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INTRODUCTION

Analyses presented in this study were based on various inputs
of general and specific nature as well as on two preparatorymeetings
organized by UNIDO*s Secretariat.

The UNIDO Seminar on Strategies and Instruments to Promote the
Development of Capital Goods Industries in Developing Countries which
was held in Algiers, Algeria,in December 1979,discussed and evaluated
some elements of strategies and methodologica’ tools to serve the
develorment of capital goods in developing countries. Several
improvements were made in the UNIDO Secretariat documents during 1900
in order tc present them for discussion to the Global Preparatory
Meeting for the First Consultation on the Capital Goods Industry.

The Preparatory Meeting was held in Warsaw, Poland, in November 19v0.
At this meeting recent trends, medium-term prospects, strategies,
instruments and international co-operation aspects related to the
capital goods industries were discuss>d and recommendations made for
the final preparation of the Study to be submitted to the First
Consultation Meeting on the Capital Goods Industry.

In line with the recommendations of the Global Preparatory
Meeting, UNIDO's Secretariat devotea further efforts t» complete
the Global Study, particulary with reaspect to the elaboration on
various elements of strategies for entries and development of the
capital goods industries and on objectives, conditions and forms
of international co-operation, including long-term arrangements
between developed and developing countries and amongst developing
countries. Pindings and conclusions of this research were incorporated
into the Global Study, which is now presented to the First Comsultation
Meeting on the Capital Goods Industry, held in Brussels, Belgium,
21-25 September 1981.

Some major findings of the research could be summarized as follows:

- The contribution of developing couniries to world production
of capital goods was estimated at about 6 per cent, while their
contribution to world consumption wac 9 per cent. It was anticipated

that in the year 2000 the amount of consumption covrered by local



production would increase and approximately 15 per cent of the world
production of capital goods would be produced in developing countries.
However, those estimates and their implications require further

consideration.

- The great majority of developing countries did not have a
capital goods industry, and only about 30 countries had such an
industry either partly established or in an embryonic stage. A
preliminary classification of developing countries had been established
with the aim of developing suitable strategies, taking into account
their basic economic characteristics and their potertial for
development of the capital goods industry.

- Deep—-seated inequality in production manifests itself also
within international trade. Developing countries supply only 2.5 per
cent of the world’'s exports whereas their share in .mports reaches
30 per cent. The market economy developed countries provide more
than 37 per cent of world exports whereby six of these countries
(Canada, the Federal Republic of Cermany, France, Japan, the United
Kirgdom, and the United States of America) account for three-fourths
of this amount. The certrally planned economies provide 10 per cent
of world exports.

- Imbalances within the developing countries would be seen
first of all in production: Argentina, Brazil, India, the Republic
of Korea and Turkey contribute between 40 to 45 per cent of the
developing countries' production (excluding China). Eighty per cent
of machine-tool production within the developing countries is
concentrated in three countries: Brazil, China and India.

~ A second group of countries is made up of those which are
at the embryonic ntage in the capital goods industries.

- The third group consists of 60 countries actually 110 if the
50 countries and territories of less than ome million inhalitants
are considered which have no capital goods industries and which
rely mainly on agriculture.

- These imbalances are also showm by ths nature of the products
manufactured and the means of production. In numerous developing



couniries assembly lines have been introduced in the manufacture of
more complicated products such as tractcrs, trucks and other vehicles.
However, these operationsare limited to assembling only, rendering

low value added and the industrial experience thus acquired.

The First World Consultation on the Capital Goods Industries
is faced with a two-fold need: how to change the present pattern of
production and trade situation in the capital goods industries
between developed and developing countries on the one hand, and

among the developing countries themselves on the other,

To facilitate the reading of the study, conclusions are provided
at the end of each part, as well as an overall summary and

recommendations for the whole study.

The study is the result of close co-operation between the UNIDO
Secretariat and several institutions and organizations as well as
specialists from various countries working as UNIDO consultants in
their personal capacities. Special acknowledgement shonld be
attributed to the Institute for Economic Research and Development
Planning, University of Social Sciences, Grenoble, France, which
made the major contribution to the study. In one way or another the
following institutions and individuals contributed to the study:

- INITEC associated with TECHNIBERIA, Madrid, Spain.

- Research Institute of Engineering Technology and Economy,
Prague, Czechoslovakia,

— ICME Business Consultants, ZUrich, Swit.erland.

- Metra/Seis, Madrid, Spaein.

-~ PROMASZ, Warsaw, Poland.

- Institute of Economice, Academy of Sciences, Sofia, Bulgaria
~ Mr. P. Vidossich, the analysis of techmological complexity
- Mr. Shree Acharya, international co-operation

- Mr. A. Benbouali, long-term contractual arrangements

- Other consultants, listed in the annex to the study (see List
of documents, page 273).



The Global Study in its present form was prepared by the
Sectoral Studies Branch, Division for Industrial Studies, UNIDO.




POTENTIALITIES AND POSSIBLE PROGRESS OF THE CAPITAL GOODS INDUSTRY
DEVELOPMENT IN DEVELOPING COUNTRIES INCLUDING THE SMALL AND MEDIU
SIZK DEVELOPING COUNTRIES

Part one : Current trends, potentialities and development prospects,

Introduction

Capital goods contribute to the gross fixed capital formation in
various sectors of the economy, i.e. machinery and emiipment which form
part of investment. Heterogenity is an essential characteristiecs of
capital goods. Typologizs which are useful for action are theretfore

essential.

Tiie definition of capital goods is based not on their nature but on
the economic function which they fulfil, i.e. investment. In the market
economy coun.T'es, national accounting defines them = durable goods
constituting the fixed capital of the companies in an economy (excluding
Llend and invisible assets), which therefore involves machines and
equipment of all kinds (fixed or mobile) purchased by companies to form

their productive capital.

In the centrally planned economy countries, capital goods form part
of section 1 ¢f social production, i.e. machinery and eguipment, saction I1
being the production of consumer goods. Since they form the basis for

accumulation, they have, in practice, been granted priority.

This definition needs to be supplemented by other characterictics
such as: the type of product and its technical nature; the degree of

elaboration of the goods; and the nature of demand.

Type of product and technical nature

This characteristic is dircctly linked with not only the technical
function which the product fulfils but also with its intrinsic technical

nature, in particular the materials required.

The concept of capital goods is currently directly associated with
elaborated products resulting from metal converting, within which three
principal sub-groups are distinguished: fabricated metal products; mechanical

roducts, in particular "machines" which crecate and transmit movement;
p ’



electrical machines and equivment based on metal componets, the essential

function of which is accomplished by means of electrical energy.

This mixed criterion (function and technical nature) forms the basis

of current nomenclatures for capital goods.

The degree of e.aboration of the goods

The complexity of the capital goods industries is due in part to the
existence of imumsrous successive or different converting phases of the base
materials (products of the iron and stecl industry or other metals) or to
the incorporation of components and phases of assembly and erection which
recsult in the final product. Thus the structure of the production in the
"metal-working" industry {Jownstream from the iron and steel industry, but
upstream from the mechanical and electrical industries) shows interlinked
technical relationships: those products which have undergone forging or
foundry work, will be:

- either reconverted by the client mechanical industries, for example

by thz machining or by welding, assembly, etc.;

-~ or are finished products used by the downstream industry in interme-

diate consumption (screus, gears, etc.);

- or are finished products intended for final use, for example

containers, vats, mechanical girders, etc.

Converting phases can only form one stage of the overall process and
may consist of manufacturing individual components or machines, or the total
assembly of products cr plants. Turnkey plants constitute one example of the
latter activity. Ome of the essential characteristics of the capital goods
industry is therefore that they constitute a highly diversified system of
integrated activities, linked one to another by close commercial relationships

and by technical and economic interdependence.

The nature of demand

Applying the end-use economic classification of capital goods we may

distinguish the following main sub-sectors:
Capital goods for the production of capital goods
- machine tools and automation;

- construction and public works machinery and equipment.



Capital goods for the production of intermediate goods, e.g.
- power production and distribution equipment;

iron and steel making equipment;

petrochemical, fertilizer ar well as other chemical industry

equipment;
mining and ore processing equipment.

Capital goods for the production of consumer goods
- agricultural machinery, equipment and implements
- for the production of other consumer goods
e.g. food industry
textiles and footwear industries
paper, pulp and printing industries

electrical consumer goods industry

Capital goods which are common to all sectors e.g. electrical motors,

boilers, pumps, containers, tanks, valves, gears.

Capital goods are differentiated one from another oy the mature and
number of the production sectors which require them. In this way it is
possible to distinguish among capital goods intended for a single sector;
those intended for several production sectors; and those common to all branches

of the industry.

The agricultural machinary industry is an example of capital goods
intended for a single sector since it is defined by the nat 're of the demand
(agriculture) and not by the nature of the equipment which it produces. Also
belonging to this category are specialized industrial equipment and planis
such as those intended for the petrochemical, iron and steel, food industries,

the building sector and the production of electricity.

Caritz) goods intended for several production sectors include, for
example, cranes, equipment for automation, equipment for metal forming (foundry,
forging), protective and painting equipment, storage or transport 2quipment,
etc. Such equipment is also common to groups of industries as energy,

chemicals, metallurgy.

Capital goods intended for numerous sectors or common to all branches
can be semi-finished products and components (metal profiles, screws and bolts),

simple machines (motors, compressors) or complex machines (machine tools).



Their common boundry with the previous category is difficult to establish
since their technical characteristics can vary for the same type of product

according to the purchasing sectors.

The internmational nomenclature of activities includes capital goods
in class 30 "Manufacture of Fabricated Metal Products, Machinery and
Egmipment" which comprises mechanical, electrical and transport equipment
and machinery, fabricated metal products, measuring and controlling
equipment. Due to the ambiguity of the statistics, it is advisable to
elininate at least those products of engineering industries related to
consumer goods (automobiles, domestic electrical appliances and mass

consumer electronics).

This sector is therefore only a part of the metal converting or
mechanical, electrical and transport engineering industries which produce
capital goods, intermediat~> goods and durable consumer goods. World
industrial statistics covering the whole of the mechanical and electrical
industries sector (ISIC 33) make it difficult to isolate capital goods.
The statistics for international trading are more subdivided and it is
possible to detect more clearly the capital goods sector (part of SITC
sections 69, 7 and 361).

There are several questions which should be discussed at the First
Consultation in order to bring about and develop a capital goods industry,
particularly in small and medium-size developing countries. How can the
hundred developing countries which have practically no capital goods industry
entei- into such industry? Why small and medium size developing countries
should develop capital goods and what kind of products? What are the
conditions for achieving national integration and sub-regional integration?
What type of intermational co-operation for setting up of capital goods
industry in small and m:dium-size developing countries should be enforced?



A. Analyses of the existing situation and development prospects

1. General characteristics of manufacturing industries and current

trends in capital goods industries.

It is difficult to understand some of the basic characteristics of
capital goods if the analyses are restricted only to this industry.
Capital goods sector is interrelated with other sectors of national
economy, particularly industrial and makes it possible to create
integrated industrial structure. It is therefore important to pay

attention to the current situation in industry as a whole.

As far as the growth of net manufacturing output is concerned, there
are two different time periods: 1960-1968 and 1969-1980 1/ . In the first
period there was rapid industrial growth throughout the world with a
steady increase of centrally planned economies share in world manufacturing
value added while developing countries share remained unchanged despite a
much larger proportion of the world's population and low levels of per
capita income. The second period showed lower inci'ease and a wider degree
of fluctuation in manufacturing value added than the preceding period.
Since 1968 developing countries reccrded steady, although minor, gains,
while developed centrally planned economies increased their share
substantially., This pattern ccntinued up to 1980 with the exception of
the period of 1974-1975 in which developed market economies manufacturing
value added anmnual rates were negative and the share of these countries
dropped from 72.6 per cent in 1970 to 66.6 per cent in 1975 (amnex, tablel).

In the developed market economy countries annual rates of increase
in manufacturing value added were lower than in the rest of the world and
in the second peiod the degree of fluctuations in growth rates was very
high. Further & (owingdown in the rate of growth was experienced in 1979
and 1980 with a world wide acceleration of inflatiom and high levels of
unemployment. Wore alarming, there was growing evidence that inflationary
expectations, nourished a decade of continuous inflation, were becoming
deeply rooted in many developed market economy and developing countries.

1/ Source: UNIDO World Industry in 1980, Chapter I.
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On the external side, in large part as a result of the sharp increase
in the prices of o0il, other primary commodities and manufactured goods
including capital goods and a slow structural adjustment, a shift in
pattern of payments imbalances among countries and group of countries

was 1n process,

The recent slowdown in developed market economies effected a wide
range of industrial actirities. Many of the slower growing industrial
sectors are either key areas of industrial activity (iron and steel,
petroleum refining) or are light industries with large labour forces.

The fast-growing industrial branches either accelerated (e.g. scientific
equipment, diverse chemicals) or declined only moderately (e.g. electrical

machinery, plastic products).

The slowdown in industrial growth in the second half of 1970's led
to changes in industrial policy. Through international economic
relations the changes in developed market economy countries unfavourably
effected industrial prospects for the developing countries. In 1960 the
developing countries' share of world manufacturing value added was
8.2 per cent, in 1970 the share was 0.8 per cent and in 1975 10.3 per cent.
The corresponding figure for 1980 according to prelimanary estimates was
10,9 per cent. That is a slow progress in recent years to>wards the Lima
target of at least 25 per cent of total world industrial production by
the year 2000.

Industrial progress in the developing countries has been modest a
in 1978-1980 mainly due to the gains recorded in Latin America. Manufacturing
in Asia enjoyed a period of rapid growth before 1978, a2t the end of the
1970's the pace apparently slackened. Many industries in the region are
export-oriented and among other things the spread of new protectionism
probably slowed their progress by the end of the decade. Africa's share
in world manufacturing value added has remained practically unchanged
throughout the entire period 1960-1930.

The industrial growth rate was very uneven in Latin America, varying
considerably from country to country. Such countries as Brazil and Mexico
influenced the growth rate and raised the average, while most countries
continued to experience more difficult conditions of extreme external

vulnerability.
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The position of the centrally plannéd economies in the world
industry has evolved along different lines. These counirics' share
of world manufacturing value added has steadily grown and today the
centrally planned economies account for 24 per cent of the world value
added while in 1960 the share was 14.0 per cent. The government
policies and measures taken in the 1970's particularly more efficient
usage of raw materials and energy, better resource allocation, more
efficient restructuring process and improved utilization of investment
funds have a long-term character. The pace of growth in the first
half of 1980's is expected to be lower than in the past, only later

the impact o2f various measures could be perceivable.

Capital goods sector as an essential part of the manufacturing
industries experienrad in general similar trends. Average annual
growth rates in metal and engineering products i1975-1978 were higher
for the world total as well as centrally planned economies and Asia
(excluding Israel and Japan), while developed market economies and
Latin America did have either lower or similar growth rates in
comparison with manufacturing industries. The rate of growth in the
capital goods industries in developing countries has declined relative
to earlier years and the share of these countries in the world production
by value added, ISIC 38 decreased between 1975-1978. As far as the
changes of structures between 1960 and :978 are concerned (table 2), in
centrally planned economies capital goods producing industries continued
to lead the manufacturing sector and increased their share in world
engineering production substantially, market economy developed countries'

share scaled down and developing countries' share raised only modestly.

The contribution of developing countries to the value added of
mechanical and electrical engineering industries is critically low with
high concemtration around few countries, contrary to the general

objective put forward at Lima.

Among the three developing regions, the eituation in Asian countries
improved in 1976-1978 compared to earlier years. For Latin America an
opposite situation can be observed in the same years, although preliminary
estimated for 1979-1980 suggest that the pace of growth may have resumed
in the line with overall industrial progress in this region. As far as
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#frican countries are concerned, production of capital goods is limited
to comparatively few countries and lags behind corresponding rates of

expans.on recorded for all developing countries.

Creation of capital goods production in developing countries has
brought direct competition with those of the industrialized countries
and to a certain extent influenced the growth of the engineering industries
in the market economy developed countries. It is around the capital goods
that the principal challenge of the new intermational division of labour

is located and that competition is becoming more intense.,
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2. Capital goods production and consumption

In 1970 (table 2) world prcduction of the mechanical and electrical
engineering industries was estimated (in added value) at $446 billion.
In 1976 it was about $703 billion (1975 value).

The market economy developed countries are responsible for more
than 65 per cent of the added value, the planned economy zountrizs for
more than 23 per cent. However,the contribution of the developing
countries is about 6 per cent, showing the considerable gap which
remained between the real situation of these countries and the general

objective put forward at Lima.

During the period 1960-1975 (table 2) there was a falling back
in the case of the market economy developed cauntries (71.4 per cent
of the world production in 1960, 65.5 per cent in 1970), whereas the
contribution of the planned economy countries increased considerably
(23.6 per cent in 1960 and 26.6 per cent in 1978). As far as the

developing countries were concerned their part increased slightly.

However these estimates remain very approximate and provisional,
but at all events the contribution of the developing countries is

very small.

Production appears to be highly concentrated around the major
producer countries, as can be seen from the production of machine tcols

which is significant of the level of production in capital goods alone -1-/

~ the four leading producer countries, Federal Republic of Germany,
USA, USSR and Japan, account for 60 per cent of the world production,

the 8 leading countries account for 78 rar cent of the world production,

- the 12 leading countries account for 89 per centof the world production.

As far as capital goods consumption is concerned, figures are
even more approximate than the previous ones, but they do indicate:

1/ Machine Tools Study, worked out by the Research Imstitute of Engineering
Technology and Economy, Prague. Czechoslovakia.
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- that the developing countries account for 9 per cent of the world
consumption, the remainder being divided between the market
economy developed countries and the planned ecencnv developed

countries;

— the rate of cover of the demand by domestic production in the
developing countries is of the order of 47 per cent. This value is

overestimated when only capital goods are considered;

-~ the market economy developed countries fully cover their
domestic demand by their domestic production, whereas the
planned economy developed countries nearly cover their

consumption by their production.

3. Trading in capital goods

- World exports of products in Class 7 (SITC code) accounted for
more than $370 billion in 1978 (table 3). These statistics on
international irading confirm the high level of dissymmetry

between groups of countries, as already cabserved for production:

- it is the market economy developed countries which are the
origin of more than 88 per cent of the exports, 7 countries
alone exporting nearly tree-quarters of this total (Federal
Republic of Cermany, USA, Japen, France, Italy, the United
Kingdom and Canada). As compared with this group of principal
exporters the planned economy countries occupy a modest
position and show a slight overall trading imbalance. As far
as the developing countries are concerned they only export
2.6 per cent of the world total but, Ly contrast, they
purchase 30 per cent of the import3, hence representing a
considerable buyer market for the producers in the developed

countries.

— over the period 1970-1978 (table 5) it can be seen that the
market economy developed countries generally maintained their
position in world exports, the planned economy developed
countries lost 2 points, and the developing countries gained
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2 points. As far as imports were concerned it was mainly over
the period 1970-197J that an acceleration of imports by the

developing countries can be seen.

- over the period 1970-197¢ it should be noted that, for the
market economy developed countries and the planned economy
developed countries, a large part of the trading takes place
within these groups. In the case of the market economy
developed countries 96 — 90 per cent of imports were within
the group, whilst for the planned economy developed countries
this part is smaller and had a tendency to fall over the
period to the profit of imports from the market economy

countries.

4. The situation of the developing countries
Production

There are 145 developing countries, including 50 countries and
territories with less than 1 million inhabitants: these represent only
about 5 percent of world production, or of the order of $40 million
in 1973, while in manufacturing value added 10.5 per cent. The
situation between the developing countries is highly contrasted, so

that it is possible to effect a double classification:

- a classification of the countries according tc their level of

entry into the capital goods industry,

- a classification by groups of countries as a function of

their economic characteristics.

Countries according to their level of entry and development in the

capital goods industr

Two indicators illustrate the situation:

a) Hmployment (table 6)
- employment in class 38: all metal converting industries

- employment in :lass 3862: non-electrical machines
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- employment in class 3b as compared with the whole of the

manufacturinge industry 1/.

This tnble is therefore a representation of the absolute and !

relative importance of the metal converting industry.
b) The value of production

— about 35 developing countries share in production of capital

goods was about 35 per cent of the total in 1977;

These two sets of information suggest the following observations:

a) About ten countries have a capital goods industry .

India, Br2zil, Argentina, Turkey, the Republic of Korea, Mexico,
Feypt, Hong Kong and Singapore, to which should be added, although
data is not available, the People's Republic of China.

b) About sixteen countries have an embryonic capital goods industry:

these are Iran, Algeria, Vemnezuela, Indonesia, Colombia, Peru,
Chile, Pakistan, Thailand, Philippines, Malaysia, Iraq, Jamaica,
Sri Lanka, the Ivory Coast and Uruguay.

c) Other countries may have a relatively large mechanical engineering

industry (manpower in class 38 as compared with manpower in the
manufacturing industries greater than 10 per cent even if, in
absolute value, this industry represemnts very little within the
developing countries taken together, The available data make it
possible to cite Zambia, Mauritius, Kenya, Nigeria, etc.

d) Whilst about thirty five countries have a capital goods industry,
either established or in embryo, the great majority of the countries
do not have a capital goods industry. These are 60 in mumber, or
110 if one takes into account the 50 countries and territories
with less than 1 million inhabitants.

1/ The threshold considered is 10 percent.
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Classification by group of countries as a function of their economic
characteristics

A typology of the developing countries has been established, making
it possible to distinguish five groups of countries 1/:

India and China.

14 countries having a major industrial base.

22 countries where an industrial base is being established.

31 countries producing combustible and non-combustible raw

materials, but without an industrial base.
- 62 essentially agricultural countries.

From the point of view of the capital goods industry, and more
precisely of all the metal converting industry (Class 38 and 7), it has
been possible to estimate for each group (excluding China), the production,
imports, exports and consumption in the following manner:

(table 7).

a) World production (excluding China) has been estimated at
$1,700 billion in 1977 g/, of which 4.1 per cent is from the
developing countries, or $70 billion. Imports (excluding Chinaz)
are of the order of $90 billion, exports of the order of
38 billion.

b) For each group of countries (excluding China) hypotheses have
been made on the basis of the known dasta for certain countries
on the rate of cover of domestic consumption by production
(P/C) and hence by imports (I/C).

