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Introducti v

. “he chemical industry is one of the A aric sectors of a modert inductrial
eorcyy on the mworape it hesow yrowth rate about twoethiras hisher than that of
the national ceonomy. The dynamic nature <f the industry ie al@=c manifest ir the
rupid pace of technological change, which {g cne of the outstanding cheiacteristics
of this industry. The naturc of 1ts procrages and producte ie in continuous
transition, and the amcunt of exjenditures on research and development, as well es
the role which these activities tlay ir. mnagement deciszions ylaces it among the
moat "research-minded® of the industrial sectors.

2. The chemical industry occupies an important plac~ in the framevork of industry
as 8 whole. It converts rav materials previded by other sectore of the ecchomy,
e.¢. mining, oils, sgriculture cte., into products used by other induetries such
as textiles, automotive industries und the chemical industry itself. In fact,
nearly all industries producing consuler goods need, directly or indirectly, the
products cf the chepical industry. In recent years, some direct jroducts of the
chemical industry have also become consumer gocds , such as plastics, synthetic
fibres und rubbers. A3 the chemical industry becomes more versatile, this tendency
is likely to be accentuated. Furthermore, some products of the chemical industry,
such as fertilizers and pesticides, have a direct bearing on the efficiency of
agriculture, which remains the primary sector of the economy in many devel ping

countries.
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1. RECENT TRINDS AND FUTURE DV, LOT FiTe

werld production of chepical ﬁy

i. The world production of chemicals is =stimated at about $73,000 million ir
1960 and 2t about $11%,000 million in 1965. Th se ficurcn contain & marein of over
700 00O million (1960) to $2,000 millior (19€5) when comrar- d to the tctal sumo
obtained ir table I (see annex). This murpin corrriscs all countri-s not livted in
the table, especially China (mainland), I r vnich an estimate of thc iroduction
value of the chemical industry vas not possible for lack of statistical data.

b. As sufficient staetistical data are available in the countries which aceount
for abcut 90 per cent of the world production of chemicals any crrors ir the
tslimate are conridered to be small. The conversion into LS dollurs was bascd
chiefly on the official rates of exchange and, in some cases, cquivalent to the
purchas ng pover of the currency concerned.

5. The definition of the “chemical industry” is bascd on the folloving Standard
Internationnl Tradc Classification (SITC) groups:

Group S Chemistry

Completed by

Groups 266.651.611-23.651.711.211 Man-madc fibros
895.201-290 895-911-970 Office supplics
862 .300 862.4-5 Photochemical equipment
899.310-3%9 Candles, inflammablcs ctc.
bl1.3h1-b3, 431.100-319 Patty acids etc.
671.4-5 Perroalloys
231.-2 Eynthetic rubber

R - . -

Y Three basic difficulties exist in presenting the world production values, namely,
lack of or insufficient statistical data on some countries, the necersity of
converting various national wonetery data into one unifo'm curiency, and
differeut definitions of the chemical irdustry bty various netional and
intermatiomal organjcations.

As far as possible, the official data on the production values of the chemical
industry were taken from naticonal statistics, reports of federaticne, chamberg
of commerce, etc. Where these values were mirsin7, the quantities of all
chemical products, as far as statistically available, were multiplied vy the
average world market prices. The reegt of the production vwhich was Jdecmed
probable wae estimated, on the bteris of knowledge of the structure «f production
in the various countries.

/ous
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Per capita production and industrial development

6. The table below shows the per_capita production of the various economic areas
in 1960 and 196k,

Table 1

Per capita production, 1960 and 1964

o - —-— — o— -

1960 1964
. ' (us dollars)

vor1a®/ 30.6 40.3

Africa 2.3 3.1

Developing countries 1.3 1.8

Americe 81.0 96.7

Latin smerice 9.9 13.6

North Americe 157.0 189.8

United States of Americu 166.2 199.4

asie®/ 5.1 - 8.1

Japan k.1 3.3

Developing countries 1.2 1.8

Europe 50.7 T2.1

Western Europe 73.6 98.5

EEC countrieny 83.7 113.3

EFTA countriesg-/ 85.1 106.3

Eastern Europe 29.7 u7.5

Union of Soviet Socislist Republics 26.6 bk.3

Oceania | u3.2 52.9

a/ Excluding China (mainland).

b/ Belgium, France, Federal Republic of Germany, Italy, Luxembourg, Netherlands.

0
.

Austria, Denmark, Norway, Portugal, Sweden, Switzerland, United Kingdom.
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Table 2
Production of chemicals per capita and per year (1964)
in developing countries
Up to $5 $§  Up to $10 $ Upto $20 $ Up to $30 §
Region
Asia RestE/B/ 0.3 Philippines 5.4 Taiwan 12.8
Burma 0.5
Indonesia C.5
Pakistan 0.6
Thailand 0.6
Iran 1.h
Korea,
Rep. of 1.7
India 1.9
Viet-Nam,
Rep. of 2.0
Turkey 2.8
Region
Latin America Restgy 3.0 Colombia T.3 Peru 10.2 Argentina 21.8
Uruguay 8.5 Brazil 15.1 Mexico 22.8
Chile 9.4 Venezuela 26.8
Region
Africs Rest®/ 0.6 United
Aradb

Republiec 12.5

'a/ The rest includes all developing countries of the region in question except
! the countries mentioned specifically.

?g/ Excluding Israel.
{ to $42.9, in 1964 to $60.0.

In 1960, Israel's per capita production of chemicals amounted

It is thus only slightly below that of Jeapan

($4L4.1 and $73.3) and cannot, therefore, be classed with the developing
countries listed in table 5.

/eoe
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T. All developing countries of the three regions - with the singlc exception of
Israel - had a production of chemicals of less than $20 per capitn of the population
per year in 1960 and less than $30 per capita per year in 1964. Some of the
Europcan countries also belong in thut category.

8. In 1964, most of the develoning countries showed a per capita production of
less than $10; only four developing countries figured between $10 and $20, only
three between $20 and $30. These figures show the different stages of development
of the chemical industry ir the developing countries in relation to their population
(cf. table 2). They also indicate the problems encountered during the

industrialization in the chemical sector of the various countries.

Production, foreign trade and consumption of chemicals

9. The table below summarizes the production, foreign trade and consumption of
chemicels in developing countries. It can be seen from the table that in 1960, the
imports of chemicals of developing countries amounted to $2,096 million,
corresponding to 59.7 per cent of the total production of these countries, namely,
$3,513 million. In 1964, the imports of chemicals increased to $2,877 million, but
the percentage decreased to 52.2 of the total production of chemicals

($5,511 million).

10. In the same period, ‘he exports of developing countries rose from

$350 million to $478 million, an increase of 36.6 per cent. The import surplus
over export increased from $1,746 million to $2,399 million, that is, by

37.4 per cent. Hence, the net consumption of chemical products rose from

$5,259 million to $7,910 million, that is, by 50.4 per cent. In 1960, the imports
of chemicals had a share of 39.9 per cent of the consumption, and in 1964 a share
of 36.l4 per cent. |

11. Tebles 3 and 4 show marked differences in imports and exports in the various
regions. Imports differed not only significantly in value, but also in their ratios

to production and consumption.

[oos
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Table 3

Production, foreign trade and consumpt ion of chemicnls
in developing countrics

A i o

e i o

TagoFlT | e e
- Imports _Exports _surplus Productjor. _Covsumption tmit
1960

Africa 359 26 i 330 663  million $
Aeia 83 80 751 1,073 1,82k million $
Latin America 906 2kk 662 2,110 2,772 willion $
Totel 2,096 350 1,746 3,513 5,259 million §
8hare of Africe 7.1 T.4 19.1 9.k 12,6 per cont
Share of Asia 39.7 2.9 L3.0 30.5 .7 per cent
Share of latiu America 3.2 69.7 31.9 60.1 52.7 per cent
196k

Africa 520 LT LT3 505 978 million §
Asia 1,095 127 968 1,776 2,744 million $
Latin America 1,262 304 956 3,230 4,188 million $
Total 2,8M W78 2,399 5,511 7,910  million ¢
Share of Africa 18.1 9.8 19.7 9.2 12.4 yper cent
Share of Asia 8.1 26.6 k0.4 32.2 3.7 e cent
Share of Latin America 43,8 63.6 39.9 $8.6 52.9 per cent
Increase 1960/1964

Africa Lk.8 80.8 k2.0 53.0 47.5 per cent
Asia 1.8 58.8 28.9 65.5 50.4 per cent
Latin America 39.3 k.6 bb.7 53.1 51.1 per cent
Total 37.3 36.6 7.k 56.9 50.4 per cent

—
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Table 4

Ratio of imports in production and consumption in_the three re;zions

ratio of share of ratio of share of
imports to imports in imports to imports in
production consumption production consumption
) 1960 1964
Africsa 108.8 sk.1 103.0 53.2
Asia 1.4 Ls.6 61.7 39.9
Latin America k2.9 32.7 39.1 30.1
Total 59.7 | 39.9 52.2 36.4

Changes in structure of chemical industry

12. The most important products of the chemical industry in the industrialized
countries are:

Inorganic and organic basic chemicals

Fertilizers

Plastics

Man-made fibres

Pharmaceuticals

Paints, varnishes, mineral colours, pigments, soaps, detergents, cosmetics.
They comprise more than 80 per cent of the total chemicals.
13. Production values of the various branches are available for most industrialised
countries, but not always for t'.e same years. Basic chenges in the structure of
branches always extend over a longer period than is dealt with in this study
(1960-1965). In order to give a survey of such changes, the mean velues of the
early fifties (1950-1953) have been compared to the mean values of the early sixties.
During this period, there occurred the most radical changes in the development of
the chemical industry of the last two decades, such as, vith regard to rav
materials, the transition from coal to 0il and natural gas; and, vith regard to
production, the enormous progress in plastics and synthetic fidbres, the nevw
development of numerous insecticides and pesticides, the advance of synthetic

detergents, basic changes in the pharmaceutical sector ete.,

/oo,
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1k. Average values for period I (early 1950's) and period II (early 1960's) have
been ascertained for the countries of the European Economic Community (EEC),?—/

Great Britain, Norway, Sweden, Poland, the Soviet Union {on the basis of estimated
values), Japan and the United States (see table 5). In period I, these countries
hed an average share of 87.5 per cent in world chemical production and in period II,
84.2 per cent. They are considered representative of the structure of the chemical
industry in the world.

15. There is no general rule for the structure of the chemical industry which can
be applied to all developing countries. Each country has to develop its industry
according to its specific conditions, rather than to aim for a complete range of
chemical products.

16. 1In order to illustrate the divevsified structure of the chemical industry in
the countries mentioned, table 5 shows not only the average values, but also the
minimum and maximum values of the chares attributed to the branches in the two
periods. This shows the far-reaching development potentials of the chemical

industry.

2/ The EEC countries are Belgium, France, the Federal Republic of Germany, Italy,
Luxembourg and the Netherlands.

/oo,
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Table 5

Shares attributed to the main chemical branches (in percentages)

period 1%/ Feriod oLl
Mini- Maxi- Mini- Maxi-

Average mum mam Average mum mum

share share share ghare share share
Inorganic industrial
chemicals k.4 7.0 k2.6 16.4 9.k 26.3
Organic industrial
chemicals 12.3 0.7 1k.9 15.0 5.6 2h.5
Pertilizers 6.3 h.l 27.5 5.5 4.3 21.8
Plastics k.9 0.7 7.1 9.9 h.1 12.3
Man-made fibres T.1 2.0 10.6 7.3 3.9 15.0
Varnishes, paints,
printing inks,
mineral colours,
pigments etc. 6.5 3.0 15.3 8.k 2.9 11.5
Pharmaceuticals 9.2 2.0 13.0 10.5 2.5 13.0
Soaps, detergents,
cosmetics 12.0 2.3 20.8 10.1 2.5 12.5

a/ Barly 1950's.
b/ Early 1960's.

17. In developing countries, it is possible only in a few cases to ascertain the
structure of the chemical industry. For the Latin American countries, the data of
the shares attributed to these branches are based on %he figures of 1959, wvhich
were extrapolated to 1965 and 1970 (cf. La industria quimica en America Latina).
18. In table 6 belov, the average velues of Argentina, Brazil, Colombia, Chile,
Mexico, Peru and Venezuela are presented with the corresponding minimum and
paximum values for the three years.

3/ la Industrie Quimica en Americe letina. Economic Commission for Latin America,
document E/CN.12/ Rev.1, United Nations publication, Sales No.: 64.II.G.T.

[ooo.
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Table 6

Shares attributed to the main chemical dbranches in Latin America
(in percentages)

1959 1965 1970

Mini- Maxi- Mini- Maxi- Mini-
Aver- mum mum Aver- mum mum Aver- mum
age share share age share share age share

Inorganic industrial
chemicals 4.2 1.8 5.6 6.8 h.2 10.6 7.2 4.8 0.l

Organic industrial
chemicals 5.9 1.4 10.4 7.8 2.0 11.3 8.0 4.8 10.4

Fertilizers 7.0 5.0 11.1 6.9 4.1 10.0 6.7 3.8 9.4
Plastics 5.3 2.6 9.0 6.4 5.6 6.8 8.5 7.4 8.9
Man-made fibres 1.5 6.1 9.0 13.1 9.9 15.1 15.2 10.5 18.5

Varnishes, paints,
printing inks etc. 8.7 7.2 11.8 7.9 6.5 12.3 7.3 5.8 11.9

Pharmaceuticals 17.5 1s5.k  2h.2 13.4 114 1T.W 1219 9.7 16.1
Soaps and detergents 21.3 15.6 25.8 15.9 13.5 18.7 13.6 12.1 15.6

19. The year 1959 of table 6 corresponds to period I of table S. The most striking

deviations concern industrial chemicals, which show a considerably smaller average
percentage in the Latin American countries than in the industrial countries dealt
with in table 5. The differences in other sections are less significant; the
percentages in man-made fibres and varnishes etc. are, to a large extent, on a
uniform level. Plastics and man-made fibres, which are particularly important as
consumer goods, were produced from imported intermediates. The backward integration
towards the production of the intermediates had not yet started, and this is
reflected by the low per~zntage of the organic industrial chemicals.

