

detergents, along with their correspodin^ intermediate and basic products. 



1. MAIN FEATURES OF THE PETROCHEMICAL INDUSTRY 

i ' > 

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 

r.ow in excess of 65 million tons. This rate of growth is one of the 

swiftest in industry. 

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

investments. 

3. The markets for this, industry covers several industrial sectors since 

it provides basic materia1, for them. 

£.   Its dynamism is given primarily by its highly competitive position 

against other artificial and natural products. 

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

its supply of raw materials. 

é.   The design, implementation and operation of petrochemical plants 

require a email, highly skilled and quali fi ed; work force to whom a great 

deal of responsibility is given. 

7.   The petrochemical industry is subject to,restrictions of economy of 

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

6. The production of petrochemicals necessarily involves the application 

of technologies wlrch may bo highly complex and which are generally owned 

';;,• companies involved IN manufacturing or sise m research and development, 

who, 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. 
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3.1.1.     r'actors affecting tir-   production  of petrochemical   product;» 

a. clxi ;;tenctJ- and  ilijvohirei.ii'ii  of a i.i.irk'.-t 

The   fi rat condition   l'or   tho setting up of an  industry is tho existence 

oí' a market,   i.e.,  a demand,   whether actual  or potential.     The rapid develop- 

ment oi   th"3  p<Jtrochemic il   industry ia due to  the  fact that it was able to 

supply at  a competitive  price:,   producto with characteristics which were not 

only constant,  but often  eup«rior to  thono oi' the products,   generally natural, 

which they supplanted. 

b. Availability of petroleum raw materials 

In order  for a petrochemical industry to be  ant up,   there must be petro- 

leum  raw material:; available,   either in tho   form of fp.3 or petroleum fractions 

obtained  through refining.     'It mujt  bo emphasized at this point that the 

development  and concentration  of tho petrochemical   industry in such areas as 

Vorth Amorica,  Japan  ani  Ivii'ip" wer"  largely dun to the existence of suitably 

priced   raw materials:     >Hhanf  and Ll'O ar.r.ooiated with natural  ga3 in the 

United   State.» and naphtha,   until re-:ently in   «KCU ;a of tho  requirements of 

the  pctr"l'-'um product:-. ¡:. irV-'..,   ir  EuriB-   md  japan,     Tn the past,   a local 

rmpply nl crude oil  wi„- r it   .<  m.j'r   faet'-r  in  the development of the petro— 

chomic-l   industry,   -ird,   ..iti.   M,o üj-v.-plj on   of the United  States where the 

petrochemical  industry \r,  i>      -'J  or   ci:;,   rno.-t   of the  countries where the  petro- 

chemical   industry i a  \i'-\ '    i •/   Irpud       e nut   th'in ¡el/e;j  producers oí' crude oil. 

The  existence of ^u   or ; '.'i'-^.r ¡> irri'i'-.t ~y which can   supply tfas oil  or 

naphtha   IG much mnre   imoort oit.    1'\-:  pre pni-t. i on  of  raw material:; used  in 

pTtrochfcTU';try,  out o ;   ti-, t.   v- -1 .1  crude ril   a-r   ^ .a  produced,  although con- 

stantly ¿Towing,  m utili    .-¡li.    It m:   loi;;-;   that   1/.'  in   1 ^'ß and is now 

6omewhurii  between   4.1;  ;ílí    >.•• 

Tho availability of r iw n ntoria] a tan   be linked with  tho existence of a 

refining induütry diuou w-'i   itrc below.     It   affects  the bauic petrochemical 

production. 

c.       Existence of a  r>if i •Tin;-  industry 

The  existenoe of a lar^s-ucale  refining industry in an  important  factor 

as  far as  tho petrochemical   induriti;/ 13 concerned.    On one hand, it  is an 

indispensable  -ource of  aome   raw materiaia.     On   the other hand,  tho refining 

industry enables a  lar^o quantity of by-products   from potrochemijtry to be 



v,iloii?,cd.     The production  of 1  ton of ethylene by tho  ste un cracking ol' 

nuphtha automatically yield:-,  about 0.? ton  of LPG and 0.6'j ton  of gasoline, 

r'inally,   thu  refining and  petrochemical  industries ruly on technologies 

which arc  in   some  respects   fairly similar.    The presence of personnel  who 

ire  experienced in  the operation and mainien'mce of a refining plant  is of 

groat  benefit to a petrochemical  industry which ia  just   starting up.    The 

impact of thu existence of a  refining industry Ì3 mainly relative to bauic 

petrochemical production. 

d.       Availability of manpower 

The technology used in  the petrochemical   industry ir. in  sama respecta 

very complex,  involving the   Litest  technical  developments in  several   fields, 

including,   of coursa,  chemin try,  but also metallurgy,  mechanics and elsctronics. 

The personnel  in  charge of  tho operation  ami rnainten mce of planto is there- 

fore made up essentially 01' a highly speciali'¿cd work  force.     In  view of the 

large   sums   invested  and  thu   effect  of too   frequent   stoppais on   the profit- 

ability of   the plant,  it  is  advisable that   the  opex-ation and maintenance of 

petrochemical  plants should   be in  the hands of very experienced  personnel. 

T). :  problems of training engineers,   foremen,   operatole,  maintenance  cpecialißts 

and  chemists are a decisive   factor,  and  training involves considerable expen- 

diture. 

'''       Means of financing investment 

Tho petrochemical  industry ia a heavy industry requiring very con- 

sider :bl e   in/<••:,Lm'-'i t. 

Access  to means of financing these very high investments   (ploughing 

b ick of profits,   shareholders'   contribution  his been and  will   increasingly 

be  a major  element  fjivumip,'; thi; development  and  setting up of the petro- 

chemical  industry.     In the   past,   the satisfaction of the  financial   require- 

ments of the  petrochemical   industry,   especially in the  industrialized countries, 

wis  greatly  lacili tattd by   the existence of funds resulting mainly from the 

a ••ail -ibility of raw mat>;rials at  very favourable prices.    On account of these 

r iw material  price  levels,   it was possible   for the petrochemical  industry to 

racket competitively priced   products which could  compete with natural products, 

ana also very easily supplant the products of other industries   (for instance, 

acetylene manufactured  fron  calcium carbide,  or benzene derived   fron coal). 

Mot  only did  these highly adv.antagoous conditions  favour a rapid increase 

in  tho penetration of petrochemical products,   with spectacular consequences 

with  regard   to  the market   for these products and  the volume of production, 

I 



but they also  released a  largo amount  of accumulated capital, thus  facilitating 

the  financing oi' a new plant.    This accumulatoci capital also enabled a  great 

de-.l  of money to   if- devoted  to   research,   and   this  outlay,   stimulated by com- 

petition between   firms,   proved  to be  vr;ry worthwhile,   as  it extended the 

accumulated capit ¡1 without Having any h. .miful effects on  t..e development 

of the market. 

f,       Developing: a tecanolory -   the  import mcc of research 

The  spectacular development of the petrochemical  industry, due to  the 

increasingly competiti/e naturi of the products marketed,   was made possible 

only through the continuous p^rfacting and  improvement of a technology, 

thar.ka to particularly large  KUMS beine cet  aside  for research.    Between 

1 9¿0 and   1970,   the budget devoted by the leading chemical   companies to  the 

perfecting of existing techniques and  the development of new procosse3 was 

equivalent  to 2/-Y.I of their turnover  in the United  States and Europe. 

Companies engaged in production viere not the only ones to undertake  euch 

research,    "engineering companion and  companies specializing in the develop- 

ment of processes were also  very active in this  field,   with a view to being 

able to offer more and mor*-*  competitive techniques  to their ever-growing 

clientele.    This  constant,   sustained  effort accounts on one hand   for the 

relative  complexity of the petrochemical  industry,   mentioned earlier,   and on 

the other hand   for th«- upheavals which tike place within  the industry whenever 

a new technique  is perfected,   as v.el 1   as its capacity  for adaptation to 

ch-.virg  oco-'v-.i"    ;:'.a .tion. .     On :   o*'   'hj  :;o:-/   ia-v • rt vi t   rv:H ;   i!'   rjoaarch 

COr,cer»-ed the  continual   impr«-v-ment   of +.; e quality of e-d  prn.'iacts,   e.g.,  ths 

mechanical  properties  of synthetic  rubt'T a~d  plastic;   the  solidity,   homo- 

geneity and gravit  receptivity " " • y nth 'ti c   fiurcs  to die   stuffs;   the decree 

of biode(-nr:.'dibi" ity of deterrei ts.     Th-" twr  main   lines  a f  research,   lowering 

of proQuctio'.   costi- and  improbi'.g the quality of products,   Id to  the  expanaion 

of the market   for petrochemical  products,   a rrnjor   factor in the growth of the 

industry. 

The  .amount   of research ar.d  technological development  achieved  has  of 

course only been trade possible through t) e  initial   revenue realized by the 

petrochemical   indu:; try,   particularly   thrr ugii h: vin - low-oric^i  i îw materials 

availuole,   than   enaolirg thi s  industry  ic   compete   frotr.   the  very oeginning with 

the natural   procucis. 

Of course  an  far as anv company or country is  cor. earn ed,  the development 

o:   a technology is not   i prerocniiite   :'nr th»- setting up of a chemical   industry, 



I      • 

since a new producer can have access to a production technology once the 

necessary licences have been acquired. 

It must be pointed out  that the reseirch ur.dert.iken,   stimulated by 

i-ter-company competition,   sometimeg on a world-wide scale,  has been  very 

profitable.    Each major change in  the choice of production techniques, 

which of course carried a considerable initial rink, has resulted in a 

m-.rked reduction  in  cost-price or a significant  improvement in  the quality 

of t¡v=  producta.     Research has also been indispensable to the design and 

implementation or' larger and larger plants,   which  is mot  important to the 

profitability oi' the petrochemical   industry. 

C'      existence of a proce.?3in^ industry 

The end products of the petrochemical  industry are not  sold directly 

te  th¿ ultimate consumers.    The petrochemical  industry i'ind3 it3 outleta 

in other industries,   i.e.,   the plastics processing industry,  the  textile 

industry,  the tiro industry,  and  the detergent  industry.    If these industries 

aro not already present in a given  country or area,   thore is no  effective 

outlet   for a petrochemical industry,   even  if there  is a considerable market 

i•j-and at the level  of the ultimate consumers,   for finished products  such 

as tuoej,   films,   material,   and  tires.    The existence and development of a 

processing industry are indispensable where petrochemicals are  to be produced. 

The processing industry must also  be technically capable of using petrochemical 

products;    some problems have arisen,   in  the textile and  tiro industries in 

particular.    Processing industries aro very differont  in nature   from the petro- 

chemical  industry;   they do not require ne  rLy ouch high inv«!stm«nts,   they 

employ a very large work force,   and their threshold of 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   from the petrochemical  industry, 

particularly in the industrialized countries,  in  the  form of after-3ales 

service,  promotion  of end  products and constant   improvements in the quality 

of petrochemical products. 

2.1.2.    Locali2ation of the petrochemical  industry 

The main  factors governing the existence and development of a petro- 

chemical industry,  which have been analyzed in the preceding paragraph, 

have generally been present together in the industrialized regions,  hence 

the privileged development and the concentration of the industry in these 

regions. 
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Tn   f,ii;t  pi'inn ir I-'uropu,   the Uúted  statoci and Japan account  for 

i :' vjrld   (ït'rrl'«!': rapar:ty,   ("'7,' r- '" '("rid   '>• n: cn'_   capacity and  9 V,. J of world 

i)utidirne  rapacity.     'he  import.i.ncc of  tner;o regione  in  terms of production 

capacity ai~o  exvjnd:;  to   it* "(i^v't-n  TJ   O-O  n^odij.*-* P,   for in thaoe regions 

ira 1 oc. ltd mort;   'Han   9^' of the  fao. 1 i ;.i'.ì'.   for intermediate products and 

for plastica ar.d  ay. tv .'. •. ;.   . ,.L-    .'    :    ''-/"••. 

Very   '<r.->  of  t;i»; du/tjoping cour trie:.,,   in   fact,   have  a  :jizf\able basic 

petrochutnic.il   icduiry in  opinatici  ...t  pre •: .•• .     7 iicno which do  include 

flra'Jil,   Mexico,   V'V'JDC' I,   V. ;< .v.        \v¡,.>lic r.r Korea and Taiwan.    Where 

favourablo ci i c )^.:'- rcr'•-!   .   c    icrur'j -,   in   . •••:n<-:  of the developing countries, 

petrochemical'   prr,d iction >ull  dovei or..    'loroovar,   theso ootuitries have 

important  propoli;   ir   v!o¿,    30->e if w'aict   are already et  the  implementation 

star;«.    Tak'n,:  in'.:    :::>n..idcratLon tir;   p~o ¡<;oti¡;!   plants  that  will   start up 

before  I9HO,   the  rh TO of  tae i.'«vil.ipi;i-   mun^ isn in the petrochemicals 

production will   rrow.    This  'jthylon«; capacity in Latin America,  Africa (l) 

:"id Acia  (?)  v.i L1  íroraiM l.y about  ?. ^  t'.?e.j from now to   19Ö0;  during the 

sa,7ic period  the increase of  the capaci tiu:    in Europe,  United States and 

J ipan will  be  ] o we r t h 1 • -,  •\0,',. 

? . 1. Ì .    WorlU   p_' -id a -.'. i M>-   r 1 tua 11 mi  0 • r rr,-  r, _p roan ¡'t s and   rodona 

/ . 1 . > . 1 .     tloritl   y-iMj.tnni   -. r  i>t f.f i i-.r. 

- World  pi ar.t. t'•-.; r rndurt: tv,   ••IL\. ricucii' ,: "./'r-j   í'i v-  ./«aru during the 

•; .o'u,   but   b   + 1 CU   1 í"i   - " !   1 ..•'•' '  [i!     'ti.   ;  product;'-r   incroane  wa3 little 

•mro  th :n   áC-V . 

