G @ | TOGETHER

!{’\N i D/? L&y

=S~ vears | for a sustainable future
OCCASION

This publication has been made available to the public on the occasion of the 50" anniversary of the
United Nations Industrial Development Organisation.

’-.
Sy
B QNIDQI
s 77

vears | for a sustainable future

DISCLAIMER

This document has been produced without formal United Nations editing. The designations
employed and the presentation of the material in this document do not imply the expression of any
opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development
Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or
degree of development. Designations such as “developed”, “industrialized” and “developing” are
intended for statistical convenience and do not necessarily express a judgment about the stage
reached by a particular country or area in the development process. Mention of firm names or
commercial products does not constitute an endorsement by UNIDO.

FAIR USE POLICY
Any part of this publication may be quoted and referenced for educational and research purposes
without additional permission from UNIDO. However, those who make use of quoting and
referencing this publication are requested to follow the Fair Use Policy of giving due credit to
UNIDO.
CONTACT

Please contact publications@unido.org for further information concerning UNIDO publications.

For more information about UNIDO, please visit us at www.unido.org

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria

Tel: (+43-1) 26026-0 * www.unido.org * unido@unido.org


mailto:publications@unido.org
http://www.unido.org/

-

L

United Nations Industrial Development Organization

Distr.
LIMITED

ID/WG.27/8
31 COctober 1968

ORIGINAL: ENGLISH

Expert Group Meeting on the Development of the Plastics
Industry in Developing Countries

Vienna, Austria, 11~ 15 November 1968

R IN PRODUCTION AND CONSUMPTION OF PLASTICS
IN THE wonL;jg

by

E. G. Hancock
Shell Centre
United Kingdom

;300013

1/ The views and opinions expressed in this paper are those of the author and do
not necessarily reflect the views of the secretariat of UINIDO. This doowment

has been reproduced without formal editing




legibility standards,
Copy was used for prep

We regret that some of the
copy of this report may not be up to

pPages in the microfiche
the proper
even though the best possible
aring the master fiche.







D /WG, 27 /8
Page 3

Capacity
The present capacity for plastics world-wide is about 20,000,000 tons

made up as follows:

U.S5.A. 7.0 million
FEC ccuntries 4,5 million
Japan 3.0 million
U.S.S.R. 1,5 million
U.K. 1.3 million
Developing countries 0.8 million
Other developed countries 1.9 million

New plant; are being announced almost every weck but not all come on-stream
to time nor do they function at 100) capacity immediatcly. Turther, older
plants go out of producticn wvith little or no announcement so often actual
capacity is appreciably less than it would appear. [ven so, it would seem
probable that world capacity will be well over 100,000,000 tons by 1980 and
approaching 1,700,000,000 by &,""7,

It is not easy tn see how such capacity wiil be divided between the various
products tut as a first approximation we might assume that by 1380 polyolefin
capreity will reach about 30-15,000,0CC tons, polyvinvl ~hloride including co-

nolymers 20-25,000,00C tons, polvetyrene including ABS perhaps 1C-15,00C,0C0 tons,

Polyolefins andi polyvinvl chloride, larreiv because their raw materials are
708 but aleo becjuse in order to obtain ecoromical production continuous
:rote39es in large establishmerta are necessary, are capital intensive,
rolystyrene 18 1ntermediate Lyt mogt of the thermosetting resins have in the past
ba-n made in relativel, simple nyuipment and orlv recentiy are continuous
procesres teiny developed. Tralitiona.ly therefore they have been labour

irstensive tut the porition 18 8lowly “hanging.

‘.uch capacity will protatly te devoted to new plastics, A lot of these will
‘e new copolywmers of existing monomers, thus the polyolefin figures given above
are samumod to include copolymers of olefins with modest proportions of other
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monomers. There will also however be a limited production of entirely new
products by 1980 giving special properties such as heat resistence or greater

stiffresc.

