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Foreword

The International Symposium on Industrial Development, convened by
UNIDO in Athens in 1967, was the first major international meeting
devoted exclusively to the problems of industrialization of the developing
countries. It followed a series of regional symposia on problems of
industrialization held in Cairo, Manila and Santiago in 1965—1966
under the sponsorship of UNIDO and the United Nations regional
economic commissions, and a similar symposium held in Kuwait in 1966
under the sponsorship of UNIDO and the Government of Kuwait.

The Athens Symposium was attended by some 600 delegates from
78 countries and by representatives of various United Nations bodies,
international organizations and other interested institutions in the public
and private sectors. It provided a forum for discussion and exchange of
views on the problems and prospects of the developing countries which
are engaged in promoting accelerated industrial development.

The Symposium devoted special attention to possibilities for inter-
national action and for co-operative efforts among the developing coun-
tries themselves, and explored the scope. means and channels for such
efforts.

Studies and papers on a wide range of problems relating to indus-
trialization were presented to the Symposium—by the UNIDO secre-
tariat and by participating Governments, international organizations
and observers. An official report, adopted at the Symposium, has been
published by UNIDO.! Based on this documentation and the discussions
in the meeting, the present series of monographs is devoted to the 2i main
issues which comprised the agenda of the Symposium. Each monograph
includes a chapter on the issues presented, the discussion of the issues,

1 Report of the International Symposum on Industrial Development, Athens
1967 (ID/11) (United Nations publication, Sales No.: 69.11.B.7).




and the recommendations approved by the Symposinm. Some of the
monographs deal with specific industria! sectors: some with matters of
general indnstrial policy ; and others with various aspects of international
economic co-operation. An effort has been made to make the monographs
comprehensive and self-contained. while the various economic, techno-
logical and institutional aspects of the subject n. itter are treated within
the context of the conditions generally prevailing in the developing
conntries.

Since economic. technological and institutional aspects are described
with particular reference to the needs of the developing countries. it is
felt that the monographs will make a distinct contribution in their
respective arcas. They are intended as a source of general information
and reference for persons and institutions in developing courtries con-
cerned with problems of industrialization, and particularly with problems
and issiues of international co-operation in the field of industrialization..
With this in view it was considered that an unduly detailed technieal
presentation shonld be avoided while at the same time enough substantive
material should be offerd to be of value to the prospectivc reader. For
a more claborate treatment of the subject, the reader is referred to the
selected list of doenments and publieations annexed to each monograph.

‘The annexes also contain information on the aree.. ir. which UNIDO
can provide technical assistance to the developing countries on request;
a selected list of major UNIDO projects in the respective fields: and a list
of meetings recently organized by the United Nations.

It is hoped that the monographs will be particularly useful to
Governments in connexion with the technical assistance activities of
UNIDO and other United Nations bodies in the field of industrial
development.

This monograph has been prepared by Professor Thomas Vietorisz
of the New School for Social Research, New York City, as consultant to
UNIDO, in co-operation with the secretariat.
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EXPLANATORY NOTES

Billion refers to thousand million.

Dollar ($) refers to US dollar unless otherwise specified.

Ton refers to metric ton (1,000 kg) unless otherwise specified.
One mill equals $0.001.

The following abbreviations are used in this monograph:

ECLA  Economic Commission for Latin America

FAO Food and Agriculture Organization

UNIDO United Nations Industrial Development Organization
WHO  World Health Organization

SBR Styrene-butadiene rubber

PVC Polyvinylchloride

e.i.f. cost, insurance and freight
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INTRODUCTION

THE SIGNIFICANCE OF THE CHEMICAL INDUSTRY
FOR ECONOMIC DEVELOPMENT

The chemieal indnstry is one of the dynamic seetors of a modern indnstrial
economy; on the average. it has a growth rate abont two-thirds higher
than that of the national econbmy as a whole. The chemical indnstry
also expands faster than the average for all mannfactnring activities.
The food processing and textile scctors of mannfacturing generally
expand relatively slowlv, bnt most other mannfacturing sectors show
growth rates of similar magnitude to that of the chemieals sector. The
dynamism of the chemical indnstry. however, derives not only from its
capacity for rapid growth but also fromn the rapid technological change
that is one of the indnstry’s ontstanding characteristies. The nature of
chemical processes and the range of chemical products are snbject to
coutinuonus change. Consequently, expenditnre on research ant develop-
ment and the influence of these activities on management decisions make
the chemical industry one of the most ““research-minded” of the industrial
sectors.

A measure of the significance of the chemieal indnstry in economic
development is the increasing extent to which chemicai processes and
products penetrate the technology of other indnstrial sectors as the level
of industrialization rises. This phenomenon is similar, both qualitatively
and qguantitatively. to the growtn of electrification, mechanization and
antomation that accompanies technological progress. and independent
development targets may be set for it, as for the others, in industrial
development plans. Eventually, nearly all industries producing consumer
goods need, directly or indirectly, the products of the chemical industry.
In recent years. the chemical industry has also become to an increasing
extent the producer of consumer goods made, for example, from plastica,
synthetic fibres and synthetic rubbers.

In the standard industrial classification of the United Nations,' the
chemical industry comprises the following branches:

! International Standard Induatrial Classification of all Economic Activitiea,
No. 4/Rev. 1 (United Nations publication, Sales No.: 58.XVIL.7).
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Basic industrial chemieals, including fertilizers, organic and inorganie
chemicals, dyes, explosives. synthetic fibres, resins, plastics, rihbers.
and nuelear naterials;

Vegetable and animal oils and fats:
Paints. varnishes and laequers;

Miscellaneous end-products, sueh as pharmaeeuticals, eosmeties.
soaps, polishes, inks, matches, candles and insectieides.

With the exception of fertilizers, which is the subjeet of a scparate
monograph iu this series.? this monograph is eoncerned with the whole
range of products of the chemical industry, althongh most atteution is
given to problems associated with setting up the manufaetire of organic
and inorganic industrial chemicals, inchiding petrochemicals.

Simple chemical products such as paints and varuishes, soaps and
polishes, are the fint to he manufactured in the course of industrialization,
generally followed by fertilizers, the ehemieals associated with agriculture
and some other end-produets, with a limited integration back along the
processing chain—resins, plastics and synthetie fibres. A diversified base
of heavy industrial chemicals is not achieved until a much later stage.
Only in developed conntries is there complete technologieal independence
in the sense of national capabality to undertake rescarch, development,
and process enginecring and a broad penetration of chemical processes
and produets into other indnstrial sectors.

Clearly, the chemical industry oceupies an important place in the
framework of industry as a whole, particularly when industrial develop-
ment has progressed 1) a certain extent. 1t is not surprising that a grow-
ing number of requests are being received from developing countries for
assistanee in setting up or expanding various branches of this industry.
The existenee of a domestic market for certain products is generally self-
evident, sinee they are necessarily imported if there is no domestic prodne-
tion. In that case the key question is whether the market is large enough
to justi.y the minimum economic scale of production. Many countries
have raw materials that can be turned to economic use in chemical proces-
ses an1d are thereby encouraged to examine the possibilities of manufacture.

Tt may be thought that the establishment of the manufacture of
chemical products will give employment to a signifieant number of
workers. but as a generalization this belief is not well founded. The

2 Monograph No. 6: Fertilizer Industry.
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chemical mdustry, especially the manufacture of basic heavy chemicals
and petrochemieals, has a very low labour intensity and cannot he
expected to contribute signiticantly to the absorption of surplus labour.
Its development has to be jnstified in terms of import substitntion to save
foreign exchange and in terms of the contribution it ean make to strue
turally balanced indusrrial development and general  technological
capabilities. Above all, a chemical industry can stimulate efticiency in
the agricultural sector of a developing country. Even at gquite an carly
stage i its growth, the chemical industry can produee fertilizers, pesti-
cides aud other chemicals that a eountry may not be able to afford to
impart. In the eourse of promoting the use of these produets, it also
helps to upgrade skills and raise the level of technology in agricultore.

Chapter 1 describes the world situation of the chemical industries,
pointing out that the valne of prodnction is believed to have doubled
between 1960 and 1970. The share of the developing countries in the total
production is only about 5 per cent and is increasing very slowly. Per
capita. the production in the developing countries averages only one
eleventh of the world average. Both in the developing countries and in
the world as a whole, production expanded less rapidly in the second
half than in the first half of the 1960s and still lower growth rates are
foreseen in the 1970s.

Consumption of chemical produets in the developing countries is
higher than production, about one third of consumption needs on the
average being met by imports.

Production and import statistics, when: examined in relation to
population and per capita income, show that on a per capita basis the
value of chemical production may be expected to increase by 1.66 per
cent for every 1 per cent increase in income, while per capita imports
rise alinost exactly in step with per ca pita income. The influence of popula-
tion size on chemical production and imports is not as great as that of
the income level but is nevertheless signiticant.

A reasonably well-developed chemical industry is both its own prin-
cipal supphier and best customer. This is due to the processing chains
that involve many intermediate steps in the transformation of chemicals.
The other main markets of the chemical industry are agrieutture and the
textile, food, rubber and paper industries. In the course of industrial
development, there are changes in the relative importance of the various
branches of the chemical industry, the share of basic organic chemieals

and plastics increasing while that of soaps and simple chemical products
decreases.
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Chapter 2 deseribes some of the eharacteristic features of the chemneal
industry and exanines some of the produets. The relationship between
the size of the market and the minimnm seale of eeonomicent production
for various produets has a eritieal effeet on the prospeets for developing
the chiemieal indnstry in any given country. Feonomies of scale are
particnlarty marked i the case of the basie heavy chemicals. Thew pro
dietion ean be developed. therefore, only to the extent allowed by the
over all development of the conntey. Economies of seale asnaily ampose
fess stringent constramts. however. on the prodaction of most end
products. The nature of the cconomies of scale 15 exammed in detal,
particnlarly ax they arise i the produetion of basic chemieals. The
conclision 1= reached that at present levels of income in most developing
conntries. only the orgunization of a regional or snbyegional market
woul give the volie of demand neeessary to mamifacture  most
basic chenmical prodiceta. even at mimmunt eeonomic scales,

The largest group of material mputs into the ehemical industry . at
least in the developed conntries. consists of interinediate chemical pro-
duets. The most important group of raw material mpnts i & miseclaneons
gronp of orgame ongin (exclnding petrolenm-based hydroearbon) used
mainly for consirmer proditets such as soaps. paint<. oils. fats and waxes.
Lienerally speakmg. the supply of these raw materinls poses few serions
problems. Fhe extent to whicli morganic minerals. hvdrocarbons and
varbom raw maternds from which to manufaeture hasic heavy chemicals
arc avardable 1~ however. a much more eritieal consideration. The
technieal wd ccononne factors mvolved are disenssed in some detail.

The hinkages are examined between the chemical sector and the
engineering sector that supplies its processing equipment. The importance
s stressed of ensurmg. through co-ordimation of development poliey, that
tocad engneerimg enterprises can furnish an inercasing proportion of the
cynipment required by the chemical industry.

Compared with other indnstrial sectors the ciemieal industry employs
w low pereentage of unskilled labour and a high pereentage of skilled and
wehnical manpower. and the total numbers emploved are relatively
small. The possibilities of capital-labonr substitution are limited, partly
because the chenneal industry appears to offer fewer choices of alter-
nutive processes than other indnstries. and partly becanse modern
technology has developed in industrialized conntries under the presaure
of high wage rates and relatively cheap aecess to eapital.

Chaptes 5 examines some issnes of poliey that have to be decided in
the conrse of developing the chemieal mdnstey, for example the role of
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planuing at different stuges of this development A the outcr e o
little mterrelation between wdividoal progeets or between chemgeald
projevts and those e other mdnstries so that plannnge o be restricted
1o a general promotional role As the range of focally manutactared cnd
products widens the most nnportant mstie rased s whether tooreby on
importing mtermedate chenneal poodicts or at leastan some cises o
imtegrate backwards to heavy chemeals Onlyv ot vestment i e
cliemical projects is centrally co ordmated can the contheting consider
trons that anse at this stage be praperly balaneed from the pot ot view
of the natonal interest. As development progresses the main ssue s
when amd how to bainld up a chiversiticd heavy chenneal base A this stage
the scope for plannmg i< much greater: The smaber the markets 1o e
~erved, the more diftienbt it is to resolve these assnes becanse of the
ceonomies of seale m the produaction of heavy chemealss At this stage o
also becomes mmportant  to co ordumte  rescarch and - development
aectivitics. When the chenneal mdustey of a country has reached tull
development and is technologically independent . experience shows that
sonme measures of co ordmation are still advantageons<: even where there
1= no resort to actual programming of sectoral development.

integration of markets on a regional or xub-regional basis will nearly
always make possihle a more rapud development of the chemical industry.
The negotiation of such arrangements has proved difficult. however.
sinee each country is more anxions to produce a given product for the
whole region than to import products made elsewhere i the region
Projects have therefore to be planned so as to compensate each conntry
adeyuately. 1t may sometimes be possible to do this within the context
of the chemical industry alone. but it will usually be more efficient to
inclnde other industrial =ectors i a joint planning operation. The
engineer ng sector lends itself well to the process of compensation, because
itx geographical location ix only slightly restricted by economic and
technical factors,

Two aspects of the balanced growth of industry are examined-
balance between the chemical industry and other sectors and balance in
the geographical distribution of the chemical industry. It is conchided
that the mannfacture of the simuler end-prodnets can be accelerated
almost regardless of the growth of the economy as a whole while certain
products such as fertilizers and pesticides can be developed rapidly only
if there is a parallel development in the agricultural sector. In the case
of basic chemicals. development cannot proceed faster than the economy
as a whole. While geographical dispersion of the manafacture of light
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chiemical products is generally possible and even desirable, the opposite
is trne of heavy basic inorganie and organie chemicals. For a number of
reasons the manufacture of heavy chemicals is more efficient in idnstrial
complexex than in isolated plants.

When and to what extent backward integration should be undertaken
in the chemical mdustry of 8 developing country are questions of great
complexity. The interaction of technical issnes and problems of foreign
exchange availability are examineed.

The importanuce of domestic availability of the main raw materials
used in the manufacture of chemicals is much greater in some branehes
of the chemical industry than in others. It is explained that in
certain circumstauces it is important to value raw material resourees
on the basis of opportunity cost rather than on the basis of exploitation
cost.

The more advanced the development of the chemical industry
becomes, the more pressing is the issue of indigenous versus foreign
technology. While a developing country may have no real ehoiee but to
rely on foreign technology in the earlier stages, reasons are given why this
is unlikely to lead to adoption of the most suitable technology for local
conditions. A long-term effort in researeh and development is required
before any country can hope to become technologically independent. In
parallel with this effort, the technical level of process engincering design
and manufacture must be improved. It is recognized that there are
formidable diftieultics in finding the highly qualified personnel and the
finance necessary to aehieve success in this field. In practice there are
varions compromises between a fully imported and a fully indigenons
chemical technology. These include the purchase of patents and licensing
of individual proeesses, as well as joint ventures between foreign and
domestic enterprises.

Financial and pricing policies must have regard to the structure of
the world market for ehemical products, the extent to which the enter-
prises set up in developing countries are joint ventures, and the degree
to which production is to be oriented towards export. A relatively small
producer in a developing eountry is extremely unlikely to be able to
penetrate the world market, except on the basis of measures of regional
integration, trade agreements or joint ventures with large international
chemical comnpanies. There is a good ehance that future expansion ean
be tinanced out of retained protits when ehemieal production is estab-
lished primarily for inport substitution and is aceorded some tariff
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protection. Sclf-finaneed expansion is much harder to achieve, however.
if a substantial proportion of production has to be exported.

Chapter 4 gives an acconnt of the issues relating to the chemieal
industry as presented to the International Symposinm on Industrial
Developraent. the discussions held and the recommendations adopted.
The discussion emphasized that the conflict between restricted domestic
markets and the strong cconomies of scale, especially for heavy chemicals.
prodireed a strong econontic argunient for regional co-operation and inte-
gration of markets. It was admitted, however, that the advantages had
to be balanced among the participating countries and that this could be
a complex operation. Among the specific prednet groups discussed were
synthetic rubber, chemicals having either backward or forward linkages
to the agricnltural scctor. and carbo chemicals.

It was emphasized that the planning and establishment of chenueal
industry complexes in the developing countries wonld require the
(iovernments to play a positive role. There was a discussion of the type
of institution through which this role should be exercised. 1t was stressed
that joint ventures with foreign companies were an important meais of
creating such complexes. There was also a full discussion of the practical
problemns that arise in eonnexion with the transfer of technology and
<kills from developed to developing countries.

(hapler 5 deals with United Nations action and other action to
promote the development of the chemical industry. It deseribes iirst
the work done by UNIDO in connexion with basic chenticals. particularly
those based on salt, since many developing countrics vossess this source
of raw material. and with petrochemicals.

In the last few years UNIDO has provided technical assistance in
evaluating the possibilities of developing the production of essential oils,
and also pharmaceuticals. Work has been started in promoting the
mannfacture of industrial products by fermentation. Since the equipment
is simple to design and construct, the investment required is not great
and the agricultural or waste products necded as raw materials are usually
availabl> domestically, these activities are well suited to many develop-
ing countries.

Consideration is given to the use of consultant and trouble-shooting
groups that can be made available for limited periods at very short notice
to advise and assist in a number of urgent tasks. Measurcs arc outlined
for increasing the capacity of developing countries to undertake reseerch,
development and process engineering.







Chapter 1

WORLD SITUATION
OF THE CHEMICAL INDUSTRIES

PRODUCTION AND CONSUMPTION

It ix expected that the world production of chemical produets, exeluding
China (mainland), will more than donble between 1960 and 1970, increas
ing in value from $72 billion to $153 billion, of which the developmg
conntries account for only about tive per cent. Per capita the production
inn developing conntries is only abont 8.5 per eeni of the average for the
world as a whole.

Over this ten-vear period the relative position of the developing
countries has improved slightly : their share in the total production is
estimated to have risen from 4.7 per cent to 5.2 per cent hetween 1960
and 1965, bat is not expected to rise further by 1970, Since the population
increase over the decade has been more rapid in the developing countries
than in the rest of the world the improvement in their share of per capita
production i« smaller.

Prodnction figures for individual developing conutries, by region,
compared with the world total are given in table 1 for 1960 and 1965
together with estimates for 1970. It may be seen that the world-wide
expansion of the industry was less rapid in the second half than in the
first half of the decade, the average annual growth rates being 6.5 and
9.2 per cent respectively. The corresponding figures for the developing
countries are 6.1 and 11.2 per cent respectively. It is estimated that in
the decade 1970---1980, the growth rate will be between 4 and 6 per cent
per year for the world as a whole, with production in the developing
countries increasing at between 5 and 7.5 per cent per year.

