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1.1,

l. GENERAL

THE GROWING IMPORTANCE OF THE PETROCHEMICAL INDUSTRY

The petrochemical industry was born at the end of the
first World War, and developed gradually until 1943,
By 1920, although production of eruce 0oil had already
reached 170 million tons, the Sirst petrochemicals
produced amounted <o only a faw hunired *ors.

The car irdustry Lbecame the firgt consumer of ce<rochem-
ical products, with a particular demand for new paints,
anti-freeze and various additives. Later on, plastics
and synthetic rubber and fibres came on to the market,
The Second Werld War was a very powerful stimulus o the
development of *he setrochemical industry, which was

then in a pcsition to meet a demand far in excess of whart
could be supplied by traditional sources such as the coal

industry or agricul*ure, both in terms of quanrtity and
quality.

The petrochemical industry developed rapiilv, <hanks to
the subs+titutes which Secame pessible through the
arrival on the market of products which were very compet-
itive both in quali*y and in price.

dorld consumprticn oF pertrochemi~al oroduc+ts, mizh
amounted 7o 3.3 millicen tons ir 1382, is now close =o

55 million tons, and tha growsh ri-s of vha Detrochemical
industry, which has averagel over l4% a vear since 1387,
is one of the fasrtasr ir industry. lver *he same ceriod,
the produc*tion of aluminiunm increased by 13)% a vear, and

that of steel by 5.3%, whila sroduction of fertilizers,
another rapidly growing sector, rose by less than 1% a
/ear. Although spectacular results have been achieved ir
other flalds, such as the riyclear industry, Zata
frocessing and scace exploratior, ir is tha perrochemica:
industry which has most aifected evervyday 1ife in +he
last 25 years, by maxing available to an ever-larger
number of consumers, through mass production, new mater-

ials with properties often superior to those of natural
products,




1.2, PRINCIPAL END PRODUCTS OF THE PETROCHEMICAL INDUSTRY

Plastics account for more than half of the petrochemical
products under corsideration, in terms of tonnazge (sae
Table 1.1), and even so, the production of »nlas+ics is
5711l expanding rapidly, sn account of -he 2ROrmous
demard potential,

As far as the other an: 2roducts, such as svn-nertis fi:zrae
rubter and detergents, which came on the Tarket more
recently, are concerned, the substantial rise in produc-
tion in the last twenty to thirty years can be attribured
mainly to their having rapidly supplanted those products
#hich were already on the marker, i.e. cellulose fibres,
natural rubber and soap.

W

Senerally speaxing, the substitutrion of synthetic prod-
ucts is not complete, but considering the extent %o which
they have already penertrated the market, osroduction of
the three groups of products mentiored, namely synthetic
fibres, rubber and detergents can be aexpected o begin

to decline in the near furture.
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TABLE 1.1
MAIN PETROCHEMICALS PRODUCTION (WORLD)

MILLION TONS
1850 1980 1870 1874 197§
PLASTICS 1.8 7.0 30.2 44.8 38.5
SYNTHETIC FIBRES 3.1 0.7 5.1 7.5 7.8
SYNTHETIC RUBBERS e.7 2.9 5.8 7.7 7.4
OETERGENTS 0.7 3.5 8.0 1.9 10.8
TOTAL 3.0 13.2 50.2 70.8 84.2

-



BASIC PETROLHEMICAL PRODUCTION

The main petrochemical base products are olefins, (ethylene,
oropylene, butadiene) aromatics, essentially Denzene and
Xylenas, and methanol.

Two tasic rcrocesses srejominatz, namely :

R
- wal

« Steam cracxking, whizh i3 *he main source 0% ¢
Sut which can also be used to produce aromati

la
2
Ccs

catalytic reforming which, indecendently from its use
in refining, produces aromatics for the petrochemical
industry

addition *» these, steam r ming should be mentioned;
is used essentially mn nthasis of ammonia, but
also for the synthesis

The basic hvdrocartons resulting from these processes,
i.e, ethylene, propvlene, Sutadiene, benzene, xylanes and
methancl are the ey products of the petrocnemical
industry. The paths leading fiom +these basic products

to the end products are humerous, and complex (see
paragraph 1,4, ), but *he main ones can be traced
ethylene and propylene serve as pasic products for the
most important plastics; aromatics form the basis for the
synthesis of non-cellulosie fibres; butadiere is involved
in the production of the trincipal synthe<ic rubbers.
Methanol is used essen<ially for the production of formol,
one of the consti*tuents of adhesivas,

Table ..l shows the rela+tive importance of +he basic
hydrocarbons. ‘World consumption of ethylere amounts +a
roughly double =<hat of prcpvlene cor benzare,




TABLE 1.2

PRODUCTION OF BAS'C PRODUCTS

104 T
1868 1370 1378
Ethylene
United States 4 800 7 700 § 300
Western Europe 2 000 5§ 950 9 800
Japan 800 3 080 3 800
Jthers 500 1 800 2 700 (1)
Total 8 000 18 500 26 000
Propylene
United States 2 400 3 300 4 400
Western Surope 1 100 3 280 § 100
Japan 700 1 850 2 800
Othere 200 500 1600 (1)
Totel 4 300 9 530 13 700
Butadiens
United States 1 100 1 400 1 800
Western Europe 400 380 1 4C0
Japan 100 450 580
Others 300 420 1400 1)
Total 1300 3 030 4 330
Benzene
LUniteg States 2 700 3 900 4 300
Nestern Europe 1 48 2 780 4 100
Japen 380 1870 1 900
Others 250 8§00 2 800 (1)
Total 4 780 3 820 13 300
P.xylens
United States 1 S00
Western Europe 780
Jepan §¢0
Others 300
Totel 3 100

(1) Estimated

end

including Zestern Europe production,




1.4, COMBLEXITY AND DIVERSITY OF THE PETROCHEMICAL INOUSTRY

The petrcchemical industry is one which is relatively
complex, in par+ticular from the point of view of the

many technical possitilities offered to a future produ-
cer. Several basic products are required for the -ro-
duction of some intermediat=2s sucn as sTyrene or dime-
thvlteretnthalate. JOne intermediate nay be used in

<he production ¢f several 2ni oroducts, ~he uses of which
may de very different : rthis is particularly so in the
case of styrene, which is the raw material from which SB?
rubber and polystyrene plastic are produced. The same
intermediate, caprolactam for instance, may be derived
from different basic croducts, i.a. tenzere or roluere.
One ernd product mav be obtained in several 2iffaren- wWaYy 3
for example, polvesrter fitras may be sroduced ei-her from
terechtalic acid or from dimethyl<erephtalate and ethvlene

In addition,the basic materials, namely olafins and
aromatics, may be produced in various ways. Production of
benzene may be linked to that of ethvlene, if it is
extracted from pyrolysis gasoline; or on the other hand

it may be independent, if a method involving catalytic
reforming of naphtha and extraction from the reformate is
chosen; the two mav be ceombined, 4s one extraction uni~
may be fed both by a reformate and a -vrolwvsis Zzasoline,

It can be pointed cuz <hat producticn 2f ethylene fr
ethane does no< laad <c any petrochimiczal Syeprodu
on the o<her hand, 17 neavier faadstozks sucn as -
or gas=-oll are used, <hlis invslves =<he zo=-produc<icn
oTher -asic proiu namaly 2rogyians, -u=aliens a
sencene.
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2, WORLD PRODUCTION OF PETROCHEMICALS

FACTORS AFFECTING THE PRODUCTION OF PETROCHEMICAL PRODUCTS

There are many different types of factors which affect
the establishment and development of a given petrocreme-

ical industry ; they can be classified as geographical,
human, economic, financial and technical,

. EXISTENCE ANV DEVELUPMENT OF A MARKET

"'\

The firs+t condition for the setting up of an indus=<
is the existence of a market, i.e, a Zemand, whether
actual or potential. The ragid levelopment of the
petrochemical industrv is due to the fact that it was
able to supply at a competitive price, products wirth
characteristics which were not only constant, but of*e-
superior to those of the products, generally nav-ural,
which thev supplanted.

badld
-/
<

It should be added +hat

the availability of jetrochemical Zerivatives or
the market led o a faw new uses for +*hese
products; in fact only consegquence was +=rat -
made possible the growth of the Zemand as Far as
existing uses were -2oncerned.

ot
1]

[} PESTN & o
[/ I

“ne arrival teTrocnemical oroducts
nad a +win 2T or nartural croducts

4s corcerns orices : noT only 4id crices

out the freguent fluctuations in the oric
natural products (for example, nartural rul
were reduced,

4s concerns production : there was an improvemen-
in the productivity of some natural oroducts
(e.g. planting of high-yield rubber) and also ‘n

the quality (e.g, quality label for wool and
cotton),

These natural products in turn, having become com-
petitive, have since recently been able rto *turn the
tide of the development of petrochemical products




¢.§. an increase in the proportion of natural rubber
used in blends for tyre manufacture ; and in the

proportion of cotton in polyester/zotton mixtures
(85/35 +50/50),

For final products, the market is linked with other
industries ard final consumers. For basic and intermae
diate products the market is constitued by the

setrochemical :lan<s ~hemselves.

AVAILABILITY OF PETROLEUM RAW MATERIALS

In order for a petrocremical industry to be se: up,
there must be petroleum rayw materials available, either
in the form of gas or petroleum fractions obtained
through refining. The development and concentration of
the petrochemical industry in such areas as North
America, JAPAN, and EZUROPE were largely due to th
existence of suitably priced raw materials : ethane ani
LPG associated with ra*ural gas in the UNITED STATES H

and naphtha, until recently in excess of the reguire- !
ments of the petroleunm products marke=, in EURCPE ard
JAPAN. In the past, a local supply of crude oil was no-
not a major factor in the development of the petrochen=
ical industry, and with the exception of the UNITED

STATES where the petrochemical industry is ~ased on gas.,
most of the countries where the petrochemical indus-+ry

is well developed are not themselves procducers of

crude oil. The existence of gas or of a refining

industry which can supply gas oil or naghtha is much

more important. The proportior. of raw materials used

in Petrochemistry, out of the total crude oil and gas
produced, although constantly grewing, is still sma.l.

It was less than 1 3% ip 1359 and is rocw somewhere

Setween 4.5 and 5 3,

EXISTENCE OF A REFINING INDUSTRY

The existence of a ilarge-scale refining industry is an
imporrtarnt facror as far as the petrocchemical induss

is concerned. Jn ore rand i+ is an indispensable
Source of some raw materials : for instance, in order
to produce 302,200 tons/vear of ethylene, more *han

1 million tons/year of raphtha are required, and suck

4 quantity, unless it is imported, can only be obtaired
from a refinery with a capacity of 5-6 million tons/
year. On the other hand the refining industry enables

4 large quantity of bye-products from Fetrochemistry

to be valorized. The production of 1 ron of ethylene

by the steam cracking of naphtha automatically yields
about 3.2 tons of LPG and 0.65 tons of gasoline,

mer
.- .
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which can only be fully valorised through blending wi<h
refinery products. Finally, the refining and petro-
chemical industries rely on technologies which are in
some respects fairly similar., The presence of person-
nel who are experierced ir <:ha opsration and main-en-
ance of refining plant is of grea=- benefi+ to a
cetrochemical indus<try wnich is ‘us< starting u:

-pe

AVAILABILITY OF MANPOWER

The technology used in the petrochemical industry is
in some respec*s varv complex, involving the laves<+
technical Jevelopments in several ields, including oF
course chemis<ry, but also metallurgy, mechanics and
electronics. The personnel in charge of <he operation
and maintenance of plants i3 rlL.erefore made 1D essen-
tially of a highly specialised work force. In view of
“he large sums inves<ed and the effact of *co frequenr
stoppages on <he: profitability of the plant, it is
advisable that the operaticr and maintenance of petro=-
chemical plants snould be in the hands of vary axpers
ienced perscnnel. The problems of training enginaers,
foremen, operators, maintenance specialis+<s and
chemists are a decisive factor, and training involves
considerable expendirura,

The personnel requirements of the petrochemical
industry, particulariy the basic indus“ry are, however,
relatively limized in preoportior to the tonnage
produced ard particularly %o tha amount of investmen-.
A complex based on a steam acracker Sapacity of «27,11:
tons/vear of z2+hylere and troducing 833,210 =ons. ear
of plas=izss (tolvewhel
~2,277 tong/year of jofe] ’
ons/year of aromazizs; <+ ,71) rons/vear of ac
nitrile and ovar 37,27 tons/vear of petroleum
croducts, and with invas-mer-=s apcroaching 1,230
million U.3. $ (1374 conditions) would require for oper-
ation, maintenance and geriaral services a staff of
2,250 of whom orly 32% 2ouldi be classed as unsikill
workers.,

O -

T2y z2lvorozyiane)
l:"
L8z
z

ar
ane, .
lytutadiene rubbar;

<
L

c ) we

Personnel requirements are greater, compared to the
tonnage produced, for end products than for basic
products. This is illustrated by the following table
which shows the personnel required for the opera*ion
of various petrochemical plants. A steam cracker
which produces u(0,709 tons/year of ethylene and also
over i million tons of basic netrochemical and petrol-
eum products has about the same Operational manpower
requirements as a polvethylene plant «with an output
of 227,07) tons/vear. A PVC plant operates with +twice



the number of personnel required for the corresponding
vinyl chloride unit, although the capacity is prac=ic-
ally rthe same. Synthetic fibres cons:itute a special
case in the petrochemical industry, for a very large
staff is required for production, of the which the
majority, who are engaged in handling, are unskilled,

MEANS OF FINANCING INVESTUENT

The perrochemical industry is a nheavy industry requir-
ing very considerable investment.

e order of magni-ude of irves=z-
ments in the pe<rochemical indus+ry it can be mentioned
rThat in 1973 and 1273 Japan investad almost 2,772
million U.S. $ in their local petrochemical industry,
and at the present day an integrated petrochemical
complex centred arcund a steam cracker with a capacity
of 403,300 tons/year of ethylene requires investments
amounting to more thar 1,270 million U.3. $. Access
to means of financing these very high investments
(ploughing back of profirts, sharenclders' contribution
or external sources of finance through long-term loans)
has been and will increasingly be a major element
governing the develooment and set+ting up of *he Detro-
chemical industrv.
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DEVELOPING A TECHNOLOGY - THE IMPORTANCE OF RESEARCH

The spectacular development of the petrochemical
industry, due to <he inrcreasingly compe+titive nature

of the oroducts marre+ed, was made possidle only
Tarough <the zontinuous perfecting and improvement of 1
techrology, thanks <o Par~icularly large sums deing

set aside for research. 3se<veen 1333 and 137" rha
Sudget devotad by <he -2ading chemical comranias =o

the perfecting of existing tachniques and the develop-
ment of new processes was equivalent to 2-4% of their
turnover in the Urited States and Eurcope. Companies
engaged in production were not the only ones to under-
take such research : engineering companies and companias
specialising in +ha developmert of processes ware a-so
very active in this field, with a view to Leing able

to offer more and more zcmpetitiva techriques %o their
ever-growing clientele, This constant, sustained
effort accounts on one hand for the relative complaxity
of the petrochemical industry, mentioned earlier, and
on the other hard fcr the irheavals which vake place
within the industry whenever a naw technique is
perfecrted, as well as i-3 capacity for adaptation to
changing economic situa+tiorns, Examplas include the
changeover from ace+ylarne <3 ethylene as the main

base material; the progressive replacement in the
United Stares of tha sroduction of butadiene from
Sutane by the extrac+tion of ., cuts from steam cracking;
the use oOf heavier and heavier feedstocks for the
production of clefins; the construction of evar-larger
production units. CZne of the most important fialds cf
research concerred the cortinual improvement of the
quality of end products, e.3. the mechanical properties
of synthetic rubber an-: plastics; the zo0lidi+y, homo-
geneity ani grea-ar recaptivity of synthertic fibres +a
dyestufis; <he degree of biodegradabilitv of deter-
gents. The two main lires of research, lowering of

production costs and imcroving the quali+y of oroducts,
led to the expansion of <he marker for petrochemizal
producrts, a maior factor in the growth of the

industry.

The amount of research an+ “echnological development
achieved has of course orly been made possitle through
the initial revenue realised oy The petrochemical
industry, particularly through having low-priced raw
materials available, thus enabling this industry to

compete from the very beginning with the natural
products.

Of course as far as any company or country is concerned
the development of a technology is not a prerequisite



for the setting up of a chemical indu§try, sinc? a new
producer can have access to a production technology
once the necessary licences have been acquired.

EXISTENCE OF A PROCESSING INDUSTRY

The end products of the petrochemical industry aras rot
sold directly to the ul+*imate consumers. The retro-
chemical industry finds its outlets in other industries
- the plastics processing industry, the textile indus-
try, the tyre industry, the de<argent indus*try., If
these indus<*ries are not already present in a given
country or area, there are no 2ffactive outlets for a
petrochemical i{ndustry, even if +*here is a consideratle
market demand at the level of the ultimare consumers,
for finished products such as tubes, films, material,
tyres. The existence and development of a processing
industry are indispcensable where setrcchemicals are to
be produced. The processing Iindustry must also be
technically capable of usin petrochemical products;
some problems have arisen, in the textile and tyre
industries in particular. Processing indus*tries are
very different in nature from +he petrochemical
industry : they <¢ rno+ ra2quire nearly such high inves=-
ment, they emplov a very large workforce, inc their
threshold of economical size is much lower. Their
production capacity ma-ches market growth fairly
closely, on account of +heipr relatively small unit
size. The prccessing industries have in fact received
a great deal of aid from the petrochemical industry,
particularly in <he irdus*rialisad countrias, in the
form of af+ac-sales service, promotion of and croducts
and constant improvemer%s in +he jualizy of tetro-
~hemical ctrocducrts.

The processing indus
petrochemicals, ccnse
affects also basic an
production,

%5 *ne cus=omer of end rroducts
uerzly, its existence or .ack
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2.2.

lu.

RELATIVE IMPORTANCE OF THESE FACTORS

Actually the hereabove described factors affecting the
production of petrochemical products are not of the
same importance and their impacts can be different
according to the pertrochemical product considered,
They can be classified ir +he follewing way :

I,

ESSENTIAL FACTORS

. Existarce of a markae* aishaer comestic or resulting

- dnae
from either favourabis production economy conditions
or international agrements.

+ Means of financing investment either from local
ressources or from external cooperation or through
foreign participation,

- Raw material availabili+y, cas or condensate res-
sources or refining industry processing domesti
or imported crude. A bagic petrochemical industry
could be theoritically based o= imported raw
material (raphtha, gas-0il, condersate). Such an
industry would be too much dependant of external
circonstances, This availability is a need only

a8 concerns basic products (clefins, aromatics,
methanol)

IMPORTANT FACTORS

More specificly a present lack of these factors
could be reasorably considered 4s possible to solve
in the majority of the counctries,

® Exdistence o4 a IROCRIIANG (ndustr

The existerce of a processing indus<ry is indisper-
sable for a pezrochemical irdus<ry +*urned towards

< .. r - a -y s . - -
domes=ic marxe<s. In <na great majcority f =-a

countriss,processing indus<ry precece petrochanical
induszry, Neverthelaess in scre Cases 1ntersive

mMust be given to the processing irndustries in order
<0 eliminate this cons*raints.