Egpductlon

Chart 1 shows the world production of plastics to 1966 and then projected
to 1000 ¢iving, upper and lower limits. The meai fijure 1s slightly over
L0,000,000 tone. relow 15 giver a siumilar projection for the developing
cowttries (figures up o 1906 have been collected trom the countries 1t 1s
proposed to 1nvite to the Taku Contererce'., 1t seems likely that production
w11l te rising at a sli, ntlr creater rate than that of developed countries
werely because of the enormous potential consumption. The two curves show an
averafe 1ncrease 1305-1980 of 17, for the developins countries and 14.4% per

arnum for the total world.

a'onsxunEt on

"here are four ways in which plastics consunption can increase:

l. Ly an increase in porulatios ot the couatry concerned, meaning
more consumers.

2. By an increase in the standard of living 1in the population,
€1Ving nreater consumption per head.

1, An increase 1n the replacement of traditional materials, wood,
metal, cement etc., by plastics.

4. ‘The creation ol new applications as a result ~I the properties
which plastics possess, this 1s ol course almost 1impossible
to guantify and can be only very approximately covered in a
projectiou.

World population, according to a forecast published in i.odern Plastics
Aggust 16th 1960, page 08, 1s expected *to increase f{rom 3,500 million at the
present day to [,000 million by 1980 which would L itsel?! account .or a two-
toll 1ncrease 1in cousumptioi. [t 1s appreciated of course taat lorecasts of

the 1ncrease 1n population are notoriously prone to error and many divergent

forecasts have been published on this subject.
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The standard of living is very complicated to forecast as it is partly
related to the increase in population #@nd also to the effect of political
acfivity. Some figures of national income for different countries are however

given in Table 3.

The replacement of traditional material by plastics can be examined a tittle
further by looking at the relative properties and prices of different materials.
This could be carried to great lengths but in the time available only two very

simple studies can be made.

Chart 2 shows the world production of steel, consumption in any year will be
a little less than this due to material in transit, in stock or scrap. On the
same chart but below are given the production tirures in the developing countries,
due to imports and exports the censumption of developing ccuntries carnot be

calculated directly trom the chart.

Both curves are projected to 1980 and comparison with Chart 1 will show the
slow rate of growth os steel compared with nlastics (steel averagsing 1.7% per
annun compared w:th plustics growth of l4.4;. per annwa taken betweern the years
1965 and 1G80).

I'or mary applications volume 1is more sigmiiicant than weigoo, s and 1if the
world volumes are plotted on one chart (see Chart }) it becomes clear that the
volume ot plastics produced 1nr the world is likely to exceed the volume of steel
by the early 1980s. The average density of plastics has been taken as 1.0 in the

necessary calculations involved.

The other approach is to compare a key property together with the price of
gsome traditioral constructional materials and some plastics. The following
figures have been extracted from a paper by W. C. Alexander published in
Contemporary Physics Volune 8 1967 and are based on U.K. prices but converted to
dollars at +1 = $2.40.
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TABLE I
BASIC DATA Or STRUCTURAL MATERIALS
Cost per ton
in ¢ per unit
Tensile Gtrength Cost per ton Average cost of tensile
(ton/sqg, in.) Density in U,S.$ L.per cu,in, strength
Steel 40 7.8 216 2.7 0.067
Reinforced
concrete 1 2.4 19.2 0.07 0.070
Timber 0.5 0.5 121 0.065 0.013
Copper
castings 15 8.9 1,560 22.9 1.53
Aluninium ;
sheet 16 2.7 1,032 4.5 0.28
Polyethylene 1 0.9 360 0.55 0.55
e (rigid) 4 1.4 240 0.57 - 0.14
Nylon
plastic 5 1,15 1,680 2.7 0.54
(Glass weave— “
poclyester
laminates 50 1.87 2,768 8.0 0.16
For purely structura) applications it is clear that plastics cannot yet
compote with steel, reinforced concrete or timber on price. They have however

a great number of advantages, some of which are as {ollows:

(1) Very much easier to manipulate than conventional materials.
(2) Resistant to water and many corrosive chemicals.