(exports are neglected) Y .

_1/ These 5 groups cover 131 countries; 13 countries and territories are
classified under miscellaneous, represanting 117,000 inhabitants.

2/ Internal UNIDO/ICIS mote, October 1979. Analysis of the situation in
regard to capital goods. Data in table 7 do not correspond with tabie 2,

-3-/54-%-1




c) Imports of engineering products for 1977 (SITC class 7) are

then calculated for each group of countries 1/.
d) It is then possible to calculate both consumption and production.

The results are to Ye considered as orders of magnitude which .

however, significant.

- It is the countries which are producers of raw materials which
import the greatest part of the capital goods (35.8 per cent.)
This reflects the major role of the oil producing countries as
importers g/. Then follow the countries where the industrial base
is being established, then the semi-industrialized ccuntries. The
very small contribution of the essentially agricultural countries
should be noted.

- The consumption of engineering products by the essentially

agricultural countries is very low, being of the order of $12
per inhabitant, whereas the mean is $75. This shows the low
level of development of these countries. The same applies to
India which, unlike the essentially agricultural countries, has

its own capital goods industry.

-~ In regard to production, India and those countries which have an
industrial base produce of - = order of 70 percent of the capital
gnods for the developing countries. The essentially agricultural
countries, which account for 27 per cent of the population of the
Jeveloping countries (excluding China and India), produce only
of the order of 1 percent of the capital goods.

Trading
The results differ according to the sources (ECE, UNCTAD, GATY).

R <

Bulletin of statistics on world trade in engineering products -
1977 ECE -~ 1979. ‘

If we consider all the petroleum producing countries, certain of
which are classified other thar in the category in question, the
contribution of imports would be in the region of 45 to 50 percent
of all imports by the developing countries.
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The statistics of the Economic Commission for Rurope give the following
developments from 1970 to 1974,

- In regard to the desiination of the exvorts from the developing
countries,the market economy developed countries have an
increasingly important place, the planned economy countries
have a negligible part, and as far as trading between the

developing countries is concerned this is falling.

- In regard to the imports (table 5), 91 percent of the supplies
are from the market economy developed countries, the planned
economy countries representing 5 percent (a very considerable
fall in the position of this group as a supplier), whilst imports

from the developing countries themselves are increasing slightly.

Exports, of capital goods from developing countries whic' represent
according to the sources approximately 3 per cent of world exports,
come from at the most ten countries. In the case of these countries

two highly contrasted situation can be seen:

- the Republic of Korea, Hong Kong and Singapore are the three leading
exporters of engineering products. However of the products
exported more than 50 percent fall into Class 71 (electrical
machinery), in particular electronic components. More than
50 percent of the exports gc to the market economy developed
countries. As far as Korea is concerned one should, however,
note a rapid evolution in exports, in particular of mechanical
machines to the developing countries.

- Brazil, Argentina and India export mainly mechanical machines
(Class 71) and means of tranmsport (Class 73). Brazil in
pa.fticula.r is the leadirg exporter of mechanical machines, and
the level of its exports exceeds that of Yugoslavia, of Norway
and almost reaches that of Spain and Poland. _
These three countries export more than 50 to 60 percent to the
developing countries with, in the case of Brazil and Argentina, a
predominance towmards the countries in their own zone, whereas in
the case of India one finds trading with the countries of the
East and all the dovélom'.ng zones with the exception of latin America.
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B. Alternatives for the future

Introduction

It is known that the Lima objective (25 per cent) has never meant
75 per cent for any given sector. It is therefore necessary to ask:
What should the contribution of the manufacture of capital goods in the
developing countrie. be to the total world production in the year

2000 ?

On the basis of some simplifying hypotheses it is possible to give
orders of magnitude y, making it possible to direct subsequent studies.
1. Overall proiections

Projections on the basis of the UNIDO model g/

The UNIDO model is a computer model simulating world industry. It
is a normative model in regard to the future and simulative in regard to
the past (it “"reproduces" past relationships). It concen:rates on the
achievement of the Lima objective as a function of various hypotheses

in the industrialized countries.

Macro-economic assumptions have been established for rates of growth
of the GDP in;

The developing countries over the period 1970-2000 of:

3 per cent and 6.5 per cent.

The developed countries over the period 1970-2000 of:

4 per cent and 2.6 per cent.

Tables 8 and 9 give the macro-economic magnitudes for developing
cou.ntriesy. It can be seen that:

- production of mechanical and electrical machinery and instrumentation

will increase at a rate of either 9.8 per cent or 11.2 per cent.

1/ See study Cavital Goods Industry (Preliminary Study) UNIDO/ICIS/SEC
15 April 1978.

World Industry Co-operation Model.

Production data in tables 8,9,16 and 17 do not correspond with information
contained in the table 2 due to methodicai differences.

@ w
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— consumption will increase at a rate of either 10.5 per cent or

9 per cent.

~ local production in the year 2000 will cover 52 per cent of the
consumption as against 44 per cent in 1977.

The Interfuturs scemario and the capital goods sector

Here we are setting out only the principal results. The essential

points of the method are as follows:

a) Six scenarios have been studied and are set out in a diagrammatic

manner in Table 10C.

b) The world has been broken down into twelve regions (table 11).
In particular the data concerning trading are related to trading
between regions, it being understood that intra-regional trading

(for example intra-EEC trading) is not taken into account.

c) In the sectoral breakdown capital goods comprise Section 7

(SITC) excluding personal wehicles.

d) Finally the results for the year 2000 for the capital goods

sector are only given for two scenarios:
A : Seenario of high growth,
B2: Scenario of moderate convergent growth.

The interest of these scenarios is that they take into account
China and trading between the three principal groups of actors:

-~ Market economy developed countries: A

- Centrally planned developed countries: Fasterm Europe and
China : B

-~ Developing countries : C

The principal results are set out below:
- Production (table 11) Y

1/ The base figures for the year 1970 do not correspond with the
United Nations figures.
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- In scenario A world industrial growth is 5 per cent, Oor 4 per cent
for the OECD countries, 5.4 per cent for Eastern Europe,
T.4 per cent for China and 7.6 per cent for the developing
countries. Growth in the capital goods sector is 4.6 per cent
for the OECD countries, 6.4.per cent for Eastern Burope,
8.1 par cent for China and 9.0 per cent for the Third World.

- In scenario B2 growth is lower for all the groups of countries.

= In the year 2000 it can be seen thet, according to the
scenarios, the contribution of the developing countries to
the world industrial added value will be of the order of 16 to
17 per cent or 24 to 25 per cent if one includes China. For
the capital goods sector the contribution will be 12 per cent,
or from 16 to 18 per cent if China is included.

- Trading (table 12).

It must be recalled that intra~sub-regional trading is not
taken into account, and this is the reason why trading in region B is
very small, since it only represents trading between China and the
Eastern Ruropean countries.

a) The mnarket economy developed countries will see their
contribution to world trading in capital goods reduced,
mainly due to a slowing down in trading between themselves
(53.2 per cent of the world trading in 1970, 41.9 per cent
and 37 per cent, according to the scenarios, in the year
2000). However this slowing down is compensated for by an
increase in trading with the developing countries and the
centrally plamned countries.

b) The centrally planned developed countries will see their
contribution to world trading increase (9.4 per cent to
11.5 per cent of exports and 11.5 per cent to 12 per cent of
:mports). This is due to an increase in trading with the
market economy developed countries and the developing
countries, whereas the contribution of trading between China
and the Eastern Puropean countries is reduced (table 14).
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c) As far as the developing countries are concerned the
development of a capital goods industry is accompanied
by:

- a very considerable increase in intra-regional irading:
3.8 per cent and 2.7 per cent of world trading, according
to the scenarios, instead of 0.4 per cent in 1970
(table 12).

- trading with the centrally planned develcped countries
will be proportionately more important than in 1970.

These three characteristics are effectively contrary to the
development seen between 1970 and 1977. This means that the actions
of the actors could be modified as a function of the development of
capital goods industry in the developing countries. It can already be
seen that external trading in Brazil, India and Argentina is more in
accordance with the trends which emerge from the scenarios. The same
will undoubtedly be the eventual position for Republic of Korea which,
although its trading is highly orientated towards the OECD countries,
is begimning to export machinery and equipment to the developing

countries.

Finally it must be observed that, even if the developing countries
enter the capital goods industry to a very considerable extent and
reinforce trading between themselves and the centrally planned oountries,
they will for a long time remain net importers of capital goods, even if
their level of cover with the other regions improves slightly. (It will
only be 10 per cent with ORCD countries). They will therefore import,
in the year 2000, 75 to 80 per cent of their nceds from the market
economy developed countries (table 15).

In the two models which have been described (UNIDO, Interfuturs),
the objective of 25 per cent (which has never meant.25 per cent for any
specific sector) is not achieved for the production of capital goods.
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It may be assumed that, in the year 2000, a proportion of the
capital goods produced in the developing countries of the order of
12 to 15 per cent (excluding China) (subject to the possibility of ’
realization) will be coherent with the overall objective. However
the amplitude of the changes to be effected is extremely challenging -
and involves many actions at national, regional and international

levels as well as ongoing consideration and study in this field.

?. Projections by groups of countries

This is essentially an exercise of the arithmetical type oy
which the coherence of the final image may be verified. The"two

nonstructions"” ! have been produced in the following manners:

a) A base year 1977, for which the production g/and consumpt ion

for all the developing countries and also by groups of countries

has been estimated.

b) Hypothesis 2 of the UNIDO model has been considered, that is

to say, for all the developing countries:

*nnual rate of growth of production: 9.8 per cent.
Annual rate of growth of demand: 9.0 per cent.
This makes it possible to calculate, for the year 2000, the
overall values of production and consumption in terms of 1977
Dollars,

c) Two alternatives have been considered.
Under the first alternative:

- India, and the countries with a major industrial base, will
experience greater growth of demand which is near the mean
(8.9 per cent),s0 that the rate of satisfaction of the domestic
demand by domestic production will increase slightly. .

1/ China is excluded from this exercise because of the lack of data.

2/ Production data do not correspond with the information in table 2.




- By contrast it is the countries with an industrial base in
the course of establishment which will experience a major
. ircrease in demand (9.3 per cent) and in production (11.5 per cent),

so as to increase the level of national cover.

c - However the agricultural countries will not improve their
position, since the rates of increase in demand and production
will be less than the mean.

Under the second alternative:

— It is then mainly the poorest countries with an agricultural
base which will, in the long term, experience a major rate
of increase in demand (11 per cent) and production (15.6 per cent),
80 that the level of covering national demand with national

production will increase from 0.08 to 0.20 (i.e. to 20 per cent).

- Countrier with an industrial base in the course of establishment
will also experience a considerable increase in demand
(9.5 per cent) (though this is lower than in the previous case)
and production (11.4 per cent).

- Countries producing raw materials will experience a rate of

growth of the demand equal to the mean (9 per cent) and a rate
of growth of the production which is greater than the mean

(11.2 per cent).

- Countries with a major industrial base and India have, on the
contrary, a rate of growth of demand and production which is
lower than the mean.

The"year 2000 image" for these two alternatives (tables 16 and 17)

Alternative 1

b - It is those countries with an industrial base in course of
establishment which improve their position most. They
represent 27 per cent of the demand of the developing countries
and 22 per cent of the production (as against 23 per cent and
15,5 per cent respectively in 1977) and the level of covering
national demand with national production (national cover) will
increase from 0,30 to 0.43,
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- Countries with a major industrial base, such as India, see
their situation more or less unchanged, whilst improving
their level of national cover (P/C), since they have become

important exporters.

— The most backward countries in regard to development (countries
with an agricultural base) will see their situation unchanged

or possible even make worse over the period.

Alternative 2

~ The most backward countries will see their situation improve.
However it should be observed that, even with high rates of
growth, countries with an agricultural base will still
represent only 3 per cent of the production of capital goods in
the developing countries, 7.0 per cent of the consumption and
will have a level of national cover which will not exceed 0.20
on average in the year 2000; countries with an agricultural
base have 28 per cent of the population of developing countries.

~ Countries with an industrial base in course of establishment

will achieve the same score as in the previous case.

~ India, and countries with a major industrial base, will see
their contribution slightly reduced in the whole of the

developing countries.

Some conclusions to be drawn from this "exercise’

Consideration should be given to the poorest countries (essentially

agricultural countriee and countries producing raw materials):
In erffect,

a) On alternative 2 high rates of increase in the demand
(respectively 11 and 9 per cent) have been comsidered.
Hewever one finds coefficients of demand elasticity for
equipment goods in relation to the Gross Natiomal Product
and the manufacturing industry which, in the UNIDO model,
are respectively 1.38 and 1.097.




b) Under alternative 2 it has also been considered that rates
of growth of production were high over the whole of the
. period (23 years): 19.6 per cent for the countries with
an agricultural base, 11.2 per cent in the countries
. producing raw materials. This indicates that the results

to be achieved:

- do not only concern the satisfaction of essential needs

in regard to dwellings, health, food, rural water

supplies, etc.,

- but also essential needs in regard to the mastery of

techniques.
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Conclusions

The position of the developing countries in the productior and world
trading of engineering products, and more specifically capital goods, is
very weak.

Acknowledgement by the international community of the need to enter
into, create and develop a capital goods industry in the developing

countries is the principal question to be discussed. At the same time

the discussion should concentrate on the role, type of products to be
manufactured and a techmology to be applied in capital goods development
in the small and medium-size developing countries. Needs of these
countries are considerable and production of capital goods has been
concentrated only in a few developing countries while the majority of
them are without the production of capital goods. There are s2veral
important factors associated with this sector such as limited size of
local markets, lack of technical education, specific training requirements,
research and development capabilities, engineering infrastructure which
need to be overcome while setting up capital goods industries. Out of
several possible ways how to meet these limitations some could be

mentioned:

- by operating outside the world economic wystem dominated by
developed market economy ccuntries and develop local production
of machinery and equipment appropriate to the specific conditions
together with necessary engineering infrastructure, training,
education and research at the national, sub-regional and/or
regional levels;

- by developing production capazities for capital goods on the
basis of investment goods imports when the size of local/regional
markets makes this possible;

- by negotiating government to government, government to companies,
companies to companies agreements and contracts establishing
production co-operation (joint ventures,sub-contracting, etc.)
with developed countries or more developed developing countries.




In fact the absence of a capital goods industry is undoubtedly
one of the most significant signs of underdevelopment.

The new economic order to be created cannot be based on a
prolongation of the present international division of labour. There

are numerous reasons for this.

- Without a capital goods industry the developing countries,
even if they achieve the rate of industrial growth corresponding to
the objectives of the Lima declaration and plan of action cannot
energe from dependence. This will in fact even ba accentuated by
industrialization. Their industrial fabric will depend
exclusively on the industrial and techmological centres of the
industrialized countries. Interral integration of the industries,

and even sub-regional integration, will be almost impossible.
The problem is therefore a political one.

— The capital goods industry, by its direct action and the
indirect measures necessary for its implementation, is a driving
force in development. It creates the conditions not only for
operating the industrial system but also for the self-reproduction
of this system.

In other words the establishment of a capital goods industry is one
of the essential conditions for avoiding pseudo-transfers of technology -
that is to say their use without their assimilation. Because it implies
the mastery of a wide range of technologies the capital goods industry,
and the engineering infrastructure which is associated with it, makes it
possible to move away from the path of purely copying transfer and opens
up the route to the creation of local imnovatory capabilities. The
essential condition for the realization of "appropriate technologies" is
the establishment of an embryonic capital goods industry and a2 research,
engineering and development capability. Labour-intensive technologies
incorporating less fixed capital are not generally produced in the
industrialized countries - and there is little chance that they are
likely to be in the next decade. This task can therefore only be
assumed by the capital goods industries in the developing countries
themselves.
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- The capital goods industries, taken overall, have the
characteristics of being relatively inexpensive in fixed
capital investment per job created, particularly if ’
appropriate, labour-intensive technologies are going to
be chosen. From this paint of view they are not as -
"heavy" as other industries such as iron and steel. Their
establishment and development will therefore contribute
substantially to the fight against unemployment and under-
employment in the developing countries.

They are, Lowever, industries which require highly skilled labour.
Increasing the skill of the labour force could be in itself an objective,
since its realization would contribute towards reducing the inequalities

which exist between the industrializea countries and the developing

countries. The availability of skilled labour requires not only
specific training activities but an adequate educational level. Basic
training is the "entrance card" into the activity of the capital goods
industry. This implies, as a consequence, directing the educational

system in the developing countries.

Realization of the Lima objectives means a major increase in
manufacturing production and consumption and a discontinuity with the
rates observed in the past. From this will follow a proportionately
greater demand for capital goods. If this demand can only be satisfied
by importing it will result in deficits in the trading balance and the
balance of payments, and these will umdoubtedly prove unmanageable. At the
same time this would result in a major modification in the structure of

international trade and industrial production. It is therefore necessary

that part of the production of the equipment should be carried out -
locally.
Capital goods sector is a complex of many industrial sub-sectors. .

A strategy to develop these industries in developing countries should be
worked out having in mind not only classification of countries but at the
same time typology of capital goods as a tool to elaborate alternative
entries and creation of these industries in respective countries. Omly
a few developing countries have capital goods industries, about 25
countries have been developing these industries, for the majority of them
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whick do not have engineering industries there is a need to search for
specific and realistic policies for the entry and production of capital
goods. In order to assist this process the second part has teen devoted
to selected sub-sectors, their characteristics, present problems and

prospects particularly in relation to capital goods development in small
and medium-size developing countries.
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Part two: Capital goods development in selected sub—sectors.

Introduction

A typology of industrial production based on a breakdown into the three »
main sectors of productive system (capital goods, intermediate goods and
consumer goods) makes it possible to analyse the process of accumulation,
li.king capital goods sector with various other sectors of the productive
system in a country and furthermore to analyse the international division of
labour in the capital goods industry. Although certain developing countries
already have a capital goods industry, and others have begun its development,
industrialized market economy countries seek to retain mastery of the capital

goods sector and control the international division of labour.

The capital goods sector crvers the production of machines and equipment
and it is advisable to distinguish between:

-~ Capital goods for the production of capital goods; this means
primarily machine tools and automation. This sub-sector

constitutes the core of accumlation.

- Capi%al giods for the intermediate goods sector (for mining,

iron and steel, petrochemicals, fertilizers, etc.).

- Capital goods for the consumer goods sector (for agriculture,
food processing, textiles, leather, wood manufacture, durable
cons'.mer goods and other sub-sectors).

- Capital goods which are common to all sectors, inasfar as they
do not have any specific end-use (e.g. electric motors,
transmissicn shafts, clutches, gears, pumps, boilers, containers,

tanks, vslves, wire cables).

Technical manufacturing processes and complexity of capital gooda are -
very important aspects one must not underestimate. They comstitute one of
the barriers to entry into production. It is important to analyse various .

components as dosign, research, plamning, development, quality comtrol,
marketing and engineering in detail so as to be able to establish plans of
action concerning the mastery of technologies, the transfer of technologies,
the training of labour, etc. As far as manufacturing processes are concermed
they are less numerous than the products and furthermore are to some extent
multipurpose. In this commection there is a need of classifying and regroup-

ing the products according to the manufacturing processes which are necessary
for their production(for more detailed information cf. part three of this paper).




A. CAPITAL GOODS FOR THE PRODUCTION OF CAPITAL GOODS

A.1. MACHINE TOOl.Sy

The importance of the machine tools industry, which is an outstanding
example of a producer of capital goods, is measured not so much in terms of
its contribution to the income of a countryg/ than of the direct and preponder-
ant influence it excercises on the productivity and competitiveness of the
vast industrial sector to which it supplies the major part of th2 means of
production (almost a third of the investments of engineering and electrical

industries is devoted to purchases of machine tools).

Drawing on the most advance techniques, requiring both investment
and broad industrial know-how, the machine tools industry plays a strategic
economic role, so much so that most of the major industrialized countries

devote considerable effort to promoting its development.

The term'machine tools' includes a very wide range of machines manufactured
by the engineering industry and functioning as capital goods in various sectors
capable of working on the most varied material using different techniques. In
what follows, we shail restrict ourzelves to the concept of machine tool for
metal work, which ..s defined as "a machine driven by an external power sources,
non~-portable when operating, which machine-finishes by cutting away or
shapping, by physical-chemical processes, or by a combination of these
techniques".

1/ This part was prepared using contributions of Comsultants, particularly
the Study worked out by the Research Institute of Engineering
Technology and Economy, Prague, Czochoslovakia.

2/ The machine toois industry, which employs 6C0 000-700 000 persons
throughiout the world, plays only a very modest role in the world
econozy (in the OECD countries it accounts for only 1.2% of the
total production of ergineering and electrical industries). In
France it employs about 27 000 persons, in the Federa) Republic
of Germany about 110 000,
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1. The world situation
Taree important characteristics should be noted:
The strong concentration of producer countries;
Strong trade flows reflecting a certain international specialization; -

The growing role of some developing countries.

1.1. Strong concertration of producer countries.

In 1979 production sas estimated at $22862 millionV which is 1 3.8%
more than in 1976. The publication "American Machinist"lists 33 producer
countries, but the first four producers (Japan, Pederal Republic of
Germany, USSR and the United States) account for 60% of world production,
the first eight for 76%,and the first 12 for 89%.

The developing countries, including China, ensure approximately 5-6%
of world production (2.2% of which is provided by China), the countries of
Eastern Burope 24%, and the OECD countries 70%.

Since 1965 the production of the nine leading producer countriesg/ has

been characterized by:

The growing importance of producers such as Japan and to a certain extent

Italy and the Federal Republic of Germany;
The relative decline of France and the United Kingdom;
And the growing importance of the United States after 1971,

The four leading producer countries are also the four leading consumers

of machine tools and account for 53.7% of world consumption.

The group of countries listed by "American Machinist" account for 92% .

of world consumption of machine tools. With regard to world consumption,

the following estimates may therefore be made for large groups of countries :

1/ Or approximately 1-1.5% of world production of capital goods es“imated at
$1700 billion in 1976.

g/ This refers to production estimated in dollars. The growth is probably
highly overestimated owing to monetary fiuctuations, especially in the
Federal Republic of Germany.
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- OBECD countries: 62%
- Socialist countries of Eastern Burope: 29%

- Developing countries: 9%, 2.6% of which is accounted for by Chinal/.