- This product-, m   : ••-;-•    '•".-•    '• -     -*- 1       -i -<¡rd •iv->; geographical  spread, 

is  reflected   in   the   f.-1 low,.»!,"  tihlt. 

'iLii' qn.;'i.1., ''Vl'_-J:'_2j'J.;ir.1 '!_ J •.' t»Có   ; m lurViOn m 
Pha th; ted  f,t..t'. 

Western  Europe 

¿pntem l-Jurora* 

Ja pan 

Othcrii 

^ V? 

<; 1 r 

V I 1 

1 

1970 197.1 

<0 10 

> 1 

f. )J.J ce: il-:ul--.t. -i     1  t: ••;;   K<\vOa. l/'iE.'/ll.i/AdJ.J,   5 April  1977. 

;   SrcKulir ^ Sci. '.',  \:r'.c.\ 



*   '   > 

_ Tho threo largoßt individual  producors,  the United States, Japan 

and the Fed oral Republic of Germany,  account  for over hall' of the total 

world plastics production. 

- From the  toi il world plauticc produi tion,   thermoplosti ;B accountB 

tor over two-thirds.    In  197^,  tue percentage of thermoplastics to total plastics 

production in  the thr-jo largest producing countries were as follows:  the 

United States 74$, Japan 79£ and the Pelerai Republic of Germany 66$. 

2.1.3.2    World production of pynthetic fibera 

- During the I960'B world production of synthetic fibers grew faster than 

that of plantics and rubber became early in the 1960'o this field was 

practically in  ita infancy. 

- The production of man-made  fibers in the total  fiber output accounted 

for 225S in  19-50,  /|0# in  1970,  and  \($ in  197;. 

- Within  the man-made fibers,   synthetic  fibers have been  gaining impressively 

over celluiosic fibers.    In   1970 synthetic  fi born accounted  for 58$ of total 

m .n-made fibers output,  anc*   in  1973 the figure waB 70$.    At the Bame time, 

tho cellulosic  fibers phyaical output was diuinishing. 

- Thin production  increase has  sihown a widening geographical apread with 

tho omorgwee of developing countries as an important world producer,  as given 

in tho  following tablo. 

Regional Share 0f Synthetic Fibers World Production  (%) 

'hr ttl   o'-.ato ; 

'••.«.• nturti Europe 

'¿an to m Europe 

Othors 

J2ÍÍ2 im 1970 im 
46 AD 33 33 

31 30 y. 26 

5 7 7 11 

18 19 21 H 

- 4 8 16 

Conree:    Calculated en tho basin of ECK~CHEïî/GK.l/R.3/Add.6,   16 May 1977. 

- The largest world producers of synthetic fibera are the United States, 

Ja;.'-i and tho Federal Republic of Gemany that together account  for over 

IP'p of world production. 

- In 1973 the pere-tsntage of synthetic fibers to total man-made production 

in the three 1 ärgert producing countries were as follows! $he United States 

8^;i, Japan 73;'» and the Federal Ronublic of Germany 82$. 



2.1.3.3.    World production oí  synthetic rubber 

- During the  1960'a,   synthetic rubber production  grew at 6.73/á annually. 

This growth diminished to 2/J annually during 1971-197l>.    During the same period, 

the Bhare oí" synthetic rubber's charo went up to 7ö/i of'tota^. rubber consumption, 

but  oinco   1972,  natural  rubber i a making a strong comeback and  has recaptured 

a few percentage points. 

- The viorld production has Bhown a widening geographic  spread as given 

in the  following tabic; 

Hogional  Share of Synthetic Itubber 'World Production  (#) 

1960 ¡96', 1470 1973 197 

United Stater, 63              49              37              34              31 

Western Europe 12              19              23              24              23 

Eastern Europe 17              20              21              23              27 

Jap• 1                 4              12              12               11 

Other developed 77444 

Other developing 1                 3                3                 4 

Source;    Calculated on the basic of ECE-CHEii/CE.l/H.3//\dd,15,   3 June 1977 

••    The  figures  for  197^ pive the peak point after which a substantial 

drop  followed mainly in   the United  3tate3,  Western Europe and Japan.    World 

production is estimated to have recovered the  197i level by 1977. 

- T'.ie largest world producers of synthetic rubbers are the United States, 

tii-J U.3.3.Ü.    :nJ Japan   l.h.t   to^'th'r' .ao:ouit   ,'<a- a i-->ur.'l   '0,u of  ¿or id production. 

- As a difference to plastica ur.d  synthetic fibers,  the main producer» 

of synthetic rubbers are oil nullit.a'-:'.on::  jjid   tire manufacturers  in market 

economy count ri eu, 

- Concerning developing countries,  Braz.il,  MJGCU,  Argent ina and India 

account  for ai. out  90£ oí' total developing countries1   synthetic rubber production. 

2.1.3.4.    World production of intermediate? ,-\nd basic petrochemicals 

- These products have a rather rigid  stoi chi ortet rie relation  to the 

main  large tonnage   end-product   f.amiliet:  shovn above,   and  their production 

evolution ha:;  followed,   in   general,   the growth pattern of plastics and 

synthetic  fiber:! that  together account   for about  2/3 of world petrochemical 

production. 
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-   The regional  shoro in world basics production is a3 follows: 

Regional  share of basic potrochemicils  (fi) 

Ethylene 

W m° W 
United States 58 42 38 

Western Europe 25 32 37 
Japan 11 16 15 
Others 6 10 10 

Benzene 

1965 1222 121 
56 44 34 

30 31 31 

8 18 14 

6 7 21 

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

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

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 aa follows: 

106 Tons 

1252 1960 1222 1974 1975 

Plastics 1.5 7.0 30.2 44.6 38.5 
Synthetic Fibers 0.1 o.? 5-1 7.5 7.5 
Synthetic iiubuerc 0.7 2.0 J. ') 7.7 7.4 
Dotergents 0.7 3.5 9.0 11.0 10.8 

TOTAL 3.0 13.2 50.2 70.8 64.2 

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

Ethylene 

Propylene 

Butadiene 

Benzene 

10   Tons 

IM 1970 1216 

8.0 18.5 26.0 

4.4 9.5 13.7 

1.9 3.0 4.9 
4.» B.8 13.3 

-   The present production capacities of the main petrochemicals by 

regions are given in Annex  1. 
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2.P.Í.     r'^--'.-)r¡,  • t'.v.c' :• _• tV •? 

The pri". "iip-í i    ¡Vi   tor:, r<; 

v.orld' n main  ¿ono.irn-u'  \r • .:. 

i.       Exasti'.cc o:- a  rnarkot 

1 :r„  -i't 

f< •;ib'. i-  nr •.-••. ri atiene; in dt-mand in the 

;   -   ^..ll^v,^: 

In  the early titans,   the Haa.Lity o!   the petrochemical products whloh 

came on  the mar':ei. war,  tar frati úoi i-./j perlet,t;   in   uomo  .;u3u:;,  iradequacy 

ox' tho prop>:rtit.'3 «till limit  '.he dovcl-vprncnf   of  \hn demand  for these 

products.    However,   tirüt of tne proi.l'nia have now been ruso 1'/ed,  and the 

rapid growth in the domami lor petrochemical  products since the end of 

the Second World War is explained by the fact that these producta: 

.    have propertioB, both phyoical and mechanical,  which are 

perfectly suited to their uses, 

.    can easily be substituted for products already on the market, and 

.    are sold at competitivo prices. 

In many cases,  petrochemical products have been able to partially 

supplant tho producta already >M the market,  mostly natural products, the 

competition between theoe two kindn of products being the  strongest at the 

level of the relative prices.    However,  there aro very few instances of 

total  substitution,   since: 

.     a mixture betveen petroohomicale  and natural produits turns out 

to be the maternai beat  suited  to the users for which it was 

developed.    Thib is especially important  for blends and composite 

materialn. 

.    The stiff competition by petrochemical a has spurred the national 

products to  improve thoir productivity and quality,  thus becoming 

more able to hold thoir ground in their tradì ti nnal  markets. 

Additionally,  it has holpod to stabilize the price of the 

traditional producta. 

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

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

application, the initial growth rate is rapid with a subsequent tendenoy 
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to  nlow down  as a relative  Ddtuntuti point  in reached.    Then the petro- 

chemicalo market  growth r«Li'-'nbl oc th. it  ol' the  sector of application aB 

a whole. 

The m irket  penetration  ir,  generally partial  and in industrialized 

countries,  whura the pe-iotr.i f. on ir. greatest,   it is neon to reach a ceiling 

at about 80,'J of the tot.-iL mnrkot.    There are «ery few CUSBB Oí" total  sub- 

stitution  like low density prlyuthyLüne ht gE   f:>r paper bags. 

c. Potential  market  tor petrochemical products 

The potential market  for plastics appearu to be practically unlimited, 

considering the potential outletu in three end-uses sectors:    packaging, 

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

for synthetic rubber (mainly usad in car manufacture) and for synthetic 

fibers (mainly used in clothing) is much smaller.    AB a result, the strong 

growth in the demand for these materials still reoently 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 plastics during the sixties and early 

seventies definitely encouraged the growth in demand in their various areas 

of use.    The effect of the considerable and recent riBQ in the price of 

pieties w.in,   to  a larg'i extort,   limiti"! ,ir, a result of [the oimultaneous 

rise in the price of rival producta (most of them coming from natural 

Bources). 

In addition,  the part played by variations in the priceB of petro- 

chemical end products themBelven öhould be mentioned.    This,   for instance, 

recently favoured the demand of HD polyethylene and polypropylene against 

LD polyethylene in many applications except  filmB. 

e. Local production 

Local petrochemical production usually leads to an acceleration of 

local demand.    However,  this effect is not always felt at  once on account oft 

.    import restrictions 

.    at the beginning,  the reluctance of processors to use a locally 

made product whose specifications are often initially considered 

inferior to those of products previously imported. 
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A.( r.  .IM "V   AJO  .1  íi'jl-.ni'.':   inMuRncf:   on   the 
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.::...'-   t,v    ;rc iv.:'   t»< t   •."'• k-io'.vc  to   tli': consumers 

•i.'j   Y;   il'  i-   urt merci •   inrorted. 
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taa-   it 

i- í > - -1   p^oc'-s.-.Lr;,: wi -ii    i  hi,;n ::dci'¿ i-v ¿iuo  means   that  local 

yr»auction  s'.-oula  l «i  e'.'.e .p  c-rrp.-.r e í •-•jth  imparted «na producta, 

parti cul ir.; y   ¡'.':.ì  i ibour  c^ns a.'f   ¿Aro  low. 

2.^.2.    i)rJvtjlop;n .r.t  ofJfh-¿_¿;:;u.--l    o je•,£_cr.c,.do , 1  product," over tho last decide 

During th<;  si;;cirr; .\r/;   u\ i;ntil   'i--';',,   world   îewmci   l'or petrochemical 

products gi-ew con«id.r   ,../.     ¡¡y  '.V: c-;,l o:   *h<:-.  period,   however,   a certain 

d-¿cline in the  growth late  v..-'. ..fli.a-.dv ¡vine felt.    Th»î  ysar  1974 was 

characterized by a  slip:;, but  unprecedented drop in world demand,   followed 

ir.  197) by a  further appreciable decline.    On th'J basir, Oí' preliminary results 

for  1976,  world demand for that  y-ar regained a level close to the 1974 maximum. 

Two types of gwrth in   rejion.il dcrar.d   for petrochemicals  can be distingui shed; 

ths i-dustri;:lized countries'   growth and  the developing countries1  growth.    The 

vv.rir.tio^a arc ob/iously no re   icrife at  country level. 

In the   first  case,   the   ¿growth of de-ra^d it;  alow .and  steady,   duo to the 

stabilization  of markets which are reaching a saturation level   (particularly 

a high rate of substitution  existí; in those markets).    The fall  in the growth 

.*.:-_•  i"   Y/l ,,-7> fa--  :r-ai-ily   to   cenr.'ir.ùc  .:au.îdt;,   rijo  rai'la»;ts   t  change 0." 

attituda on  the part of producers ar.d consumers toward petrochemicals.    As was 

noticed previously,   the effect  of tho rise in  the price of these products on 

the level  of the demand han Leen  limitai by a simultaneous rise in the price 

of competing products.    Ar,   for the   futur-',   as already confirmed by the  first 

refaits recorded for the yoars  1976-1977,  there will appear a new growth pace 

of demand  for petrochemicals,   in any case more moderate than before. 

The growth in demand  in  the developing countries is typically higher—after 

a "take-off" phase—but airo irregular.    However,  it must be noted that in 

developing countries as a whole,   the growth in demand was much less affected 

ir  I97--1975 than it w-u ir  the indir-, tri ali zed countries.    This can be explained 

as follows: 

-    economical  growth war.  still  generally sustained  in developing 

countries 

-    potential u-mand renairs by far relatively larger. 
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Here DCIOW aro  gi.-.^   :-\ g-i. i^ant   ïi^arcr-  wur.narizing the development 

r>i'  the d-.r.vid for   the major pe tro chemical   end  products  over the last decado. 

•'••"   i-t .-iTVjdir.to aid basir,   oetrochenical:,,   th.;   volume and  variations of the 

d-nr-.-.i :.rG  simply   : :d   h re.-.ti,y cirougnt,   abcat by  the ac-nrl   for end products. 

A   table  suirmariri-'.,; th.'.' gro'./th  vite r/V;_i/¡(5   r'or  end producta  ir, ci ven  in 

Ar_r¡ex 2. 