Consumption of chemical prodnets in the developing countries N
substantially higher than preduction. the balance being imported. The
share of developing countries in world consumption, exchiding ( ‘hina
(mainland), was 7.2 per cens. in 1960 (compared with 4.7 per cent prodare-
tion) and 7.6 per cent in 1965 which is also the expected share for 1970
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Taprel: VALUE OF CHEMICAL PRODUCTION IN SELECTED YEARS: THE WORLD
AND DEVELOPING COI'NTRIES

Million dollars Dollsrs per capata
1960 1965 19702 1960 1965 19708
Summary
Wonrrp, TorarL 72,281 112,092 153,400 31.3 44.2 55.0

DEVELOPING (COI'NTRIES,

TOTAL 3,423 5,810 7,902 2.8 3.8 4.7
SHARE OF DEVELOPING
COUNTRIES IN TOTAL WORLD

PRODUCTION (per cont) 4.7 52 5.2 8.3 8.6 8.7

Developing countries, by region
Africa ..., 330 580 788 1.3 2.6 2.4
United Arab Republic .... 230 420 536 89 142 154
Other countries .......... 100 160 252 0.4 0.6 0.8
Asia ........... ... 983 1,870 2,400 1.1 1.8 2.1
Buma.................. 10 13 16 0.4 0.5 0.6
China (Taiwan) .......... 73 208 370 6.9 164 26.4
India ................... 573 1,050 1,225 1.3 2.2 2.3
Indoresia ............... 46 60 68 0.5 X 0.6
Tran . ... ... o 20 37 43 0.9 1.5 1.8
Pakistan ................ 20 70 118 0.2 0.7 1.0
Philippines .............. 110 180 229 4.0 6.6 5.9
Republic of Korea........ 24 55 64 1.0 1.9 2.0
Republic of Viet-Nam .. .. 25 35 41 1.8 2.2 2.3
Thailand . .... e 14 20 25 0.5 0.6 0.7
Turkey ................. 65 83 128 2.0 2.7 3.6
Other countries .......... 14 61 75 0.1 0.6 0.7
Latin Amorica ............. 2,110 3,360 4,714 10.5 14.5 17.7
Argentina ............... 380 620 666 18.3 23.% 27.6
Brazil .................. 80 1,146 1,600 11.2 14.2 16.0
Chile ................... 171 83 115 9.2 9.6 11.9
Colombia ................ 95 140 200 6. 7.8 9.7
Mexico.................. 630 963 1,456 14.7 22.5 30.0
Peru.................... 70 133 207 7.0 114 15.7
Uruguay ................ 18 24 29 7.2 8.9 10.0
Venezuela ............... 120 250 375 16.4 28.7 36.1
Other countria . ....... .. 46 101 166 1.4 2.8 3.4

8ouror: Verbard der Chernischen Industris, 6.V., Chemical Industry and Developing Countryes,
propared for the United Nations, Frankfurt/Main, 1968, for ycars 1960 and 1903,

4 Forocast extrapolated from annual sories 1960—1067.

(compared with 5.2 per cent production). The average per capita consump-
tion for all the developing countries is about 12.5 per cent of the world
average (compared with 8.5 per cent production). Table 2 gives data for
consumption corresponding to the production data given in table 1.

e |
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TARLE 2. VALUE OF APPAKENT CHEMICAL CONSUMPTION IN SELECTED YEARS!
THE WORLD AND DEVELOPING COUNTRIES

1960

Summary

Million dollurs

19645

19703

Dollars per capita

1960

1965

19703

Wortp,t torar 72,230 112,315 153,400 31.3 442 55.0

DEVELOPING COUNTRIES,
TOTAL 5,186 8,554 11,610 3.9 5.6 7.0

SHARE OF DEVELOPING

COUNTRIES IN TOTAL WORLIY
CONSUMPTION (per ¢ent) 7.2 7.6 7.6 12,5 127 12.7

Developing countries, by region

Africa ... .. o8 1104 142 27 38 43
United Arab Republw e, 302 532 690 11.7  18.0 20.0
Other countries .......... 397 872 7562 1.7 2.2 2.5
ABIB .. e e .1,672 2,804 3,843 1.9 3.0_ 34
Burma . 30 34 3 1.4 1.4 1.4
China (Tumml) .......... 112 265 436 106 214 31.1
India ... oovvvrinnnnen. .. 139 1,232 1,615 1.7 2.5 3.0
Indonesia ............... 50 a8 82 0.5 0.7 0.7
IPam . oo e 67 138 187 3.1 5.6 6.3
Pakistan ................ 81 166 233 0.9 1.6 2.2
Philippines .............. 166 202 310 6.1 8.1 8.1
Republic of Korea ........ 104 168 220 4.3 5.9 6.7
Republic of Viet-Nam .... 85 84 02 3.9 5.2 5.1
Thailand . e 60 100 139 2.3 3.2 3.9
Turkey .........ccvee.es 80 142 190 3.2 4.0 5.4
Other countries .......... 118 236 320 1.2 2.2 2.9
Latin Amorica .. ... _2_,_8_13_ ir':gﬁ_ b,325 i 9 1_9_ 7ﬂ _25!1
Argenting . .............. 410 720 1018 198 340 41.9
Brazil ............. ... 812 1,312 1,680 13.1 16.2 17.9
Chile ........ohvvvevuenn 68 116 165 8.8 134 17.0
Colombia................ 174 207 295 11.3 11.6 14.3
Mexico........covvvvunns 697 1,282 1,904 194 300 30.2
Poru.....cocovvvve o ivnn. 113 104 215 11.3 18.6 20.7
Uruguay 22 30 31 86 110 126
Venezuelts ............... 225 381 495 309 438 47.6
Other countries .......... 194 314 456 6.0 8.7 10.6

Bounce: Verbsnd der Chemischen Industrie, o.V., Chemicol Indwsiry and Developing Coundries
prepared for the United Nationas, Frankfurt/Main, 1966, for years 1960 and 1065,

2 Forecast extrapolsted from annual series 1960-—1967.
b World apparent consumption is msumed equal to world production
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The corretation of prodiretion and import trends with per capita ineome and
population

The pattern of prodaction and imports by countries ean be analvsed
i ovder to provide gindelines for development measoves and to estabhish
norms agminst which their effectiveness may be judged. The level of per
capitu income 1x a broad indicator of a conntry’s cndowment of labour
skille. technological and organizational sophistication, aud capital. The
size of popnlation «t a given income level also exerts an witlience on the
size of the domestie market and henee the feasibility of local produetion,
The statisties of produetion and imports for several dozen countries have
been analysed with regard to these two variables i order to ecaleulate
the trends. and the resalts are shown graphically i tigure 1. 1t must he
appreciated that large deviations fromt the tread lines may oceur in the
case of individual countries. owing to different endowments of nataral
resources and differences in skill and organizationalability. Such differences
are reflected in the level of industrialization and the participation in
world trade of individial cou.tries,

(‘hemical production per capita. as measured by valae added, wonld
seem to increase by 1.66 per cent for every 1 per ceut increase in per
capite income. These are compound rates of growth, so that an increase
of 100 per cent in per capita income is associated with an inerease of over
200 per cent in chemical production. Per capita imports, on the other
hand. would appear to rise almost exaetly in step with the income level.
e, .96 per cent for cach 1 per cent rise in per capita income.

The influence of population size on prodaction and imports is not
an great as that of the income level but is nevertheless substantial. The
effect is illustrated graphically in figure 1 by sets of parallel lines represent.-
mg populations of 1. 5, 25 and 125 million respectively.

These trends are also illastrated in dollar terms in table 3 for income
levels of $100, $200. $400 and $800 per capita. Thus. for a conutry with a
population of 1 million, the expected value added in the chemical nidustry
s only $0.9 per capita where the income level is $200 per capita but rises
to 828 per capita for an income level of $400 per capita. By eomparison,
where the popalation is 25 million, the corresponding figures for the
expected valire added in the chemical industry are $2.0 and $6.3 respeet-
ively. (It is estimated that gross production value in the chemical
mdustry is 2.3 times the value added in produetion.)

The gross production valae per capita in 1965 is given in table 1,
the averages for the developing regions being as follows: Africa $2.0-

I |
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Figure 1. Per capita chemical production and imports as functions of population
and per eapita income

Asia $1.8: and Latin America $14.5. If it is assumed that population will
grow at the annual rate of 2.5 per cent and per capila income at 3 per cent.
it may be calculated that Asia or Africa would requnire thirty vears to
reacl the average per capita level of chemical production ruling in Latin
America in 1965.




TABLE 3:

STATISTICAL TRENDS FOR

CHEMICAL INDUSTRY

THE CHEMICAL INDUSTRIER

. Value added in cheinieal in-

dustries production, per eap-
#a .

. Value added in all manu-

facturing production, per
apita ... ... ... ...,

. Chemical industries iniports,

percapita . ...............

. All imports, per capita . . ...

. Value added in chemieal in-

dustries production, per cent
of national income ... .. ...

. Value added in all manu-

facturing production, per
cent of national income . . . .

. Value added in chemical in-

dustries production, per cent
of value added in all manu.
facturing

................

- Chemical industries importa,

per cent of all imports . . . ..

Popula-
ton
(ml-
liona)

126

25
125

1

5
25
125

1
5
25

125

160

1.0

Per capita sncome sn dollars
200 400 s00

Ezpected value in dollars

0.9 2N 8.8
1.3 4.2 13.3
2.0 6.3 19.9
3.1 9.6 30.3
a3 84 217
40 103 265
48 125 324
59 153 396
5.8 iL.3 22.0
3.0 5.9 11.4
1.6 3.1 5.9
0.8 1.6 3.1
77 153 303
49 100 193
a1 62 123
20 39 78
Ezpected percentages
0.4 0.7 1.1
0.7 1.1 1.7
1.0 1.6 2.5
1.5 2.4 .8
16 21 27
20 268 33
24 31 40
29 33 49
2.7 3.3 4.0
3.3 4.1 5.0
4.2 5.1 6.2
5.2 6.3 7.7
7.5 7.4 7.3
6.1 6.9 59
5.0 4.9 4.8
4.1 4.0 4.0

ever, d

SBouvncs: United Nations, A Study of Industrial Growsh, Now York, 1963 (Baies No.: 63.11.B.9).

It has been shown that production rises with an increase in popula-
tion for any given level of income. This reflects the substantial economies
of scale prevalent in the chemical industry. Per capita consumption, how-

Oes not appear to vary significantly with size of population for
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any given income level and. eonsequently. per capita imports of chemieal
products tend to fall as population grows. This, for a country with a
popnlation of 1 million and a per capita ineome level of 8200, the expected
vahie of imports ix $5.8 per capita mereasing to $11.3 per capita if the
income level is 8400 per capita. For a country with a population of
25 million, the per capita import value would be $1.6 for an income level
of $200 per capita or $3.1 for an income level of $400 per capitu.

Table 3 also gives data for total imports per capita according to the
<ame income levels and population sizes. These data show that the total
imports per capita also fall with increasing population size bnt not to the
same extent as chemical imports. It follows that the ratio of chemical
imports to total imports tends to fall with increases in population. The
ratio of chemical imports to total imports alse teneds to fall slightly as the
ineome level rises, but this movement is very slight.

As the trend lines in figure 1 indicate, chemical products are almost
entirely imported at the lowest levels of per capita income and domestic
production does not overtake imports until per capita income reaches
some $250 to $300.

Relationship of chemieal produetion to national income and all manufactaring

Table 3 shows chemical production on a value-added basis as a
percentage of national income for the same ranges of per capila income
and population. Whereas the expected percentage is only 0.3 for a country
with a per capita income of $100 and a population of 1 million,it is as
high as 3.8 per cent for a country with a per capita income of $300 and
a population of 125 million.

Similar information is given in table 3 for the relationship between
chemical production and all manufacturing. For the same two examples,
the range is from 2.2 per cent to 7.7 per cent.

INTER-INDUSTRY LINKAGES

The chemical industry is both its own most important supplier and
its own most important customer. This is because the industry is charac-
terized by processing chains that involve many intermediate steps in
the transformation of chemicals.

Table 4 shows the principal linkages between the chemical industry
and cther sectors of the economy for four developed countries and one
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18 CHEMICAT, INDUNTRY

developing country. The input coefficients show the proportions in which
varions indnstrial sectors (inelnding the chemical sector itself) and other
cconomic sectors provide the goods and services consumed by the enter-
prises that Make ip the chemical se -tor. The output eoefticients show the
proportions in which these enterprises sell their production to the various
scetors and also to final coisarmers aud export markets. The most import-
ant inputs are, of conrse, the raw materials and intermediate chemical
products. Energy. transport and various other services, however, are also
significant. It may be seen from the output cocfficients that the principal
markets of the chemieal industry are agriculture and the textile, food,
rubber and paper industries. It is evident that the cocfficients vary con-
sidderably from country to country. The output coefticieuts for India are
signifieantly smaller than those for the other four, more highly developed
countries. In general, inter-industry linkages increase with the level of
industrialization. In the initial stages of industrial development, the
industrial sector tends to eonsist of a colleetion of fairly isolated projects,
between which there are only weak linkages. It is only at later stages of
development that a web of complex industrial relat ionships links up the
scattered projects,

BRANCH STRUCTURE OF THE CHEMICAL INDUSTRY

The increase in value of chemieal production with the income level
and population is accompanied by changes in the branch structure of
the sector in the course of industrialization. Basic changes in the structure
of branches have also taken place in the advanced industrialized countries
becanse of the changes in technalogy during the last two decades.

Despite the limitations of the statistics, it may be said that more than
80 per cent of the value of chemical production in the industrially
advanced countries takes place in the following eight hranches: inorganic
industrial chemicals; organic industrial chemicals; fertilizers: plastics;
man-made fibres: pharmaceuticals; soaps, detergents and cosmetics; and
paints, varnishes, ete.

A study of the branch structure in the early 1950s and again in the
early 19608 for the Kuropean Economic Community and seven other
countries, whose combined production represented about 85 per cent of
world chemieal praduction [excluding China (mainland)] shows that the
pattern in both periods varied greatly from one country to another.
Table 5 shows not only the average for this group of countries as a whole,
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2 CHEMICAL INDUSTRY

but also the minimmn and maximnm valnes found for the pereentage
~hare of total production attribntable to any given braneh of the mdustry.

I the devcloping eonntries the statistical detail is generally lacking
to dociment acearately the branch structure of the chemieal indastry but

some indieations can be given. based on extimates,

in the developing region of Africa the United Arab Repubhe acconnts
for over 70 per eent of the vahie of ehemiceal production and it s mamly
the pattern in this conntry that is deseribed. Conrpared with the indns-
trially developed eomtries, there s a strong emphasis: oninorganic
mdustriad chemicals nnd fertifizers. but the most striking feature is the
bigh proportion of total ontpin contributed by soaps.

In the desctoping region of Asia. Tndia acconnts for over half the
vadne of chemeal prochuetion. white China (Vaoawan) and the Philippines
together contribute more than 20 per cent. Like Africa. the Asiaregion
shows an emphasis onicorganie indostrial chemicals and fertilizers, but
the share of soaps and detergents in the Asia vegion. while above the
average for the developed conntries, s inneh less than in Africa. On the
other hand. Asia devotes a far grenter pereentage of its chemical produe-
tion than Africa to pharmacenticals and man-made fibres, Both regions
huve a negligible activity in the fickh of organie industrial chemieals, as
compured with the indnstrially advanced conntries,

Rather morve data are available for Latin Amevica ® Seven conntries.
namely Argentina, Brazil. Chile, Colombia, Mexico. Pern and Veneznela,
acconnt for more than 93 per cent of the valne of chemical produnction in
Latin America. The estimates prepared in respect of 1965 for these
conutries taken together are also shown in table 5. Latin America ix m
general further advanced in chemical production than the other Jdevelop:
ing regions and its branch structure is rather closer to that of the devel-
oped conntries, The shure of organic indnstrial chemicals is mneh greater
than in Africa and Asia but still below that in the developed conntries.
On the other hand. the inorganic basic chemicals aceonnt for only a small
proportion of the total production and there is not the same strong
emphnsis on fertilizers as in Africa and Asia. Pharmaceuticals, soaps and
detergents acconnt for twice as high a percentage of the total as the aver-
age for indnstrinhized conntries.

3 Ree La industria quimica en América Latina, for full reference see annex 3
under * Eeonomie Commission for Latin America’.




Chapter 2

CHARACTERISTI(S AND PROBLEMS

MARKETS AND ECONOMIES OF SCALE

The relationship between the size of the market and the minimum scaic
of prodnetion that is economieal for varions chemical prodnets has a
critical effect on the prospeets for developing the chemical industey in
any given country. As far as the production of basie heavy chemicals is
concerned., the higher the level of general industrial development and the
larger the population to be served —all the way np to markets of snh
continental size— the better the prospeet of profitable operation. owing
to the economies of seale. In the care of ehemical end-products, however,
the econornies of scale nsually impose less rigid constraints. Examples of
such end products are paints, varnishes and waxes: matches and candles:
and pharmacentical formulations. Some end-prodnets however. are snb.
jeet to as substantial economies of seale in their production as the basic
heavy chemicals: synthetic rubber is a ease in point. The disenssion of
cconomies of scale is therefore concerned primarily with basie heavy
chemicals.

Inter-industry linkages and demand for chenieals

The demand for chemical products is not elosely tied to the develop-
ment of a few selected industries but depends rather on the development
of the economy as a whole. The chemical indnstry sells to a large number
of other indnstries producing final prodnets. intermediate goods and
capital equipment. in addition to its sales to the Government and to
tinal consumers. Some indication of the diversity of sales ontlets may he
obtained from the following broad survey.

Sales to final consumers include drugs and pharmaceuticals. cos
metics and soap, household chemicals and photographic materials. Only
one step removed from the final consumers are the following industries
that supply goods for final consumption, with an indication of the chemieal
products sold to them:
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Processed foods: Acids, cleaning fluids, preservatives, dis-
infectants;
Textiles: Alkalis, detergents, dyes, bleaches, resins

and adhesives for sizing, synthetic fibres;
Leather: Tanning agents, dyes, bleaches;
Printing and publishing: Inks.
Other industrial sectors less closely identified with consumer goods

are supplicd with an extremely wide variety of chemical products, some
of which are given below:

Agriculture: Fertilizers, agricultural control chemicals
(pesticides), chemicals for animal hus-
bandry (feed additives, veterinary drugs,

disinfectants);
Pulp and paper: Chemicals for pulp making, bleaches,
adhesives;
Glass and ceramics: Soda ash and zdditives;
Lumber and wood Wood preservatives, resins and adhesives,
prod :cts: paint and varnish, blecaches, stains;
Metallurgy: Pickling acid for steel;

sodium hydroxide (aluminium);
flotation chemicals, leaching agents, addi-
tives;

Petroleum refining: Sulphuric acid, alkalis, solvents.

Sales to industries manufacturing capital goods and consumer dur-

ables include the following:

Construction: Roofing materials, paints and varnishes
adhesives, plastic components (as well as
products sold to the lumber and glass
industries as shown below), explosives;

Electrical machinery: Plastics for insulating wires and cables,
insulating bases and shapes;
Transport equipment: Components for batteries, plastic for seals
and trim, paints and varnishes;
Household appliances Plastic components, enamcis (as well as
and furniture: products sold to the lumber and wood

industries as shown above).

These lists convey the impression that demand for chemical products
is widely diffused throughout the economy and this is fully supported by

S F
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ctatistios. Fable 4 shows that inter-industry demand. as distinet from the
wile of end-produets to final consumers, generally represents between one
half and two thirds of total demand.? Furthermore, inter-ndustry sales
are less sharplv concentrated in the case of chemical industry than for
most other mannfactinring and extractive indnstries. n this respect, the
chemical industry is more akin to the investment goods indnstries and
to the service scetors of the cconomy. The 50 - 50 input-output table
consirneted for the United States ecconomy for the vear 1957 showed the
following share of inter-industry demand going to the four largest indus-
trial markets (i.c. ontput sectors): 49 per cent for the service industries;
5% per cent for the capital goods and consumer durables industries; 53 per
cent for the chemieal industry: and 78 per eent for other manufacturing
and extractive industries,

Demand for an individual chemieal produet is based in most cases
on many different end-uses. Growth in product demand usually depends,
therefore, on a balanced growth in the cconomy as & whole rather than on
espansion of one or two particular industrial sectors. Because of the net-
work of interconnexions between the chemical processes in the chain
between production of basie chemicals and production of cnd-prodnets,
it follows that the demand for many basic heavy chemicals depends
ultimately on balanced growth of the economy as a whole though for any
given basie chemical there may be a dircet forward linkage to only a few
other intermediate prodncts,

One consequence of the widespread distribution of chemical demand
is that planners have only limited scope to ereate a market by simultan-
consly expanding one or two other key industries. as can be done for some
industrial sectors. For example, the cement industry can be launched to
serve a large public works programme, comprising the construetion of
dams, roads, schools and hospitals; the rcason for this is that ecement
manutacture and the constrnetion sectors are highty interdependent and
lend themselves to joint planning. For the chemieal indnstry the only
significant concentrated linkage is to the agricultural sector, partienlarly
at the early stages of development when other interindnstry linkages are
not highly developed in most countries. The development of chemical
produets aftied to agriculture, such as fertilizers and pesticides, may be
linked to the growth of and the introduction of modern technology m the
agricultural sector.