20. PFar above the average of the industrialized countries are the percentages of
pharmaceuticals and of soaps and detergents. Although the latter group does not
comprise cosmetics (as it does in the corresponding group of table 5), its
percentage was more than twice as high in the Latin American countries than, on an
average, in the industrialized countries listed in table 5.
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21. The marked preponderance of pharmacentical and soap production is typical of
many developing countries. Soap is produced in almost all of thesc countries,
which are usually rich in vegetable oils and fats. The mcthode of production of
pharmaceuticals based on domestic medicinal herbs, as well ae on imported drugs
processcd by existing formulating plants, are well known in developing countries.
22. A typical example, for which sufficient data are available, is India. 1In
1962, the share of pharmaceuticals anounted to 29.9 per cent, that of soaps to
34.1 per cent. Together, these two branches reached a percentage of 6u, The
small share of 0.2 per cent attrituted to organic industrial chemicals shows that,
in 1962, modern chemical production was still at the beginning.

23. Tables 5 and 6 shov a development trend which essentially is expected to
continue until 1975 and to influence the development in developing countries.

This trend is marked by the folloving characteristics.

24. The percentage of organic industrial chemicals will rise in all countries
that pursue systematic industrialization in the chemical field. This evolution is
a necessary result of the expansion of petrochemistry, which is under vay or planned
in most of the larger countries. Because of regional conditions, the exteut of
this growth will vary from country to country. It is to be expected, how. ver, that
the trend will move towards a share of 7-8 per cent in all countries which are now
below this percentage but which are pursuing the expansion of petrochcristry.

25. The share of the inorganic industrial chemicals isz ex-ected to risc more
slovly than that of organic industrial chemicals.

26. The percentage of plastics will also increase. To a certain extent, their
grovth vill probably run on parallel lines with thet of the organic industrial
chemicals from which the plastics intermediates are produced.

27. For the Latin American countries, it is expected that until 1570, the average
share of plastics in chemicel production will amount to 6.5 .er cenz. Until 1975,
an increase to about 9 per cent may be reached.

28. In the Asian developing countries, this percentags will, on average, not be
reached until probably 1975. In some of thesc countries, which pay particular
attention to this sector in their planning, it may be possible to reach a sirilar
value at an earlier date, but only under optimum coniitions for expansion.

29. 1In the developing countries of Africa vhere data oo “he 1965 plastics
production were not yet available for this study, the ~aare attritutet to that

branch is probably below 3 per cent.
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30. In 1965, the share of the develoning countries in the world plastics
production was below 2 per cent; it is not expected to incrcase considerably until
1975.

31. The share cf man-made fibres is likely to rise. The planning pursued in the
Latin American countries is symptomatic of this trend; they show an average sharec
of 15.2 per cent. In 1965, the average share of the Asian developing countries -
excluding China (mainland) - amounted to about T per cent, that of the African
developing countries to nearly 2 per cent.

32. The share attributed to pharmaceutical production will probably show a slight
decrease, as the logical consequence of the growth of the other branches. In 1965,
the production of pharmeceuticals in the developing courtries amounted to

19.6 per cent of the total chemical production. In Latin America, a decrease to
11.9 per cent is cxpected until 1970, compared with 17.5 per cent in 1959. The
decrease expected in the region of Asia is not nearly as sharp, although the high
percentage of 2k.9 in 1959 will probably not be maintained. In the region of
Africa, an increase of the percentage is very probable. The average share of the
developing countries is estimated at 16-17 per cent in 1975.

33. It is anticipated that the percentage of the soap production will decrease
more sharply. Soap is produced in most of the developing countries for homc
demand and, therefore, the growth rates are essentially influenced by the size of
the population and the standard of living. In 1965, the average share in the
production of chemicals of the developing countries amounted to about 23 per cent.
A share of about 15-16 per cent in 1975 seems probable.

3. The share of paints and varnishes and similar products may, on an average,
rise to a certain extent in the developing countries. In the developing countries
of the three regions, the share of this branch amounted, on an over-all average,

10 about 10 per cent; an increase to sbout 11.5 per cent until 1965 is considered
possible.

35. The share of fertilisers will probably increase, but it is not within the
scope of this study to deal with this development.
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II. PRODUCTION TRENDS AMND SELECTED PROBLIMS IN THE v
MAIN BRANCHES OF THE CHEMICAL INDUSTRY J

Basic chemicals

36. The rav materiols of the chemical industry are products which undergo chemical
change to produce chemicals. A chemical industry will often use its own products
as starting points for further chemical changes. Thus, in the chain of chemical !
changes , many chemicals can be both products and raw materials at the same time. |
It is therefore convenient to refer to chemicals used as starting points as "basic
chemicals". |
37. Basic chemicals are the commodities produced in greatest quantities in the
developed countries. They are menufactured in the largest scale and with the
maximum economy. Profit margins are narrowv. Inherently, therefore, the scope in
this field for developing countries may appear at first sight to be relatively
small.
38. Developing countries do, however, possess certain natural advantages such as:

(a) The distance from external source of supply and the time-lag in supply

may impose heavy charges on goods of foreign origin and, thereby,
provide automatic protection to a local industry. .

(b) Raw materials are often available at low cost.

(¢) The availability of unskilled labour, although less of en advantage
than in times past, is still a factor to be considered.

Basic inorganic chemicals

39. The most important inorgenic chemicals are:

Acids - sulphuric, hydrochloric, nitric and phosphoric

Alkelies - sode ash, caustic soda

Calcium carbide

Chlorine

Ammonia
4O. Sulphur: The sulphur industry has been subjected to wide fluctuations in
prices over the past twenty-five years. In September 196k, the export list price
for bright sulphur was $25.50 per ton f.o.b. Gulf of Mexico. Prices have risen
steadily, until in September 1966, the price was $39.00 per ton. In 1966,
27.8 million tons of sulphur were consumed in the Western countries, 6 per cent

more than in 1965. Price increases are unlikely to slow down until 1969.
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L1. Sulvhur sources arc: (1) brimstone - sourccs like Frascii sulrhur ir Mexico
and the United States, sour gas, netrolcum cils, native sulphur cte; (2) pyrites -
iron, copper, lead, zinc etc.; (3) conl gas; (k) anhydrite and gypsum.

42. Frasch sulphur is manufactured by steaming out subterrancan culphur depnsits
with superheated stcam. Only llexico and the United States have sufficicntly large
deposits for this process. Sulphur is rcecovered from natural gas, meinly in the
United States, France and Canada. These three countries produced 67 per cent
(1961) and 90 per cent (1964) of the world's production of sulphur from natural
geses. The reserves of the oil sands of Canads are estimated to contain

1,000 million tons of sulphur, and there are other quantities of such deposits
eround the world.

Lb3. The United States, Canada, Mexico and France produced in 1965 about

53.5 per cent of the world's output, with the United States alone producing

30-35 per cent. Total exports of sulphur rose from 5.2 million .ons in 1963 to
6.3 million in 1964 and an estimated T million tons in 1965.

bk. Except for Mexico, no developing country has a substantial production of

sulphur, and developing countries must continue to depend on imports even in the

future. Most (85 per cent) of the world's sulphur is used for the manufaciure of
sulphuric acid, and the rest is absorbed by paper, carbon disulphide, pesticides
end miscellaneous uses. Table II (see annex) gives the world production of

sulphur from 1960 to 196kL.

b5, Salt: Commercial salt is produced by three methods: mining, solar cvaporation
of sea water, and evaporation of underground brines. 1In the developing countries,
¢olar evaporation is of special importance. In 1965, world salt production exceeded
100 million tons, and is growing at the rate of 4.4 per cent (see table III in the
annex). Salt is mainly used in the alkali industries.

M6. Phosphates: The main primary minerals are chlor-apatite and fluorapatite,
¢ontaining 40-42 per cent phosphorous pentoxide (P205). However, more than

95 per cent of the phosphates mined comes from secondary deposits, mainly
phosphorite. The main deposits are in the United States, North Africa and Central
Asia, but other economically important deposits occur in the Caribbean and some of
fhe Pacific Islands. Recently, extensive deposits have been located in Africa
(Congo (Brazzaville), the Sahara, Senegal, South Africa, Togo, Uganda); Latin

Mperica (Brezil, Mexico, Venezuela); Asia (China (Taiwan), Israel, Jordan, Siberia,
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Syria, Republic of Viet-Nam). The reserves excccded 200,000 million tons of
phosphate, with content of preater than 60,000 million tons P205' About 53 per cent
of the phosphate reserves occur in Africa, 26 per cent in Auerica and 12.5 per cent
in thce USSR. World production of phosphate rock in 1965 was 65 million tons

(see table IV in the annex). Prices have risen since 1960, but not as sharply es
for sulphur. The main producing countries are Morocco, the United States, USSR,
Tunisia end Oceania. Morocco alone produces 33 per cent. World exports were

27.7 million tons in 1964 and 29 million tons in 1965.

hT. §plphuric_acid: World production was T2 million tons in 1965, ard is growing.

by 9.5 per cent per year, more rapidlyv than most other chenicals (see table V in
anncx).

48. The production of sulphuric acids in developing countries is rapidly increasing
at a rate of 11.7 per cent. The mein rav materials for the manufacture of
sulphuric acid arc sulphur, pyrites, smelter gas and anhydrite. More than

50 per cent of the manufacture in 1966 was based on elemcntal sulphur. Metal
smelteries are recovering more and more of the sulphuric acid content of their
flue gases. Developing countries with large deposits of gypsum or anhydrite may
use them for production of sulphuric acid and cement. This gyrsum-based process
yields the cheapest sulphuric acid of all rrocesses although the initial cost of
the plant is highest. Comparative cost data are given in tablc VI (see annex).
Most sulphuric acid was used to meke fertilizers, while its use 1in making fibres
is decreasing.

49. Alkelis: In 1965, world production was 17.5 million tons of soda ash,

16.4 million tons of caustic soda and ik million tons of chlorine. Chlorine has
come into prominence recently, and its use is growing very rapidly. The share of
developing countries in soda ash production has risen from 2.7 per cent in 1960 to
4.5 per cent in 1965. No significant development in the technology has recently
taken place.

50. Caustic soda: The production of caustic soda is incressing three times as

fast as soda ash, and this is largely due to the demand for chlorine. Hence, the
causticization process of making soda is gradually decreasing. However, vhere
chlorine does not find profitable use, it is better to follow the causticization
process (see table T below). The share of developing countries has ircreased from

3.3 per cent in 1960 to 4.5 per cent in 1965. The viscose rayon, pulp and
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aluminium industries are the main customers for caustic soda. The futurc growth
of the caustic soda industry in developing countries is therefore dcpendent on the

development of those industries.
Table 7

World production of caustic soda
(1,000 metric tons)

[P——— — A e e e e ——- e e oo s o ——

1960 1961 1962 1963 1964 1965

World total 11,300 11,700 12,700 13,900 15,200 16,400
Americe 5,067 5,056 5,623 6,007 6,447 7,034
Latin America 216 239 256 294 308 351
North America 4,851 4,817 5,367 5,713 6,139 6,683
Asia 1,011 1,125 1,186 1,333 1,561 1,673
Europe 4,856 5,050 5,362 5,929 6,486 6,859
Western Europe 3,317 3,355 3,532 3,879 4,256 4,531
Eastern Europe 1,539 1,695 1,830 2,050 2,230 2,328
Australia L9 kg 52 61 68 81

— ~ - o— -

51. Chlorine: The use of chlorine has increased thirty-fivefold between 1930 and
21965, and in 1965 the production reached a total of 14.3 million tons, with a

growth rate of 10.8 per cent (see table VII in annex). Developing countries

éproduced 3.7 per cent of the world total. Must of the crlorine is menuf-ctured by

j electrolysis of common salt. A recent technological innovation is the manufacture

of chlorine from by-produet hydrochloric acid. Of the two electrolytic processes,
in Germany 90 per cent is based on the mercury cell, while in the United States,
the diaphragm cell is still popular.

52. Hydrochloric acid: Large quantities are being produced as by-product in

chlorination reactions, especially organic chemicals. The worlad production in 1965
&8 about 3 million tons. Since hydrochloric acid is in large surplus, new
processes for using it to make chlorine become valuable. Another valuable use is

O pickle steel, for which hydrochloric acid is fast replacing sulphuric acid, not

Prly on the price factor, but also because it gives better results (sce table VIII

n annex). Nitrogen and phosphoric fertilizers will be covered under fertilizers.
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53. Calcium_carbide: Historically, this was a very important product as the

parent of acetylene and calcium cyanamide. However, carbide is of decreasing
importance, except under special circumstances of cheap water power, limestone and
coke in some Geveloped countries. Manufacture of carbide has increased from

7.5 million tons in 1960 to 9.1 million tons in 1965 - an average growth rate of
3.3 per cent (sce table IX in annex).

k. §E§iE.QE£EPi9.CHEEiFEl§’ The most immortant basic organic chemicals are
carbon monoxide (in synthesis gus), eliphatic hydrocarbons (ethylene, propylene and
the Ch hydrocarbons, cyclohexane, acctylene, butadiere, isoprene) and aromatic
nydrocarbons (benzene, toluene, xylenes and naphthalene).

55, The ruw materials for supply of these basic chemicals were based on coal and
agricultural products. As the chemical industry has grown rapidly over the years,
the demand for organic basic chemicals has exceeded the supply from coal and
agricultural products. The industry accordingly has turned to petroleum or natural
gas as & source of these materials, which therefore are also known as petrochemicals.
56. Production of basic organic chemicals in Western Europe reached almost

4.6 million tons in terms of carbon content in 1962. 0il and natural ges accounted
for 58 per cent of the production. 1In the United States, 95 per cent or slightly
more than 12.0 million tons carbon content were derived from oil and gas.