¿-. Plastics 

Over  ths» \9'>j-ì'/l ) P-¡i":,   dom.ind  for plasties in  industrialized 

countries grevi at  average  ratij  in tho ran,?; of  1-11,1 p.a.,  this  figuro 

being badly a.Tected by the  results regÌHU;r'>d   in   Wl-1975.    By contrast, 

the  d_-;iand for plastico kept  growing at  a  very faßt pace  in developing 

cou-itnes.    The rate of increase was ir   the ranee of  1 l
5-20/J p.a.  in most 

o.'  them. 

b. ian-nade fibers - Synthetic   fibers 

Over the 19^3-1973 period,   average growth rate oí the demand for man- 

rr.ade   fibers in industrialized  countries was in the range of 4.6)1, p.a.   to 

7.?'  p.-i.    Corresponding  figuro;-,   for developing countries was as wide aa 

7  to   2 if. p.a.    In  these countries the .;till moderate degree of penetration 

of man-made fibers  in textile market (only ?0-25fC of the  total  at the 

begin-ing of the   seventies)  has  generally largely contributed to sustain 

the   grovrth of the demaad.     An  e/en higher growth of the demand has been 

registered   for synthetic   fibers,   reflecting their  gradual penetration  in 

raa-.-made   fiber rriiiket whereas demand  for  cellulooic  fibers has become 

stagnant at a world-wide  scale.     Synthetic fibers now account  for around 

70,. of the man-made  fibers world market  (thip percentage is not very 

different between industrialized and developing countries). 

c.       Rubber - Synthetic rubber 

Over the 1963-1975 period,  demand for rubber in industrialized countries 

rose at rates in the range of 3.4 to 8.of/, p.a. with a  fall at tho end of the 

period.    In developing countries as a whole,  demand for rubber rose by 10£ 

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

•     I'.an-nade fibers  include  cellulosic and   synthetic  (or non-cellulosic)   fiber«. 



Tho p'jri'.'tr.v-i'jri  o" th-'¡  ty, t •¡i,\. c m i L • i vil   t> ir  !';••  rubber m irket 

i-.rmn'tr; to  70,'   o."   vii J   lot.'il.    'I'¡-1 ..   ¡ii'r-c (..•>, t,i(" wa:. oi.'y  j ),'',  oí'  the   total 

iv   1y71.     'n th'-.;f'  counl.ri"!-.,   »r ;  i\.ilr   nynV-iCtj-. rubbi r/total  rubbor tonde 

t:i  increase still   v,,vi'.rfa'i il.  goer   tot ; rei   t  ijili:;in(; in  th'J  industrialized 

countries. 

d•       Synthetic tiotorgenta 

From the beginning of  tho u ¡-"inti o ; or,  only  i modest   growth of the 

i vtr.nd  for dct«rge^tn '.:•.:   OüS'.T/M;   in  i r -in:; ti ini i •'.cd countries,   reflecting 

tho deep pr-iotr.'-tion  of Syndets  in  th"  so tn-d^ter^rt narket.    By contrast, 

i-  developirg countries,  demand   i'-.r  r.,vr-de«,:¡ h tr, been /-crowing at  still  high 

yearl r rates,  as a result of a strong development oí the needs of soaps and 

detergents and of a moderate decree of penetration of syndots in the above 

market. 

2.2.3. Size of the market - Geographical breakdown 

Annex 3 shows tho present    size and localization by regions of the 

markets for the main types oí' petrochemical products. 

In 1974»  world  consumption of olastics reached nearly 41) million tons, 

a tonnage by far higher than that  registered Tor synthetic  fibers,   7.6 

million tons and  for synthetic rubber,   7.7 million tons. 

Annex 4 shows the world consumption breakdown of major petrochemical 

end products (1974).    The share of the developing countries  (excluding China 

.'or which statistics are nut a/a Liable)   in world market  -,ja:;   11,''  ;i3 an average. 

This percentage corresponds to only 9.^- of the total  in tho case of plastics 

but  19.3/J for synthetic  Tibers,   12.9£ for  synthetic rubber and  20.3/a for 

synthetic detergents. 

Latin America  ranks   first among developing countries with  regard to the 

volume of the demand   for petrochomic.il  products:     1 ?/'. of the  total   in  1974. 

South Asia is the  second market among developing countries,   21$ of the total 

whereas the market  of Ea3t  Asia  (excluding Japan .ind China),   Africa (except 

South Africa)  and  the Middle East have about the same importance—respectively, 

13>i   12$ and 10$ of  the total. 

2.2.4. Major trend« in the evolution of demand  for the main   final products 

a.      Plastics 

The major share of the plastics market is held by thermoplastics 

« We refer to the year 1974 because of the drop in demand recorded during 
the following year in the industrialized  countries.    In roost cases,   1976 
figures were again at tho  1974 level. 
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th.'.t account   l'or   JO,] in industrialised  countries and  ÜJ}i  in developing 

countries,  of the  total m.-ik<:l.    Concerni »if; the situation  and likely 

development of th". rr„>ir, typos; '.• f pi u/.ticc,  tin; following trends are 

observed: 

- Polyolofin3  (Lí)Pí;, IH:'li,  PP)   pro3<-.'ritl,y account   for one-third 

v.orld  plastics market,   and in expected to rise up to  40>> by I985.    Taking 

into account the  strong expansion of demand  expected  for high density 

polyethylene  (lIDPK) ;n<l polyprojiyl -r.e  (P?).  demand  for low density 

polyethylene  (LOPE)  would likoly grow at about the  isamo paco as plastics 

01   the whole.    Thin situation  should  result  in  low density polyethylene 

concentrating in   l'i in applications whereaò  the othnr two  polyolefins concentrate 

in more  sophisticated applications like injection molding.     Currently the 

prices  for these three plantíos are leveling off,  thus  favouring the cost- 

performance ratio of the more expensive HDPE and PP.    Nevertheless,  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 plastics world market 

with 22$ of the  total.    Itj future growth iß expected to bo lower than that 

of plastics as a whole,   for it is beaieged by high energy costs and health) 

hasard problems.    Nevertheless,  PVC is expected to keep on holding its 

leading position  supported by it3 forthcoming developments  for rigid appli- 

cations. 

- Polystyrene  (PS) accounts for  10.$ of the plastics world market 

and its share in   -hi3 market Í3 expected to remain constant as in the past. 

It is interesting    to note that about the samo percentage applies in moat 

regions,  therefore PS demand alone can be considered aa characteristic of 

the plastic consumption level in any given ar<*a. 

b.      Synthetic  fibers 

Concerning man-node fibers,  synthetic fiberB alone will bo responsible 

for its expansion,   since cellulor.ic fibers,  after years of stagnation,  are 

gradually decreasing their market share.    The major exception is Eastern 

Europe where collulosic  fibers has kept a very slight  growth rate.    The 

main reasons  for the decline of celluloaic fibers are expensive raií materials 

a-d qualities belo'.i those of synthetics.    Nevertheless,   the high degree of 

substitution of cellulosics for synthetics (72$ of tho total  in industrialised 

countries),  coupled with the high degree of penetration of synthetics into 

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



market   ß.-..vrtr.   .'v      .,   t .    ic. .     :•,   :    • -l-r- r;;  ce t".   i t-j    '.,/•• trn;t if   fibers 

.-.count   tr.r   f.%   '. ? m^-rilr   ti.v.V-t.     Tr.   U.cve  crunr'iHï,   r.-.r .it  growth 

would   rcnult   íi\m  a ,le >oer  our^.-jtlo), o    n -j.-^ij •   "tbtTB  into the textile 

n-rk.it  (current]-/ : :,',    •• u., -.„, .]   ;.:, ^.ljrflt  ^ «r.  ->duHtri .Hr.cd countries) 

aid   from the <_> viral '   povdh -)i   tae  t   xt.:.i . ,,-,.Wot.     T...- domimi pattern  for 

the   thrue main  :K,r.  y>:iu.  iifjr:., .u  jh.^dn.;   in  foilowa: 

- Polyer.tc-.-  "ibeM,   ..uivm.ly . ..-¡o mit Ln^ .'or  .'ítf oí vorld  nynthetic 

market ti,   ir.i'   :o.p o.i   Lvor-a, -.r.ir," ir.   iiipoi-c.inci. 

- Polyamid   "iberp preuTitlj .«.cour tin%r- for   '/,^ ;>/ vuld  :jynthetio 

markets,  will   continue ••'earn  -;nb-  ..n  irv-'T .¿vnio. 

- Acrylic libera plioaid koap .ilmoi.t  i constant  share of the world 

synthetic markot of ebout 201 of thu total. 

c. Synthetic rubber 

The ratio of synthetic rubber consumption to total rubber consumption 

has gone from CO .4SI in I965 to 68.2g in 1974.    However, this percentage 

silently decreased in  1975 ao a result of a chango in the rubbers competition: 

the production cost of synthetic rubber has been rising whoroas the production 

cost of natural rubber íB from now on in r downward trend.    This new trend 

would lead to having abou„ the same t~rovrth rate for natural  and Bynthetic 

rubbers,  at leant industrial i zed countri en which already have a high degree 

of (substitution of natural  for synthetic; rubbern. 

The singlo most  important synthetic rubber ic SBR that accounts for 

60$ of the total in  industri all zed countrien and up to cJo£ in developing 

countries.    It  is envisaged that S3R will  regain in  iti; le.-uiing position 

for all ita curren-    applications.    Mont of  the other synthetic rubbers with 

the exception of polybutadimo (that  accountB  for 10^-1 <"¿ of the total) and 

butyl  rubber (uned in  tubes)  am f;enarally uaed in  epecialty applications. 

Polyisoprene,still  considered as a posible   «ubiKitute of natural  rubber a few 

years ago,   seerns to  havj no  chance of deve.i o-nenJ;  in  tho near future due to 

the newly gained competitiveneus of natural,  rubboro. 

d. Synthetic doterffonts 

Alkybenzene sul fonateti aro by far the nain active material used for 

preparing detergent o.    In 1975, its dotard amounted to 1.2 million tona.of 

which 0.33 million tonr were in developing countries. 

The relatively high volumo of alkylbonsene used in developing oountries 

partly results from washing habits:    handv.vaehing with cold water, whereas 
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machine waohing váth hot wator roqu-< rua Ruo^Untially 1OQ3 of the active 

n-'.torial.    It  is expected ih it aJky1 niKonatos will  continue to develop at 

a moderate growth rato and will V.nvp its leading position  in dotergent 

mirkets, because no other surfactant c.-\n match this material on a cost- 

performance baoia   "or [¿pray-oynthotic urtrr^entn. 

Due to recent  regulation e on v/ater pollution brought  into industrialized 

countries, biodegradable detergente bar.wi  on linear alkylate sulfonates have 

lnrgely displaced "iicird" dotergontB based on branched chain dodeoylbenaene 

sulfonate.     In industrialized count ri er; ttv;re is a continuing trend toward 

liquid detergents that could alter thu n.irk-:t utiucture and the linear 

alkylate sulfonate dominant  position  in it.    Th':se long-term threats come 

mainly from alpha olefin aulfonates and alcohol-based surfactants. 

Detergent-range aloohola (non-ionic our lactante), second in importance 

a3 ¡jurfaoe active material in industrialized countries, has very moderate 

prospects in developing countries. 



2.3    _ 2?il£Ji jt  Oí -ú_ t r.ïi]r  ¿mû  lu, «ri f ut i or 

2. i.l  -   <]urr<! >t_ u u ; • i } nn 

Po!.rochi;n;i • LI    i.-'.iüCir,   ?T: a rath*;'-  inp;rtant   share of international 

trade   in il/'i'i,   !'OT   I ,-.. ¡. Uî ce ,   U.^.   '.x,vJrt     o*!"   .yr thetic   libera,  thermo- 

pi istina   J:U  .-.¿n.he   i j   r.iüi r:r   UíOLIí.'.'J    o   i ,/Ir>íi un  Uï>$,   i.e.,  more  "than 

I1- uf th.; toL.'l  !..S.   <•••••;   '"n,     IT,  1    !•),   \,n<    ií'^nnl  ,-ir.d external 

exch;mf:e:i oí'   Mit   . K ? n:. -    "    '.o  Mie  rutin    j-Hro'jh'jmicai end products 

alone   ('. hcrrr-'nlai-.t i. r.r..   • ¡yi.i.': r ; • f¡.'..r.-i,   :.¿ -i"tr•<• Lie  rubber) wero about 

5,000 nt   vr,%,      ;,u;h   < vrijii  i!'   -ir;  vi :cn'   -.') S-i 0 7> of the total  imported 

crudo  oil  lb.     ..':pr..».".:n  • t   V» ,'   ii    i )J'.t   before 4.hv  i.kyrockuting of crude 

oil   pneca). 

The ur.pa-rt of p«troori?rr.ioaic is *v:n higher if we consider the case 

of Japan. Fu: i,hat cour.try, exports u>' synthetic fibers alone amount to 

about  2.5 i; of  che total exporta. 

The only suitable traditional exporters are Japan, the EEC countries 

and the United States,  though Canada,  some  EFTA countries and Eastern 

Europe have  a significant weight for some  products. 

2.3*2 - Trade exchanges 

Regarding exchanges,   figures sure taken  for 1973» *ne last "normal" 

year before the world economic slowdown,  and for 1975» the last year 

for which comprehensive statistics are available.    The main conclusions 

••hat can be drawn frrrn these data are the following: 

- Except  for a few producto,  ino EEC  countries are a not exporter. 

- The United St'ites i,.ipo:-ta i.-.aini.y butènes,   butadiene and benzene. 

- As ft.r Japan,  the export-imp <rt balance Í3  favourable for all 

the products considered except  for xylenes and methanol. 

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

follows: 

(a) Olefins - About 80 'tl oT the world ethylene market is accounted 

for by the U.S.A.,  Western Europe and Japan.    Currently there is no 

significant, trade in ethylens nnd propylene except between the EEC 

countries  and within  COMECON Members.    On the contrary, there is  a 

relatively large amount  of butenes/butadieno exported from Europe to 

the  United States. 