¢ ¥or the comparable pereentage in other industrial sectors, sec UNIDO
Techniques of Sectoral KEconomic Planning: The Chemical Industries, table 4, page 20
(ID/SER. E/1; ST/CID/14) (United Nations publication, Sales No.: 66.11.B.17).
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The nature of economies of sealed

The most significant source of econonies of seale 1s the reduction in
the cost of fixed investment per unit of annual output as the annnal
capacity of the plant inereases. While there is also a sharp reduetion in
unit labonr regnireinents in these eircumstances. the importance of this
factor ix relatively minor because labour costs represent i most cases
auch a small fraction of total production eost. especially with respeet to
the basic chemicals. Some economies may also arise from greater efficieney
in the recovery of anxiliary chemicals or in the use of fuel, steam and
power: but it is customary to assnme that the cost of such inputs is
strictly proportional to the volume of ontput and there are few circum-
stances in which this assminption produces sigmficant errors.

The relationship between inercases in the eapital eost of fixcd assets
(fixed investment) and increases in annual production capacity can be
deseribed satisfactorily for many entire chemical processes by a simple
exponential equation. which is valid over a certain range of annual out-
puts. A similar type of equation relates labour costs to annual scale of
output. The ehemical engineer is accustomed to relationships of this kind
expressed in the following form:

where (', and (', are capital or labour eosts at two scales of annual output,
N, and S,. while the exponent f varies between 0 and 1 according to the
chemieal proeess, For the economist. f represents the clasticity of the cost
of fixed assets or labour in relation to the scale of anunal production. For
tixed investment the value of f lies typically in the range 0.6 —0.8, and
for labour cost in the range 0.2—0.4. In the case studies from which these
results are derived, labour generally means direct labonr engaged in
production. The cost of indireet labour and supervision, together with
labour-associated costs such as paid holidays and pension and social
seeurity contributions, arc eonventionally reckoned as a percentage of
dircet. labour, which would imply the same economies of scale as for direct
labour. There are some further indirect costs of production and general
oftiee overheads that are likewise conventionally expressed as percentages

5 Economies of scale are more fully discussed in the UNIDO publication
Techniques of Sectoral Economic Planning: The Chemical Industries, pages 19 to 31,

51 and 52,
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of direet labonr costs. There are still other cost clements that are custom-
arily expressed as percentages of fixed capital investmeut. for example,
maintenance and imsnrance of fixed assets.

As an example of the relationship of costs to seale figure 2 illnstrates
the position with regard to the prodnction of amumonia from natural gas.

By way of further illustration. table 6 shows extimates of the value
of f for fixed investment in the production of 1% ¢ hemiceals, and the range
of anuual production over which economies of seale ocer. from a nini-
mnm feasible scale (often determined by the commercial availability of
factory equipment) to an upper limit beyond which few further economies
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of seale are achievable with known technology and available types of
equripment, The table vlso shows for each chemical product the basie
reference seale of annnal output (corresponding ronghly to an “economice
rize) and the related nnit investment cost used caleulating the
information presented. togcther with the pereentage reduction e nnit
investinent costs that can be achieved hy producing at three times the
reference scale of output.

TABLE 6 FKCONOMIES OF SCALE 1% FIXED INVESTMENT

Product eterence Reference unit Esponent  Inder or Range subject to
wcale 'y investment [, f unit acale economies
{tana per  (dollary per inreatment {tona per year)
year) ton annual saringsd
rapicity)

Isopropanol ...... .. 6,000 242 0.49 43 2,000--- 30,000
Caleimm earbide .. 15,000 147 0.52 41 5,000 — G (8
Polyvinyl chloride ... 6,000 285 0.56 34 2,500 — 40,000
Caleinm oxude .. .. .. 15,000 34 0.58 ki 5,000 100,000
Butadiene ..... ... .. 10,000 Gint 0.56 ki 5,000 —- 60,000
Acetylene carbide ... 4,881 71 0.59 37 2000 - 20,000
Acetaldehyde .. ... 20,000 100 0.59 K4 10,000 — 660,000
Carbon black ... ... 10,0600 3060) 0.59 37 4,000--- 30,000
Ethylene . ... . 100i0 AT0 0.61 a5 10,000 — 60,000
Titanmn dioxide . 5,000 1,200 0.62 34 4,000 — 30,000
Urea.. ............ 33,000 83 055 31 14,000 —165,000
Acetylene (Irom nat-

ural gas) ... ... HLBOO 485 0.68 30 10,000 - 45,000
Styrene ............ 000 280 0.78 23 5,000-— 50,000
Polyethylene (low

densityy ... .. K130 492 0.7 22 6,000 — 12,000
Methanol ... ... 10,008 444 0.77 22 5,000— 60,000
Chlorine {(and sodnam

hydroxide) ... 15600 340 0.77 22 8,000 — 35,000
Ammonia .......... 36000 139 0.77 22 18,000— 180,000
Sulphurcacid ... 36,000 18 0.83 17 10,000 --100,600

Bovuce: Industrialization and Productivity, Bullotin 10, p. 55,

L 1,

2 Equal !u( ) < 100

L ]
where: Iy = unit inveatment corresponding to napacity 3 - C,.

Economies of seale in relation to faetor inputs
Fron the point of view of economic development, it is important to

relate economies of scate to the primsry factors of production, especially
capital and labour. In most developing countries foreign exchange is of
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critical importance, not only as an ingredient i capital hut alko as a con-
tinuing requirement for material inpnts. As regards capital, which inchides
working capital for stocks and other purposes, the amount required ix
venerally prnpnrtimml to tined investment. H follows that the use of an
exeessively small seale of prodiction raises the capital ontput ratio for
the cconomy as a whole and thos slows ceonomice growth, This ri-k s
particularly great in the chemical industry heeanse, as shown above. the
st important source of economies of scale is precisely fixed investient.
‘Fhix is 1ot the general situation i other industrial sector<tin the metal
transforming industries, for example, production on a small scale or in
<hort series has nmainly the effect of inereasing labour requirements rat her
than ntilizing capital equipment less efticiently, and this causes a smaller
reduetion in the growth rate of the economy (assuming that there g a
Inbhour «uiplus).

In the chemical industry much of the produetion machinery and
cquipment has a relatively short life-span and therefore the choice of a
high rate of produetion in order to obtain the economies of seale implies
a constant flow of replacemment machinery and equipment. Fven if manu-
factured locally, such machinery and equipment may be in short supply;
more gencrally, the supplies have to be imported and impose a severe
burden on foreign exchange resources. In either case, the growth of the
economy is constrained. In industries where the diseconomics of amall-
scale production take mainly the form of low labour productivity, the
retardation of economic growth will be far less pronounced than in the
chemical industry (providing that there is a labour surplus). On the other
hand, under conditions of high growth rates, the manpower base is the
ultimate limiting factor and all diseconomics of small-scale production
will have the effect of retarding growth.

The relationship between market size and economies of scale

Studies by ECLA® have examined the relationship hetween per capita
income and per capita consumption of verious basic chemical products.
From these studics, it is & simple matter to calculate the population

¢ K/CN/12,525, Progress Report on the Work of Secretariat i Connexion with
the Chemical Industry in Latin America, Bantiago 1958, summarizcs the report of
n joint working party of KCLA and the Chilean Development Corporation, by
Victorisz, T., et al. These studies are further developed in La inddatruy quimica en
América Latina; for full reference sec annex 3 wnder “Keonomtie Connvission for
Latin America”.
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required at a given income level to provide the market necessary to absorb
production at the minimum economic scale for a particular prochuct. At
the levels of income of most developing eonntries, it is evident that only
the organization of a market on a regional or subregional scale would give
the necessary voluue of demand for most basie chemical products.

Two examples may help to illnstrate the problom. Sodinm hydroxide
produced by electrolysis is a relatively encouraging case, since the miui-
wm plant eapacity is only about 20,000 tons per year. Nevertheless, if
the avernge per capita income is as low ay $100, it is calculated that a
market of 36 million people is necessary to absorb the annual output. If
the average per capita income is $300, however, it is calculated that a
population of 12 million wonld saffice to absorb the outpnt.

The production of synthetic rubber (SBR) may be takei as a second
example. makiug the favonrable assumption that all rubber tyres are made
from synthetic material. The minimum size of plant is estimated at 18,000
tons per year, and at an income level of $100it is calenlated that a popula-
tion of 90 million people would be required to absorb this output. At
income levels of $300 to $600. the required poputation falls to 18 million
and 7 million respectively. This, however. is not the only consideration,
becianse there are even greater economies of scale for some of the inter-
mediate products nsed to make synthetic rubber. The minimum size of
plant to manufacture butadiene, which represcuts 80 per cent of the mater-
ial inpnt for SBR. is approximately double the minimum of 18,000 tons
per vear required for SBR itself. Many interiediate chemical produets
wre jointly utilized in several snbsequent proeesses and this helps to
solve the problem of production seale; in the case of butadiene, however,
there is no alternative use in significant volnme and therefore economices
in the scale of its production are an effective constraint on the production
of svnthetic rubber.

If we turn to consider the production capacity necessary to obtain
the maximum economies of seale, the position 18 naturally worse still,
having regard to the income levels and population sizes of the developing
conntries. Thus, for sodium hydroxide. economies of scale persist up to
about 150,000 tons per year, and even for an income level of $300 it is
caleulated that a popnlation of 90 million people would be required to
absorb this output. In the case of synthetic rubber, the size of plant for
maximuin econonies is cstimated to be 180,000 tons per year ; the absorp-
tion of this ontpnt is calculated to require a population of 180 million
people if the average income is $300 per capita and 65 million people if
the average is $600 per capita. In both these examples the caleulated
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popaulation size for income fevels lower than 8300 is, of course. even lavger
and exeeeds the total for South Ameriea or Africa south of the Sahara.

AW MATERIALS

The principal raw materials of the chemical industry are shown m
table 7 below. The most inportant supplying sectors are agrienlture,
forestry and fishing which. together with processed food and paper.
acconnt for most of the group of raw materials of organic origin. Hydro
carbons are supplied by the extractive sector (pet rolerrm and natural gas)
and by the petrolenm produets industry. Carbou (exeept for petroleum
coke) is supplied by the coal-inining seetor. The other minerals referred
to are mainly non-metallie.

The input coefficients for various industrial seetors in the developed
countries presented in table 4 have been averaged in order to calenlate
the approximate input coefficients shown in table 7.

TABLE 7: CHEMICAL INDUSTRY! ANALYSIS OF PRINCIPAL INPUTS

Pereentage
by value of
all items
shown
Raw malerials i
Inorganic:
Non metallic minerals—sulphur, salt, limestone, phosphate rock,
potassium salts, fluorspar, sand and pigment minerals ... 0.5
Metals I OTCR « v v vve ettt et s 2.0
{)rganic:
Hydrocarbons --derived from petroleum, fuel oil. natural gas and
liquified petroleum gas .. ... ..o 1.3
C'arbon-—derived from coal, coke, petroleum coke, hgnite and
B L1 2 RA 1.2
Collulose, oils and fats, waxes, wood distillates, bagasse, molasses
und other agricultural wastes . .. ... 18.0
Intermediate commodities and other inputs
Chomical intermediate products . ... ..o e ve... 2B
Electric POWOT ... vvovevnveenonr e oncenes e ce.. 2
Transport and other services .. ... e P |
Machinery and equipment (capital account) ... .. e e 20
('onstruction {capital account) . ......... e e e 1
TorarL 100

Sovrce: Bhreve, R. N., The Chemical Process Industries, McGraw-Hill, New York, 1956, and
wable &
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Table 7 also shows other imtermediate inputs. including the inter-
medate products of the chenneal mdustry itself which represent one
quarter of the total value of inpats. Tuter-indsistry purchases (inchuding
some minor inputs not shown) account for soine 60 per eent of the total
inpats. the remiainder consisting of vatue added. Although purchases of
mechioery and cqpupment and expenditure on constrietion are excluded
by detiition from enrrent-flow input-oncpnt tables, they are included i
table 7 so that the importance of raw material inputs may be appreciated
i relafton to wll other inputs, ineluding those on capital acconnt.

The miscellaneoas raw materials of organie origin. which are extim-
ated to acconnt for 18 per cent of inpats, are used mainly by the branches
of the chemical industry producing consimer produets in large volume,
such as soaps, costietios, paints and varnishes, otls, fats and waxes. The
comparative importance of this group of raw materialy is eonsiderably
less m the brauches that manufacture basie and intermediate chemical
producte, Generally speaking. the supply of these raw materials poses
fewer problems in the course of industrial development than does the
supply of h.drocarbons, carbon-based raw materials and some of the
inorganic minerals shown in table 7.

The following discussion indicates briefly the technical and econoniic
problems relating to the nxe of the inorganic minerals, hydrocarbons and
carbon raw materials. A fnller survey ot these problems is contained in
the KCLA study.?

Sulphur

Snulphnr is used by the chemical indnstry mainly to make sulphurie
acil. which. in turn, has been used since the 1940s in the prodnction of
fertilizers. Over the last twenty-five to thirty years supplies and prices
of sulphur have varied more than those of any other mineral basic material
of the chemical industry. Elemental sulphur or brimstone is derived from
the following sources:

() Subterranean deposits of sulphur-bearing limestone from which
the sulphur is extracted by the Frasch process;

(b) Recovery from refinery gas or sour natural gas, which contains
a proportion of hydrogen sulphide;

? La industrie quimica en América latina, pp. 113-—129; for full reference see
annex 3 under “Keonomic Commission for Latin America''.
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(¢) Deposits of natural sulphur; sulphides and waste gases,
Non-elemental sniphaor is derived from the following:

() Pyrites— orex containing salphur in combination with other
clements;

() Efftnent gases from simelters and some blast furnaces: spent
oxtde arising from the purification of town gas; anhydrite and
gypsin.

The Fraseh method has proved applicable so far only to deposits in
Mexico and the United States. The recovery of sulphur from gases occurs
mainly in Canada, France and the United States. For the most part. sour
natural gas s used.

A developing eountry has therefore a number of alternative possibil-
ities to consider when reviewing its sulphur requirenents. The presenee
of sulphur in erude petroleum is a disadvantage in retinery operations.
lowering quahity and cansing corosion. H, however, recovery of sulphur
1~ mil attractive proposition because of the needs of a ehemieal industry,
it may even pay a country to build large new refineries to working with
crude petroleum of high sulphur content. despite the higher cost of corro-
sion protection which this necessitates.

Roughly 85 per eent of sulphur is used for the production of sulphurie
acul other usex being for paper production, the manufacture of carbon
hisulphide, pesticides and bleaching agents. World production totals
nearly 30 million tons per arnum of which about 3 million tons comes
from developing conntries.

Further discussion of sulphur as a raw material for the production of
fertilizers is to be fonnd in Monograph 6 in this xeries

Salt

Nodinm chloride is one of the most widely dispersed resourees in
nature, in solution in water or in the form of rock salt. Commercial
production takes one of three forms: the mining of solid salt, solar evapo-
ration of salt water, and evaporation of brines of subterranean origin. In
the developing countries, solar evaporation is of special importance. In
the developed countries, some 60 per cent of the salt production is con-
sumed in chlor-alkali-electrolysis and 30 per cent in the production of

* Monograph No. 6: Fertilizer Industry.
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wndn ash In the developing conntries. however, the production of soda
ash generally consimmes nore <t than does the produetion of caustic
sondin, Other nses nre related to the food processing industries. pulp and
paper. Ccerannes, plastics. ol and soap. textiledyeing. jee manufacture and
water conditioning.

Chypsiimn, Iignesium chloride and sulphate, potassium chloride and
bromine are among the by produets of salt prodiuetion bat. with the
exception of gypsmn. their recovery and commercial sale is nnlikely to
b ceonomic inless salt production 1= at Jeast 100,000 tons per year. In
developing conutries the important step s generally to upgrade sait
recovery technicatly from being a handicralt toa faetory operation.

Phe annnal world produetion of <atlt exeeeds 100 mithion tons and shows
a steady growth. 'the hare of the developing countries in abont 15 per
cent of the total, exchiding China (mainland).

Phosphates

"The third large group of mineral raw materials for the chemical
industiy consists of phosphates. Phosphorus i3 indispensable to organic
life in plants and animal; the growth in consumption of mineral phos-
phates is very closely tied to the expansion of the fertilizer industry.?

Limestone

The chemical indnstry uses limestone in the manufactnre of caleium
cavhide. sodinm bicarbonate (Solvay process) and caustic soda. Although
limestone deposits are widely distributed around the world, the chemical
industry prefers to use deposits with at least 94 per cent content of
caleinm earbonate and a low percentage of silicate, magnesinm and iron.
The metallurgical and constrnetion industries are, of course, large users
of limestone.

Hydrocarban raw materials

The most important hydrocarbon raw materials for the chemical
industry are natural gas. cernde oil and petrolenm refinery streams (includ-
ing the gases and refined products). These hydrocarbon raw materials are

[

+ Monograph No. 6: Fertilizer Irdustry.
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converted into basie petrochemicals. sueh as ammonia, methanol, ethy
lene. propylene, butylene, bntadiene. acetylene, benzene. tolnene, xyvlenes
and many others. Some of the conversion processes are highty xpecitic .
for example, para-xy lene (which is nsed to mannfacture polyester libre)
1= obtainable only from the light distillates of highly naphthenie eride
petrolenm or from reformed naphtha, At the other extreme, ammonia
can be prodireed from any hydrocarbon ranging from natural gas to heavy
fnel oil, althongh the prodoction costs vary somewhat according to the
raw material nsed. The degree of flexibility in production of other basie
petrochemicals lies between the extremes.

By far the greatest part of the consimption of hydrocarbons s ax
fucls to provide heat for every kind of application in industry, commeree
and homes, as well ns steam-raising for turbines in electrie power genera
tion and marine transport and as fuel for internal combustion engines.
Sinee the chemieal indnstry accounts for only a small fraction (one or two
per ecnt) of the total eonsumption of hydroearbons, the cost of these raw
materials is determined almost entirely by their primary nse as fuels. In
their application as fuels, the different hydroearbon strenmns are inter-
changeable to a counsiderable extent and their prices tend to be related
to their calorific value. Although this is the broad outline, the price
structure is adapted in detail to their costs of production, retining and
transport and to their convenience and specifie use.

Thus, a fucl for automebiles is nlways priced substantially higher
than industrial fuel oil; and ratural gns may command a premiunt price
asx a houschold fuel in areas where it is relntively scarce. In terms of
vohime, the outstanding use of hydrocarbons is as an industrial fnel and
the conditions of supply and demand for this market are the basis of the
entire price structure. It follows that the eost of Livdrocarbons per calone
a varions geographical locations is a key consideration when phnning
the development of the chemical industries. The other main determinants
of loeation, according to a number of studies (inelnding the KCLA study
vited above) are economies of scale and transport costs.'®

The cost of one ealorie of heat can be used to measure the effect of
a mumber of factors that strongly influence production costs in the
ehemical industry. Thus, fuel is used directly in most chemical processes
and for the gencration of steam or power, constituting a signifiennt part

10 Neo also: Isard W oand E. W. Schooler, Location Factors in the Petrochemical
Lidustry; Airov J., The Location of the Synthetic Fibre Industry; und lsard W,
F. W. Schooler and T'. Vietorisz, Industrial Complex Analysis and Regional Develop-
ment; for full reference see annex 3 under “Other sources’.
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of total production costs. In addition, the refinery streams nsed as feed-
stock for petrochemicnls are priced in relation to their caloritic value.

1t is therefore of some interest 1o consider the geographical strncture
of el prices.