57. Investment in chemical plants based on petroleun and natural gas has been at

a high level throughout the world. The value of new projects anrounced for 196k

is shown belowv.
Table 8

Investment in petrochemicalAplants,~l96h

- Number of
_ new projects $US million Per cent
Western Europe 97 1,540 36
North Americe 95 1,110 26
Asia and the Far Fast?/ 12 780 18
Africa and the Middle East 22 530 12
South America 25 _ 32 8
Total 311 L, 302 100

o/ Excluding China (meinland).
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58. It can be seen that 62 per cent of the total investment is uwccountod for by
the large producing centres in Western Eurc, ¢ and in North Amcrica. Acin and th
Far FEast rank third, largely due to investments for India and Juvan.

59. The investment pattern in petrochemical plants has underponc a chanec during
the past few years. In North America, the change from ccal to ;ctroloum as n
source of basic organic chemicals has largely oveen comnleted. The dovelopment in
Western Europe is continuing at a rapid pace. Other arcas of the world have only
recently begun investment in petroleum-based chemical plants. Thoe chongine ettern

of new investments is illustrated below.

Table 9

Chenging pattern of investments in petrochemical plants,
per cent of world total a/

PR - e ey A - mtas et M e & e e o e o <

Region 1961 196k
North America L6 26
|Western Europe 28 36
‘Asia and the Far East 15 18
éAfrica and the Middle East 3 12
:Central and South Africa 8 8

ia/ Excluding centrally planned economies. The large increase in new investments
in Africa and the Middle East is noteworthy.

60. Synthesis gas: Great quantities of synthesis gas are used for production of

fmethanol and ammonia. Statistical data on production and capascitics arc missing.

It is a fact, however, that synthesis gas is one of the chemical raw materialcs

Mhich are produced in largest quantities. Steam reforming and partial oxidation
pgre the two major processes for producing synthesis gas from hydrocarbon fucdstocks.

Pl. Aliphatic hydrocarbons: Among these products, ethylene and buladicne are the

frost important. Propylene and butylene play a less significant part. Tsoprene
i1l probably gain importance in the sector of synthetic rubber. The products of

$his group belong to the most important basic materials of thc modern organic

$hemical industry.
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é2. Ethylene: FEtnrlene {: the most imjortant petrochemiecnl tasic matoerinl.
Various raw matcriale or o croat mony TTOCCSECE arc av.ilatl. for its ;roduction.
In the United States, most of the ctilene is ovroduced or the tugis of othanc by
dechydration. Tn. hurcpe ard Jajan., tho pro forred source is na htho by crackiny
pyrolysis.

63. These differences arc duc, ou the orn~ hanc, to the fact tiat large juantities
of cthanc-containing naturzl gas are available in the United States, quantities
which are lacking in Europ. and Jaran. On the other hana, gasoline consumption in
the United Statcs is considerably hicher than the gascline cortaining fractions in
the processed crude ¢il. Therefore, larse quantitics « heavw oils are processed
into gasolinc in the United States. In FEurope, and ceyecially in Japar, less
gasoline is uced than is contaired in the processed crude oil. This causes &
surplus, which is best used for patrochemical product:one.

64. The approximate data of the ethylene production capacitics of the various
regions and countries in the sutumn of 1665 have been listed in table X (sce annex)
on the basis of the raw materials Jhich were utilized. The table also shows the
capacities to be expected by 15T0/19T2 in acccrdence with the vlans that have
become known.

65. The main uses of naphthe as & rav materisl in Furope ana Japern ard of refinery
gases and natural gas in the Unitcd Statcs are otvious. In all protability,
naphtha is the preferred rav moteri ;1 nlsc in Eastern Curope. I1f this share of

the Lurcpean ethylenc ¢copacity is add~d to the sum of the world cevacity, the

share of narhthia usecd outside tre United States rises to about 8¢ ver cent.

66. The share of dev.lcping countries in the cthylene production capacity of the
world is still very small. Ir the autum. of 1965, it amountecu to only 1.6 per cent,
vith the region of Latin Americe alone accounting for 1.2 per cent and that of
Asia for O.4 per cent. The region of Africa had not yet disposed of an ethylene
capacity. Thus, betwcen 1960 and 1965, the petrochemical production - ethylene
being considered as the raw material representative of all petrochemical rav
materials - developed far more slowly in developing countries than did the
chemical industry as a whole. The share of developing countries in the world
production of chemicals in 1965 smounted to apvproximately 5.3 per cent.

67. The comparison between the fipures for 1965 and 1970/1972 indicates that the
world ethylene capacity will wore than double in that period. It may be concluded

/e




IL/Conr.1/25
Inglic .
Faie 2 j

from the incomplete production firures for cthylene that in the pericd botweon

1960 and 1965, the capucity alce doubled.  With an average anuual  rovtl of ateout
15 per cent over approximately ten yvecrs, cthylene holds firest place amon~ the
bLasic materials for the organic chemical industry.

68. The table below zives the sharc of cthvlene oroduction ©2 ucity of the various
regions in the world and is based on the total sum of rroduction capacitics

(1970: 17,823 million tons).

Table 10

Share of the regions (per cent) in ethylene production capacity

T . S el e . 7 e o ¢ oy - — . s 8 W m i+ A, 7 o s 2 o, i A

19€5 19710/72

—— - — (Pevcentage) ~ _  (Perecntage)
Africa - 0.3
Developins countries - 0.1
‘America %6.8 51.8
Latin America 1.2 3.9
North Americe 56.6 7.9
United States 52.9 b,y
Asia®/ 1.3 4.7
. Developing countries 0.k 2.4
. Japan 10.9 12.3
ﬁhrope 3.6 32.4
i Western Furope 28.7 29.0
EEC 20.6 19.8
EFTA 8.1 8.2
Eastern Europe 1-9Ef 3.k
Justralia 1.3 0.8

. . m———— —————

/  Exeluding China (mainland).
/  Exeluding USSR,

*

P. A study of ethylene expansion in industrialized and in developing countries for
€ period 1965 to 1970/1972 on the basis of the figures in table X (sec annex)
gows that the share of the developing countries may grow considerably if their
gans are realized (see table below).
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Table 11
Ceracities und caracity sheres for ethylene
in industrial end devcloving countrics
(1,000 tons and jcrcetage)
1905 Percent 1970/72 Percent

Industrial countries 8,368 98.4 16,659 93.5
Devcloping countries 135 1.6 1,164 6.5

Africa - - 10 -

Asia 33 0.k k25 2.k

Latin Americs 102 1.2 689 k.l

70. The tabie sbove shows that the ethylcne cepacity of industrialized countries
will probably increase by 99.1 per cent from 1965 to 1970/1972. 1Iu the same period,
the ethylene capacity of developins countries vill probably rise by 762 per cent.
This growth would still b- surpussed by an increase to a level more than twelve
times as high, planned in the region ~f Asia. These growth rates show the great
importance ettached to the expansion of ethylene capacities in the developing
countries. In the capacity of develoring countrics that is expected for 1970/1972,
the region of Africa will probably accourt for about k.3 per cert, tne region of
Asia for atout 36.5 per cent and the region cf Latir. America for about 59.2 peor cent.
T71. In the field of ethylene production, cssential technical improvements were
achieved betwecn 1960 and 1965. According to the latest standard of highly
industrialized countries such as the United States, plant sizes for ethylene
production rcach capacities of up to 500,000 metric tons per rear. Thus, e plant
size vhich in 1955 smounted to 20,000 metric tons yer year increased to a size
twenty- five times as large vithin aprroximately ten yecrs. At the same time,
improvements in process en-ineering have become effective - such as a much higher
ethylene yield on fecdstocks, and reduction in utilities inputs through internal
steam generation and use of centrifugal compressors.

72. This increase in plant size and output vas connected with a trend of
considerabtly decreesing costs. The tyrical 1955 plant produced ethylene at

$220 u ton; by 1961/1962 the typical vlant size ned increased to 100,000 metric tons

per yuear of cthylene, csusing a cost reduction to $100 a ton. According to recent
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studies, irternational quotations for ethylenc will come down to $69-70 a ton in
the near future.

T3. The duta available for the world ethylene production, although inconplete,
indicate that in 1960, approximately 3.5 million tons were produced. In 1965, this
increascd to 7 million tons. In 1965, more than 50 per c=nt of world capacity was
accounted for by the United States, whose producticn amounted to about

k.2 million tons. Of all countries, Japar showed the highest increase during the
period dealt with in this study: its production of ethylene rose from 78,000 tons
in 1960 to 777,000 tons in 19€5.

Propylene

Th. Compared to ethylene, provylene at present is still of less importance to the
chemical industry; e.g., in the United States, the amount of propylene available is
almost four times as high as the consumption; in the case of ethylene, production
and consumption are practically identical.

T5. As a petrochemical basic material, propylene has an exceptional position. No
plants have been erected for production of propylene. It is a typical by-product
accruing during the production of ethylene. Therefore, the raw material structure
of propylene production is completely analogous to that of ethylene. In the
United States, the only raw materials for propylene are refirery gascs and natural
gas; outside the United States, naphtha represents the main rawv material. The
total supply of propylene is determined, therefore, by the demand for ethylene and
the feedstock used for its production. Propylene produced by refineries in the
United States is also consumed by the refineries in the manufacture of alkylates
and "polymer-gasoline".

76. According to publications of the chemical industry, at the beginning of 1966,
the world cepacity for propylene amountcd to roughly 4.2 million tons and will
increasc to about 7.5 million tons by 197C. These figures comprise the production
of petrochemical propylere accruinug cnly as a by-product of ethylene. The
quantities of propylene available from refirery gases are considerably larger. At
the beginning of 1966, these were estimatcd at 10.3 million tons, of which more
than TO per cent was accounted for by the United States. The share of developing

countries corresponds to their refinery cavacitics.
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77. The jyroduction figures available for propylene are incomrlete. In developing
countri:s, vropylene as & petrochemical basic material is still used in extremely
small quantitics so that it seems Jjustified to assume that industrialized countries
use more than 99 per cent of the total quantity of chemically processed propylene.
With regard to thc expansion of petrochemical production in developing countries,
ethylene is ~xpected to continue to precede propylene in playing a decisive part
for a long time to cone.

78. The high increase in the consumption of propylene for acrylonitrile,
popypropylene and butylaldehyde was connected with a decrease in the consumption of
dodecene (dodecylbenzene, in particular) ard isopropyl alcohol. Among the highest
growth rates, acrylonitrile is of primary importance for developing countries: it
serves as a basis for the polyacrylonitrile fibres.

79. Butadiene: Butadiene is, by far, the most important Ch-hydrocarbon. Butylene,
its precursor, is mainly produced as a by-product during gasoline manufacture and
is also manufactured by dehydrogenation of the saturated Ch—hydrocarbons, n-butane
and isobutane. Butadicne is also obtained as a by-vroduct of ethylene manufacture.
80. The differences between the United States snd other countries with regard to
the structure of rav materials uced for the production of butadiene are analogous
to those existing with r.gard to ethylere and propylene. While in the United
States SO per cent of the butadiene is produced by dehydrogenation of n-butane
(from natural gas), and only 15 per cent by cracking of naphtha, butadiene
rroduction in Europe and Japan has been based on refining butylenes and on
extraction of butadiene from naphtha steam cracking plants.

81. Because of this variable production of butadiene as 2 co-vroduct, it is
difficult to estimate the world capacity. In the United States, this capacity
amounted in 1965 to approximately 1.3 millinn tons of butadiene; in Japan to about
160,000 tons; in Eurove to roughly 400,000 tons. Accordingly, the world capacity
does not exceed 2 million tons, the capacities of the east European countries not
being included.

82. Of all developing countries, only the region of Latin America (Argentina
32,000 tons, Brazil 26,500 tons, Mexico 45,000 tons) has a butadiene capacity which
is to be increased to 136,500 tons by 1970 (Brazil to 33,000 tons). In the region
of Asia and the Far Fast, plans have been made concerning the production of
butadiene. In Africa, however, such plans have not become known as yet. Thus, the

share of developing countries in the world capacity amounts to less than 5 per cent.
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83. The most important [icld, by far, of aprlication for butedienc ic that of
elastomers, of which styrenc-butadiene rubber occupies first plauce. Ir the United
States the share of styrene- butedicne rubber in butadiene consumptior shows a
declining trend. In 1959, it still amourted to almost 8E& rer cent and by 1963 it
had decreased to 68 per cent. In ihke same period, the consumption of poly-butadienc
rubber increased from zero to almost 12 per cent, that of nitrile rubber (copolymer
of butadiene and acrylonitrile) from 3 to about 7 per cent.

84. The consumption of butadicne for plastics is determined by the development of
"high-impact" polystyrene, styrenc tutadiene copolymecrs . and ABS-jlastics. 1In
developing countries, butadiene is gaining imuortance as a basic material as a

result of plans for synthetic rutber production.

Acetylene

85. The main function of acetylene as a basic material for the organic chemical
industry has becn deoscribed in the section dealing with calcium carbide. According
to 1965 data, €5 per cent of the carbide is used in this way. On the basis of a
world production of $.1 million tons of carbide, that vercentage corresponds to a
production of about 1.7 million tonrs of acetylene for chemical syrtheszs, It is
almost certain thut in 1965, aprrox‘mately 600,000 tons of acetylene were nroduced
by cracking of hydrocarbons. Thus, the world preduction of acctylene amow.ted to
about 2.3 million tors.

86. As described under calcium carbide, it is characteristic of the development

of the past decaue that petrochemical ethylene has, to a large extent, entered into
competition with acetylene. The hish investments, however, that were reslized
during the seme period for the ercction of acetylene plarts with hydrocarbons as
feedstock show that the interest iu acetylene has by no means diminishcd on account
of ethylene. From this viewpoint, it seems that it is not so much acetylene as
such that is exposed to the pressurc of competition of ethylcne, but the carbide-
based acetylene in particular.