(3) Attractive colour ranges. i

(4) Excellent elactrical insulation.
(5) Much more resistant to bacteria than wood,

(6) The price of plastics 1s falling due to improved tachniques of
manufacture and the scale of productiun while that of traditional
materials is tending to rise in most industrial nations.

Considerable thought has been grven as to how the consumption of plastics

in individual developing countries could be examined,

The only simple way seemed to be to assume that imports were equivalent to

consumption after allowing for any production and, in one or two cases, exports.




ID/WG.27/8
Page T

By these means we have calculated the consumption of plastics for 1966 in
a number of developing countries for which figures were readily available
(mostly from UN sources) ard then, using the appropriate population figures,

calculated the consumption in lbs/head. Results are shown in Table 2 below.

TABLT 2
CONSUMPTION PER HEAD OF INDIVIDUAL DEVELOPING COUNTRIES
Prod, Imp.  Lxp. Cons, izgii(l)zs Cons, lbs/head
("uU0s tons)
INDIA 39.4 16.8 0.9 593 498 0.248
PAKISTAN Nil 17.2 Wil 17.2 105 0. 366
MALAYSTA Nil . 29,0  Nil 29.0 9% . 0,679
TATVAN 45.6 26.2 0.7 71.1 12.8 1.25
INDONESIA Nil 14,0 Wil 14.0 107.8 0.294
PHILIPPINES 16.2 29.3  Nil 45.5 33.4 3.3
THAILAND Nil 36.9  Nil 6.9 31.5 2,62
TRAN Nl 23.4 Wil 23.4 25.8 2,03
LEBANON Nil 13.7 Wil 13.7 2.5 12.4
UNITED ARAB
REPUBLIC Nil 12.9 0.2 12.7 30.1 0.94
KENYA Nil 29.4  Nil 29.4 9.6 6.85
CAMBIA Nil 1.8 Nil 1.8 3.8 1.06
CONGO
(Leopoldville) Nil 3.7 Nil 3.7 16.0 0.52
ALGERIA Nil 8.5  Nil 8.5 12.1 1.57
MOROCCO Nil 10.5  Nil 10.5 13.7 1.72
ARCENTI NA 58.9 14.€ 0.7 72.8 22,7 7.18
BRAZIL 53.4 17.3  Nil 70.7 83.1 1.90
COLOMBIA 2.0 18.3  Nil 18.3 20.3 1.98
¥IXICO 71 53.3 0.2 124.1 44,1 6.3
VENEZUELA Nil 35.5  Nil 35.5 8.9 4.0

The corresponding figures for the U.S.A. are 59 lbs/head, the EEC 47 1bs/
head, and U.K, and Japan about 40 lbs/head, these have been taken for 1966
from the writer's article in the Financial Times June 19th 1967, page 15.
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These latter figures compared with those in the table showing consumption
in the cCevelopins countries enphasize enormous scope for increased consumption
purely as a result of an increased standard of living which we all hope will

take place in the not too distant future.

An attempt was made to g0 a little further by comparing plastics
consumption with the national income. Tlastics were valued at 3500/ton on
average and the final column gives the ratiu of the value of plastics
consumption (x 1,000) to the national income. Only certain countries have

been included owing to thé difficulty of getting reliable figures.
TABLE 3

RELATION OF PLASTICS CONSUMPTION TO NATIONAL INCOME

A B
Value of plastics

National Income (196€)  consumed in J.S. B x 1000

in U.8. dollars x 10  dollars x 10° A
Taiwan 2.53 35.8 14.2
Lebanon 0.87 6.85 7.85
Thailand 3.18 18.4 4.9
Philippines 4.91 22.7 4.7
Mexico 19.7 62,05 3.15
Argentina 16,3 36.4 2.22
Jlorocco 2.37 5.25 2.22
Iran 5.42 11.7 2,16
zambia 0.78 ‘ 0.9 1.15
India 32,1 27.65 0.87
Prazil 42.4 35.3 0.84
Pakistan 11,7 8.6 0.73

On the same basis the table below shows the figures for U.S.A., U.K,
and Japan.
UsS.A, 621 ‘ 2590 \ 4.16
U.X. 76 . 488  6.41
Japan 53 ' 882 16,6
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It is not very easy to see the reason for the differences here, there seems

to be some indication that countries less well endowed with natural resources
whether or not they are prosperous ir the sense of having 2 large national
income, tend to use larger proportions of plastics., 1t would be most interest-

ing to have-the views of other people during the discussion period.