Fuel prices are peazonahly stable geographically the long run and
a sinple anatysic of thew Losis, which is nseful for long-term planuing.
wits nuade by Dwyer m 195511 On the basis of historic data abont the
conrse of fied prices he assmes that the delivered price of industrial fuel
i« the sauie in two key markets: the Kastern scaboard of the United States
(for which New York may he taken as represeutative) and the industrial
for which Rotterdam may be taken as

sone of vorthwest Earope |
pepresentativ el The world fuel price strueture can then be mapped out
by a series of calenbatious. The first step s to cousider the sarpluses
available from sceondary supply areas after meeting the requirenments of
their local markets and the price of fuel for the world market at these
anpply points. The cocond step is to calenlate the pattern of distribution
from cach supply point to all consnmer zones (other than “tied” local
markets) which witl briug about the lowest delivered prices of fuel. New
anpply areas suchas the Nahara oil fields ean be fitted readily into this
general framework.

In this scheme transport costs play a basie role and the projections
Lave to assnme a suitable hasis for the geographical stracture of long-
term shipping costs, making allowance for the trend towards cost rechie-
tion on certain rotes throngh the nse of exceptionally large tankers.
Likewise. the cost of transporting natural gas by pipeline has to be nsed
in order to relate fuel costs near gas fields to the world fuel price structure,
whenever 1 sufficient aquantity is available for it to enter gerieral industrial
use as well as the consumer market in which it eommands a preminm
price.’

0 Dwyer, (.., Nuclear Enerqy and World Fuel Prices, Washington, D.C,
National Planning Association, 1858 The most complete and up-to-date cconomic
analysis of the world fuel market an-d the oil and natural gas industries may be
found in Adelman, M., The Supply and Price of Natural Gas, Blackwell, Oxford,
1962, and Adelman, M., “The World il Outlook”, (M. Jlawson, ed.) Natural
Liesources and International Development, puhlislml for Resources for the Future,
Jolm Hopkine Press, Baltimore, 1964, p. 77 —125. See also: Chazeau, M. G. D. and
A. E. Kahn, Tutegration wnd Competition in the DPetroleum Industry. Yale University
Press, New Haven, Conn., 1958 (Amerienn Petrolenm Institute. Petroleum mono-
graph ceries, Vol 1)

12 See Cookenboo, L., 1954, Costs of Operating Crude -oil Pipelines, Rice Insti-
tute, Houston, Texas, and Crude-oil Pipelines and Competition in the il Industry,
Harvard University Press, Cambridge, Mass,, 19553 Isard, W. and E. W, schooler,
op. el

s ——
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When retinery products other than fuel oil e used (ax raw materials
tor the petrochemical industry) their price is determined by the major
alternative uses of these products. For example. naphtha used for veform-
ing e the production of aromaties is priced according to conditions in the
niarket for motor fuel, Nimilarly, a Cp-streaan®® used for the mannfacture
of butadiene s priced aecording to the marginal alternative use. which
may be as liquticd petrolenm gas, or as additive to motor fuel or as an
tidustrial fuel.

Raw materials derived from earbon

Until recently raw materials derived from carbon playved a funda-
mental role in the manufacture of organic ehemical produets. Plants for
the production of these prodnets were located at large eentres of trron and
steel manufacture and to a lesser extent near city gas plants, making use
of the liguid and gaseons hy-products of the coking proeess. Demand for
organic chemicals, however, and particnlarly for aromatics, rapidly
ontpaced the supplies obtainable in this way. Alternative proeesses based
on hydroearbon raw materials were then developed, in the United States
initially, and have steadily gained gronnd until today chemicals derived
from carbon play a minor role in world production.

The principal raw materials based on carbon are gas, coal tar, light
oils and aqueons ammonia (a by-product of coke mannfacture). Coke-
oven gas yvields aminonia, metharol and some ethylene. The light oils
are the raw matertals for the maunufacture of aromatics: benzene, tolirene
and xylenes; eoal tar on the other hand yields heavier aromatics such as
naphthalene and anthracene, the phenols and eresol-ete. All these prodncts
are also obtainable from petrochemical sonrces and their manufacture
from coal was tied historically to the demand for coke.

(‘oke is used as an industrial fuel and as a metallurgical raw material.
For the latter purpose, it has te be of high quality and many coal deposits
in developing countries do not yield coke of metaliurgical grade. In these
cases or where there is no demand for the metallurgical uality, a con-
siderable saving in the investment and production costs of coke making
can be achieved by adopting the dry distillation of coal at a relatively
low temperature. Low-grade coals and lignite (brown ceal) are suitable

B Butanes and/or butylenes.
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for this purpose. n the past. before appreetable local resources of petro-
lenm were discovered in Enrope. an extensive stndy was made of the use
of dry dixtillation of liguite. The by-products of this low-temperature
process can be convertedinto liguic fuels and hibricauts. Certain technical
difficultics. however, mainly associated with the heating and mechanical
handling of coal and tar in the distillation ovens. have not been entirely
overcome and in ony case the process requires several stages. The synthetic
production of livdrocarbons from earbo-chemieal sources has in eonse-
quence heen wnable to compete in the past with natural petroleum
derivatives. Nevertheless some developing conntries, expecially  those
that possess conl resources but are poorly endowed in petrolenin or
natural gas. have shown a elear interest in the produetion of organie
chemicals from raw materials derived from carbon.

PROCESS EQUIPMENT: LINKAGES TO THE ENGINEERITIG SECTOR

"The rencral order of magnitude involved in the linkage between the
chemical and eugincering sectors as been indicated in table 7. in which
input coefficients are shown for machinery and equipment as well as for
raw materials and intermediate products. Unlike the material inputs
however. the machinery and equpment inputs depend on the rate of
growth of the chemieal sector. If the economy as a whole is growing at
# per cent per vear, it may be expected that the inpits of machinery
awd cquipment in the chenical sector will represent about 18 per cent of
the value of total current-flow inputs; this is only slightly less than the
value of all raw material inputs or all inputs of intermediate chemical
products. Development prospeets and planning of the chemical industry
are therefore affected by the situation in the metalworking sector.

The pereentage cited above should be taken as a rongh guide only
hecanse in each comntry it must depend heavily on the particular structure
of the economy. The rate of growth of the chemical seetor influences the
need for new investment. while the amount and the age of the plant and
equipment already in use determine the investment in replacement imputs.
In many developing eountries the existing chemieal plants are of relatively
recent origin and therefore replacement inputs are cnrrent Iy insignificant::
it often happens that one or two plants acconnt for a large fraction of the
total capacity and replacement. when it occurs cnuses a sharp increase
in the machinery and equipment tputs.

The economically useful lifetime of plant and equipment used to
manufactnre basic chemical prodnets is generally between 10 and

.
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I8 vears. according to reeent estimates of depreeiation made for 90 mann
facturing proeesses emploved in this branch of the indnstry. Techuieal
progress and the consequent economic obsoleseenee sometimes canses
equipment to be replaced before it is worn ont. Where replacement is not
~uforced by teehnical progress the decision to replace i determined by
halancing the steadily growing cost of mimintenance, repair and technieal
mefticiency of the machinery and equipment against the cost of tying np
capital in the purchase of new niachinery and equipment. When there has
heen technical progress, it introduces a forther element to be considered.
namely the rednetion in production costs which is foregone if the old
cquipment continnes in nse istead of heing replaced by new and nore
cfticient equipment.

While the date of replacement ean be advaneed or retarded to s<ome
extent according to individual judgement of where the balance lies, a
lengthy extension of scrvice bevond the economie optimum ecan lead to
serious inefficieney and rising costs. It shounld also be noted that while
the average service life mentioned above relates to the key eomponents
of a process plant, individual components and ancillary equipment may
have a service life of a different length from the plant as a whole. Generally
speaking. individual comnponents can be replaced. Often a key component
nearing the end of its ceonomic life can be replaced by a technically
improved nrodel; this can lead in turn to the installation of new ancillary
equipment. It is also common as a resuli of technieal progress that a
replacement item makes possible an inerease in outpat, so that replace-
ment and expansion become a single operation,

Thus the division between investment fo, expansion and investment
for replacement is not always as sharp as the two terms might imply.
Another reason why the distinetion tends to be bhirred in praetice is that
different components or items of equipment often have capacities that do
not perfectly mateh the scale of total output; standard sizes of equip-
ment (e.g. pmnps, heat exchangers) are often used that have different
etfeetive capacities in relation to a givenr chenrical process. The capacity
of one of these ite:ns therefore will limit effectively the maximum capacity
ter the process a4 a whole. If this particnlar bottle-neck is removed it will
be possible for capacity to expamd nntil the next bottle-neck beeonies
cffeetive. In this way it is often possible for “unbalanced” expansion to
take place and where this is feasible it requires fewer resources than n
balanced expansion.

Linkages with the engineering sector appear in input/output analysis
of industry as capital coefficients rather than current-flow coefficients.
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For the chemical industry a: a whole the most probable estimate of
.« on capital account from the engineering sector
is one dollar per dollar of inter-industry sales (including such sales within
the chemical industry itself).!? 'his ratio is nsed in table 8 to reiate growth
in sales by the chemical industry to expenditure on machinery and
xpansion. In addition, it is assumed that
1 by the cher sical industry has an average
r cent of capital spending is allowed for
to the engineering sector is then the
(at any given growth rate) and

the aggregate of purehasc

equipment to secure this e
machinery and equipment use
lifetime of 125 years so that 8 pe
replaceinents. The effective linkage
a of the requirements for expansion
replacement. The table also shows the expected growth rate of the economy
as & whote associated with a given rate of growth by the chemical industry.
This is based on the assnmption that the income elasticity of production

is 1.66 for the ehemical industry (xee chapter "

=ih

14 Nee for example * Programming Data Sununary for the Chemieal Industry”’
w [nduatriclization and Productivity Bulletin 10, and Studiea in Petrochemicals,
for full reference sve annex 3 under “United Nations Industrial Development

Organization’

15 Cristin, H. R, C. 8, Cameron and A. P. Carter. “Where Do Construction
Dolars €Go v Clemical Engineering, 69, ~New York, November 1853, based on data
comnpiled by the Harvard Economics Resenrch Project ; and Grosse, R. N., Capital
Requirements for the Erpanaion of Industrial Caparit ;. Wrshmgton, D.C., tovern-
ment Printing Oftice, 1933, Reprinted by the Research Analysis Corporation,

August 1964,

16 Waddell, R.M, POMLRitz, N J
Planving Factors Manufacturing Industries. tor full r
COther sourees”

17 For detuils of this estunate see Techrwgiies
The Chemical Industries, pp. 30 - 403 for full reference see gune
Nutions Tndustrisl Developmoent Organization’™.

Dew and M. K. Wool, Capacity Erpansion

oference see annex 3 vunder

of Sectoral Ecomomic Planring.
x 3 under “United
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TasLE8: GROWTI OF CHEMICAL INDUSTRY AND PI'RCHASES FROM
ENGINEERING SECTOR

Growth rate of national economy (per cent per
VEIEY ottt it e 2.0 4.0 6.0 8.0
Ldated growth rate of chemieal industry (per cent

PEPYEAr) ... i e .. 3.3 6.6 10.0 133
Purchases of eliemieal industry on eapital account
from engineering sector (per cent of value of
siles):
forerpansion ... 00 000 oo oo 3.3 6.6 10.0 13.3
Sfor replacement . ... ... .. .... I K 8.0 8.0 8.0
11.3 14.6 18.0 21.3

‘i'o the extent that there is no domestic production of engineering
soods, the flows indicated in table 8 will have to be imported and this
will be a substantial offset to the foreign exchange savings achieved by
replacing chemical imports by domestic production. If anything, table 8
nmlerstates the capital expenditure reqnired because the coefficients are
based on experience in the United States and in a developing country
where the scale of operation is substantially sialler the capital require-
ment per dollar of sales will tend to be higher.

I shortage of foreign exchange leads a country to postpone replace-
ment expenditure, efticiency and operating costs in the chenaical industry
will snffer and eventually the requirement of foreign exchange for repair
andbmaintenance will be even greater and impossible to postpone withont
disastrous effects on production. If, however, the beginnings of an engin-
cering indnstry  have been set up in the eountry the picture is more
favourable. Some repair and replacement of relatively simple components
of process equipment (tanks, vessels, towers, piping) will now become
practicable; as the metalworking sector is diversified and expands its
capacity, the proportion of the ows in this linkage that ean be domes:
tically supphied will increase.

Chemical processes differ substantially in the degree to which their
prociuetion equipment uses simple rather than complex fabricated com-
ponents, Furthermore, developing countries vary greatly in the extent
t which they have developed the metal-transforming and machinery
iranches of the engineering seetor. Countries with a small population and
47 cgnta income in the range of $100 to $300 appear uulikely to be able

trmeet more than one third of the requirements of machinery and equip-
sient for the chemical industry from domestic sources and will generally
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While. thercfore, there are generally pract ical limits to import sub-
stitution in regard to machmery and egnipment for the chemieal industry,
ar simpler in vegard to factory constrnetion and the
gquipment. whieh accounts for a consider-
table 7). The opportunities
igore sly in all

the sitnation is 1
installation of mashinery and e
able part of the gross eapital expenditure (see
for import substitution in this arca should he pursned v
CANCE,

EMPLOYMENT

The chemical industries provide very few jobs, expecially for unskilled
tabonr. and 1herefore contribute little to solving the often very serious
problem of nnder-employment in developing conntries. Few industrial
cectors have lower labour costs in relation to sales than the chemical

industries,
The point s well illstrated by the estimutes of manpower require-

ments for an ambitious import substitntion programme i~ Latin America

derived from an KCLA stndy of the chemicat idustry.'®

8 The Manufacture of Indnatrid Machinery and Equipment in Latir America.
1. Basic Equipment o Brazd, 1963 (Unitedd Nations publication, Sales No.:
(XN I HERUN

19 Summarized in Techniques of Sectoral Leonomie
Lodustries, pp. 42 and 43 for tull referenee see annex 3 under
I dustriad Development Organization”.

Planning: The Chenmvical
*United Nations




CHARACTERISTICS AND PROBLEMS 41

FapLE Y HYPoTHETICAL MANPOWER REQUIREMENTS FOR SELECTED CHEMICAL
PLANTS (N LATIN AMERICA?
(thousands of man-hours per year)

itvduct group In absence of reqional integration Tuteld for
nteyrated
Chile Argintina Brazid Venezwdda  Merico region

~ochany carhbonate ... 1,257 1.7%2 1.693 122 1,877 1,380
Sochame-diealeinin phos-

phatte complex ., ... Hin 847 1,091 £05 801 3,124
superphosphate-tripoly-

phosphate complex . .. 251 562 839 458 337 1,926
Sheon carbide Lo LY) 124 132 1o 123 167
Nitrogen complex L 210 H02 710 343 392 2,164
trea and phienolformal-

dehyde complex L 4.0 b H28 480 a2 662
Ceflulose acetute-PVA-

PVCcomplex .. ... L. 4219 5,424 6,012 4,179 5,004 8,630
Polvethylene-polysty-

tene-butadiene com-

plex oo 477 T3 880 639 781 1,492
Carbon baek ... ., 45 50 07 51 H8 137
Sodecyl benzene-propy-

lene tetramer complex. 111 180 204 116 172 252
Avcitone-isopropylene al-

cohol ... ... L 152 2613 240 166 211 320

ToTaL 7809 10,413 12,396 8,261 10,258 20,254

Numbeor of jobs created, cstimated at 2,000 man-hours
per year per job

ALL PRODUCT GROUPS 3,900 6,200 6,200 4,100 5,100 10,100

Sovrce: UNIDO, Techniques «f Sectoral Economic Planninrg: The Chemical Industries, tablo 13,
1. 43,

4 Threct operating labour, increased by 75 por cent to allow for indirect labour.
b Not estimatod.

These estimates, summarized in table 9, relate to cleven product
¢ronpy covering 46 basie produets whose outpuu accounts for about 25 per
cent of total output by the chemical industry, as projected for 1965
some years previously. On the assumption that production would be
voucentrated in integrated plants serving the entire regional market of
20 republics, it was estimated that manpower requirements would be
20.3 million nan-hours per year, thus providing jobs for abont 10,100
people. On the other hand, in the absenee of regional integration, the five
largest producing countries of the region would require some 49.1 million
inan-hours per year for their output of the seleeted chemical products and
thix would generate jobs for about 24,600 workers. When it is added that
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the labour force in Latin America was expeeted to increase by ronghly
2 miltion people per annum in the mid 19605, it may be seen that the pro
jeeted programme was eapable of employing between a half and one and
a half per eent of the dncrease in the labonr force of the region which

ocecurs in any single year.

Skilled and techuical manpower

(ompared to other indnstrial sectors the chemical industry is a
relatively small employer of skilled labour but a relatively high employer
of technical and professional manpower.

An ECLA stady®® found that in Peru skilled tabonr represented
about 15 per cent of total labour in the chemical industry, compared with
abont 80 per cent for the apparel industry, 50 per cent for furniture, 30 to
40 per cent for textiles and about 25 per cent for metal manufactures and
machinery. A similar pictore emerges from a companion KCLA study
dealing with Avgentina®' where the chemical industry employs a smaller
percentage (12 -15) of skilled labour than the seven other industrial

sectors analysed.

In regard to technical and professional manpower. the chemieal
industry appears at or near the top of the list of industrial sectors in the
KCLA studies of Pern and Argentina cited above, together with machinery
and transport eguipment and, in the case of Argentina, petroleum. As a
proportion of total employees the techmical and professional group
represctits 1 1o 6 per cent for Pernand 6 to 8 per cent for Argentina.

The role of lubour input in development planuing

Whether the need to train manpower for the chemical industry
becomes a significant element in development planning will depend on
the size of the chemical sector in relation to other indnstrial sectors in
any given development programme.

2 The Industrial Development of Perw, 1959 (Analysis and Projections of
lconomic Development Serios, No, 6) (United Nations publication, Sales No.:
59.11.G.2).

2 The Economic Development of Argentina, 3 vols., 1959 (Analysis and Projec-
tions of Kconomie Development Serios, No. 5) (United Nations publication, Sales
No.: S AL,
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Labour inputs in the chemieal industry are subject to economies of
veale even more strongly than fixed eapital inputs. The correlation of
labonr inputs with the scale of ontput indieates an elastieity of the order
of 0.2 thus even large increases in scale will producee only small additional
1thour requirements or ~ven no inerease at all since the number of workers
per shift must be an integer and in many processes enly a handful of
operators is required.

The possibilities of capital-labour substitution in the chemical
industry are limited for two reasons: first, because the modern chemical
processes were developed in the industrialized countries to some extent
because they were advantageous in the context of high wage rates; and
secondly, because the chemical industry appears to offer fewer choices of
alternative processes than other industries, where manufacture usually
involves niechanical transformation. Some aneillary operations such as
materials handling are, however, exceptions to this genc.al observation
hut the amount of eapital that ean be saved by substituting labour in this
way is probably about 5—10 per cent.




Chapter 3

ISSUES OF POLICY

PLANNING AT DIFFERENT STACGES OF DEVELOPMENT

Some branches of the chemieal industry stand in greater need of cen-
tralized decision making than others where the stimnlus of market demand
is more likely to bring forth the desirable economic and social response.
(‘ertain branches of the industry tend to be set up before others in the
conrse of the industrial development of a given conntry. It is therefore
convenient for purposes of policy making to define four stages in the
development of the chemical industry that are characterized by qualita-
tive as well as quantitative ehanges. These stages tend to be related to
population as well as level of income in a given eountry because. as shown
in ehapter 1. both these factors inthuence the size of the market and the
feasibility of domestie produetion.

Stage 1 covers the beginnings of the chemical indnstre, If production
takes place at all it i restricted to siniole chemicals and produets derived
from them which ave classified in the chemical industry, This stage is
characterized by the following features:

The produets manufactured may inclnde: oils and fats: paints and
varnishes and lacguers: cosmeties and soaps; polishes. inks, candles,
matchies : and pharmacentical formulations;

The processing technology is unsophisticated. skill requirements are
low and the equipment used is simple;

Research and development, design and chemical engineering all
depend on sources outside the country:

The domestic engineering industry can at most undertake mainten-
ance and repair of equipment.