1.2. Strong trade flow reflecting a certain intermational specialization

together with continued weakness in the intermationalization of production

Exports represent 41% of world production, a large figure which shows
a strong specialization and trade flow. The Federal Reputlic of Germany
remains the leading exporting country, with 21.4% of world exports
(30 in 1570), followed by Japan (12.3%), Switzerland (8.6%) and the
German Democratic Republic (8.6%). These four leading countries account
for 51% of world exports, although two of them are not among the four
leading producers: those two countries are Switzerland and the German
Democratic Republic, which are highly specialized in this sector.

What is remarkable is that almost all countries are either heavy
exporters or heavy importers, and this is a sign of specialization at

world level. However, there are differences.

Japan depends least on imports (7.3% of its domestic consumption),
but exports heavily (40.4% of its production).

The domestic markets of Brazil, China, Federal Republic of Germany,
Italy, the United States and the USSR are not too heavily dependent on
imports (less than 30% of their domestic consumption). Brazil and China
export very little.

In all other countries about 50% or more of domestic consumption is
covered by imports, and a very substantial share of production is
exported (up to B0-90% for Austria, the Netherlands, Poland, Romania,
Sweden and Switzerland).

This international specialization is undoubtedly -ironger than the
internationalization of production. However, increasing number of
agresmenents between countries and firms and growing investments in
third countries may t2 observed. This is borne out by the following
examples:

1/ Brazil is the elevemth biggest consumer of mechine tools, China the tenth
and the Republic of Korea the sixteenth.
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- Overlapping investments or takeovers among OECD countries;

— Co-~operation agreements between OECD countries and countries

of kastern Burope.

- Direct investments by industrialized countries in, and

agreements with, certain developing countries,

- Agreement between Nigeria,Czechoslovakia and India for the

construction of a machine tools factory.

— Numerous agreements and investments by the Federal Republic

of Germany,
- Agreements between Czechoslovakia, India and the USSRl/

- Agreements by United States firme with, and investments in,
firms in China manufacturing numerical control machine tools for
export to Burope and Southeast Asiag/

- Agreements between General Electric (United States) and Digiconé/

(Brazil) for numerical control production.

1.3. The vast majority of developing countries has not yet built this industry

but there is a growing role of certain countries.

The share of developing countries in world production is still very
small (3-4%, 5-6% including China). But certain countries already have an

impressive level of production and have been surveyed.
There are two different approaches we may observe in developing countries

- building up of a production base for domestic demands and meeting
part of the domestic demands by import /30 - 40% in Brazil, India/

- export of considerable part of domestic production /901/ and
meeting domestic demands /80 - 100%/ by importing from developed
industrial countries /Republic of Korea, Singapore/.

1/ American Machinist, March 1979.
2/ American Machinist, April 1979.

3/ A company in which Embranec (Brazil), Olivetti (Italy)and Farrand (United
Kingdom) own shares.
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The above mentioned countries with their own production of machine
tools have developed production co-operation not only within their
countries but also with industrially developed countries, the former
partners in the transfer of technology, which today supply them with

some special components ar groups of assembled elements.

Brazil is the world's fifteenth largest producer,with production worth
$250million. Its first machine tools were built in 1930. According to the
IPEA, in 1971 16% of the domestic market was supplied by Brazilian-made
machines, 26% by mixed technologies and 58% by imported machinesl/. At
present only 29% of the domestic market is supplied by imports.

India is the world's twenty second largest producer and has a Central
Machine tools Research Institute which began work in 1962 with the
co-operation of Czechoslovakia. The biggest enterprise is Hindustan
Machine Tools, which was established in 1949 with the co-operation of
Oerlinkon (Suitzerland), and which includes nine units working under 30

manufacturing licences.

Next come, the Republic of Korea, Argentina, Mexico, and Singapore.
Other countries such as Algeria, Colombia and Nigeria, are establishing
a machine tools industry. Conditions for the development of machine tools
industry have been created by both the import of necessary machines and
equipment and mastering the fundamental technologies. Many of these
countries already produce, either under licences or transfer of Kknow-how,
machine tools of complexity grades simple to more complex /Algeria, Iran,
Venezuela/.

We include in the same rank some countries producing fuel or raw
materials with low industrial base which meet only 15 - 20 % of their
demand /Iraq, Morocco, Tunisia, Nigeria/. Though none of these
countries can build more extensive machine tool industry, they can be

included among the possible future manufacturers of simple to slightly

1/ La machine moderne, January-February 1976.
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complex machines to meet a part of their demand/ mainly maintenarce
shops in agriculture and mining industry/. In connection with this,
an integration may play an important role.

Agricultural developing countries have the worst conditions for the
building up of their own machine tool industry. Machine tools demand
is low and required only for maintenance of agricultural machines and
tools. It may be expected that capital goods production will be developed
within integration blocks and especially for the agriculture. In this
case we may expect that the agricultural demand/tractors, tools/ will
result in a concetrated production of these goods and subsequently in the
development of production capacities, of material bases, recearch and
testing centres and, eventually, in a transition to the production of

simple machine tools.

2. Developing countries imports
The import of machines by developing countries is practically totally
covered by industrial nations. The volume of import has an increasing
trend and characterizes the needs to build up an industrial base in the
developing countries, Currently one third of the world production of
machine tools is exported to the developing countries and despite the
decrease in import in 1978 it can be expected that this volume will remain
stabilized or will increase slightly in the future.
Imports of machine tools in 1969 - 1978 in %
1969 1970 1971 1972 1973 1974 1975 19756 19771 1978
Developed -
Developing * »
countries 19.1 16.5 18.7 23.0 22.4 23.9 27.4 34.0 37.3*% 31.4
Africa 1.6 1.9 1.8 2.7 3.5 3.0 3.2 3.3 4.2% .
Latin America 10.5 8.7 10.5 12.2 11.1 12,3 14.2 16.7 . .
ABia 700 5.9 6.4 8.1 708 8.6 10.0 14.0‘ 16.8‘ 1504’
*Estimated

Source: 1978 Yearbook of International Trade Statistics
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An interesting view is offered also by a survey of the division of
machine tool imports in 1978 according to the typology of the developing

countries:
14 nations having an important industrial base ec.....63.3%
22 nations in establishing an industrial base ccc.....20.7%
21 nations producing fuel and non-fuel raw materials..12.7%
34 predominantly agricultural nations ceccececcecec::0a 3.3%

Source: Bulletin of Statistics of World Trade in Engineering
Products - 1978, UN 1980.

The first group accounts for two—thirds of total imports and keeps
strengthening its position by a considerable import of machine tools from
abroad. In many cases the machines are of high technical level which
help to increase the immovation cycle of machine tools or are re-exported

after adjustments.

The second group accounts for one fifth of total imports while the

last two groupe together account for only about one sixth.
In conclus.on it should be stated that:

~ the share of the developing countries in world machine tool
production is unbearably low and most of their demands are met

by imports

- a marked "elite" of machine tool producing countries has appeared
among the developing countries and the gap between the two groups
is increasing

- the sha~. of world exports to developing countries implies
practically total dependance on the imports from developed
countries; developing countries are thus unable to build up
their own industrial base which would meet their vital demands.

- in most of these countries /with the exception of the 14 with
an important industrial base/ conditions for the transfer of
technology are either absent or exceptionally presemt as
regards both the human factor / insufficient education, manual
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skills, management abilities, etc./and the comstruction of at

least of an initial industrial base for industrial production.

- the vast majority of small and medium size developing countries
have not the possibilities of developing tool industry. In this
respect suitable conditions are nonexistent with the exception of
the integration blocks like ASEAN, ALLC /Argemtina, Bolivia,
Brazil, Ecuador, Colombia, Mexico, Paraguay, Peru, Uruguay,
Venezuela/ or the Andean Pact.

These conditions are practically absent in the developing countries
of the African continent wi:h the exception of North African

nations /Algeria, Tunisia, Morocco/.

3. Future prospects
3.1. Technological innovations: the growing role of electromics

Broadly speaking, the purely mechanical phase of machine tool production
is over. Contributions from other disciplines, such as chemistry, electro-
chemistry, laser physics, powder metallurgy (cutting tools) and electromics,
are becoming increasingly important.

Numerical control has developed along the following lines:
-~ Conventional numerical control: 1952
- Computer numerical control (CRC): 1971-1973

- Industrial robots,direct numerical comntrol (INC), Flexible
manufacturing system (FMS)and the automated worshop: 1976-1978.

The industrial production of numerical control machine tools (NCMT)
began in 1952 in the United States.

In recent years there has been a definite acceleration of technical
progress in the field of machine tools, thanks mainly to the widespread
introduction of electronics, which gave rise to INC and industrial robots,
thus opening up the prospects of "workshope without uorkern"l/ . However, an

1/ Japan is beginmning to market robot workers and to operate an experimental
workshop without personnel. Le Monde, 18 November 1979.
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age =nalysis of machine tools in various countries shows that there is

still a substantial number of machines over 20 years old.

The United States is the country with the largest number of NCMT, the
largest number of machinos over 20 years old (34%), and the smallest
. number of machines less than ten years old (31%). On the other hand, Japan
has the largest mumber of young machines, 60% of the total number being
less than 10 years old.

This means that except for Japan, accelerated taechmical progress does
not radically change the total number of -chineay . However, account must
be taken of forecasts made in the United States (Delphi forecast of
manufacturing technology),which predict the following development by about
1990:

(a) Of the total number of machine tools, 50% will be no longer used
alone, but incorporated in a system of machines (flexible manufac-
turing system) controlled by a central computer with automatic
handling systems among machines;

(b) NCMT production will account for 50% of machine tool production

value;

(c) Finishing centres will replace 50% of the total number of

conventional machines.

3.2. Prospects for developing countries.
We may expect in the next 20 years:

- a more marked transition to the production of complex machine
tools with a considerable increase of volume aiming at meeting
. 30 - 50% of their domectic demands and at decreasing current
imports
- a greater concentration of production of these machines into

larger organic units with the comstruction of foundries and the

y If the age of the stock was determined according to value and not total
numbers, the results would be very different and would undoubtedly show
much greater equipment renewmal.
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introduction of come elements which are necessary for completing
the machines /electric motors, hydraulic components, stc./

the formation of experimental and research ceatres which would
be able to take over progressive techmologies /kmow-how/and to
secure a high quality of the products which so far do not
correspond to the world standards

the establishment of engineering offices attached to the
different plants which will be capable of transfering obtained
experiences and information to the new products and
simultaneously introduce the required standards

establishment of the necessary service and services for the
convenience of customers at the production plants

increased efforts to master yet other production processes which,
up to now, were not essential for the productiom of simple to
slightly complex machines

a higher degree of concentration of production of the different
types of machine tools within the regional and sub-regional
integration groups and within their framework the establishment

of research and construction centres

production specialization of the different elements and groups
of elements of the machine tools in the different countries within

the framework of integration efforts

increased need for technicians and direct workers with a higher
grade of specialized education.

to be taken in developed and developing countries

The main functions of the State should be the creation of a basis for

machine tool industry development inc. assimilation and financing of the

imported

technology and of exports of products,State organs in developing

countries should then take into oonsideration:

- the structure and size of production
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-~ standardiszation of products and of their parts and spare parts,
- providing credits,
- the provision of tax alleviation,

. - the planning of tecinical develomment,

= the establisiment of centraliy controlled research and
development institutes,

= the creation of conditioms for further development of rew
production capacities,

= the planming of the number and structure of students, expanding
educational imstitutioms and technical iraining facilities.

Those countries which intend to manufacture mechine tools it would
be useful to establish -~ in order to reach a rational strategy and a
uniform approach to the development of these machinesr, - weys and
means for goverments to negotiate and formulate contracts with
suppliers of technology.

In order to increase tie effectiveness of co-operation between
developed and developing countries in this field,the comsultation,
co-ordination and educational centres for the introduction and development
of machine tool production should be established in developed countries.
Some socialist countries of Emstern Burope e.g. Czechoslovakia intend to
create such centres.

Attached to the governments of the developing countries institutions
should be established which would organize contacts with these centres
and in co-operation with them would help to create necessary conditions

* for entries and development of machine tool industry.
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A.2. Capital Goods for Construction and Public Horksy
1. Global situation

Manufacturing activity of this type has been frequently combined with
the production of agricultural, mining and other equipment. Heavier
equipment for excavation and earth-moving is manufactured by small group
of developed countries. Production is more evenliy distributed in the case
of light machinery and cranes in such as Italy, Spain, Brazil, Mexico and
others. Value of world production of construction and public works
machinery(in millions of dollars) is set out here:

Classification according to main uses Value: s
1. Barth-moving and excavation equipment 12 060 52,8
2. Special transport equipment 3 350 14,7
3. Soil compacting machinery 300 1,3
4. Road construction and equipment for the preparation
of filler material 1150 5,0
5. Cranes 2 280 10,0
6. Other equipment and components 3 700 16,2
Total $22 850 100,0

Source: International Construction
Techniberia study

Three observations are necessary in this connection:

(a) The statistics do mot include production in the countries of
Eastern Europe;

(b) The statistics do not take into account more conventional and
less complex material (small compressors,concrete aixers,

small cranes etc.);

(¢) Earth-moving machines (earthwork machinery, excavators etc.)
account for more than half of world production (excluding the
countries of Eastern Burope).

y Study prepared by the Techniberia Company, Spain.
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All construction machinery can be dealt with subsequently according
to their level of complexity. Three groups may be distinguished. The
first group accounts for 80% of world production and is characterized
by considerable size, weight and power, high technical complexity, and a
unit value exceeding $10000. It mainly includes excavators and earth-
moving machines, machinery for underground work, heavy machinery for
preparing aggregates and manufacturing concrete, mobile and tower revolving
cranes, and machines for port and marine works.

The second group, which accounts for 8-9% of world productiom, includes
machines with a unit price of $1500 to $10000, such as small concrete
batching and mixing plants and road machinery.

The third group, which accounts for 7-8% of world production, includes
simple machinery produced on a semi-industrial basis.

The role of countries (excluding the countries of Eastern Europe)
Domination of the United States

The United States conmtrols 45% of world production, and over 80% of
world szles if foreign branches of United States firms are taken into
account. The Caterpillar (United States) firm alone accounts for 30% of
world sales. The sector is highly concentrated, since the ten leading
firms account for 85% of total turnover, 87% of exports and 87.5% of
research expenditure. A total of 176000 persons are employed. North
American production is concentrated in machinery with very high unit
values., Exports represent 30% of turnover. The main export markets are
Canada (23.1%),the EEC (17.2%) and especially Belgium (6.3%), Latin
America (26,5%), the Middle Eact (9.8%) and Asia (excluding Ja,an)
(13.9%). Exports to Canada and Belgium are strongly linked to the
presence of firm branches in those countries.

Imports are very limited and account for 4% of domestic consumption.
The Japanese breakthrough and its strong degree of autonomy.

Japanese production accounts for 14.6% of world production. It
increased by a factor of 900 between 1949 and 1978, rising from a value
of 1 billion yen in 1949 to 900 billion yen in 1978.
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The capital of the great majority of firms is Japanese, and there are
many licencing agreements with United States and Buropean firms. The
first Japanese enterprise Komatsu which is the world's second largest
enterprise, covers 60% of the Japanese market. The second is a mixed
enterprise (50%, 50%) composed of Mitsubishi and Caterpillar.

Domestic production covers 96% of the domestic market, while exports
represented 30% of production in 1977.

For 1977 the leading customer was the United States, followed by
Saudi Arabia. Develeping countries accounted for 60% of export destimatioms.

Importance of European countries.

The Buropean countries account for 33.1% of world production. Pirst
place goes to the Pederal Republic of Germany (12.2%), then come tae
United Kingdom (10.3%), Prance (6.8%), and Italy (3%).

Burope is relatively specialized in hydraulic shovels (49.5% of world
production) and revolving cranes (35.1% of world productiom).

Buropean countries have very "wide open™ industries, which implies
high export and import rates (unlike Japan and the United States). The
strong international element in foreign trade is also a consequence of the
pressnce of branches of foreign firms and the specialisation of these
branches in certain types of equipment.

Very weak production in developing couniries, which are a major market

Production statistics in developing countries are practically non-
existent, It may be stated that heavy material is produced in the
following countries: Argentina, Brazil, India, Mexico and the Republic
of Korea. Algeria is establishing an industrial complex for public works
equipment. However, other developing countries produce less sophisticated
equipment such as concrete mixers, cranes and small equipment for
preparing aggregates, which are not recorded in the natiomnal accounts
(cf. the problem of simple agricultural equipment). But the market is
very important and in 1977 developing countries accounted for 42.6% of
world imports, although they took omly 30% of world imports of engineering
goods (class 7).
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Internationalisation

The most typical case is the Caterpillar firm, which, with its branches,
acoounts for 35-40% of world production. It has five production units in
the United States, 11 abroad, and two branches (50%, 50%) in Japan and
India.

Howsver, internationaliszation of the production process is not the same
as in other sectors such as automobile mamufacture and electronics. In
these sectors it is possidble to delocalise "segments™ of productiom in
order to specialise units in sub-easemblies with large productiom series.

In the industry of public works machinery, series are short and the unit
value of equipment is very high. This means, and the example of Caterpillar
is significant in this respect, that the level of integration in each
enterprise is high, with specialization in some products.

World trade is marked by two phenomena

- The importance of the market of developing countries

- Intra-OKCD trade closely associated with the presence of large
firms and their branches.

In 1977 the exporting ocountries were, by order of importance, the
following (export values given in 8106) (Source: ECE):

United States 2523
Pederal Republic of Germany 1082
United Kingdom 199
Prance 652
USSR 610
Japan 575

Developing countries are a vsry importaat market for the industrialized
ocountries

Developing countries receive 42.6% of the exports of developed countries.
Howsver, the oil-producing countries have become the main importers. Thus
Algeria, Irak, Iran, the Libyan Arab Jamshiriya, Mexico, Nigeria,
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Saudi Arabia and Vemesuela account for 40% of the imports of developing
countries, or $1.377 billion, which represents more than the total
exports of the Federal Republic of Germany and 55% of the total exports
of the United States.

Technological tremnds
Declining life span of machinery

Two trends are noticeable: decline in the life span of machines from
20-25 years in the mid-1960s to 8-12 years in the mid-1970s, a longer
period of emtry into service, and a shorter of period of decline. Ia the
mid-19608 it was still possible to extend the life span because teclmological
changes were not very important and markets not very competitive. This
extension was ensured by periodic rehauling and major repair. At present,
the renewml of material is much more rapid because of the following three
factors: technological changes - electronic systems, hydraulics, special
steels; strong competition ; and the emergence of big contracts that must

be executed within an optimum period of time.
Broad trends of techmical progress of complex machinery

United States firms devote 3.2% of their turnover to research and
development, which involves greater expenditure than many branches'of
engineering.

With regard to products, steady progress, without radical innovationms,
is expected in the following fields: improvememt in the power of diesel
engines; study of alternative fuels such as alcohol and petrol gas;
increased engine yield; reduction of noise and pollution; use of hydraulic
motor systems for power transmission; electronics applications; use of

special rare steels (vanadium, titanium).

With regard to the production process, progress is expected along the
following lines: <techniques of modular construction; decline in forged and
cast parts and increase in mechanical and welded parts; use of numerical
control machine tools; and ratiomalization of assembly opesations, which
represent a major part of the production process.
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5. The establishment and development of the construction machine industry

The decision-making process iuvolved in the cstablishment or expansion
of the construction machine sector should begin with the compilation of
extensive daia base on production and trade patterns on a world-wide and
regional basis. A market-segment approach should be followed, with the
principal producers idemtified and the experience of other countries
analysed. Particular attention should be given to the problem of access
to appropriate technologies.

The plan of aciv.on should consist of the following general elements:

1. An analysis of domestic demand in order to determine the appropriate
scale of production. The size of the market, broken down into
meaningful segments, is the kay to ascertaining whether equipment
can be competitively manufactured.

2. Secondly, a survey of the industrial infrastrucutre of the country
or region ( a group of countries linked by special economic relations)
and the identification of the inputs available for supplying a
construction machine industry. The points to be considered in this

context are the following:

a) A construction machine industry is viable when the necessary
imports are limited to raw materials (steel industry products)
and other primary inputs for general use. It is also acceptable
to rely on imports for engines, transmissions, electric and
electronic apparatus, bearings,etc., i.e., components incorporated
externally in the classic system of productiom. Qualified
personnel responsible for selecting, purchasing and accepting
these items must be available.

b) The country's industrial enterprises must be eapable of providing
assured support in the following areas:

- Castings and forgings;

- Heat-treatment and coating processes;

- Special machining operationms.




This is within the reach of comiries at an intermediate stage
of tectmological developaent, whereas im other doveloping
comtries that lack this kiad of industrial base, efforts mmst
be comcemtrated aa simple products, for which amly steel prodacts
moed be importad. The establiziment of am adequately developed .
indostrial eavircsssst for the smmmfacture of the items
mmtioned wader section (b) is 2 prerequisite to the tramsitiom
to higher lewveis of prodactiom.

c) The machinery sach as mmll excavataors, some crames, graders and
coumtries, provided sizes and models are selected that do mot
require camplicated castings. A mecesmary comditiom is the
availability of good machine shops amd efficiemt assesbly plamts. ,

3. The primary emphesis in the tramsfer of tecmology should be am

mapower training for work in the immsdiate prodaction area, the

imdirect services, design and engincering support, and mamagoment

as wsll as in the tecimologies with a bearimg oa the axtermal

bromches of industry. Or the basis of this criteriom, the following

schass may be adopted for tecimology tramsfers.

a) Yraining programmes for workers in the fields of light boiler-—
mking and wslding of ordimary steel amd for basic-level
machine-tool operators;

b) Training courses for fitters with the ability to work with
standards and perform simple adjusimemts using ssmumal tools;

c) Training programmes for techmicni persammel in productiom
orgmization, blusprint reading asd quality comtrol;

d) HEessmtary practical and theoretical cources for tecmiciams in
»rrmlimtion processes.
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Capital Goods for the Intermediate Goods Secior
This capital goods subsector may be analysed as a whole, because it is
composed of elements with broadly the same characteristics:

- Client industries apply continuos processi.ngy ;

- Bquipment suppliers are very often the same, since heavy custom-made
equipment manufactured in multi-purpose units are mostly used. The
same phenomenon occurs in connection with automatic equipment for

continuous processing;

-~ Equipment sales in these industries are generally on a turnkey basis,
unless the product is handed over directly;

— There are the same actors in dynamic relationship with each other
(generzl contractor-project study and development, process owmer,

equipment supplier, financing body).