Breakdown of Consumption Between Products

Many forecasts have been made as to the trend of various plastic materials.
Nommally if we attumpt to add up the individunl forecasts they fall a long way
below the totzl or leave you with the alternative of assuming a very large
production of miscellaneous or until now unknown materials by 1980. 1 have
given some suggestions for the Capacity of the major thermoplastics in the first
paragraph. 1Iu a rapidly growing product consumptionr: tends to lag behind produc-
tion due to the necessity for the increase in stocks co it is probably reasonable
to assume a world consumption of 99,000,000 tons by 1980, Of this 94,000,000

the following would be a reasonable breakdown:

Polyolefins including copelymers containing

a major proportion of nlefins 26,000,000 tons
PVC and copolymers 23,000,000 tons
Polystyrenc and other styrene plastics

including ABS 12,000,000 tons
Phenolic resins 4,000,000 tons
Urea formaldehyde and melamine formaldehyde

resins 5,000,000 tons
Polyurethanes 5,000,000 tons
Acrylics 1,000,000 tens
Polyviryl acetate 2,000,000 tons
Cellulosics S 3,000,000 tons
Alkyds ‘ 4,000,000 tons
Unsaturated polyesters 6,000,000 tons
Nylon plastics 1,000,000 tons
Miscellar®ous and new materials 3,000,000 tons

Production in Developing Countries

The next tatle shows the raw materials required for the principal plastics
and from what source thcy are obtained. To avoid over-elaboration with detail

we have confined ourselves to the principal processes.




1D/wG.27/8
Page 10

IABRLE 4

ALS FOR THE PRINCIPAL RESINS AND PL

Regin or Plastic Polymer

Polyethylene
Polypropylene

Peiyvinyl chleoride
Polystyrene

Nylon €

Kylon 66

Polywethyl
methacrylate

3aturated polyesters

Unsaturated
Polyesters

Polyvinyl acetate
Poly acrylates

ABS

Cellulose acetate

Phenol formaldehyde
resins

Urea formaldehyde
regins

Melamine formaldehyde
resins

P W ™ o ™ PV NN Py~

PINAIN  OTNSTN

Secondary Raw
Material

Nil
Nil

Vinyl chloride

Styrene

Caprolactanm

Adipic acid
Hexamethylene
diamine
Acetone
Hydrogen cyanide

Teraphthalic acid
Ethylene glycol
Phthalic arhydride
Maleic anhydride
Propylene glycol
Styrene

Vinyl acetate
Alkyl acrylate

Styrene
Butadiene
Acrylonitrile

Phenol
Formaldehyde

Urea
Formaldehyde

Melamine
Formaldehyde

1C

I~

PN PN~ o~ NN TN NN e~

Basic Raw
Material

Ethylene
Propylene

Ethylene
Chlorine

Ethylene
Benzene

Benzene
Propylene
Ammonia

Benzene
Ammonia

Propylene
Methane
Ammonia

Paraxylene
Fthylene

Orthoxylene
Benzene
Propylene
Bthylene
Benzene

Dthylene
Acetic acid

Propylene
Appropriate alcohol

Benzene
Ethylene

Prop&lene
Ammonia

Cotton linters
Acetic acid

Benzene
Propylene
Methyl alcohol
Ammonia o
Methyl alcohol

Ammonia
Methyl alcohol
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Table 4 (Cont.)

Secondary Raw Masic Raw

Resin or FPlastic Eg;mg &na“ a““ ]
Polyurethanes Polyols Propylene

1soe t Toluene

BoCyanates nia

Carbor. monoxide
Chlorire

It is remarkable how the vhole range of plastics can be prepared from so few
base materials, Thege arc repeated in Table % below with their method of
production.