In stage 2 the manufaeture of a wide range of chemical end-products
is introduced. Backward integration, if it occurs at all, is sporadic and
depends either on specific favourable circumstances or high protective
tariffs. The following are the characteristics of this stage:

44
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The products manufactured include fertilizers, often integrated with
basic ammonia ; chemicals for agriculture sueh as pesticides; plastics
and man-ma.e fibres: and detergents. dyes and explosives.

Backward integration may inclnde, in addition to ammonia manu-
facturre, the production of sulphurie and nitric acid used as fertilizer
intermediates ; other basic inorganic chemicals, sneh as chlorine and
caustic soda. may not be produced becanse of inadequate market size:

Some capability for research and development usually exists at thix
stage, primarily in nmiversity faenlties, together with the chemieal
engineering skills to design simple process equipment;

The domestic engineering industries are generally capable of provid-
ing the streetural steel works and piping reqquired when installing
process equipment. as well as simple items of equipment. snch as
tanks. packed columns, duets and bins.

When a country has reached stage 3 it already possesses a well
integrated diversitied indnstrial basc in the field of heavy inorganic and
organic chemicals, and it manufactures sophisticated end-products. The
ensential characteristies of this stage are the following:

Production of basic heavy inorganic chemicals now inclides acids,
alkalis. salts. chlorine and other indhustrial gases: petrochemicals nre
produced from domestie or imported feedstocks (fuel vil. naphtha)
as well as synthetic rubber: there is a broad range of organie inter-
mediate products; complox dyes and pharmaceutieals are domesti-
cally synthesized ; and metaliurgica! reagents and additives are manu-
factured:

There is substantial domestic cap. city for research and development
and chemical engineering, although imported technology is still nsed
to a considerable extent;

The domestic engineering industry may be capable of providing fron:
one half to three quarters of all process equipment required, including
blowers, compressors, pimps, mixers, pressure vessels and corrosion-
resistant units;

The products of chemical teehnology are now increasingly used in
other industrial sectors as well as in agriculture. Plastics. man-made
fibres and synthetie rubber are adopted as structural components of
industrial products, while chemical procusses transform: technology
in primary metallurgy, food manufacture, metalworking ar.d many
other industries.
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The technologically independent chemical industries of the indus-
trially advanced countries are to be found in stage 4. Their essential
features are as follows:

Important new products and processes spring from domestic
research and developruent activity, which nsnally specializes in
particular lines and is supplemented by an international exchange
of advanced technology;

The know-how of domestic chemical engineering groups is now
capable of translating laboratory innovations into efficient industrial
production by devising new manufacturing processes and designing
sophisticated equipment ;

The domestic engineering industry can now supply heavy specialized
and sophisticated process equipment for the chemical industry, while
not neglecting the advantages of internationai specialization and
exchange.

Let us now consider what the role of planving should be in these four
stages. Comment can only be given in ratler general terms since the
circumstances of each particular developing country call for special con-
sideration.

In the first stage, the interrelations between individual projects or
between chemical projects and those in other industries are slight.
Planning may vherefore be restricted to a general promotional role, taking
the form of legislation favourable to new initiatives and a tariff policy
that enables infant industries to procure their raw materials at relatively
low prices while giving them some protection for their products in the
home market.

In the second stage there is more scope for planning activities. As the
range of chemical end-products manufactured in the country widens,
the question is raised repeatedly whether to rely on importing inter-
mediate chemical products or to integrate backwards to heavy chemicals.
At this stage it would not be possible to establish a diversified heavy
chemical base and if there is any backward integration it must be highly
selective. Every project that relies on imported intermediate chemical
products, on the other hand, undoubtedly adds to the list of foreign
exchange commitments that are difficult to prune during a period when
the balance of trade is unfavourable. Only if investment in new chemical
projects is centrally co-ordinated can these conflicting considerations be
properly balanced from the point of view of the national interest. Individual
enterprises cannot be expected, if left to take these decisions in isolation,
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ISSUFR OF POLICY

1o have regard to those considerations of national policy that involve
several basic resources—investment capital foreign exchange, skills and
technological capabilities-—and ought to be judged against a time-scale
of several years.

When the third stage is reached the scope for planning is much greater
still, especially in countries whose small population and modest level of
income make it difficult to build up a diversified heavy chemical base, in
view of the diseconomies of small-scale production. In this situation
vegional or internat onal economic integration. if it can be achieved, sim-
plifies the problems. Even in the absence of integration, however, some
progress can be achieved gradually if the: 2 is a willingness to support the
necessary measures and to sustain them over a period of time. The social
and political difficulties of doing so, should not be under-rated. At the
cost of holding down consumption, the savings rate can be raised to
levels that permit investment in expanding heavy chemicals production
in spite of the less favourable capital-output ratios. Except in the largest
developing countries such as India, where it may be economic to set np
more than one plant per product line.?® basic chemical processes have to
be operated on the largest possible scale by co-ordinating the end-uses
and also, if possible, by serving several markets in a region or sub-region
following on international arrangements for co-operation. Research and
development activities also need co-ordination at the national level, and
if possible regionally, in order to give proper technological support. Unless
sufficient attention is given to planning the chemical sector at this stage
of development it is likely that small-acale, high cost production facilities
will be set up haphazardly or that the rate of growth will decline.

A country that has reached the fourth stage should no longer be
defined as a developing country and only the briefest comment is called
for here abou* the role of planning in this stage. Some of these countries
find it advantageous to pursue active policies of co-ordination if not actual
programming of sectoral development. In those with relatively small
populations, the economies of scale in manufacture remain a controlling
factor even at this stage. Almost regardless of size, countries are con-
cerned with such economies in research development, as demonstrated

# For a case study of chemical process plants in India see Manne, A. 8.,
Investments for Capacity Expansion—Size, Location and Time Phasing. A cyclical
building pattern involving multiple locations was found to be optimal for balancing
economies of scale in plant building against long transport hauls and large excess
capacities (when building too far ahead of demand). For full reference sce annex 3

under “‘Other sources'’.
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by the United States and the USSR. Some countries set themselves
planning goals in terms of time limits in which to attain internationally
competitive standards of quality or procuctivity, branch by branch or
produet by product.

REGIONAL INTRGRATION

The discussion of the characteristics and problems of the chemical
industry has clearly demonstrated the disadvantage of serving restricted
markets and pointed ont that, particnlarly for the production of hasic
chemicals. the industry tends to require sub-continental narkets for
efficient speration and these are generally nnobtainable without integra-
tion on a regional or subregional scale. H produetion is set up ou too small
a seale this means. above all, a lower producetivity of capital embodied in
machinery and equipment. The capital-ontput ratio of the economy
deteriorates and <o does its potential for growth. As an alternative to
national development in restricted markets it is evidently preferable to
plan the expansion of the chemical industries jointly in common market
arcas of sub-continental dimensions,

There are. however, few snecesslol precedents for snpra-national
co-operation of this kind and the difficulties are many. Industrialists in
some countries will tend to oppose such an arcangement for fear that their
enterprises may not be viable it exposed to the competition of a common
market. When development policies are snbject to international consulta-
tion there is greater uncertainty abont the outcome and it will take
longer to reach deeisions. The snpra-national planning effort requires the
maintenance indefinitely of a favourable political atmosphere in all the
countries coneerned und some of those engaged in the negotiations may
be donbtful whether this is possible. Nationnl political groups may fear
a loss of power and prestige in the event of far-reaching economic integra-
tion; and in some cases there may be ideological arguments about a
diminntion of national sovereignty. Furthermore, every country partici-
pating in such supra-unational planuing will strive to obtain what it regards
as its proper share of the benefits of econinic integration.

Since the optimum geographical location for the production of basic
chemicauls is largely determined by the cost of a calorie, those areas within
a common market where fuel prices are low have a great advantage over
other areas. If fuel prices are low in several areas, this makes it possible
to distribute the major chemical complexes among them, but this will
still leave the Governments of other areas dissatistied, since they tend to
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equate benefits from integration with the location in national territory
of some large-scale integrated basic plants.

The problem is further complicated if the larger countries of the
proposed common market are also those with the higner fuel puices: the
latter are often in a position to go forward without the ereation of a
common market, beeause they ean offsct their high fucl prices against
the economies of seale made possible by the size of their national markets.
In Latin America this is the position of Brazil, where the areas of low fnel
prices are to the north in the Caribbean basin and at the sonthern extreme
of the continent.

The attempt to spread the varions branches of the chemical industry
over all the participating eountries. in order to reach a xolition acceptable
to all parties, is nnlikely to prodiee the hest answer to these problems,
since some of the benetits of large-scale production may still he lost. I,
however. joint planning is extended to eover the entire industrial base of
the region or sub-region, it will always be posaible to alloeate large-seale
production units in one seetor or another to every participating eonntry.
Many important industries can be xct np almost anywhere i the common
market area and still benefit from the economies of large-seale operations,
After the industries subject to locational factors have been assigned to the
geographical areas most snitable for them. the allocation of these other
industries can be carried ont in such a way that the process of jolt
development will leave no individual country behind the rest. The
engineering scetor is partienlarly suitable for bringing abont  this
international compensation within the joint industrial plan. In prineiple.
therefore. a mechanism is available for solving the technical problems of
economic integration and joint supra-national industrial development
planning. The institutional and political problems mentioned above will.
however, still need to be overcome.

BALANCED VERSUS UNBALANCED GROWTH

There are two aspects to the issue of balanced growth. The first is
whether the chemical industry can be developed preferentially, somewhat
ahead of the over-all development of the economy. The second aspecs
concerns the geographical distribution of the industry: whether it should
be concentrated in certain areas or dispersed throughout the country.

The demand for basic chemicals tends to be spread over a wide range
of applications, as already explained. This is an argnment in favour of
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developing the produetion of basic chemicals in step with the rest of the
economy. This ixxue arises only at a fairly advanced stage of industrial
development ; at carlier stages it is simpler products. such as soap and
pharmaccuticals (made up from imported raw materials). that pre-
dominate (see chapter 1), and, since they serve final rather than inter-
mediate uses. the demand for these products depends dircetly on the level
of per capita income. A developing country can hope to achieve self
suffic ency in these products at a relatively early stagc and the question
of industrial balance hardly applics to these branches of the chemical
industry.

Fertilizers. pesticides and other chemical products used by agriculture
are the major exception to the general proposition that the branches
dealing with basic chemical products can best develop in step with the
economy as a whole. This group, to which mnay be added some related
basic chemicals, such as ammonia, sulphuric acid, nitric acid, urea,
phosphoric acid, and organic intermediates for the pesticide formnlations,
is closcly linked to the agricultural sector even though some of the inter-
mediate products mentioned are also used for other end-products destined
for many different markets. If the decision is taken to develop intensively
the agricultural sector, so that demand for chemical products used by this
seetor expands greatly, it follows that the production of these products
may be planned to grow at a faster rate than the economy as a whole.
"theoretically there is a range of possible measures to stimulate agri-
cultural development. some of which do not increase the demand for
chemical products, but in practice the various measures are employed in
combination.

Individual developing countries may differ in the extent to which
they can achieve backward integration from the end-products (mixed
fertilizers, specific insecticide and pesticide formulations. other auxiliary
chemicals) to the heavy inorganic and organic intermediates. Where the
market is small, it may be advantageous to import the heavy inter-
mediate products rather than produce them domestically, even when the
market has been stimulated by an accelerated programme of agricultural
development. In this case, moreover, the emphasis of the programme can
be shifted away from the use of fertilizers and auxiliary chemicals to other
measures of agricultural development, within the limits imposed by
technical requirements.

When examining the relative merits of geographical concentration
and dispersion of production, a distinction should be made between the
heavy basic chemicals and light products. Production of the latter can
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be dispersed with advantage : oils and fats, paints, varnishes and laequers,
cosmetics, soaps, polishes, inks, candles, matches and pharmacentical
formulations give vise to relatively slight ceonomies of seale in their
manufacture: also their production in close proximity to each other or
to the basic ehemicals does not significantly reduee eosts. On the other
hand many of these products gain from manufacture close to their
markets because distribution costs are often a high fraction of their
total costs.

In the ease of hcavy basic inorganic and organic chemicals, the
situation is reversed; economies of scale are powerful and production
costs are greatly reduced if several of these products are manufactnred
in an indnstrial complex rather than in isolated plants. Except in very
large developing conntries such as India, the economies of seale of indivi-
dual proeesses are such that only one such complex is likely to be set up.
When production is eoncentrited in an industrial complex, efficiency may
be increased for the following reasons:

Common use of output. There are scveral cases in which an inter-
mediate chemical produet is subsequently used in the manufacture
of several chemicals. When all the processes are linked together the
intermediate product can be manufactured on a mueh larger scale.

Common exploitation of raw materials or utility inputs. Instead of an
intermediate commodity, it may be a raw material or utility input
whose use on a larger seale. made possible in an industrial complex,
enables its nnit cost to fall. Typical raw materials of the chemical
industry that fall into this eategory are: sodinm chloride (salt) wd
several other non-metallie minerals. Petrolenm retinery  streamns
should also he mentioned since they are generally thought of as
raw materials rather than intermediate prodnets. A\moung the utilities,
cleetric power is of the greatest importance for many chemical
processes, and power generation on a scale sufficient to obtain really
low unit costs (3—-4 mills per kWh) can be absorbed only if all
electrochemical and electrometalliurgical processes are gronped into
a stugle eomplex, and sometimes not even then.

Concentration of sources of petrochemical feedstocks. Petrochemical
processes cannot be operated efticiently nnless the feedstocks are
available in sufficient qunntity. Many of the latter are uarrow cuts
obtained as a by-product of refinery operations, that is to say, the
quantity obtainable is closely determined by the constitution of the
cernde oil nsed at the refinery and the puttern of demand for the
prodnets that are refined. It has to be reeognized, however, that
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requirements of the chemieal industry are not the only factor to be
taken into consideration when planning the location of petrol
refineries,

Acivss the fonee cechange of intermedinte products. Units located next
to cach other ean exchange intermediate produets by intereonneet-
g pipes (or conveyors):in this way a whole range of transport costs
can be eliminated. Even a distanee of 10 to 20 kilometres between
two plants mvolves more sophisticated and expensive means of
transfer. For relatively small throughputs. the latter may prove
uneconomieal bt for very lacge volunes interconnexion over even
greater distances may be justified.

Common ancillary proccsscs, 'The operation of aneillary  processes
represents a considerable fraction of total produetion costs and these
processes are themselves subjeet to economies of seale, Where, there-
fore, several core processes are served by the sanie ancillary process,
these economics of seale can be captured by loeating all the core
processes nned the ancillary process in the same eomplex. The core
processes may not all necessarily be within the chemical industry.

Thus. the generation of steam may be shared with a paper miti or

a sngar mll 1he bading and nloading facilities of a transport

termnal may be shared with a wide class of indnstrial processes;

repair. maintenance and replacement facilities may be shared with
any other chemical process plant that employs similar operations
+nd has similar kinds of process equipment.,

Sharing of sociol overheads. Althongh less elosely tied to an individunal

process than the ancillary operations previonsly mentioned. social

overheads inclnde serviees that also yvield economies of scale.

Examples are the organization of training in specialized operational

skills. ndministration and management within a whole geographical

arca, the development of transport and communications generally
within the area. and the provision of housing and other community
facilities.

Many of the cost savings mentioned above are described in the
literature of economics under the heading of “‘external cconomies”. Tt
is an observable fact that the establishment of a given project or process
often rednees the cost of production for other manufacturing activities.
While many examples may be drawn from the unplanned workings in the
past of private enterprise economic systems. there is 10 reason why plan-
ners shonld not seck to achieve similar results in a less haphazard WAY
in the developing countries.
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The ECLA study of the Latin American chemical industry® presents
some detailed examples of sneh complexes, analysing the interrelation-
ships that they make use of. The following are the major complexes
proposed :

A complex based on aeetylene. preducing polyvinyl chloride (PVC).
acetate and cellulose acetate:

A complex based on caustie soda and chlorine, where the surplus
ehlorine is used for hydroeblorie acid. nsed in turn to treat phosphate
rock in order to produce phosphate fertilizer:

A phosphoric acid complex. inclnding triple superphosphate fertilizers
and the detergent sodium tripolyphosphate;

A synthesis gas complex, inclnding ammonia and methanol. leading
to the production of ammoninm sulphate, nitrate and urea fertilizers
and the plasties urea-formaldehyde and phenol-formaldehyde;

An ethylene eomplex. including ethyl benzene and styvene, leading
to the manufactnre of polyethylene, polystyrene and SBR synthetic

rubber;

A benzene complex, inclnding phenot and ethyl benzene leading to
the manufacture of styrene, polystyrene, SBR rubber, dodeeyl
benzene (detergent) and phenol-formaldehyde

A propanc-butane eomplex, incinding butadiene, leading to the
manufacture of acetone and synthetic rnbber.

IXTEGRATING THE INTERMEDIATE AND BASIC PRODUCTS

When and to what extent backward integration should be under-
taken in the chemical industry of a developing country are questions of
great complexity. The two main causes of difficulty are that the inter-
mediate and basic products are generally snbject to strong economies of
scale and that any given intermediate or basic ehemical produet is

® La industria quimica en América Latina; for full rofercneo sce annex 3
under “Economic Commission for T atin America’. The complexes presented by
FCLA are also reproduced in *Programining Dats Smnmary for tho Chemical
Industry”, Industrialization and Produetivity Bulletin No. 10; for full referenco
see annex 3 under “United Nations Industrial Development Organization”. Sce
also Isard, W., E. W. 8chooler and T. Vietorizz, Industric! Compler Analysis and
Regional Development, New York, 1954 in which several fortilizer-petrochemiend-
synthetic fibre industrial complexes have been worked out for PPuerto Rico. For
full reference see annex 3 under “'Other sources”.




54 CHEMICAL NDUSTRY

generally required for a large variety of eud-producis. It is therefore not
possible for planners to inerease substantially the consumption of an
intermediate or basic product by selectively aceentuating the growth in
demand for a few end-products.

With a given structure of industrial prodnction, therefore, the
demand for various chemicals is largely fixed and, under a normal pattern
of development. an increase in demand will depend on growth in the
economy as a whole rather than in particular sectors. The only way to
create additional demand is to favour end-uses of chemical products that
are connected with eonsumption. Sueh planning action would. however,
set up two biases: one favonring consumption rather than investment,
ard the other favouring the luxnry consnmption which makes intensive
nse of chemicals (synthetic fibres, plastic goods, rubber tires, detergents)
compared with consumption of necessities by the general population, If
these biases are held to be undesirable, the implications for developing
the produetion of heavy chemicals must be faced.

A way ont of this dilemma may be to import the intermediate
chemical produets regnired to set np mannfacture of sophisticated end-
products, sueh as synthetie fibres, plasties, rubbers, detergents and dyes.
It is true that some of these produets, particularly synthetic rubber, are
as much sabject to economies of seale as are the basic industrial chemieals.
Others, however, are far less affected and yet their production is charaeter-
ized by the use of advanced technology and complex organization,
mastery of which are essential steps in making industrial progress. If
these branches of the industry can be established with levels of production
that are eonsistent with the general level of development of the country
(... without undesirably enconraging luxury consumption for the sole
purpose of raising the prodnction level in the processing chain), some
important Lenefits of industrialization may be obtained withont incurring
the disadvantages mentioned above.

Such a strategy, however, creates some new risks in most developing
countries, where foreign exchange earnings are liable to fluctuate from
year to year. By sctting up end-processes which require imported inter-
mediate chemical produects, a vigid demand for foreign exchange is
ereated. If imports have to be eut, the level of activity of these new
plants wust be reduced, nnemployment is created, the scarce capital
resourees ecommitted to this branch are underntilized, and the processing
industries further along the chain, such as dyes, plastics, adhesives, are
starved of their input needs. When this happens, the situation for the
developing country is worse than if manufacture of these chemical
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end-products had not been attempted : those kinds of consumption with a
relatively low social priority could have heen reduced without creating
unemployment or underutilization of capital while producers of consumer
goods would have found ways of reducing their dependence on imports,
e.g. by using wooden instead of plastic components or nataral glues
instead of adhesives.