Selected global data: market, customer, supplier

A recent study by mrofina.nceg/ contains a breakdown of equipment exports
in 1975 and an estimate for the period 1980-1985. Exports in 1975 amounted
to $120 billion, $152 billion in 1980 and $198.4 hillion in 1985, the growth
rate between 1980 and 1985 being higher than during the period 1970-1975.

In 1985 equipment for petrochemicals would be the biggest item, accounting
for 45% of the total, followed by the almost equal shares of equipment for
iron and steel works, cement factories and electric power production. All
these could be seen in the table (next page).

The same study shows the areas receiving the exports. Approximately 50% of
the receiving countries are developing countries and 70% in the case of iron
ana steel, which is a very large figure, especially when compared with the
whole of exports of class 7,30% of which go to developing countries.

1

2/

The following branches may be listed: power production, fertilizers,
steelmaking, cement works, refineries, paper, pulp, metallurgy.

Export markets for major industrial complexes: present position and future
prospects — 9 Avenue Hoche - 75.0086 Paris, 1978
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Evaluation of world exports of industrial capital

aquipment by consumer sectors between 1975 and 1985
(1975 $ billion and %)

Real Real
average average
Consumer annual annual
growth growth
Value rate Value rate Value
1975 1975-80 1980 1980-85 1985
Electricity 12.0 1.8 13.1 2.0 14.48
(ex-nuclear)
Chemical 51.6 5.4 67.08 6.0 89.77
petrochemicals, gas
0il refinery 8.4 4.5 10.46 5.0 13.34
Steel-metallurgy 9.6 4.5 11.96 5.0 15.26
Cement works 8.4 6.3 11.40 7.0 15.99
Other process
industries 30.0 4.8 38.0 6.4 49.56
Total 120,0 4.6 152.0 5.7 198.40

Geographic spread of the activities of the leading world contractors

for the process plants and equipment, 1973-1985.

European contractors World market

197376 | 1980 | 1985 1973-76 | 1980 1985.
Eastern Europe 10 12 12 12 13 14
Middle East 16 15 12 19 18 14
Asia 12 9 17 16 14
Africa 1 14 15 7 8 9
Latin America 6 5 6 8 9 11
North America 19 18 18 14 13 13
Australia, SE Asia 1 2 3 1 3 6
Western Burope 25 25 26 22 20 19
Total 100 100 100 100 100 | 100
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1.3. As far as suppliers are concerred, the United States is the world's
leading producer, followed by Japan, the production of which during the

. 1963-1972 period grew faster than that of the Federal Republic of Germany
and France. The United Kingdoam should rank at about the same level as

France.
The following conclusions may be drawn form the OECD export statist icsl/ :

- The five main OECD countries supply 70-75% of the world market,
and the socialist countries of Eastern BEurope 9-10%;

— The share of those five countries in world trade fell by 2-3 points
during the period of 1966-76, which shows that other countries
have become exporters of capital goods for basic industry;

- The world market of capital goods for basic industry expanded
during the same period somewhat faster (5.18) than the capital
goods market as a whole (items 71 and 72, factor 5.05);

— The federal Republic of Germany is the leading exporter, closely
followed by the United States., France ranks third and had the
fastest growth rate during the period (factor 8.78). Then come
Japan, the United Kingdom, Italy and the USSR;

— The share of capital goods exports for basic industries in exports
as a whole (items 71 and 72) is approximately 16-17%.

However, two countries have much higher percentages: the USSR
(27.7%) and France (22.8%), which reflects a relative specialization.

1/ The following items were considered:
=719, except 711.4 and 711.5
- -115, exoept 715.1
-718.1"
1 ~718.51
~718,52
-119.13/14
-719.15
=7119.11.19
=722
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1.4. United States firms and a few Buropean firms have achieved a position
of techmical, fimancial and commercial domination throughout the world.
They own the major part of the most advanced techmology in the sub-sector,
control subsidiaries in both industrialized and developing countries, and
carry out most international trade in electrical equipment. Their
dominant position is strengthened bv restrictive trade practices, so much
so that one might speak of an international cartel in the heavy equipment

industry;
A])1_/ . _
UNCT has made a study of a powerful international producers cartel.
The study deals with the following topics:

-~ Agreements between leading firms (participation, reciprocal

licences, co-operation in the form of joint emterprises);

-~ Organization of the cartel within the International Electrical
Association (IEA);

- How the cartel tends to limit competition at internmational level:
agreement on the sub mission of contracts. The study estimates
that 75% of the industrialized countries' (with the exception of
Japan and the United States, where the law prohibits firms from
participating in international cartels) exports of material for
electric power production, generating machinery and distribution
equipment are controlled by international cartels. For other
types of electrical apparatus, the cartels are estimated to control
10% of the expurts of those countries;

The existence of this cartel has important implications for developing
countries. UNCTAD has carried out a study of Bmzily « It shows how the
Brazilian market has been slowly brought under control,

1/ Dominant position of transnmational corporations on the intermational market
UNCTAD/ST/MD/13.

g/ Implications for developing countries of restrictive trade practices of
transnational corporations in the electrical equipment industry. Monograph
on Brazil - UNCTAD/ST/MD.9.
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2. Situation in developing countries.

Several developing countries have made serious attempts to manufacture
equipment for intermediate industries: Argentina, Brazil, India,
the Republic of Korea and others whick have taken steps in that direction
(Algeria, Mexico and Tunisia).

The main characteristics are described below.
2.1 Background: opening a "technological package".

(a) In the most Latin American countries, a technological package was
opened according to the following sequence:

Development of local advisory services for carrying out

prefeasibility studies;

Establishment of planning offices to carry out studies and

meet secondary (off-site) investment needsl/ ;

~ Development of local equipment manufacturing capabilities with
the necessary planning offices;

Simultaneous development of engineering companies gradually

combining detailed engineering studies, management technology,

. . .2
and process engineering studies-/.

(b) During the 1951-1955 pericd in India, the majority of investments
involved turnkey operations performed by foreign general contractors.,
The implementation of these projects was beset by many difficulties
involving high costs, long delays, and initial production problems.
The Government therefore set up a conmission, the main practical
achievement of which was to emphasize the importance of the owners
role in carrying out preliminary studies, and of the need to
prepare a technological package.

(c) During the 19608 in the Republic of Korea investments were made in
the form of turnkey operation. But in 1969 a presidental ruling

y Using the experience of public works enterprises.

2/ This is the most difficult stage.
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on the establishment of local engineering services stipulated
that turnkey contracts must be rejected and agreements concluded
with foreign engineering firms to establish and develop local

structures.
2.2. The State ~ its decisive role .

Some capital goods manufacture arises almost™naturally”. Such
manufacturing is undertaken at the initiative of private industry or
foreign investors. But beyond the manufacture of simple equipment of
average complexity, nothing is done without a determined effort in which
the State (and the various public or semi-public bodies) play a decisive

role.
The action of the State may take various forms:

(a) Promotion of planning studies, as in the case of Mexico
for the joint NAFINSA-UNIDO study of capital goods for basic

indust: ies and food industries;

(b) Establishment of research and standardization services and of

engineering companies:
- Brazilian Technical Standards Association
- Specialized companies within Petrobas and Electrobas

— COBRAPI, which depends on the National Ironm and Steel
Company (Brazil)

- PEMEX in Mexico
- Pertilizer Corporation of India (FCI)

Fertilizer and Chemical of Travancore (PFACT)

- Engineers India Ltd (EIL) for petrochemistry
- DASTUR and CEDB for irom and steel (India) .

~ Korea Engineering Co.

(c) Bstablishment of capital goods enterprises. This is especially
the case in India (Bharat Heavy Electrical Ltd (BHEL), for
example), Algeria (Socanome, SN Metal, Sonelec), with examplas
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also in Brazil (USIMEC) and Mexico, where the State takes
a minority share (33%) in heavy capital goods enterprises;

(d) Bstabl.shment of credit fimancing institutions for the
promotion of local equipment industry.

Research and standardization institutes

The problem of national norms and standards is very important.
During the 19608 in Brazil, local enterprises had to face very strict
equipment standards for oil and petrochemicals. To deal with these
problems, the Instituto Brasileiro de Petroleo (IBP) and the Associacao
Brasileira de Normas Teclnicas (ABNT) were established.

In India, the DASTUR company and th: Plamning and Development
Division of the Fertilizer Corporation of India developed significant
research and development capaebilities.

Planning and implementation services (engineering)

It cannot be overemphasized that the establishment of a capital goods
industry depends directly on local engineering capabilities.

In India, the Central Engineering Design Bureau (CEDB) now known as
MECON, made it possible to achieve intermational standards in iron and
stsel plants.

In the Republic of Korea in 1973 a law enacted on the promotion of
local engineering services following a presidental ruling of 1969 on
turnkey comtracts.

In Brazil there are many engineering companies in the field of
electric power supply (Hydroservice, Engevix Sa., Promon, Montreal),
and iron and steel plants (Cobrapi subsidiary of the CSN). There are also
subsidiaries of foreign engineering companies (Lummus-Seral (500 persons),
Foster-Wheeler (300 persons), Snam-Progetti etc).

During a symposium on the theme "self-sufficiency in consultancy
services" held in February 1969 by the Indian Engineering Association,
the. statements concerning chemical and petrochemical industries stressed
the strategic role of capital goods design studies. While it is important




-58 -

to master process know-how in order to acquire a command of petrochemical
production processes, to improve those processes and to innovate, it

seems even more important to acquire know-how in the design and

construction of capital goods. "Know-how accounts for only 5-15% of

project costs. Thus, within the framework of the growing role of India .
in project execution, greater importance should be attached to capital

goods construction know-how as compared with process know-how".

Local mastery of capita’ goods design is also necessary for adapting
equipment specifications to local conditions (materials, production

capacity, standards, norms).

2.5. Financing and credit bodies.

It has been noted in Latin America that the unavailability of credit P

for local enterprises has acted as a brake onlocal participation in

investments. For example, in the case of Brazilian iron and steel works,

the appeal to foreign credit for the construction of new units led to

substantial capital goods imports. The controversy during the summer of

1976 with the World Bank and in 1978 concerning the Tubarao project

demonstrates this process of limiting increased participation in local

industry. However, Brazil has set up a financing system for the local

construction of capital goods.
3. What type of co-operation?

Co—operation has many forms.

In India, technical assistance from the socialist countries of

Mastern Burope seems to have played a decisive role, for example in the

establishment in 1955 of Bharat Heavy Electrical Ltd {BHEL) with the -
USSR and Czechslovakia, and of the Central Engineering Design Bureau
(cem). ,

In the Republic of Korea, firms are usually in the hands of local
private capital, and many licensing agreements have been completed with
the biggest firms in the sector, especially Japanesey. The 1958

y The Japanese company Toy owms 25% of the capital of the Changwon engineering
construction complex.
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agreement between the Korecan company Sinotech Eng. and the United
States company Bechtel for the establishwent of a joint engineering

firm and construction enterprise should also be noted. .

In Brazil foreign firms play an important role, especially in the
manufacture of equipment for electric power production. However, the
role of national private enterprises, such as Villares, is by no means

negligeable,

In Mexico, for major NAFINSA/UNIDO projects, the following approach
has been adopted: Mexican State participation (33%), private national
enterprises (33%).

However, for the countries often mentioned in this study, co-
operation seems to exclude the "hard core'" products.

In the case of iron and steelmaking, the hard core consists of :

- Heavy or sophisticated electrical equipment

- High-performance machinery

— Measuring and control apparatus

- Goods closely linked with a process: catalyzers

- In general, all equipment making its possible to complete,
modulate and control a system.

The same "hard core" components exist in the field of

petrochemicals,

The difficulty of including this "hard core" may be explained

as follows:

— An insufficient command of techniques and the most advanced
technical fields: precision machinery, high~quality metals,

electronics

- A weakness in study and design capabilities, especially with

regard to process engineering

~ A weakness in research and development




Mastery of the "hard core", which represents 20-30% of equipment
costs, requires mastery of a "techmological system": capital goods
cosntruction, process engineering, research and development. Different
methods are used to penetrate the "hard core":

~ In India, co-operation with the USSR in establishing the
DBhilai and Bokaro steelworks;

- In Brazil there is the example of the contract between Petrobas
and techmip (France) and K.T.I. (Netherlands).

In 1977 the Brazilian company Petrobas signed a contract for the
establishment of a petrochemical complex with the French engineering firm
Technip associated with the Dutch firm K.T.I. This contract provided
for the construction of a steam cracker for ethylene production. Under
the contract, Technip had responsidbility for emsuring general co-ordination
of the project as a whole.

The most intersting aspect of this project concerns the transfer of
ethylene technology owned by Technip and K.T.I. The conditions of this
technology transfer are defined in separate contracts signed on the one
hand with CENPES (Petrobas Research and Development Centre), and on the
other hand with the two Brazilian engineering firms. The technology
transfer takes places at three levels:

= A transfer of Technip and K.T.I. know-how concerning ethylene.

- Traning of specialists in design procedures and co-ordination
techniques used i1n the basic mechanical engineering process,

- The transfer of all computer programmes used, together with
complete practical and theoretical documemtation, trainirg
sessions in the use of the programmes, and organisation of
the sequence of calculatioms.

It is significant that Technip competed for this contract with other
engineering firms (Lummus, Stone and Webster). In the comtract negotiatioms,
Technip agreement to the transfer of process engineering techmology was
a decisive factor.
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In the Republic of Korea, mastery of process engineering has taken
the following forms:

In 1977 the Korea Engineering company participated in the comstruction
of anurea unit for the Mambhae Chemical Co (75/25 joint ven*ure of the
Korea General Chemical Co. and the Agrico Chemical Co. (United States).
For the first Nambhae unit, the main contractor was the Japanes firm
Toyo Engineering, and Korea Engineering was the subcontractor. In 1979,
for the establishment of another urea factory for Nambhae, the Korea
Engineering Co. was the main contractor for basic and detailed engineering,
and Toyo Engineering wms the subcontractor.

The Bokaro steel project is the most important project ever undertaken
by India. In the light of the experience gained during the comstruction of
the plants at Durgapur, Bhilai and Rourkelas, the Govermment decided to go
ahead with this new project and made an Indian company, DASTUR Co.,
responsible for carrying out the preliminary study. The DASTUR report
was used as a basis for the negotiations with a foreign partner, the
USSR being the one finally chosen. The Government had decided to make
use of national design capacities and Indian materials for the
construction of the new steel plant. However, as the acceptance of
the USSR had been made dependent on its being given responsibility for
over-all design and study, a compromise was reached, under which the
respective apheres of competence of the Indian and Soviet consultancy
‘offices and suppliers of equipment were set forth.

This resulted in an increase in the use of Indian equipment, as

compared with imported equipment, as is shomm in the next table.
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(percentages)/

Steel plants Capacity Byquipment Structurals Refractories

P (Million of tomnes) Indian Imported Indian Imported Indian Importdd
1252-1261
Roukela 1.0 - 100 4 96 22 16
Bhilai 1.0 13 87 22 18 6 94
Durgapur 1.0 13 87 28 12 50 50
1961-1966
(expansion period)
Roukela 1.0 25 15 18 22 57 43
Bhilai 2.5 18 82 29 (@& a4 56
Dargapur 1.6 49 51 74 26 96 4
1964 -
Bokaro 1st stage
(completed 1.7 60 40 94 6 61 39
Bokaro (expansion) 4.0 68 12 100 - 100 -

Thus during the first stage of construction of the plant at Bokaro,
more than 50 per cent of the equipment was for the first time supplied by
Indian firms.

The items purchased form Indian suppliers were often made in India for .
the first time. To encourage national production, orders were placed not only
with public sector enterprises, but also with a large number of private
companies (approximately 500, large, medium and small)scattered all over the
country, and this created difficult problems for the engineers responsible
for inspecting the products manufactured and for speeding up deliveries.

1/ Purchase of capital goods and technology in the iron and steel sector,
UNCTAD, TD/B/C.g¢/27, 1978, page 5.
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All the czgineering for the second stage has been entrusted to two
Indian companies: MECON and DASTUR, with the former having over-all
responsibility. It is believed that all the structurals and 70 per
cent of the equipment, in other words 38 per cent of all the capital
goods, will be purchased locally. India will thus have taken a great
stride forward towards acquiring expertise in both:

Iron and steel industry engineering, and

The manufacture of equipment for the iron and steel industry.

MINI STEEL PLANTS - interesting prospects for small and medium sized
developing countries.

The steel production plants called "mini" steel plants first
appeared in Italy and the United States of America duiing the 1960s.
Their numbers have grown, particularly in Italy during the 1970s, in

in the region of Brescia (the "Bresciani").

A mini steel plant is a semi-integrated steelworks usually

consisting ot’:
An electric furnace charged with scrap or sponge iron (DR);
A continuous casting machine (or perhaps small ingot moulds);
A rolling train for ordinary steel bars.

Mini-plants range from 20,000 to 200,000 tonnes per annum in size -
usually between 50,000 and 150,000 tonnes per annum.

The products manufactured by mini-plants are concrete-reinforcing
bars and wire rod. The wire rod is very often used as smooth concrete-
reinforcing rod, but the trend in the use of - .. ete-reinforcing bars

is towards corrugated bars.

With the wire rod, the mini-plant can supply one or more wire
drawing mills for the manufacture of all the downstream products of
ordinary steel wire: welded gauze frr construction a.d public works,
barbed wire for agriculture, nails, etc. Some mini-plants manufzcture
small sections. The change then made in the structure of the mini-plant

mainly concerns the mill rolls. It is thus comparatively easy to
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envisage producing small sections in a mini-plant with not very
significant changes in the rolling trains. The cage of flat products

is quite different, however.

There are some mini-plants in the world which manufacture flat
products. One may mention the Alpha Steel works in the United Kingdom
and Oregon Steel in the United Statesl/ + The latter is actually a
rather special case with regard both to the route used (integrated
route) and to the production capacity and products (alloy steel sheet/
plate).

Clearly, mini-plants for flat products could open up very
interesting ,rospects for the development of the iron and steel sector
in developing countries. There is a need, however, for more complete
knowledge of the conditions for the development and establishment of
this type of mini-plant as regards production capacities (whether
small dimensions are possible or not), products (ordinary steel,
high-grade and special steels), etc., and the operating conditions for
the rolling mills which some designers propose for this type of

factory.

1/ The Alpha Steel works has a production capacity of 200,300 tons per
annum with 4 electric furnaces and a three-line continuous casting
machine. The Oregon Steel factory is an integra%ed production plant
based on the direct reduction of 400,000 tons per annum, electric sieel-
making, continuous casting and rolling mills.
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C. Capital Goods for the Production of Consumer Goods

C.1. Capital Goods for Agriculture - The Agricultural Machinery Industryl/

- ]
1. Characteristics of world agricultural machinery production

1.1. Global data

World industrial production of agricultural machinery in the strict
sense of the term (excluding hand tools and most fixed equipment for
farming, due to the lack of available or comparable information) calls
for the following general comments:

- The value of world production of agricultural mackinery in 1975
was nearly $36 billion, 63% of which was accounted for by developed
market economy countries, 31% by planned economy countries, and ‘
onl-- about 6% by developing countries, within the framework of '
the"narrow definition", which is the only one currently permitting

a worldwide comparison.

~ It is important to note that these figures involve incustrial
production alone (productior units of 10 to 20 wage earners),
which therefore excludes handicrafts production. For developing
countries, such handicrafts production of machines and traditiomal

tools is very important.

- Despite these uncertainties and statistical limits, there is
obviously a wide gap between the share of production of
developing countries (6%) in the world modern agricultural
machinery industry and the general target of 25% for the wholie

of ~ dustrial activities established at Lima.

- 'hxe most important group of products in terms of production
. value consists of machines intended for working the soil -
meinly cultivation and harvesting (40%). Tractor production
accounts for just over ome third of the total value of
agricultural machinery (36%). The final share (24%) of

1/ world study of the agricultural machinery industry. UNIDO/ICIS 119-29
June 19790
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"miscellaneous products" mainly consists of specialized
agricultural material (milking mochines and creamers, gardening
material, incubators, ceed material etc.). As previously
mentioned, the latter category does not take into account much

fixed equipment for the agricultural sector.

~ The combined breakdown by country and product group makes it
possible to identify interesting phenomena. The structures
of production differ form country to country. This characteristic
is linked to a certain degree of specialization and differentiation

of national industries, which may be explained by various factors:

(a) PFirst, the agricultural mechanization policies resulting from
the requirements of the productive system and of demand in .
each country (for exampla in the USSR priority is given to E
heavy tractors and automatically powered tractors to increase

the surface area of cultivated land and yields);

(b) Secondly, an important role is played by export and commercial
and technological breakthroughs on national and international
markets (for example, in Japan, the case of power-driven

cultivators and combined machinery);

(c) Thirdly, the primary importance of the manufacture of tractors
in developing countries is the result of a number of complex
factors: specific policy priorities, use of tractor manufacture
as a motor of development in the agricultural machinery
industry, weakmess of the infrastructure of basic facilities
for producing a variety of machines, social symbolism of the
tractor etc. On the other hand, it will be noted that tie -
production of "other products"” in developing countries (16%)
is weakest in relation to uvthar groups of machines or other
countries, although the variety of situations in developing
countries would undoubtedly require a corresponding

diversification of products of the industry.

1.2. Tractors and tractor-drawn machines

World tractor production in 1978 amounted to 2 100 000 units after a
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strong annual growth of 8% between 1971 and 1976. The USSR and

the whole of the developed market economy countries today dominate
world production (respectively 27% and 37% of the total). With 15%,
Japan has had rapid growth in production since 1972. United States
production, which exceeded 600 000 units in 1950, has sharply fallen.
This may be in part explained by widespread delocalization of production
by the large United States companies, the role of which nevertheless
remains essential for the supply of developed market economy countries
and developing countries. The role of the first four European producer
countries: Federal Republic of Germany, France, Italy and the United
Kingdom is equally important (22% of the world total).