Manpowen avaclability

All the sectors of rthe petrochemical industry re-
quire a highly specialized work force. Their for-
mation must be considerad as soon as the decision
of implementation is taken ; nevertheless the
possibility of local manpower formation or availa-
bility is in many cases impossible in totality,
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The solution is to call from exterral cooperation.
Therse are in industrialized countries several companies
specialized in providing people and teams able *o
operate or to participate to the operation of petro-
chemical plants.

OTHER FACTOR

Existence 0§ a Lechnoblogy

Existence of a <echnology is no- indisgersable for the
setting up or the development of a pe<rochemical industry.

The initial japanese and to a lesser extend Jest European
petrochemistry have been based up On techrology imported
from the U.S. The totality of the petrochemistry se+t up

in the developing coun*ries uces techrologies develorped

in United States, Carada, Japan and Europe. Of course,
this obliga<iocn to buy licences represen~ing in some casas
notable amounts of money will have unfavorable impacTts upon
the profitability and mainly the foreign currency balance
of the project. Due o the present spreading ocu<t of the
petrochemical techrology there is no moncpolistic position
4s concerns the availabilisy of techrology relative to the
different fields of petrochemistry.
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2.3,

16.

LOCALISATION OF THE PETROCHEMICAL INDUSTRY

The main factors governing the existence and develop-
ment of a pertrochemical industry, which have been
analvsed in the preceding paragraph, have gererallv
Deen praesent together in the industrialised regiorns,
hence the privileged Zlevelopment and the concentra-

tion of +he Industrv in <hese regions.

In fact plants in EUROPE, the UNITED STATES and
JAPAN account for 32 % of world ethylene capacity,
37 % of world benzene carpacity and 33 % of world
butadiene capacity. The importance of these regions
in terms of production caracity also extends <o
intermediates and end products, for in these
regions are located more than 33 % of *he facilities
for intermediate products and for plastics and
synthetic rubber production.

Verv few of the developing countries in fac+t have

a4 sizeable basic petrochemical industry in cpera-
tion at present : those which do include BRAZIL,
MEXICO, VENEZUELA., ALGERIA. the REPUBLIC of XOREA
and TAIWAN. Some other countries have important
projects in view, some of which are alreadv at the
implementaticn stage. Taking intoc sonsidaration the
projected plarts that will start up before 1381,

the share of the developing coun+ries in the cerro-
chemicals production will grcw. The ethylene capacity
in LATIN AMERICA, AFRICA (1), A3IA (2}, will 1increase
by about 2 <times from now to 1983 ; during the

same period the increase of the capacities in EURCFE,
UNITED STATES and JAPAN will be lower tharn 4O %.

The capacities of production in 1977 of the main

petrochemicals by region and by countries are given
in the following tables.

(1) Excluding SOUTH AFRICA
(2) Excluding JAPAN,
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Some of these data can be altered within a short
range, as for instance :

- Capacities of production of ethylene and pro-
Pylene which depend on the feedstocks used and
the actual severi-iss of rhe oreration,

- Capacities of preducrion for aroma+tics which
relate to the Frocessed crude and the opera<ing
conditions in the plant.

In some fields like synthetic fibres and detergents,
from habits and Lecause of small size and easy cors-
truction of addizicral rroduction lines that are
usually implanted inside existing factories,companies
are not used to anrounce their projects, and the
production capacities could be higher than indicated
in the tables.
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3. WORLD DEMAND FOR PETROCHEMICALS

3.1. FACTORS AFFECTING THE DEMAND

In this;npqpum1:he rincipal fac*ors responsible for [
variations in demand in the werld's main consumer
areas will be analvzed.

I. EXISTENCE OF A MARKET

The rapid growth in the demand for petrochemical
products since the end of the Second World War
can be explained bv the fact that <hese products

have properties, both physical and mechanical,
which are perfectly suited to their uses,

. can easily be substituzed for products already !
on the market,

are sold at competitive prices.

In the early stages, the quality of the petro-
chemical products which came on the market was far
from being perfect, and this in some cases was
detrimental to the trade image of coal-derived

and cetroleum-derived substitutes, and thus held
back market growth. Examples of this include

the premature ageing of plas=tics (PVC) and more
generally, a lack of constancy in the technical
characteristics of the prcducts sold.

These croblems have now been resolved :

either by incorporating additives inro the
end products,

or, more often, by increasing the range of
grades of products, each grade having its

own partizular specifications. Thus, the

sales caralogue of one of the major polypro-
Pylene producers includes nearly 49 grades of
this polymer (homopolymers and copolymers),
without taking into account differences due

to colour. It should be noted that the charac-
teristics of the different grades of one product
are determined not only by *he properties of the
end product to be obtaired but also by the
process method -injection moulding, extrusion
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in case of plastics- and Dy the productiorn |
rhythms. In view of the usual requirements of |
the users (transformers) thrat part of the |
production which does not meet the strict

specifications -off-grade marverial- is sold

more cheaply, gererally without the manufac-

turer's brand name.

In several cases, inadequacy of the properties
has limited the development of the demand for
Petrochemical products. Examples include :

- the poor receptivity of polypropylene to
dyestuffs, which for a iong time preven+ed
this polymer from being used in the textile
industry. This difficulty has now been over-
come,

their highly inflammable nature and the

nocuous fumes given off Adurin combustion have )
always been a harrier <o the growth of the |
demand for polyurethane and P¥C in the construc-

tion industry,

- the ability of a monomer (vinyl chloride,
styrene) to migrate through the walls of the
corresponding polymer has recently limited the
use of the latter, particulariy ir the food
industry. The harmful effacts of these monomers
first came to light in the factories where
they were produced, where a relatively high
concentration of monomars was found to te
present in the atmosphere,

. docecvl benzene sulpronate -tased detergents,
the use of which leads to increased pellusion
of rivers, etc .., have now fortunately been
reclaced by biodegradable detergents (of the
linear alkylbenzene tvpe) in all areas where
there is a high risk of increased water
pollution.

All these examples are in facs merely exceptions.
In most cases petrochemical products have been
able to supplant the products already on the
market, mostly natural products such as rubber,
wool, cotton, wood, metal and soap, or artificial
materials such as cellulose fibres, paper and
cardboard. However, there are very few instances
of total substitution, since :
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. either a mixture of a certain proportion of
petrochemical products with a certain proportion
of natuiral products turns out to be best
suited to the uses for which it was developed,
e.g.

= rubber mixture used in tyre manufacture

- polyester/cotton mixture for certain uses
in the textile industry,

- Or else, stimulated by the competition presen-
ted by petrochemical products, the producti-
vity of natural resocurces has been improved
(e.g. planting of high yield rubber) or in
some cases, the quality of natural products
has become established (quality labels for
wool and cotton).

The competition between natural and pertrochemical
products is strongest at the level of the
relative prices. For many years the lower price
of petrochemical products forced producers of
natural products to reduce their prices, for
example natural rubber. Another effect of this
competition was to stabilise the price of raw
materials of natural origin.

Lately, however, the rising orice of pOlyesgter
fibres has led to the producers increasing the
proportion of cotton in polvester/cotton mixtures
(the proportion is now 57/52 instead of §5/35

as previcusly).

STANDARD OF LIVING

The main factor in the growth in the demand for
petrochemical products is, as is generally so, the
rising standard of living of consumers (hance the
interest of a macro-economic approach in estima-
ting future requirements) : this rise leads to

a4 growth, at least equivalent and often considera-
bly greater (1) in the demand in the various sec-
tors of application e.g. construction, transport,
packaging, clothing, etc...

(1)  positive elasticity { >1) 4in the case 04 most
petrochemical products




3. DEGREE OF PENETRATION OF PETROCHEMICAL PRODUCTS
IN THE SECTORS OF USE

This is the second and important factor ir the
growth in the demand for petrocchemical precducts. If
the product marketed is well suited to the demand
in its sector of application -as is the case for
most of the major petrochemical products on the
market at present- the initial rate of growth is
rapid, with a subsequent tendency to slow down as

a4 relative saturation point is reached. The growth
in the demand for perrcchemical products then

resembles that of the sector of application as a
whole.

It should be noted that market penetration may be
either :

- partial, as in the case of synthetic rubber on

the total rubber market. From observations made
in those countries where the degree of penetra-
tion is greatest (the UNITED STATES, EASTERN
EUROPE) this is seen to reach a ceiling at
about 30 % of the total,

or total, as in the case of low dersity polyethy-
lene bags and, secondarily, woven P0lypropylene
bags. These have entirely replaced the tarer
bags previously in use.

4. THE POTENTIAL MARKET FOR PETROCHEMICAL PRODUCTS

Even from a very long term point of view, the
potential market for clastics appears to be prace-
tically unlimited, considering the many possible
uses for these materials, farticularly in packa-
ging, transport and especially construction.
future consump+tion can therefore be axpected to
be in the order of hundreds of kg per head.

The potential market for synthetic rubber and
fibers, on the other hand, is much smaller. It is

in fact restricted respectively (limiting factor)
to :
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- uses in car manufacture and in industry, and
a few domestic uses,

clothirg and one or two industrial or domes<tic
applications (furnishings, etc..).

The demand in these fields of application cannot
De expected to exceed some tens of kg per head.

The result is that the growth in the demand for
synthetic fibres, which has been particularly
pronounced in recent years in the industrialized
countries, will soon e limited in these countrias
on account of

the present high degree of substitution of

synthetic fibres on the total chemical fibres
markets,

- the mediocre potential of the textile industry
as a whole.

The same comment can be applied "mutatis mutandis”
to synthetic rubber.

PRICES

As in the case for all consumer goods, the demanc
varies in inverse progortion 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. Convarsely,
the considerable rise in the price of plastics
and other petrochemical products would normally
have resulted in a sharp drop in the demanrd for
these products. However, this effect was limited
due to the simultaneocus rise, generally in at
least equal propertions, in the price of rival
products : wood, paper, cardboard, non-ferrous
metals (in the case of plastics), natural rubber
(in the case of synthetic rubber), natural fibres
(in the case of synthetic fibers). Where the
arbitrage, due to prices, between natural and
petrochemical-derived products is not limited by
technical considerations, it occurs readily (for
example, variation in the proportions of the cons-
tituents of polyester/cotten mixtures : 55/35253/50),
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In other cases, the requirements or the habits of
the processors must be more closely adhered to (for
example, slight variations in the proportion of
natural rubber to synthetic rubber for each diffe-
rent type of tyre manufactured). :

Since recently there has been a tendency towards
savings in materials by avoiding wastage : =his i3
so for all kinds of ma-erials including, for
instance, plastics used in packaging. The practice
of excessive packaging in this sector has *thus
been checked.

In additicn to variations in the price of petroche-
mical products compared to other rival raw materials,
the part played by variations ir the prices of
Fetrochemical end products themselves should be
mentioned. The most striking example in this res-
pect is that of large tonnage FOlymers. As a resuit
of differentiated price increased in recent years,
the price of these polymers presently lies in the
range of 25-30¢/1b. Over a large range of appli-
cations, with the excepticn of films, this is
favourable in particular to the demand for Ha
polyethylene and polypropylene, as these two poly-
mers were previously dearer than the others.

LOCAL PRODUCTION

The setting up and subsequent development of a

local petrochemical production planr undeniably
leads to an acceleration of local demard. This

effecr is not always fal+ at orce, however, on

account of

impor* restrictions (customs Sarrier sat up *o
protect a4 new irdustry)

the problems of supplying the marketr at the
moment of s+tart-up

+ the reluctance of manufacturers (processors)
tO use a locally made product, the specifications
of which are often initially considered infe-
rior to those of the products previouslv imported.

-



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

The presence of this industry, generally spread
Over the country, tends to Mmaxe the product
better known to the consumers than it would

be if it were merely imported (effect of diffu-
sion),

Local processing with a high added value (aspe-
cially in the case of textiles, less so for

everyday plastics) means that local production skeul.
be cheap compared with imported end-products,
particularly if labour costs are also low.

The case of tyre manufacture, by far the largest
user of rubber, is different : the setting up of
such an industry, (usually controlled by large
international companies) has no aprreciable direct
effect on the local market. Besides, any one plant,

even a fair sized one, does not produce the whole
range of tyres required by the consumers. The
situation would be quite different in the case of
4 car assembly plant possibly using locally manu-
factured tyres.

THE LIFE CYCLE CF PETROCHEMICAL PROQUCTS

It is established facr +hat avery sroduct nasses-
through five schematic phases in the course of i*s
economic life, and these phases are always the

same
rhase 0 Discovery and experiment (or birth)
Phase ! Take-off (or childhood)

Phase II Development and industrialization
(or adolescence)

Phase Stabilization (or maturity)

Phase Decline (or old age).
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Phases I and Il correspond to a rapid growth in
demand, Phase [II tc a steady, generally regular

growth, and finally Phase IV to a reduction in the

volume of demand.

In the case of the petrochemical industry, which
is still young, most products are in Phases I:
and III. Excepticnally, however, a few products
have rapidly reached Phase I7/. This is notably

the case of dodecylbenzene sulphonate (a detergent

base) which being non-biodegradable tends to in-
Crease water pollution. The perfecting of biode-
gradable detergents made it possible to impose
a& ban on the use of hard, DDB sulphonate-based
detergents, at least in already heavily polluted
areas. The use of CDT-based insecticides has
rapidly declired for the same reason.

Conversely, as a result of unceasing research,
numercus petrochemical products are still being
developed and launched on the market (Phases I

and Q).

These are usually very specific products, with a
relatively high value compared to their weight
but for which the market is very small.

The general feeling is that in the foreseeable
future there is little likelihood of a major
discovery in petrochemistry which would have an
appreciable effect on the present pattern of
the consumption of the major products (and th
corresponding intermediates) at present on the
market,
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SIZE OF THE MARKETS - GEOGRAPHICAL BREAKDOWN

The following Tables show up the present (1973~
1975) size and localizatrion of thre main types of
petrochemical 2nd-croduc*s.

. PLASTICS (table 1.§)
In 1974%World consumption of plastics (excluding
CHINA) reached nearly 45 MT of which arcund
30 % was used by industrialized countries.

World consumption breakdown is presented

below
Western EUROPE .5 %
Eastern EUROPE 10,3 %
. North AMERICA 31.3 3%
JAPAN 13 %

. South AFRICA,
PACIFIC AREA 2%

The share of the developing countries (exclu-
ding CHINA) in World market was successively
from 1373 to 1375 3.2, 2.35 and 11.5 %

of World total.

The following regional breakdown of World
plastic consumption is obtaired by comparing
each region concerned to rthe developing
countries total :

* We refen to the year 1974 because o4 the drop (n demand

recorded duning the following year in the industrialized
countries. In most cases 1976 {4gures werne again at
19%4 Level.
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TABLE 1.8

PLASTICS - WORLD DEMAND

Excluding Mainland China

Unit : 1000 tons

REGIONS OF THE wWORLD 1973 1974 1975
WESTERN EURCPE 14 880 15 430 12 330
EASTERN EURQPE 3 803 4 500 5 150
NORTH AMERICA 14 038 13 872 11 188
LATIN AMERICA 1 834 1 923 1 807
AFRICA 832,§ 724 810
NORTH AFRICA 198.5 220 240
WEST AFRICA 81,5 102 118
EAST AFRICA 89 108 120
CENTRAL AFRICA 52,8 84 78
SOUTH AFRICA 200 230 260
ASIA excl. CHINA 7 450 7 554 8 42§
MIDOLE EAST 39cC 408 445
EAST ASIA excl. JAPAN £83 578 es9
JAPAN § 800 § 800 4 470
SOUTH ASIA a7 773 8ss
PACIFIC AREA 5§50 800 850
TOTAL WORLD 42 788,58 44 603 38 481
of which
developing countries 3 918 4 171 4 418

29,
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- LATIN AMERICA 48

AFRICA, excepting
SCUTH AFRICA

[y

-~
I

ASIA, excepting JAPAN 42

MAN-MADE FIBRES - SYNTHETIC FIBRES

The World demand for man-made fibres amounts to
one quarter of World demand for plastics. i

The share of the industrialized countries is
around 30 % of this total, therefore considerably
less important than in the previous casae,

World breakdown of demand, not very different from
that of plastics, is shown below :

. Western EUROPE 23.2 %
. Eastern EUROPE 18.7 %
North AMERICA 23.3

JAPAN 3.4 %

. South AFRICA,
PACIFIC AREA 2.3 %

The share of the developing countries in World
market was successivaly, from 1373 to 197§
18.75, 20.35 and 22.75 % of the total,

The regional breakdown is as follows

- LATIN AMERICA 28.9 %

- AFRICA, excepting
SOUTH AFRICA 10.0 %

. ASIa, excepting JAPAN 31.1 %
The very last figure is due to the influence

of the local textile industry, heavily export-
oriented, on the local market.
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TABLE 1,9

MAN=MADE FIBRES - WORLD DEMAND

Unit : 1000 tons

REGIONS OF THE WORLO 1973 1974 1975
WESTERN EUROPE 2 790 2 870 223
EASTERN EUROPE 1 700 1 850 1 900
NORTH AMERICA 3 383 3 128 2 838
LATIN AMERICA $83.1 850.8 828.9
AFRICA 348.§ 361.9 370
NORTH AFRICA 116.5 1141 128
WEST AFRICA 48,2 51.3 55
EAST AFRICA 43,8 48.8 50
CENTRAL AFRICA 13.0 13.9 15
SOUTH AFRICA 127.3 138.8 129
ASIA inel. CHINA 2 370.4 2 306.8 2 410.0
CHINA 362.3 282.1 350.0
MIDOLE EAST 143.4 188.7 150
EAST ASIA sxcl.JAPAN 202 33 285
JAPAN 1 084,3 831.5 88s
SOUTH ASIA 588.7 893.4 730
PACIFIC AREA 1401 193.3 180
TOTAL WORLD 11 302 11 061 10 39
OF WHMICH DEVELOPING
COUNTRIES 2117.4 2 2%1.8 2 390.8




TABLE 1,10

SYNTHETIC PIBRES - WORLD DEMAND

Unit : 1000 tons

REGIONS OF THE WORLD 1973 1974 197%
WESTERN EUROPE ; 1 930 1770 1 840
EASTERN EUROPE 880 830 950
NORTH AMERICA 2 734 2 591 2 478
LATIN AMERICA 428.9 487.0 488.,7
AFRICA 179.5% 198.9 203,
NORTH AFRICA 48.3 50.8 87
WEST AFRICA 25.4 29.3 a3
EAST AFRICA 10.8 21.3 24
CENTRAL AFRICA 8.7 9.4 11
SOUTH AFRICA 60.3 88,3 78
ASIA excl. CHINA 1 542 1498.8 1 588.0
MIDOLE EAST 8a.8 118,7 110
EAST ASIA excl. JAPAN 148.9 185.8 230
JAPAN 785.2 855.1 568,
SOUTH ASIA 319.2 382.7 380
PACIFIC AREA 108.7 188.4 (140)
TOTAL WORLD 7 804,1 7 538.1 7 478,7
of which developing
countries 1 314,89 1.451,3 1 830.7

¥ -l S & &) & G G G &S S e e a as o e B B ™
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Synthetic fibres account for around 70 %

of the man-made fibres world market. This
figure keeps growing gradually. It is usually
a little lower in the develoring countries.

Cifferences between the Zeographical break-
down of the syntheric fibres market and the
breakdown of man-made fi>res marke: are due
to the differences of senetration rates of
synthetic fibres into the total man-made
fibres market.