(b) Aromatice - Despite current overcapacities in benzene in 

Western Europe and the U.S., the litter still continue exporting benzene 

to Europe.    The same observation applies to toluene and xylenes. 
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European importe ar<?  partly du.-: to crowing aromatica needs  in 

low-load content gasol ;n'¡n. 

Finally,  in recent ye «urn Xhn.-e na3 been a ui^m^icont movement of 

aromatica from Eofuerr.   to Western Kurope. 

(°)    Intermediate  urodi.rtt, - The  U.S.  still exports methanol, 

atyrene ana cyclone xn.i o to EiC cou.itriee,  whereas raw materials for 

synthetic fibers and  piaatic3 are exported by the U.S., ESC arid 

Japan to developing coutnes that h..vo  recently built polymerization 

facilities. 

(d)    End products - Aboiu   1.4 ni 31 ion   r.oni! of synthetic fibers 

in I973 and 1.1 million tons in 197'; have been exported by the three 

main industrial  regions.    Japan and EEC continue to  be the biggest 

exporters.    For Japan,  South East Asi H remaina its largest market due to the 

huge filament processing facilities in the  Republic of Korea and Taiwan. 

Eastern Europe and EPTA countries contitute  important markets for 

Western Europe in final  petrochemicals,  while Eastern Europe  is 

emerging as an important  synthetic rubber exporter. 

Concerning plastica,  EEC is by far the main export with Japan a 

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

importer. 

2»3'3.  - Share of the  international trade  in the consumption 

It  ia interesting to compare the  international  exchanges of 

petrochemicals with their consumption,  and to measure the  importance of 

the total exports comp-ired to world production. 

Data -elative to the weight c ' inter-regional  t.-ade in world 

consumption is given  in Annex 5.    Figures are given for 1973, the last 

"normal" year.     In fact,  it is very difficult  to draw general  conclusione 

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 (importe    +    exporta) to consumption 

are of the same order of magnitude for Japan and the EEC countries, as 

far aa end products ara concerned (EEC internal  trade not taken into 

account).    The  same ratio is far lower as  concerns the U.S. 

- The total exchan^erj relative to the  EEC are very important when 

compared to the consumption.     In 1973,  the  exchanges amounted to 

89 % of the consumption for synthetic fibres,   58 ?<, for plastics,  76 <$> 

for synthetic elastomers.    In 1975 figures were 93 % for synthetic 
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fi brea,   67 ,' f'jr plastics and 84 '/> for nynthetic rubbers,  the higher 

figures   for \9Tj mainly  reflccti- \ a deprenued consumption situation. 

Figures relative to intermediate  products are often lower,  though 

sometimes   important. 
- Japan and EKC export   a very  L'irlo i|uaniity of petrochemicals 

compared  to their consumption,  about 2^-30 /> for synthetic  fibres and 

high density polyethylene,   22 ,'J for low density polyethylene,  l8 /> 

for plastics and ac concerns Japan 4*3 '/> for polybutadienc  and  31 % for 

SBR. 

- The  position of the United  States xu quite different.     In fact 

tlu»  U.S.   exports a rather minor quantity compared to their  consumptiont 

6 •;' for synthetic librea,  7 ;•' for plastics, o-xyline exports,  about 

35 '/> of their production,  represent an exception. 

The world exports/production  ratio data doea not tak« into 

account  the  internal trade of the EEC.    The following conclusions can 

be drawn : 

- Trade can be considered as marginal  (leas than 10 '/> of production) 

for most basic and intermediate products. 

- Tonnagea exchanged are relatively important for toluene  and 

o-xylcne  (but not for benzene)  and  for end product3, including synthetic 

rubbery   (about Ie) ,4), non-cellulosic man-made fibres (about  ly/>) 

thermoplastics  (up to 21  /  for high density polyethylene). 

- The  name ratio» for 197";  could be slightly higher due to a poor 

production  of most  products  in  197 ,  and to the fact that   the decrease 

of exchanges  has been more moderate;- 

2.3.4 -  Major trends  in th^  in 1 ern,->'ional  trade 

- The KSC internal  trade ahou d continue to be very  active 

- Propylene exports  from K'riC should develop duo to  a glut  being 

formel by  the  faster-growing ethylene needs. 

- Butadiene export  from KEC  to the U.S.A. nhould continue aa long 

ao  significant  feedstock uhi ft  for bacie petrochemical E  is not  implemented 

in the USA. 

- Aronaticc,  ntyrene  and  cycl )hoxane could continue  to be 

exported   from the U.S.A.   to Europf   'n  the nane m tgnitudo  ¡io now. 

An   for Japan, export  tonnages are likely to remain  almost 

constant,   with a slight decrease   in  the exports/consumption ratio due 

to the  stronger international   competition and the planned   implementation 
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of now petrochemical   plante  after I98O in   the  Middle  Uast   and South East 

Asia. 

- Th'i  prospect:; ol   huge  capacity uxport-ori ented plenty emerging 

after I9R0 in Kantern Europe:  and some oil   producisi countries with 

numerous buy-Lack deals between eastern Europe.-n  countries and 

chumical  companies    or contractors,  might  substantially  alter the 

current trade situation by toughening the  competition,   increasing very 

substantially the trade  in basic, and intermediate  producta,  and 

geographically broadening the <rholc petrochemical   trade. 

2.3.5 - Prico evolution of petrochemical  pro lueta 

Before  1973,  the price  of  petrochemicals varied alon<* tha time 

with .1 general trend   for decreasing.    This was mainly due  to  the following 

factors by chronological  order ol' apparition  ard  influence: 

- Teclinological   improvements 

- Larger diffusion of products 

- Economy of scale  with  the   implementation  of larger unito. 

- A strong compétition between manufacturers   "or saxe products. 

Due to these main  factors plus sometimes uuo  to  sore  overcapacity, 

the  prices  really decreased   towards a position very  closo  to the production 

costs,  till  the end  of the   19^0»3. 

However,  up to around  19'J7 large .-i.dvantagos w.ir; gained by 

producers able to use   I arge   si npi e -st ream units whil« the  market was 

then  still   predomin.mtlv  made up of ¡mal 1   units,     '¡has,   ir.   the early 

pha^.i of the pi ¿./it  seal'--up  pronos:;,  the operators  of lar,TC units were 

content  to  allow  the smaller prod'ic rs to  provide   a "prion umbrella" 

under which they themselves  collected large   r.ofits without having to 

disrupt the  business of their competiti or . 

-incc around 1967,   the  impact of large  points  on prices lias made 

itseli   felt more  and more  to  the po-nt who-e  to.!;',",   "Vitranting from 

such transitory phases  as  the 1974  "<>•,   pr-'.cos  am  -ore   in line with 

the  level  needed to allow the  largest operators  a normal   return on 

investment  and often below. 

between 1972 and 1974  prices h.vs tripled or doubled,   a slump in 

I975 and a relative  stabilisation  in 1976 have   been -ecorded.    Evolution 

of international  prices  is  given in Annex 6. 
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2.4    Paed stock: Bunpi.y 

2«4«1 - Currant situation 

The petrochemical  inüuntry, by virt; s of i+a »trupture, is derived 

from 8 major basic producta:   jtiiylen.f irapylfn :,  butadiene, bensane, 

talvena,  xylenes, rr.sr.h-rroi   ar'i  pmn\ ii.i.    Ct.-rr<»'"*ly  all these basics are) 

produced almost exclusively fror,, nctural nr4d aorocíate g¿9, and oil 

refinery cuts mainly riapVfcbc,   the on'y ^nort-'.nt  *T»ption ie benaena 

that is al BO produced as ¿ by-product of r-itallurg-ioal  ooke. 
Thio situation of th^ petrochemical  indi.v.try hc.n remained 

without any structural   nhsnga dejpjtu 4-he vary nteap rise in feedatook 

ooetB due to the qiic'drupl i nc of oil ¡ ,'icc ,.    Tlie 'orld pet rochemioal 

industry consumption of raw Materica and fv.al, by regione, le on 

follows in percentages: 

North America 

Western Surope 

Japan 

Eastern Enroñe 

Others 

(a)    North Amarina 

The lovest cost of gtv:    \y thó V?\ fr.-tn .¿a ita penetration in all 

fields but transport,    in Vr.e petroclerical indu try: 

- methanol  is elw.iva nroduced i 'or. r.atu'al  g.->"<  ffc. »detocka 

- ethylene prcducticn l°velop'.d   :H ''OIIT.'B: 

Pro" pm Prom naphtha 
(e nana or LPii) or gas oil 

ÌSU 121« 
35 33 

34 32 

IT 16 

l). 15 
 \_ „iL 
100 ',' ico i 

1971 34 ?' 16 /» 

1976 7? ? 23 i 

In 197]  ethane wan still  large!.-- pre/ordrantt   accovnting for 5I i* 

of all ethylene produced,  folic//oí ' j pr^pj»3  (33 $>) and naphtha gas oil. 

Aa a result the propyl one pre du cd (Hy btea-a cracking) »as not sufficient 

to satisfy "who demand    the» deficit l:i*iç na^.i un by OTopylene obtained 

as a by-product  from FCC ('luid crac ung catalytic). 

The amount of bu'.adie.ic produce 1 HK: dr. G ir.nufi'icient, and the 

additional demand had to bo met by nuana cf imports and butane dehy- 

dro genatioi:. 
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The quantity of b !nzi;ne produced   by rite am cracking wan 

equivalent to only 10 ^ of tho demand.     Catalytic reforming of 

naphtha feedstockn was t hero fore used   '.o  provide a further 80 % in 

conjunction with toluene hydrodealkylatior.,  rind the  remaining 10 % was 

obtained as a coke by-product. Catalytic reforming produced xylenes 

in far greater quantities than required  by the petrochemical industry» 

The surplus was used as a solvent or in gasoline mixtures. 

The decline  in  the part played by ethane and propane as raw 

materials  for ethylene production ie du>i to tho rapid exhaustion of 

American pas reserven resulting from excessive use  of this fuel*. 

In 1976 the North American petrochemical  industry used roughly 

6 % of the total hydrocarbon consumption  (oil ond ¡»as) in the form 

of raw materials and fuels. 

(b)    Western Europe 

The situation of Western Europe i a the converse of that of the 

United States.    The latter being motor fuel  consumara have for some 

time now been obliged to upgrade heavy fractionn to li^ht fractions 

in order to make up the naphtha deficit.     Veatern Europe, on the 

other hand,  ha3  for a long time had  a rmrpluo of nrphtha since 

gasoline consumption is  relatively lower co^oamd to  fuel oil 

requirements for industry and gas oil requirements   for heating, 

transport and induntry. 

The ourpluR naphtha fraction,  together with a limited oupply of 

natural Ras in nome regions has let  to naphtha being used for the 

production of methanol   (i7 % for 1973 producti.ui»)   and ammonia 

(33 i" of 1973 production). 

In 1973,  93 # of ethylene was produced from naphtha, and the 

rest from gas oil  and LPG equally. 

AB a result the amount of propylene produced was more than adequate, 

and there was a surplun of butadiene,  nome of which was therefore 

exported to the USA. 

As  for benzeno,  in 1973»  it «an  produced 14 "'  from coal,  32 % from 

steam cracking gaooline,  2rj % from catalytic reforming and 29 f> from 

toluene hydrodealkylation, the tolueno being obtained half from 

eteam cracking and half from catalytic reforming. 



The  catalytic reforming Uond for benzene production was moro 

than adequate for xylene r<v¡uirjmentH. 

In 1976 the petrochemical  indiuitî'y  (including am.Tionia) used 

approximately  12 /' of total  hydrocarbon consumption  (gas and oil) 

as raw maten air. and  fuels. 

(c) Japan 

Japan iu  in a similar position   .0 Western Europe,  but has always 

been,  and still  i3,  lacking in bota pas  and oil. 

Methanol   13,  however, mainly produced  from natural gas feedstocks. 

Ethylene on the other hand was fci-cec:  ,n 1976 exclusively from 

naphtha.    Thin  resulted  m a .tore than adequate nupply of propylene 

and butadieno. 

However, ar¡ was the cas.c in V/.Jbtern Europe, catalytic reforming 

of naphtha had to be used ¡,0 a gr^at extent in order to meet xylenes 

requirements and to make up the benceno deficit. 

In 1976 the petrochemical industry (including ammonia) used 

about 15 /' of tho total hydrocarbon consumption (oil and gas) as 

raw mat ori al E  and  luci.. 

(d) Eastetti Europe 

Pull  information is not  always,  available on these countries, but 

it  can  he  íaid   that: 

- methanol   (and  amonia)  ar.'.  produced  chiefly  from natural gas. 

Thus,  in  1975  tht  feedstocks to produce ammonia in the USSH were as follows: 
- natural  gis 82.",   ' 
- cok" oven 
- coke  ard coaJ 
- nnphthr. 
- others* 

10. 

'1.2 

-    r.teain cracker:, o:' whnh tK.^e  arf.  aa yot   only  a few in 

Eastern üurupe ,  g^ntrally operate ci   napV.aa,  of which there tend3 to 

be  a surpluj whereas  ihesu cointiinr   have  a deficit   for gas oil. 

S*nze.ie,vhioh ¡n   lJ/< -oa prodi eed   • r. greater quantities than 

ethylene,   irs  rarely obtained from s+ear.i cracking but  more usually as 

a coke by-proiuot,  the  rour.l ;nen'   bfui'j maûf up by catalytic reforming. 
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Although propyl um.  produced   by t;l"am cracking Jhould easily 

be  sufficient to reet   '.he demand,   there seemu  to  have been a large 

butadiene deficit,     ''¡hit wan AO\  likely m.-vl<: up through butane 

dehydro^enation. 

In I97Ó, the  pet roch cru crû.  industry (including armonia) used 

roughly ó % of total   hydrocarbon consumption  (uil  and gas)  in the 

form of r¿w material a  and fue.ln. 