Blagtics Bage Materjal leth4 2 Frodue iicn

Ethylene Steam cracking ~f naphtha or
Fropylcne natural s rontaining substantial
Butadicne proportinrs of ©  and abeve,
Benzene Catalytic ret. Mine f epecial
Toluenc naphtha fractyior, {1 lowed by
Orthoxylene solvent extracty end, 1f neces-
Paraxylene sary, deaibyia.ior,

Methane Natural ;as,

Ammonia Steam ref muirg of -y fractina,
Methyl alcohol parti uiari; raphtha, to give

Byntheei~ g ¢ foliowed ty the
apprprist. catalyto reaction,

Carbon monoxide By-preduct o1 mag, Procesges,
Chlorine Electrolysie f rine,
Acetic acid Oxidati.r .t raphtha,

To be viable all thege except methane and cartor monoride are only fustified
if produced »n very eubstantial scale, Further, the Co~productes of the fipet
two reactions mean ., planned disposal of al] ~f them, urc —ordinated domand

again greatly raising the rrice,

¥here the carbonizatinn Nt cral e.g. for the production of met: llurgical
coke, is carried out, limited quantitics of by-product benzene, toluese and

Xylene as well ag pherol and ammonia are produced,
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COLOMBIA - v

Numerous plants have been announced but it is doubtful whether there are
very many yet on-strear other than ammonia and urea although Lcopetrol has a
20,000 tons per annum ethylenc plant lased on crude oil. There is appreciable
producticn of phenol, urea an. melamine formaldehyde resins, Dov hns a small “
polystyrene plant 3-4,000 tons per annum capacity and there are two small

plants making PVC cach about 3,00 tons per annum capacity.

VENEZUELA

1.V.P, have an ethylene cracker ( from propanc) under construction but it
is unlfkely this will be on-stream for some years yet. lany planis are planned

e.g. PVC, polyethylene, polystyrene, but are not yet in production,

The other South American countries have negligible production of petro~

chemical or plastices raw matcrials.

MEXICO

Pemex 125 ~ c.pacit:; of som. 52,070 tons per annum of cthylene with major
* xpansion under construction and possibly on-stream., This is a Mexican Govern—
ment organization, v also has a ©4,000 tons per annum polyethylene plant and
arcther major expansion is planned for next year. L.a.5.F. Mexicana S.A. is
rroducing polystyrenc, up to 10,000 tons pe. annum and Prodesa (4¢¢) Sinclair- -
hoppers) s planning a pliant. There i about 20,000 tons per annum of PV(C

produced vith several small producers:

Geon de Hexico 7,500

Henkel 2,500

Konsanto 10,000

Plasticos Omega 3,500
also Promociones Industriala

Hexicana S.A. 10,000

which should be almo:t on-stream now.

lainland

Information scanty and somewhat confused. Little, if any, real petrochemical
froeduction, most chemicals and plastics are based on coke oven gas, coal-tar or
trom acetylene via carbide, Capacity for the latter is 300,000 tons per annum.
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Bengzene is even made by trimerising acetylene. There is also a production

of chemicals from fermentation.

Ammonia is produced by several plants with a combined capacity of some
200,000 tons per annum while others ars under construction. Chlorine produc~
tion in 1967 was said to be 500,000 tons per annum while plastics production

in 1966 was given as 60-70,000 tons per annum,

A Simon Carves plant based on ICI know-how at Lanchu is capable of
producing polyethylene and a little polypropylens but it is believed to have

been damaged in the cultural revolution.

10,000 tons per annum of unsaturated polycsters are made on know-how
supplied by Scott Bader.

There is also a production of about 100,000 tonr per annum of PVC,

INDIA

India has a large number of chemical complexes many of them making
plastics. The following list is by no means complete but perhaps contains

some of the most interesting.