The tractor production of developing countries amounted to approximately
324 000 units in 1978, or 15,6% of the world total. In reality, these
countries contribute only 11% of tne value of world tractor production,
because the production process involves many components or sub-assemblies
manufactured by large foreign firms and then imported, or is limited to

assembly operations.

There is a profound market change toward the renewal of equipment
in developed countries and toward a relative saturation of demand in
developing countries, despite the role of the economic recession in
market economy countries and the vast scale of existing needs. Such
a development may have positive implications for developing countries
and the demand of poor countries, to strengthen a buyers market, and
to-promote the estabiishment of a new type of co-operation and tech-
nological transfer.

Production in developing countries

Hand tools. It is estimated that over 60% of farmers in developing
countries use only hand tools in their work, and manufacture
approximately 90% of their required tools. The tools are often
manufactured at village level in conditions allowing a real adaptation
to tradition and local farming needs, but with a limited capacity

with regard to the size of latent requirements.

Manufacture of simple machines. The manufacture of simple
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machines is the first step in an industrial process leading to the

satisfaction of the needs of local farmers applying a strategy of

"light mechanization", or 15-30% of farmers in developing countries, » '
Indigenous industry (or semi-handicrafismanship) is estimated to meet

approximately 70% of the current domestic needs of developing »
countries, with considerable variation according to the type of

machines: over 80% for animal-drawn machinery; over 50% for harvesting

machinery and band pumps; and less than 40% for devices driven by

small engines.

The machinery is manufactured in medium-sized enterprises
(10-50 persons). Little information is available on world production.
However, it has been noted that this type of production is strongest
in countries and regions with highly labour-intensive food cultivation,
and those with certain industrial or export crops (coffee, cocoa,

groundnuts, tea) based on traditional cultivation.

Manufacture of tractors and tractor-drawn machinery. Develeping
countries may be divided into four categories so far as concerns the

supply of tractors -1/ :
A - Those relying entirely on imported material;

B - Those importing partly, semi, and completely knock-down
material (respectively PKD, SKD and CKD);

C - Those having local manufacturing capabilities and incorporating
20-30% of local components;

D - Those having local capahilities and incorporating 50-60%, and

sometimes more of local components.

Category A includes 70 developing countries accounting for 9.3%
of world population. Category B includes the following countries:
Burma, Cameroon, Chile, Niger, Senegal, Sudan and Sri lanka, which

1/ Source: Mr. Swamy Rao-Practical issues relating to internmational
arrangements concerning imports, local assembly and manufacture of
agricultural machinery. Global preparatory meeting vor consultations
on the agricultural machinery industry, UNIDO, Viemna, 5-8 June 1979.
The situation existing in 1978 is daalt with.
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account for 5.4% of world population. Category C includes the
following 15 countries: Egypt, Indonesia, Iran, Irak, Malaysia,
Morocco, Pakistan, Peru, Philippines, Swaziland, Syria, Thailand,
Tunisia, Venezuela and Viet Nam, which account for 12.5% of world
population. Category D includes the following nine countries:
Algeria, Argentina, Brazil, China, India, Mexico, the Republic of
Korea, Turkey and Yugoslavia, which account for 44.2% of world
population.

Self-propelled machines and specialized equipment. The
contribution of developing countries is almoct non-existent at this
level of production, which requires considerable technological

xnow-how,

Characteristics of world trade

The value of world trade in agricultural machinery (in the strict
sense of the term ) exceeded $10,4 billion in 1978.

Developed market economy countries play a dominant role in this
trade, as they are responsible for 80% of experts and GO% of imports.
The strongest exporters are the EBC countries, which account for 37%
of world exports (average export rate of approximately 50), the
United States (leading exporting country - 23% of the world total),
Japan and the USSR.

The share of developing countries in world trade ret'lects the gap
which they must overcome and the problems confronting them: their
purchases account for 25% of world imports and their expnrts, which
g0 almost entirely to other developing countries, for only 1% of the
world total. Moreover, a very small group of countries provide these
exports, 75% of which come from Latin Americz (33% for Argentina,

28% for Brasil). Thn rest come from India, the Republic of Korea and
Singapore. These exporting countries are all semiyindustrialized;
they also manufacture and import the most agricultural machinery.

Another dominant characteristic is the abserce of commercial flows
among developing countries, which are supplied almost exclusively by




- 70 -

foreign firms based in developed countries. It is therefore
essential to analyse the nature and the causes of the technical,
commercial and human obstacles to trade among developing countries,
because the persistence of such a situatiion would threaten the success
and even the existence of local production units often faced with
insufficient internal demand. In-many countries production capacity
is already to a large extent underutilized mainly because of the
limited local, regional and external outlets. The transition of
South-South trade from almost nothing to a significant ievel of
development is of fundamental importance.

The tractor occupies a more importnat place in world trade,
wnere it represents approximately 55% of the total value, than in
world production. Stand:»c tractor equipment (tractor and tractor-
drawn equipment) alone accounts for 80% of trade. This preponderance j
reaches its peak .n the imports of developing countries (65% of
total value accounted for by tractors, and 90% by tractors and

tractor-drawn equipment).

World trade in agricultura! machinery has developed very quickly,
with an average growth rate in annual value of 20% between 1969 and
1977. Since then, however, there has been a stagnation in total
value, which, taking into account highly fluctuating and rising prices,
reflects a substantial volume loss. This was especially the case
of purchases made by developing countries (except those of the Middle
East), while the most affected supplier countries were Japan and the
United States. Such a development confirms observations made at the
level of production and supports the hypothesis of a saturation of

world demand.

The analysis of trade change would be incomplete if it failed to
take into account fixed equipment intended for agriculture. There
is considerable trade in such equipment. Thus trade in three types
of priority equipment (pumpe, engines and construction material for
agricultural usc) amounted by themselves to a value equal to that of
all agricultural machinery. This trade is still rising sharply, which
shows the growing role of fixed equipment in the mechanization of

world agriculture.
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2. Future prospects.

- 2.1. Decisive role of the large producers

The large producer firms will continue to play a decisive role. Their
. general view is that the market, including that of developing countries,
will expand moderately in future, although they are somewhat skeptical
about the growth of solvent demand. The trend toward stagnation would
be compensated for by the sophistication of material and a growing
number of influential powers. It would make it necessary to take serious
steps towards the rationalization and concentration of the productive
structure, but would at the same time threaten to worsen the
underutilization of certain capacities. Finally, although it seems
generally agreed that production and current design standards are ill
adapted to the.needs of developing countries, this awareness will
probably not lead to radical change at the present time, but rather
to simple adaptations.

2.2, Two essential observations

2.2.1 From heavy tractor equipment to combined mechanization in response

to diversified demand.

The very nature of demand for agricultural machinery is basically
linked to various characteristics of the rural world and of agricultural
production in each region or country. This diversified reality may
be classified into four main systems of agricultural production, each of
them implying different mechanization patterns. The following systems
of production are involved: traditional with low intemsity of work

- (countries of the Sahel and the Amazon region, for example); traditional
with high intensity of work (countries of South-east Asia, for cxample);
modern wi‘h high intensity of work (Republic of Korea, agricultural
exporting countries with emall-scale farming, for example): modern with
low intensity of work (United States, sparsely populated oil-producing
countries, for example). |

The variety of these different socio-agricultural systems, like the

great disparity in levels of economic development and income in developing
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countries, are objective factors in the diversity of demand for

agricultural mechanization in these countries. Making allowance for

this diversity is an essential condition for any policy of international ’

L
co-operation.
The trend must be reversed. Demand must stimulate supply. i

It would be useful to recall how supply and demand were ajusted for
groups of countries. It seems clear that the extraordinary development
of agriculture since the Second World War and the big expansion of the
agricultural machinery industry were mutually beneficial, leading in
the 1970s to productive and mechanized agriculture, organized and
powerful industrial structures, and large trade flows. A similar
dynamic process took place and subsequently continued in planned
economy countries. But having gradually achieved a high level of ;
mechanization, confronted with other comstraints or directed toward "
other choices, agriculture in developed countries has steadily lost
its capacity to generate sufficient demand (at least for traditionmal
equipment), while the vast needs of developing countries were begin-
ning to emerge. Supplies from the industrialized countries, and in
particular the transnational corporations, satisfied this demard, at
first exclusively through imports, and then through participation in
the establishment of assembly and manufacturing units in developing
countries by transferring, almost without adaptation, certain types
of machinery originally decigned to meet the needs of developed
countries. At present a new stage seems to have been reached in the
development of the world market. Agricultural machinery investment
in industrialized countries is mainly limited to renewing existing
material, while switching to fixed equipment (for food production) or
to intermediate, lass capital-intemsive consumption (fertiliser, new
seeds). But, significantly, there has also appwared a trend towards the .
saturation of demand ip developing countries (only 12% of world demand for
modern agricultural machinery), although mechanization needs remain

immense.

Th'.s stalerate, which is starkly borne out by the statistics
\e8pecially for production and externai trade) or the ceilings placed




2.3.

-3 -

on agriculiural investment rates in those countries, may be explained
by two main factors: a relative saturation ¢f solvent demand in
developing countries; a lack of adaptation of supply to specific and

varied demand in developing countries.

The re.-%ive saturation of demand in developing countries reflects
a lack of financial means of the agricultural population and the whole
ssctor (inability to assume long-t:rm debts, fo ensure a gradual
accumulation of capital in agriculture, to attain satisfactory income
lavels, etc.). It basically shows tha disorganization and irrationality
of this demand, which is unable to identify its owm characteristics or
needs, or to define choices and options at regional or country level;
which leads to an ill-considered reliance on imports and to social,
firancial and technical paralysis; and which makes it impossible to lay
dow. an incustrial strategy for the local manufacture of agricultural

machinery.

But the current saturation of demand in developing countries is also
a direct result of the world supply of agricultural machinery, especially
by the large exporting firms of developed countries. These firms have in
fact responded to demand from developing countries by transferring products,
techniques and methods designed to meet demand in indvstrialized countries,
primarily through the use of heavy tractor equipment. This vast transfer
on a worldwide scale is therefore leading to structural paralysis.

Supplies offered by industrialized countries have dominated demand in
developing countries, thus leading to the present saturation which is
harmful to both, The main change to be carried out is that supply in the
future should be offered in response to demand.

Four possible variants of the engineering design.

The pursuit of dthe heavy tractor equipment design. This trend is
strenghened by the extensive nature of agricultural production, the .
importance of vegetable production, agricultural export options, or the
manufacture of products for industrial purposes. Power engines would
be further developed, while the weight of the engineering industry on
the agricultural machinery industry would be sirenghened.

ol b -
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Diversification of the engireering design. This is linked to the
diversification and intensification cf cultivation, to the development
of animal production, and to the choice of mixed as opposed to
specialized farming. It would favour the multiplication and
improvement of tractor-drawn machinery, and progress toward light -
motorization and fixed equipmont. Upstream engineering industries
would be much more diversified and would see a strenghening of the

role of small and medium-sized specialized enterprises.

Adaptation of the engineering decign. A greater diversification
and intensification of agricultural production leads to a significant
increase in interacdiate cancumption (improved seed, fertilizer,
phytosanitary proaducts) and to an improvement of production infrastrucivres
(drainage,ir?igztion, buildings etc.); recourse to heavy motori.ed
equipment becomes impossible because of the small size cf plots. The
use of tractor eguipment should be adapted tc this growing application
of chemical and biological products, to the interrelationship of fixed
equipment, to the practical condiiions of cultivating the soil etc. At
the level of industrial supply, the engineering element would become less

predominanit and more diversified.

Replacement of the engineering design. A period of adaptation of
the engineering designs to the agricultural constraints (intensificat:ion)
and to the necessary industrial redeployment could be followed by a long-
term process of substitution of the "biological-chemical” design for the
engineering design. Such a process could only be carried out gradually,
and would require the continued intensification of labour, increasing
costs of agricultural production and the development of effeztive biolo-
gical techniques. The machinery industry would be influenced by other -
industrial sectors, the role of which would become predominant (chemical-
biological techniques, other capital goods industries). These potential
innovaticns may seem hypothetical, or at least very remote and of no
direct concern to developing countries, where the urgency of the problems

requires the use of current technologies.

2.4. Actions required to promote co-operation among developing countiries.

The first Meeting on Exchange of Experiences and Co-operation among
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Developing Countries in the Development of the Agricultural Machinery
Industry was held at Beijing, China, from 20 to 27 October 1900. The
Meeting recommended five priority areas for co-operation among

developing countries:

Product/production design and adaptation of equipment in Categories
I, II and IIIl/

(a) The first area should include agricultural equipment Fenerally
accepted, already manufactured and that used with satisfaction by
farmers in the developing countries. It should also include basic

facilities and ancillary industries for achieving local production.
Training

(b) Fields in which training is needed by developing countries
include:

Design work

pquipment used for manufacture of agricultural machinery

Agricultural machinery

Maintenance and repair

Service networks

Training in the above and related fields is of paramount importance

at the derign, manufacture and utilization stages.

Category I Simple: Hand tools, animal-drawn basic implements and
manually operated equipment.

Category 11 Intermediate: Tractor-drawn basic implements, low
horse-power,simple power equipment
including engines, power tiller and
irrigation equipment.

Category III  Standard: Standard general purpose tractors, power
tillers, engines, pumps, harvest and post harvest
equipment, etc.

This list is not exhaustive.
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Service network installations

(c) The third area should include services, workshops and units for
handling manufacturing equipment and final products within manufacturing
establishments and centres created for the purpose of maintenance and
repair of products. The final objective of the netwerk is to offer
production facilities and utilization of available machine parts.
Countries that need assistance in this field include, among others,
Algeria, Egypt, Guyana, Niger, Togo, Tunisia and the United Republic
of Tanzania.

Information serviece

(d) The type of information needed by present and potential
manufacturers includes that on product specifications; manufacturing
products; results of prototype production and testing; types of
co~-operation between developed and developing countries as well as

among developing countries themselves €dtc,

UNIDO was requested to give priority in its information service
to the agricultural machinery industry. In addition, UNIDO was
requested to compile surveys on the different experiences of the
developing countries in their industrialization and mechanization

efforts;

Research and development

(e) Co—operation in research and development activities among more
advanced developing countries is highly recommended. Since most of
these countries are already engaged in these activities, other countries
which do not have such facilities will be permitted to share the
reseults of research and development work in subjects of common
interest on a cost-sharing or any other basis. Interested research and
development institutions in industrialized couniries are welcome to
contribute to this effort. The result of this collective undertaking

will benefit all countries.

It is suggested that, in order to implement the above
recommendations, the developing countries may initiate bilateral and
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muitilateral discussions and negotiations with the respective
developing and developed countries. In this connection the

developing countries may, as appropriate, use the services of UNIDO,

A cenire for the promotion of the agricultural machinery industry in

developing countries

C.2.

The Meeting recormmend=3 that a centre for the promotion of
the agricultural machinery industry in the developing countries
should be set up in Beijing. It was suggested that the following

terms of reference, among others,might be considered:

(a) To collect, analyse and disseminate information on all
aspects of the agricultural machinery industry;

(b) To foster an exchange of experts, designs and prototypes of

agricultural machinery;

c establisn inver W1l natiocnal, suoregiona regiona
(c) To establish interlinks with national, subregional, ional

ard interregional institutions and manufacturers;

(d) To enhance co-operation in the field of design development and

aGaptation;

{e) To utimulate joint venture investment activities in production

Capital goods for production of other consumer goods,

T4 the absence of sub-sector studies related to capital goods for
manufacturing induetries such as textiles, paper and pulp, wood
processing, printing, durable mechanical and electrical consumer

goods,we shall concentrate on food industry machineryl/.

Introduction

The food-processing industries constitute a group of very diverse
activities, all of which have in commoen some characteristics that make

1t poswible to distinguish them from other industries. These main

1/ Machinery for the food-processing iriustry study prepared by INITEC,
Nadrid, Spain., 1981.
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distinguishing characteristics are:
The seasonal nature of production;
The need to observe hygienic conditions in all processes;
The manipulation of ;perishable products;

The low degree of versatility of machines for processing

different products;
T™e great diversity of products and thus of machines.

The technological level in the food-processing industries varies
widely. 1In the production of fruit juice and in the processing of
dairy products, there is advanced t2chnology and modern, high-
quality machinery. The same does not apply to the machines used in
canning factories; abattoirs and other plants, in which the
technological Jevel varies widely, whether i{hey are labour-intensive

or not, according to the needs of each country.

As a result of the large number of products processed, the

machinery necessary for the food-processing industry is very diverse.

It can equally well be said that many machines and appliances are
common throughout *he industry, such as service equipment (boilers,
transformers, etc.). Such items are not among the basic prozessing
equipment, that is to say, machines that are in physical contact with
the food product, for the purpose of homogenization, compressing,
conveying, peeling, or working the material, etc:; such machinery

usually has specific characteristics for each raw material and product.

In general, relatively low processing temperatures are required,
or else very high temperatures for short periods, in the common
operation of asepticizing or deactivating the enzymes in a food
products. Practically all the perishable foodstuffs that are the
raw material of the food-processing industry are sensitive to heat,
and important changes in flavour and nutritional value occur when heat

treatment is inadequate.
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Territorial production structures.

(a) The most powerful countries in the whole range of activities

are the Federal Republic of Germany and the United States.

The United States has the advantage of a large domestic market
and technological know-how at the forefront of innovation in a
number of fields (sterilization, conditioning, freezing, dehydration).
Moreover, production is structured by large firms of international
standing: F.M.C., Chemetron, Penwalt, Chery-Burrel, Chrisholm-Ryder

etc.

The Federal Republic of Germany, the world's second largest
producer, has remarkable and efficient engineering production in all
fields. Like the United States, its market has been penetrated to
only a limited extent by foreign equipment and offers a reliable
base providing the means for carrying out an ambitious export policy.
The advantages of producers in the Federal Republic of Germany
consist first of all in the processing of meat , sugar works,
refrigeration material, conditioning and liquid fcods. The major
companies include MIAG, Leybold, Werner and Pfleiderer, Lurgi, Krupp,
and the Bosch group. Unlike the United States, the Federal Republic
of Germany exports to all countries, neglecting no market, however
remote. On the other hand, United States producers continue to give
priority to their traditional sphere of influence: Canada and Latin
America., A total of 45% of machinery exports go to Canada, Japan,

Mexico, the United Kingdom and Venezuela.

(b) Some Buropean countries, although having only limited potentizal
compared with that of the two biggest producers, occur - very strong
positions in expanding food sectors and in the most ad. nced technologies.
For example, the Netherlands, which do not carry much weight in obcolute
terms, have acquired an international reputation for michinery used

in slaughtering, sterilization, dairy production and industrial biscuit

and bread making, with firms such as Sto:k, Tebel,an Van Der Plceg.

Switzerland also has a world market for its equipment for butchers,

food preservation, cereal processing (Buhler), and conditioning.
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Finally, the Scandinavian countries, which are involved in a
limited number of fields,are in the forefront of technology for
equipment used in dairy production, fishing and refrigerated food
preservation (Alfa Laval, Niro, Frigoscandia, Tetra-Pak, Atlas-Stord).

The common characteristic of machinery producers in these
countries is the fact that they could not rely on a safe domestic
market. As a result, firms with a good national image consolidated
their technical and commercial reputation by their vigorous activity
on foreign markets. In addition, sustained research and equipment
innovation enables them to maintain a level of technological excellence

that other couritries have difficulty achieving.

c) In a third group there are four European countries with significant
though varied potential. In the manufacture of food industry machinery,
Belgium, France, Italy and the United Kingdom have common characterisfics.
The most technologically advanced producers are relatively powerful,

but isolated.

Foreign trade in capital goods for the food-processing industry

The large world markets in engineering goods are precisely those
of the great producing countries., This is quite clear in the suctor
of food-processing machinery. Thus, the flows of exports within OECD
are directed basically to OECD countries, a fact which can be
explained by the behaviour of the multinational enterprises, which

tend to engage in specialization by various plants.

Analysis of export orientation indicated the degree to which the
development of production in these sectors is tased on foreign markets.
Pood-processing machinery has a moderate degree of export orientation
as compared with other engineering industries, exports accounting for
about 30 per cent of the value of production. This is a good indication
of the importance of exports as a basis for the development of the

food-processing machinery sector.

Just -3 the production of food-processing machinery is highly
concentrated in a relatively small number of countries exports of

food-processing machinery are als> highly concentrated in a relatively
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small number of countries. The United States and the Federal
Republic of Germany are the leading exporters among OECD countries
in the engineering sector, particularly for food-processing machinery.

Steps to be taken in order to establish food machinery industry.

It is suggested that, with the purpose of reducing the initial
investment and the economic risk, the establishment of the industry
should be in stages. The fundamental aspects of the various implementa-

tion stages are summarized below.

From the moment at which a company or enterprise decides to set
up an industry until the date on which it can commence the manufacture
and sale of its products, a considerables period of time usually
elapses, The industry under study is no exception, since the periods
necessary to obtain the required licences from the authorities, for the
construction of the buildings and assembly of the installations and
the delivery of the manufacturing equipment are estimated to take about

two years.

However, in this particular case, the period for the establishment
of the industry can and must be quite productive. Therefore, as soon
as it is decided to launch an enterprise, it is immedia‘tely necessary
to set up the engineering and machine design department, which can be
temporarily located in any rented premises; also, the first contacts
must be made with specialized research centres. Working in close
collaboration with them, design and comstruction work on original
prototypes and prototypes similar to existing machines will be
commenced, if necessary importing selected items for exhaustive study.
The construction of the machines designed in this preliminary period
wiil be subcontracted to mechanical engineering shops and the
equipment constructed will be tested in the related food processing

industries.

In its initial work, the section will concentrate on the
development and design of new machines mnd on the congtruction of
prototypes of machines similar to existing ones, such as automatic

closing machines, centrifugal pumpe for hygienic applications, filling
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machines aperating with valves and pistons and on the overflow and
recirculation principles, multipurpose cutters and automatic

labelling machines for metal cans.
First stage

In this first stare of implementation, the industry will
undertake the manufacture of equipment involving simple technology
that does not require large investments in machinery but for which
the sales volume is hish: boilermaking work in iron and stainless
steel,tubular heat ecxchangers, conveyor belts, sorting and
canning conveyor belts, fork Lift trucks, static autoclaves,

pasteurization and cooling tunnels and pre-heaters.