87. Derivatives of acetylene are: vinyl chloride, vinyl acetate, acrylonitrile,
chlorine derivatives of hvdrccarbons, aceteldehyde, acetic anhydride. In all of
these products, ethylenc has, to a more or lese importent extent, appeared as a
tasic material and in some countries, for instance, in the Unitcd States, the
acetylene basis for tie last two products is no longer of importance.

fon.
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88. 1In developing countries, acetylene will probably gain in impcrtance ns a
chenmical rav material in the future (1970 to 1975). This assumption is based on the
opinion of experts that the production of cerbide for the demand of the chemical
industry will increase and that, in the first stages of development of a chemical
industry in those countries, carbide-based acetylene may possibly be given
preference over petrochemically based materials. This will be the case when the
production of a particular product, such as vinyl chloride for the PVC-production,
is under consideration, and not the utilization of a broed scale of basic materials
as, for instance, that accruing during the cracking of naphtha.

89. In the course of the period 1960-1965, some newly developed processes based

on plasma jet cracking were tested, such as the Knapsack-Griesheim WLP Process.

All of these processes, some of which yield large quantities of acetylene, are

still in the pilot-plant stage. Is is, therefore, hardly expected that processes
of this kind will be taken into consideration for acetylene production in developing
countries. |

90. Aromatic organic chemicals: During the period 1960-1965, it was characteristic
of the aromatics (benzene, toluene, xylene etc.) that they were produced, to an

increasing extent, on the basis of petroleum instead of coal. O0il derivatives such
as reformates and pyrolysate of petroleum are now the major sources for production
of pure aromatics.

91. The production of aromatics is connected with the refining of crude oil. Where
refineries are available, it is possible in principle to produce aromatics, with
the output depending on the type of oil being processed and the processing method
used. As aromatics are important besic intermediates, investments for the erection
of plants for their production create favourable conditions for developing certain
fields of chemical production in developing countries.

92. The production data on aromatics, although incomplete, indicate that in 1965,
the world production of benzene amounted to about 6 million tons, and it may be
assumed that it has since doubled. Since production data on benzene are available,
it is evident that, on the vhole, the production in developing countries is still
low. In countries where the demand for coke is rising as a result of the erection
of big steel plants, there is an increasing output of pit-coal aromatics. The

erection of plants for manufacture of aromatics adjacent to existing steel plants
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seems advisable within the framework of the projects concerning the establishment
of a chemical industry in these countries, particularly if the production of

aromatics on the basis of petroleum is not yet possible or planned.

Plastics, synthetic rubbers and man-made fibres

93. Plastics: The term "plastics" in the broader sense covers man-made organic
macromolecular or polymeric substances which, at some stage during their manufacture,
are capable of being formed into various shapes, usually through the application of
heat and/or pressure. In this sense, the term also includes synthetic rubbers and
fibres, but the latter are separately discussed in this section. Therefore,
"plastics" are understood to be substances which can be worked in solutions,
mixtures or dispersions for various fabrications such as moulding, extrusion,
laminating and coating.

94. There are more than twenty major families of plastics, which are divided
generally into two classes: thermosetting and thermo-plestics materials.
Thermosetting materials become set into permenent shape when heat and/or pressure
ere aprlied to them during forming; rehecating vill not soften these materials.
Thermoplastic materials become soft when heated and hard when cooled - no matter
how often this process is repeated. Examples of the two classes of plastics are:
(a) thermosetting plastics - urea resin, phenolic resins, melamine resins,
unsaturated polyesters epoxies., cross-linked polyurethenes and silicones;

(v) thermoplasties - polyethylene, polypropylene, polystyrene, polyvinylchloride
(PVC), polyacrylics, cellulosics and polyamides.

95. The scope of application of plastics has broadened to such an extent that
there is practically no individual sector in which these products are not used in
one form or another. The development has two different trends: one directed towards
the manufacture of inexpensive mass-produced materials, the other towards the
synthesis of products with specific properties meeting the requirements of specific
fields of application.

96. The paint and varnish industry, as well as the adhesive industry, can operate
economically with relatively small capacities. This means that a small market also
Justifies the production of such products. The situation becomes more favourable
when there exist branches of industry which have a major demand of thgse products,
such as a wood-processing industry with its requirements of adhesives or a well-

developed building trade with its demand of paints and varnishes.
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9T. The situation is somewhat different in the plastics-processing industry, a very
heterogeneous industrial branch. In some of its sectors (production of films,
coating, lining, extrusion moulding of tubes and hoses), the plants are now
operating fully and continuously. This means a very high output so that a
sufficicntly large market i; necessary.

98. The demand of some of these products in the developing countries will

probably increase greatly in the next few years because of the desirable

properties [ plastics, such as resistance to atmospheric corrosion. The demand

of packaging material, for instance, and of films in particular, is expected to rise.
Moreover, the developing countries will probably have a cortinuouciy increasing
demand for plastic tubes, as a result of the development of sewagc systems, drinking
water supplies and irrigcation systems. Thus. there will probably be an increasing
pumber of countries where the requirements of films end tubcs justify the production
of these products.

99. The other plastics - processing methods are based on piece-work (as, for
instance, the pressing of sheets and coating materials, the injection moulding of
consumer goods, the blowing of hollow articles, the moulding of plastic foums).

In this sector, it depends on the demand of each of the articles.

100. The establishment of a plastics-processing industry does not requir~ a ' :avy
capital investment. Modern processing mechines are constructed in such: a manner
that maintenance and operation costs are low.

101. It must be taken into account, however, that the entire plastica-processing
industry, including the production of varnishes and adhesives, r.cuires a great
number of auxiliary chemicsls, such as pigments and solverts for production of
paints and varnishes, and plasticizers, fillers, antioxidants srd stabilizers.

With the exception of solvents. the quantities required of cach sursiance are 8o
small that, in general, production does not seem Justificd. fdhercfcre, the import
requirements of these chemicals have to be taken irto usccount in the establishment
of a plastics-processing industry.

102. Whether a particular plastic material i= to be produced depends not only on
the demand and processing possibilitics but also on the raw materinals available.
The existence of a petrochemical industry (ethylene, prorvlene, benzene) is
prerequisite for production of the so-called "bulk- plestics" (polyethylene,
polypropylene, polyvinyl chloride, polystyrene). If thcre is a carbide industry,
however, thc production of vinyl chleride (PVC) via acetylcne may still be

profitable.
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103. Generally speaking, the production of intermediates for plastics is only
practical when there is an integrated chemical industry. Therefore, it follows
thet the production of plastics is dependent on the import of intermedictes until
the establishment of a basic chemical industry. This procedure has becn
successfully practised by small industrial countries and also by some developing |
countries, i
10k. In 1965, the production of plastics amounted to about 14.5 million metric tons
(compared with approximately T million in 1960). This corresponds to an averagc
snnual growth rate of about 15.7 per cent. The extraordinary ircrcase in
production of plastics is reflected by this extremely high ;rowth ratc, which is
above that of most of the other groups of products.

105. In 1975, the total demand for plastics is exnected to reach 4O million tons
and the share of the developing countries will probably ve 4 million tons

(10 per cent). This forecast is based on the assumption that in the years ahead,
economic developments will make great headway in developing countries (which have
three quarters of the world pooulation), thus generating considerable ncw demand
for plastics.

106. The production of plastics in developing countries has so far been confined to
Latin America (almost two thirds) and Asia (a little morc then one third). The
main progress in Latin Americe was madec in the period 1960/1961 when production
increased to 130 per cent; since 1961, the growth rate las decrcased considcrably.
107. The tuble below shows the shares of the regious and ecoromic areas, based on

the sums of the production figures.

Table 12

Share of the regions and economic areas in world plastics production

- - — - o 1 o ———— .- .

1960 1965
1,000 tons Pgrceqtagg ) }'OOQ;FQ"S Pcrcentuggw
America 3,069 b L 5,630 39.7
Latin America 59 0.8 170 1.2
North America 3,010 43.6 5,460 368.5

United States 2,8u9 b1.2 5,225 36.8
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Table 12 (continued)
1960 1965
1,000 tons Percentage l,pgg.tons Percentage
asia?’/ 611 8.8 1,698 12.0
Developing countries 30 0.b 102 0.8
Japan 581 8.h 1,596 11.2
Europe 3,170 45.9 6,735 L7.4
Western Europe 2,567 37.2 5,285 37.2
EEC 1,791 25.9 3,886 27.h4
EFTA T35 10.6 1,313 9.3
Eastern Europe 603 8.7 1,U50 10.2
USSR 332 L.8 821 5.8
Australia 59 0.9 130 0.9

a/ Excluding China (mainland).

108. The extraordinarily high growth ratc of some thermoplastics - which hardly
finds a parellel in the chemical sector - results from the facts that the properties
of these materials offer a great many possibilities of application and that articles
made from these thermoplastics can be mass-produced. The plastics are polyvinyl
chloride, the polyolefines, polyethylene and polypropylene and, in particular,
polystyrene. During the period in question, the share of these plastiecs rose
considerably, from 43.3 per cent to 54.6 per cent.

109. The development of plastics production in developing countries during this
period was characterized by concentration on the production of these three products.
Table XI (see annex) shows the development of production and the production shares
in industrial and developing countries.

110. It can be seen that the expansion of plastics production in developing countries
during the period followed an impressive course in spite of the fact that the share
in the world prcduction was still below 2 per cent in 1965. This analysis deals
only with the developing countries‘that produce plastics from the basic material to
the finished articles; it does not include countries which solely import plastics
materials.
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111. Synthetic rubbers: Table XII (see annex) gives & survey of the individual

types of synthetic rubbers, their syntheses and main fields of arplication.

112. The existence of a petrochemical industry is essential to the ccoronical
production of bulk materials such as SBR, nitrile rubber, chloroyrene rubtber, butyl
rubber, poly-butadiene and polyisoprene.

113. Major capacities seem justified only when there is a large market for rubber
products. As most of the synthetic rubber is still used by the tire industry, only
the existence of a highly developed motor industry would guarantee a sufficicnily
large market for synthetic rubber. The market for other applications is still
limited, depending on the degree of industrialization of a country.

114, The production of synthetic rubber is not terminated with the production of
polymers. To obtain a workable product, the polymer has to be vulcanized and mixed
with fillers, and numerous auxiliaries. Only these finished vulcanized products
are used for production of rubber articles.

115. It follows that the prerequisites for establishment of synthetic rubber
production (market, raw materials, auxiliaries, technology of production and
processing) are considerably more complicated than those required for production of
plastics. Therefore, it is not surprising that even today, synthetic rubber is
produced in very tew countries, as compared to the manufacture of plastics.

115a.In 1965, world production of synthetic rubber - excluding China (mainland) -
amounted to about 3.9 million metric tons. Compared to 2.5 million tons in 1960,
it rose by 56 per cent. This corresponds to an average annual growth rate of about
9.3 per cent.

116. The table below shows that synthetic rubber has been produced in developing

countries only since 1962 and that their share in world production is still very low.

Table 13

Production and production shares of synthetic rubber
in 1,000 metric tons)

1960 1961 1962 1963 1964 1965

Industrialized countries 24T1.5 2532.7 2883.4 3134.0 3553.6 3817.5
Share in per cent 100.0 100.0 99.4 98.8 98.8 97.8
Developing countries - - 16.0 37.0 Lh.3 86.2
Share in per cent - - 0.6 1.2 1.2 2.2
Total (= 100 per cent) 24T1.5 2532.7 2899.4 3171.0 3597.9 3903.7
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117. The centre of synthetic rubber production in developing countries is in Latin
America: in 1965, it accounted for almost 82 per cent. In Asia, India is the only
producer. The African developing countries do not yet have a synthetic rubber
industry.

118. It is expected that the synthetic rubber production in developing countries
will continue to increase. However, it will, for the time being, be far from
reaching the importance attached to other organic derivatives produced on a
petrochemical basis. Only in a few exceptional cases may synthetic rubber plants
be regarded as economically sound investments in developing countries.

119. Man-made fibres: The man-made fibres show the most dynamic growth of all

modern mass-produced products of the chemical industry. These fibres even surpassed
plastics in the past decade and, through this development, have continuously
increased their share in the world consumption of textile fibres. In 1955, the
world production of textile fibres amounted to about 12.6 million metric tons, the
share of man-made fibres accounting for 2.5 million tons, or about 20 per cent. 1In
1965, approximately 18.2 million tons of textile fibres were produced, the man-made
fibres accounting for 5.3 million tons, that is, 29.5 per cent. While the world
production of textile fibres rose by about L3 per cent in this period, the
production of man-made fibres increased by more than 115 per cent.

120. During the period in question, the dominant position of the three most
important man-made fibres - pclyamide, polyester and polyacrylonitrile fibres - has
not changed. New developments have not originated from chemically new materials,
but rather from the improvement of the textile qualities of the known fibres, for
instance, by texturizing.

121. In 1965, the world production of man-made fibres reached 5.3 million metric
tons. Compared to 1960, vhen it amounted to 3.3 million tons, it rose by

60.6 per cent. This corresponds to an average growth rate of about 10.1 per cent
per year. 1In 1960, cellulosics accounted for about 78.7 per cent and synthetic
fibres for 21.3 per cent of the entire production; until 1965, the share of
cellulosics went down to 61.9 per cent, and that of synthetic fibres rose to

38.1 per cent.