Industrialized contries (1374): 81 % of
World total

. Western EURCPE 23.5 %

. Eastern EUROPE 11.0 3 ‘
. North AMERICA 3.4 0%

. JAPAN 3.7 % {

. South AFRICA,
PACIFIC AREA 3.2 %

Developing countries alone (1374) :
LATIN AMERICA 34,3 %

- AFRICA, excluding
SOUTH AFRIC 7.5 0%

- ASIA, excluding
JAPAN 58.1 %

From 1373 to 1375 the share of the developirg
countries of World *otal was successively
17.3, 19.25 and 21.3 3,
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SYNTHETIC DETERGENTS

Data concerning world detergen: market are
lacking or often contradictory. Nevertheless
“he market can be estimated to reach around
12.54T7.This corresponds to a formulated de-
tergent tonnage as delivered <o industrial or
domestic consumers.

These detergents take the form of

Surface active finished detergent sowder
(65-68 % of total for Western EUROPE,
70 % of total for JAPAN)

. Scouring powder (7-8 % of total)

Liquid detergents (27 % of total for
Western EUROPE, 23 % of total for JAPAN).

There are many constituants for formulated ]
detergents ; the most used among them being |
phosphate builder (sodium tripolyphosphate ~
which generally represents 30-35 % of formu-
lations) and other soda salrs : sulphate, {
perborate, silicate, carbonate, etc..

The petrochemical active material only
accounts for an average fo 20 % of formulated
product tonnage. This percentage fluctuates

a great deal from one country ts the other
depending on washing habits.

The share of the industrialized countries in
World market is 80 %,

World market breakdown is as follows

Western EURCPE 30,4 %
. LEastern EURCPE 13.3 %
North AMERICA 24.5 %
JAPAN 7.8 %

South AFRICA,
PACIFIC AREA 2.5 %



TABLE 1.11

SYNTHETIC ORGANIC DETERGENTS - WORLD DEMAND

REGIONS OF THE WORLD 1973 1974 1975
WESTERN EUROPE 4 000 3 300
EASTERN EUROPE 1 500
NORTH AMERICA 3 000 2 700
LATIN AMERICA 00
AFRICA 250
NORTH AFRICA 110
WEST AFRICA S0
EAST AFRICA 40
CENTRAL AFRICA 28
y SOUTH AFRICA 25
ASIA excl. CHINA 1 850
MIDDLE EAST 150
EAST ASIA excl.JAPAN 400
JAPAN 900 850
SOUTH ASIA $80
PACIFIC AREA 250
. TOTAL WORLD 10 880
—
of which
developing countries 2 22%




3.3. DEVELOPMENT OF THE DEMAND FOR PETROCHEMICAL PRODUCTS

BETWEEN 1965 and 1975
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GENERAL

Curing the 123)'s and ur +*ill 1373 world demand for
petrochemical products zrew considerablv. Bv the erd
of this period, however, a certain decline ir =he
growth rate was alreadv being fel+, %374 was charace
terized by a slight but unprecedented drop in world
demard followed in 1278 by a further appreciable de-
cline. On the basis of preliminary results for 1375,
world demand for that vear regained a level close

to the 1373 maximum.

The following tatle shows the Zrowth rates of the
demand for the main families of petrochemical products
during the *wo successive periods 1965.70 and 1370-75
ir the maior areas. The growth rates of this demand
for industrialized countries (where the drop in demand
in 1974-75 was the sharcest) are indicated for 1377 2
1974 or 1975 so as to give a better idea of the trends
in the medium or long run.

On the whole, we can note that the demand rose more
sharply during the period 1985-70 than during the
following period, especially in the case of plastics.

The growth rates of the demand for synthetic rubber
ard fibres were higher than those indicated for mar-
made fibres and rubber, in as much as the former re-
netrated the toral market of the latter.
Also two tvpes of grow=h in regional demand ‘or cetro-
chemicals can be dis<tirguished the industrialized
countries growth and Jevaloring countries zrowth,
The variations are obviously more accute ar countoey
level.
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8.

. In the first case, the growth of demand is slow
and steady, due to the stabilization of markets
which are reaching a saturation level (particu-
larly a high rate of substitution exists in these
markets) .-

. The fall in the growth rate in 137u="5 dye mainly
to economic causes, also raflects a change of atti-
tude on the part of »roducers and consumers -owards
petrochemicals.

- As was noticed previously the effect of the rise
in the price of these products on the level of
the demand has been limited by a simultaneocus rise
in the price of competing products. As for the fu- |
ture, as already corfirmed by the first resul+s |
recorded for the vears 1978-1377, thaere will appear |
a4 new growth pace of demand for petrochemicals, in
any case more moderate than before. The growth in
demand in the develnping countries is typically
higher -after a "take-off" phase- but also irregu-
lar. However, it must be noted that in developing
countries as a whole, the growth in demand was much
less affected in 137u-75 <han it was in the indus- ’
trialized countries. This zan bae explain as follows

- economical growth was still generally sus-
tained in developing countries,

- potential demand remains by far relatively
larger.

MAIN FEATURES OF THE DEVELOPMENT OF THE DEMAND OVER
THE 1965-1975 PERIOD - REGIUNAL ASPECTS

A particular attention has bSear given =2 <he main cha-
racteristics of the regzional demand for ;etrochemical
products over the 1365-127% -erieod since these charac-
taristics will still have a large affect upon the develor-
ment of the demand in the next tan vears.

flerebelow, we will succassivelvy zonsider rthe Dast evo-
lution of the regional demand for *he main ~vres of
products : plastics, man-made fibers, rubber with a
special emphasis on macroeconomic approach and, then,
we will consider the evolution of *he main thermoplas-
tics, synthetic fibers and rubbers.

As far as intermediate products and basic products are
concerned, the volume and the variations of the demand
are simply and directly brought about by final demand.
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In fact, the demand for the only 4 malor groups of
end-products (plastics, svnrhetic rubber, fibers and
detergent) generally correspond to the bulk - in some
cases almost the totalitv.of consumption of basic pe-~
trochemicals.

alEvotution o4 the demand {or the 4 main groups 04
end-products : plastees, macn-made dibre, rubben,

deteagents

Preliminary consideraticns on interest of macroecs-
nomic approach - especiallv graphic method - are gi=
ven in a separate note.

All basic economic data (including forecast for 1280-
1285) : population and per capita ADP by regions
used for the macroeconomic approach are givan in +a-
bDles 1.13 and 1.1s.

For the purpose of the present studv, the evolution
of the shares cf the cetrochemical markets held by
the main coun<ries in developing regions are indi-
cated in the Table 1.15.

LA

w)

TIcs

Industrializec countries (table 1,15 - fig., 1.1)

Over the 1965-1975 period demand for nlastics grew
at average rates in the range of 5.7 % p.a (. Ame-
rica) to 11.4 % p.a. (Japan). This reflects vhe hea-
vy drop in the demand registered in industrialized
countries in 1374-1975, ‘fhen considering cnlv <he
1970-1974 period, demand for olastice still rose bv
12.1% n.,a. in W, Eurore ard 13,23 T.a. in North aAmeri:a,
In Japan, increase was only 7.+ %, However, in this
gountry, the rate of increase was among the highest
in the world over ths 13831379 period.

At the beginning of the seventies it was alreadv svi-
dent that the period of constant growth was coming
to an end. Relative saturation of some markets (de=-
velopment expected in some sectors have not beer a-
chieved - e.g. building apnlications) and higher la-
vel of nrices (althoush *hose of *he most compe-~
tirive materials have gone up, %00) will be the de-
cisive factors consributinz *o the slow=-dowr in the
expansion of plastic market in irdustrialized coun-
tries.

Referring to the levels of consumption versus income,
major consuming areas are found in about the same
situation, not far from the "master curve" (3ee Note).
From this point of view, the chances of development
of the demand for plastics are not 4ifferent in the
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industrialized countries. The single exception con-
cerns the East Zurope an countries where the level of
consumption versus income is bv far lower than in
the other industrialized countries. This has main-

ly resulted from other choices in industrial producs
tion by sector, trade policv etc.

But keeping in mind the present level of consumption
versus inccme, in a verv long zerm sccpe, notantial
development of +the demand for plastics remains lar-
ge in East Eurore an countries,

Qeveloping_counzries (“aple 1.18 - Fig.1,1)

Over the 1365-13975 period, the demand for plastics
kept growing at a verv fast pace in developing
countries. The rate of increase was in the range
of 15-20 % p.,a. in most of the developing coun-
tries.

As above indicated the develorment of demand was
generally less rapid over the 1370-1973 period than

it was over the previous 5 vears period. In 157u-1937%
fall in the demand, if anv, was ir most countries vapry
limited, by contrast wi<h the si-uation *hen obsar-
ved in industrialized countries. This perter strength
against the fall in demand under less favourakle eco-
nomic circumstances shows up how high is still the
potential demand in developing countries.

Referring to <he level of consumption versus incone,
most developing countries are found in about the sa-
me situation, not verv far from the "master curve"
representative of developing coun*ries. From *this
point of view, in Africa for example East- and “en+ral
Africa regions are found in a more favourable si-ua-
tion than West Africa : to this extent, the Jroscects
of the market are li-ely bhet+ter in rhe latter region.

Still referring %o the level of Sonsumrt.on versus
income, East Asia emerges among develcring coun<riash
The exisvence of an axport-oriented siastic prcecess-
sing industry (Yorng-Kong, Talwan, Korea Pep.) has
undoubtly been a favourable factor of developmer<« of
he local demand for these materials.

Another point is noteworthy : despite of a verv fa-
vourable increase of income, development of the de=-
mand for plastics is not vet in relation with this
increase. In addition, even with a vervy strong in-
crease of income, corsumption of plastics cannot long
develop at a pace higher than =sav- 25 % p.a.

*3 kg per capita against ? kg for the other region ha-
ving the same income
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Ingustrialized countriass ‘table .17, Fig., 1.3

Over the 1365-1375 period, average growth rate of
the demand for man-made f£i“ers was in *“he range

of 4.6 % p.a. (4. Eurcre) to 7.2 % p.a. As obser=
ved in plastic market, demand for man-made fibers
heavily dropped at the end of =he 10 vears = seriod
s0 that demand rose only by 0.7 % p.a. in V. Eurore
between 1970 and 1975, bv 3,7 % in North America
and Japan.

But basically, the slow-down in the development of
the demand reflects the high degree of penetration
of man-made fiders in textile market in indus*tria-
lized countries,

In these countries, it was alreadv more than 59 %
of the total at the beginning of ~he seventies; it
is expected to be as higzh as 79 % of the total in
1385 in WESTERN EUROPE and in NORTH AMERIZA, and
even 75 % of the total in JAPAN.

Referring to the level of corsumption versus income,
industrialized regions are found in about the same
situation, not far from th« "master curve". Again,
the single exception conce.ns East Eurcpe here, by
contrast with the demand for plastics, the demand
for man-made fibers has kept growing at a faster
rate than in the other irdustrialized areas.

Qaveloping countries ("abls ‘.47 - Fig. 1.4.)

Cver the las® past decade davelopment of thu demand
for man-made fiters has heen strong an< irregulay,
This is tvpical of the countries whare the level

of consumrtion is 5711l low : less <+han - <g ver ca-
vpita in Afric (excepting North Africa) I 4z per capi=-
*a ir “iddle Eas* and in Latin America ard,vhere <ra
potential demand is still large. Again, East Asia
with a level of consumptior of u kg per capita is an
exception t» the rule. The export-oriented tex%ile
industry has undoubsly largely contributed to <his
situation.

By contrast with he situation observed in industria-
lized countries, “he still moderate degree of rene-
tration of man-made fibers in textile market (only
20-25 % of the total at the beginning of the seven-
ties) will largelv contribute to sustain the growth
of the demand in these countries.
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As far as the leval of consumption versus income

is concerned (refarence to the master curve), the
largest difference be*ween regions are found in
developing countries with a still low income (below
$ 200). As for other petrschemical final products,
both Latin America and “Yiddle East are found :in the
same situation.

[111)
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atrializes zountriss ~asia 1.13°

from the beginning of the seventies on, onlv a mo-
dest growth of the demard for detergents was

observed in industrialized courtries : the rates

of increase did not exceed 4 % p.a. In 1374<735 de-
mand was fairly static in industrialized regions
chiefly because of the recession but also because
other factors (changes in +the behaviour of consumers).

The recent slowdown in the development correstonds
to a deep nenetration of syndets in the socapedeter-
gent and cleaning agen< market., This penetrazior
seems to be achieved in the next coming vears rasule '
ting in very moderate growth prospects. In other

words, svndeTt market will likelv develop at about the

same pace as the socap-detergent and cleaning agent

market as a whole.

Dov.lopiniEcountrios (tacle 1.1'93)

In develoring count
growing at still ni
those observed for
ducts.

This has mainiv res:

demand for s'ndets has heer
arlv rates, comparable wi+h
=rer final nretrochemical rrc-

Oy Y
Ty (S
~3
(13

l1ted from <re following fac=ors

ol

strorg develotment cf <he reads of soars and
detergents at this level of consumption

- still moderats dagree of penetration of svadets

1n the atove marke*,

°n account of <hzse facwors, the prospects of the
irowth of svndet markae+* remain favourable in mos<
developing countrias,
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TABLE 1, 13

§5.

SYNDETS - WORLD DEMAND 8Y REGION - ESTIMATE

Lnit ¢ 1200 ¢

197S

19793

WESTERN EUROPE 4 000

of which £.%.C. 3 30¢Q
EASTERN EUROPE

NORTH AMERICA 3 200

af which U.S.A, 2 700

3 300

~

750

2 700

2 420
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NOTE
MACROECONOMIC APPROACAH
Macroezonomis apprcash fa ueually uaed For aisuating and
2omparing the volume > the demani Sop she Jollzwing 2lae-
3¢g of products ;

. pizdtice
. man=made fibaers

. rubber

Ag marter of faxt, the widaspread use 0F these claases 7
petrochemioala among the gameralisy oFf 2ongumersa undepe
-tes the approximate reiariongatp sbaarved betwezn the
averige congumpticn o5f these producta and the average

per capita income (GDP) in 1 ziven countmy o» regicn,

With certain peserves explained !2ter, such in zpprcach
ean be a guidance for 3 forecaat of the demand For the
atsve clasasa 57 pertrichemizals : 21 cerzain 2ongumpri;

o plastice or man-made fibers or rubber ia Itkely to
2orrespond to a given level o0f income; therefore, zsauming
7 certain future income leads to an sstimate of the pro-
babla consumption of theas products.

This means a derinite inoreass -f domand ia generally che-
gerved for a2 given increise oF inzime : she patio of da=-
mand inorecse to inacme Inspezse defines ths 20erftotent
~ & ? Y e -
2F elagtieisy.,
4ith pilastice for inatanze, tiias denera iy vari.a betysan
oand L = 2 1igh vilue thit hia “2pt up 1n 1 Targe nume
bep 5 2ounnpies Froa long tim This resu.ta Srom the

3

8¢t 2 econnmio ’:’1438’!&"’:323
B
..

2
(27 78 dezlining prisag
(28 1t w23 unetl 1373) ivd <o g

~

ah

riiual 2pplisation o
23, kroon za "iiFeyadan
-4
J

p232728 ¢» 2 vider range -7 ua-a, A :
effeat”. Juing to thia 227227, 1ftsp van years, tne rcne
sumption S5F plagticg mighrs b2 up t> tuise whz* t ia pree
dently for the aame inuome. Baaizrally, 2o fll2iine o #
e’aatiocity tends to Zesreasz in ocurse 20 time.

Even at a lower cxtent, +this also applies *o consumption
nf manemade fibers and rubbep.

uence, the trends

In order to take into conount thia infl
in all regiona in

have been studied s>ver a lomg rerisd

the world. However, from 1973 forvard, aome troubles oo~
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cured in petrochemiocal markets the effects of which
wtll aomewhat change the long term trend previougly
obgerved.

It i8 noteworthy that macroeconomic approach te well adap=
ted tn the case of the plastics, the potential market o°
which 8ti!l appears veny large ‘in2luding in {ndugtria=
tized 20uncriea). In 30ntruat, tr2 mapket 5F rubben
re and now tyre producta; ini man= Zerg '2lothe
furnishing and some indugeria’ app

cy limited and the maopszooncmis g
with 8cme regerves, eapectally on
case of countries with a high levael of consumption.

o by,
SO o3,
N O
&%
N
o,
(1Y
t N
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»
3% O 6
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[ SW
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«

In order to set up the forecast of the demand for petro=-

chemical products, very he'pful indieations are grven

by graphic method. In thia method tllustrated by izures
9, the consumption of plagtics rubban, fiters per

*2 are plosted versus thzs GOP pzr sapita (viz apishe

2 funetion) for pegiong or scuntpiea and Fon

Q9 ~a
<t
<. O

a
me

Ny

of
J

e 2 iong pertod in ths pisdt (1365=137§ =
ase). The line representasive of thig 2vclution
raliy well egtablisghed = with she exzepticn o7 1
period = aspecially “or tiae pegions the love!l oF
tion of which ia high : aay abour 10 Xg per capit
case of plastice. Fip +heaa regicne, the repregontative
!ines tend ro bacome parallel baetween thamselves. This
corresponds to the faer thac ala8tiolty coefficient of
the demand versus Tnocme in thege regtona ta sthen 1lmoat
2omgtant and o tan 1bout the same.

QW
[
R g

R
(7
&
3

g

'

Another point 78 noteworthy, Representative linea of the
evolution of the damand over 2 lomg perisd in every pe=-
gtcne or, indeed, in all countries ir the wepld anape

2 "magter survs" (not pepresenzei on Flgurea 1 +5 2),
Thia mastaer 2upve oan be 3:maideped yeap Dy y2ap a3 tre

reference line 57 ths woplduids demind Fon 1 cerrtain To-
vel of Income #. The indisfiual peatricm 27 2120 pezion
WLLh regpast *: thao mgatzpy supve 3howu up 1w 2am b2 ap=
preciated the shances . F =he development >° +hs demand
Jop pespoochemincala, Hcweven, 18 it 2ppears in tne yFigureca
1 to 8, the digorepancies boswaen the pogions ape on’ly
agradually reduced and ‘ur=hzrmore cvepr 2 long pepi-d.

¥ There is no discontinuity cf this worldwide master sup-
ve between developing countrieg (GDP up to £00=800)
and industrialized cocuntries (GDP from 1000). Howevenr,
for the purpcse of the study, we will daparately 2on=
sider these two types of regions owtng to the respective
characteriatios -f development of the demand
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b) Evolution o4 the demand {or the main fdanal products
Major trends

® PLASTICS ‘rtaplis 1.22)

$T12 marke= Iz held - +<hera-
Sins Zererall: accoun= for 77 5
to 35 % of this market. The lowest percentages are
usuallv observed in industrialized countries, the
highest in developing countries. This is exnlainable,
since the thermoplastic resins (polvethyvlene, poly-
propvlene, PVC, nolvstvrene...) all apoly a wide ran-
ge of uses and corresponc to large tonnages. Their
percentage has kent growing, especially during the
last vears (at lsast un=il 137u), reflacting falling
prices on the marker-. dowever, their share is exnec-
ted to never exceed 30 % of the rotal in ary case in
the foreseeable future.