An estimation of the demand will be made, calculating the initial
volume of sales and the time that would elapse before they would

materialize.

During this phase the design and construction of machinery similar
to that built by major international firms will be continued, but by
now the industry will have a small machine tool section in*ended for

the construction of prototypes.,

At the end of this stage the industry will normally be able to
tackle the construction and marketing of the new equipment developed.
In addition it will have acquired a knowledge of the market which will
enable it to revise the programming of work and the operation of the

enterprise for the following stage.
Second stage

The industry will continue the construction of equipment and
machinery involving simple techmnology. Also, with the machine tools
used in the construction of prototypes, it can start the manufacture
of machinery involving advanced technology that has been developed in
the previous stage, for which purpose it will suuvcontract the
construction of the parts, subassemblies, machine components, etc.
as it considers desirable., That will enable it to %test again the
market possibilities for such equipment without having to invest large

amounts of capital for their consiruction. Gradually, and according
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to the market response, it will proceed tv purchacze new machine tools
so as to have a production capacity that will enable it tc meet

the increase in demand.
Third stage

d At the end of the second stage, the industry will comstruct iron
and stainless steel boilers and similar equipment, ilubular heat
exchangers, cnnveyor belts, belts for sorting and canning machines,
fork lift trucks, static autoclaves, pasteurization and cooling tunnels,
pre-heaters, automatic closing machimes for a capacity of 90 and 200
cans per minute, centrifugal pumpcs for hygienic applications, filling
machines operating with valves and pistons and on the overflow and
recirculation tor liquids, multipurpose cutters, labeliing maclines
for metal cans, However, in the manufacture of some of this equipment,
the construction of various components and parts of machines will be

subcontracted to other workshops.

In this latter stage the industry will, if the previous economic
studies make it -advisable, undertake the construction of parts and
components of machines that were previously subcontracted. In
addition, it vill expand the range of production for new equipment,
constructing such items as fork-lift trucks, washing machines for
empty cans, and the original machines developed successfully in the

previous stage.

In this stage the industry will reach its full level of production.
It will probably increase its production, adapting itself to
specifications based on demand, and creating new models of different

capacities taking existing machinery as a basis.
Staff training needs

Throughout the capital goods sector, there is increasirng complexity
in staff training needs at all levels. Activities that formerly
represented a low profile of knowledge (for example, maintenance
operations) now require training at intermediate level particularly

with regard to:

The machining of parts;
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Automation in the manufacturing rocess;
The organization of preventive maintenance;
Design, eng.~c-ring and information sciexce;

The management and quality control of products;
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Capital goods common to all sectors.

There is a large number and variety of capital goods common to
all branches of industry. Moreover, there is no consistency in
production statistics, the data available relate therefore mainly to
international trade. Nomenclature of product groups covers varietj
of goods as e.g. electric motors, transmission shafts, clutches,
gears, pumps, lifting and loading machinery, boilers, containers,
tanks, weighing machinery, wire cables, valves, iron and steel
castings.

It is estimated that goods common to all branches represent
approximately 20% of world trade {class 7, not including the Eastern
European cowmntries). Industrialized countries account for over 95%
of world exports and 70% of world imports. Developing countries are
virtually absent form the exports scene with less than 5% of trade.
However, their share of world imports (app.30%) is significant and
increasing.

As far as imports are concerned, six developing countries alone
(in 1975~ Iran, Brazil, Mexico, Algeria, Venezuela and Indonesia)
account for app. 50% of all imports of developing countries. Pive
of them are oil-producing countries.

Action to be taken in developing countries in co-operation with
developed countries

In order to initiate and accelerate production of capital goods
common to all sectors in developing countries bearingin mind the
significant share of these countries in imports and relatively low
complexity of many products and processes it is recommended:

= identification of the most suitable products for which
production should be established/expanded

- elaboration of demand for specific products and its
confrontation with existing production capacitiec®

- nnegotiation between developing countries on priority
industties and future exchange of goods to avoid

unnecessary competition
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- identification of the most suitable means of technology
transfer, elnboration of appropriate mechanism for the

transfer and creation of basic infrastructure

- negotiation of intergovernmental and interenterprise

agreements to include economic, technical a“d financial

co-operation.
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Conclusions

This part of the Global Study has given some basic characteristics,
present problems and prospects for capital goods development in selected
sub-sectors. The share of developing countries in world production of
capital goods is very low. It can be seen that with respect to machine
tool production this share is between 3-4 per cent (including China
5-6 per cent). Certain countries already have an impressive level of
production of capital goods, which means that there is an inequality
among developing countries evident mot only in production but in
consurption as well. Brazil is the world’s thirteenth largest producer

of machine tools and India nineteenth.

Constructicn and public works equipment is characterized by

concentration and domination of United States firms. The Techniberia
study has estimated that United States firms, with their production
units within and outside the United States, control O per cent of
the world market. The size of these firms enables them to apply
policies of research, development and invesiment, and to adort an
industrial and commercial organization designed to maintain or
develop their position on the world market. On the contrary, in
developing countries there is a rery weak production but there is

a major market for the industrialized countries,

There are some common characterist.c with respect to the capital

goods for the :ntermediate goods sector, particularly :
- Client industries apply continuous processing;

- Equipment suppliers are very often the same, since heavy custom-
made equipment manufactured in multi-purpose units are mostly
used. The same phenomenon occurs in connection with zutomatic

equipment for continuous processing;

- Equipment sales in these industries are generally on a turnkey
basis, unless the product is handed over directly;

—~ There are the same actors ‘n dynamic relativnship with each other
(general contractor-project study and development, process owner,
equipment supplier, financing body).
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Several developing countries have made serious attempts to
manuwfacture equipment for intermediate industries: Argentina, Brazil,
India, the Republic of Korea and others which have taken steps in that
direction (Algeria, Mexico and Tunisia). In the most Latin American
countries, a technological package was opened according to the
following sequence:

— Development of local advisory services for carrying out
prefeasibility studies;

- Establishment of planning offices to carry out studies and

meet secondary (off-site) investment needs;

—~ Development of local equipment manufacturing capabilities with
the necessary planning offices;

- Simultaneous development of engineering companies gradually
combining detailed engineering studies, management techmology,
and process engineering studies.

Local mastery of capital goods design is also necessary for
adapting equipment specifications to local conditioms (mteriala,

production capacity, standards, normej.

It cannot be overemphasized that the establishment of a capital
goods industry depends directly on lccal engineering capabilities.

In India, the Central Engineering Design Bureau now knowm as
MECON, made it possible t¢ achieve intermational standards in irom and
steel plants.

In the Republic of Korea in 1973 a law was enacted on the promotion

of local engineering services.

In Brazil there are many engineering companies in the field of
e.ectric power supply. There are also subsidiaries of foreign

engineering companies.

With respect to food processing machinery, various implementation
stages are summarized and described in the respective part of the study
in order to assist ueveloping countries in establishing this industry.




In connection with entries into production and expansion of capital

goods industry, there are some real pre-requisities, conditions:
- The first is recognition of the role of the State;
~ The second is the existence of industrial, sectoral planning.

Some capital goods manufacture arises almost "maturally". Such
manufacturing is undertaken at the initiative of private industry or
foreign investors. But beyond the manufacture of simple equipment of
average complexity, nothing is dome without a determined effort in which
the State (and the various public or semi-public bodies) play a decisive

role.
The action of the State may take various forms: e.g.
(a) Promotion of planning studies;

(t) Establishment of research and standardization services and of
engineering compenias;

(c) Establishment of capitai gcuds enterprises;

(d) Establishment of credit fir ncing institutions for the

promotion of local equipment industry.
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Part three: Type of technologies in the service of development of

capital goods i1n developing countries

INTRODUCTION

The majority of the world poorest peoples live with subsistence
agriculture in developing countries and they know mostly simple agricultural
implements and machinery often made at village blacksmith level withont
sufficient technological and engineering facilities. In developed countries
one of the characteristics of present developments in machinery and equipment
ir the major use made of microelectronics, automation of the production process,
innovationsand the growing complexity of machinery.

Moreover, it may be seen that in many cases machinery and equipment
imported from developed to developing countries are not appropriate for local
use due to the discrepency between a degree of technological sophistication of
machines and conditions prevailirg in developing countries. In the context of
these conditions, saphisticated, labour-saving design should be cansidered
versus a simple operation, service and maintenance as well as durability and
reliability.

Capital goods could be produced through different technological routes.

A selection of adequate route to the specific conditions and appropriate
entry should be based upon consideration of such factors as e.g. a size of
market, development of demand, the level of engineering and technology in
industries, availability of skills, technological pretentiousness of a parti-
cular route, its learning effects and the period of time required for the
asgimilation of particular level of technological complexity.

It this connection, experiences of more advanced developing countries
in this field should be carefully examined and applied.

It is not feasible to prercribe any uniform pattern of product seiectivity
or sub-sectoral growths, since conditions in developing countries are widely

divergent.
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Normally, initial efforts are concentrated on repairs and maintainance facili-
ties, production of parts,spares, hand tools, agricultural implements and
equipment. This level has either been reached in medium and small-sized
developing countries or could be reached in no distant time. Further stages
of capital goods production continue with more complex parts, components,
machinery and equipment incl. duraktle consumer goods.

Labour-intensive technologies, incorporating 1low fixed capital are not
generally produced in the industrialized countries. This task can therefore
only be assumed by the capital goods industries in developing countries them-
selves. In subsequent paragraphs therefore a review of technological trends
and prospects for developing countries as well as possible application of

technological complexity method will be given.

A. Technclogical trends and pruspects for the next few yearsl/

1. Current gitugtion

1.1 The world economy today is in a very serious situation, market
economy developed countries are undergoing a period of economic
stagnation with increases in unemployment, capital goods sector
has been so far less affe: ed than some more traditional ones.

The development of the capitai goods industry should be seen

in a context of crisis and changees as represented by the current
period. Such factors as unemployment, energy prices, competition,
necessity to reduce manufacturing cost will play an important role

and influence.

1.2 Ae far as current technological developmeni is concerned, micro-
electronics is a real revolution, whichis more and more influencing
also capital goods industries. Today this technodogy already has
many applications. These applications occure atthe level of:

- productivity growth by reduction of costs and
optimizing the use of resources (labour, energy,
raw materials, machinery and equipment); and

- creating new products.

1/ For more details Cf. "Capital goods industry in developed market
economy countries®, study, prepared by Mr. L. Demol, Belgium.
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Socio-economic consequences of microelectronics are found to
te multiple and deep seated. There are attempts to analyse them,
but the subject is highly complex and difficult to define.
However, the basic current concern is the influence which micro-
electronics will have on employment, training and the evolution

of working hours.

1.3 A brief study of the machine tool industry in some of the more
developed developing countriesl , who have fairly well established
machine tool industry and a well-founded industrial base, throws
up the fact thai these countries have been able to build their
machine tool industry on modern lines because of the impetus and
assistance that they have received from their respective country's
gorernments. As amply indicated in the case study of the Indian
Machine Tool Industry, most of these developing countries have
obtained their designs and know-how and production technology
from the developed countries in building up their machine tool
industry and are today in a position to meet over 70 per cent
of their own requirements of machine tools - mainly of ihe general
purpose type. Some of them also export their machine tools and
in spite of keen competition in the world markets, not only among
them-selves but also from the developed countries, they have
been able to make a break-through. However, due to their techno-
logical backwardness particularly in computer applications and
knowledge of micro-e¢lectronics technology, their development in
machine tool industry and metalworking capital goods industry
hhas lagged hehind so much, that over the past decade, the
progress seems to be poor and almost stagnant in comparison with
that what is taking place in the highly industrialised countries
in the field of machine tools and production technology. The

teéhnology gap has widened considerably.

l/ For more detailed study see "Technological perspeciives in the
machine tool irdustry and its implications for developing couantries” worked
out by Dr. Pati), UNIDO Consultant, India.
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Technological trends
Materials

The long term prospects of using the various engineering
construction materials will mainly depend on:

- availability of raw materials (procurement opportunity,
safety and, in the long term, existing reserves);

-~ availability of adequate production capacity; and

~ the total energy cost.

The increase or substitutions in the ure will depend on the
evolution of these factors, which will not always be justified

purely from the technical standpoint.

In the short and medium term, it is generally r:cognized
that the standard cunstructior materials, such as steels and
light metals, will maintain their predominant position in

spite of the competition provided by polymers or compound materials.

As plastic materials are derived exclusively from oil, their
future may well be jeopardised because of this feature. Indeed,
if this consideration seems to hold good for mass production
goods, such as packing for example, it will not apply for high
quality plastic materials for technical applications and for
capital goods. Future development of high performance polymers
will mainly have three objectives:

- improvement of mechanical characteristics and
particularly the modulus of elasticity;

- improvement of resistance to low and high
temperatures; and

- reduction of manufacturing costs, including
power costs.

Design and calculation of machines and of structure

For a long time mechanics was the only discipline concerned
with the design and calculatian of machires and of equipment;
progressively electricity, then electronics, at first ciassical
electronics and now microelectronics, have become associated
with it,

These distinctions between disciplines will become tlurred

and their association will be close; the machine will evolve
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irto s system, that is to say an asgembly of mechanical, electrical

and electronic components. Development will require technical

design staff fully familiar with th2sge disciplines, knowing the .
respective limits and interfaces and able to call on specialistis

for the construction of specific elements. Progress will no .
longer be based on meckhanics ever increasing in sophistication

but rather in the optimal association of mechanics, electricity

and electronics, backed ty physical and chemical sciences, in

particular optics, pneumatics and hydraulics.

For example, the parking meter, when it was designed purely
on a mechanical basis, consisted of some 300 parts; this number
is reduced to 100 if mechanical and electronic components are
combined and drops to abcut 15 when a fully integrated design
is adopted.

Returning to mechanical components, the calculat’on of their
kinematics and of {heir strength is now usually done by computer,
which is also increasingly employed to draw the parts and to
prepare the manufacturing work on machines. These operation
sequences will attain a highly sophisticated integration of
design and manufacturing by computer (CAD-CAM: Computer Aided
Design - Computer Aided Manufacturing).

Manufacturing process

Foundry work

In thig field no major innovative development is expected,
but rather the objectives will be savings in energy and
material, improvement of working conditions and automation
of the manufacturing process.

Generally, future foundry work will be the result of
the evclution and improwement of the techniques applied or
at least currently avaiiavle. It will be more complex,
more productive and will require large investments, made
profitable by the increase of thermal and mechanical
efficiency, all forms of recycling, automation of the

most arduous: tasks, both in production and in finishing.
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Forging - Stamping
The concern to conserve materials, ricsing cost of energy and
the need to explore new routes of production have given

metalforming processes a lot of significance.

Like foundry work, these techniques, at least for the
production of standard parts, are not liable to major changes
in the near future, for their development will be in parti-
cular influenced by material and energy constraints, the
necessity of automation and the requirement of raising
quality for those elements which, in particular in the

transport industry, will have to continue to be macde lighter.

Metal machining

Two trends have featured the development of metal cutting
machine tools: continuous increase of cutting speeds

and automation to a continuing higher levei. The product-
ivity increase by automation has been the constant concern
of all users. If the transfer lines are still suitable for
mags production, its relative importance has decreased, mainly
because of their lack of flexibility. The reason is that
products become obsolescent quicker and, therefore, are
subject to more frequent changes; moreover, several variants
of a same product can coexist over a time which will vary

in length and, finally, they can still supply spare partis
for old products which is found to be a profitable commercial

proposition,

The flexible manufacturing systems provide a solution
to this provolem: they combine the flexibility of numerical
control with productivity of transfer lines. They are
described as a group of working stations (generally NC
michines) connected by a system of transfer of parts,
controlled by a computer and for the purpose of manu-

facturing parts of the same set,

Unlike transfer lines, they sre capable of machining
simultaneously parts with different forms and the lot sizes

are of a few thousand parts.
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Depending on the number of machine tools installed,
the automatic transfer of parts between working stations is
done either by robots or conveyors. In the latter case, the
conveyor can interconnect in a rigid fashion the various
machines, or be in the form of shuttle guided by electrical
donductors installed in the floor. This latter method

allows the progressive expansion of the manufacturing line.

The evelution of the conventional manufacturing methods
by specialized sections (turning, milling, grinding,...) to
flexible manufacturing systems is sometimes made through manu-
facturing cells. They regroup in the same spot of the work-
shcp different machines - not necessarily aviomatic ones -
but of a capacity so that a part entering a given cell leaves
it finished, without having to undergo the usual handiing
between sections of specializZed machining, Here again the
distribution of production in sets of parts is the guiding

tactor in forming the various cells.

Auiosmztion and rototation

Automation, which before had been limited to specific activities,
in particular manufacture and assembly, will widen its field
of application and make every endeavour to cénnect all the phases

and integrate in a coherent system.

The maximum output of these measures of rationalization which

are required in all these phases can only be obtained if man

no longer has to transmit from one level to another existing

or new information; this role is allocated to the computer,

which increases the human capacity to process informari-o,

just like machines have increased his physical force. The
intensive exploitation of possibilities offered by micro-
electronics to make common the automation of machines and of
manufacturing processes, will be one of the main features of

the industrial evolution of the coming years. Technical tools
are available for this evolution, but 1t raises a point connected
with social matters, that is to say the consequences of auto-

mation and computerisation in indusiry and servicec on employment .
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During the past five years, the industrialiged world has become
- aware of the increasing importance of the use of industrial

robots in all types of manufacturing.

First we must understand what is termed "industrial robot".

The Robotics Institute of the U.S.A. proposes the following
definition : "An industrial robot is a reprogrammable multi-
functional manipulator designed to move materials, parts, tools
or special instruments in accordance with programmed variable

movements so as to accomplish a series of tasks".

Therefore, an industrial robot consists essentially of three
components :
— the mechanical gystem capable of movements in the three
axes of space;

- the control system varies in sophistication, from very
simple logic systems to gsome using microprocessors; and

- the power unit can be hydraulic, pneumatic or electric.
Thus defined, an industrial robot is quite different from the
simple "pick and place” units (manipulators with one or two axes

of freedor), which are much more widespread.

Going by this definition of the industrial rotot accroding to
various estimates, at the beginning of 1980 there were some

10 000 industrial robots in operation in the whole world. Thus
half of them are 1in Japan, one quarter in the U.S.A. and the

remaining quarter in the whole of Europe.

- Industrial robots, as we currently know them, will be developed
further technically. Soon they will be fitted with sensor and

. vigsion units, and vision-arm coordination systems; finally
"superintelligent” robots will be fitted with artiZicial
intelligence which will enable them to decide for themselves

in accordance with each situation.

In many industrial sectors, the use cf robots is currently the
subject of high level studies, where the following considerations

favour it :
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- increasing cost of labour, specially for heavy,
unwholesome and dangerous work;

~ high absenteeism in repetitive work;
- lowering of quality;

- flexibility of production tools so as to increase
productivity; and

- energy crisis.

It may be expected that during the eighties quite a large
number of industrial robots should come into use. However, a
specific feasibility study of each robot installation will have
to be carefully made, covering technical, economic and social

aspects.

3. Implications of technological developments for developing countries

3.i It is quite evident that in the industrially advanced countries
there have been tremendous developments in the production techno-
logy employed in the metalworking industry particularly over the
past three decades. Most spectacular are the foreseeable future
trends in development in these countries, which could carry the
industry to a logical stage of a very high degree of automation/
sophistication. It appears therefure nearly inpossible for the
developing countries to tridge this technology gap. Such unbridge-
able technology gap could create a large economic imbalance and great
disparity in social standards and living conditions between the
developed and developing countries. This technological tackward-
ness in the metalworking industry could be to some extent surmount
if the developing countries make determined efforts to push their
respective country's programme of industrial development in general
and production of capital goods including machine tools in particular
as much as possible in line with some of the latest advances in
technological developments which are taking place in this field
in the industrialised nations. In the case there is an intention
to build met.iworking export industries or combination of import
substitution/export industries, the above mentioned orientation

is an obligation,
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3.2 Technology gap and its implication

In the developing world, some of the newly industrializing
countries like China, Brazil, Argentina, Korea Rep. of, India,
Singapore, Mexico and Portugal have a well established metal-

i working and machine tool industries. In the last three decades
some of them have been able to make significant progress in their
respective machine tool industry mainly through acquiring design
and manufacturing technology from the transnational corporations.
Besides, these countries have simultaneously strived to tuild
their own capalilities in developing original designs of machine

tools, mostly of the general purpose type.

As a result, most of them are today self-sufficient in their
needs for general purpose machine tools. Also, some advance
types of machines like special purpose machines, some types of
transfer lines, single and multi-spindle automatics, certain
types of gear cutting machines, horizontal and vertical boring
mills, commonly needed designs of grinding machines of cylindrical
and universal types and sov on, are also being produced in
these countries., The inherent strength of their machine tool
industry is further proved by the fact that the newly industrializing
developing countries have made a breakthrough in exporting a
range of general purpose machine tools to the world markets,
not only competing amongst thenselves but also facing stiff
competition from the developed countries. As the developed
countries give up manufacturing many typesof general purpose
machines in pr~ference to the advance designs due to the
. relatively high labour content in the former type of machine
tools, the developing countries are likely to expand their
exports, provided they build high quaiity, modern machine tools
needed in the markets of the industrialized countrieg and those

of less developed developimg countries c¢f Asia and Africa.

Notwithstanding such satisfactory progress achieved by the
developing countries in the machine tool industry, yet, the

vast technological developments which are taking place in
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the machine tool and metalworking industries in the developed
countries, have created an enormous technological gap between
the developing world and the advanced nations. Among other
aspects, the technological gap seems to be more pronounced ir
i) designs of machine tools;
ii) machine tool controls;
iii) cutting tool materials and tool geometry; and

iv) manufacturing systems.

Fconomic implicatian

Economic progress and development depend very largely on improve-
ments in the overall productivity - efficient use of resources
(manpower, material and capital). Hence to improve the economic
health of the developing countries, it is necessary to improve

the productivity of the metalwarking and capital goods industry.

And since machine tools and production techrology are fundamental

tor the improvement in productivity fur the manufacturing industries,

production technology have to be more productive and advanced.

Labour intensive technology per se cannot be universal remedy

and its applicability to all kinds of economic activities is

not advisable. Furthermore, improvement in output (added value)
per worker does not come entirely from the labour side.