122. The table below shows the development of the shares of cellulosic and

synthetic fibres in industrial and developing countries and in the world.
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Table 14

Shares of cellulosic fibres and synthetic fibres
(1,000 metric tons)

1960 1961 1962 1963 1964 1965

Industrialized countries

Cellulosic fibres 2433.8 2503.7 2661.1 28hk1.5 3041.9 3085.1
share per cent 77.8 5.4 T1.5 68.5 6k.9  61.0
Synthetic fibres 694.0 817.6 1060.3 1305.5 164T7.8 1972.6
share per cent 22.2 24.6 28.5 31.5 35.1 39.0
Total (= 100 per cent) 3127.8 3321.3 3721.4 L14T.0 L689.T7 5057.7

Developing countries

Cellulosic fibres 156.7 16k.9 174.5 182.4 206.3 209.6
gshare per cent 95.2 93.5 90.6 88.2 8L.7T 80.0
Synthetic fibres 1.9 11.5 18.1 2h.3 37.4 52.k4
share per cent 4.8 6.5 9.k 11.8 15.3 20.0
Total (= 100 per cent) 164.6 176.4 192.6 206.7 243.7 262.0
World
Cellulosic fibres 2590.5 2668.6 2835.6 3023.9 3248.2 3294.7
share per cent 78.7 76.3  T2.L4 69.5 65.8 61.9
Synthetic fibres 701.9 829.1 1078.4 1329.8 1685.2 2025.0
share per cent 21.3 23.7 27.6 30.5 3.2 38.1
Grand total (= 100 per cent) 3292.4 3497.7 391L4.0 L353.7 L933.4 5319.7

This shows that the share of synthetic fibre production is increasing at the
expense of cellulosic fibres.

123. Table XIII (see annex) shows the development of the production of man-made
fibres in the three regions.

124 . During the expansion of the man-made fibre production in developing countries,
the question as to which type of fibre should be produced is likely to be raised

again and again. No general recommendations can be given in this regard. The
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general trend, whick shows a considerably higher growth rate in the sector of
synthetic filres than in that of cellulosic fibres, will undcubtedly te significant
for the coming period. In each case, the decision in favour of one or the other
fibre will depend on the over-all structure of the chemical industry and on other
specific conditions preveiling in a rerticular country.

125. It is to be expected that the relation vetween the three main groups will not
change basically in the near future. Further development will probably be
characterized by a trend to modify - chemically or physically - the types that have
stood the test, in order to create new qualities and open up new fie:ds of
application.

126. The increasing production capacities for fibres and their intermediates all
over the world contributed to a decline in average prices during the past few
years. In the case of polyamide fibres, this decline vas also aggravated by
certain surplus capacities. The general opinion is that the prices of synthetic
fibres will continue to decline in the coming period. This does not apply to
cellulosics, or, if it does, not to the same extent. Since the production of
cellulosic fibres is not 2s expensive as that of synthetic fibres, increased

capacity would nnt cause a significant decline in cost.

Pharmaceutical and pesticides industries

127. Pharmaceuticals: The characteristics of the pharmaceutical industry are as

fcllows:
(a) Swall production quantities of any one pharmaceuticeal product.

(b) wide variety of different types of products.

(c) Chemicals for pharmaceutical use generally are not used directly, but
are formulated by smaller companies specializing in formulation.

(d) The capital cost involved in manufscture of pharmaceutical products from
active ingredients is much smaller than that of the chemical industry in
general. The capital cost involved in formulsting plants is even smaller.

(e) Although the investment cost is relatively small, the research cost is
high (see table belov for United States figures). Long-term experiments
are often necessary after much theoretical study, but even then the
regsearch is still much of a gamble.
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(f) It appears that the bulk of research work is carried out by manufacturers
themselves, but as the majority of pharmacecutical products are

manufactured in industrialized countries, the basic research is usually
carried out in those countries.

(g) New drugs have only a short market life; thus, TO per cent of all
pharmaceutical products available in 1951 are no longer in the market.

Table 15

Turnover and research expenditures of the United States
pharmaceutical industry (in millions of dollars) a/

Research and Percentage of
development research and
Turnover expenditures, development,
Total pharma- total pharma- total pharma-
ceutical Ethical ceutical Ethicel ceutical Ethical
industry drugs industry drugs industry drugs
1961 3,330 1,890 245 200 7.4 10.6
1962 3,579 1,941 2716 236 7.7 12.2
1963 3,767 2,0LT 290 260 7.7 12.7
196k 3,930 2,589 313 298 8.0 11.5
1965 4,130 2,745 351 340 8.5 12.4
Average
1961/65 3,547 2,2h2 295 267 8.3 il.9

a/ Estimated,

128. In developing countries, the pharmaceutical industry is mainly limited to
formulating active principles imported in bulk. However, in some countries, this
activity is being integrated backward into producing the active principles from
imported intermediates, and eventually manufacturing the intermediates, thus
establishing the integral industry from rav material to finished consumer products.
129. This becomes easier if an organic chemicals industry already exists. Where

a pattern of industrialization is still being evolved, it would be advisable to
ensure that the organic chemicals industry is firmly established tefore

undertaking the manufacture of pharmaceutical products.

130. World production of pharmaceutical products is shown in the table below. Some
figures are estimates. The average annual growth rate is 13.2 per cent compared to
9.7 per cent for the entire chemical industry.

[ov.
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Table 16
World production of pharmaceuticals in $US (millions)
1960 1961 1962 1963 196k 1965

World total 7,800 8,650 9,500 10,750 11,800 12,900
Africa 3 4 15 20 25 30
America 3,63 3,868 1,029 L,L66  L,701 4,983

Latin America 320 385 450 520 580 6k0

North America 3,316 3,483 3,74 3,946 k121 L,3u3
Asia?/ 720 880 1,000 1,350 1,620 1,830
Europe 3,38 3,766 4,226 4,691 5,181 5,733

Western Europe 2,36k 2,666 2,996 3,348 3,708 4,123
Oceania 65 76 92 100 107 117

a/ Excluding China (meinland).

131. According to the figures in the above table, developing countries have a
greater share in the pharmaceutical industry than in the chemical industry as a
whole; the reason for this is that developing countries mainly do formulation from
imported active principles. There is very little value added. The actual use of
pharmaceutical products per capita is comparatively low in developing countries.
It is expected that the share of pharmaceutical production in developing countries
will decrease to about 16-1T per cent by 1975 because of the growth of the other
branches within the chemical industry.

132. Pesticides: The characteristics of the pesticides industry are similar to
those of the pharmaceutical industry. Pesticides are classified as insecticides,
fungicides, weed-killers and others (such as rodenticides, plant growth regulators
and additives). This group of chemicals is among the most important for developing
countries. Pesticides are vital necessities in sanitation, preventive medicine,
agricultural production, animal husbandry etc. Many millions of tons of good food
are annually consumed or damaged by pests, and much of this waste could be readily
saved. Because of the very wide range of pesticides, few people are aware of all
of their possibilities. Consequently, several countries use very expensive goods
vhere cheaper chemicals would be equally effective. Many pesticides are
manufactured under conditions of trade secrecy, and the prices charged for the
pesticides are often high.
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133. There are many plants which produce chemicals having pesticidal properties.
Pesticides based on plant products such as pyrethrum and derris root have already
been commercialized. Many pesticide firms are conducting extensive investigations
into new materials of vegetable and animal origin which could have pesticidal
properties. Nevertheless, there is still room for a great deal more investigation,
and much of it could be done on a regional basis.

134, Quantitative data on the world production of pesticides are necessarily
inexact, with effective substances and formulated goods being recorded together.

As the content of effective sul'stance in the formulated goods varies widely (from
1 to 100 per cent), it is not possible to give prcduction figures on effective
substances. However, as a rough estimate, the world production of pesticides rose
by about 60 per cent during the period 1960-1965.

135. Some developing countries are nov producers of active ingredients by chemical
synthesis. The table below lists the present production capacity of various active
ingredients by developing countries.

Table 17

Estimated production capecities of basic insecticides in 1967
(DDT Technical and BHC (13-14 per cent gamma) etc.)

Country Product Capacity in tons yearly
Argentina DDT 3,900
BHC 3,900
Brazil ppT 2,000
Mexico BHC 6,000
DDT 6,000
Toxaphene 2,700
India BHC 2,250
DDT 3,300

(3,000 additional planned)

Malathion 600
Tarathion 900
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Table 17 (continued)
Country Product Capacity in tons yearly
Isreel DDT 500
BHC 200
Philippines pDT 3,000
(capability 1,500)
BHC 0
Pakistan ppT 3,900
BHC 3,900
China (Taiwan) BHC 900
oDT 900
Turkey DT ' 1,500
BHC 0
United Arad Republic pDT 700

136. The estimated total value of imports of pesticides (active ingredients and
formulated products) by three developing regions in 1964 and the estimated increase
in 1970 over those for 1964 are shown in the table below.

Table 18
Estimated total value of imports of pesticides in 1964 and 1970

Increase due to

Total value greater demand
imports in 1964 Forecast assuming no increase
($Us thousands) for 1970 in local production
Asia | 39,710 74,930 31,220 + 78.6%
latin America 11,030 106,230 29,200 + 37.9%
Africa b1,410 60,320 19,910 + L9.6%
Total 158,150 2u1,480 80,330

The estimated increase in demand for pesticides should serve as an indication to

developing countries in formulating their future pesticide production programme.
/o L]
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137. The following points emerge for developing countries to consider in the initial

stages of establishing or developing their pesticides industry:

(a)

(v)

(c)

Priority should be given to establishing formulation plants, using
imported technical grade materials. Having established these plants,
the countries should consider manufacturing the less sophisticated
pesticides,

Some of the newer varieties of pesticides will have to be imported
for some time to come. It would not be practicable to make them
locally from imported intermediates; moreover, each country has its
particular problems and preference for certain products. Highly
trained technologists are required to supervise the initial
operation of such plants. Provision should be made to instruct
farmers in handling pesticides and using them in such a way as to
derive the maximum benefit.

Adequate equipment for the application of pesticides should be
secured by establishing the production of simpler types wherever
possible. These include manually - and power - operated spraying
equipment, fixed wing aircraft and seed dressing equipment.
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III. SELECTED PROBLEMS OF THE DEVELOPMENT OF THE CHEMICAL INDUSTRY

Capital intensity and need for skilled personnel

138. Like many other industries, the establishment of chemical industries in
developing countries involves consideration of factors such as training, the social
l1ife of the community, capital structure, national and international finance,
industrial location and communications.

139. All of these problems of the industrialization process apply particularly to
the chemical industry. This is mainly due to two factors inherent in the chemical
industry: its capital intensity and great demand for highly trained personnel.
140. The capital intensity characteristic of the chemical industry mekes the
financing of investments one of the main problems of its development and growth.
The highly industrialized nations show an annual investment index of the chemical
industry that corresponds to 8-10 per cent of its turnover. As the total production
value of the three developing regions in the year 1965 was almost one third less
than the production value of the chemical industry of Japan, it is evident that the
development plans for this branch of industry cannot be fulfilled on the basis of
the limited financial resources of the countries concerned.

141. Generally speaking, the labour requirements in the chemical industry are
rather low as far as unskilled workers are concerned, while a high proportion of
engineers, technicians and skilled operators is required. As a consequence, the
chemical industry could absorb a large part of the skilled labour in developing

countries.

A new stage in development

142. The investment plans in many developing countries are now following a trend
towards complicated production processes and larger units, which require greater
investments. A characteristic of this development is, for example, the trend
towards investments in the field of petrochemical production, which, through its
especially wide range of products, encourages the growth of the entire economy and
raises hopes of satisfying the demand of the population of developing countries for

consumer goods.
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Foreign aid end foreign participation

143. Industrialization in general, and especially in the chemical industry, has so
far depended on substantial outside help, and it is expected to depend on outside
help in the foreseeable future. 1In this connexion, a larger number of chemical
companies in industrialized nations may play an important role in the
industriaslization of developing countries.

1Lk, The type of participation of such chemical companies in “he industrialization
of developing countries varies. This may include the transfer of licences and
know--how, and the planning and construction of industrial units, undertaken on the
initiative of Governments of developing countries but where the size of the project
often necessitates a national or international group effort.

145. Furthermore, there are meny cases of joint ventures in which comnanies of a
developing country perti.ipate, with a varying degree of capital, in the formation
of a company torether with one cr more companies of industrialized nations. Joint
ventures are generally undertaker in the field of manufactures, mainly in areas
that require extensive funds and technical know-how.

146. Co-operation with a company of an industrialized country in a joint venture
often facilitates ..ore efficient technical and economic planning, earlier completion

of projects, and a smocther production process.

Training of personnel

147. The experience of chemical comranies shows that, generally speasking, it is
easier to find personnel for key positions at the lower and middle levels than to
find key personnel who are able to run installations, after their completion,
without further aid from foreign experts.

148. Hiring and training key personnel for the lower and middle levels are often
accomplished in individual developing countries during the period when a plant is
being erected by experts of the foreign companies concerned in the project. Such
tasks are generally carried out with the aid of key personnel trained in advance in
a similar production plart of the industrialized country which is involved in the
installation.

149, local personnel vwho are in charge of production management and plant
engineering frequently lack adecuate practical experience. This may lead to

unsatisfactory operation of the plant or to production setbacks, since emergency
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repair work cannot be executed at short notice. In & number of cases, foreign
experts have had to stay for a considerable period after the opening of a plant in
order to guarantee its smooth functioning.

150. Plants to be built in the near future may use more complicated processes than
in the past, and this will require a high degree of automation and a well-trained
staff. In this respect, the success of industrialization of the chemical sector in
developing countries will increasingly depend on improvements in, and broadening of,

the training of personnel.

Regional and sub-regional co-operation and integration

151. Regional and sub-regional co-operation and integration in the fields of
production and marketing cannot develop without the existence of certain political
conditions.