The maior var+t of .la
moplastics : <hese re

Concerning the situation and the likelv develonment
of the main tvpes of rlastics, following remarks can
ve made :

density polvethvlene, polvnreopvlsene) now account
for one third of Werld plastics market,

This position can be largely attributed <0 the ve=
rv favourable orice lavel Srougzht about bv cheap

rav materials in *he sixties and Uup %0 the tagine
ning of the vear

-

~espite of the recent rise
lefirs, thelr snare held in
T0 <229 gZradually

4
in the price »f ¢ o
plastic marke+ is =np
4D %o about LIl % HF -
tage will generallv
develoning counrtrias.

al in 1335, This :
Znificantly higher &

Taking into accoun* the strong expansion of the
demand aexpected for high Zensity volvethvlene and
especially for polvprorvlene, demand for low den=
3itv polvethyvlens will likelw grow at abouTn the
Same pace 4s that of demand for cvlastics as a whole.
This will mainly result from the competition of
both high density polvethvlene and nolvpropylene

in the field of some applications (e.g. iniection
molding) whereas film apnlications will become more
and more the major outlet for low densitv polvethy-
lene. In addi*tion, the recent rise in the price of
low density nolvethvlene has heen stronger than

' . Polvolefins (i.2. low densitvy polyethvlene, high




TABLR 1.20

STRUCTURE OP DEMAND POR PLASTICS

Percentage

REGION 1973 1974 1975 1978 1980 19088

JAPAN

Polyethylene ld 1
Polyesthylens hd
Polypropylene
PVC

Polyetyrene
ABS

TQTAL 72.2 82.5 73.0
WESTERN EUROPE

Polyethylene g
Polyethylens hd
Polypropylens
PVC

Polyetyrene
ABS

TOTAL 87.9 69.4 85.8
EASTERN EURCPS

Polysthylene ld 14
Polyethylene hd 2
Polypropylene 3
PVC 18
Polystyrens 8
ABS 1

TOTAL 48.7

U.S.A.

Polyethylere 1d 1
Polyethylene hd
Polypropylene
PVC

1
Polystyrene ‘ 1
ABS

TOTAL 8.8 87.1 88.4

!
-
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TABLE 1.20 (CONTINUED)

STRUCTURE OF DEMAND POR PLASTICS

Percentage

REGION

1973

1974

1978

1978

1960

1988

LATIN AMERICA

A

Polyethylene 1d
Polyethylene hd
Polypropylens
PVC

Polystyrene
ABS

TOTAL

SIA

CH1
Polyethylene 1d
Polyethylene h¢
Polypropylene
PVC
Polyetyrene

ABS

TOTAL
EAST ASIA

Polyethylene ld
Polyethylene hd
Polypropylene
PVC
Polyetyrane
ABS

TOTAL
SOUTH ASIA

Polyethylene 1ld
Polyethylens hd
Polypropylene
PVC
Polystyrene
ABS

TOTAL

~

N "
- 0w
2 WO+

79.9




TABLE 1.20 CCONTINUED)

' STRUCTUPE OF DEMAND FOR PLASTICS
Percentage
' REGION 1973 1974 1978 1978 1800 T 1905
l ASIA (continued) [
' MIDOLE EAST
Palysthylene 1g 28.9 27.1 28.7
Polyethylene hd 8.7 8.4 8.5
' Polypropylene 5.1 5.2 8.5
PVC ‘ 29.0 28.9 29.0
. Polystyrene 9.8 8.4 8.4
' ABS 1.0 1.0 1.1
TOTAL 80.2 80.0 79.9 ’
' PACIFIC AREA
Polyethylene ld 20.0 22.0 21.8 [
' Palyethylene hd 8.0 8.0 8.0
Polyprepylens 4.9 5.0 5.1
PVC 22.9 22.8 23.1
' Polystyrene 10.0 10.0 10.0
ABS 2.0 1.8 2.0
' TOTAL 8”.8 89.8 70.0
AFRICA
' NORTH AFRICA
' Polyethylene hd 9.8 9.5 9.8
Polypropylene 4.0 4.1 4.2
PVC 29.1 29.1 29.2
Polystyrene 8.0 9.1 8.2 s
' ABS 0.5 0.4 0.8
' TOTAL 82.2 82.2 82.8
WEST AFRICA
' Polyethylene 1d 0.7 30.4 30.4
Polyethylene hd 9.8 9.8 9.8
Polypropylene 4.3 4,4 4.3
' PVC 29.4 29.4 28.7
Polystyrene 9.2 8.8 8.7
' ABS 0.8 0.5 0.9
TOTAL 84,0 83.3 82.8




63.
TABLF 1,20 .(CONTINVED)

STRUCTURE ‘OF DEMAND FOR PLASTICS

Psrcentage

REGION 1973 1974 1978 1976 1980 1988

AFRICA (continued)
EAST AFRICA

Polyethylene 1d 30.3
Polyethylens hd 10.1 0
Polypropylene 4.0 4
PVC 29.3 28.
. Polystyrsns 9.1 ]
ABS 5.0 0

TOTAL 87.8 83.3 83.4
CENTRAL APRICA

Polyethylene 1d 3
Polyethylens ha
Polypropylsns
PVC

Polystyrene
ABS

TOTAL 81.9 82.9 83.3
SQUTH AFRICA

Polysthylane ld 22.0
Polyethylens hg 8.0
Palypropylens 5.0
4V 23.0
Polystyrens 10.0
ABS 2.0

TOTAL 70.0 70.0 70.4




TABLE 1.20 CCONTINUED)

STRUCTURE OF DEMAND POR PLASTICS

Percentage

REGICN 1973 1974 1975 1978 1980 1988

NORTH AMERICA

Polyethylene 1d 18
Polyethylene hd 8
Polypropylene _ 6
PVC 15
Polystyrene 13
ABS 3

TOTAL 88.2 67.2 6s.8
WORLD TOTAL » *

Polyethylens 14 19.7
Polyethylene hd 7.1
Polypropylens 5.9
PVC 22.0
10.5
2.8

BNW SN

-
NOWLWOOOODO

Polystyrens
ABS

TOTAL 87.8 87.9 87.4

® Exclugding Eestern Burope

G G &G & U oD @ an o A & & =
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for both high density polyethvlene and polypro-
pvlene so that the level of prices of the three
polyolefins are not sc diffarent as i- was some
vears ago.

Despite of this price evolution, rate of Denetra-
tion of high density polvethvlene ard polvoropye
lene into polvolefin market will likely remain ra-
ther lower in developing countries <han it will -e
in industrialized =2ountries.

PVC ranks first in the tlastics World

market (22 % of the total) before low densite po-
lyethvlene, It has got a leading position with
regard to the latter, especiallv in WEST AERMANY

-

and in Socialist countries (EASTER3N EURCPE), JAPAN ar:

in many developing countriag (ASIA, AFRICA).

‘olume of 'orld demand for P/C is expected to grow
a4t a rather lower pace as that of the demand for
plastics as a whole. Zonsequentlv, P2 will xeep
holding its share in the total. This expansion will
be mainly supportad by the expectad development

for rigid applications, mainlv nipdes and other ap=-
plications related to *the building sector.

Polystyrene accounts for 10.5 % of plas~

tics World market 2nd its share in this marces

le expected to “eep nearlv constant as i= has Leer
opreviouslv. It is noteworthv that about the same
Dercentage applies Iir most regions. So, -~olvstvraene
demand alon2 can e considered as characteris+ic

of the level of rlastic consumption in a given area.

“here is a hertar oroszect for ARS (acrvloritrila-
Putadiene-styrane) resins in +erms of

annual ra<es of increase, as it is for producrs
recencly introduced in +he markar and desnite of
orice level «2=33 % “igher than tha= for nolvgsv-
rene and other large tonnage nlastics.

As it appears from historical series structure of
the demand for plastics has graduallv changed and
the trends are generallv well established.




S_:.3YNTHETIC FIBRES (tsbles 1.21 & 1.22)

from the end of +the last

In industrialized countries
lulosic fibers, af+er sore

ra

st

7

i
decade, demand for 2ellul
vears of stagnartion was g
jor exception concerns Ea

ar

r
i u
duallv decreasing. Tre ma-
Eurcoe where cellulosic
' fibers has still kap+t v slightlr rrewing.
Future prospects of the demand for cellulosics are
not favourable, although, especially in Wes: Europe
' a part of the producinz capacity is idle. Some plants
have already been closed., There is no plan% the cons-
truction of which is planned (The main reasons of
' this decline are : expercsive raw material, gualirias
below those of svnthertics),
8y contrast, the develortment of the demanrd for cellu=-
' losics has been better in Jeveloving countries.
At & worldwide scale, volume of the demand for cellu=
losics i3 expected to Sea almost constant. Thus, from
now on, synthetic fiters alone will be responsible
' of the expansion of mar made fibers marke+ as a whole.
However, the high degree cf substitution of cel-
lulosic bv synthetic already observed in indus+triali-
' zed countries (72 % of the total) (in additicn to the
high degree of substitution of man-made fibers in
taxtile market)will certainly be the limi<ing

factor
of the develonment of the demand for svynthetics,

In developing countries, svnthetic fibers accouns for
53 % of the total. In <=raza countries, <the develop=
ment of the demand will mainly result from a leener
penetration of maremade fibar market in +extila mare
xat (now 25 % of <he =oral as agains® 30 % in incdus=
trialized countrias) and ovarall from an increase in
the level of +axtila damand.

Thus, a sus*ained grow+th of the demand for svnthetics
can be still exjaected ir 2evelconing countrias for

“he next ren coming vears. However tha vaearle ra%es
of increase of the damand ~vill likely keep below
those previously obsarvaed,

There are thra2e main *vpes of svnthetic fideps :
polvesters, polvamids and acrvlics (table 1.23).
The pattern of the demand for these three main tvres
of synthetic fibers has graduallv changed for ten
vears, according to about the same scheme in major
consuming areas, i.e, :

+ the growing importance of polvesters in the total

"‘
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TABLE 3.22

WORLD DEMAND FOR SYNTHETIC FIBRES

Unit : 1000 tonas

WESTERN EUROPE : TOTAL

of which :

. Belgium
. France
. Germany

. Ttaly

+ Netherlands

. Spain

« United Kingdom

« Others

EASTERN EUROPE : TOTAL
» Bulgaria

« Czechoslovakia

» East Germany

. Hungery

Poland

Rumanie

UoScScR-

Yugoslavia

NORTH AMERICA : TOTAL

1972 1873 1974 1975
1 810 1 930 1 770 1 840
137 172 159 144
183 248 228 187
374 424 408 340
238 307 223 218
140 184 150 154
38 400 388 33
222 218 238 281
587 sec 830 950
28
4
s0
18
83
33
270
38
2 429 274 2 594 2 478
138 184 144 148
2 294 2 580 2 447 2 327
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TABLE 1.213

" STRUCTURE OF THE DEMAND POR SYNTHMETIC FISRES .

' Percentage

' 1973 1974 1975 1880 1905

WRLD, TOTAL

' Acrylic 18.2 18.3 18.2
Polyamice 38.5 35.3 33.8
Polyester 42.3 44,4 40.3

. TOTAL 100 100 100

' WESTERN_EuROPE
Acrylic 28 27.5 29 27 28 '

' Polyamide k 1) 35 34 30 208 ‘
Polyester k] 36.5 as 42 48
Other 1 1 1 1 1

' TOTAL 100 100 100 100 100

' EASTERN EUROPE
Acrylic 22 21,5 21.5 20.5 20
Polyamide 43.5 38.5§ 37.5 3.5 32

' Polyester 30.0 as kY4 41 44
Other 4.5 4 4 4 4

' TOTAL 100 100 100 100 100

UsS.A,

l -Acrylic 12.8 1 10 10 10
Polyamide 37.% 37 34,5 32 29
Polyester S0 52 85.% S8 81

' - Other - - - - -
TOTAL 100 100 100 100 100

' JAPAN
Acrylic 27 24.5 24 23 21

' Polysmide 27.5 28 27.5 28 23
Polyester 3.0 41,8 43.5 47 $1

' Other 7.8 8 5 S ]
TOTAL 100 100 100 100 100




STRUCTURE OF THE DEMAND POR

TABLE

1.23 (ConTINnuED)

SYNTHETIC FIBRES (CONTINUED)

Percentage
1973 1974 1978 1880 1885
LATIN AMERICA
Acrylic 14 10.8 19.5§ 19 1?7
Polyamide 3 32.5% k 11}
Polysster 50 4% 80.% 1) 80
Other 1 2
TOTAL 100 100 100
ASIA

CHINA
Acrylic 18 17.5 17
Polysmide 43.% 38.5§ 37.5
Polysster 38.5 44 45.8%
Other - - -
TOTAL 100 100 100
EAST ASIA
Acrylic 18 18 10
Polyamide 38 kL] N
Polyester 48 S0 $3
QOther - - -
TOTAL 100 100 100
SQUTH ASIA
Acrylice 15 15 15
Polyamide 40 as 33
Polysster 45 43 52
Cther - - -
TOTAL 100 100 100
MICOLE EAST
Acrylic 10 10 8.5 10.5% 1"
Polyamide %3 $0 47.5% kY 29.5
Polyester 3 40 42.9 1.5 §7.5
Other - - 0.5 1.0 2.0
TOTAL 100 100 100 100 100

-4-——------------
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TABLE 1.23 CCONTINUED)

_' STRUCTURE OF THE DEMAND POR SYNTHETIC FIBRES (CONTINUED) 73,
. : Parcentage
1973 1874 1978 - 1980 1888
B e
" NORTH AFRICA
l Acrylic 15 18 1%
. Polyamide 38 3s k)
Polyester 49 S0 51
g o - : :
TOTAL 100 100 100
' WEST AFRICA
Acrylic 10 10 10
. Polysmide 40 38 s
Polyester S0 52 8s
' Other - - -
TOTAL 100 100 100
' EAST AFRICA
Acrylic 10 10 10
Polyamide 40 k[.} 3%
' Polyester 50 52 55
Other - - -
l TOTAL 100 100 100
CENTRAL AFRICA
l Acrylic 10 10 10
Polyamide 40 3 3s
Polyester $0 82 1]
' Other - - -
TOTAL 100 100 100
' SQUTH AEFRICA
M
Acrylic 21 18.5 19
' Polyamide 35.5 as 33.5
Polyester 41.5 43,5 46
' Other 2 2 1.8
TOTAL 100 100 100
' PACIFIC AREA
Acrylic 21 18.5§ 19
Polyamide 38.5 3s 38.5
' Polyester 41.8 43,8 46
Other 2 2 1.%
' TOTAL 100 100 100




74,

of synthetic fiders

+ TC the same extent, the decreasing importance of
polvamid fibars

- the almost constan* share of svnthetic market held
by acrvlics : about 27 % 3f the total.

As a resul- of +his evolution, poliester fisaers
account nov for 45.3 % of *ha World svnthetisz fitars
market, nvion for 33 % and acrvlics for 13.2 3%

(see Table 1.23 ;. Bv contrast, USA are found

in a more advanced stage of *he foreseeable evolu-
tion in other consuming areas, esveciall: concerning
the share of the market held ov polvesters : 55 &

of the total.

FYNTHETIC CEIERGENTS (tadle 1.24)

Volume of the demand for synthetic detergents in +he |
world can be es~imated a- abou=s 12.3 million torns of

which 2.2 million torns for developing courtries.

Alkyvlbenzene sulfonavtes are hv far the main activa
material ugsed for the preparation of detergents.

In 1978, volume cf the worldwide demand for alkvle-
Senzenes amounted to 1.2 millions tons of which
0.33 m. tons for develoving countries. The relatie
velv high volume of alklbenzene used in the latter
countries partiallv resul+s from a higher rara of
utilization of sulfonates (varcug formulated deter-
gents), a rroblem linked w»ith *re washing hakits
hand washing with 20ld watar (whereas machine washing
@with hot water requires signifizantly less of ac+i-
ve material),

Assuming lower rate of utilization of sulfornaraes

in th2se countriag =- this 52ing *o some axvan-+
calanced by the fact thas Zern-phospha~t2 and reducad
thosphate detergents manufacture rejuires greater
anounts of surface active devargen: -- and sstecial-
17, a furrther suteritu<ion of ~ther detergancs, al-
x7lbenzenes would ha in *ha region of 2. m.t, in 1333,
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Thus alkylate sulfonate will continue to develon

at a moderate growth rate and will xeep its lea-
ding position in detergent market, orincipally
Decause no other surfactant can match this material
on a cost performance basis for spray-svnthetic
detergents,

Cue to the recent regulations on water collution
brought in industrialized countries, Sisdegradable
detergents based on linear alkvlate sulfcna-e rave
largelv displaced "hard" detergents -ased on srane
chedchain dodecylbenzene sulfonate. E.g. @ in .S.A.,
linear detergent alkylates capacity amounts to
290,000 t, that of branched chain still in place
amounts to 113,000 tons; *he proportion is even
higher at the level of the marke<:.

Alkylbenzene sulfonartes face long term *hreats from
alpha olefin sulfonates and alcohol based surface
tants, at least in industrialized countries. In these
countries a continuing <rerd towards liguid derer-
gant, could alter the nature of tne market and linear
alkylate sulfornate domirant position in it

Detergent-range alconhols, (non ionic surfactan*) se-
cond in importance as surface active material in in-
dustrialized countries (capaci+ty : 350,300 t in
WESTERN EUROPE, 360,000 t in "2.S.A. and 155,000 + in
JAPAN) have no verv large Trosnects in other consu-
ming areas, in terms of tonnage.

-
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Major trends <n sectordial demand dor {inal products

1. PL

3Tl

w

Jemana for plastics &y 3ectars

Cespite of the strong exparsion of the demand for

prastics registered over <he *wo last 788t decades,
penetration of these mataerials is s<ill limi<ed in
sectors with a large potential namely construction

and transportaticn.

In the USA for example, ameng the more advanced as for
level of plastic demand, construction of a new house
requires only 1 ton of plastics, a small quan<isy when
compared wi<h the total volume ~# Suildin: marer‘als
needed for <his conswruction. In <rans3port sector,
laszics account for a modes: 2 25 % of materials used
or the manufacture of a car, this percentage being
close to that of aluminium (surrent competitor of
plastics in many applicaticns).

Cn this basis, a further peretration of plastics in
these two large sector of applications can be still
expected as recently forecas: for transpor<ation sec-
tOr by International Research and Technology in a
repor< to *the Gevernment.Tala -.25.

They estinmated conservatively the average car in 133:C
will contain 6,7 % plastics and ¢,3 % aluminium ard
the 199C car will include 9,2 &% Plas*ics and 11,2 3%
aluminium.

Mass production of car bodles has “aer uncer cinside-
ration for years buct, Contrary <o exgectations, <rar
have been yet no maior deve.coments for <his aprlica-
tiors.

Peretration of plastics in medium-size rarke= of
packaging is gernerally deerer than for the 2 atove
sectors. In France,for instance, the vciume of ~he
demand for plastics in this seceor corresponcds Tt
atout 15 & of that of paper and Paper -oard used in ---
same sector. In the US market, <his percentage is orl:-
8 %, The above percentages,depend to a large extent,
on relative prices ancd availabil ity of paper produce+s.

For the other sectors of applications with a mecre limi-

ted potential : agglianco ard furniture,penetration of
plastic materials Is usually sT3TT <eeper.