In this case, as in others, a balance has to be struck between the risk
of serious difficulties if the balance of payments deteriorates sufficiently
and the loss of the benetits of greater industrialization if manufacture in
these branches of the chemical industry is not undertaken in order to
maintain greater flexibility in the manageinent of foreign exchange
expenditure,

DOMESTIC AVAILABILITY OF RAW MATERIALS

While the availability of key raw materials within the country is a
stimnlus to the development of the ehemical industry, its significance can
easily be overestimated. An adequate supply of raw materials which
involves no foreign exchange expenditure is clearly helpful, but the size

of the market is generally a more eritical factor. In addition, project
assessments based on the existence of local deposits of certain raw
materials often turn out to be unduly optimistie, failing to take into
aceount quality, accessibility and true social cost. In some cases the
correct basis for valnation of a raw material is the cost of its exploitation
while in others it i~ the opportunity cost which is appropriate.

Cost of exploltation

The cost of exploitation should be the basis of valnation when there
is no important alternative use. An example is the exploitation of salt
(sodium chloride) frora solar evaporation of sea water in hot arid climates.
There are sources of salt in practically every country so that possibilities
of export are generally poor. Furthermore, household use is a minor ele-
ment in total consumption. Limestone is another example of this kind.

Natursl gas is sometimes a by-product of the production of crude
oil. At the southern extreme of South America very little gas can be
absorbed near the oil fields as household or industrial fuel and the volume
of gas is not sufficiently great to justify export either by building a
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pipeline overland or by transporting it in liquified form by sea. In this
case the social valne of the gas is only the marginal cost of its exploitation.
In other words the value is the extra cost incurreddin collecting this gas
instead of flaring it.

Opportunity costs

When a raw material which it is proposed to use for the chemical
industry has other uses. either within the country or as an export,
valnation shonld be on the basis of opportunity costs. If part of the
domestic production of a raw material is withdrawn from its existing use
in order to supply a new outlet in the chemical industry, the latter would
generally pay the ruling price for industrial supplies. Let it be supposed,
however, that although the major portion of the snpplies are of domestic
origin the balance has to be imported at c.i.f. prices well above domestic
production costs. In this case, the introduction of new outlets in the
chemical industry will entail increased imports and the opportunity cost
is the c.i.f. import price not the local cast of exploitation.

As another example, the case may be taken of a raw material derived
from several alternative domestic sonrces with markedly different produc-
tion costs. all of which snpply only the domestic market. If a new outlet
in the chemical industry is now set np. the opportunity cost will not be
the production eost of the snpply source that happens to deliver to the
chemical plant. but rather the price determined by the marginal source
for the market as a whole (which may be one of the domestic producers
Or Imports),

Onee again we are dealing with a concept from the literature of
cconomics that has been derived from ohserving the working of market
enterprise economies. It is equally applicable, however, to allocation
decisions whenever planning is undertaken. whether in a mixed economy
or a ccentrally planned economy, except in certain theoretical circum-
stances whieh are not often met in practice, 24

# Chenery, H.B., “The Interdependence of Investment Decisions” in
M. Abramovitz et al., Allocation of Economic Resources, Stanford University Prees,
Stanford, Calif., 1959; and T. Vietorisz, Industrial Development Planning Models
with Economies of Scale and Indivisibilities, 1964,
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Quulity and aecessibility of raw materlals

Raw materials may be of low quality owing to insufficient concentra.
tion or the preseuce of excessive amounts of impurities. 1t may be possible,
however, to nse such raw materials by modifying sunitabiy the existing
techuology. The requisite engineering know-how is. however, not available
in many developing countries. In contrast, the raw materials of sub.
marginal grade in the industrialized countries are inder constant study
with the objeet of finding processes that will make their use economically
attractive. Advances in raw materials technology therefore tend to deal
with geological conditions found in industrialized rather than developing
countries.

While the cost of ntilization may be high when low quality raw
materials are used, it is the costs of exploitation that are high when raw
materials are difficult of access. This may result from the geological
nature of the deposits (e.g. in the case of coal. narrow or broken ser.ms or
deposits at greater depth: and in the case of crude oil small seattered
fields or inadequate porosity or very deep wells). It may also oceur because
the sources of raw materials are located far from existing transport rontes,
Sometimes when raw material sources are discovered an entire frontier
region must be opened up and thiv involves much more than simply
creating new ronds, (An example is the Guavana region of Venezuela.)
In such eases the expenditure on infrastructure helps to generate auton-
omous growth in the region as a whole and should not he charged
entirely to the cost of exploiting the raw material.

In formulating an industrial development plan. it will usually be
senxible to adopt a poliey that carries the utilization of high cost and low
grade domestie resources of raw materials a little beyond the point
indicated by estiniates of cost under static conditions, Suech a policy makes
it possible to expaad the exploitation of these resources substantially
within a short time at reasonable additional cost. Raw materials of sub-
marginal quality alzo play a part in contingency planning. In the event
of an unforeseen crisis in the balance of payments, the ability to draw on
additional supplies of domestic raw materials is invaluable, even if their
costs are somewhat above import price levels.

INDIGENOUS VERSUS FOREIGN TECHNOLOGY

The inability to generate technology adapted to local conditions is
one of the characteristics that defines underdevelopment. In the chemical
industry in particular, the establishment of domestic production units
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offers no gnarantee of gentine economie developiment : they are often built
nnder a turn-key contract, by foreigners nxing foreign designs and
technology. The operation of such mits does not generally foster an
indigenous icarning process that will eventually enable the country
to dispense with external technical assistance. For this. a systematie
long term effort in research and  development i required  and  the
teelhnical level of proeess engineering design and marufacture st be
improved.

The establishment of local researclt and development facilitios brings
many advantages. It is easicr to adapt manufacturing processes to the
specifications of loeal raw materials and to the loeal ratio of capital to
labour costs; foreign exehange is saved that wonid otherwise have to be
spent on research and development carried ont under contract in foreign
countries; and. perhaps most importantly, it makes it possible to keep
the local industry competitive as chemical technology progresses in other
parts of the world. The basie chemical plants that can be purchased and
evected under contraet throngh internationally known engineering firms
may soon beeome inefficient and eventnally obsolete nnless serviced and
brought up todate. This regnires a substantial continuing effo: 1 in research
and development which it is just as important to plan as the physical
investinent in machinery and equipment. Indeed, unlike the process
plant, the research and development serviee eannot be readily purchased
i the world market.

The scope for adapting technology to the specifications of local raw
materials is greater in the chemical industey thain in inost other industrial
sectors. The imported technology devised for conditions in the highly
industrialized countries is seldom modified when transferred to the
developing conntries, where it may not be the most appropriate. In
chemical teelinology the most important substitutions occur between
operating costs and fixed costs: on the one hand, high rates of recovery
of raw material, low costs of steam and power, low specitic fuel require-
ments and high chemieal conversion ratios can be acliieved ; on the other
hand, large heat exchanger smfaces, large diameter piping. high distilling
towers, eatulyst beds of greater capacity have to be nsed to get these
results. Relatively speaking, the price of equipment is lower in highly
industrialized than in developing conntries. Thus ehemical process plants
imported from indnstrialized countries tend to be more capital intensive
than is desirable for use in the developing countries.

It is true that the seope for capital-labour snbstitution is narrower
in the chemical industry than, for example, in engineering. The core
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processzes are often entively rigid. but there is generally room for tlexibility
in regard to aneilaries.

If technology is imported. the sclection of intermediate chemieal
inputs also tends to be that which is used in the indnstrialized countries,
Where there are alternative rontes to the prodnction of an organie end-
produnet, the route adapted in the industrialized countries is generally
determined only by the resnlting cost of the end-prodnet. it can nsially
be taken for granted in these conntries that the mtermediate peodaets in
the intervening chain of processes will be manufactured on a scale that
is econowical. This contrasts sharply with the position in nearly all
developing conntrics, w here the most important consideration is often how
to achieve an adegnate scale of prodnction for every link in the processing
chain. An cssential function of an indigrnous research and development
establishment is to explore the teehnological possibilities and in the conrse
of time raise the teelmical efficicney of the processing ronte, snbject to
the constraints imposed by problems of scale at every step. A technological
route that has become standard practice in highly industrialized countries
and gives the lowest cost for high-volume production will often be far
more costly than another processing route when used at the scale required
in a developing country. Yet the non-standard ronte may not be devised
and proposed unless a local rescarch and development establishment exists
which has the professional competence to complete the necessary studies.

It does not require a very advanced degree of technieal knowledge
to put forward hypothetical processing routes and get them to work in
a chemieal laboratory. The lengthy and expensive development process
is to translate such rontes from a bench scale to a commercial seale of
operation. The conversion ratio in chemieal reactions has to be maximized
by painstaking experiments in regard to pressure, temperature and the
concentration of anxiliary chemicals. At the same time, the eost of spe-
cialized process equipment must be kept as low as possible. The research
and development cffort in the industrial conntries cannot be geared to
the needs of marginal cnstomers in the developing countries if these
differ signiticantly from those of the principal enstomers who, inevitably.
are operating in industrialized conutries. The specialized needs of develop-
ing countries, as regards the intrinsie nature of the transformation proces-
ses used, may thus fail to be taken into acconnt in the enstom-designed
process plants prepared by engincering firms in the industriahized comn-
tries. The eustom design may extend only to the proper dimensioning
and interconnexion of the process equipment for the scale of production
envisaged.




(H1] CUHEMIC VL INDUSTRY

Althongh there e great advantages to be derived from the work of
en indigenons reseavch and development establishment. it has to be
recognized that theve ave formidable diffienltios in setting np sueh an
organization. The chemieal industry oecupies third place in the United
Ntates after the acrospace and electronies industries in the proportion of
sales revenoe allocated to vescweh and development expenditure (4 per
cent); 3.3 per eent of all employees in the industry are professionally
gualificed people ¢ngaged in research and development, and the proportion
ix doubled if anxihary persomel are added 23 These statisties give a rongh
idea of the level of operations that a developing conntry would need to
mount. On the one hand, it would not embark on resenrch in some areas
that absorb large expenditures in the United States: on the other hand,
the revenne from which vesearch and development must be financed
expands in the United States largely throngh sales of the new products
created, whereas the potential for such expansion may be more limited
in a developing conntry. International co-operation between developing
counttries for the purpose of sharing the very heavy burden of researeh
and development work in ehemieal technology and chemical engineering
would be highly advantageons. The possibilities are worth pursning even
when the prospeets of iniegrating maunfactnre for a commmon market are
not enconraging.

hr practice. of course. the choice is not limited to the two extremes
of a fnlly imported or fully indigenons chemieal technology, The varions
compromise measures inchide the purchase of patents and licensing of
individnal processes. the eustom design of mannfactoring plams by
foreign engineering tirms, joint ventures between foreign and domesiic
manufactnring enterprises, and direet foreign investments. Kach of these
means of importing technology ean be combined with a certain element
of domestically generated teehnology. Thus, licensing may be restricted
to certain critical processing links. Foreign engineering design may be
used to complement the work of indigenons engineering firms only in the
case of a few processing nnits with partienlarly sophisticated technology.
The participation of foreign tirms in joint. ventures or the licensing of
direct foreign investments, may readily he made conditional on the kind
and intensity of local research and development effort that will be
monnted in connevion with the ventures. Some resistance to a proy ision
of this kind i lonbtless to be expected. since foreign tirms generally

** Based on Terleckyu, N. K. and H. J. Halper, Research and Development, its
(irowth and Composition, New York, National Industrial Conference Board, 1963.
(Studies in Business Economies Series, No, 82,
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prefer their affiliates in developing conntries to make a contribution to
centralized research and development work in the home country, rather
than engage on the spot in research and development work to improve
the efficiency of local operations. The aftiliate may be operating in a
restricted market protected by high tariffs, in which a lower level of
efticiency places it at no disadvantage: the developing conntry snffers
damage. however, to its growth prospects.

FINANCIAL AND PRICING FOLICIES

In deciding its finuncial and pricing policies, a developing country
must have regard to the structure of the world market. the exient to
which new chemical enterprises can be set up as joint ventures, and the
degree to which production is to be oriented towards export.

Structare of the world market

In private enterprise economies a more or less formal network of
inter-company relutionships tends to be set up between the various
chemical enterprises in order to introduce some nmeasure of co-ordination
in pricing and investment decisions. The form these relationships take
depends on the national legislation that regulates consultation and joint
action among competing enterprises. The pressures which bring about
this sitnation are not hard to discover. Because of the strong economies
of scale, each investinent decision is likely to involve several million
dollars—tor the prodnction of basic chemicals, 20 to 30 million doMars
may well be involved. Moreover, such plants meet a large fraction of
the total demand for a given product even in industrialized countries
and therefore only a few companies manufacture any given product.
This leads to a high degree of concentration in which three or four
companies at most may account for over 80 per cent of total sales of a
given cheinical. Because of the important role of intermediate chemical
products, it also follows that a limited number of companies make
exfensive sales to each other, under conditions requiring assured supplies
in large volume and subject to close delivery schedules. This leads to a
de facto co-ordination of access to markets. Since each new production
unit tends to cause a large percentage addition to total existing capacity
to manufacture that product, unco-ordinated investment decisions can
easily lead to a situation in which there is considerable surplus capacity.
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which forces the companies into & price war and may reduce profits to
such an extent that it may prove difticult to finance future expansion.
This is a prospeet that all market participants are auxions to avoid.

A distinetion must be made between price reductions arising from
the existence of surplus capacity and those that result from “life-cyele
pricing” of individual products. This practice, which isx ecommon in
industries where technological change is rapid. consists of charging rela-
tively high prices initially for newly developed prodnets. in order to write
off the research and development cxpenditure that has been incurred
within a relatively short period; as the novelty wears off and know-how
for manufacturing these prodncts spreads, priees are gradually reduced.
Examples of this phenomenon in the field of plastics, synthetic fibres
and the intermediate products from which they are made are widely
known, but a similar trend is also to be seen in basic industrial chemicals
snch as nitric acid, methanol, phenol and acetone.

Where such cartel activities as fixing prices and allocating markets
are prevented by law. the tendeney is for companies in the chemical
industry to engage in forms of colmpetition other than price competition,
in particular, by developing improved processes and nc~ products.
Chemical teehnology readily lends itself to such competition. but large
and expensive research and development establishments are necessary,
which serve further to discourage potential new entrants to the industry.
The concentration of chemical produetion in large powerful enterprises
enables this sector to press its views very effectively on the Government
concerning such matters as import tariffs or quotas. Finally, it should
be pointed ont that the eonsequences of the oligopelistic structnre of
national ehemical industries are felt in international markets where, in
the past, allocation agreements have been worked out.

The struetnre described above gives every appearance of stability
but is not completely invnlnerable. A successful attack requires both a
special situation and enterprises to exploit it wiose economic strength is
comparable to that of the leading enterprises in the chemical industry.
The development of petrochemicals in recent years provided just such
a situation and the oil companies were able to make the challenge. They
held control of the raw materials, possessed large marketing organizations
and well established research and development units in a closely related
field of science and engineering. They did not lack financial resources.
The result has been a sharp struggle for petrochemical markets, the
creation of considerable surplns ecapacity at certain times, and a fall in
the price of several major produets.
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In the United States. several other non-chemical companies have
entered some branches of chemical mannfacture. Thesc moves have been
part of the recent trend towards diversification and mergers of companies.
In spite of this inter-industry competition, cheieal markets tend to
stabilize rapidly following a period of price competition for a particular
product, with a recognition that the newcomer will remain in business
as a supplier, and a consequential readjustment of market shares.

A relatively small producer in a developing country is extremely
unlikely to be able to penctrate a world market that is articulated in
the way just described. The domestic market may of course be protected
by tariffs or other means but the possibilities of export are remote,
except on the basis of common market arrangements, trade agreements
or joint ventures with large international chemical companies.

Joint ventures

The arguments generallv put forward in favour of joint ventures in
which domestic and foreign interests participate are the following: they
enable domestic capital to be invested in developing sectors that it would
otherwise be unwilling to enter; they generate a faster transmission of
technical and organizational know-how; and they reduce the risk of
foreign economic dominance in key industrial sectors.

It can be argued that the total inflow of foreign capital will be greater
if there is no insistence on joint ventures, the domestic capital finding
other outlets for investment and the economy developing more rapidly.
Even where this is true, however, the great economic importance of a
faster transmission of know-how in the case of joint ventures is likely
to be a more important consideration, especially in the case of the
chemical industry. The seriousness of the risk of foreign economic
dominance cannot be judged in isolation from the political and social
eonditions in a given country.

For their part, private enterprises in the developed market economies
seem i reasingly disposed to adopt joint ventures in the developing
countries rather than wholly owned subsidiaries. Relations with the
government, employces and the general publie are likely to be better in
the case of joint ventures. Locally recruited managers bring a deeper
knowledge of local conditions especially as regards sales and marketing.
In some developing countries some joint ventures will also obtain more
favourable fiscal treatment than foreign-owned subsidiaries.
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Degree of export orientation

Chemical production may be established primarily for import substi-
tution or with a more ambitious goal that includes export promotion
and the basic government policies are likely to vary accordingly. In the
first case the new enterprise is likely to be protected by tariffs that raise
internal prices above world market prices, thus making it more likely
that future expansion can be financed out of retained profits. In the
second case, the implication is that domestic prices will be kept at the
level of world narket prices (except when export subsidies are employed
or exports are negotiated in bilateral trade agreements). Self-financed
expansion is then much harder to achieve. There have been many instances
in the past of this conflict between self-financing and export promotion,
particularly in the case of enterprises operated or controlled by the state.

In the case of joint ventures, the issue of export orientation is often
adversely decided in advance. The foreign partner may make it a condi-
tion that the joint venture shall not export to third countries served by
its home operations or by its associated companies set up in those
countries.




R

&
: |
:
2
=
=
3
&
1

Chapter 1

THE INTERNATIONAL SYMPOSIUM
ON INDUSTRIAL DEVELOPMENT:
ISSUES, DISCUSSION AND RECOMMENDATIONS

The issues, the discussion and the recommendations approved by the
Symposium are presented in this chapter.

THE 1SSUES?

The chemical industry has been one of the most dynamic sectors in
the industrial structure of developing countries. In many countries,
investment in this industry is now higher than in any of the other indus.®
trial sectors. In view of the strategic importance of the chemical industry
in both industrial and agricultural development, the United Nations,
together with the regional economic commissions, has recently held a
number of international and regional meetings at which the development
prospects and investment needs of the chemical industry in the developing
countries were diseussed.

In most developing countrics, the chemical industry is still in the early
stages of development. The per capita production for most developing
countries is less than $10 per year (compared with nearly $200 for North
America and over $100 for West European countries). [t is essential to
find ways and means of promoting an accelerated development of this
industry and improving the operational efficiency of existing enterprises.

In view of the wide range of products cnvered by the chemical indus-
try, the Symposium focused attention on certain sclected issues for
discussion.

Eeconomies of scale and the need for economic co-operation

Since modern chemical industries are usually capital-intensive and
subject tn economies of scale, the main problem is how to overcome the

restricted size of the current market, especially in the smaller countries.

2 From Isaues for Discussion; Chemical Industry, 1967 (ID/CONF. 1/A, 7)

(mimeo.).
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The soluticn may well lie in market-sharing arrangements, whereby the
countrics of a group would develop complementary ranges of chemical
products for sale throughout the whole area. In this way the outpnt of a
whole gronp could form an integrated pattern of a kind that otherwise can
be achieved only by large countries.

Chemical complexes

The need to encourage the establishment of chemical complexes has
been stressed st several United Nations meetings. Thus. the menufacture
of caustic soda by clectrolysis is sometimes uncconomic because of the
small demand for the by-products, hydrogen and chlorine. 1f these products
can be used by some other chemical enterprise (e.g. in the production of
ammonia. insectivides or plasties) the manufacture of caustic soda may
become profitable. There are many other instances in the petrochemical
field. The authorities in developing countries and chemical companies that
operate internationally should pay particular attention to the possibility
of establishing chemical complexes rather than a number of scattered
small units.