152. Of the three regions under consideration, Latin America and Asia show
indications of successful efforts towards regional and sub-regional co-operation
and integration in the future. The economic community of the ALALCE/ has recently
made remarkably good progress in the development of the chemical industry. Also in
Asia and the Far East, co-operation between certain States in chemical production
is being developed. The most advanced co-operative arrangement is the one between
Iran, Pakistan and Turkey. In Africa, regional and sub-regional co-operation and
integration in regard to production and marketing have not yet been developed.
153. However, co-operation in this field is still insufficient. This is due to
political factors, but it is not within the scope of this study to discuss them.
Hovever, when the factores that favour and promote industrialization in the various
regions are examined, it is evident that regional and sub-regional co-operation
and integration in the field of production of the chemical industry constitute an
indispensable prerequisite for its successful development.

154. Regional co-operation may assume verious forms, for example, exchange of
technical information, the joint use of common research installations, agreements
on production capacities and on obligations to purchase certain products.
Investments for chemical plants are of particular importance for regional
co-operation and integration.

4/ Asociacién Latino-Americana de Libre Comercio (Latin American Free Trade
Association).

[en.
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155. As stated before, the chemical industry is very capital-intensive. This means
that from the techno-economic viewpoint, the costs for a bigger plant do not risc
in proportion to the size of the installations, but much more slowly. Under these
circumstances, it is appropriate to decide on the size of a plant, not in
accordance with the volume of the existing national market - which is of specinl
importance for investments in relatively small countries - but from the aspcct of a
plant which works efficiently and whose dimensions are in accord with econonmic

requirements.

156. Supranational agreements may provide an appropriate solution to this problem.

A suitable starting-point is to agree on production aiming at a distribution cf
manufactures in such a way that the product ranges of the individual countries are
complementary to one another.

157. In establishing a chemical industry in a developing country, the close
interrelation of this industry with the entire economy as supplier and purchaser
must always be kept in mind. The development of the economic consumption structure
at the end of a planning period must serve as a guideline for priority decisions in
the chemical sector. Furthermore, supraregional co-operation can facilitate
decisions and give the investments a higher economic efficiency.

158. Regional co-nperation and integration are also desirable becausc of a special
characteristic of chemical production: only as an exception does a production
process yield nothing but the desired product. As a rule, several products are
produced simultaneously. Frequently, it is only through economic exploitation of
by-products that the entire process becomes profitable, since the calculable credit
items for the by-products lower the costs of the main product.

159. Experience has shown that the high production costs of certain chemical plants
in developing countries are mainly due to the fact that there is no possibility of
using the by-products.

160. Construction of such a plant on the basis of common planning for an integrated
production - possibly beyond the national borders - offers a favourable starting-
point for the efficiency of this plant.

161. It follows that the national planning of a country should run on parallel
lines with consultations on a regional and possibly on & sub-regional basis. It is
understandable that in this respect, the term "region" rarely has a continental

scope. The ideal starting-points for such co-operation are the geographically
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adjacent areas of a region.  Favourable location with regard to transportation of
bulk commoditics (for instance, rich deposits of raw materials), favourable
conditions of power supply (a factor of particular importance for the chemical
industry, which is to somc¢ extent characterized by a high consumption of
electricity) and, above all, the possibility of opening up nev markets - these are
factors that play an important part when the possibility of co-operation is taken
into account.

162. The example of Pakistan, Iran and Turkey shows how expert groups from the
countries concerned are trying to co-ordinate the national plans with regard to a
complementary development of the production structure of the chemical industry in
the sub-region concerned, as well as with regard to the interrelation of the
chemical industry and the entire economy of the area.

163, These expert groups are studying, for instance, the possibility of joint
ventures and of an exchange of technical experience in order to achieve more rapid
and more effective progress in the technological development of the chemical

indust. . of their area.

Vrocesses and cost structures

16L. During the period covered in this study, improvements made in processing and
planning have resulted in a considerable increase of the productivity c¢f the
capital employed in the processing industry of industrialized countrics. This has
been achieved by the constant development of new and improved processes in almost
all sectors of chemical production, by the economical operation of auxiliary and
subsidiary units, by improved materials, by minimizing the breukdown of units, by
large and cost-efficient production capacities and by stressing research.

165. The use of import licences is of fundemental imnortance in establishing a
chemical industry becnuse the acquisition of processes levcloped elsewhere
constitutes one of the most important measures for rapiid and efficient
industrialization. As a result of acquisition, developing countries need not
follow all of the technological stages thet have been developed by industrialized
nations.

166. The transfer of kaowledge of processes requires, ir many cases, a special
adaptation of an individual process to the particular neceds of the developing
country as licensee. This, in turn, implies that the licensee must often engage

fooo
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in additional research and planning to achicve the know-how HeCennnry to minie oo
the technological risks of adaptation. There are cascsc whers the trovofor of o
process from the irdustrialized countries is 1ot directly ajplicable to th
developing countries and, therefore, some additiconal eXrerimental work may te
needed.

167. Lack of capital and foreign exchange in developing countrics mak. s 1t neccanary
for the licenser occasionally to demand capital participation in exchange for the
transfer of processes. A number of developing countries have expressed some
opposition to such capital participation by the licenser.

168. In due consideration of the value ¢f transfer of licences as an important
generating factor of the entire process of industrialization, the political mensurcs
taken in the administration of the economies of the developing countrics should e
of such a nature as to encourage the licenser.

169. When processes are being adapted to the specifi~ conditions of u country, the
differences in price structure of raw materials, of power supply and of finished
products are of great importance. Such factors will often lead to production

costs completely different from those of an industrialized country.

Patent protection

170. Patent protection is one of the most important factors in the growth and
development of the chemical industry.

171. Beyond the traditional function of fostering rcsearch, the patent system
influences investment policy and the flow of technical know-how. The position that
a developing country takes with regard to patents affects the potential of local
industrial growth, as vell as the country's partnership with other countries at
different stages of industrial development .

172. While there have been s number of Justifications for the grant of patents,
modern theory maintains that the exclusive privilege, limited to a certain pericd
of time, is given to the patentee by the Government in the public interest, since
this is likely to encourage research and inventive activity, to induce inventors
rapidly to disclose their inventions instead of guarding them as trade secrets,

and to promote investment in promising lines of production.

173. The question has been raised as to whether the particular situation of
developing countries necessitates a different approach to patent protection. It
has been said that the patent system of industrialized nations will not necessarily
yield the same results if applied to the economies of developing countries.
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1T4. To evaluate tne situatior, attention is drawn to a report of the Secretary-
feneral of tne United Nations on The Rol: of Patents in the Trensfer of Technology

to Develeping Countries-s-/ and to the Model Law on inventions and technical know-hovw,

prepared by the United International Bureaux for the Protection of Intellectual
Property (BIRPI).Q/ These documents ere described in the following paragraphs.
175. The Secretary-General's report, prepared on request of the Ceneral Assembly ,1/
includes, among other things, a survey of national patent legislation; Governments'
evaluations of the manner in which access to inventions and know-how had been
helped or hindered by the existence or non-existence of a national patent system;
and statistical information. The report also deals with the impact of patents on
the economiecs of developing countries, with special reference to the transfer of
technolory.

176. This report was considered by the 196l United Nations Conference on Trade and

Development (UNCTAD). It adopted 8 recommendation,= summarized as follows:

(a)

(v)

(c)

5/ The Role of Patents in the Transfer of Technology to Developing Countries,
Report of the Secretary-General (E/ 3661 /Rev.1) il}nited Nations publication,
Sales No.: 65.I1I.B.1).

G/ Model Lav_for Developi Countries on Inventions (BIRPI publicatiom,
No.: B0

1/ General Assembly resolution 1713 (XVI) of 19 December 1961.

8/ Recommendation A.IV.26 in Proceedings of the United Nations Conference on
Trade and Development, vol. I, Final Act and Report (United Nations
publication, Sales No.: 64.11.B.11), p. 91.

9/ The International Union for the Protection of Industrial Property was founded
in 1883 as an inter-governmental organizstion. It functions in Geneva as part

of the United Internaticr.al Bureaux for the Protection of Intellectual
Property (BIRPI).

Developed countries should encourage the holders of patented and
non-patented technology to facilitate the transfer of licences,
know-how, technical documentation and nev technology in general to
developing countries.

Developing countries chould undertake appropriate legislative and
administrative measures in the field of industrial technology.

Competent international bodies, including those of the United Nations
and the bureau of the International Union for the Protection of
Industrial Property, 9/ should explore possibilities for adaptation

of legislation concerning the transfer of industrial technology to
developing countries, including international agrecments in this field.

1 (E)), Geneva %19357. 12% pp.

[eoo
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(d) Additi-nul facilitics for informeti. .. ovyond tor the tranctor of,
techinical documcitation and Kb w-. (w Shotla e oreanicod within U
United Hoticro fronoverk in consultation with o priat,

internatioral orpanicctions.

The UNCTAD rceormmendaticn was end roed by tie teoneric ond Cocial Council
(resolution 1013 (XXXVIT)) and bt the Gerersd Assomtly (rosolation 2001 (X%)). s
the latter resclution, the As. emblv asked the Ceervtary-General to contiva the
studies, and the competent international bodics to cive attentior to reaue tte of
Governments of develc:ing countrics for techrical ascistance in the ficld of
industrial prorerty and administraticn.
177. On the basis of these develorments | it scems roasonzble to offer the followin,
analysis.

178. The concentration of technical knowledge ond cxrericnce, capital and

facilities ir tue industriwlized arcus presents, undoubtedly, o scrious problem tor
developirg countries. To improve this situwticn, an industrial partnership with
more developcd countries 1s a necessity, and the patent system appears to be an
important instrument to encourage partnership.

179. Most of the develecping countries will derond for a long time, und to a
considerable cxtent, on technical end scicntific developments that originate outside
their borders. The grant of ratents to forvigners should be considered as a
necessary means of encouraging the inflow of technology and the development of an
indigenous industrial econory.

180. In October 196k, the United Internaticnal Bureaux ror thc Protecticn of
Intellectual Property (BIRPI) irvited a committce of experts from developing
countries to Geneva to draft a Model Law.

181. The Modcl Law for Devecloping Countries on Inventions,lg/ as prepar<d by the
expert croup, is based on the traditional patent system, but takes into account the
special needs of developing countries. Ia particuler, it provides for protection

of non-patented secrect know-how in licensing agreements.

182. The Model Law may be consia:red as a possible guideline for developing
countries,

183. From the viewpoint of a sectoral study dealing with the evolution of the
chemical industry, the following points with regard to the patent system may be
emphasized.

10/ Op. cit.
/oo




1bh. Tne crowth of the cnemical inductry dorende » great dezl on the quality and

intensit, of recoarch which, in turn, roquires extencive investrents., Experience
ir irductrial ecuntrics spows that tne acceocary intensity of rosearch cannot be
nchi-ved withcut aduquate patont protection.

145, Beyord bnoie research expenditurcs, inventions in the cheniical field often
cull for considerable further investments vefore a product can be put on the market.
fyroricrec in the phormaccutical ficld chows that valusble besic inventions which
had e voluntarily dedicated to the rutlic by the inventors, without seeking
ratent rrotection, were not taken up for a numbur of years because the lack of
monc;ioly rirht made it impossible for individual companies to risk the high
investrments needed to brings the product to tue production stage.

186. Ilnventions in the chemical field »ften cannct be worked out in the absence of
additionsl know-hcw. This additional knowiedpe, which is rarely patentable, forms
ar. essential part of licensing agreements. Even among industrialized nations,
thcre is a high degree of dependence on foreign advances in specific technical

ficlds. The patent system is the basis for the exchange of technology.

/...
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ANNEX
World productiocn of chumical industry
(millions of US dollars)
1960 1961 1962 1963 19tk 1064
World grand total 73,000 79,5C0 87,500 94, co 10k 500 115,000
Africa 650 705 765 835 925 1,030
South Africa 320 345 365 390 40 s
United Arab Republic 230 250 280 310 3G0 Loo
Rest of Africa a/ 100 110 120 135 145 160
America 33,360 35,970 39,580 L0,940 143,300 47,170
Latin America 2,110 2,320 2,600 2,870 3,230 3,360
Argentina 380 390 Lol Lko L8O 520
Brazil 780 860 1,000 1,100 1,190 1,146
Chile T1 T2 Th 76 80 83
Colombia 95 100 105 113 127 140
Mexico 530 607 690 786 90l 963
Peru 70 81 91 100 115 133
Uruguay 18 19 21 22 23 2k
Venezuela 120 142 163 183 225 250
Rest of latin America b/ L6 L9 55 68 8¢ 101
North America 31,250 33,650 36,980 38.070 L0,130 L3,810
Canada 1,k50 1,550 1,680 1,670 1,830 2,010
United States 29,800 32,100 35,300 36,400 38,300 41,800
Asia 5,173 6,000 6,656 7,652 8,876 9,630
Burma 10 10 11 12 12 13
China (Taiwan) 13 85 110 130 155 206
India 573 630 706 782 916 1,050
Indonesia Ls L7 L8 53 56 60
Iran 20 2l 22 28 32 37
Israel 20 105 120 135 150 160
Japan 4,100 4,600 5,290 6,100 7,100 7,800
Korea, Rep. of 2L 29 35 L2 L8 55
Pakistan 20 28 L2 53 60 70
Philippines 110 121 132 15¢ 170 180
Thailand 1L 1k 16 18 18 20
Turkey 55 6C 70 T8 85 83
Viet-Nam, Rep. of 25 27 28 30 32 35
Rest of Asia ¢/ 1k 23 26 32 L2 61

(Foot-notes on following page)
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Table I (continucd)
1960 1061 1962 1963 1964 19€5

Europe 32,419 3L 9€2 38,366 42,592 48,231 53,077
Westorn Europ. 22,769 24,072 25,766 28,212 31,781  3L,L87
EEC countrics 1k 220 15 190 16,350 17,860 20,195 21,780
Belpium and Luxembourg 678 735 L0 800 864 960
France 3,650 4,000 4,540 5,030 5,500 5,800
Germeny Fed. Rep. of 5,793 €,000 6,330 6,820 7,789 8,500
Ttaly 3,L20 3,720 3,950 4,270 4,800 5,060
Hetherlands 679 735 790 9Lko 1,242 1,460
EFTA countrics 7,599 7,652 8,116 8,81k 9 833 10,751
Austriz 300 317 331 354 388 436
Denmars 164 175 215 220 230 250
Norway 285 305 340 3k0 350 365
Portugal €5 70 70 70 75 80
Sweden 505 525 565 610 670 720
Switzerland 510 550 585 740 820 900
United Kingdom 5,770 5,700 6,010 6,480 7,300 8,000
Greece 115 120 125 - 125 130 135
Ireland 55 60 65 68 73 81
Spain 600 850 890 1,115 1,310 1,490
Finland 180 200 220 230 Lo 250
Eastern Eurorc 9,650 10,890 12,600 14,380 16,450 18,590
Bulgaria 60 70 75 85 95 105
Czechoslovakia 720 810 910 9Lo 1,030 1,100
Germany, Eastern 1,630 1,760 2,040 2,170 2,370 2,550
Hungary 110 130 150 175 195 220
Polend 940 1,030 1,200 1,300 1,550 1,800
Romania 330 k10 515 670 830 1,000
USSR 5,700 6,500 7,500 8,800 10,100 11,500
Yugoslavia 160 180 210 2Ln 280 315
Oceania 679 686 T3k 8ol 90U 985
Australia 584 584 630 695 780 850
New Zealand 94 102 104 109 124 135

*

- - ——

a/ All countries of Africa except those listed ebove.
b/ All countries of Latin America except those listed above.