Referring to the US market, the breakdown of the de-
mand for plastics by major end-uses sectors is as
follows (percentage) :




YEARS 1975 1976

Packaging 43 “2
Building and construcrion 33 35
Transportation 13,5 13
Furniture 545 8
Appliances 4 “

In following tabies are presented the demand for iaci
vidual plastics in the “.3.4, For 3implifyin§, onlrw
the "large <tonnage” P-a5tics the praser: study deals
with have been presented in the %ables. These nave

gererally better Prospec<s “han many others, namely

thermosettings, including in developing countries.

As it appears from +ragse Tadles, large “onrage plasti:
meet 33 ¥ of the needs irn Packaging field,53 % iIn bpuii-
cding sector, bu: only 28 % in transmor-acionr. “he
gcrcontazc amounts o 33 % for furrivture ard 53 %

or appliances.

Demand for ingivisua: plastics

Structure of the demand for large tonnage plastics
under consideration in the present study are indicated
in the following tables .31 to 03,21 of them concern
West Europe bSut there are no :arge differences

Detween the large cor.suming areas. A+ least, <ine <reri:
are basically similar.

As it appears from -ese tailes, tne changes ir rtre
STructure in industrialized ccuntries are denerally

gradual, reflectirg ,*© SOome extent <~he maturation of
“he market*s.

AS & gereral rile, there are one cr +ws Tajor cutla=s
for thase P-as%ics, ~he share of --a =Cctal remairing
“ore or less ccnstant, Tar example : film ard srae-
4sed fcr packaging for lew densizy Polvethylers, nol-
~ow arzicles, contairers in --e case of nigh Zengie-
polyethylene.

More precisely, takinrg polyolefins (polyethyleres ani
polypropylere), <he generally mos+ oromising class
of large tonrage ;lastics as an example, the future

development of such plastics can te appreciated as
follows :



TABLE 1.25
SE—

MATERIALS COMPOSITION POR AVERAGE

COMPOSITE AuTOMOB!ILE®

- &

137 1860 1880
PLASTICS 1.5 % 8§.7% 8.2 %
ALUMINIUN 2,9 8.3 1,9
LOW-CARBON STES 55,2 $2,4 46,3
HIGH=-STRENGH, LOW-ALLCY STEEL 8,9 8,8 7.9
CAST IRON 18,2 13,3 7.9
Source : Interneticnel Resears=n and Technology

79.
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TABLE 1,26
s ]

PLASTICS IN PACKRAGING

80,

MATERIAL 1978 1978
1000 metric tane
COASTING (FOR PAPER, FILM, POIL, METAL) ;
« POLYEBTHYLENE HIGH DENSITY 18 18
o POLYETHYLENE LOW DENSITY 184 214
« POLYPRCOPY, sNg 3 4
« POLYVINYL ACETATE 17 10
« NC ] 9
SUBTOTAL 230 284
OTHERS 78 7?
TOTAL 08 s
CLOSURES
« POLYETHYLENE HIGH OBNSITY 23 28
o PCLYETHYLENE 0w QBNSITY 3 10
« POLYPROPY_ S:8 28 k1]
. POLYSTYRENS 23 2s
« PVC (GASKETS AND LINEAS) s 11
SUBTOTAL &8s 108
OTHERS 1C 12
TOTAL 89 118
CONTAINERS AND LIDS ;
o POLYETHYLENE MIGH QENSITY, BLOW MOLOED
UP T0 2 GAL., 318 378
« POLYETHY.ZNE BLOW MOLDED 2 GAL. CR MCRE 35 42
o POLYETHY_ENE INJBCTION MoLosn 80 93
« POLYETHYLENE THERMCRORMED by 28
o POLYETHY ENS | OWw DENSITY 8.Cw MOLCEn 18 23
. POLYETHYLENE INJECTION MoLosD 70 72
« POLYPRCPY ENS 2L0w MOLOED 13 18
« POLYSRCPY_ENE ZXTRLOSD (ORINKING STRANWS) 13 14
. POLYMRCAY ENE INJECTION MoLoesD 25 34
. POLYPROPY_ ENE THERMCF CRMED 7 10
.« POLYSTYRSENE BLOW MOLDSD 12 14
o PCLYSTYRZ\S MOLDED : CRY3TAL §2 58
FOAM 38 40
IMBACT 4s 47
. PCLYSTYRENE THERMOPCRMED FOAM 81 82
IMMACT 120 124
ORIENTED 58 70
OTHER 45 47
« ABS 18 18
. PVC 1 BLCW MOLOED 28 3s
THERMCPORMED (IrCL, B.ISTER PACKS) 3 as
SUBTOTAL 1148 1284
OTHERS 80 (.1 ]
ToTa, pfcds] | 1247

-
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TABLE 1.26 continued

81.‘

L ]
MATERIAL 1878 1978
1008 Metric tons
FlLm .
« POLYETHYLENE WIGM OENSITY k)] 43
« POLYETHYLE LOW OENSITY 877 024
« POLYPROPYL ENE [ 2] 82
« M\C 1] 80
. POLYSTYRENE 15 18
SUBTOTAL 842 1048
OTHERS 38 39
TOTAL 880 1084
GRAND SUSBTOTAL 2308 2838
OTHERS 218 232
GRAND TOTAL 2524 2828
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TABLE 1.27

PLASTICS IN BUILDING AND CONSTRUCTION

82.

APPL ICATION/MATER IAL 1975 1678
: 1000 metric tons
- FLOORING : PVC 131 188
INSULATION : POLYSTYRENE FOAM 18 20
LIGHTING FIXTURES
. POLYSTYRENE 11 12
. PVC s 16
PANELS AND SIDING : M/C 32 42
PIPE, FITTINGS ANO CONOUIT
. ABS 81 144
. HOPE 70 113
. LCPE 10 18
. POLYPRQAY ENB s ?
. POLYSTYRENE 18 $
. PVC 480 85
PRCEILE EXTRUSIONS
(INCL. WINOCWS RAINWATER SYSTEMS 27TC...)
. PG (INCL. FOAM) 83 8s
. POLYETHYLENE 2 3
VAPCR BARRIERS
"« POLYETHYLENE 81 74
o PVC (INCL. SWIMMING BCOL LINERS) 23 24
WALL COVERINGS AN WCCO SURBACING
(INTERIOR)
« POLYSTYRENE 2 2
. PVC 45 47
SUBTCTAL 1038 1370
OT=ERS 8ss 1309
TOTAL 1890 2379

-



TABLE  1.28

PLASTICS IN TRANSPORTATION

1978, 1000 metric tons] 1877, 1000 metric tons.
MATERIA,
Pessenger Trucks, Passsnger Truchks,
cer buase car buses
ABS 1] 1.8 70 2
POLYETHYLENE ; high gdensity 3 2 1 3
POLYPROP YLENE AND COPOL YMERS 130 8.8 140 7
POLYSTYRENE high impect 2 N 2 N
POLWINYL CHLCRIDE 120 10 130 11
SAN (STYRENE ACRVLONITRILE) 4 N ] N
SUSTOTAL 330 20,3 228 23
QTHERS 3se £8.7 87 8s
TOTAL 738 7? 818 1]
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TABLE 1.29

PLASTICS IN PURNITURE

MARKET 1978 1978
1CC0 metric tonms
ABS 4 s
POLVETHYL ENB ] 11
POLYPROPYL BNE 11 13
POLYSTYRENE r{ ] 3
POLYWINYL CHLCRIDS $0 9
SUSTOTAL 142 158
CTHERS r& b a1
TOTAL s 43%




TASLE 1.30

PLASTICS IN APPLIANCES

MATERIAL

1978

1978

1000 metris tons

POL YET HYEENE
POLYPROPYLENE
POLWINN CH.CRIDE

STYRENICS
« POLYSTYRENE
. ADS
. SAN
SUBTOTAL
- OTHERS
TOTAL

2.0 2.2
35.0 40.0
0.0 20.0
58.0 70.0
33.0 48.0

5.0 8.0

158.0 180.2
$0.5 132.8
2548 320.8

8s.

-




LOW_DENSITY POLYETHYLENE (1qPE)

There is a definite trend towards the production

of plastic film. About 2/3 of the total production
of this plastic now go inte plastic film and sheets.
Trough a second production process, varicus packa-
ging ?atcrials are obtained (bags, carrier-bags,
sacks),

The fast growing supsly of reacy-pacad ar<icles in
supermarxets has recently con+ritued gredtly <o thre
vast expansion of plastic film.

However, this expansion is in strong depencence on
?rivato consumption expenses. Afart from plastic

ilms for packaging, considerable quantities of LD
polyethylene are used in the building, agricul+sure
and horticulture industries.

In industrialized countries, all end-uses areas }
are still growing at respec-ables rates and better |
than average ?rowth is expected from garbage tags,
atricultural ilms, pallet shrink wrap, strecch

film and other film Fackaging uses. ’

All other flalde of application have for some time
Deen losing their share of the zotal LD rolyetnylene
consumption at the advantage or other thermoplastics
(mainly H.D., polyeshylere, polypropylene) .

MIGH_QENSITY SQLYETHYLENE (nePE)
3low molding has become <he most Zominant marker

of HD polyethylere. This cerresponds to the deva-
Lopment of all sorts cf Sct-les of various sizes,
cans, oarrels and o%her large ccn-airers. +he signi-
ficant progress reglstered .ait years in the pro-
cessing =echnig.es have Leen a contributing facwor
¢f this expansisn.

<n the large >low molding sector, ocutstanding grow+-
is seer for food ard -average containers. New pro-
cess -echnology car unlecck po<ential markets such

as autc fuel, tanx and shipping material.

Injection molding applicazions are the second
outlet for HD polyethylene. It correspends to proe-
duction of household articles (like buckets, bowls,
tanks, baskets, etc...) and various articles used

in the packaging sector (boxes, con*tainers transpor-
tation and storage crates).
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These injecticn nmolded articles, as well as pPipes
and profiles, have been continually losing their
share of the total HDPE consumption or only just
holding their positien. Concerning the pipe sector,
its share will again increase ir the future (large
diameter pipe). Film is a modest but fast expanding
market for HDPE,

For the future, whereas HOPE will centinue +o makxe
§8ins in paper and glass replacement, seretration

of some traditionally secure HDPE marker Ly other

plastic is expected (mainly polypropylene but scme
others tooc, having become competitive in specific

end-use area).

Moulded parts for technicals applications are still
dominating PP marke<. Polypropylene fisers have
intruded heavily into the domain of ju<ze, replacing
jute fiders in zarpet Sacking and shipping sacks.
The tendency of a further increased share of fiters
and film applications which was expected some years
480 has been effectively realised (as contrary to
the situation observed in Japan which, however, has
the most developed PP market).

For the future, higher marke- share for fiters and
related items and for films and sheets are foreseern
in relation with *heir uses :ir packaging fiels.

Scttles, a modes= ocu<let far =2 show much promise.
As compared wi<h o<her thermoplas<ics, marke= ma-u-
ity <of polysropylene is s=il: icng way off. :n

addizion, pelypropylere now enjoys <ne advan=tage
of Seing the lcuwes> priced <hermozlastic resin (.:.
Tarket ). As for P77 apd Solvstvrerae, +he salier+
‘eaartures ard <raends of secoral demand are as f5lia-

PVC applicatiors usually fall into 2 categorias

- ri;id PVC applica<iorns

soft PVC appiications. In +wis case, ?/C resins
contain plasticizers (mainly phtalates) in
various proportions - up to S0 % of the total in
a few cases -,

The major cutlet for rigid °ve is found in the ma-
nufacture of iipcs and extruded profiles, mainl
used in building sector. Cther uses of rigid 2ve
include : film and sheets (packaging sectcr),
bottles (an applica*ion well developed in some Wes:
European countries, France, for example).
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As a general rule, the rigid uses has showed higher
g§rowth rates than flexible ones.

Flexible application consis+ of coated (leather-like)
fabrics, film ard sheets, floorirg (e.g. tiles) wire
and cables shces s s=ill an appreciable outle: for
flexible PV in scme developirg countries.

For the next coming years, a good gTowth is foreseen
for rigid ex<rusion Froducts, especially in <re
construction industry :hare pipes fittings have al-
ready taken one third of production (in the US marke-

looring, window components profiles, siding (irn the
US market) are being touted as areas open to exten-
sive penetration by pvC,

The auto sector is expected to show moderate growth
due to shrinking cars ard <o competition from poly-
urethare fcr leather-l:ike aprlications.

Some smaller end-uses, such as records, apparel ard

spoerting gocds are not expected to show significant
growth.,

In short, predicted growth of the demand for PVC

to a large extent depend on a development of the
construction industry tied to a healthy economy.

A further penetration of PVC in this sector will
certainly occur, since <he 5VC industry has solved
many of the tachnical and regulatory problems of
recent yvears. Cn the other hard, alumirum s a
Severe competitor for rigid BV: in mary applications
of the tuilding sector (especially srofiles)

as alrealy seer irn “re caze of autcmotile industry,

Packaging is the main ocu-ler for iolystyr‘no.

In this secsor, POlys<tyrene is ma nly used for +he
production of varicus zcn-ainers. Packaging is s+ill
the most promising marie+ for Clystyrere, as it has
been for mary years. In this fscld. FS enioys <he
roperties boi.g rigid ¢ 1 being a>le %o e processec
n thin walls (for disp.sadle wrapping).

Other applications of polystyrene include : appliance-
housewares, refrigeratdrs and Toys. A moderate
(resulting from competition of polypropylere) but
sustained growth is generally expected for shese
applications.









2 orf

08885

1.0 N K
2 wo2
-

e

Il e .g
= .
.

=] Ty

MICROCOPY RESOLUTION TEST (HARIT

NALONAL farhd A b LAN] AR




There are pratically only two fields of applications
for expandable polystyrene (foam) : bduild ng
(insulation) and packaging.

In West Europe, the percentage cf the total are
respectively 43 § and 42 %, The expected growth of
polystyrene fcam market is no more <~han that of
stvrenic resins as a whole.
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Synthetic fibres by typaes

Concerning the mair types of synthetic fibers, polyescer
fibers has gained the largest share of synrthetic market
everywhere in the world.

Polyester fibers have s+ill a large potential grow=h
as 1C0 percent synthetic fiber fabrics as wel. as in
blends with the natural fibers, especially cotton.

The apparel marke: is generally the largest marke: for
where they have equal acceptance by

both men and women. Fcr some azparel applications

(hosiery etc...) polyester yarns can be tex<tured, a

feature that gives the firisned fabric a more natural

feel resembling that of fabric made from spur yarn,

yet maintaining the economics of con<inuous filament

yarns., !

Polyester fibers are used by men for light weigh<® suizs,
sometimes alone but mcre of-en blernded with wool and [
likewise for slacks. They are used as well for ghir-s

by men when blended with coston and for Slouses for

women, in dresses suits and slacks.

The main reason for this acceptance is corvenierce
Secause blends of polyester wi<h natural fibers are
the dest for accepting the comparatively new permarent
press and crease resistant finisres.

Among household goods, polyester is well accepted for
curtaining again because of its convenience and
confort. When blended wi+h corton, there is a maior
market developing in sheets for bedding.

Irdustrial uses of pc.iyesters are a major market

that has been developing. Cther industrial marke+s in
include reinforcement of rubber goods , cordage and

in webbing.

An impor<ant point +o be roted is ~hat <he development
of polyes+ter fibers is T0 a large extent .irxed with
the relative prices cf +hese fibers wizh co*tton.




In the apparel marke<t, golzcmi%e fibers continue to
hold a share of women's 17 erie DutT have been outpaced
by other fibers in women's dresses and outerwear,

Carpets form the major outlet of polyamides ir +the
household sector. There is fierce competition in this
market between all fibers. Although, polyamides are
expected %o hold a large share of the markes, the rea.l
rowth lies wizh the ozher fibres (especially poly~-
Propylene).,

Industrial uses for pclyamides include : tyre cord
(almost only for the replacement market in the USA),
automotive upholstery, tenting, tarpaulins, nets cordage
and as reinforcement in hose Selzing and similar products.
They are not very §00d prospects for these kirds of

uses, especially for the former ore.

This review of <he mair and-uses sector of polyamide
shows that the long term development of +his kind will

b¢ in any cases more limited thar for other synthetic
fibers.

The main outlet of acrylic fiders are found in sweacters
Sut also in dresses’, sults ans siacks,usually .
blended with wool. In sui<s and slacks, the acrylics
are feeling the pressure of the polyester fibers.

In household products, the acrylics have made excellert
penetration in%s blanke*s ard also in=o rugs and carpe's.

They are only few incdus*rial ou-lets for *he acrylics
(e.g. covers for paint rollers).

The following table sumrmarizes the expected develop-
ment of synthetics in <heir various end-uses accordir
o ENKA GLANZSTOEF.




TABLE 1,35

DEVELOPMENT OF VARIOUS END-USES FOR SYNTHETICS

CIN W.BUROPE)

Increasing
Qecrsaesing

Corataent

increesing

Decreesing

Constaent

Increasing

Cecreasing

Corstant

Sourcs 1 ENKA GLANISTZME

cerpets, homa furrisrings, centyhcsa
tirea
~8rp knitting, pcwar nets, linings,

rocpae, nats,

men‘s and women's cuterwear, Jnderwear,
shirts, werkeclothing, ted liran, tiras,
coated febrics, carpats, carpst backing.

rairwear, curteins, aroreks.
knitted cutarwear, :racerias “cnolstary
fatrics, blanksts, cerpets,

™N'S arc wowsn's outarwear




In industrialized countries, the slow down in the
,rowth of demand for synthetic detergents observed
Or some years, to a great extent correspond to a
deep penetration of these materials in the scap -
detergent marke:. This penetration is expected to be
achieved in the next coming vyears.

In addition, since *he beginning of the sevenries,
there have been asic changes in ~he behaviocur of
consumers which have been important in res<ri.ting
demand : o.,. consumer price resistance under the
influence of consumer organisations (as observed in
the USA) and saturation of the washing machine market.

On the other hand, another factor is able o sustain
the !rowth of the demand for syndets : *his is the
elimination of phosphate builders which complement
the detergent action of surfactarts (acting primarily
4s water softerers). Phosphate builders make up a
large part (~<raditionally about 30 %) of formulatiorns
But thelr uses has been questiored since +the early
seventies _gcause of the algae growth problems which
the high nutrient value phosphate causes in waste
water streams.

Phosphate builders have already teen banned in some
states in the USA, resulting in an increasing reed

of surfactant to compensate. Europears have taken
longer to consider the problem. However, West Germany
is already limiting phosphate con-encs and will enforce
their replacement when alternazive are available.

In some cther European countries, the alternative
approach has teen %aken : mest muricipal sewage plancts
are equiped to precipitate phosphate from all sourceas.
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4. RrEcent DEVELOPMENTS AND FUTURE TRENDS IN THE
PETROCHEMICAL INDUSTRY

Over the past fay years some important developments
have taken place which, although they do not directly
concern the petrochemical industry, are likely to have
an effect on it ; these include :

- 4 general slowing down of industrial activity,
essentially in the industrialized countries,

the rise in the cost of energy,

- 4 major increase, especially in 1973 and 1974, in
plant construction costs,

growing awareness of the problems of pollution,
and the introduction of restrictionsg.

These external factors had an immediate impact on the
betrochemical industry, and moreover are likely to

have a great affect on i+s development in the coming
years.