Others 

In 1976, the petrochemical   industry was ntill in its infancy 

in almost all the  rest of the world.    Seventy-five parcent of hydro- 

carbon consumption wa3 iwotod to the production of ammonia for use in 

agriculture. 

Options in the  choice of raw materials aro  sometimes 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 reserve?  of ga3, ethane i:i used as a raw material.    Other 

basic petrochemical a are as yet  produced in very limited quantities only. 

In I976, the  petrochemical   industry (including ammonia)  accounted 

for little more  than 2 '/> of total  hydrocarbon consumption (oil  and gas). 

2.4.2 - Availability of hydrocarbons 

Known recorvos  of gab,  oil   ?nd coal  economically recoverable in 

I97Ó  by  regions   .-.re   ;;.ve.i in  Arne* "J. 

The presen',  prnrondernncr  of oil over coal  may be more balanced 

by the end of this  century whun  cop''  might have regained some of its 

former statu3 as  a :.-ourco for petrochemicals.     In fact at the  end of 

the 50*3,0001,  as  petrochemical  raw material  for chemicals,  peaked off 

in Western Europe  and Japan iVe.-n about 70 # in i960 to abcut  5 % in 1973« 

This situation ponrits ou.   that the proportions of known fossil 

reserves do not correspond to  consumption since  coal which accounts for 3/4 

of  ill  ro3orvej supplies only \ of total  consumption. 

Prom the total  consumption  of fosnil  fuels in 1976, the petrochemical 

industry only ';on~u.Tied 6.2 £ of it, that amounted to 250 million T.Q.E. 

Out of this amount  200 mill 101 were used as raw materials and  5O million 

as  fuel. 

If known petroleum reserves  could be earmarked only for petrochemicals, 

they could last more than 600 years at the 1976 consumption rate. 
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However,  thu  part taken by the ererçy Rector is  uuch that   nubstantial 

supply problem-.! mi^ht bu expected Into in the ftO's.    In fact,  the 

replacement  of petroleum by  oth«;r forma of energy will be  a very slow 

process,  all  the mora so since,  despite the steep rice in oil pricea 
alternative sources of energy  arc  ,arel y in a position to  compete 
tha moment. 

Although  the  current  entire" price acta  rm  a brake on  its 

growth,  putroleum reserve«   ire b^nf* fairly rapidly exhausted. 

Therefore,  as  far as natural   f;ur and oil  are  concerned,  the 

problem from now onwards v»iLl   ". :  thj op'Uiiuin management of its 

reserve:;. 

The  probL':nt i;;  more worrying in  the case of petroleum since 

over the List  tax years new oil   finds have done  little more 

than bai anco  consumption   (find:;      \ .'¿Tj tim<;.;  consumption) while 

C33  finds havu  remained more  or less at the sane  level. 
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2.5.     Recent  T)3velopmonts and future Trcr.dr.  in the Pet roch "mi cal   Industry. 

Over the past  few years  some  important developments have taken place 

in the  environment of the petrochemical  industry that are markedly affecting 

thi3  industry.    They  include a general   eco-io-nic  slowdown   in industrialized 

countries,  the steep  rise of ener/ry costs,  a major increase  in plant  const- 

Btruction  coctsi a growing awareness of pollution problema and the introduction 

of environmental regulations.    Their impacts on this industry are Riven here 

below: 

a) Increased production costs 

The rise in the cost of energy,  particularly oil,   led to a considerable 

rice in feedstock costs and utilities that were  translated in higher 

production C03ts of petrochemicals,  that decreasingly affected the 

products as they move down stream.    To illustrate this case see 

Annex 8. 

Moreover,  nsin• construction costs and stringent   antipollution 

regulations have  resulted  in  substantial   investment   cost   increases. 

The effect of these  factors,  particularly  the increane in  the price 

of raw materials,  ha« been to   increase olefin production costs by 

yjOfi between   197? nnd   i'Xll•    Bernden,  the production cost   in new 

olefin plants will be about   12 ','. hifTher than  in the case of a 

-••i-nil.ir y.a.it   b-'ilt   s-fo--;   '0','". 

b) Slowor market  growth 

The general decline  in  industrial  activity  and the  steep rise in 

production costs have brought  ab>ut   a slowing down of market growth, 

heverthelesc the  set  back of petrochemicals demand has been  limited 

due to the simultaneous and   in many  cases higher cost  increases 

of the competitive natural product?,. 

c) Changes   in the production cost  structure. 

The steep increase in  the cost  of enerfty ha" brought  about  a major 

change in the production cost   structure.    Whereas  in  1972  feedstock 

represented 42 / of the production cost of ethylene,  it now accounts 

for 7^ ','>>    On the other hand,  the proportion represented by amortization 

and return of  investment  has dropped  from /10 > in   1972 to the current 

12 $ of the ethylene production cost.    Therefore variable cost:; now 

are much more  important  than  fixed costs. 
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?hir   i ^•i,%\-.:.M:;.i  chfirp vdl;   afl'oot th« petrochemical  industry in  two ways: 

li'.o ;e  í.Ti.n.'irto having  i'flecìitocku cioapiy available due to  large 

7>jtrol:um  v^-v'ta or ,\  fav.>',.r,?bir .nark .it  ¡structure of petroleum 

produce;,   or  fri'-«» mm an',   an! to  tnij industry,   wil]  be  in the 

atroriff:.'t   r.">:;ition  ;Jo?,r*erniiifv  bai   e prtrocremi ".al  j. 'Oduotion. 

Krononi   .i  of <'.rrile v.. i i    it ce mi   }>n.   important   nince variable 

cos*   i :• thci ao-ninant   factor in protlucticn,   thur  somewhat 

diwin  r¡hin,;  Uie effect  of  the I1.-*itrd-narlci?t   conatraint to the 

devolcip. i »n»  o." t!ie pétrochimie--.1  industry. 

d )     1 ". f fien rt /_:• -.__< hi - ir. i r r^ -.   r • '   :-i¿ . •   •   ti.-r.id toward flexibility. 

Tl-.a drs....'.tic- i 1 •,•    v.re    ca   importance '>f   fo.if'r.tocka in the production 

cost  hnr   ;it-.r«-'l a concern  amonf p»t . ^hcniral  producers about 

iO'rir. • th'-i;   i-.ix ..-.-..tonal r.   rjjpiy.     Fuia-nomon ,   the dwindling gas 

retnrve?  in   ""»r.e Î'.'.A.,   t.he naod  !.o impart r.,-\phtha in Japan,  and  the trend 

a,.-ong Went  i:,urc¡jeat   petroleum reíiiier:. to  ruleaa-3  decreasing amounts 

of naphtha to th« petrochamioal  inauutry arc aggravating the medium- 

r^.-.i  lon,;-t   in  feedst^rV- «upplv  probi.T,.    Therefor1:,  a renewed techno- 

logical of fori,  i:; hoin^ r.i&rle  towjrd P multiplo  fr.edatockn flexibility, 

ev*¡ at  (.h" price o." -.if;ho)   investment ooBts. 

p.)     E:oc«03 cyacity pryble-nu 

As  a  ro:Tilt   of  •".¡i'í ina.kea   j'. >wd ' -wn   h'  ;-intr''ci:<;-ni c-ii   marVotu growth,   the 

world  iti'M rtry  i'j in an  oxoRar, cape city Bituition.    Theruforo,   one can 

•?y.p(. . t   'eVi.vcj in new capacity ridit. rnn  ar,d/or the e 8t ab li ohm en t  of 

new ;• i.-o :h'm'cal   facilitieB.    The mint pressing problema at the 

rv.'nJ. ait J h or.'.1 ci' market  out^e"a PH  tv.rvie+ition.    In the neantime, 

r.o Major n^w invurtmsrt commitments ir« likely to be approved until 

th« i.u_)p1v/ii'  .'¡d  ¿ituation b'jc:;mtjc «ora balanced and clear, 

- '     '•"!.7rn');J   to uri  international  coopecat .ojri 

The  ii;:M» ''-!,.:rii   d   -ituution  te idi   :r   crodu'c   -•   polarization  towards 

cooperation, due to   tr."  f<> 1 Tuvi n«r efface on  the   factors affecting 

p«;t roch etnica'   product icr    ? 

-A dec-va^c  of the  ..ìavkt*   „vie  ••onr './ii.ni  that   nevertheless will   still 

r^"i^in  i(Tt>' r'.'.i.r.t. 

- the   vt"i'  '..¿-h   :,..p¿».rt  oT  fe'dnto-k a'». ' lability  al  attractive!  prices. 
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tht increasingly higher needs of financial means that entails either 

plentiful domestic financial resources, or external cooperation 

from other sources, or project implementation with, foreign partici- 
pation.   This laet alternative might help Bolve 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 developing countries would be accelerated due to raw 

material availability and environmental problems. 
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3.    MEDIUM TERM PR0SPECT3;    THE SITUATION IN  198s 

3.1. DEVAIfD 

3.1 • 1.    Methodology and assumptions 

A combination of throe methods hr.ve been used for estimating the 

future demand for plastica,  man-made fibres and rubber: 

• macroeconomic., approach based on trends observed over the I965-I975 

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 - observed 

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

forecast rucniltn v/ith those suggested by a sectoral analysis has been checked. 

The rain methodological factors for estimating the future development 

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

.    Total concumption average growth ratea over 10 and 5 years period 

As a result of the progressive saturation of the markets,  these 

rates arc expected to never exceed the rateB 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 ccila^i wal-uses breakdown of the demand.    In 

addition, graphic reference to the "master curve" (eorresponding to the par 

capita average demand in different regions for the same individual income) 

has been a helpful  indication of the future development of demand. 

• Per capita elasticity of demand versus inoomo. 

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

a. Plastics 

In industriali zed countries,  the coefficients of elasticity will 

keep higher than 3.0 up to 198O.    Thereon,  they would decrease to a limited 

extent corresponding to a still moderate degree of market saturation.    Japan 

is the only exception among industrialised countries with a coefficient of 

elasticity of about 2.0.    This situation reflecta the relatively high 
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GDP growth rate expected for the next 10 years. 

In developing countries,   the coefficients of elasticity will  in 

general keep higher than in industrialized countries,   reflecting the large 

potential demand existing  in these countries.    However,   there are two 

regions whore  cho cocf£ici?n+ of elasticity will be close to 2.0:    the 

Middle Ka:3t,   owing to the strong riso in income per capita,  and East 

Asia,   where 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 yeana reflecting 

the saturation of textile markets.    Likewise,  Japan will have lower ooeffioients 

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 East and 

East Asia will likely be even lower (close to l.O) than in industrial i »ed 
countries. 

c. Rubber 

VJith the exception of Eastern Europe, current coefficient of 

elasticity in industrialized countries in close to 1.0,   thus reflecting 

the higher degree of market penetration and saturation.    A coefficient of 

belo,/ 1.0 ha3 been outimated for  the noxt 'j yeara (between O.85  and O.9). 

In developing countries,   the coefficient of elasticity will generally 

remain below 2.0.    The remarks concerrlng 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 productB (especially coefficients of elasticity 

and their variations) forecast of the demand for these produote have been 

set up.    Annex 9 shows the figures corresponding to the year I985.    As 

it appears from this table,   the share of world market held by developing 

countries will be then 18.5<¿ of the total (as against 11$ in 1974). 

3.1.2.    Forecast of the demand for the main individual products 

.    Main final products 

Structure of the demand for the main families of final product« 

has generally been changing very gradully over the IO-I5 last years, 

according to well  ostab] iohed trends.     This has been the basis of a preli- 

minary forecast of the demand for final products when applying the 
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extrapola-tri t;'.:-uctur--» to thr forcean! figures of plastics,  rubber,   etc., 

previously estimatoci.     Ci" courue,   the j>reliminary forecast hao to be 

checked carefully and  in cone canes,  corrected taking into account 

different  elements (e.g., saturation of the market,  bettor competitivity 

of one polymer v jrsus others)  able to nu.-lify the long-terr   trend. 

By thi3 vray,   starring t'rem the forecast structure of demand and 

from the forecast volume of the demand  for the main classes of petro- 

chemical 8,   the follov;irt domina forecast has been done: 

.    plastics,nemol y low density polyethylene, high density polyethy- 

lene, polypropylene,  Pi/C, polystyrene, ABS resine, 

•     man-mode fibers:    celliûosic  and non-eelluiooie   (synthetioa) 

fibers.    The latter figuren have been obtained by taking 

into account the ctagnition of demand  for cellulosica. 

The three mont  important types of synthetics are polyester, 

polyamid,  acrylics. 

.    rubber:    natural  and synthetic rubber.    The latter figures hove 

been obtained by taking into account the modarate growth 

of natural n)V>V>«:r ;ind,on the other hand, the saturation 

of nono marketD.    The train types of synthetic rubber ara SBR 

and poiybutalieno. 

.     synthetic detriment:?:     the most representative determents aret 

DDB sulfonates  crA non-ioriic detergents. 

•    Main intermidir.toi rnd     •. ic products 

Starting fre - -'V, ' •-"•-•vi«^-, figures of the demand lor final products 

and applying roprep.-ip'.•.-  tenhnicfl f.^Tiors,   forecast of the demand for 

intermedi at e 3 car be cr   .-"ly oMHnr-1. hj op-stream integration.    Consequently 

intermediate fj;/urrj ii.dio-i.cu in following tables correspond to final 

demand an if all  inter: ¡-diatus np'del v;ero locally produced,   since production 

of the four r?oor clac; ei of final products absorbs by far the largest part 

of main im amodiâtes ir i or co. injdr^v-tion.    Tho remainder part corresponding to 

miaoellan'-JVI VJP' hr>s l^en <->n-»ir~ted ty referring to the stu-rcture of the 

demand in s-lt -tei r. -•I'-nMinp BV.M. 