PVC ic made by thc Delhi Cloth Mills with a capacity of 12,000 tons per
annum, Calico Mills with a Sanacity of 4,000 tons per annum and Chemicals

and Plastics (India) limited with a capacity of 6,000 tons per anrum,

Allied Resins and Chemical PVT Limited makes phenol formaldehyde resins

etc, at Calcutta.

Indian Plastics limited and Indian kesins hanufacturing Com;..ny both meke
synthetic resins at Bombay. Rajasthaun Vinyl and Chemical Industrice make
calcium carbide, caustic soda and apparently alsc tVC (from acetylene),
Synthetic and Chemicals Limited of Iomtay ([irestone intcrested) produces
synthetic rutbers, styrene monomer, ethyl benzene, toluene, acetaldehyde and

butadiene. Union Carbide India Limited at Calcutta Ve thyizre froms

naphtha cracking while it 1s understocd that the Indian Goverrmert ha &
similar plant but which 1s not yet or-stream, NCCIL hw 4 ¢ ™ ton ethylens
cracker on-stream from which various chemicals are made arnd a PVC plant Lo under
construction., UIthylcne 18 also suppiied to an associated cospany Folyolefim
Productions Limited who make polyethylene. There it alsc a production of some
10,000 tons per annum of polystyrere by Polycheam (Dow interest).
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ARSI
Although there is mmple refinery cagaeity Whe saly potsoshentenl produs-
tion is ammonia and urea at Paclenlang, Swmatm.

ARME

T™he State Auvtharity Bational Petrochenical Conpang hae & 7°,000 tea
ethrlons plant on-etrees and major ineroases are plonmed. 4 new ot rechendon’
ocamplex is baing oot w9 ot Abad 2, whers progune willi be zvneled %o glee
sthyiene for vimyl chioride, a 20,000 tan PWC piamt ie oupuoted en-otreas
this year,

o petovehanionl plente o prosent §a epite of vlntestiiol s Getertels

svaiiable,

Tiectrmehemizal Industrics [inited proderes "% » oiam, o} Patoom
rhamical "ntseprisee | mited pondeses ‘i ane i #1en A Yame  Tao g
Foterprises  imited pomduces o i win | . whote, seigo Mgl me, g Legreth e
F@“‘

LakLitad
“ﬁ%iaﬁdmmﬂmtmgﬂmﬁ*i”mkiwﬁq

ot Mo tas, eaters Paniotar and Fonchagani , Sastern Padistes sombised

s by eieg L ED, HE bame of SAEPuERE., ARy gleew Tow g ises appead s

e bmaed ws the Selghealdios o F Wyl sl Toam Fammastiat: =, Yalihe

omical labastrtes v o L, 5 Y toay P F el B, sN e 88 iaged

Laall

fartiiiseme,

wd 4 ba Balling o Faotibiser plwt
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™he Chemical Camyany of Malageia Lintited (IC1 hee o tnteseet) 14
Yuilding chiovine and fortiliser plante ot Pert Suetteshen while Eeoe Standard
Mlaga Limited . puliding wm seemis plwmt at Paprt Diekron,

Bo petirochanicnl plants sltheugh Bpee is piwmnin, 3 10,0 or sweria
plant wear teo Weir refinery snd Brdiseree 1roa Mines are plasning o
11,000 ven smonis plast ot “Undan o dased oa priial saidetion of fusl eoii,

il

T™he (Risese Potrniowm orpevation Mo a V3,000 tone por ssaus saphide
EPNERing plast "3 preducing sthyiene. Pertilisers are produced by severs)
butpanies. "he Ts.iwan Foiymer (opperatice Batismal Dietillers LR AL ) nae
8 V000 tons per ssmim pe yethy eme glart gt wegtraam, T e ante by
Cathay Fiaetice |, NN e per wenolh, Wisese Tiaatize Cerperution | sevess)
Mhosand tona wnd Foomoss Plsstice | W, A6 toes ). Tai Ta Chemical Company

(Beks . etameat! pradgres oo it omems Lm - L] ey,

i
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TUNISIA
Believe that the Jovernment has approvel plans for an xmonia plant.

No petrochemical interests.
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