IMPACT ON THE PETROCHEMICAL INDUSTRY

. INCREASED PRODUCTICN CUSTS

The rise in the cost of erergv, carticularly oil,
led to a considerarle rise in the cost cf +he raw
materials and utili-ies used in the petrochemical
industry, and this rise in turn raturally had a
direct impact on the prcduction costs of chemicals,
an impact which is felt less as are moved towards
more elaborated products . This effect was reinforced
in the case of new Flancs, by the rise in construce
tion costs, Moreover, in scme countries anti-
pollution measures resulred in additicrnal irvestmen=
costs,

It can be seen that the effect of the rise in the
price of raw materials, and energy in particular,
has been to increase olefin production ccsts by
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380 % between 1972 and 127",

SLOWER MARKET GROWTH

The general decline in industrial activity and the
sharp rise in producticn costs, which was naturally
reflected in selling prices, coincided wizh a
slowing down of market growth. The set back of

the petrochemicals demand brought about by their
price increase has still be limited due to the
simultanecus and in many cases higher cost increase
of the competitive products (wood, paper, cardboard,
non ferrous metals). See fi1g. 1.5, table 1.37).

In some fields, consumption has Leen xept lower !
avoiding wastage (excessive packing for example),
Nevertheless, the stagrnation and even the decrease

of the purchasing rower, have beer. <he main reason

of a parallel decline of tne petrochemicals demand

in the industrialized courtries.

DIFFICULTY IN OBTAINING RAW MATERIALS - TREND

TOWARDS FLEXIBILITY

The increased imporrance of the raw material as an
element of the cost price of petrochemical products
acted as an incentive to petrochemists to concen-
trate on the supply of raw materials as a priority.
Futhermore, in some areas specific circumstances
Such as a reduction in natural gas reserves in

the UNITED STATES, the reed to import naphtha in
JAPAN, the tendency in the Vest European petroleum
products market to release less and less naphtha
for the petrochemical industry have accentuated

the problem of the supply of petrochemical raw
materials. This factor will become increasingly
important in the coming years. A general trend +towards
flexibility, eventat the price of high investments,
is evident on the part of petrochemists.
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SURPLUS PRODUCTION CAPACITY

On account of the sudden decline, difficult to
predict, in the consumption of petrochemical

products since 1373, chiefly in the industrialised
countries, the industry as a whole is generally

in a surplus situation. The development of productiosn
units can therefore be expected to slow down

and the changes which might be axpected as a result
of developments affecting petrochemical production
will be somewhat delayed.

The most pressing problems a: the moment are those
of outlets and competirtion, and no major new invest-
ments will be approved until the present uncertaine
ty about renewed expansion is removed, and <the
supply/demand situation becomes more balanced.

CHANGES IN THE PRODUCTION COST STRUCTURE

A dramatic change has taken place in recent years
in the production cost structure of petrochemical
products, the chief cause of this change being the
rising cost of raw material and erergy. There has
been a considerable decline in fixed cOsts, essen-
tially related to investment, in favour of variable
costs, particularly raw materials and utilities.
This can be illustrated by the manufacturing costs
of olefins, shown in <atle 13. In 1372 the
proportion of the manufacturing cost represented by
raw materials was 42 %, Under present-day conditicns
this proportion has reached 78 &, The oroportion
represented Sy amortization and returr , on the
other hand, has dropped from +0 % +o 12 %. This
very important change will affect the petrochemical
industry principally in two ways

1. Those countries or regions where raw materials
are cheaply available, due to natural reserves,
the favourable structure of the petroleum products
market, or government aid to the petrochemical
industry, will have a very great asset as far as
petrochemical production is concerned ;

2. Economy of scale will become less important, with
variable costs being the predominating factor,
and the effect of market limitations as a
barrier to the development of petrochemical
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TABLE 1 35
OLEFINS MANUFACTURING COST

Naphtha Naphthe Nephtha
Stsem cracking| Steem cracking|Stsam cracking

Capacity tons/y sthylane 300 000 300 000 300 200

Economic conditions Prevailing Prevailing Orevailing in
in 1872 in 1977 1977. Unit

erectec in
1972. Invest-
ment in 1972

Fixed capital cost MM § 104 184,13 104

Manufacturing cost MM §
' Rew matsrials 21 150 129 800 129 800
Utilitises 1 080 2 200 2 290
' Catalysts 8 chemicals 8§20 1 000 1 000
Manpower 7010 1 100 1 100
' Other cherges (1) - 750 12 000 12 000
. Amortizetion § return 18 800 38 000 19 800
' Total manufacturing cost 50 10C 180 800 19¢ 700
Procucts prices 4 sales $/tan $/teon $/ton
' 103t/y
Ethylene 300 30 3158 (2) <30 (2)
' Propylens 139 35 183 (2) 172
Butedienre 38,2 183 5§20 (2) 488
Propans LPG 12 32 130 130
' Butana LPG 44,2 32 130 130
' Gasoline 185.8 45 168 168
l

Ses remarks on next pags.




!
i
i
i
i
i
i
!
!
!
!
!
!
!
!
!
!
!
!
I
'

NOTES TO TABLE 1.36

102.

(1) Maintenancs, overheed expenses, insursncs, general facilities,

interest on working capitel.

Ratio of alefins prices have been kept constent {n the tabla.
In fect, ratioc between ethylene and propylens prices is slightly
Jecredeing from 1972 (1.6) to 1978 (1.4), Ratioc of ethylens

versus butadiene prices is now close to 0.9,
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production will be diminished. Steam crlcking

economics for capacities of 150,000 and 300,000 t/year

of ethylene, under 1972 conditions and present-day
conditions, are shown in table 21, In 1372 doubling

the steam cracker capacity would lead to a 20 §

reduction in olefin production costs, but today

the reduction would be no more than 6 §,. {




TABLE

1'37

ENERGY REOUIREMENTS

FINAL PRODUCTS

Tans o1l sguivalent reguires for *

Posiyethylene Dags

Paper bags

Pclyethylene pipe
Copper pipe

Gelvanized steel pipe

P.W.C, pipe
Asbestos cement pinae
Cast {rcnm pipe

Clay pipe

Bve

Glass

1 million fertilizsr Dags
470
700

100 kilometers of 1 {nch ]
Giameter service pice

. |

232

100 kilometers of 4 {nch
ciameter drainage pige
witn fittings
asc
4013
1 870

830

T million liters
37

230

" including both raw matsrial and energy fcr processing

source : ICI Plestics Division
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+ PETROCHEMICAL CONSUMPTION AND PRODUCTION

IN VIETNAM - PORECASTS

General
Plastics demand in VIETNAM
Fibres demand in VIETNAM
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Detergents demand in VIETNAM
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1. aeneraL

The previous chapter contains data cn world petrochem-
ical consumption and production over the 1365-1375
period. The world petrochemical market has been gean

to be characterized by fairly high growth rates in
industrialized countries, and again high though often
irregular rates in developing countries. These features
are unfavouradble to the design of econome:iri: fore-
casting models.

Several methods may be used for forecasting :

a) ECONOMETRIC MODELS

There have been many attempts to design forecasting
models, but these have turned out somewhat unsatige
factory in that they cannot be generalised but vary

according to the country, products and period
studied.

The tendency therefore is towards simple formulae
with only one variable - income, either GNP or GDP.
This gives an order of magnitude for future petro-
chemical demand.

One of the advantages of this method is that it
illustrates the effec:t on petrochemical consumption
of future income fluctuations.

YModels take the form of log ¢ = A log "GNP" + b,
This formula works best in the case of industrial-
1sed countries or those with a sufficiently high
level of consumpticn (e.g. 5 o 17 kg/head for
plastics) and a regular demand growth pattern,

In developing countries on the Other hand where
consumption is still low and the rate of growth
typically fast and irregular, a number of simple
formulae based on GNP can be arplied. When so many
features are indeterminate such formulae are
evidently valid only as a rough guide.

P



107,

b) GRAPNIC METHOD

Another possibility involves graphic methods -

a comparison of established trends in more developed
but ccmparable countries - Though these are perhaps
more valid where a certain level of consumption

has already been reacred.

There is also some value in recresenting demand
over a given period, for example a five-year span,
as a function of income within a homogeneous group
of countries, industrialized or non=industrialized.
The corresponding curves move more or less in

parallel through time. Plastics and fibres curves
were shown in Chapter :

The position of any given country in relation to
these master curves - either behind or ahead at
the same income level - can be taken by gradual
adjustments in relation to the curve (making up
leeway or reducing lead), but substantial gaps are
always found between countries with a comparable

-

income level, even among the industrialized countries.

¢) FLUCTUATIONS IN DEMAND ELASTICITY IN RELATION
10 _INcouE

The notion of elasticity was introduced in the
remarks on the macro-economic approach. There ig
another method involving study of fluctuations in
demand elasticity in relation to income,

Such fluctuations generally take the form of a
regular decrease ard can “hus be forecast.

These various methods are applicable to product groups,
i.e. plastics, fibdres, rubber. The next step is +o
forecast demand growth for each product with reference
tO prospects in each of the main outlets.

Such methods can of course be applied only to countries
for which a certain amount of statistical data is
available.

In the case of VIETNAM where no statistics can be

ocbtained the method used for plastics, fibres and rubber
is as follows :
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Firstly, to situate VIETNAM within 4 group of countries
in the same region with similar income levels, and then
to make a study of selected cases in those countries
for which full statistics are available.

3y using the econometric model together with the graphic
and elasticity variation me-hods, and cross-checking

the results, an order of magnitude is obtained which

can then be applied to the countries in the group.

The group of countries chosen for the purposes of this
study in SOUTH ASIA, which includes AFGHANISTAN, INDIA,
PAKISTAN, BURMA, INDONESIA, LAOS, the PHILIPPINES,
MALAYSIA, SINGAPORE, THAILAND and VIETNAM,

As to economic indices, no official figures exist for
GDP. It is generally taken as being around 150%/capita,
but this estimate is to be considered with certain
reservations as many consumer §0cds are State-subsidised.

The table which follows shows the GDP of the major
countries within the group.

From this table VIETNAM's placing in the group can be
seen to be average.
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TABLE 2.1
GROSS OOMESTIC PRODUCT
1874 1377 % growth 138¢
$/capita s/ccpitq 1975-1980 $/ capita
UNIDO $ (ast.)
constant
VIETNAM - 150 200
THAILAND 300 380 2. -
INOONESIA 178 200 4, -
MALAYSIA 800 800 4.5 -
PAKISTAN 130 180 1.5 -
INDIA 130 180 1.5 -
BURMA 100 120 1.0 -
SANGLADESH %0 120 - n.a
PHILIPPINES 310 400 3.5 -
CHINA n.a 300 - na
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2. PLASTICS DEMAND IN VIETNAM

DATA SUPPLIED By PETROVIETNAM

® Plan objectives 1280 1985
Low density polyethvlene 20,900 25,000
High density polyethylene 20,000 25,009
Polyvinyl chloride 93,000 100,000
Polypropylene 20,000 30,300

Polystyrene 10,800 (15,000) ‘

® By 1980, consumption and the processing industry
are both expected tc show the following I
structure
%

Fertilizer bags
Kaclin bags

Export packaging
Feed packaging
Foodstuff packaging
Packaging

Electrical equipment
Vehicle spare parts
Construction
Footwear

Jaterproof clothing
Artificial leather
Toys

Office equipment
Containers

Other

o

~
W WO OO NWOLI PP WONO
. o

.
OOO’)O’)C)(J()U‘(I‘!OU‘Q)DU‘U‘U‘
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CONSUMPTION FORECASTS

Growth rates (%/year) in South ASIA cver the 1965«
1970 and 1970-1975 pericds were 15.7 %/year and
9.8 %/year respectively,

The 1975 regional consumption level was 0.8 k%/
capita which corresponds tc the master curve (see
Chapter 1, fraragraph 3.3, page «8)
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Consumption (kg per capita) in neighbouring countries
is shown below :

kg/capita 1976 GDP/capita

uss
THAILAND 2.78 )
INCONESIA 1.93 130 [
INDIA 0.29 15¢C
PAKISTAN 0.62 150
PHILIPPINES 2.51 380
MALAYSIA 8.0 7580
VIETNAM n.a n.a

The 1380 forecast for the same countries is as
shown below : l

1980 forecast

kg/capita GDP/capita tons !
uss l

THAILAND 3.8 400

INDONESIA 1.49 220 232,000
INDIA €.38 178 260,00¢
PAKISTAN 0.8 178 66,000
PHILIPPINES 3.66 430 190,00¢
MALAYSIA 10.5 870 148,200
VIETNAM 3.1 230 150,202

(plan objective)

A preliminary comparison of neighbouring countries,
e.3. THAILAND and INCONESIA, reveals that when the
3CP is in the order of 237 USS plastics consumptior
-chiefly thermoplastics- is in the region of 1.5 to
2 kg per capita at MOST, which represents as far as
VIETNAM is concerned consumption of some 75 300 <o
100,000 tons at most by 1930 and not the 150,003
quoted in the Plan objectives ; the latter figure

would be valid for a country with a GDP of 350 USS$
per capita,

Taking the growth rate to be the same as in the
1976-1980 period, total consumption in 1985 will be
somewhare between 140,000 and 190,000 tons.

an
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COST OF DEVELOPING PLASTICS DEMAND

Assuming the Plan objectives to be reached in 1980,
i.e. with 160,000 tons of plastics consumed, this
quantity would have to be imported until domestic
production starts-up, representing an annual cost
of 88 million dollars if resins cost 350 JS$/+=on

on average.

furthermore, since such products are not in their
final form ready for sale to consumers, they require
to be processed. In view of existing processing
capacity in VIETNAM - under 50,000 tons = processing
capacity in the order of 100,300 to 110,000 tons
would require to be set up, costing some 100 to

120 million dollars.

If the 19380 Plan objectivas are to be reached, this
outlay would have to be made before the end of that
y.‘r .

A resin and finished products distribution network
would also have to be set up, as well as delivery
storage units.

In view of all these considerations, we feel that
the Plan objectives are over-optimistic, and that
it would be more realistic to plan to spread these
Costs over the 1333-1335 period, particularly as

to these figures must be added investment costs for
resin production.

DEMAND STRUCTURE - COMPARISON WITH NEIGHBOURING
COUNTRIES

The general structure of demand for the main thermo-

plastics in the South-Fast ASIA region is as
Ollows :

Low density polyethylene 25-30 %
High density polyethylene 10=15 %
PVC 28=30 &
Polyoropylene 10-15 %
Polystyrene 5-10 §

The structure forecast under the Plan objectives is
the following :
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Low density Polyethylene 13 %
High density polyethylene 13 %
PVC 56 %
Polypropylene 13 %
Polystyrene 6 %

The exepcted share taken by PYC, S5 % in 1392 and

51 % in 1985, seems far too large, even if ir ig

to be developed preferentially., In Eastern EURCPE
where this has been the case, the share taken by

PVC in total thermoplastics is no more than 238 3.
Similarly in IRAQ where PVC is being strongly deve-
loped, the corresponding share of toral thermoplastics
is not likely to exceed 30 %,

The total for low density polyethylene and pVe
together is 63 %, which can be compared to the figure
of 63 % in the South ASIA region,

In PETROVIETNAM's proposed demand structure the item
"construction”, made up_for the most part by PVC
sSeems to be too large. If a level of 50,000 tons

of PVC is to be realistic it must be warranted

by major water purification programmes, irrigation
programmes and other projects.

We propose the following main sectors of consumption

Rice, fertilizer and flour bags 1dPE, polypropylere
Electric cable 14PE, PV
Footwear , BVC
Pipe PVC, hdPE
Containers, drums, bdottles PVC, hdPE
Bottle crates, fish and fruit hd PE

crates
Household appliances hdPE, polystvyrane
Toys hdPE, 1dPE, PvC

Rope, fishing nets, mosquito nets polypropylene
Packaging film 1dPE

Insulating polystyrene
To sum up the following remarks can be made :

¢ Total thermoplastics demand is more likely to ba

80,000 tons by 1380
160,000 tons by 1985

® The PVC share is too large and should be reduced
tO no more than 30-35 % of the total, i.e.

$0,000 to 60,000 tons by 198§,
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As far as the other resins are concerned, the
Plan objectives dppear reasonable ; however, the

share taken by low density polyethylene could be
larger.

A possible consumption structure for 1285 would
be as follows

Low density polyethylene 15«27 %
digh density pelyethylene 20«25 %
Polyvinyl chloride 30-35 §
Polypropylene 10«15 %
Polystyrene $-10 §.
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3. FIDRES DEMAND IN VIETNAM

DATA SUPPLIED By PETROVIETNAM

Ragocnt gondumption

Natural fibres, cot+ton
Artificial fidres

50,900 t/yr
30,300 t/yr

Plan objectives for 1985 (in tons)

Natural Synthetic Cellulose
fibres fibres fibres
Pol{outcr
filament 10,000
Polyamides 25,000
Acrylics 3,300
Viscose 28,223¢C
Cther
Polyester 40,200
Polyester/
cotton mix 13,200 28,8039
TOTAL ﬁ3,200 104,800 25,30%
143,000

Plan objectives for 1980 in terms of

total length of
manufactured cloth amount to 450,000

metres.

CONSUMPTION FORECAST

The same forecasting methods and

hypotheses were
used as in the case of

plastics (see 2.1.),

Artificial fidre consumption growth rates in the
South ASIA region over the 1365-1970 and 1370-1375%

periods were 10.3 %/year ard 11.9 % /year respec-
tively,
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The 1975 regional consumption level was 0.58 kg
per capita, slightly higher than the corresponding
figure on the master curve.

Consumption (kg per capita) in the Sou*th

ASIA group of countries is indicated in the *able

which follows. Figures are taken from the FAQ

report entitled "Per capu+t Fibre Consumption”, [
covering 1973/1374,

Assuming no major variations in consumption between
then and now, present consumption of total

fibres in VIETNAM can be estimated at 1.5 kg/capita,
a figure in accordance with the present 30,000
tons/year consumption level.

Taking the same GDP growth hypothesis as in +the
case of plastics, i.e. 250 USS$ per capirta by 1380,
consumption of artificial fibres in VIETNAM in the
same year may be put at 1.,1e1,.3 kg/capita, giving
4 total of 60,000 to 70,000 tons/yr.

GROWTH RATE

A reasonable growth rate forecast for South East
ASIA over the 1280-1935 period weuld be around
i1=12 § per year.

In the case of VIETNAM wi+h a planred economy and
established :tlarning objectives, consumption of
Cellulose and synthetic fibres together can be

expected to reach bertween 103 and 122,000 tons by
by 13335,

COST OF DEVELOPING TEXTILE FIBRES DEMAND

Again as in the case of plastics, fibres are no-
sold as such directly to the consumer but first
MmUst be processed. The tex+ile industry involves
not only polymerization and spinning plants bu+
also weaving and knitting units.

The textile industry appears already fairly well
established in VIETNAM, in both the North and the
South, but in order to meet 1985 consumption fore-
casts the industry will require to be considerably
developed, implying high investment,
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TABLE 2,2,

CONSUMPTION - SOUTH ASIA - KG/CAPITA

1973/1974 1973
Synthetic ¢ibres Totsl fibres
kg/capita kg/copita
THAILAND 1.2 31
INDONESIA 0.3 1.3
INDIA 0.3 2.2
PAKISTAN 3.2 4,3
PHILIPPINES 1.3 2.0
MALAYSIA 1.3 3.0
NORTH VIETNAM 0.2 9.7
SOUTH VIETNAM 0.9 2.4
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DEMAND STRUCTURE - COMPARISON WITH NEIGHBOURING
COUNTRIES

The average structure of synthetic fibre demand
in South ASIA is as follows

+ Acrylics 15 %
Polyamides 33 %
Polyesters 52 %

In the nevt few years some modification of this
structure can bHe expected with a higher share
Deing taken by polyesters.