3.2.       PROoucrio? 
3.2.1.     Wet'.;f>t'olr"y_ rind ect.-ictp tiens 

An th'. over; 11   J,?.r •• remirad   to  implement a petrochonical complex 

mlfht take br.+•::*.:» ')  -•.'> 7 yerr.i vnicr normal conditions,   the methodology 
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used ie as  follows: 

.    to compile the announced projects and facilities under design,  con- 

struction aril firm commitments. 

•    to estimate further production capacities taking into consideration 

specific hypothèse^  product by product, and   the following general 

assumptions! 

a. 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. 

c. Solution to the problems that could rise in nome countries by 

constraints,like manpower formation or financial means available through 

international cooperation. 

d. Location of the most sophisticated products preferentially in 

the  industrialized countriec. 

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

traditional   suppliers and  the new producers in the region. 

f. Production capacities and consumptions in I985 balanced at world 

level with an average production factor of 0.85» 

The petrochemical products have been separated in three groups 

for analytical purpose:-;: 

First group:    final  and intermfniiate products that can be manu- 

factured from imported raw ¡naterials.     Their productions can be 

contemplale^,  individually. 

- Second fproup;  ethylene and it3 derivatives.    Their production ie 

usually concentrated ir complexes based on ethylene production, because 

of its high transportation cost. 

- Third group:    other basic products the production of which lo 

rather linked to,   or influenced by, the ethylene facilities. 

In Annex 10 are givon the forecasted capacities to I985 by regions. 

3.2.2.    Forecast of production for the main petrochemicals 

Few developing countries will  enter the petrochemical  industry 

between 1977 and I980.    As far as basic and intermediates are concerned, 

the new producing countries would be Egypt, Libya,  Iraq, Qatar and Iran. 
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The other developing countries that have already a petrochemical 

industry would  increas« a gre.it deal  their plant capacitios.    Nevertheless, 

the chare of  the devolopir,; countries will  still remain low. 

On the othor hand,   if the hypothesis loading to  the 1985 estimates 

ijould be confirmed,   the     tare of developing countries  in the world petro- 

chemical production would  '• o  an follows: 

Share of World  Production Capacities by Developing Countries (#) 

- Ethylene 

- Benzene 

- Xylenes 

- Monomere for synthetic 
fiberB 

- Synthetic fibers 

- Synthetic rubbers 

- Pla3tics 

1977 i25¿ 
6 17 

3 15.5 
6.4 16 

4 14 
16 23 
8 13 
6 20 

3.3. FUTURE PRICKS Tï/OIXJTIQiS 

During tho previous pa3t years the prices of petrochemicals have 

been upset by both cuiden chancos in  so-ne manufacturing cost elements 

(raw naterial,   invostmiint)  ani a situation of general  overcapacity.     It 

ic expected  that in +he  future,   the overall  situation will   tend to 

equilibrium,   ouu   that   tra- prices (.volution will be nore linked with changes 

in the production cost cli-nantc.    From a cenerai point of view the production 

cost evolution can be practically tied to  two main factors:    Crude oil price 

evolution,   and ove-all   in*:-i'ior (^i-noral price ir.de:: related charges: 

investment related,   ranpower, maintenance,   etc.).    The impact of the crude 

oil price evolution    (v   1 naphtha,   Ijr;,   fuel  ...) become less important when 

moving fror the basic  to the intorncdia+c and final  products.    Annex 11 

presents the respective  shares of the present prices of  some petrochemicals 

that will  move accordingly with the crude oil prie« and the penerai inflation. 

3.4. IKPACT QI THE  E.'TSTKATKUAL TRADE 

Accordine to the estimates done for 1985,   the international trade of 

petrochemicals would be highly altered. 

The main new trends would be: 

.    a global   increase of self-sufficiency at regional level 

.    a less prevailing position of the industrialized countries 
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. despite the increase oí' self-sufficiency, at leant a holding of 

the ;otal movements order oi' magnitude because of the increase 

of consumption,   ani the appearance of new streams, 

.     the appearand o of n.w stream:;:     sophisticated products exported 

fron industrialized count rie:; to deve1 opine countries (presently of 

few importance),     co-waiiy  .aid high consumption products exported 

fron developing countries (mainly hydrocarbon-producing countries, 

to  some industrial i zed countries). 

These trends imply a notable effort  to be done by the new exporters 

in the areas of market ine &»*• distribution in order to benefit from their 

attractive production costs. 

3.5. F7;.Dzrœv. SUPPLY 

The  supply  of raw materials for the petrochemical  industry accountc 

for only a small  part of total  hydrocarbon consumption.    Problema in 

connection '.;ith the availability of raw materials for the petrochemical 

industry will continue to be very much a function of the economic  situation. 

Annex 12 presents on estimation of the hydrocarbons required by the manufac- 

ture of petrochemicals in 19^5• 

With recard to cas,   the main raw material used for the production 

of methanol  and also ammonia,   only Japan,  beine entirely dependent on 

y.iovi :,   ;-u    \',<i  oxpoir/M   'o   hiv:   a JijniL'ica^t  proüljm  with r^jard   to 

supplies.    Lorth America and Europe v/ill,   in certain areas,   have to face 

price problems,   since t'ne^c  re-ions make up  their deficit   of cas ty 

relatively costly  imports o ' UtG. 

Everywhere but  in eastern Europe,   there will  tend  to be a deficit 

of naphtha.     Gome  regions,   particularly Western Kurope and J apar.,   will 

have  to set aside  a laree amount of their straight run naphtha for use 

in the petrochemical   industry (about /$> and   38/ respectively in I985). 

More costly refinirv; schemes and  strong tension on naphtha prices can 

be  expected   in these areas. 

In the developine countries the low consumption of fuel  oil and the 

hi£h demand  for naphtha will   involve bis problems.     If ethane or LPG are 

available they will  have a privileced placo  as steam cracking feedstocks; 

the use of ^as oil   -.ay lead unavoidably to  the production of poor quality 

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

hue© industrial development  and  the very low requirements of the domestic 
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heating Bector.    The extensive use of naphtha without required upgrading 

facilities will have the same adverse effect because for 1 ton of 

naphtha produced in refinery,   an amount of  3 tons of fuel oil is also obtained. 

It appears this will he the major problem for developing countries as 

far as petrochemical feedotockB aro concerned. 

3.6.        ESTIMATION OF INVESTMENT AMD MANPOWER HEEDS 

3»6.1.    Investments 

The petrochemical  industry is a heavy industry which requires very 

high investments.    Construction costs for petrochemioal plant have riBen 

steeply in the last few years (50$ increase from 1973 to 1976).    This 

rise will have the following consequences: 

.    major projects will be undertaken by joint venture constituted either 

by several companies or by governments and companies» 

.    there will be less ploughing back of profits, but more contribution 

from shareholders and more external financing through long-term loans, 

.    the oil producing countries who have considerably increased their 

financial resources,  will be better placed to resolve these problems, 

.    because of the very considerable rise in fixed costs,  production costs 

will be higher for new plants than for those built before 1974 

Newcomers on a given market will,  therefore, have a handicap to 

over<".om,!!. 

Investmnets for petrochemical plants vary according to the technical 

options and the localization of production.    Local condicione greatly 

affect the main constitutent elements of the construction cost*    In 

particular construction costs are generally higher in the developing 

countries,  chiefly due to the fact that contrators and manufacturers of 

equipment are such a distance away,  and also because of infrastructure problems« 

The investment requirement estimates for the petrochemioal industry 

are presented in Annex 13« 

3*6.2.    Manpower 

The petrochemical  industry is a capital-intensive industry which 

employs a relatively small number of highly qualified personnel. 

Estimated manpower requirements are given in Annex I4.    Hy I985 petro- 

chemical  industry worldwide will require a labour force of about 1.3 

million made up as follows: 
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Technical personnel 
including: 
- engineers and managerial staff 3* 
- foremen and *<x;hnician« 10* 
- Bkilled workmen 45* 
- unskilled workmen 29* 

Administrative personnel 
inoluding: 
- managerial staff 2* 

- olerks 7* 
Sales and marketing personnel 
inoluding: 
- managerial staff 2* 

- olerke 2* 

87* 

9* 

4* 
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4.    ASPECTS OF THE FORECAST UP TO TIE Y3AR 2COO 

4.1. METHODOLOCY 

The aim i3 to exanine several ways in which the development 

of the petrochemical   industry could attain the growth objectives stated 

in the Lima Declaration. 

The characteristics oí xhis sector are given by its physical 

internal structure,   that in the main include its stoichiometric relationships. 

The dynamics of thia sector are given by its social structure that 

includes the sectoral  environment and the strategy of the actors. 

For the purposes of this study,   a World Petrochemical Industry 

Simulation Model has been used to explore various development alternatives 

to the year 2000 based on a combination of macroeconomic and specific 

regional and product hypotheses. 

Further on-£oin¿ studies will develop exploratory and normative 

scenarios usin^ futures research techniques. 

4.1.1.    Brief description of the VJorld Petrochemical Model 

The   futuros explored are based on a small number of hypotheses and 

the relationships of the sector to  its environnent.    Based on them,   the 

world demand and world production can be estimated,   and the constraints on 

inputs such as feedstocks,   investment ani -nanpower can be brought to light 

for  mbsequur.* calcul-il ior;. 

Considering that the variables of the model are mutually influenoial, 

a computerized iterative process has been used at every stage and for 

the whole model  to express such relationships betv/een variables in order 

to arrive at consistent and coherent pictures of the year 2000 compatible 

with the main hypothesis exploreü 

4.2. MAPI HYPOTHESES 

The attainment of the 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 NVA (manufacturing value added) by 

regions.    Therefore,   the main hypotheses for the model concern GDP growth 

rates that are then translated ii.^.o demand figures using macroeconomic 

relationships. 

In order to properly explore the future,at least three GDP growth 

rate hypothesis ehould bo considered: 

a.    the attainment of the Lima objective as the minimum» 
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b. a reference trend if things continue as they are. 

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 growth rate,  the other,   the relative Glnre of developing 

countries in petrochemical  Viorld production by the year 2000. 

Hypothesis A 

It is based on a simplified model developed by UNIDO 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 2$% world prodxiction target.    Prom the wide range of growth- 

rate relationships,  the one giving the following values was chosen: 

world GDP growth » 4»C$»   industrialized countries » 2.95^ and developing 

countries = 6.8/c. 

These figures were chosen because they were the nearer    to the 

historical growth rate achieved by developing countries during the high 

economic growth period i960 - 1973,  while industrialized countries still 

retained an attractive GDP ßr   'th rate. 

Hypothesis B 

It in based on Leontiei ' c "The Future oi' the V/orld Economy" and 

corresponds to the passive scenario X.    It was chosen because it has a 

world GDP growth rate of 4«6%   the nearer to ensure comparability with 

hypothesis A,   while providing a different world production target. 

Hypothesis C 

Seven different GDP growth rate hypothses    given by different busi- 

ness organizations viere analysed.    The one given by the Cavendiöh Laboratory 

(U.K.) that corresponds to its high estimate was chosen.    Its 

world GDP growth rate of 4»0$ ensures a proper mmparahility with the 

other two hypotheses. 

4.3. PICTURES OP THE PETROCHEMICAL INDUSTRY IN THE YEAR 2000 

The results of the World Petrochemical Model for the three main 

hypotheses are given in Annex I5. 

The more important conclusions to be derived for each hypothesis 

are as follows: 
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Hypothcois A 

It is the only one that attains in exoess the Lima objeotive. 

entails a major shift from the present international order am the nature 

of tho relationship between industrialized and developing countries. 

It requires over 20 years of suatained international cooperation 

ao the major mean3 to allow developing countries to aohieve the required 

economic grovrth. 

It also requires maasive technical training programmes to ensure 

efficient plant operation rates,  and the smooth and steady supply of world 

markets from new producers. 

Investment financing is the equivalent of 0.32$ of ODP over more 

than 20 years,  which ia a fairly high ratio.    As a comparison,  short-term 

ectimates put petrochemical investment for developing countries projects in hand 

or scheduled for implementation between 1977 and I960 at 0.25$ of GUP. 

Hypothesis B 

This alternative involves the highest oil consumption.    Without 

cooperation,  the least solvent countries may find themselves deprived of 

this vital raw material for their petrochemical industry in the event of 

shortageo. 

Tho financial outlay Í3 alr.ost as large as in hypothesis A, but it 

is difficult to envisage how it can be solved since thia hypothesis entails 

vt;ry little international cooperation.    In fact,   it projoot3 a rather gloomy 

picture for developing countries. 

Hypotheois C 

It involves a minor political and economic effort, yet at the same 

time thio is taken into account in the objectives as translated from the GDP 

growth rates. 

Investments equivalent to 0.19$ of ODP are intended only to satisfy 

the immediate domestic demand through production oapacities, taking advantage 

of the 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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3.   STUATECY OF THE ACTORS 

Actors are those «l'...ionio v-ho foremost dynamize the sector's structure. 

The actors' actions are presented in terms of their porcai ved et rat agi o 

posture, which comprises the ways (decÌ8Ìor8,  major action programmes) in 

which actors intend to use their means  (the resources available 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 porooived international re-deployment strategy 

that io currently emerging. 

3.1.    Actor 1 

5.1.1.    U.S. oil multi-rnational corporations (and affiliatOB) 

3y their nature,   tho multinational corporations have  as basic "raison 

d'etre" to defend, maintain and maximize profits.    Among various multi- 

national firms already constituted,   the oil  corporations are characterised 

oy an advanced degroo of internationalization and world-scale spreading. 