¢/ All countries of Asia, Middlc and Far LFast except China (mainland) end those
listed above.

/e
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Table Il
World production of sulphur
(1,000 metric tons)

1960 1961 1962 1963 196k

World total 20,500 22,700 23,800 23,900 25,600
Africa 262 239 230 198 240
America 8,594 9,L465 9,55k 10,079 11,030
Latin America 1,436 1,337 1,559 1,669 1,828
North America 7,158 8,128 7,995 8,419 9,202
Asia 2,285 2,31 2,532 2,525 2,693
Europe 8,b93 8,984 9,663 9,715 9,895
Western Europe 5,216 S, LTk 5,Thé 5,668 5,732
Eastern Europe 3,277 3,510 3,917 L,ob7 4,163

Australia 349 330 317 349 360
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Table III
World production of salt

(1,000 metric tons)

(Foot-notes on following page)

1959 1960 1961 1962 1963 1964

World total 79,500 84,600 85,500 91,600 95,000 98,700
Africa 1,k20 1,704 1,609 1,903 1,736 2,129
Algeria k2 131 131 131 130 130
Ethiopia 141 157 151 198 255 263
South Africa 237 253 208 255 198 300
Tunisia 92 166 161 290 300 21k
United Arab Republic 383 522 517 560 392 675
Rest of Africa k25 k76 kb1 69 k61 b1y §
America 28,749 29,150 29,529 33,527 34,790 36,425
Latin America 2,912 3,030 3,211 ‘h,068 3,608 4,200
Argentina 519 54g 581 Lol 169 373
Brazil 854 923 389 1,243 1,193 T54
British West Indies 25 235 239 223 . 276 349
Colombia 270 303 337 305 297 340
Mexico 520 520 599 1,202 1,225 1,783
Peru 105 106 87 9k 87 109
Venezuela 78 79 147 145 76 200
Rest of Latin America 321 315 332 272 285 292
North America 25,837 26,120 26,318 29,459 31,182 32,225
Canada a/ 3,009 3,00L 2,997 3,325 3,317 3,532
United States— 22,828 23,116 23,321 26,134 27,805 28,693
Asia 19,654 20,811 19,083 18,915 19,777 20,503
Aden 178 130 78 78 86 81
Burma 112 148 125 154 161 127
China (mainland) 11,400 12,900 11,500 10,000 10,500 11,000
China (Taivan) 430 453 432 595 626 602
India 2,770 3,435 3,61 3,886 b/ 4,549 b/ 4,6LT
Indonesia 315 198 Lis 304 304 305
Iran 80 130 145 179 345 345
Japan 1,166 886 828 879 795 887
Korea (North) Lo 32k 392 k21 554 399
Korea, Rep. of 390 399 122 388 230 386
Pakistan 288 431 389 59 ss 522
Philippines 175 95 93 96 10 b7
Thailand Ls9 335 250 150 200 2k
Turkey Lg2 Lks 268 431 398 322

e nd
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Z Table III (continued)

1959 1960 1961 1962 19¢3 1964

Asia (continued)
Viet-Nam, North . . . 1k 128 150
Viet-Nam, South 156 1Lk 100 193 128 128
Yemen 100 100 120 150 100 35
Rest of Asia 703 258 335 Lo8 276 271
Europe 29,157 32,k05 34,700 36,619 38,043 39,01k
' Western Europe 17,859 19,667 20,557 21,994 23,063 23,690
EEC countries 10,108 11,01 12 ,220 13,316 13,902 14,228
France 3,484 3,736 3,846 4,248 3,694 3,695
Germany, Fed. Rep. of 3,649 3,969 4,680 4,906 5,588 5,796
Italy 1,989 2,600 2,580 2,900 3,141 3,141
Netherlands 986 1,096 1,11k 1,262 1,479 1,596
EFTA countries 6,302 6,718 6,619 6,923 7,378 7,666
Austria ko3 L83 433 289 345 392
Portugal 214 21k 267 389 347 347
Switzerland 137 1k9 157 168 191 182
United Kingdom 5,548 5,93 5,762 6,017 6,495 6,745
Greece 98 97 119 115 85 100
Spain 1,351 1,391 1,599 1,640 1,698 1,696
Eastern Europe 11,2k0 12,682 14,109  1k,59%4 14,973 15,320
Bulgaria 89 87 126 149 105 105
Czechoslovakia 161 168 188 182 187 18k
Germany, Eastern 1,686 1,785 1,999 1,996 1,996 1,996
Poland ' 1,828 1,946 2,051 2,075 2,131 2,242
Romania 8uo 1,045 1,330 1,477 1,637 1,809
USSR 6,500 7,500 8,200 8,500 8,750 8,800
Yugoslavia 136 151 161 215 167 184
Rest of Europe 58 54 34 3 7 L
Oceania 496 L88 508 553 603 614
Australia 475 L 503 5Ly 592 592
Source: Uniéed States Bureau of Mines, Preprint from Minerals Yearbook, 1962 and
196L; calculated in metric tons; estimated in part.
a/  Including Puerto Rico.
b/ Including Goa.
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Table 1V

World production of phosphate rock

(1,000 metric tons)

1960 1961 1962 1963 196k 19652/
World _‘l_z_g_t_glg/ 41,700 u5,700 47,700 50,800 59,000 65,000
Africa’ 11,210 12,100 12,400 13,560 15,700 18,200
Algeria 563 Lho 390 348 12 100
Morocco 7,492  T,450 8,162 8,549 10,098 12,000
Senegal 212 546 638 596 780 900
South Africa 268 297 307 uss 519 T00
Togo - 118 192 518 768 600
Tunisia 2,006 1,982 2,097 2,367 2,750 3,000
United Arab Republic 566 627 602 612 613 600
asis 1,680 1,700 2,170 2,380 2,600 2,650
China (mainland) 600 500 600 700 800 900
Israel 22k 220 210 300 2ho 250
Jordan 362 L23 681 614 S6L 300
North Viet-Nem 480 555 667 740 980 1,200
America 18,997 19,857 20,613 20,753 23,909 25,620
Latin America®’ 1,200 1,000 920 600 580 620
Brazil 880 659 566 279 2L6 280
Netherlends Antilles 115 152 132 128 120 125
Peru 157 160 206 192 205 200
United States 17,797 18,857 19,693 20,153 23,329 25,000
Ausirslia and Oceanie 2,113 2,188 2,132 2,27k 2,5T1 2,600
Pacific Islends 2,111 2,183 2,128 2,269 2,565 2,595
Europe 7,111 8,926 10,144 11,133 13,055 15,100
USSR 7,000 8,800 10,000 11,000 13,000 15,000
Source: Statistical Summary of the Mineral Industry, 1959-196k.

a/ Estimated.
b/ Round figures.
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Table V
World production of sulphuric acid

(1,000 metric tons)

1960 1961 1962 1963 1964 1965

World total 51,500 53,00 56,700 60,900 66,700 72,300
Africe 1,228 1,219 1,257 1.329 1,493 1,630
Algeria %3] 30 23 32 k6 55%
Congo, Rep. of 110* 105* 103 ok 107 110%
Morocro 33 33 3$ 36 %o} hs
South Africs 88s 900* 950®% 1,000* 1,050 1,100%
United Arad Rep. (Egypt) 103 96 ol 88 170 240
Zaabia 5T 55% 52% T9* 8o 8o
Aperice 18,609 18,6371 20,500 21,912 23,921 25,956
jatin Americs 866 982 1,012 1,19 1,353  1,u7h
Argentina 135 1h0 100 109 151 168
Brasil 20 240 275 315 320 325
Chile (.1 117 129 130 150% 221
Colombia 9 23 27 35 g Lo#
Mexico 2h9 276 339 390 LLo Lso®
Betherlands Antilles 187 154 167 154 165% 170%
Py 30 2 29 33 3Te ho®
VYenesuela 2 3 6 28 51 60
Yorth Americe 17,783 17,655 19,029 20,728 22,568 24,482
Canada 1,520 1,064 1,560 1,725 1,718 1,964
United States 16,223 16,191 17,869 18,993 20,790 22,518
feisY 5,093 5,3  57% 6,006 6,512 17,018
Chine (Tuiven) 8h 100 116 163 202 269
India 5h b2 468 568 679 88l
1sreel 123 116 120 150° 163 156
Japen b A52 M 683 M 910  L,991 5,372 5,652
Kores, Bep. of 8 9 9 13 18 20°
Pakistan 1 2 2 19 22 20
Milirpines M 79 85 80¢ 8o® 8se
Trhey 23 23 20 b2 ¥W%e 110*

(Pooct-notes on following page)

/oo
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Table V (continued)
1960 1961 1962 1963 1964 1965
Europe 23,403 2L,52T 25 ,h66 27,713 30,342 32,925
Western Europe 15,399 15,713 15,915 17,010 18,468 19,754
EEC countries 9,800 9,933 9,977 10,511 11,311 12,185
Belgium and Luxembourg 1,423 1,350 1,332 1,236 1,348 1,488
France 2,0166 2,205 2,271 2,394 2,701 2,8L0
Germany, Fed. Rep. of 3,170 3,103 3,101 3,316 3,602 3,800
Italy 2,299 2,“#6 2,551 2,711 2,68L 2 ,966
Netherlands 862 829 822 854 976 1,091
EFTA countries L,082 L, 084 h,166 L4384 4,863 5,154
Austria 140 150 160 200 217 225%
Denmark 198 0k - 208 2117 223 239
Norvay 100 100 101 103 108 112%
Portugal 331 3u1 352 L1t 460 hgo®
Sweden Lo9 h21 LL8 472 510 560%
Switzerland 160 163 122 1L8 159 170%
Finland 187 229 238 333 355 380%
Ireland 95 129 100 100* 100% 100%*
Greece 105 102 125 120 168 185%
Spain 1,129 1,236 1,319 1,k62 1,671 1,750%
Eastern Europe 8,005 8,81k 9,551 10,703 11,96k 13,171
Bulgaria 123 192 2hT 269 291 319
Czechoslovakia 553 599 643 725 893 933
Germany, Eastern 31 819 853 919 937 985
Hungary 164 189 212 283 322 378
Poland 685 Tk 852 888 1,004 1,062
Romania 226 248 326 343 h17 Skl
USSR 5,398 5,718 6,132 6,885 7,647 8,518
Yugoslavia 125 255 286 391 k53 435
Oceania 1,429 1,l98 1,495 1,680 1,957 2,195
Australia 1,088 l .lhO 1,154 1,269 1,452 1l ,639
Nev Zealand 3h1 358 113 | k11 505 506

a/

Estimated figures.

Excluding China (mainland).
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Cost cheracteristics of a 1,200-ton per day sulphuric acid plant

Based on
elementary Based on Based on
sulphur pyrite gypsum
Investment costs
(in thousand dollars) 3,619 7,459 18,232
Service of capital
(thousand dollars per year) 615 1,343 3,284
Machinery costs a/
(thousand dollars per day) 20.h4 12.0 13.7-
Personnel expences
(dollars per day) 199 T96 1,856
Operating costs, total
(dollars per day) 16,471 9,467 2,3h0
Production costs
(1ollars per day) 18,228 13,500 12,202
Production costs
(dollars per metric
ton 3280,‘) 15.20 11.26 10.17

Source: Chemiebau, Dr. A. Ziehren, GmbH, K51ln/Rh.
a/ Excluding costs for gypsum.