A possidle 1380-193% gynthetic fibre demand
structure in South ASIA might be as follows :

. Acrylics 15 %
. Polyamides 23 %
. Polyesters 62 %,
E?:.ii:ﬁ;‘?"' plan envisages the following
« Acrylics 33
Polyamides 24 %
. Polyesters 73 %,

The polyester share seems too high, evaen with
preferential development.

As regards acrylics, their share seems too low,
particularly since acrylic fibre is a good subs-
titute for wool, a ratural fibre of which little
or none is produced in VIETNAM.

The following are the main consumption sectors

. Weaving : linings : cellulose fibres
Other materials : synthetic fibres
clothing ! cotton, wool
household fabrics:artificial fibres,

cotton

industrial fabrics : artificial fibres,
cotton
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« Knitting : footwear, underwear : synthetics,
blankets, sweaters cotton, wool

To sum up, the following assessments Mmay be made :

1. Total artificial fibre demand car be estimated
to some 115,U00 tors by 1335, with synthetic
fibres accounting for 235 o 100,300 *ons.

2. The share taken by polyesters is over large

and should be no more than 65 %, while that

taken by acrylics is too small and should he
over 10 §,

3. A possible 1985 con
as follows :

SUmMption structure would be
. Acrylics 10-15 §
Polyamides 20-2§ %

Polyesters 5C=6S §
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4., DETERGENT DEMAND IN VIETNAM

DATA SUPPLIED BY PETROVIETNAM

Present demand for total scap + Jdetergents is
0.5 kg/capita with an average breakdown of 53/50 %
between soap and detergents.

Plan objectives for total scap + detergents are
as follows :

1330 1388
139,300 tong/yr 212,000 tons/yr

The synthetic detergent forecas: is xg/capiza
by 1380 and 1.5% kg/capita by 1385,

SYNTHETIC DETERGENTS : SOME GENERAL REMARKS

The composition of housenold detergents may vary
from one manufacturer to ano<her and from country
to courtry, tut it varies ahove all accordirg <o
the use to which the powder is put ; *hus a powder
designed for use in a washing machine will have a
relatively higher proporticon of perborate than

an ordirary powder and will contain long chain
fatty acids, *he funection of which is *o minimize
frothing.

The average composition of household detergents
powders in developing countries car be taken as
the following :

Active ingredient 22 %
(dodecylbenzere, sodium sulphorate,
LAS and noneionic surface-actives)

. Sodium tripolyphosphate 30«35 §
« 45 % sodium silicate 7«10 4%
. Sodium perborate 12«18 %

Sodium sulphate 16-18 %

. Various : sodium carborate,
soap
carboxymethylcellulose
blue

2=15 %
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However, in industrialized countries - in EUROPE,
for example - the total active ingredient level
is lower (between 10 and 15 %) but the tripoly-
phosphate level is 30 to 50 %,

The petrochemical industry is concerned with

the manufacture of the active ingredients only,
i.e. dodecylbenzene and linear alkylbenzene.

c) CONSUMPTION FORECAST

The average detergent demand growth rate in South
AS[A, in g/yolr, was 25 % over the 1365«1970 period
and 17 % from 1970 *o 197§, Detergent consumption
in the same countries was 0.5 kg/capita in 1375,

The figure of 0.5 kg/capita given by PETROVIETNAM t
for the soap + detergent total seems rather low,

and would appear to refer rather to synthetic '
detergents alone. ‘

d) GROWTH RATE

A reasonable growth rate for the South ASIA region
over the 1330-1985 period would be ir the area
of 12-13 § per year, ard 100,C00 tons/yr seems

4 realistic synthetic detergent consumption level
for 1985,

e) DETERGENT DEMAND DEVELOPMENT

According to the PETROVIETNAM data, detergent
processing capacity in SOUTH VIETNAM is 32,332
tons/year, which corresponds to the synthetic
detergent consumption capacity quoted in the Plan
objectives.

If this dara is accurate, the detergent formulating
and frcccssing industry has already reached the
required capacity, and it will be sufficient to

double this capacity in order to meet the 198§
Plan objectives.
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CONCLUSION

The Plan objectives put forward by PETROVIETNAM, i.e.

19s8¢ 1388
Soaps §0,000 160,300
Synthetic detergents 53,302 113,330
100,000 210,009

are realistic as far as the scap + detergents
total is concerned, but the breakdown between
detergents and soaps (53/57) might show a shift
in favour of synthetics Dy around 1935,

It should be remembered, however, that only the
active ingredients, i.e. about 20 % of synthetic
detergents, are petrochemicals. In the case of
VIETNAM total active ingredient congumption will
be around 20,300 tons by 1985,
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5. PROPOSED PLAN FOR PETROCHEMICAL INDUSTRY
DEVELOPMENT IN VIETNAM

1. Genera)

2. Petrochemical industry development plan

3. Plan for petrochemical 1ndustry development
In VIETNAM - Stage |

-
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1. ceneraL

There are many d4ifferen- tyres of factors which affect
the establishment and development of a petrochemical
industry. These can be classified as gecgraphical,
human, economic, financial and technical. They have
been discussed in paragraph 1.2. The essential factors
are the existence of a market, the means of financing
investments and a 3upply of raw materials. Less essen-
tial but important factors are the existaence of a
processing industry and manpower rescurces.

There follcws an attempt to aralyse the situation in
VIETNAM with reference o the above factors.

al EXISTENCE OF A MARKET

. The present market for petrochemicals in VIETNAM,
-¢. plastics, fibres and detergents, is not very
developed but middle and long term prospects,
' considering the large population and the forecast
increases in national income are bright enough.

Table 3.1. forecas=s for 1935 3nd 1392 consumprion
of intermediates such as ethylere, prosylere and
benzene,

These e-hylene, Frocylene and baenzene sonsumption

figures fall short Secause certain products derived

form ethylene, pPropylene and berzene have not been
included, e.3. ethylene oxide, ethylene giycol,
polyvinyl acetate, prepylene oxide ; hence it is
necessary to multi;ly these values by factors to
arrive at a potential coensumption figure closed

t0 reality, Table 1.2, gives an 2stimated value
for total rorvential consump*tion cf intermediates.
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TABLE 3.2
TOTAL ESTIMATED CONSUMPTION OF INTERMEDIATES
IN VIETNAM (10?2 TONS)

1988 1980
ETHYLENE 125 248
PROPYLENE 70 150 }
BENZENE 55 95 i
PARAXYLENE 45 30

- s a2 e s s - oG o e s E asoce e e
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b)

c)

d)

e)

MEANS OF FINANCING

The petrochemical industry is a hevay indus<ry
requiring very considerable irves~tments, I+ can ba
assumed that up to 1335 almos® all the firancing
potential i.e. international loans, will be _
“otally used for tha fertilizer complex, *he rafiner -,
the processing industry and initiating etrochemical
production such as PVC plant., It would be better

to delay heavy petrochemical industry constructior
until 1930,

RAW MATERIAL SUPPLIES

In order, for a perrochemical irdustry, to be set
Up, there must be petroleum raw materials available,
in the form of either §as, or jertroleum fractiors
Obtained through refining.

The raw materials situation in VIETNAM is at present
not yet defined.

The petrochemical complex could evidently rely on
certain petroleum fractions, as raw materials sirce

it will be established after the star- up of a
refining industry, but the possibili+y of natural

§4s resources must also be considered - either

ethane or e<hane/propare, a very attractive ray
material for an ethylere-based Pe~rochemical industry,

EXISTENCE OF A PROCESSING INDUSTRY

As specified in paragraph 2.2. and 2.3. the exis-
Tence of a processing industry is indispensable

for a petrochemical industry oriented towards a
local market, A petrochemical industry canrot star:
up without some rrocessing indus*ry but it is
Possible during start up To tuild up this processing
industry.

MANPOWER AVAILABILITY

All sectors of the petrochemical industry reguire
4 highly specialized work force., I+ is possible
during unit start Up to call on external cooperation.
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2+ PETROCHEMICAL INDUSTRY DEVELOPMENT PLAN

If we take into account the factors discussed ir +the
previous paragrarh and the idea of economic capacity
the develoomen: of the petrochemical industry must be
envisaged in several stages.

For the first stage, the only unit which seems to be
of suitable size is the PYC unit. The ethylene unit

is too small and carrot be justified, and the polyethy-
lene units are also too small.

In subsequent stages, a 252,000 ton ethylene steam
cracker can be set up, as well as a high density
polyethylene unit, a low density polyethylene unit, a
polypropylene unit and another PV( vuniw. Censtruction
of an aromtics-based complex for nylon and polyesster
must also be planned.

The development of the petrochemical industry, i.e. the
type of complex, will deperd mairly on the raw material.

If the raw material availabla for the stean cracker is a
Mixture ethane and propane, The complex -ased on ethy-
lene, and the complex ~ased on aromatics could be sepa-
rate and even situated in different+ places.

lf gas is not available it will be necessary to plan
for the utilisarion of raphtha or gas oil and in zhis
Case the two complexes would re inTegrated ani located
in the same sire,

Several scenarios are possible. The variable which
differen~iates them is <the s-eam cracker feedstock,

The first scenario is based on an ethane steam cracker,
the second on arn ethane/prorane steam cracker and the
third on a liquid feeds+ock steam cracker. Each scenario
will comprise several stages of development.

The various scenarios are presented in the table which
follows. (table 3.3.)

For each of these scenarios, it is possible, of course
to phase some productions using ethylene by operating
the steam cracker at a reduced cavacity - all will
derend on the availability of financing, because the
total investments for each of these scenarios, without
taking inTo account inflation will be higher than one
milliard USS.

It is not possible at this stage to study each of these
scenarios in more detail owing to uncertainties as to
the steam cracker feedstock.

-
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3. 1.

3. PLAN POR PETROCHEMICAL INDUSTRY DEVELOPMENT
IN VIETNAM - STAGE ]

INTRODUCTION

Plastics consumption forecasts for 13485 are as follows
PVC 56,200 tons, low density polyethylene 35,150 tors
high density polyethylene 30,300 tons, polypropylene
25 J0CO0 tons and polystyrene 15 03) =ons.

The only economic capacity is PVC ; a 8¢ 009 tong/year
PYC unit is profirable and can >e cors idered. PVC can
be produced using either imported or locally produced
vinyl chloride monomer, but in this hypothesis, it is
necessary to import ethylene and to produce chlorine
by salt electrolysis.

It seems preferable in the first state to import vinyl
chloride monomer instead of producing it for the followe
ing reascns :

» Investment for chlorine and v/~M production are very
high compared *o those for P/C alone

. Importinrg ethylere requires more expersive storage
Tanks than those for the impor=: of 7C}

. The production cost of M depends <o a grear exten-
on unit capacity and it seems berver o build a
bigger unit in <he second stage than a small unit
in the first stage and a secord small one in +he
secord state.

« The size effect is much less marked in the case of FV_.

The following chapter contains a preliminary definition
of a PVC unit.
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OESCRIPTION OF DIFFERENT TYPES OF PROCESSES

The three main techniques used to polymerise vinyl
chloride into PVC are

. 3Suspension polymerisation
+ Emulsion polymerisation

. wiquid phase bulk polymerisation

al Sus pendion polymerisation

Polymerisation unit

Vinyl chloride polymerisation into PVC taxes

place batchwise in large autoclaves (saveral
for each line).

After nitrogen purging each polymeriser is fed
with VCM from storage, demineralized water,
suspending agents, catalysts and initiator
frcviously weighed, Steam or hot water is then
ntroduced into the reactor jacket to start toly-
merisation. Since the reaction is exothermic,
the temperature is maintaired constant at abou+
50-8C°C by circulating cooling or chilled water
in the jacke:.

Suring the reaction, the mix-ure is centinuously
Agitated. Each grade or resin is determined

by quantities of reactants an< additives, reac<ior
time, reaction temperature, etc,,

The end of the reaction is shown >y a drop
in pressure =5 less than 3 atm. Yield of
conversion is ther about 3J-§%5 %, A slurry,
i.e. a suspension of soiid PVC in warter, is
firally ob*ained.
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Monomer recovery

The slurry is degagsed in the autoclave or in a separate
degasing vessel and can then be zontinuously sent to a
strirping column, where YCM is stripred.

After separation from steam, VCM vapour is sent o a
g§as holder together with unconverzed VCM from autoclaves,
then compressed and ligquefied,

L)

Liquid VCM is further purified in a column, and recycled
after intermediate storage to the VCM feed tanks.

Slurry dewatering andg drying

Stripped slurry from several batches is fed to a storage
tank Zor homogeneisation, together with slurry recovered
from washing out the reactors. The slurry consists of
PVC grains dispersed in polymerisation water which also
contains residues of the additives used in the reaction.
PUC is usually separated from additives and from most of
the water by centrifugation, which can be accempanied

by water washing, and filtration,

“he polymer cake i{s then dried and transported pneumatie-
cally to a screen, 'here any oversized particles are
removed, then goes to a product hopper before being
bagged or shipped in bulk.

This section is operated continuously.

Completion of the whole operation requires saveral hours.
construction material is relativelvy costly, since stain-
less steel or resin-coated steel i3 used for all equipmen=
i; contact with raw materials and for equipment in cortact
with PYC.
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Emulsion polymerisation

Until 1950, this type of polymerisation was used cn a
larger scale than other processes. But after the rapid
development of suspension polymerisation, *he number of
plants using it has dwindled. Nevertheless, the process
remains irreplaceable for production of certain resin
grades used for ccating  ind plastisol manufacrture. In
The U.3., emulsion polymerisation troducts account fer
about 13 % of total PYC production.

Polymerisation

This is usually carried out in batches in large jacketed
autoclaves. An emulsifier creates micelles where polyme-
rization is initiated, stabilizes monomer droplets in
the emulsion and protects polymer particles from coagu-
lation during the reaction. A+ the beginning of the
reaction, a stable emuision of vinyl chloride in water
is thus created.

Emulsifier, initiator and buffer agent dissclved in
demineralized water (cold water is often used to prevent
initiator decomposition) are fed to the purged auto-
clave. Vinyl chloride monomer is then added. An emulsion
is created by agitation, and heated by steam circulating

in the reactor jacket to the desired polymerization
temperature (4J-55°7),

The end of the polymerization is indicated by a drop in
pressure ; after 12 toc 13 hours, 33 to 95 3 of the VCM
feedstock is polymerized., A PVC latex is finally obrtained.

Reactors are periodically washed as in *he suspension
process.

Monomer recovery

The autoclave is degassed tC remove most of the menormer.
In recent processes, the PV” latex is then sent to s*eanm
stripping to eliminate the last traces of monomer.

Monomer is subsequently recovered in the same way as
in the suspension process.
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Latex drying and product finishing

Emulsion from several batches is fed to a blending tank

for nomogenisatiorn.

Latex (concenc<rated or nc<t) is then pumped into a spray
dryer where circulating ho=- air vaporizes water still

contaired in fire 2

atsx partizle,

The air-product mixture leaves the dryer and passes into
filters where dried PVC is separated from the drying air
and flows to a classifier. Air can be vented to the

atmosphere, but part of it is sometimes recycled to the

air blower.

Product from filters goes to a magnetic separator and

a vibrating screen

and is then crushed to yieid a fine

powder which is bagged or shipped in bulk,

-
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Bulk polymerisation

Vapour phase bulk processes still being in the development
stage, liquid phase polymerisa+tion is *he only bulk process
used industrially. Polymerisation is performed in two
stages, i.e. prepolymeriszation ard colymerisatiorn,

Srepolymerisatian

The operation is carried out in a jacketed autoclave
fitted with an agitator and topped by a reflux condenser.

After purging with nitro en, iritiators are introduced
ther part (about 50 %) of the +oral liquid feedstock is
added.

The initiator consists of a mixture of organic peroxides.
Cooling water is used to regulate the temperature. When
the desired transformation ratic -3 to 12 % of moromer
converted into PVC seed- is achieved, the mother batch
load is transferred <o secondary polymerization autoclave.

A single prepolymerizer is designed to feed several
autoclaves,

Polymerisation anc degassing

Autoclaves are fitted with agirtator, jacket for water
circulation, and reflux condenser.

Liquid vinyl chloride monomer and tha rar<ially peclyme-
rized vinyl chloride (mother “atch ) are charged after
degassing ard iniviaror irtroducticn. The autoclave is
heated by hot water +«o about 73°7. YWhen a 30 to 85 3%
transformation ratio is achieved, according to the desirec
FVC grade, the autoclave is legassed, and the none-conver<e-
moncmer is recovered oy condensatiorn,

The unreacted monomer at tne end of the cycle being
completely adsorbed =n the polymer beads, monomer is
recovered in two stages ; the first stage includes
heating and condensation, and the second stage is

achieved by means of a vacuum pump and a degassing
compressor.
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Autoclaves are solvent - cleaned about avery 10 batches.

Product finlsning

The pulverulent polvmer is discharged cneumatically

o0 a recezvzug Hopﬁer, then fed to a multie-st -age oscill-
ating szave, where the Zesired product, consis<ting cof
very fine car+ticles, is collected and sent =0 sTorage
Jversized rarticles are milled by a grinder. 3Smaller
particles collected from the mils constitute a second-
grade PVC.,
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Advantagu and drawbachks o4 the di{{erent
processes

Presently the emulsion poiymerisation is used
only to produce resing with very Jefinite
applications - coatings and plas<-isols-.

The Jietnamese marraer sresent and fu<uire, dces
Not seem to justify <hae setting-up of such a
unit,

The two other types »f polymerisation have _
their advantages and their drawbacks.

The suspension =yce srocesses include four
sections : rolymeriza=zion, vinyl chloride
recovery, drying, finishing and storage. The
Sulk process has cnily 3 sections : the dryving
sectior being urnecessary which willi have +he
effect of making less equipment necessary in

the polymerisation plant since the reaction
occurs without water or suspension agents and
also of eliminating the need for waste water
treatment since water is not usec. Note, however,

that regulation of the bulk prccess is more
difficulr,

As regards product jualities, the Two rocesses
can gererally cover tha whole range of properties
required by the Vistnamese marxet,

From a gereral point of view, the suspensisn Tyre
ard bulk type processes lead *o some differances
=0 the quality of the :roducrs :

.+ Bulk resins creser: a slight advanrtage in
the field of rackaging

. 3Suspensiorn resins presert an advantage in
the field of wire and cable coating

.+ Bulk resins -resen- an advantage in the
field. of extrusion (rigild pipes, profilas)
due to higher bulk dansity at the same
porosity level,

Concerning investments, the equipment price is
slightly lower in the case of a bulk process,
but the difference bSetween the two processes
is greatly reduced if the amount of royalties
for the bulk process is taken into account.
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At this prelimirary stage of the study, it

is difficult to choose ore process but

taking into account the higher insvtalled
capacities in the world and the greater number

of licensors for s
technical defini~i
will be given,

uspension rrocesses, the
cn of a suspension process
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4, DEFINITION OF PVC UNIT AND PVC COMPOUND UNIT

1. Production of PVC
2. PVC compound production

3. Naw material and chemical specifications
PVC unit

4. Economic data
S. Reception and shipping \

6. Economic study
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1. PRODUCTION OF pvC

CAPACITY

R —————

The polyvinyl chloride prcduction unit is sized
in order to be able to produce 50,300 tons of Pve
from virylchloride monomer on the bases of

8330 hours' production Ter vear,

DESCRIPTION OF THE SECTIONS

VCM is polymerised wi<h a catalyst in agitated
reactors working discontinuously. Polymerisatiorn
takes place in suspension in a water solution -

small spheres which form FOlymer pearls during the
reaction.