These corporations already dispone of: 

a. a large  financial autonomy with,  as a consequence,  a polio.r 

basically of reif-financed investment; 

b. a multi-national network of extracting and  rei'jning plants 

recently rainforcei,  under tv e impact of downstream integration, 

by a growing cite^ory of chemical   fertilisers,   p-jtro- 

ohun\i<v.l:¡ and,   in cut'in  o   H^.I,  ci'  nynth^ti". protein manu- 

facturing plants; 

c. a mobile multi-national network of skillful  labour,technological 

equipment and  services; 

d. a multi-national network of closed marketing channels firßt 

reduced to  crude oil,  but increasingly extending to gas, 

fértil i 7. -re -¡r.i nu/oral categories of petrochemicals 

and other derivatives of hydrocarbons. 

e.    Btrong research and development capabilities. 

The perceived strategy of oil multi-national corporations covers various but 

cupplementary anpecte,   which are as   follows: 

a. a financial Btratery of ael f-financoment of investment, but with 

a growing orientation toward international financial markets and 

governmental   aseiatance. 
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b. a global production otrateg^  implying o systematic policy 

of energy divorai fi cation and of further involvement  in the 

fertilizer und petrochemical sectors.    Another factor is the 

turning of petroohemical companies to heavier oil-cuts or oil 

itself because of the otaady olimbing of lighter feedstock 

prices and the acceptance of a larger dependence on oil 

corporations for ethylene supplies. 

c. a technological strategy aiming at the control of technological 

processeo, patontB 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 petroohemical 

sectors. 

e. a political strategy with a contradictory tendency simultaneously 

to seek and resist governmental intervention.    The OMC are 

struggling against increasing state intervention While feoling 

itB strategic necessity.    The examples of government intervention 

are:    subsidized oil refining companies through price control 

to protect their profit margins;  state-pricing subsidies of the 

domestic crude oil which they have refined. 

5.1,2.   The Btates-oil European companies 

The new strategy of the Western European oil companies for oil control 

a^d refining consists basically of the following three complementary «lèsentst 

a. To obtain  from the EEC assistance for their refining venturet, 

and further reestablish their profits by both controlling Weetern 

European refining in tho foreooming years and obtaining a release 

of their refined products'   Bulling pi icen. 

b. To ootain that the SEC nsaints those companies in developing their 

own system operations and vertical integration on a Western European 

community baule by helping them to accrue raw material and new 

resources. 

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

for Western Europe,  acquired by Western European oountries on a 

community basis. 
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5.2.       Actor 2. 

5.2.1.    The Petrochemical Companies 

a.      Financial Strategy 

A major difficulty facing most of the petrochemical companies, big or 
small, North American or Weetem European,  i a to  finance their heavy invest- 

ment plans both in the ehort and long term.    The three following different 

caoea have distinct corresponding implications: 

1. some email and vulnerable companies can  seek and get  financial 

aBBiBtanoe from Btrongor groupa on a joint-venture basis; 

2. some email and vulnerable companies can Beek and levy funds 

through banking and  financial BOctors; 

3. Borne small and vulnerable oompanies can seek and obtain assistano« 

from their own or other Btates. 

b.    Production Strategy 

1.    Changing production technology 

If gas is to aoBume its proper pricing position in relation to oil, 

then the increasing trend to develop multi-feedBtock crackers, either taaed 

on naphtha and heavier cuts or directly on  erado oil, would acceleiate. 

Scpuoi \ll.v in  tho UnitcJ  St.itou,   ,""r m'',7 l^aa more  nnd moru 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 aimultaneounly motivating the companies1 need to escape 

"high" domestic labour and financing costs and that of consolidating their 

export markets. 

3. Geographical orientations 

Geographical orientations of the multi-nationalization is realised 

as follows:    Southern Europoan petrochemical companies are pushing into 

two main directionse    the U.S.A. and Northern Europe.    It should be noted 

that the multi-national expansion of European petrochemical companies 
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through their joint-venture with the TJ.T..  and other strong (groups 

is associated with a striking development  of propylene plants  in particular. 

Airthermore,  multi-mticnali nation  and  now differential   speci.-li nation are 

¿-••'eloping dem".In  to the oil-producing  countries that aro alrordy moving 

strongly into processing domestically their hydrocarbon a and  basic petro- 

chemicals.     However,   further specialisation and achievement of geographical 

multi-national  expansion  require a  greater development of research and 

technology that  Southern European  petrochemical companies are not able to 

do  it alone,   and   these complies will  dopend on international  banks and 

financial   institution:) and/or on multi-r. • Uonal  and specialized  chemical 

corporations,   through .pint-ventures  in  «lc-veloocd countries.     Moreover,  the 
oil-price  increase  caused the loss ol   low-priced feedstock,   and,  therefore, 

cumulated the  specifically and run-mt..-crated petrochemical  companies» to 

sowie again new advantageous positions by going into joint  ventures or direct 

bilateral  agreements with the oil-exporting countries (The United States in 

S:,udi Arabia,   Japan  in Iran and Prance  ir.   Qatar),   whereby those companies 

can  simultaneously : 

.    reduce the  financial burden of their raw materials, 

purchases,   and accede to  locai  under-priced associated 

gas and  crude oil; 

.    consolidate their o/.porta by shifting some of their new 

projects to J he oil-producing countries, thus multi- 

nationalizing their production  and extending further their 

export markets. 

5.Ì.    Manufacturing Re-deployment   strategy 

The rise in  the price of feedstocks  and energy coots reduced the rate 

of profit  of the  companies dealing with  petrochemical  industries and at 

the same tine the  acute competition and   relative stagnation within their 

existing sales'   markets brought up differential  strategie:; «as   follows: 

The  vertical  integration,   upstream in the case of petro- 

chemical  companies seeking  fuel   stock and energy,   downstream 

in  the case of oil multi-national   corporations or major 

companies moving  further  to  end  products.    This  strategy 
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inplicc a continuation o:'  three  strafine  ßoala: 

b . 

c-cure,  :¡t¡iL»ili /,•-•   and naxim.-..; profit;;  fror.i .a 

direct or partial   control   o:   thu   loud.-tock   find 

th« onorrv uouriît-3 which al. OH aeizinc the oil 

or fp.i; renta  .it  rn.i^ir.ium; 

po  into vari a;, t downntrua.-n ajiui'icturing Operations, 

the most pro a tubi e   lor thu moat  vp.lue-adding of tho 

petrochemical   industrie::. 

develop now procecuno to  reduco and,  whenever possible, 

to  elimii-itc  intermediato  st;.,? a and their outputs as 

well   ;¡.r; by-product-j . 
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6.    RECOMMENDATIONS P'OIt THK DEVELOPPENT QV THE 

PrrPi'CHrV.IGAL INDUSTRf  IN THE DETCLOPIHC COUNTRIES 

The conditions which most favour pe„rcche,nical projects have tended to 

be preser.t together in the industrialized comunes, hence the concentration 

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

Although a number of major projects ai.,' ut  present  in the planning or 

construction sta^e in several of the developing countries,  the situation of 

this  industry  in  198O \nll   still bo fnr f-^r the object ves contained in the 

Lima Declaration. 

When setting up a petrochemical  industry  in  a developing country,  a 

number of obstacles have to  be  faced.    The mes'   importait  among them being 

small market  size, difficulty  in penetrating marlots abrocid, amount of 

capital  required,  the need for skilled, qualified manpower,  raw material 

and infrastructure requirements. 

Taking into account   expected trends and constraints,   soue attempt 

can be made to  fomulate overall  rtratepies aired  al  overcoming or 

runimiring these constraints,  and recommendation-3 which vili help promote 

potrochemical  development   in the 'level "pin/j count -irs, •.rith emphasis on 

the setting up of sound projects which vili  bor.jfit  the country. 

c. 1 . SlòGErirET) OYFRALo S?.(AT/aií:b 

National   industria^ development nlannirip 

Setting up or developing petrochemical production  in developing 

countries  involves a great  dfal  of outlay,  particularly  in  financial 

terms.    The new industry, once set up, affects mnry othor sectors ranging 

from refining to textiles,  plastics pnd rubLe*- processing,  construction, 

agriculture,  transport,  etc.,     Tn addition it.  creates manpower and 

infrastructure problems which can be resolved c ily  in tne nedium or 

lor.g term;     and  it  involves a number of mai'>r dici-sions.     In the  light of 

these circumstances ¿t appearc that,  industrial c'^vclopmont planning on 

? national  acale offers the birt  ¡"¡"ans of creating ^ favourable environment 

for petrochemical development   in the developing count rie 3. 

Co-O£ftrat^on_with ¿^¿u^trial_is;pd__countricr; 

It   is difficult to  imagine how developing  countries might  acquire at 

present  certain means indispensable to the iyalopment of petrochemical 

production unless through co-operaticn with ••he  industrialised countries, 

where  in  fact  some vital  fr.ctoi-u a« al-10s*   '.:c;iu:.i </:iy  ~ ' "centrated:   large 
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petrochemical  companies, construction  firms,  sources of finance, technology, 

a fur.-i of plant  design and operating as well as marketing experience; more- 

over,  these  countries continue to account   for a major share  of the petro- 

chemicals market. 

t.?.     PSCOMMENDATIONS 

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

tial  resources  in terms of investment,   raw materials,  skilled personnel and 

infrastructure.     If implementation conditions are not optimum, benefit to 

the country will be slight.    Unless  justified by specific,  particularly 

favourable circumstances,  it  ir. preferable that a certain  level of industrial 

development  be  reached before a basic  petrochemical  industry  is set up. 
nr.ose developing countries which have  not yet  reached such a  level could 

BtärT- by manufacturing petrochemical   end  products,  in particular synthetic 

fibers, best  suited to prevailing conditions and the needs of most of 

these countries. 

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

ver;/ detailed assessment has to be made,  on one hand of possible advantages 

for the country  (raising the gross domestic product,   foreign  currency 

savin?,  securing raw materials,  etc..)   and on the other hand, the resource« 

rehired (estimation of requirements and determination of available 

resources). 

3. Industrial  planning and choice of product must be the  result of 

well-considered decisions, bearing in  mind the country's needs and the 

possibilities  it  offers.    The following aspects in particular must be 

covered: 

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

factors  in the success of a petrochemical undertaking: 

the domestic market and probable  future development  must be 

studied  in the greatest possible detail.    The study  should 

identify  local constraints  likely to  limit petrochemical 

consumption,  such as product  quality and price problems, 

distribution networks, process  industries.    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 be  found, wherever necessary, to 

encourage such development,   e.g., economic  incentives, 

Earn 
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personnel training,  Betting up of petrochemical  application 

demonstration units. 

The domestic market  survey as a whole should lead to formulation 

of a marketing strategy   for the  fu' ure producta. 

The  export market  survey  should cover  in particular interna- 

tional  competition, customs protection,  transport cootB and 

existing distribution networks.    Also included should be an 

assessment of the investments required,  usually considerable, 

in order to reach these markotB.    One possible  solution would 

be to use the services of an  international company, who would 

become a participant  in  the project. 

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

risation.    This Bhould givo 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) Techio-acnnomlc studio»     ,  baren on the  results of the above studies: 

these  shouH   include  in  particular an  accurate and realistic  investment 

estimate,  allowance l'or the effect;; of  inflation,  and a detailed  foreign 

currency balance,  no as to allow the bpst  possible assessment  of each 

project's positive effects on the country. 

d )     Accurate assessment  of infrastructure r«?cru i rement r,  in respect of 

different  schemes •  and combar i s_on_ with  exist ing facilities.  If the 

petrochemical  industry   i:.  set  up  in a country  lacking an adequate 

infrastructure,  it will  not  operate satisfactorily, or, alternatively, 

considerable additional   investment will   be required to  set  it  up. 

t. The  following problems have to be resolved in  the course of project 

nplementat ion. 

a)    Technical  choice 

The   judicious choice of technologies to be used  in petrochemical 

plants  is vital to the success of any undertaking in this field. 

The wrong choice may seriously compromise the futuro of a project 

which han involved considerable outlay,  chiefly on investment 

and manpower. 
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The main  criteria tu be considered are   : 

.    Adaptability to market  requirement:; 

.    Ease  of operation,  adaptation to   local conditions 

.    Profitability oí  the process. 

b)    Personnel   re^nnjtmen_t_and train nig 

Petrochemical   industry personnel are few in number but  are, above 

all, highly  skilled and qualified,  and have to accept  considerable 

responsibility.    The ßrpatest  of care muet  be giver. to  personnel 

recruitment  and training.    Firstly,  personnel must have a certain 

level of Renerai  education and  skill,  and secondly specialized 

training nay be quite  lengthy and must not be rushed.  It  is recom- 

mended ;that  wherever possible  the services of procesB   licensors 

and the  selected contractors be used,  a3 well   as those of specialized 

industrial  training companies  and,   in the case of  joint  ventures, 

those of the   international  complies   involved.     Moreover,  co- 

operation between countries,   especially between developing countries, 

should be encouraged with a /lew  to making personnel  training easier 

and more  efficient by using unita  established   in producine countries. 

c)    Plant   localization 

In docidinn; on  the localization of a petrochemical  plant, many 

very   ti L l'i .'-••n *.   '-:in., i J -:r • t u-.r;   r.-ij.-   '<>   I".   '<  -r-\v   ir.  m<r  i,   and   tho 

final   choice  may  in some cages be a compromise between conflicting 

factors. 

Tho region where the production unit   is to be  set  up  is deter- 

mined  first  of all, and,  this once settled,  a more specific 

choice of site car be made. 

When determining the region,  the  following considerations have 

to be tr-ken   into account   ! 

.    a reliable  supply of raw material: 

.    minimization of the cost  of obtaining raw materials and of 

despatching products to the consumer 

.    availability  of an existing or potential work  force 

.    existence or coût of petting • ~> 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  investment  and operating costs 
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Or.ce the r>v.cr!  m >  O<?í; •     t,';id:(. .   tV  c'.-   :e o\   ih-» ni tn   itself 

can bo  rrude,   v^rJiii    . i   ;-.-j*.-;l..  ~< iati ve to trie  '.vallatole  land 

and ir.i'r^l IU^VJIP .     PV   fi rit  .inrer   ral  U, "f <-cur¡?9 that an area 

of land   nuit   >>io fjr ft pe'-i-octv^rraia"   plant  should   bo available. 