Utilization of unconventional and synthetic materials

Anotlier issue for consideration is the utilization of unconventional
and gynthetic materials. Even when raw materials are physically available
there may be economic and processing diffienlties in their utilization,
e.g. the necessary machinery and personnel may not be available locally.
It has thercfore becoe inereasingly urgent to explore alternative sources
of supply. Thus, owing to the shortage of sulphur and pyrites, considereble
progress has been ade in some conntries in the production of sulphurie
acid from gypsum and anhydrite.

Anoiher example, as recommended by the United Nations Inter-
regional Conference on the Development of Petrochemical Industries in
Developing Countrics (ST/TAO/SER. C/83, p. 6) is the utilization of
synthetic materials. The natural products, which these materials can
replace, arc in short supply in some developing countries, and are some-
times more costi: or give an inferior performance in some applications
(¢.g.. svnthetie instead of natural rubber or nylon, rayon and other man-
made fibres instead of silk, wool and cotton). Plasties are making inroads
into the markets for wood, glass. metals and other construction materials.
It beeomes inereasingly important for the developing countrics to seek
alternative sonrees for raw materials, to study the produetion and applica-
tions of synthetic substitutes and ways of manufacturing chemical products
via unconventional process routes.
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Basic inorganic chemicals

The basic inorganic chemicals, such as the acids and alkalis. caleinm
carbide and chlorine are produced in the developed conntries in Jarge
guantitics at very low cost, owing to the economies of seale. The seope for
manufacturing them in the developing countries may therefore appear at
first sight to be relatively limited. Developing eonntries do, however.,
possess certain advantages. The cost of transport from the present sotrces
of supply in developed countries and the time required for delivery auto.
matically provide an element of protection to a local mdustry ; raw mater-
ials are often available locally at low cost; and the availability of cheap
labour is also, to some extent, a favourable factor to be taken into account

The regional symposia on industrial development devoted much atten-
tion to the problem of developing the basic chemical indnstries in these
regions. The African Symposinm® emphasized the need for studies or the
availability and possible ntiliza*ion ol raw materials such ax pyritcs end
natural soda ash.

The Asia Conference®® noted that large resonrces of rock salt were
available in some countries of the region and mentioned the possible
utilization of by-products of salt manufacture. snch as magnesium salts,
potassium chloride and bromine.

The Latin American Symposimn® referred to atudies which had
indicated that the market in that region for alkali prodncts of sodium was
expanding rapidly awd that by 1975 1,060,000 tons of sodium ~arbonate
and 1,050.000 tons of caunstic soda would be required. Aceording to these
studies rescrves of the necessary raw materials at three or four loeations
in the region were suffiiently large to warrant large.scale production of
sodium ash and caustic scda.

Based on actual prodi.ction in 1964 and known projeets for expansion,
the total production capacity of basic chemicals in all developing countries
is expected to double or even treble by the early 1970°s. Estimated produe-
tion of certain products as a percentage of the 1964 tevel would be as
follows: sulphuric acid 280, ammonia 330, canstic soda 250, chlorine 220,
and soda asl: 180.

The first step to be taken in order to achieve this expansion is to
prepare a full inventory of relevant vesources at the national and regional
levels. Prospecting for the mineral materials required should also be actively
pursued. Technical assistance by the United Nations could play an
important part in this effort.

** Report of the Symposium on Industrial Development in Africa (1D;CONF. 1/R.R. I)
{mimeo. ),

2 Report of the Asian Confercnce on Industrialization (IDJCONF. H/R R. 2} (mimeo.).

* Report of the 8ymposium on Induatrial Dovelopment in Latin America (1D/CONF,
HR.R. 3) (mimeo.).
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The resurgence of coal as a raw material for chemieal production

Processing methods recently developed in some industrialized conn-
trics have indicated the possibility of using coal for the production at
economic cost of a large number of basic ehemieals that are now generally
produced from petroleum and natural gas. 1t is important. therefore, to
bring this possibility to the attention ol developing countries, especially
those with large coal reserves, and to discuss the possibility of technical
assistance in this area.

Problems in transfer of technology

Existing technology has been developed almost cxelusively in the
industrialized countries. and is generally transferred by such means as
patent and licensing agreements, the sale of appropriate equipment, and
trainirg technical personnel. The problems arising in this connexion,
particularly in the chemical industry. need to be examined.

Plasties

Plastic materials have already found numerous end-uses in developing
countries, particularly in consumer goods, and as components of other
goods, construction materials and packaging. Plastics are replacing tradi-
tional materials that are more expensive or in short supply, such as wood.
glass, natural rmbber and many metals. However, insufticient knowledge
of the properties and behaviour of plasties has resulted in indiseriminate
use and some of the applications have been unsuitable. The chemieal
industrics of the developing countries should study thoroughly the
potential nses and also the limitations of plastics with a clear understanding
of their properties; they should also strengthen their facilities for testing
and quality control and progressively raise the standards of their plastic
products.

End-use surveys should be carried out and the possibility examinad
of collaboration with foreign manufa~ urers. Ax recommended by the
Symposium on Industrial Development in Africa, UNIDO should assist
Governments by organizing surveys and techno-eeonomic studies of the
plastics braneh of the chemical industry.

In many developing countrics the plastics branch is currently integrat-
ing backward into the manufacture of polymers, intermediates and
monomer+ from indigenous raw materials. In this connexion, the techno-
economic aspects of using materials other than petrochemicals for plastics
manufacture should be investigated by countries with large resources of

coal and vegetable products.
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The major thermoplastics snch ax polyethylene, PVCand polystyrene.
can bi produced economically only on a relatively large seale. This implies
a correspondingly large market. cither at home or abroad. Itis improbable
that most developing conntries will have a sufficiently large domestie
demand, at least for some years to come. and the export of a large pant
of the ontput wonld therefore have to be contemplated, despite the highly
competitive conditions ruling in the international market. Under these
circumstances and unless a partienlarly favourable raw material position
existed, it would be preferable toimport. the polymers for use by enterprises
manufacturing thermoplastic products.

A very different situation exists with regard to thermosetting plastics,
The production of the prineipal thermosetting resins (phenolics. nreas.
melamines and polyesters) ie usually carricd out in bateh processes. the
unit of production being comparatively =mall. 1t is advantageous to
prepare these resins close to their point of 1use. since they tend to harden
or cure. onee they have been prepared. particalarly in hot climates. Thax.
it might be economie for a company making resin-bonded chipboard or
plywond to set up manufacture of the resin as an adjunct to its main
activity, preferably locating the two plants on the same site or nearby.
The capital investment in resin manufacture is relatively small. the manu-
facturing process is relatively simple, and the “know-how' ix readily
obtainable from foreign manufacturers.

Pharmacentical produets

The present low levels of production and consumption of pharma-
centicals in the developing countries suggest that this branch of the
chemieal industry has a very eonsiderable potential for development. Onee
modern medical facilities are introduced. the demand for drugs rises
steeply and pharmacenticals account for a growing share in the total
chemical production of the developing countries; from 1960 to 1965 this
share rose from 15.8 per cent to 19.6 per cent. Pharmacentical industries
are for the time being limited mainly to formnulating active materials
imported in bulk. In a number of eonntries, however, backward integration
has begun into the manufacture of active materials from imported inter-
mediates or even into the manufacture of the intermediates themselves.

The African and Asian Symposia dealt extensively with this branch
of the chemical industry and the recommendations adopted at the Asian
Conference in particular may serve as guidance for specific action. The
developing countries are urged to undertake extensive health programmes,
surveying the various prevalent diseases and establishing priorities for
their treatment and eradication, and to plan the manufacture of pharma-
ceuticals n relation to these programmes. They are also recommended to
survey the raw materials required for pharmaceutical production.
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As to the infrastrueture, steps shoutd be taken to train the necessary
technical personnel such as chemists, pharmacists, pharmacologists and
microbiologists. Appropriate taws should be passed and regulations made
dealing with the produnction, imports, distribution aud retail sate of drugs.
Imports of the necessary c.pital cquipment, instruments, raw inaterials,
and packing materials shoull be liberalized.

It has also been recommended that in areas where modern medical
facilitics have not vet been introduced and traditionat medicines are w idely
used, prodt.ction of medicines should be organized on modern lines. adopt-
ing proper methods of standardization. A thorough sereening of the tradi.
tiona. medicines might bring to light preparations that could usefully be
adopted in modern medicine and permit the ineffective produets to be
eliminated.

TuE pISCUSSIONT

Eeonomies ol scale and regions! integration®

The problems created by restricted nature of domestic markets and
the consequent necd to roise the scale of production through international
economic integration were partieularly emplasized by countries that are
attempting to broaden their existing marketa for pet rochemical and other
basic chemical products or contemplate ventures in this field. The coun-
tries that wonld Le the buyers of these products under a scheme of
economic integration, however, expressed no sense of urgency. It was
implicit in the discussion that there could be no important progress in
integration nutil the potential benefits were offered to consuming as well
as prodhicing countries.

In this context the existence was cited of bilateral bargains whereby
a plant for one product would be located in country A in exchange for
agreement to locate a plant for another product in country B. Other
countries in the region, however, with abundant hydrocarbon resources
seemed to be planning the expansion of their petrochemical industries
more with a view to exports in general than regional integration. It needs
to be recognized however, that a reasonable bargain about the location
of production units may result in opening up export markets for petro-
chemicals within a region that could not otherwise be entered. If the
comparative advantage of the chemical industry in a given country is 80

30 From Report of the International Symposium on Industrial Development,
Athena 1967 (1D/11) (United Nations publication, Sales No.: 60.11.B.7).
31 Monograph No. 18 in this series deals with regional co-operation in industry.
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great that a hilateral bargaim with another country would obviously be
inefficient, thix would indicate that regional mtegration could not take
place ou the basis of the chemical industries in isolation and that other
idustrial sectors must he bronght into the planning in order to balance
the advantages among the participating countries.

As an example of the benefits that could accrne from regioual
development of natural resources. methane in Lake Kivu was mentioned.
Burundi, the Democratic Republic of the Congo, Rwanda and Uganda
could benefit from UNIDO assistance in planning and developing the
resources of this region to generate power and manufacture fertilizers
and various chemicals. They also needed assistance in exploiting other
resources (e.g. hacmatite ore in Uganda) through the application of new

processing techniques.

A review in depth was particularly necessary for poteutial projects
in the developing regions that might be sponsored by niore than one
country, projects that would benefit from economies of scale and could
command a regional market. it was stated that six countries of South
America had negotiated a scheme for the integration of their market for
petrochemicals. Plants for the production of 22 petrochemicals would
be established in various countries under multi-national ownership with
access guaranteed to the combined market. In this connexion, it was
pointed out that forward integration from petrochemicals to plastics
(polyethylene, PVC and polystyrene) would vield similar benefits from
regional co-operation and the integration of markets. Another specitic
instance where regional arrangements might be encouraged with the
assistance of UNIDO was in the utilization of by-products, for example
in finding markets for surpius quantitiee of chlorine arising from the
production of caustic soda.

The suggestion was also made that careful study was needed to
determine the optimum size of plant to install in a given country, since
this was affected by the future growth rate as well as the initini size of
the market. Two small units installed at an interval of three or four
years could be more profitabie than one large unit installed at the outset.
Apart from requiring a swaller initial investment, this alternative gave
a better average utilization of production capacity, a smaller loss of output
due to plant shutdowns, and the possibility of taking advantage of any
technical breakthrough that occurred before the second small unit nceded
to be ordered.
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Comment on specifie products

The use of coal as a source of svathetic organic chemicals, particu-
tarly by developing countries. where cosl was abundant and petrolenm
or natural gas would have to be imported. aroused considerable inferest.
Detailed economie and teehnical studies shevld be nndertaken, drawing
on the wide practical experience of the industrialized countries. UNIDO
should help to organize technical asgistance in preparing the necessary
studies and in evaluating the possibilities of developing these carbo-
chemicals in individual countries

Problemis  connected with rubber production interested many
developiug conntries either as producers of the natnral product or wounld-be
produeers of the synthetic produets. The former group was particularly
coucerned with the social and economic importance of this aetivity in
their economies and appealed to major consumers to take this factor into
aceonnt when deciding their purchases of natural and synthetic products.
They suggested that the problem might be carefully studied in consulta-
ticn with the International Rubber Study Group. 1t was pointed out that
UNIDO could also assist such conntries to develop techniques of trans-
forming natural rubber into other ehemical products,

On the other hand the developing conntries that do neot produce
natural rubber are in many cases anxions to establish the production of
synthetic rnbber. particularly as part of a petrochemical complex. These
countries may benefit fi m UN1IDO's assistance in supplying all available
information about the most up-to-date processes.

More generally. 1t was thought that priority should be given to
promoting the development of specitic branches of the chemical industries
in which the majority of the products maunfactured have either backward
or forward linkages to the agricultural sector of the economy. It waa
pointed out that this action would benefit not. only agriculture but also
certain bianches of other industrial sectors, such as the metallurgical
industry, where development was dependent ou the availability of some
basic chemical products.

Another aspect stressed was the linkages to some branches of con-
sumer industries aiready cstablished in developing countries, such as
edible oils, soap and detergents, and textiles. There was also comment
regarding the problems posed by the shortage of sulphur that was being
experienced at the time of the Svinposium.
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The role of governmeuts

It was emphasized that experience showed the necessity for Govern
ments to play a positive role in planning and establishing chemieal
indnstry complexes in the developing countries.

A supervisory company or board was suggested. consisting of repre-
sentatives from botn government and private enterprise. as an inst it ntional
device to deal with the complicated mechanices of setting np this industry.
Such a company or board would not own any of the capital employed
in the industry, but wonld co-ordinate investment policy at the national
level, setting priorities and making other policy recommendations to the
Government. Emphasis was also laid on the creation of an appropriate
legislative franiework to encourage and protect investment by foreign
enterprises and to offer inceutives for the location of manufacture in
regions other than the metropolitan area. which so often attracted an
urlue proportion of industrizl projects. It was suggested that the Gov-
ernment should be involved miainly in setting objectives rather than in
detailed responsibility for desigr, implementation and operation.

Joint ventures with foreign companies were an important means of
financing big chemical and petrochemical projects in developing coun-
tries, where the shortage of investment capital and the lack of know how
were sometimes acute. [t was hoped, therefore. that the developed conn-
tries would urge their large chemical and petrochemical companies to
expand this type of venture. In regard to such matters as licence and
royalty fees, engineering fees and employment conditions for foreign
personnel, the terms proposed would have to take acconnt of conditions
in the developing countries. It was also snggested that UNIDO should
assist the developiug countries in their search for forcign partners for
such ventures.

The key role of the Government was not regarded as open to doubt
and the discussion centred on the types of institution through which
this role should be exercised. Apart from those already mentioned,
strong emphasis was placed on institutions concerned with technological
progress and training.

Technological progress and transter of technology and skills

Case histories based on European experience were presented in order
to show how a country capable of generating its own technology can
adapt to ‘“e changing availability of various raw materials.

[ 34
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The kev role of technology and training in the viability ot s chemical
mdustiv was repeatedly emphasized. The rapid change brougit about by
constintt improvement of processes nnder the pressure of market regnire-
ments and the activities of competitors brought about changes in the
machmery and equipment used and eansed their vapid obsolescence. Tt
was congidered ads i~able to organize research and development facilities
as well an the troinmme of encineers while chemical plants were nnder
constraction.

The problem of training <kiiled manpower varied considerahly fro.,
one developing conntry to another. In some countries that had ouly
recently gained their independence. it proved difficult to get the nesded
management <kills withont competing with the local civil service; in
those casen. it wis suggested that the solution would be to select appro-
priate candidates and send them to a university course in a developed
country, to be followed by on-the job training in that country. Even where
initial operations were limited to the distribution of imported chemical
products, it was felt that an adegnate number of people should be highly
trained in market development and technical services; only close contact
with the technic.! problems of enstoners and potential enstomers would
ensnre that the market developed on sonnd lines.

It was regarded as being of the highest importance that local cadres
should participate at all stages of developing this industrial sector, from
the initial planuiing and detailed preparation of individual projects to
operating the manufacturing units and progressively raising their pro-
ductive efficiency. Mixed working gronps were the best means of trans-
mitting practical experience. In negotiating the terms on which a joint
venture should be set up. a developing country should always bear in
mind that snch tran: fer of skills and technology was probably the most
important long-term benetit to be gained,

The Symposium emphasized the need to improve the collection, dis-
semination and use of statistics relating to the chemical industries of the
developing countries in order to facilitate the studies and establish devel-
opment programmes. UNIDO had an important role to play in this respect,
in close co-operation with other organizations concerned with these
matters, especially the OEC'D and the United Nations regional economic
commissions,

Recognizing that technical documentation was an essential element
of technological know-how, the Symposium laid stress on the value of
organizing its dissemination in the developing countries, while acoepting
that inventions must be adequately protected by suitable legislation.
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Athens 1967 (ID/11) (United Nations publication, Sales No.: 69.11.B.7).

RECOMMENDATIONS APPROVED??

UNIDO and UNDP should render nssistanee to the developing eoun-
tries in establishing, where appropriate, demonstration plants utihzing
improved or alternative methods of production of basic chemicals and
petrochemieals.

UNIDO shonkl examine and make available to developing countries
the studies on carbo-chemistry and, if appropriate in the light of this
examination, convene a group of experts to exanine cases where earbo-
chemieals based on coal could well be valuable.

UNIDO, in consultation with the International Rubber Study Group,
should study the problems of the natural rabber and synthetic rubber
industries and develop appropriate recominendations for technical
assistance to both natural runbber producing countries and developing
conntries possessing petroleum and/or natnral gas resonrces and desirous
of developing a synthetic rubber industry.

UNIDO should assist the developing countries, on request, in enconr-
aging the participation of foreign companics in their petrochemical
industries. Such assistanee should be aimed at promoting arrangements
for the sharing of technological know-how and managerial skills, and the
utilization of marketing and distribution facilities of the foreign cliemieal
companies which may already be established in the export markets.

UNIDO, in co-operation with the UN regional economic commissions,
should render technical assistance in the establishment of regional indus-
trial projeets for the benefit of more than a single country in a developing
region, profiting by the advantages accruing from economies of scale and
larger regional markets.

UNIDO should give priority of technieal assistance to developiug
specific branches of the chemical and petrochemical industries in develop-
ing countries, linked to their agrienltural production,

UNIDO, in eo-operation with the 1LO, should expand its netivities
for the training of technical and managerial personnel for the chemical and
petrochemical industries in developing countries, and where appropriate,
promote in-plant training programmes both in industrial'yv advanced
countries and developing countries.

UNIDO should render assistance to the developing countries in the
transfer of technology, without prejudice to patent rights, and assistance
in facilitating arrangements for bilateral or international credit.

33 From Report of the International Symposium on Industrial Development,
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UNIDO should undrrtake to promote the dissemination of informa-
tion to enable both deve.oping countries and industrially advanced eoun-
tries to exchange inforriation on potential projects in the basic chemical
and petrochemical industries and should also encourage the dissemination
of technical and economic documentation of mutual interest to these
countries with regard to these industry sectors.




Chapter b

UNITED NATIONS ACTION AND OTHER ACTIONS
TO PROMOTE THE DEVELOPMENT
OF THE CHEMICAL INDUSTRY=

As in other industrial sectors, the activities of UNIDO connected with
the chemical industry are partly concerned with operations in the tield
and in part consist of supporting activities. T'he latter include syniposia,
seminars, workshops and expert group meetings; in-plant training; and
the preparation of publications dcaling with various aspects of setting
up and operating industries in the developing countries. There is a con-
tinuous interaction between the two parts of this programme: surveys
and reports from the field lead to the preparation of special studies and
the organization of meetings to pinpoint the main obstacles to industrial
development and establish the lines along which solutions must be sought.
Meetings and the publication of their proceedings lead in turn to requests
for operations in the field.