At a certain temperature, the initiation reacrion
1s shorted in the reactor, then once free radicals

nave been created, the cha‘-n reaction begins and
bDecomes exothermic.

To avoid coalescence of the rartially rolymerized
spheres, suspension stabilizers are added <o the
water. The tendancy to aggiomerate car be reduced
>y the addition of produc<ts which increase +he
7iscosity of +he aquecus dhase. 3y maintaining
suitable reaction concirisns and by using an
appropriate combination of catalysts and additivag,
“he molecular weight of the product can Se controle

led and so corsequentl; can the physical properties
of final product. .

At the end of the reaction, the gazecus phase issuing
under pressure form the reactors and containing

not-reacted /CM is sent to the monomer recovery
section,
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The gazeous phase is condensed at a sufficiently
high pressure with refrigerated water and the
VCM is separated and recycled.

The slurry from <he polymerisation reactors contai-

ning the PYC rarticiaes in susrension is sent <o
irtermediate Storage tanks, from where it ig [
collected by pumps and sent TO a centrifugal machire.

The polymer chtained :g dried by hot air circulation

in a drier. The dry PYC is transported to storage
silos after screenirg.
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2, PYC COMPOUND PRODUCTION

CAPACITY

A —

The comPounds unit can produce continuously either
rigid PYC or flexible PVC. The unit is sized in
order to be able *o process 1J,300 tons of resins
on the basis of 14,230 tons of compourds per year,

DESCRIPTION

The unit is equipped and OFerated as follouws
quipp

The quantities of PVC and plasticizers to be blended
are determined accordinrg to the formulation of tre
compound to be manufactured.

PVC is air-corveyed from the storage silos in a
weighing hopper, then sent to 4 mixer.

The plasticizers are transferred to the mixer by
volume pumps. Jacker heatirg allows hot oroduct
mixing ard pregelification TO taxe jlace.
After some -ime, the ho- mixture is trarsferred L
gravity into a buffer nopper.,

At the hopper outlet, the rroduct is <transferred,
2ither by gravity flow, if hot, into the feed hopper
of an ex=ruder, or in *he powder form, if cold,
directly to the bagging machine.

After axtrusion for which various possible ways
axist, the compound is granulated, then transferred
tTO storage silos,
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3. RAW MATERIAL AND CHEMICAL SPECIFICATIONS

PYC UNIT

Raw materials

Vinyl chloride moromer

Purity min 39,38 &% weight
Sutadiene max sppm weigh<

Light-ends other than butadiene

Heavy ends

Aldehyde

HC1 max 1 ppm wt
Water max 30 ppm we+
Iron max 3.5 ppm wet

Peroxyde (Ha92) max 0.2 ppm wet

Methyl chloride max 53 Ppm wt,

Auxiliazg materialy

catalyss
Chain modifier

Polymerisaticn breaker

Other reagents

max 10 pp we
max 10 ppm wt

nil
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*  PVC UNIT

The production unit will produce £0 0300 tons of P
pPer year on the basis of 3200 hours' operation.

PRODUCTION UNIT CONSUMPTION
4‘

. Raw materials

VeM 7.9 *on/hour
o Utilities

] Steam 21.3 tons/hour {
Cooling water 2420 m¥/nour
Demineralized water 58 m3/noyr
Electricity 2640 kWh/hour
Instrument air <280 Nm?/hour
Ni=rogen 25 Nm¥/hour
NOTE : These are average consumption figures which can vary \

slightly according the type of process.

*  COMPOUNDS UNIT

Auxiliary products

The consumption of auxiliary products, such as
plasticizers, depends on the type of compound

to be produced. For nighly plasticized compounds
consumption can veach up o 533/55)kg per ton
of PVC.

In the study, the average quantity of plasticizers
is 400 kg/ton of BVC.

« Utilities

Cooling water 30 m?/hour
Electricity 2400 kWh/hour
instrument air 120 m3¥/hour
Service air 40 m3¥/hour
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5. RECEPTION AND SHIPPING

vCM will be shipped to VIETNAM :in ships of 3000 a°
i.e. a boatr every two weexs,

At the harbour, VCM will be urnloaded by a loading arm,

then transferred
in the PVC unit.

Bagggd PVC, resin
within the countr

by pipeline <o storage spheres located

s and compounds will be distributed
¥y by rail, road and sea.
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6. Economic sTuDY

INTROOUCTION

The bases of the economic calculation are enerally
the same than those used for the refining (see
Volume III, Chapter 3),

For the working capital, we vill taxe only one month
of final products.

The utilities costs are as follows l

« 3 ¢/kWh for electricity

. $ ¢/m? for industrial vater

. 8.7 US$/106kcal for fuel.

AT This stage of the project, a simple ecoromic
evaliation will be carried our,

The price of V2 will be calculated by taking
4 reimbursemert seriod before Taxes of 3 vears, ’

investment cos+
depreciation
orerating cos*

! raw material cos*
! sales revernuye,

WMBO O

PRODUCTION COST : P s 0 + R

@

ROSS CASH FLOW : GCF = S-p
Tax base : GCF - D
Tax : T = (GCF - D) x 0.4

666 « Lo .p
6

SALES REVENUE
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6.2. RAN MATERIAL COST

The major part of voM produced in the world is

captive on site for the P/C production. Meanwhile
8Xport streams aexis<+,

3uT export prices vary according to *he origin
for instance, the American €XP0rt prices are l:syar
*han those of JATAN and EURCFE.

In the study, we will take a CIF price of 255 US$/zon.

6.3. INVESTMENTS

The costs are givan in mid 1373 s dollars.

Table 94 Lnvestmenty in 103Uss

Process units

21 003
Offsites uzilities 12 982
Erected cos* in ELRCPE 33 353
Total cost ir EURCSE 39 9243
Total cost in VIETNAM 36 800
Spare rarts 1379
cartalysts and chemical
products 539
Royalties 2 300
‘re-operating and starteup
expensaes 3 3890
Total investment 85 w3cC
Working capital 3 407
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TABLE .4

OPERATING COST - 102yss

JARIABLE CHARGES
s R

Rew materiels
Fuel
Incustrial water

Cetalysts anc cremicasl
Electricity

Sub Total

#IXED CHARGES

T

Manpower

Techniczal assistance
Meintenance

Insurance

General overread

Land rent

Interest on woreing capital

Sub-total

QT AL

43 230
387
88
8co
788

200
385
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CALCULATION OF THE PVC SALES PRICE

TABLE 4.2

Total investment
Pay-out time

Grass caeh flow
Total opersting coet

Total sales

PV C sales price

9% 430
8

10 308

28 118

39 023

850 us$/ton

180,

-
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RESULTS

R —

Raw material cost constitutes 60 % of the toral

price. The PVC production profitability will mainly
depend on the import VCM orices,

Meanwhile, in spi & of an uncertainty concerring
future VCM prices, i- seams more advisable in a first
Step to set up only the PVC production. The investnent
of the total PVC chain, i.e. chlorine production,

VCM production, will be berween 159 and 200 milliards
US dollars, versus 65 million for PVC alone.




5. STEAM CRACKING ‘

1. Introduction
2. VYields

3. Description of a unit of naphtha
steam cracking \

4. Description of ethane steam cracker
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1. INTRODUCTION

The steam cracking is <he operation of pyrolysis which
transforms a petroleum fracrtion constituted by one

or several hjdrocarbons in some more reactive hydroe
carbons, bases of the perrochemical industry which are
olefins, diclefins and aromatics.

The raw materials which exist as feedstocks of “he
Stean cracker are the following

» light hydrocarbors : ethane and propane existing in
natural gas and in the gas associated wi-h crude oil

+ liquefied zas coming from the refining : propane and
butanes

. distillation gasoline (raphtha) and particularly
light gasoline of low value as motor fuel

« heavier fractions of distillation such as kercserne
and gas oil.
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2. YIELDS

The feedstocks for an ethylene plant can e divided as
follows :

GASEQUS FEEDSTOCKS

Of these components, ethane is the most favourable
for the ethylene production. The ultimate vield on
ethylene is about 78 % ar a conversion of 335 % per rass.

Propane is the next bes~ feedstocks, producing 36,35 3
of ethylene at a conversion of 31 3, However,
additionally some ethane is Produced and the ultima-e
vield of ethylene can be increased to some 44 §
including propane recycling and cracking o extinction.

For butane, a strong restriction has to be applilied

43 n-butane is an excellent feedstock for ethylene
production, while isobutane will produce predominantly
propylene. Therefore the feedstock should consist
substantially of nebutane with some isobutane. The orce

through ethylene yiel. is 31 ¥, the ultimate yield is
around 36 %,

LIQUID CHARGES

A bif difference Hetween the gasecus feedstocks and
the liquid feedstocks i3 trat: the former are well-
defined : componen=s while the liquid feestock zontains
rormally so many conronents that other means of
characterisation have to e applied.

For their suitability as feeds<ock, it g important <o
know the content of

+ Normal paraffins wnich can 3ive a high vield on
ethylene and a comparatively low vield of Jrosylane

+ Isoe-paraffins which give a rather low vield of
ethylene but a relatively high yield of propylene

+ Naphthenes which g§ive not much ethylene but are
favourable for the butadiene vield and the amount
of BTX in the pyrolysis gasoline

. Aromatics which hardly contribute to the ethylene
vield but sudstantially increase the pyrolysis
fuel oil quantity.
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Average furnace yields are given in the following table.

The given yields are average vyiaslds at high severity,
These yields can vary according to the severity,
the feedstock analysis and the type of furnaces.
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TYPICAL YIELD POR A STEAM CRACKER WITH VARIOUS PFEED
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3, DESCRIPTION OF A UNIT OF NAPHTHA STEAM CRACKING

ing 4ni%*s or secviorns

Pyrolysis and primary seraration of cracked gas
in light products and neavy products

Compression of cracked g§as and treating (H;5
extraction by caustic washing and <rying)

Hydrogen recovery, methane sazaration, metharation
of zarbon moroxide

Fractionation and products recovery : ethylene,
propylene, C. cut, gasoline !

Refrigeratior (ethylene and propvlenre cycled)
Fyrolyses gasoline hydrogenatior

Butadiene ex=trac+ion

P/ROLYSTS AND PRIMARY SEPARATION

The cracking secticn is composed of
number of furnaces, wnich are of =i

dccording to the fesdstock processe
severity selectad.

Ly
e
s}

The rumber of furnaces is chosen with the obiace |
tives of minimum downtime and allewing decoking ‘
of one furnace withous unduly upsetting the |
operations of the downs<ream equicmer<,

furances consist in a convec*ion sectior, and a
radiant sectiorn zone for the preheat and the
cracking of the feed.

The dilution steam is mixed with hydrocarbon feed
before entering the convection zore. In this

section of the furnace, the mixture hydrocarbone
steam is heated to about 580°C-500°" before entering
the radiation zone. The convection zore furthermore
preheats the water feed for the quench boilers.




In the radiation zore, vertical cracking tubes are
hanged an §posec 1n one row which is heated

On each side by two radiant walls with burners
which can be fed either S5y fuel oil or fuel gas.

At furnace output, the sracred afflients are
subject to a sevare quench, in viaw of stopzing
the evolutior of cracking reactions. The efflien-
from sach furrace Passes through special exzhargers
acting as HP staeam gererators, and the temperature
is reduced to approximately +J0°C., The tube

Wall temperature in the steam generation must pHe
ma-ntained above the incipient condensation point
of the heavy comporents in the cracked gas in
order to aveid fouling and loss of heat transfer,
For this reason, the steam must ce genesrated at
high pressure,

Sefore flowing ro the priamry tower, the cracked
8§48 at the outlet of thae quench boilers is cooled
further u: o pproximately 183°C, py injection of
quench oil in the transfer line. This quench cil is
2 part of <the fuel oil recovered and cocled at the
bottom of the primary tower.

In the primary tcwer, the fuel oil components are
spearated from the cracked g§4as. At the bottom of
this tower, the neavy croducts are separated arnd
provide quench oil and fual 2il streams,

The quality of separasion in the primary tcwer
is imgroved by gascline and waver recycle streams
4% the top of the zolumn.

in the primary rover, flows ro The juerch towar
wrnere they are zooled 5y direct convacrt ywith
water., The dilution steam is thus ccndersed anc
water and hydrccarhons are Colleczed in a drum ard
decanted.

The cracked gas, after elimina<ion of heavy ardg

The hydrocarbtors are tartly recycled +o the primary
tCwer, the excess being a part of the gascline cur,
The water rphase i3 recycled to the quench =oyer
after cooling. The excess of this water phase is
sent to the dilution steam production system.
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COMPRESSORS AND GAS TREATING

In this section, the cracked §48 are compressed
TO the operatirg sressure of a demethaniser.

The overhead gases of r~he Primary fracrtiona-or

are compressed in a : stage centrifugal cempraessor
#ith a steam turtine #r:ive MDD TO 3537 bars eff,

The condensates of the first stage drum are sent
back to the primary tower, and the condensates
of second stage drum feed a stripper,

Gas from the third stage of compression is treated
in a caustic scrusber for removal of acidic compo-

nents by absorption in 2 stages with circulating
caustic solutions.

The gas compressed in the Sth stage is cooled with

water and with propylene. Cooled vapors from the

Sth stage cracked g§as separator flow to a ser of ‘
solid adsorbent “yre dehydrators, where they are

dried to a dew point sufficient *o preverit the

formation of ice and nydrates in the subsequen<

low temperature separation sect-on. An activated

alumina dessicant is used.

DEMETHANISER, METHANATIOV AND HYDROGEN RECOVERY

In this section, methare is sejarated from +:ae

“2* hydrocarbons and rich streams cf nyirogen can
e obtained.

The refrigerarion required for the separation :is
supplied by a cascade system employing athylene
and propylene products as coolants,

Hydrogen at 35 % volume has To te purified before
being used ir the different hydrogenation processes,
It contains cardon monoxi-e which i{f presen: in
large quantities would rapidly poison the catalyst,
Thus, after heat exchange, hydrogen gas flows to a
methanation reactor where cartorn monoxide is
hydrogenated to methane and water,
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DEETHANISER, C. SPLITTER AND C2 CUT HYDROGENATION

The C; cut from the bottom of the demethaniser
is sent to the deethaniger.

The deethaniser overhead is sent to +the acetv .l ere
nydrogenation uni-,

-n order to face evantual 2igh acetylers contents,
“wo Aydrogena<tior reactor: are Used in seriag

with intercoclers in ordar 0 limit the temperature
rise due to the acethylens hydrogenation reaction.

7C % of the 4cethylene conversion +akes place ir the
first reactor. The hydrogen make up is made wi<h
hydroger. 35 % volume.

The deethaniser overnead 7apor is gent to splittaer

which separates ethylene from etrare and heavier
hydrocarbons.

Ethylene produced i3 drawn off as a sidestream in
order tc get a product frae from methane (irtro-
duced by C; hydrogenation),

DEPROPANISER, Ca Cur HYOROGENATION

The C3+ deethaniser botrenm and condernsate stripper
bottoms are sent o the depropaniser. Tre 2y su+
is the cverread of the depropaniser.

The deproraniser liquis overnead i3 sent tO the
sydrogenation reacrors Through a coalescer.

defcre entering the Teacrtors, the feed is mixed
with 35 % hydrogen, Tue T8aCtors are used ith
fiked bet cartalysts,

The reactor offl.en- is sert r0 a iemetharisaer
column where the light gases are taker Overhead.

The demethaniser Sot-om is the chemical grade
Propylene preducte,

DEBUTANISER

The depropaniser botzoms are Sent tc the debutaniser
column, The C, cut is Separated at the overhead.
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The bottom product is the gasoline cut, which
together with gasoline ex compression, is sent
to the hydrogenation uni:.

Pyrolysis gasotline hydrcgenation

This section i3 compesed of 4 tarrs reactor,
stabilizer, rerun column, depentaniser.
A fixed bed reactor is used, containing a nickel
catalyst supported on alumina.

The gasoline feedstock is mixed with hydrogen and
Sent to the reactor.

In the stabilizer, the lights products are
Separated from the heavy products.

The aim of the rerun column is to eliminate the
g§ums and part of the heaviest components.

Regaigczation cyctes

This section provides cooling for liquafying the
cracked gas before fractionation, and for various

reflux streams in the low Temperature fracrtionation
section,

The process scheme reeded for the separation of +he
cracked products reguiraes cooling at different teme

rPOrature levels in the irteprval cetween 20°7 and
1509,
® ilJu - e

The principle of cascade refrigeration is generally
selec~ed for simplicisy of operaticn ard for
optimum investments versus orerating costs.

The choice of cooling fluids, ethylene and propylerne,
allow a great flexibility of supply since they are
products of the steam cracking unit, Furthermore,

their physical properties are well adapted to the
duties required.

The temperature leve.s of refrigeration are :
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. For the propylene refrigerant : + 7°C
«21°C
=33°C

. For the ethylene refrigerant =58°C

«123.583¢

Butadiene extraction

The yield in butadiene is increasing with the
severity of cracking and may be around & % of the
cracked feedstock, or 43/5C % of the Ce cut. Thre
steam crackers of naphtha are generally the main
sources of butadiene.

The specifications of polymerisation butadiene are
ver, tight, sc¢ that orly an extractive distillation
is able to overcome the difflcult es o acetylienic
components removal.

In this type of unit, butadiene is separated from

the C, fraction by extractive distillartion with a

solvent such as acetonitrile (SHELL) or nemethyle
pyrrolidone (3ASF-LURGI). .All these processes

include extractive distillation in one or two

columns, whereby all butadisne and subsrituted

acetylenes are separated ir a solvent phase. The

solvent is recovered by stripping and the impurities

are removed from butadiene by distillation. The

solvent is removed from the raffinate by washing N\

With water and subsequenz distilla=iorn.
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4. DESCRIPTION OF A UNIT OF STEAM CRACKER OF ETHANE

The basic process is +the same ~han the rnaphtha crccess
Sut there are some differences in “he descrip+ion.

the case of ethane, 3rly one <yre of furnace is usad.
The primary towar is not necessary Lecause of the very
low amount of fuel oil comporents to be serarated.,

No in-line quenching with oil ig inlcuded, nor low
pressure steam boiler on the jiench oil. The quench
So=ler effluent anters directly the juench tower.

The compression capacity is larger than in the case of
liquid feedstocks, due to the large amount of ethane
recycle, and there is no condensate stripper.

The deethaniser, 2 split-er and hydrogeration set up
are larger than for lijuid feedstocks.

The depropaniser, gasoline hydrctreater and butadiene
extraction are not ircluded

The refrigeration cvcles are the same, but refrigeration
norse power is less than ir +he case of liquid feedstocks.
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