ID/CONF.1/25

English
Annex
Page 10
Table VII
World production of chlorine
(1,000 metric tons)
1960 1961 1962 1963 1964 1965
World total 8,600 9,500 10,700 11,800 13,200 14,300
Africa 17 23 k)% 43 54 62
Algeria 2 2 1 2 2 2
South Africa 15 20% 25 3 37 hse
United Arad Republic - 1 5¢ 10 15¢ 15¢
America k,559 b,61k 5,175 5,528 6,006 6,560
Latin America 60 119 m 190 185 203
Argentina - ko 37 ko Lo* Lse®
Brazil 39 40 % ko® uor  Loe
Chile - - 5 6. 6. 6.
Colombia 20 26 21 28 29 32
Mexico - - 520 61* 55¢ 65%
Peru 1 3 ke 5% 5@ bl
Venezuela - 10* 10* 10* 10% 10
North America b oh” | .“95 5 ,Mll p) ’ 338 5 '631 6 3351
Canada 292 321 338 381 b38 516
United States h,207 b,1Th h,666 h,957 5,393 5,841
Asia 674 766 818 933 1,208 1,349
Ceylon - - 1 1e 1 1%
China (Taiwvan) 36 32 % kO 51 61
India 32 3 n 11 1 13k 201
Indonesis - -— 1* le 1 1
Iran ‘o= 3 3 3e 3 3
Icrael - b 1 7T 8 9
Japan 600 686 7% 8 1,002 1,055
Pakistan 3* 3e 2 3e 3 ke
Philippines 3e 3 3e 3® 3e 3
Viet-Nem, Rep. of - - - - 2¢ 20

(Poot-note on following pege)
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Table VII (continued)
1960 1961 1962 1963 1964 1965
Europe 3,300 3,981 4,510 5,088 5,634 5,999
Western Europe 2,308 2,559 2,76 3,088 3,532 3,727
EEC countries 1,431 1,596 1,759 1,980 2,288 2,448
Belgiun and Luxembourg Li» h3® hse 58 The 90"
France 332 356 Loé L62 548 587
Germany, Fed. Rep. of 658 125 801 920 1,017 1,081
Italy 294 367 392 k15 Lok 520
Netherlands 103* 105¢ 115* 125% 155#* 170*
EFTA countries 808 as7 865 965 1,090 1,111
Austria 18¢# 200 21 26 27 30
Denmark L 4 5 b b b
Norway 37 4o bl 51 60 60
Portugal 1 2 2 3 b 5o
Sweden 151 167 172 189 209 222
Switzerland 3o 30" 30* o 0. jo®
United Kingdom 567 59k 59U 662 756 760
Finland L8 6h 15 82 95 98
Greece - 2 e 2 4 2
Spain 21 ho 113 59 57 68
Esstern Europe 992 1,22 1,764 2,000 2,102 2,272
Czechoslovakia 115 133 k2 1k T 155¢
Germany, Eastern 263 297 350 350 3.0 T0*
Hungary 150 15¢ 15¢ 15% 15" 15¢
Poland 55 67 T 19 90 n
Romania e SO 68e 8s5e 8 1008
USSR 500% 850 1,100* 1,300 1,k00* 11,5000
Yugoslavia 10 10 15 71 30 35
Australia 28 27 33 b0 b8 h5®
® Estimated figures.
/. * e
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Table VIII
Structure of soda caustic soda, chlorine
and hydrochloric acid consumption {percent]
Rydro-
Caustic chloric
Soda ash soda Chlorine scid
United ‘'mited United
leungf States b/ anunij States Jupcn!/ States Ja;

Glass 1.5 bs.8 - - - - .-
Chemical industry 30.9 1.1 . b 5.3 35.7 73.5 hS.6
Man-made fidres - - 25.1 9.5 0.5 o 0.h
nm ”iﬁt‘ﬂ. 109 L ‘«6 6-3 0.? - 006
Paper and pulp 2.7 9.h 9.9 10.5 M0 171.0 2.2
Iron and steel 3.2 e 0.6 .- 0.5 - 6.3
Soaps and deter-

gents o= $.2 o= 5.3 - o -
Petroleum

refining - - 1.9 5.3 0.5 - 1.0
m ‘m ‘o~ Lo ,12 Land 0.1 - ﬂo.
Alwminive o b2 b7 5.3 0.} E 0.2
Others 3.h 8.3 6.0 12.% 187 995 16.3

fourees: §/ Ministry for Istersational Trede md Infustry of Jepes.
Y Ol). Iaist end Drug Peperter-

looo

R,
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Table IX
World production of calcium carbide
(1,000 metric tons)

1960 1961 1962 1963 1964 1965

; Africa 59 6% 61 56 65 T
South Africa 59 65 61 56 65 T2

United Ar b Republic - - - - -— 2

Americs 1,kk0 1,390 1,37 1,289 1,246 1,218

latin Americe 1o, 109 103 130 99 102

Argensina 27 k3 1 ¥ b2 [}

Presil 60 63 55 15 » »

Chile 5 [} Y b 7 b

Mexico 10 10 11 13 15 15

Peru 1l 1 2 4 3 3

b ica 1,337 1,20 1,266 31,119 1,0 1,116

Caneds %S5 336 201 1) 120 120

Unite® States 992 ohs 983 1,006 1,07 996

aots® 1,001 1,78 1,526 1,79 2,21 1,88

Chine (Taiven) 18 21 23 NS (%) %0

India 10 19 26 a1 82 >

1srael 10 9 b] 6 5 b}

5 Kores, North 135 125 123 1%0 150 150
z Kores, Bep. of 4 b 10 b 3 3
| Philippines 7 s 7 1 7 7
Turkey 7 7 7 7 7 L
Barope b,S596  M,TM1 M TOD 3,066 S T2 5,60
Vesters Parese 2,503  2,6h2 2,953 2,861 3,000 3,06)
: 2,000 1,966 1,97 2,100 2.2%) 2,263
- Lanesteourg 106 127 i 15 F 91 220

Preace MY MR ¥, 9 513 8¢ 60

Getmany, Ped. Nep. of 1,101 1,009 99 1,067 1,051 1,09

Italy &2 207 b =4 Y » % »0

Setherlands sh M M ) b3 ) 50

(7ot -aote on following page)
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Tadle IX (coatinued)
1960 1961 1962 1963 1964 1965
Burope (cont'd)
Western Purcpe (comt'd)
W 499 566 508 592 633 630
. » 50 30 31 hs ks
Borway b 60 52 )| 100 120
Portugal p) 6 u 17 16 20
Sveden 90 106 9 100 100 100
Bvitserland 9% 8 73 173 76 35
United Kinghom 2116 259 y) ) 200 296 g (o)
Pinlend [ ] (] 8 S 7 7
Spain 76 8 o0 16 137 163
Iasters Bercpe 2,003 2,099 2,179 2,03 2,052 2,540
Dulgaria 2 7 tp) » 3 3
Cseehoslovaria 106 107 119 1% 1% 180
Oermeay, Rastera %3 951 1,3 31,0688 1,160 1,188
hangary 13 13 13 13 13 17
Priand m %60 30 o b30 MO
Romenis 14 60 6 7 90 100
UBBR %00 500 $00 %00 00 300
Yugoslavia 73 s [ 07 ) | 105
tuntralie 13 13 ) 13 1% 13

,GOO
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Table X
World tapacities of ethy.ene (1965) and Jevelopment tc 1970
(1,000 metric tons)
Refinery 1965 Coke Matural
Maphtha o LPG oven gas gas Total 1970/72
World 3,559 2,090 68 50 2,143 8,506 18,0002/ |
m )‘77 1:9” 295 ee 9—;“’ ",531 9:2,‘
atin Aeerice 16 20 - - 52 100 6898/
Argentina 16 u - - . 27 1%
Bresil . 9 - o oe 25¢/ 195
Mexico - - - - se 52 160
Bopth pmerics 13 1,968 - - 1,99 b,729 8,55
Canade 170 8/ » - - 229 545
United States 291 ¢/ 1,9% 295 ¢/ - 1,92 b,500 g/ 8,000
R 9 a - - 5 95 2,625 n/
India - - e - - 91/ 2%
Isruel e 27 e e - S0
Japan ek i o o b %9 2,200
reee 2,158 20 fa 50 9 2,603 5,7Th
Mestern Barope 2,158 50 ) 50 » 2,ibh 3,17 3/
1.‘:’ %0 fa %0 9 1,7% 3;33
8! l.....ﬂ.'g »e - s -e
Franes 1% o= - 80 K} ] ﬁg 983
‘."‘ﬁ'; Tod. ey, of 1:5 e ’l Nele Lo 007 1,’77
Italy 33 30 - e 16 599 700
Metherlands 5 - - - nes. 5 23
G’o L2 g ow L) [ ] 690 1 “"
R soetries % - - - - % 3
Sveden %0 . o - d 50 o
United Kingdom % ) .- - - ) 60h 1,31
st Broye - - - - -~ 139 &/ 600s
w‘ »e -e - . e %9 n.8,
we o - as - LT 1
Gormnay, Instern - o o . - 1 f.8.
annle - " L - - o W
Btisated figuses,

Iaslading 10,000 toms Unitod Aved Mepublis, 40,000 toms Scuth Afries, and & margin of abwt 177,000 tons.
Wereef Ohile 30,000 tome, Colosbia 20,000 tome, Yensmuela 150,000 tons.

Waveet 14,000 tons fyom Metetosk ethendl.

90,000 tons petrolewn fractioms.

Inaluiiag otsuight sua distillates,

Sondonsatee .

Inaluiing 14,000 tons other fesdetosk.

Berest Iren 9,000 tons, Ireq 3,000 toas, Pakistaa 80,000 tons, Trhey IN,000 tons.
Nhanal fosdetosh.

Waveel Bpuin 175,000 tens.
Bsladisg VOER, Palasd oni Bungary.

rkrrErereeere ¢

/ooo
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Table XI

Production and production groups of the most important thermoplastics
(1,000 tons/percentage)

1960 1961 1962 1963 196L 1965
Polystyrene '
Industrial countries 567 6US 876 969 1,168 1,37 ;
Share in percent 97.8 97.6 38.0 98.0 98.3 97.8
Developing countries 13 16 18 v 20 n
Share in percent 2.2 2.3 2.0 2.0 1.7 2.2
Pedyviny} chloride
Industrial countries 1,317 1,595 1,885 2,21 2,750 3,006
Share in percent 98.9 98.2 91.9 9T.4 91.1 97.1
Developing countries 15 29 O 60 )] 91
Share in percent 1.1 1.8 2.1 2.6 2.9 2.9
Polyolefines
Industrial countries 993 1,207 1,751 2,136 2,680 3,220
Ehare in percent 99.3 99.1 98.9 98.9 98.9 98.1
Developing countries 7 1 19 2k 30 6
fhare in percent 0.7 0.9 1.1 1.1 1.1 1.9
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Typs Synthesis Applications

Qulorimated rudber
Rabber hyérochloride
Cyrelo-rubber

Nyrene-dutadicne rubber
(sam)

SR ofl exteaded
SR high styreme

Hitril-dutadione rudder
()

Chloroprene rudber

Butyl rudber
Cis-1,b-polyisoprene
Cis-1,h-polybutadiene

Ethylens-propylene-
terpolymers

Ethylene-vinyl acetate
eopolymers

Thio rudbers
Silicone rudbber

Folymethane rudbers

Qlerination of natwral r"Odey

Rydrochlorination of mstursl redder
Crelisation of natural rudder with

sulphuric acid, sulphuric seide
a.0.

Copel isation of bwtadiene
(15-

5) end styreme (25-063)

(Addition of oils and plasticisers)

(More thaa 30% styreme)

isation of bwtadiene
«608) and aerylonitrile
20-001)

Polymerisation of 2-¢hlego-
butadione

Pelymerisation of iscbutylene
vith ssall emownts of {soprene

Polymerisation of -isoprens vith
Liegler catalysts

Polymerizetion of butadiene with
Ziegler catalysts

Copolymerisation of ethylene,
Propylene and small amowmts of
dienes

Copolymerization of ethylene and
vinyl aretate

Condensation of polysulfides with
aliphatic dihalides

Hydrolysis of alkyl dichloro-

silanes and further polymerizatios

by heating

Polyaddition reactions of poly-
esters vith isocyanates

. w——— .

Protestive coatings, adhesives

Packaging fiims, Lasquers
Sard rebber, lecquers

et pertamt tire ry,
booos, mabies and cthey
rbber arttelee

Tire covers, teenical articies
Fieor coverings, soles

Technical articles resistamt to
oiin and Nydrocartons

Mhosives, eable .
teshnical articles resistant
$0 eile, fats and weethering
oostings end linings,
pretective clothing

Tire tudes, air tudes and hose,
ables, rberissd Ndvrics
Tires, techaical articles

Automodile tires

Tecehnical articles

Techaical articles

Pull hoses end tudes, coatings,
priating cylinders, sealings,
container linings

Insulating materials, sy
special appiications

Sealings, buffers, bearings,
soles a.m.0.




p/cour.1 o5

Irgiish
Annex
Page 18
Tatle X171
Production c{ map-made fitres in the developins rogl ¢
(1,000 toms/percentage)
140 1%} 142 19¢} 1204 1965
Afrjce®’
Total 1,000 ¢, 11.3 11.3 id.1 lc.t 13.1} 12.¢
Share of grand total { 6.9 6.b 6.3 6.. 5.5 b7
Cellulosic fidres 1,000 t. 1.1 1.1 11.8 12.2 12.8 1.6
Share § 98.2 98.2 e1.% 6.3 9.2 9.1
Syathetie fidres 1,000 t. 0.2 0.2 0.3 O.b 0.9% 0.6
Share i 1.8 1.8 2.5 1.2 1.8 8.7
Total 1,000 t. 6.3 $5.1 6T\ 16.2 8.7 91.6
Share of grend total % 26.7 n.2 3.0 ¥.5 ¥».8 n.y
Cellulosic fideres 1,000 t. b.9 sh.3 &.v T15.8 8%.0 58.5
Share § 9%.2 98.5 97.9 96.9 sh 8 9.7
Synthetic fidres 1,000 ¢. 0.b 0.8 1.4 2.h h.? 9.1
Share % 0.8 1.% 2.1 3.1 5.2 9.3
tin cs
Total 1,000 t. 106.0 110.0 113.1 111.9 180.7 1%2.2

Share of grani total % 6h.b 62.4 58.7 57.0 7.1 58.1
Cellulosic fibees 1,000 t. 98.7 99.5 9.7 96.h 108.5 309.9

Share £ 9.1 90.5 85.% 8.8 ™I n.y
Synthetic fidres 1,000 t. 1.3 10.5% 16.4 21.% ».2 2.7
Grand total of the three

regions 1,000 t. 164.6 176.4 192.6 206.7 283.7 26R.0

a/ United Arsb Repudblic only.
b/ Excluding China (mainland).

- - -