The chosen ¡site chculd   r;c-npri.>i the  ini rostri cture  indispensable 

for tho setting up ami j.rop«r  functioning of  the petrochemical  plant. 

The infrastructure nserlot!  includer ttte following main  itenB : 

»    facilities  for th<-  delivery of the constituent  equipment 

.    a supply of water and  electricity 

.    effluent disposal  facilities 

.    transport  facilities 

.    housing. 

d) Pollution regulations 

Specific regulations to deal with problems presented by the petro- 

chemical industry must be drawn up by the relevant authorities. 

Such regulations are indispensable 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 relevant  regulations, referring if 

necessary to other countries' experience. 

e) Markoting policy implementation 

On the bp.sis of tre parket  survey results, marketing policy and 

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

prove helpful to facilitate market penetration by preceding product 

launching with importn of iddetical products from plants using the 

same techniques. 

f) Financing sources and Bchemea 

The petrochemical  industry  requires very high investments.    In 

the particular caBe of developing countries, a specific aspect 

of the petrochemcial industi-y is also that it involves  importing 

from industrialized countries most  if not all of the equipment, 

and means high investment   in foreign currency.    Therefore the 

possibility of raising the funds required for finanoing the required 



52 

investment  vvoun* <-. V,ìA1 probably be dooiaive for petroohemioal 

industry devejopmsnt  ir. developing countries* 

5.       government u .pport 

In order \o set. up and develop on a uound bao i o in the developing 
countries the petrochemical   industry must  reoeivo Government support. 

Aopocte where eupport  is» ecasntial  include t 

.    import duty concessione on machinery and equipment 

.    tariffa and othor typnn of protection 

tax incentivéis 

•    export promotion 

.    private sector investment promotion 

.    development of industrial eatatee making land and infrastructure 

available 

.    assistance with manpower training. 

É»       Promotion of co-operation 

Co-operation bctwoan countries, particularly developing oountrlea, 

offers a means of reducing or overcoming several barriera, la 

particular as regards : 

.    domsctic markot  limitation* 

.    fi nano in <ç problème (resources oan be combined) 

.    raw nc.tc-lr.l and infrastructure requirements (plants oan be sited 

in the moot favon-iV? areas). 

Moreover, co-operation malees for more effioient personnel training 

and exohen^e of information thus enabling many oountrlea to benefit 

from tho experience of others in setting up petroohemioal plants. 
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Annex   3 

* , 
J 

r!.A:uru,     ! 

... 
L.:;T.,'-; I ": SYNDETS 

du, ;j 

• io:e-", sij-GPt: 15  43T 1   7/0 1   720 3 300            ì 
i 

EASTtT-:*:  ELiiîljPJ 4  500 ena 1  ECO 1 500           ; 

MORÏH ACETICA 13  672 2  591 2 435 2 700 

LATIN A"=HICA 1  923 437.0 398 
I 

900           I 

AFRIPA 724 196.9 162 25Q           | 

NC:?rH AFRICA 220 50.G 51 110          i 

WEST  AFRICA 102 29.3 45 50 

EAST  AFRICA 108. 21.3 39 40 

CENTRAL AFRICA 64 9.4 11 25 

SOUTH AFRICA 230 86.3 16 25 

ASIA  (excl.   CHINA) 7 554 1   498.6 1  056  * 1 950 

j            CHINA - - 65 - 

|            niOOLE EAST 
t 

405 116.7 63 150 

EAST  ASIA axel.   JAPAN 576 185.6 73 400 

JAPAN 5  800 655.1 615 850 

SOUTH ASIA 773 362.7 220 550 

PACIFIC AHEA 6QÜ 155.4 78 250           \ 

TOTAL WCHLO 44 G03 7  533.1 7 709 10 650 

of which 
developing countries 4  171 1  451.3 905 2 225 

*      including ruINA 
*"    of which obout 20 \ activa materials 

"•* SWS SÜÄTÄ*19741-1'm»* '• * 
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Ann«   4 

WûKLî: r.c.;;'¡,vPTiOM I^EA.'.Vò.':; CI-  MAJO; 

Pi. i fcQC.hi. " ' "»L    1i;r»   i   .   0' CTL'    -    PL;;';C: I. ;/' 

REGIAS  CP  Trt£ lr._.--.LD 1S74 

31.6', 

LASTERN  ñi.;.---I 11.91 

NORTH AfüSICA 31.6S 

LATIN AÍ-SKICá 4.71 

AFRICA 1.81 

NORTH  AFRICA 0.54 

VEST  AFRICA 0.23 

EAST  AFRICA 0.26 

CENTRAL AFRICA 0.14 

SOUTH AFRICA 0.5S 

ASIA excl.   CHINA 16.69 

MIDDLE EAST 1.01 

EAST ASIA excl.  JAPAN 1.40 

JAPAN 11.B1 

SOUTH ASIA 2.27 

PACIFIC 1.39 

TOTAL WORLD 100.0 



iuintix   5 

..  .;.£'.;i;:.";AL TP.AT, : COM:V,-¡¡ìD   ¡0 ¡V.-JPUCVICN 

(•AIM i/WCv_->  t'RO'ú'jr.; . y,) 

1 973 

Frixui 

Etliyliï '• : 

Propyl-.  ; 

Butadiens,  butènes 

Benzen» 

Toluena 

O.xyl&no 

flixGd  xylenes 

Styranä 

Methanol 

Phtalic anhydrida 

Ethylane glycol 

Formaldehyde 

Acetons 

Cyclohexene 

Cap rolactame 

AcrylonitrilB 

Dimethylterephtalate 

Synthetic détergents 

Styreno-butadiena rubber 

Polybutadiene rubber 

Synthetic rubbar 

Acrylic fibres 

Polyamide fibres 

Polyestar fibres 

Synthetic fibres 

L.O.  polyethylene 

H.O.  polyethylene 

Polypropylene 

Polyvinylchloride 

Polystyrene 

0.7 

0.R 

3-4 

5.4 

12.7 

14.1 

S.6 

6.3 

6.6 

6.9 

11.0 

1.5 

5.7 

9.0 

9.5 

6.4 

S.9 

4.5 

11 -.15 

12.7 

1S.0 

> 14 

> 11 

> 6 

15.2 

14.4 

20.7 

20.1 

9.6 

6.6 

Footnotot   At the world level, world production is oonsidered M equal to 
world ccneruirption. 
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Annex 7 

RESERVES ANC FOSSIL FUEL RESSOURCES 

1 0 '*' TOS 

Reserves Naturdl pas ,  Crude oil Coal Total 

NORTH AMERICA 7 904 5 116 124 Q8G 137 GOO 

E.E.C. 3 226 2 44Ú 30 674 36 342 

Others WESTERN EUROPE 808 913 1 340 3 061 

JAPAN 60 4 687 751 

EASTERN EUROPE 26 985 11 109 202 840 240 934 

AFRICA 5 989 6 263 8 426 22 676 

LATIN AMERICA 2 567 4 039 \4] 1 713 8 339 

MIDDLE EAST 16 982 50 160 200 67 342 

CHINA 716 2 729 67 533 70 978 

AUSTRALIA-NEW ZEALAND 1 102 214 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 

300 000 

(184 to 1840) 
x 1C3 

300 000(3) 

(720 to 3600) 
x 103 

2 200 000 

(1075 to 5784) 
x 103 

2 600 000 

(I) Piovzd and wtov viable 4e¿<yive¿ cut 1976 economic condition* 

12J  Known, pnobablz and undit>couched 

(3) Oil necovvicd {¡nom tan ¿andò and ¿hale, oil could doublt tivù value 

[4) Venezuela oil bzJtt and IcuiQt extension o$ Mexico oil it&zuvu [cleUrzd 
bij P¿%,i¿x) OAC not included in i¡ii¿ ¿.¿guAC. 
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Annex   9 (a) 

VO.ÏLD  f.L.MAÜO l-u?   P£ ! ¡:CC: ii" : : ' '".AL   L'f :0 •TOLiJCT.1; 

ISS-i 

lt000 ton« 

I       n¿ar. .3 ;;• riri waao 
i 

svr,\ -;iri: SY;:ïK.;TLC SYNCEi3 
(197i) 

'.•»TSTr¿~i. íUMC i 3= :?•: i ¿un *.'  '.IJ3 4 eco 

EA: ;•_".:. S^RC-í 13 0/5 2 545 3  394 2  700 

|    :,CFT:;  /'IDRICA 33  5?r» •<t 5'-j 3 631 3 fi'V 

LAT:;; AKSRICA 7 flP.S 1  4311 900 1   65G 

i   ¿FRICA 3 2b5 /4S 431 5ü'J 

'        :I---T^ AF~:t;i 1 son 770 12Q 2S0 

UcST  AFRICA 575 16B 100 110 

i           EAST AFRICA 490 75 95 90 

CENTRAL  AFRICA 295 29 31 50 

SOUTH AFRICA 805 207 76 40 

|    ASIA   texcl.   CHINA) 23 310 5 G5Û 2  710 3 240 

'            CHINA - 1 080 213 - 

MIDDLE EAST 2 210 380 245 310 

)           EAST ASIA «xc:l.   JAPAN 2 525 870 174 750 

i           JAPAN 14 675 1  BS5 1  252 1   150 

«           S3UTH ASIA 3 900 1  855 626 1  020 

.    PACIFIC AREA 1  975 293 123 410 

.     TOTAL WG.iLO 120 306 10 572 12 601 17  130 

-f which 
c'nvalaplng cot in trino 

i 
13 971 6 017 2 722 4 4R0 
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11 

rnrmizm qr HWOOTCOALS mam muti« 

Snarc èïtlxatad tj 
nz-;m acsçrdi.ts 
to cruda oil 

pr?:-  «volutton   % 

Share Mtimattd to 
mov« «esording 
to tha ovroll 

Inflation % 

Etitylir.s 

Prspylan* 

B-Jtcclsnj 

P/ylana 

P. Xyltna 

Styron« 

0 M T 

Acrylonitrila 

Ld Polyathylans 

Polyityrtnt 

Polyastsr fibras 

Acrylic fibrao 

50 

50 

50 

SC 

50 

40 

30 

33 

29 

26 

17 

16 

50 

5C 

50 

50 

53 

SO 

80 

70 

17 

71 

72 

63 

64 
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Ann«   12 

ratting« Moonn w rag mMurioro« 9 PiraoomtioAL PMBPOTO 

198 S 

IO  'V.O.E 

F-.-Adi-rcK i\pt <i:iliti->.-. Total Fr-\"i '.-iW.zr 

RSûTï.-.S :F rtîCi-i: •••;•: .int 3 r i.;'wiJ' ¿Tanti • 3«!Írs¡r-jnc3 Hyurcc-::t:'.".-^ 

jjjt >,„•;,•?: Q 
-ruai r-scove- 
rai Oí tîy 

Tl.T   f.ir,   ¡3ti- 

trocn ."Piciil 
s'r,ardc 

i.,::r:";¡   S1.!-*-":" * « ->   ; 29.1 141.5 il 5.4) 

- r £"£?'.   ü_?I -; 55 .9 12.T 61.5 127. V 

•\OfiTH AMERICA 129.4 25.4 1S8.8 (19.7) 

.ATI"; AMSí:"A 21 .9 6.S 23.8 ( 4.8) 

AMICA 9.5 2.5 12.0 (  2.8) 

O IMA 16.; 4.4 21.1 (10.5) 

.V,.I23'.E C-.3" s.s 2.6 11.1 (1.4) 

z\37 ASIA 11 .3 3.9 15.1 (  1.7) 

JAPAN 39.3 11.4, 50.7 (  1.9) 

5CUTH A3IA 22.5 4.3 26.8 (11.3) 

PACIFIC ARSA 4.3 1.4 5.7 ( 0.6) 

TOTAL M3RL0 444.7 108.S 553.2 (S3.0) 
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Ann«:    13 

NA' í •fc-5   CV.'iM . 

isa- 

•-. <i -'-.•. .£' j - 
;-'.2."> .tins 

A:- - 
i^ra::-. -'- p'::ior-.;l 

ín¿   .al** 
c?.r¿;.-T-.:: 

Uà.-."-•:.-. c-_.-c;3 2íj:: 2-; 2»   223 V   2 -ü 

Eí.ü^.rri  :-.:r:?r. 1 ü L   :-. - .. 10   Q r j C   JGQ 

•Vírth America ire toe 31  600 16 *"•: 

Latir, A:.-r.c¿< í,C    - - -, s  5,TG 4 :cc 

Aflijo 22   :'.-. 2   -J'.J ;   LOG 

Asia 

Miüdlo 2aat 26  522 2  700 :   2C3 

Eost AsiJ 52   '.C3 5  200 2 600 

Jap?.r. 124   2-0 12 400 S  200 

So'jtn .-siü SS   5Cü 5 CQG 3 :oo 

Pacific aroa 17  5G0 1   60C 300 

TOTAL WORLD 1   15=   -ÛG 114   30Ü So  CG0 
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Annex   U 

10"   "JSS   Cl 97 7) 

ARE.A 

SASTERM EL""JF-i- 

N03TH AMErTCA 

LATW fflEfttCA 

AFRICA 

ASIA 

MIDDLE EAST 

EAST ASIA 

JAPAN 

SOUTH ASIA 

PACIFIC AREA 

TOTAL 

UP   TD   1990* 

14.5 

6.7 

12.8 

5.9 

1.2 

2.2 

3.5 

4.9 

2.4 

Q 

55.0 

12 80   -    1*333 

14.9 

13.2 

27.2 

VJ.S 

5.6 

5.7 

5.3 

0.1 

10.2 

2.9 

108.4 

* Corresponding to tha plants that will start up bo rom 1381 
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