It is to be emphatically stated that the improvements in product-
ivity come besides manpower largely from non-labour factors
through efficient use of material and capital resources. This,
in the modern industry is possible mainly through better manage-
ment of resources employing improved and advanced technology.
Backwardness in metalworking and the rest of manufacturing industries
of the developing countries is one of the reasons for poor

industrial growth and resultant poorer growth of national economy.
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The analysis of technolcgical complexity of capital goods - wuys and
means of possible application

The importance of the relationship between technology and. capital

1/

guods-' can be assessed from a two-fold point of view: First, the
production of even the simplest cppital goods requires some key techno-
logies such as fourdry, forging;machining, etc.. VWithout really
mastering these technologies at an adequate level they may be an obstacie
tc further acquisition of mcre sophisticated technologies.

Second, with respect to technology as such it appears that capital
goods constitute a ‘key tactor for its progress and diffusion, nat only
becaure of the "embodied technology" in capital goods but aiso tecause
it fs a basic prerequisite for technological innovation.g/ As a matter
of fact any technical invention requires either new machines or adap-
tation and use of the existing ones in the production of goods or
technclozies of production for social use, i.e. innovations. It can be
further said that ecapital goods are an important source of external
economies for the society as a whole as any major economic progress in
this area is of benefit to all the user-sectors of economy.

These congiderations have various effects on the technological
policies of developing countries and on their efforts to create or
expand the capital goods industry:

a) The identification of the key technologies needed to possess

a minimum level in the capital goods sector is of interest
to national policy-makers op*imizing the chances of success-

fully orienting fundamental technological choices. In this

respect technology should not be taken only as a static

1/ Cf. "Technology in the Service of Development™, ID/WG. 324/4
presented at the Warsaw Clobal Preparatory Meeting, November 1980.

g/ N. Rosenberg, Perspectives on technology, CUP, 197¢.
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constraint but also regarded as a leverage: 1in various cases
scientific progress has simplified the technologies of
production and conception and, accordingly, their assimilation.
These elements have to be employed systematically wherever

possible.

b) The possession of a capital goods industry is perhape the
only possibility for developing countries to develop their
own lator-intensive production technologies1 . It is a
recognized fact that most moderr up-to-date technology was
thus far directed mainly towards labour saving, which can be
explained to a certain extent by the scarcity of the human
element in developed countriesg/as compared to the abundarce
capital and energy resources, all of which are basic elements .
in production functions. For example, the capacity of developed
countries to produce sucressfully better energy/resources—saving
technologies ard less intensive energy/reeu‘?ces goods lies

eventually with their strong capital goods indurtry.

If the possibility and economic viability of persuing an
industrialization pattern other than that followed by the
already industrialized countries is still open to discussion,
its social benefits, particularly a~ impact on employment

in developing countries, are obvious.

Finally, the capacity of develcping countries to assimilate
and master these technologies and to avoid a mimetic transfer
will depend to a large extent upon the presence of a

sufficient base in the capital goods indurtry.
Tuaxc chapter deals essentially with the first point, namely on the
identification and use of key technologies of production. This gives
rise to the following questions:

1) What are the basic key factors for the production of

capital gocds (para 1)?

1/ Tbid, N. Forenberg.

2
-/ The phenomenon of technological progress directed towards labour
saving is clear in market economy countries. It is also basically the

same in the centrally planned economies: Cf. The third world and Scientific

and Technical Progrers, V.L. TYACUNENKO (Ed.). NAUKA, 1976.
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2) Some capital goods are clearly more difficult to produce
than cthers. How can this be taken into account in the selection

of goods to be produced (para 2)?

3) Vardous groups nf capital goods are of special interest

to developing countries, e.g. agricultural machinery, equipment
for food-processing, equipment for energy production, etc..
What are the possibilities and consequences for developing
countries if they adopt a selective growth in those subsectors?
What will be the further impacts on the enlargement of their
industrial base {para 3)?

4) To which extent may the analysis of production of capital
goods be useful in orienting major technological choices at

the policy-making level (conclusions) ?

1) Technologiee for the production of capital goods

The world c¢f machines is extraordinarily complex. Each generation
has created new machines which are then added to the stock of
man's means of production. The number of these has increased pro-
digiously during recent lecades. The machines result from the association
of multiple production proeess and thousands of technologies in specific
combinations. However, these required technologies can be classified

into a limited number of meaningful types as described below.

In addition, at the production level an enterprise producing capital
goods does not necessarily possess all the technologies required for the
production of specialized parts, components, or for some specific services.
Instead it relies partially on other firms which are either nationally
based, thus constituting parts of the industrial network, or are located
abroad because it is more economic to participate in international

co-operation.
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This leads to the "Simplified Model” described in diagram No. 1,

where three basic block of production factors are distinguished:

a)

b)

c)

“'he asentral production block A is the production unit

which supplies the completely assembled product to the

client.

The infrastructure block B congist of the semi-productis

end technical services provided by third parties.

The components block C lists the parts which are usually

furnished by specialized firms.

Needless to say, this disposition is subject to differences among

countries, or even among enterprises manufacturing the same capital goods

in the same country. Therefore, the most important thing irs the identifi-

cation and the content of the £0 factors which directly cr indirectly enter

into the process of production. However, thirs grouping has a relative

meaning:

a)

b)

The central unit of production A comprises two sub-blocks:

one is composed ¢f the typical means of production (A2) and
the other reflects various economic and technological factors
(A1) which influence the production process e.g. management,
size of reries, know-how, etc.. It can also be said that (A2)
represents the "Hardware” and (Al) represents the "Software”

for the production of capital goods.

The infrastructure blcck B can functiaon for various capital

go« Is enterprises or even consumer durables enterprises. In
the absence of such specialized enterprises, the function

ol this block could be assumed by the capital goods enter-
prises which will contain specialized units to perform those
services or provide the gemi-finished inputs. This is the
case 1n many <eveloping countries where the indurtrial market
ig 1.0 narrow to juestify specialized enterprises in those
tochnologies, and in which the capital goods sector comprises

a small number of enterprieges, being only one in some cases.
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However, when the market is growing this may provoke,
under certain conditions, the creation of autonomous

1/

enterprises in those technologies-/.

c) The component block C is composea of those specialized

parts which can be purchased more cheaply from outside
firms. Here again it is theoritically not impossible

for a single firm to produce, for example, its own screws,
bolts or nuts. However, this is hardly the case even in
developing countries with infant capital goods industries
for it wouid represent a dispersion of resources. For

the very sophisticated parts, such a:; ball-bearings, the
developed countries themselves do have intensive exchanges
reflecting ihe specialization of some enterprises/countries
in the international division of labour-/. In most of

the casee the majority of those components, particularly
the sophisticated ones, will be imported by a developing

country.

2) The complexity involved in the production of capital goods

a) (The definition of the complexity of production of capital goods)

It is commonly known that, even if two different capital goods
use the -same basic techmxlogy, e.g. heat treatment for various
harts, the level of difficulty in each case may be different.
This could alsc be the case for different parts of the same
capital good ueing the same technology.

1/ Basically by backward linkages; however, this is not automatic as
outlined by A. HIRSCHMAN, The Strategy of Economic Development, Yale
University Press, 19¢€. As a matter of fact, when such a specialized firm
is created, the capital goods producers may be reluctant to rely only on
one ' supplier. See also in George Stiegler (quoted by ROSENBERG. Op. Cit).
"The division of labour is limited by the extent of the market” in the
Journal of Political Economy, June 1951.

EV For this specific item the prominence of Japan and Sweden is known
in market developed economy. In the CMEA countries the repartition of the
production of the"2549 types¥is organized by the organization for co-
operation in the ball-bearing industry. Cf. Marie Lavigne Strategies des
pays socialistes dan 1'échange international. Economica, 1980.
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When assessing the difficulty of production of a specific capital
goods one has therefore to proceed in three sieps:
1) To identify which of the 80 factors are used. Some of those 80

factors are always used, e.g. size of enterprise, mumber of models,

and others are not used for some capital goods.

2) To assess the level of difficulty for each of the factors which
are used: for that, each factor has been given a certain mumber
of levels of difficulty, six for all of them, which reflect
either the difference in operation intensity or the difference

in the nature of the operation.

3) To quantify the difficulty involved in the use of each specific
factor of production. Each level of difficulty in a factor

of production has been given a standard score
reflecting an empirical appreciation besed on experience

in the sector .

Finally every capital good can receive a quantitative assessment of
the difficulty to produce it: It is obtained by summing up all the
scoregs of the factors of producticn it usedz/.

With the same procedure of summing up within each block of factors
A, B, and C one can reach to the scoreofdifficvlty fcr all the Blocks
used ( A = Hardware +Software, B = Technical infrastructure, and C -
Components),

By definition the global score of difficulty of production for

a specific capital good is called its total index of complexity of

production.

1/ This procedure has some common features with job classification
methods and job - rating through which one can compare very different
jobs. Correctly used, and in the right context, it can be a useful tool
for management of human resourcee at the enterprige level, Cee "Technology
in the gervice of development®(op. cit) for the precise definition .of all
the 80 factors.




The same definition applies for each of the partial Block scores

of difficulty of production.
Finally in order to have a more flexible tool the scoring

was not applied to a specific capital good but rather essentially

to fairly homogeneous groups of capital goods, such as

* hand tools" or "diesel engines up to 500 HP". For production
factors this automatically leadrs not to a single sccre but to a range
of scores where-the minimum indicates the lowesi technclogical option
and the maximum the highest. Using the same summing-up procedure
described above one can calculate various minimum and maximum indices
of complexity for a given homogenous group of capital goods. This
scoring method was actually applied to 31€ groups of capital goods
which may be taken as a fair sample of the diversity in machinery §
and equipmentl/.

b) Graph 1, where the groups of capital goods have been

positioned according to their average complexity (i.e.
average of the maximum and the minimum of complexity)

shows the already-known heterogenity of capital goods.

At this point the most striking feature is the increasing
role of components with overall increasing ccmplexity,
which is of specific interest to those developing
countries expecting to expand sooner or later into
complex products. This possibly means, and more

likely implies, that production of complex capital

goods requires imports anc, more gpecifically, external
exchanges of components. Such n:iessary interdependence
may be in the form of an intra-regional or interregional
division of labour and would appear to be a must .
especially for small and medium-sized developing

, 2
sountries.-

1/ See the list of groups capital goods in "Technology in the Service
of Development” (Op. Cit)

2/ A typical case of this situation is for example the Republic of
Korea. The dependency on imports for the production of machinery (defined
as the ratio »>f imported intermediate inputs to total inputs) has evolved
sharply from 19€0 to 1973 from 13.5 per cent to 34.9 per cent (17.5 per cent
and 27.5 per cent respectively for manufacturing as whole). Input-Output
tables for 1975, Bank of Korea, 1978.
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GRAPHIQUE No 1
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c) Taking now the range of indices of complexity among

capital goods into consideratinn, a high level of

dispersion is revealed. )

The distribution of the results is shown in the following -
graph:
% Number of
roducts
+ ?percentage)
i
i
Total complexity
015 135 65 100 130 180 250 320

About 85 per cent of the products in the gample fall within the
range of 35 - 180, which represents a dispersion of 1 to 5. At the two
extremities only 6 per cent of the product. ~omplexity less than

39, with 9 per cent greater than 180.

These observations lead to the following remarke:

- The wide dispersion of capital goods is likely to
reflect also various discontinuities. They will

be identified in chapter 3.

- There are indeed many simple or average complex
capita. goods which are accesesible to a great number
of developing cauntries within a sufficient .. ~ird

of time., Among them one can find a good number of
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agriculiural machircries, structural elements for

buildings...,etc..

chapter 1.

They will also te analyzed in

3) Technological complexity for various major groupings of capital goods

Mnalysis of basic discontinuities in capital goods

The object of this para is to analyze how envolve the

importence of the main blocks, i

.e. the block of the

central production unit (A), the infrastructure bicck (B)

and the components block (C), when the complexity of the

capital goods to be produced is increasing.

As has been

already seen, the components influence on the overall

complexity of the product increases with the complexity.

In order to have more clearcut results, the various capital goods

groups have been grouped in six classes in increasing order -f complexity

as given below:

Definition of the 6 levels of complexity for Capital Gcods

and examples

h Name of the 1 2 3 4 5 6
level
i 1ee emm 55 | between 100 [petween 180| avove
Rance in terms | between O | between 30 bcthe:n 55 ' at
ofnindcx of and 30 and 55 and 100 and 180 and 320 320
complexity
j i Trams Twin-
Hand tools | llcavy Boiler Rgllxng -
b/ stamped for heating| mills cars engine
(30) parts . water (157) (194) turbo
6 Prop.up
(38) ( 4) 10 25t
Examples (450)
Stoves Sced drill|Equipment Wheeled trac.Equip. for Tw;p—
(50) for up to 25 Hp | oil engine
(25) b/ bakeries [(Hithout eng.)l drilling | jet
(60) (101) (288) (620)

a/ In practice the index of complexity does not exceed 650, the maxim.m is
attained by the twin-engine jet and the minimum 15 by simple metal lurgical capital

goods.

b/ The figures in brackets show the approximative complexity for the

capital goods given as examples.
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As seen above, the rate of increase of complexity from one class to

another is high and of an exponential type, so that the relative changes,

and possible discontinuities, if any, in the influence of the blocks A,

B and C will be of the most appareni type.

The resultsgiven in table 18(annex) for each level or class represent the

average of complexity for the groups of capital goods which belong to this

class.

a.l)

a.2)

Fxamination of these results leads to the following observation:

The rise in the total complexity if accompanied by changes
in the industrial fabric constituted by assemblies A
(central production unit), B (technical infrastructure

and C (components): At levels 1, 2 and 3, A dominates;

at level 4, B and C become equally important while at
levels 5 and € the influence of components C in the

tota' complexity becomes preponderent.

As a result two fundamental discontinuities are
identified:

- First, one major discontinuity appears when
one wants to shift from production of capital
goods of levels 1, 2 and 3 to capital goods
of an higher grade. The difficulty represen-
ted by A (Hardware + Software) takes on rela-
tively speaking less importance when one moves
from the level 1 upwards.

- Second, another type of discontinuity is obtained
from products of level 4 to products of level
5 or 6. The major reason for this lies clearly
within the role of components which dominate in these
sophisticated products. This is generally of great
significance for products vith a high techmological
content for which a very dense network of industrial
relations is needed in orde:” t2 obtain very specialized
parts.

The pivotal role played by the block A for the first three
levels can be further clarifiei by the relative ewolution
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of its two subblocks A (Hardware) and Al (Software):

* — At level 1 the influence of the Hardware on
the total compiexity is dominant, followed
by the influence of Software. The technical

« infrastructure and components exercice a
smaller influence.

- At level 2, the influence of Hardware remains
high, as does also that of Software. The
influence of technical infrastructure and of
components increases.

- At level 3, the influences of Hardware,
Software, technical infrastructure, compo-
nents are equalized. However, the central
production unit i.e. (Al + A2),Hardware and
Software, continues to exert the greatest
role with a little more than half of the
complexity.

a.3}) Specific role of the technical infrastructure

Close observation of the role of the infrastructure

B along the various levels of complexity, reveals

that its role increases from level 1 to 3 and

remains relatively stahle at levels 4 and 5 and
declines at level €. Although there is no major
rupture among the six levels of complexity, it would
seem that a good .evel of infrastructure is a basic
prerequisite for production at levels 3 or 4 upwards.
Inversely, the relatively low importance of this infra-
structure for the simplest product leads to the
following suggestion: It may be sufficient when
restricting oneseif %o product of levels 1 and 2,

to install the internal capacity for capitai goods
production (4) and prepare adequatly the infrastructure

(B) for further progrese at higher levels of complexity.

In order to pin-point the above a simulation exercise
was carried out which shows that complete mastery of
the manufacture of all the products of level 1 nccess-
itates already approximately 50 per cent of the 80
factors. In addition mastery of level 2 implies the
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inclusion of anothes 27 factors which, added to the
foregoing, amounts to more than 80 per cent of the
factors. Attaining level 3 requires practically all

factors.

From level 3 onwards the structure of the production
apparatus is made from the point of view of the
existence of the necessary factors of production.

This means that from level 3 upwards the increasing
pcssibility of the production system for manufacturing
more complex products s derived almost solely from
improvement or increased mastery of already existing
technologies and not from the introduction of new
ones; this is of course of special interest since

at level 3 roughly 40 per cent of all types or

capital goods can be marufectured.

It can be therefore suggested that the basis of the
industrial fabric is constructed at levels 1 and 2.
It is the first accumulation at these levels which
allows a considerable gair in the number cf machines
produced, and in complexity, at level 3. From this
levels upwards the increasing mastery of the existing
factors of production makes possible the increase in

the number of the mcre ccmplicated machines.

Analysis of various groupe of capital goods

Various groups of capital goods are of specific interest for

developing countries, such as agricultural or food-processing
equipment, which are typically produced solely for the use

of one important economic sector. It is also necessary to
consider classes of capital goods which are used by many or

all sectors. In this group are found for exemple, small
mechanical components, some electrical equipments, machine
tools, etc.. This class of capital goods common

to all branches is of special interest for developing countries

of small or medium-sized domestic market. As a matter of
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fact those goods being used by all branches have greater
possibilities for reaching broader markets than goods
specific to only a single branch.

Graphs 2, 3 and 4 (annex) show those various classec and ihcir
rverage complexity. At the same time the minimum and

maximum are given,

The results and the graphs make it possible to infer various
selected statementsl/ which should be considered more as

suggestive guidelines than formal rules:

Analysis of capital goods according to final demand (branch

specific, common i: some branches, common to all branches)

The mean complexity, without components, of capital goods
considered according to the nature of the demand, does not
seem to vary significantly within the taree groups considered.
In addition within each group of capital goods there exist
real technological alternatives which make it possible to

modify the levels of complexity downwards or upwards.

In particular the mean complexity of goods common to all
branches is less than that of the mean of all capital goods.
The weight of the components is less, but tl. dispersion of
complexity is considerable. There is a technological gap
between the products of low complexity and the others.

This last statement is clarified by graph 5. Here again

it is useful to emphasize again the importance of this
group which could constitute a way of entry into capital

goods industry for ce:rtain developing countries.

If the capital goods specific to one branch are now considered
(cf. graph 4 ) one can notice ‘he relatively low complexity of
agricultural machineries, food-processing equipments and the

very high complexity of transport equipment. Also worth to

_#/ Yore detailed results are given in the UNIDO documen "Technology
in the Service of Development” (ID/Wg. 324/4) quoted abcve.
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be noted is the high complexity of equipments for productioa
of intermediate goods {mining, iron and steel, chemicals and

petrochemicals, etc.).

Considering now specific sectors of interest, especially
agricultural machinery, agro-tased industry equipment

and building and building materials equipment provides
other interesting indications. The idea of comparing

the technological complexity of these three sectors

arises from the following facts: all the developing
countriss demonstrate a type of agriculture which for
several of them, cunst’tute the almost unique if not the
principal activity. As a result with regard to agriculture,
it would seem worthwhile to study the complexity of the
upstream industries, agricultural machinery and the down-
stream agro-based industries. Those three sectors of economy

are therefore constituting a coherent "block of development".

Also of interest are the capital goods intended for
the building and building materials industries since every
developing cousitry alsc has to face the problems of building

and town planning.

Graph 4 leads to the following observation:

The mean complexity of agricultural machinery is lower
than that of the capital goods intended for the building
industry and the building materials industry. The mean
complexity of equipment goods intended for thz agro-based
industries is nigher than the pruvious one. These three
categories of equipment goods have a comp.exity which is
lower than the mean of capital goods specific to final
demand sectors. The gap in complexity without components
between agricultural machinery and building is reduced
and suggestis Lecause the principal technological routes are

the same the possibility >f joint production. By contrast

the gap is greater with capital goods intended for the
agro-based industries. For a complete picture of these

three capital goods subsectors, i.e. agricultural mhchineny,
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agro-based industries equipment, and equipment for
tuilding and building materiale, Graphs ¢, 7 and € (annex) in
the Annex should te consulted. Their observations make

the following inferences possible:

The_group of equipment goods for the agro—-based industries

has not only a higher complexity than that of agricultural
machinery, but also a wider dispersion. The simplest
consist of equipment goods with a mechanical predominance.
The most complex consist of equipment goods linked to the
operations of packaging and production processes with a

predominantly bio-chemical character.

The group of equipment goods for the:building and building

materials industries has a complexity and a dispersion

which are higher than that of agricultural machines and
equipment for the agro-based industries. The simplest
part of these equipment goods is of a complexity similar
to that of the lower part of the sample of agricultural

instruments and machines.

b.2) Analysis of capital goods according to the international
classification ISIC. (at the 3-digit level):

Graph 2 shows clearly the average results for each of
major groups (381, 382, 382, 384 and 2€5). It emphasizes
also the anticipated low complexity of fabricated metal
products and the already known complexity of transport
equipment. Some reservations should be made however,

as regards the forthcoming of electrical machinery (383)
for which the sample comprises only machines of a rather

simple typeJL .

b.3) Analysis of capital goads according to their function in

the procegs of industrial production:

This classification involves considering machineg according
to their possgible functions within the process of industrial
production. In this way certain capital goods are of a semi-

finished type (and hence can also be uged as intermediate

_1/ This part of the sample is being improved by the on-going research.
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products, such as stamped components), whereas others

are goods which may te used in other machines where

they constitute sub-systems (e.g. clutches, speed variators,
etc.), others are really autonomous finished products

(e.g. engines, turbines), while others: are finished but
integrated products (equipment for petrochemicals, for

example). This leads to a functional classification.

Following this grouping the general observation of Grzph 2
confirms what was expected. However, the very low

complexity of the semi-finished products (mainly included
in the group 381 of the international classification ISIC)
is of interest since this group is also a main supplier
to all other subsectors of capital goods. Its importance
is related to the fact that it comprises most cof the

products belonging to the "second transformation of metals"”.

At this stage it is interesting to cross the preceding
groupings of capital goods and the major levels of complexity

(one to six).

c) Repartition of the M8jor groups of capital goods among the 8ix

classes of complexity

Before analyzing the repartition of the variaus groupings of
capital goods among the levels of complexity it should be obeerved
that most capital goods are concentrated at levels 3 and 4.