Salt, particularly marine salt, obtainable by solar cvaporation, is a
potential resource of many developing countries and can form the raw
material basis for a number of basic chcmicals. An Expert Group Meeting
on Modernization and Mechanization of Salt Industries based on Sea
Water was organized by UNIDO and held in Rome in 1968, The publica-
tion of its conclusions and recommendations has already led to a number
of requests for technical assistance and over ten projects are already
under way.

A number of technical assistance projects have been requested from
UNIDO fur the establishment of the production of basic chemicals
generally. Certain problem areas are seen to be common to many develop-
ing countries, particularly the question of scale of production in relation
to the size of markets. An interregional seminar on basic chemicals is
being organized for 1970, to be held in the USSR. The linkages between

® Excluding the manufacture of fortilizers, for which see Monograph No. 8:
Fertilizer Industry.
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basic chemical products and a number of industrial sectors will be care-
fully examined. 1t is hoped that this seminar will provide gnidelines to
the developing countries in forinulating requests for technical assistance
in regard to basic chemicals. It is anticipated that ILO, FAO and the
regional eeonomic commissions will participate in the seminar. As a
follow-up, it is expected that a survey will be made in a particular region
during 1971 to examine the desirability of manufaeture on the basis of
a regional orsub-regional market, in view of the effects of economy of seale.

The second Interregional Sy mposium on the Development of Petro-
chemical Industries was organized by UNIDO in Baku. USSR, in October
1969; the first had taken place in Tehran in 1964, In planning the
symposinm at Baku extensive use was made of experience gained in
varions field projects. In the field of petrochemicals, UNIDO’s aetion
has becn espeeially linked to the requirements for production of plasties,
man-made fibres and synthetic rubber. The need has also been shown for
in-plant training in the repair and maintenance of machinery and
equipment for the produ ‘tion of petrochemicals. The future programme
is expected to include studies of the production of proteins from petro-
leum raw material.

During the period 1967 to 1969, UNIDO provided technical assistance
to several conntries for the evaluation of possibilities to develop the
produetion of essential oils. In view of the high cost. of transport to over-
seas markets in relation to the price of the bulk materials, several develop-
ing countries plan to improve their position by extending the processing
into semi-finished or finished products. Investigations have already shown
the need to assess the impact of synthetic substitute materials, to distin-
guish the different qualities of natural essential oils required by different
markets and to solve some problems of processing and packaging.

At the other end of the chain of processing, UNIDO is engaged in a
nmumber of technical assistance projects relating to pharmaceuticals.
Activities in this ficld are expeeted to grow steadily and work is being
co-ordinated with WHO. Tn most developing countries it is desirable to
atary with small packaging operations and develop gradually the more
sophisticated activities of raw material picparation and product testing.
An expert gronp which met in Bud vpest in 1969, in which representatives
of WHO and FAO participated, pointed out that there were important
eeonomies of scale at these later stages and suggested that eonsideration
should be given to the possibility of pharmaceutical prodnction on a sub-
regional basis. Furthermore, it was essential to establish appropriate
legislation controlling the purity of pharmaceutieal formulation and to




UN AND OTHER ACTIONS TO PROMOTE DEVELOPMENT 79

ensure the training of sufficient qualified pharmacists to render these
controls effective. UNIDO is giving increasing attention to the linkages
between the manufacture of pharmaceuticals, medical supplies and
equipments. A pharmacological institute already established in one devel-
oping country may serve as a model for other similar projects.

The manufacture of industrial products by fermentation is also receiv-
ing attention. The non-food applications of the fermentation processes
include organic acids, glycerine and antibioties. These activities are
particularly well suited to many developing countries because the
required cquipment can be simple in design and eonstruction and also
relatively inexpensive, while the agricultural or waste products needed
as raw materials are usually available within the country. An Expert
Working Group met in Vienna in 1969 tostudy this subjeet and inter alia,
reviewed the results of technical assistanee projects now in progress. It
was stressed that some industrial products obtainable through ferinenta-
tion can be manufactured more cheaply by a petrochemical industry and
any decision to manufacture such products by fermentation would seem
to imply a permanent protection by import dutics against competition
from petrochemicals.

The UNIDO programme for development of the chemical industry
is financed nnder various United Nations operational programmes in
which UNIDO participates. These are: the Regular Programme of
technical assistance devoted to industry, the funds for which are drawn
from the United Nations budget (RP); the Special Fund component of
the United Nations Development Programme UNDP SF): and the
Technieal Assistance component of the United Nations Development
Programme (UNDP/TA). UNIDO recewves, in addition, voluntary con-
tributions from Governments for the financing of the Speeial Industrial
Services Programme (SI8), a programme limited mainly to urgent short-
term mussions. Some projects may also be financed from funds in trust,
deposited by Governments for specific projects, or other direct voluntary
contributions. In all these programmes assistance is given only at the
request of the (Government concerned. Annex 1 contains a selection of
the major technical assistance projects with which UNIDO has been
concerned since its establishment in 1967.
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BASIC GENERAL APPROACHES

Apart from technical assistance in specific branches of the chemical
industry there are varions types of project that embody a general
approach. Projects are in operation in sonie of these areas. while other
areas might form the object of future UNIDO activitics.

Consultant and trouble-shooting groups

The organization of consultant and trouble-shooting groups, that
could be made available upon request for limited periods at very short
notice, would respond to the complaint by some developing countries
that international technical assistance is not made available quickly
enough in those cases where its whole value depends on the speed with
which it is given. The main functions of such groups would be:

Advising Governments on selection and submission of projecte for
technical assistanee:

Assisting governmental and other organizations in developing coun-
tries in the negotiation of technical aid agreements and licensing
agreements with enterprises or institutions in industrially advanced
countries ;

Assisting Governments of developing countries in the negotiation of
regional co-operation and integration agreements amongst each
other;

Emergency technical and managerial trouble-shooting.

The periods of assignment of such groups would be kept short as a
matter of poliey and they wonld avoid involvement in policy making
and long-term planning. Individuals or organizations who act as the
national counterparts to such short-termm international teams could be
provided with long-term support in the form of training activities or
advice from resident technical assistance experts,

Research, development and process engineering

A wide-ranging offort is needed in most developing countries to
establish a reasonable degree of technological independence in the
chemical indnstries. Becanse of the significant economies of scale that
characterize chemical research. development and process engineering, it
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is unlikely that these functions can be successfully undertaken except in
close association with large-scale production facilities of a technically

advanced uature. The following appear to be the desirable lines of
further action:

To establish chentical research, developmeut and process engineering
institutions located at the sites of the largest availabl petro-
chemical or other chemical complexes, closely integrated with the
production activities of these complexes-——common international
institutions serving a region or sub-regiou are likely to be the most
efricient solution where this can be arranged;

To associate these institutions with the major universities offering
professional training in chemistry, chemical engineering and process
equipment design—likewise on a regional or sub-regional basis if
possible ;

To commit these institutions to the task of devising technological
changes (new techmiques and adaptations) that will benefit the
chemical industry of the country or group of countries: and to make
them responsible for trausmitting full details of these chauges to the
manufacturing enterprises as quickly as possible ;

To emphasize the role of domestic engineering enterprises in supply-
ing a growing proportion of the equipment required for new chemical
projects, expausion and replacements. stimuluting those techno-

logical adaptations that are geared to the capabilities of the engineer-
ing sector.




Annex 1

UNIDO ASSISTANCE IN DEVELOPING CHEMICAL INDUSTRIES

A. AREAS RELATING TO THE DEVELOPMENT OF THE CHEMICAL INDUSTRY IN
whIcHE UNIDO 18 IN A POSITION TO PROVIDE TECHNICAL ASSISTANCE

Feasibility and pre-investiment studies;

Establishment of various sectors of the pharmaccutical industry;
Assistance in establishing sectors of pulp and paper industry;
Assistance in the use of natural products as sources of basic chemicals;

Use of fermentation principles as viable industrial sources of basic
chemicals;

Production of solar salt and production of basic chemicals from salt;
Evaluation of inland brines and minerals as source of chemicals;
Establishment of petrochemical complexes;

Improvement in petrochemical processes using up-to-date technology ;

Utilization of domestic raw materials, petroleum, natural gas and
natural products in combination with petrochemicals;

Production of protein from petroleum and natural gas;

Improvement in fabrication of plastics, synthetic fibres and synthetic
rubbers;

Assistance in the application of plastics in agriculture, building,
packaging and engineering industries;

Market evaluations;

Assistance in quality control, testing and standards.

SELECTED MAJOR TECHNICAL ASSISTANCE PROJECTS

The projects listed below relate to the activities oi the United Nations
Industrial Development Organization since its establishment in 1967. The list
excludes projects carried out under the predecessor organization of UNIDO
(the former Division of Industrial Development up to 1862 and the Centre
for Industrial Development up to 1967,. Since the projects are listed for illus-
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trative purposes, the names of countries have been omitted. The respective
programmes under which the projects are implemented are shown as:

SIS Special Industrial Services of UNIDO

UNDP/TA United Nations Development Programme,
Technical Assistance Component

UNDP/SF United Nations Development Programme,
Special Fund Component

RP Regular Programme

(1) Projects implemented or under implementation by UN1DO in areas related
to the development of the chemical industry

AFRICA

The estaliishment of pharmaceutical manufacturing industry (SIS)
Utilization ot inland brines for the production of basic chemicala (SIS)
Establishment of essential oils industry (SIS)

Pre-;avestment studies in the use of natural gas (UNDP/SF)
Utilization of natural gas (UNDP/TA)

Establishment of pharmaceutical industry sectors (SIS)

Production of essential oils (SI8)

Production of solar salt (SIS)

Production of potash (SIS)

Marketability of basic chemicals (S18)

Pharmaceutical advice to study ccutres (SIS)

THE AMERICAS

Advisory services on the production of soda ash (SIS)
Production of caustic soda and chlorine (SIS)
Production of chemicals from furfural (SIS)

The production of salt fiom seawater (SIS)

The manufacture of essertial oils (SIS)

Application of plastics in agriculture (SIS)
Produccion of PVC and polyethylene (SIS)

Advice on petrochemical policy (SIS)

Selection of petrochemical products for export (SIS)
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The application of plastics for the building and packaging industries
(SIS)

Establishment of plastics technology centre (UNDP/SF)
Production of solar salt (SIS)

EUROPE AND THE MIDDLE EAST

Rehabilitation of solar salt industry (SIS)

Advice on and industrial utilization of sodium chloride from rock salt
(S1s;

Advice and planning on a pharmaceutical industry S18)
Advice and planning a chemical complex based on salt (SIS)
Production of unsaturated polyesters (SI8)

Advice on polymer technology (UNDP/SF)

A study on catalytic reactions (UNDP/TA)

Adbvice on calculation of petrochemical processes (UNDP/TA)
Production of solar salt (SIS)

Chemical compiex bused on salt (SIS)

ASIA AND THE FAR EAST

Development of salt-based industries (SIS)

Advice on the production of caustic soda and chlorine from natural
resources (SIS)

Advice on the developmnent of basic chemical industries (SIS)
Advice on industrial fermentation (SIS)

Improvement in quality of synthetic fibres (SIS)
Establishment of Plastics Technical Service Centre (SIS)
Production of synthetic adhesives (SIS)

Production of dyestuffs (UNDP/TA)

Production of synthetic polymers for application in the leather
industry (RP)

Advice on techniques of polymer chemistry (SI8®)
Establishment of pharmaceutica! industries (SIS)
Disposal of industrisl effluents and trade wastes (SIB)
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(2)

Projects in preparation or under discussion with (overnments in areas related
to the development of the chemical industry

AFRICA

Assistance in plastics fabrication (SIS)

Advice on the development of petrochemical industrivs (S18)

THE AMERICAN

Asasistance in planning for petrochemical industries (SIN)
Essential oil production (SIS)

Establishment of pharmaceutical industry sectors (SIS;

Quality control and testing of plastics (S8IS)

Training of technicians for the plastics fabrication industry (8I8)
Production of solar salt (UNDP/SF)

ASIA AND THE FAR EAST

Establishment of pharmaceutical industries (SI8)
Establishment of synthetic fibre industries (SIS)

Demonstration plant for the production of plastics-wood products
(UNDP/SF)

Assistance to plastics processing industries (SIS)
Demonstration plant for the production of synthetic fibres (UNDP/SF)
Utilization of waste products as sources of chemicals (S18)

EUROPE AND THE MIDDLE KAST

Improvement in technology of polymer manufacture (818)
Establishment of petrochomical industries (SIS)
Natural gas development (SIS)
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MEETINGS, SYMPOSIA AND WORKING GROUPS
ORGANIZED BY UNIDO OR BY THE UNITED NATIONS PRIOR TO
THE INCEPTION OF UNIDO

United Nations Interregional Conference on
the Development of Petrochemical Indus.
tries in Developing Countries

Expert Gronp Meeting on Modernization
and Mechanization of Salt Industries based
on Sea Water

Expert Group Meeting on Development of
Plastics (polymer) Industries in Developing
Countries

Preparatory Meeting for the Second Inter-
regional Symposium on Petrochemicals

Expert Group Meeting on Establishment of
Pharmaceutical Industries in  Developing
Countrics

Interregional Symposium on Development
of the Petrochemical Industries

Expert Working Group on Manufacture of
Chemicals by Fermentation Processes

Interregional Seminar on Basic Chemicals

Expert Group Mecting on Future Trends
and Competition between Natural and Syn-
thetic Rubber

Seminar on Man-made Fibres

Expert Group Meeting on Use of Plastics
in Agriculture

Expert Group Meeting on Manufacture of
Proteins from Hydrocarbons

Expert Group Meeting on Essential Oils

Location
Tehran

Rome

Yienna

Vienna

Budapest

Baku

Vienna

USSR
London

Latin America

Date of meeting
November 1964

September 1968

Noveraber 1968

November 1968

May 1969

October 1969

December 1069

Proposed dales
1970

1971
1071
1971
1971

1971
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SELECTED LIST OF DOCUMENTS AND PUBLICATIONS
ON THE CHEMICAL INDUSTRY!

UNITED NATIONS

CENTRE FOR INDUSTRIAL DEVELOPMENT (PREDECESSOR or UNIDOQ)

Studies in Economics of Industry, No. 1, Cement/Nitrogenous Fertilizers Based
on Natural Gos (ST/ECA/75) (Sales No.: 63.11.B.3).

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION

“Preliminary Bibliography for Industrial Development Progranmning—Part 11.
Chemical and Related Industries”, Industrialization and Productivity Bulletin
No. 6, pp. 67—77 (ID/SER. A/6) (Sales No.: 63.11.B.1).

“Programming Data Summary for the Chcmical Industry™, by T. Vietorisz,
Industrialization and Productivity Bulletin No. 10, pp. 7--56 (ID/SKR. A/10)
(Sales No.: 66.11.B.8).

Techniques of Sectoral Economic Planning: The Chemical Industries, Industrial
Planning and Programming Series, No. 1 (ST/CID/14) (Sales No.: 66.11.B.17).

Studies in Pelrochemicals, 2 vols. (ST/C1D—4) (Sales No.: 67.11.B.2).

Profiles of Manujacturing Establishments, 2 vols., Industrial Planning and
Programming Series, Nos. 4 and 5 (ID/SER. E/4 and ID:5ER. E/5) (Sales Nos.:
67.11.B.17 and 68.11.B.13).

The Brazilian Synthetic Polymer Industry, Petrochemical Industry Series, No. 1
(ID/SER. J/1) (Sales No.: 69.11.B.13).

Studies in the Development of Plastics Industries, Petrochemical Industry
Series No. 4 (ID/SER. J/4) (Sales No.: 69.11.B.25).

Establishing Standardization of Plastics in Developing Countries, ctrochemical
Industry Series No. 5 (ID/SER. J/5) {Sales No.: 69.11.B.27).

' 8ymbols and Salee Numbers of United Nations documents and publications are given in
parentheees after the titlos,
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Selection of Projects and Production Processes for Basic and Intermediate Petro-
chemicals in Developing Countries. Petrochemical Industry Series, No. 2
(ID/SER. J;2) (Sales No.: 69.11.B.28).

Studies in Plastics Fabrication and Application, Petrochemical Industry Series.

No. 3 (ID/SER. J/3) (Sales No.: 69.1LB.32).

Modernization and Mechanization of Sait Industries Bused 03t Seawater in Devel-
oping Countries, 1969 (1D/26).

Proceedings of the Expert Working Group Meeting on the Establishment of Pharma-
ceutical Industries in Developing Countries, held in Budapest from 4 to 5 May,
1969 (1D/35).

Sectoral Studics prepared for the Symposium: Chemical Industry, May 1967
(ID/CONF. 1/25) (mimeo.).

Economic COMMISSION FOR ASIA AND THE FaRr Easr

Development Prospects of Basic Chemical and Allied Industries in Asia and the
Far East (Sales No.: 64 11.F.9).

EcoxoMic CoMMIssioN FOR LATIN AMERICA

La industria quimica en América Latina (Sales No.: 64.11.G.7).

OTHER SOURCES

Airov, J., The Location of the Synthetic Fiber Industry, M.1.T. Press and John
Wiley and Sons, New York, 1957, 844 p.

Aries, R. 8. and R. D. Newton, Chemical Engineering Cost Estimation, McGraw-
Hill, New York, 1955.

Backman, J., Competition in the Chemical Industry, Manufacturing Chemists
Associates, Washington, D.C., May 1964.

Chilton, C.H., *Six/Tenth Factor Applied to Complete Plant Costs”, Chemical
Engineering (New York), No. 57, pp. 112—114, April 1950.

Faith, W. L., D. B. Keves and R. L. Clark, Industrial Chemicals, 2nd od.,
John Wiley and Sons. New York, 1957, 844 p.

Isard, W. and E. W. Schooler, Location Factors in the Petrockemical Industry,
US Government Printing Office, Washington, D.C., 1955.

Isard, W., E. W. Schooler and T. Vietorisz, Industrial Complez Analysis and
Regional Development, M.1.T. Press and John Wiley and Sons, New York,
1959, 194p.




SELECTED LIST OF DOCEMENTS AND PURLICATIONS Ry

Manne, A 8., Ed., Investments for Capacity Erpansion--Size. Location and
Time Phasing, M.I.T. Press, Cambridge. Mass., 1967

Markham, J. W., The Fertilizer Industry: Study of an Impe rfect Market,
Vanderbilt University Press, Nashville, Tenn., 1058, 249 p.

Shreve, R. N., The Chemical Process Industries. 2nd ed., MeGraw-Hill, New
York, 1956, 1004 p.

US State Department, Ageney for International Development, Industry Faet
Sheets: Industry Profile, loose-leaf, periodically revised.

Vietorisz, T.and A.S8.Manne, “Chemical Processes, Plant Loeation and
Feonomies of Scale”, in A. 8. Manne and H. M. Markowitz, eds., Studies ¢n
Process Analysis: Economy-Wide Production Capabilities (Cowles Foundation
Monograph, No. 18), John Wiley and Sons, New York, 1943, pp. 136-—158,

Waddell, R. M., P. M. Ritz, N. J. Dew and M. K. Wood, Capacity Expansion
Planning Factors—Manufacturing Industries, National Planning Association,
Washington, D.C., 1966.




UNIDO MUNOGRAPHS ON INDUSTRIALIZATION OF DEVELOPING COUNTRIES:
PROBLEMS AND PROSPECTS

No. 1. Non-rerrous melals industry No. 11, Smull-sesie industry

No. 2. vonstruction industry No. 12, Standardization

No. 3. Bailding materials industey No. 13. Industrial informat’ yn

Neo. 4, Engincering industry No. 14, Manpower lor industry

No. §. Iren and steel industry No. 15. Administrative machinery

Ne. €. Fertilizer industry No. 16. Domestic and external financing

No. 7. Textile industey Neo. 17, Industrial planning

Ne. 8. Chemical industry No. 18, Regional co-operstion in industiry

No. 9. Food-processing industry Ne. 19. Prometion of export-oriented industries
No. 10, Industrial research No. 20. General issues of industriai petiey

No. 21. Technical co-operation in induatry
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