(Cf. chapter 2). However, the repartition naturally differs
for the various classes of capital goods as considered above.
(Cf. table 19 in annex).

c.l) If one considers class 38

- 80 per cent of the simple metallurgical products
(class 381) are situated at levels 1 and 2.

- Nf the non-electrical machines (class 382) 80 per
cent are in levels 3 and 4, and the same applies to
7% per cent of the electriaal mcchines.
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-~ Of the transport equipment 85 per cent is divided
between levels 3, 4 and 5, mainly in the latter two
classes, and nearly 10 per cent are at level 6.

- Control and monitoring equipment is 100 per cent at
levels 3 and 4, 85 per cent being at level 2.

Towards the top of the complexity range, the simple
metallurgical products stop at level 4, while electrical
machines and equipment and those involved in control and

monitoring stop at lavel 5.

Towards the bottom of the complexity range, electrical
machinery and equipment do not begin until level 2. The same
applies to transport equipment, while controi and monitering
equipment and apparatus begin at level 1.

If one considers capital goods from a functional and technical

point of view it can be seen that:

- all the semi-finished products are in classes 1 and 2;

- practically 80 per cent of the parts and sub-assemblies
are at levels 3} and 4, with 50 per cent at level 3;

— more than 70 per cent of the autonomous equipment and
machinery falls within the same ranges, with more than
40 per cent at level 3;

- more than 85 per cent of the equipment integrated into
a complex procegs 18 also at levels ! and 4, with
more than 55 per cent at level 4.

Towards the top of the complexity range, semi-finished
products stop at devel 3, parts and sub-assemblies stop at

level 5 and integrated equipment at level €.

If we consider now capital goods from the point of view of

the demand:

- more than 90 per cent of goods common to all the
branches are contained in classes 2, 3 and 4, class
3 accounts for 50 per cent of these;

- more than 80 per cent of the goods common to several
branches are found in classes 3 and 4, mostly in 13;

- less than 70 per cent of the gpecialized goods are
algo in these classes, but the remainder occupy all
the other levels; this is the only case where this
phenomena is observed.
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. Concerning goods common to all branches:

- towards the top of the complexity range thev do
not go beyond level 5;

- towards the bottom of the range their production
only appears to begin at level 2.

Grapl. 3 shows that at level 2 of total complexity one
finds within the goods common to all branches, small mechanical
components and the steel elemerts for building. At level 3
small electrical equipment, miscellaneour equipment and
materials, pumps, compressors and boilers, mechanical parts
and sub-assemtlies and storage and handling equipment. At
level 4 are the universal machine tools, engines of all kinds,
road transport equipment and office equipment.

In the case of the specialized equipment goods graph 4
shows that:

- at level 2 of total complexity agricultural and
food industry machinery and, at the limit of levels
1 and 4 are located tne capital goods for the

chemical and petrochemical industry;

- capital goodrs for the building and the building
materials industrieg, the engineering industry,
the extraction of minerals, agricultural, and
heavy metallurgy industries and road transport
equipment are found at level 4;

- rail transport equipment is located at level 5;

- air transport equipment is found at level 6.

Some conclusions and recommendations on strategic optiong for

entries and development in capital goods production

Observed practices and analyses of industirial policies show

that the main strategic options for entering and expanding

in capital poods production eventually articulate with three

gets of different (but not indepcndant) components:
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- Selection of some, or even one, subsectogss!
of capital goods of high priority r entry and
growth,

-— Selection of gpecific capital goods or groups of
capital goods to be produced at various stages.

- Selection of the technologies for the enterprises
congtituting the productive apparatus in the area
of heavy industries ( iron and steel industry,
foundry, forging, pressing, machining, etc.).

The combination of thoge technologies constitutes
the technological production route and concerns
as well the technical infrastructure, the various
central units of fabrication and the components
types.

It should be noted that the above classification of

components constituting the basis of the "strategy-mix" f

does not always suppose their explicit character.

The interdependence of these choices will be examined
with respect to the preceding results and will not only contribute
to the identification of real opportunities of entries but also,

highlight risks associated with various situations.

In practice those interdependences manifest themselves
clearly when one of this type of component is prevailing on
the other two, constraining them, which leads to "pure”
strategic options being understood that under the variety
of gituations and goauls facing by countries the concrete
strategies for capital goods industries are a mix of these

"extreme™ options:

l. Type Is Pull approach by priority user sectors
In this case the dominant choice is exerted by the

final user sectors which by their priorities induce

the choice of selected subsectors of capital goods.

For many developing countries,one guch priority sector

may be the agricultural machinery sector.

2. Type II:s Full approach by import substitution/bxgprt
promotion

This case relatea to choice where special importance

ig devoted to selected capital goods for their weight
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in imports or their potentialities for export.

3. Type III: Push approach by the strengihning of the
production structure

This is the option where first concern is the mastering
of the technologies of production and especially the
techrical infrastructure B "Heavy industries” and all

the processes which are downstream to it, i.e. block A

"machiring, surface treatment, etc..

The very logic of this line of action, where the building
up of the apparatus of production is the first objective,
may lead to the simultaneous mastering of the metal
industries and particularly of the iron and steel industry.

Bearing in mind the hasic objective of enlarging the industrial base
type I and type II may be characterized as "puiling” approaches while type
111 is a "pushing" approach,

The synthetical tables I, II and III of the following pages describe
various edvantages and disadvantages of adopting such typical options.
Various remarks can be inferred which may be of interest for small and
medium-sized developing countries willing to enter and expand a capital

goods industry.

The various historical experiences of develoging countries having
achieved significant breakthroughs in capital goods industry show that
the three types of strategic options were adopted either separately
during different periods of time or simultaneously.

It seems therefore that there is not an unique normative way of

entry in capital goods production but a wide number of possible entries.

The challenge for small and medium-sized developing countries willing
to enter in capital goode production is to operate over a sufficient

peried of time, the "best” combination of the approaches described above
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with respect to their economic and social conditions and obje~tives, the
potentialities offered by international co-operation and the real techno-
logieal complexities of the capital goods.

. d.2) Some historical experiences may illustrate this statement:

Bulgaria,which was in 1944 mainly an agricultural country, has
buitt up in around 30 years a substantial base of capital

goods industry. One of the axis of its economic policy was

an emphaeis on agriculture mechanization and food-processing—-
(type 1) and to a less extent on heavy industries of the
infrastructure (type III)Ei/

The structure of its +trade with other CMEA countries, which
reflects Bulgaria's relative poor endowment in mineral resources,
shows that Bulgaria is still relying on other countries and
importing steel and complex products such as trucks and tractors
(though various types are produced locally since 1970).

However, Bulgaria has particularly since the mid 19¢Os developed
exports in fields where it has an acknowledge expertise (type II)
such ag: food-processing equipment, some types of machine

toolg, electrical eNWipmentii . At present Bulgaria imports

of capital goods are roughly balanced by exports of the same.

Korea Rep. of, of which the industrialization is more recent, has
demonetrated since the late 19508, an important
success in capital goods production with a strong support
of the state. It appears that the early phases of rapid
industrialization were ~haracterized by a composite approach

. of type I and 11, and only later a type III approach towards
the strengthening of its heavy industries was adopted,

o especially in the four years plam 1977-198131/

1/ In 1977 Bulgaria was in value-added among the first 15 countries in the

world in food-processing and beverages. See Industrial Development Survey
(forthcoming).

2/ See (for various) "Bulgaria Industrialization and farm mechanization
under socialiem” by I.A. Zakhariev in "Economic Development for Eastern Furope”
(Ed. XC, Kaser, 1968).

/ See UNIDO study: "Development of the capital goods in Bulgaria" and
"Trading with Bulgaria”, US departmert of commerce, March 1980.

J1/ See "The role of the state in the Economic growth of Korea, P. Judet,
1980, in No. 14 Revue d'Economic Industrielle.
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The typc I aprroach ics particularly apparent with the
textile industries where bty its relative low wages, Korea
reached a competitive level in this industry. This

called for production of textile machinery through an
vpstream movement from simple assembling to more complex
production operationsl—/. Also since 19€2 sirong emphasis
has been put to self-reliance in food which calls for

production of agriculture machinery and fertilizers.

The type I1 approach is typical in electrical and
electronic equipment for exports where the degree of
integration varies from products to products due, to

2/

a certain extent, to the complexity of the products.--

India with its large endowment in national resources and
very qualified labour has after a phase of strengthening
its civil infrastructure emphasized a type III approach and

also an import-substitution option (type II).

The second plan 165€-19¢1 which was based on the

mode! or PP. Mahalanobis says explicitely "the exparsion of
the iron and steel industry has obviously the highest
priority..., heavy industries are a natural ccrollary of
iron and stee! works..., in this context the creation of
certair basic facilities such as the estatlishment of

heavy foundries, forges and structural shops is absolutely
necessary..., (because they) constitute an essential and
primary phase of development for the manufacture of heavy

industrial machinery.... An important prerequisite for

1./ Also chemicals industry received, especially after 1970, strong backward
linkpge effects from textile. However, the impact of textile alone was not
enough to create a very diversified industry: for example the key linkages
dissimilarities between Japan and Rep. of Korea are in Chemicals(mainly pulled
by textiles), iron and steel and electrical machinery. See "Economic development
and changes in linkages structures: An input-output analysis of Korea Rep. of
and Japan by Y. Torii and K. Fukasaiku, 1979, Conference on Imput—Output
techniques,Inngbruck, Austria.

f{/ See"Korea", a World Bank Economic Keport, 197y, pages 252-3, "Electronic
ep;?om;;es wnat 1s found to varying aegrees in other sectors. Blectronics
proauct;op 1s largely an as3embly operation, and little infusion of th; i
bas.c technological inmow-now has taken place. Korea shows the
typical characteristics of a LDC within the product cycle of an industr;
for which technological advaice is rapid. In shipbuilding, too Kor;a Y
has yet to roalize the full advantage or having a local de;ign éapabilxt
anl of producing associated deck equipm:nt, elements of the drive tram, Y

ard io on. In addition most of the mzcninery-producing sector is
puaature
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fostering the production of heavy industrial machinery
is the establishment of organizations which car undertake
the task of preparing designs for plant and equipment required

by heavy industries..."J- .

Elements of type I approach were also present in effort of
promoting equipment for intermediate goods such as cement,
chemicals but to a less extent for consumer goods. Without
any doubt , India has in the long-term achieved and especially
since the third five years plan 19€1-19¢€, a strong mastery
of very complex technologies particularly in the heavy

2
electrical equipment--/and machine tools.

d.3) Those selected positive examples and others suggest that a
comprehensive approach of type III has been successfully
adopted sooner or later by countries enjoying big economic
spaces;L/;nd with rich endowment of resources and ability
to mobilize qualified labour force. On the contrary small
and medium-sized countries have instead rather focused on
type I and II approaches, and have in some cases adopted
after some time a partial type III approach with strong
complementarities with countries already possessing a wider

and a more ancient industrial basis.

It seems therefore worth to raise the question if for small

and medium-sized developing countries willing to enter

capital goods production the problem is not to adopt a well

balanced type I and type II approaches but complemented
at the international level, and for the reason of trans-

portation costs at the regional level, by a type III approach?

;L7>See "Development of.capital goods sector in India"™ by K. Paramesvar
presented at the Warsaw meeting in November 1980.

3{/ See Bharat heavy electrical limited: A case study by K. Paramesvar,
November 1980.

3/ It is also’ the case for Brazil, see "The Brazilian Capital
Coods Industry 1959-1964% chapter IV, by Nathaniel Leff. Harvard University Press.

and China, see "development of Capital Goods in China", by Li Yong-Xin.
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For type 1 the priority sectors may be of three kinds:

Consumer goods: a very favourable sutsector for growth

ic indeed agriculture machinery possibly complemented by
food processing machinery and equipment. The porition
of this subsector of capital goods is unique in the

sense that due to the rigidity of the agricultural ouper-
ations it contains almwst all the generations of equip-
ment (hand tools, animal-drawn implements, fixed
equipment of all types, intermediate and nighly mechanized
equipment ). Because of the low complexity of its
simple equipments it allows a progressive mastering of
the basic technologies of manufacturing and makes
pcssible the installation of scme elements of the

1/

heavy industries of the technical infrastructure- -'.

Apart from the car industry for which the procesrc of
production has common features with very complex capital
goods (e.g. trucks, tractors), various congsumer durables

are also produced by the engineering indurtries.

The question may therefore be raised whether a "pull"
approach by durable consumer goods is feasitle due to
a market availatle for a real mass consumption: the

following results suggest that this solution will not

;1/ However, it is not automatic. See Industrial Revolution and under-
development by Paul Bairoch, SFDES, 19¢4. This type I approach ir to a large
extent an historical approach. The author demonstrates how the demand for
steel for agriculture implements in Creat Britain has provoked the key techno-
logical change of using coal instead of wood for iron and steel industry. It
was only around 30 years after that textiles called for a demand of machinery
and eventually of iron and steel products. It can also be noted that even until
1880 a good craftsmen could repair any kind of machinery (textile machinery,
steam engine, or agriculture machinery). It ir nowadays very difficult for a
rural blacksmith to repair a tractor because of the various discontinuities
introduced by the high mechanization (thermic engines) and electrical parts.
Moreover in the early phases of european industrilization the emergence of a
class of enterpreneurs and the construction of rational capital goods industries
were easier than nowadays because of the simplicity of technologies (in
particular what differentiated a big from a small enterpreneur was the number
of machines of the same type), the low cost of entry and moreover the high
cogt of transportation which made all the countries self-relient in their capital
goods industry by copying (it was at that time possible) models obtained from
Creat Britain.




Table I: Strategic option of type I:

average complex
(level 1,2,3)

mastering possible
for hardware (A2) and
software (A1)

Time
Products Short/mid term Long-term
Simple or Progressive domestic Domestic mastering

of
hardware EAZ; and
software (A1

Creation of infrastructure B
not automatic

Difficult or
very difficult
(levels 4,5,6)

Assembling
+
possible manufacture
of some parts (A2)
+
software not
dominated (A1)

Partial domination of

hardware, (A2) but

difficulty for
software (A1)

NB: At the level of the technological production route this approach
pat emphasis on the A Block (hardware + software). For simple
products A can easily be dominated in the long-term.

“"Pulii approach b




. 4
y priority of the domestic user sector

General characteristic

- Starting possibly difficult, low
process.

Advantages

- National mastering-learning by doing for

simple producteHardware A2 TDbefore
software A1)
- Weak modalities of dependance

- Possibility to develop inter-sectoral

linkages

Lisadvantages

- Limitation in know-now A1(for complex
products)

- Creation of infrastructure B rot
automatic

Priority subsectors with potentialities

example Agriculture llachinery, structural
elements tor ouilding, simple food-proces-
sing equipment,

Priority suvsectors with difficulties

example Petrochemicals, mining equipments,
complex food-processing equipment.

- Lol -
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te a very effective one at the early stagee of industri-

alization for developing countries having no industrial
tase and most of these production will only remain as
assembling activitiec if not accompanied bty other measures

(of type III for example).

Fxample of consumer level of complexity
durables complexity
simple kitchen gas stove II 44
washing machine 111 €o
electris iron 11 41
refrigerator 111 82
air conditioner T11 53
ventilator 11 54
metal furniture (e.g. cupboard) 11 43
electric crusher 1T 4€
vaccum cleaner II1I e

Intermediate goods (building materials, chemicals, iron and steel)

It appears that the high complexity of those equipment
requires a long time for mastering or a strong iiiternational
cooperation to speed up their production by developing countries. For
example the capacity for various lLatin American Countries to really
enter in the production of mining equipment (at least of level 3, 4)
will largely depend on regional co-operation such as the one designed
by the Andean Pact-!;'/.

And finally capital goods itself which need for example

machine tools of all types, but this can only be envisaged by most
of developing countries at a further stage of development of their
/

industrial base-z-/as machine-tools rank at least at level 3 and for

most of them at level 4 upwards.

1 / See UNIDO Study on Mining Equipments.
2/ See UNIDO Study on Machine-tools.




Table II: Strategic option of type II

promotion policies’

Time Lo
id t -term
Products Short/mid term ng
Simple or Assembly line (in A) .
average complex unless idem

(level 1,2,3)

agreement of all
gides to obtain
sufficient
integration

Creation of infra-~
structure(B )difficulf

Difficult
or
very
difficult

Assembly line (in A)

idem

Nb: At the ievel of the technological production route this approach
put emphasis on the easiest part of A, i.e. assembly, and
may lead to complete mastery of A by an "upstream" movement.

"Pull approach by import substitution or export

General characteristic

- Starting may be very easy, quick process
Advantages

- Employment (but most of the time of unskilled labour)

- Some technical exchanges with foreign partners
Disadvantages

- Strong modality of dependence(if no industrial hase)

- Limitation in know=how (A1)
- Risk of no creation of infrastructurz (E)

- Need a good level of development for
creation of intersectoral linkages

fixample Simple capital goods common to all
branches (eclectrical equipment, simple
machine tool)

- 621 -
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For option of type II which present two basic variants, import
substitution or export=promotion of specific products, the pu:sibility
of creation of an industrial base is less obvious than in the preceding case.

First of all an importesubstitution option requires if a real national
mastering is seeked after a wide domestic market and a sufficient level of
industrial basei[ Without the later condition it generally provokes
necessarily the involvment of a foreign partner which may be reluctant
to support a real policy of progressive integration of the production
processes, which are upstream from the simple assembly activities. This
is particularly the case for complex or very complex capital goods.

For export-promotion option the association with a foreign pariner
is ;practically a necessity to have access to the international markets.
As the foreign rartner may be attracted by this association only by low
wages conditions, it may be very difficult to have a progressive inte-
gration of the production particularly with complex products involving
national inputs other than unskilled labour. Therefore the "industrializing”
effect of those operations may be very low, unless the countiry has either
already reached a sufficient level of industrializationéa/ or there is
from br n sides a strong long-term view for reaching progressively a

3/

sufficient national integration.-=/ In most cases, because in particular
of the complexity of the products no linkages, either backward or forward,
are created with the other activities of the countries and it remains as

an "assembly activity enclave” or an "igland" of complexity.

_1/ Typical products for import-substitution are capital goods common
to all branches. As seen before they are mostly at levels 2 upwards.

_2_/ See "Offshore assembly in developing countries', National Yestminster
Bank Quarterly Review, April 1980, by San Jaya Lall and "Can international
subcontrating promote industrialization?' in ILO Review, vol. 119, No. 3,
by C. Berthomieu anu A, Hanaut,

3/ As an example of the difficulty in import-substitution of complex
productq see "Capacity of the engineering industry in Colombia™ by the
Institute of Technological Reseerch, Bogota, in “Technology and Employment
ir Industry", ILO, 1980.




Time

Products Short/mid term Long-term
Simple or Limited but effective Mastering of all
average complex | results for produc- the basic technologies

(levels 1,2,3) tion of parts.(Few especially hardware(A2)
results in the short$_ _and software(41)

v

term) [Infrastrcture B oreated]
Difficult Assembling High level of national
or + integration
very production c. but
difficult simple parts necessity of exchange
(level 4,5,6) to have sophisticated
know-how
(software-a1)

NB: At the level of the technological production route, this
approach puts emphasis on the simultaneous domination of
A and B. By stressing on B this option leads on a "downstream"
pattern of industrialization around the nucleus of heavy
industries .

Table III: Strategic option of type III: "Push approach by heavy industries”

General characteristic
- very low process, few results at the
beginning

Advantages

- systematic building up of the
infrastructure (B)

- National integration of production
very high in the long-term. (High
self-reliance)

- High intersectoral linkages
Diaadwantgges

- strong dependence in the short-term
(to establish infrastructure B)

- e -

- High c>8t and risk of overaccumulation
in heavy industries (versus light
industries)

Examples Foundry, forge and stamping,
heat treatment, metal cutting ...... etc.
and possibly iron and steel industries
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The type III option seems very difficult to apply in the early phase

of entry for developing countries of small and medium size. It is not meant
by that the impossitility for those countries to acquire a nucleus cf iron
and steel industries and downstream activities to it. On the contrary some
process like the direct reduction one permits size of units accessible to
many developing countries with possibly a diversified range of semi-finished
iron and steel products. It should be however, stressed that the possesion
of an integrated heavy industry including iron and steel is not in the

early stages an absolute prerequisite for industrialization and development

of some subsectors of capital goods industry;l/in small and medium sized

developing countries. The cost of tuilding-up all the elements of the |
heavy industries at the domestic level may be too high as compared with other

short-term pressing problems (agricuiture, food-processing, ... ect.). The‘very

positive example of Bulgaria which had very successfully built up some elements

of heavy industries within the framework of the division of labpur within CMEA

may be very meaningful. Also the case of the Rep. of korea which entered into

its heavy industries very late is worth to be taken into consideration,

Conclusions

The preceding results have already shown interesting applications of the
analysis of technological complexity (ATC) in the comparison of strategies

of entries and development in capital goods industry.

A / The analysis of the preceding chapters alsb shows that the main effort
to penetrate capital goods industry is at the level of the block A (hardware
mostly and software). The technical infrastructure plays a less important role
for levels 1, 2, and 3. From levels 4 upwards of course the technical infra-
structure should be already established and strong enough.
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The otject of this chapter is to outline the scope of application cf

the ATC in the orientation of technological policies for the expansion cf

1/

capital goods production--/.
When planning the future evolution of the capital goods industry the
policy-maker is facing essentially two problems:

a) Being given that the needs are correctly formulated, and this
may require an intensive work, it is generally very difficult

to have a coherent framework for the formulation of the supply.

b) Even if the future supply is assessed, it may be uneasy to
design a coherent policy for the planning of technology, the
establishment of programmes and finally for the selection of

investment projects.

It is fundamentally to contribute to the solving of those
practical problems that the ATC was crcated. It providers

to the policy-maker three useful tools for the technological
policies:

1) A coherent framework to analyse either the demand
for capital goods or the supply, both in terms of

the techmological imputs required.

2) A system of information indicating the technological
complexity of production of a wide number of
capital goods.

3) A simulation tool either to analyse the pay-off
(i.e. further production of capital goods) obtained
bty acquiring some specific technologies or to
analyse which technologies are required t¢ produce
some specific capital goods not yet produced within
the production structure of a country.

The diagram No. 2 shows how the ATC combined with other classical

analyses permits to reformulate the future demand and supply of capital
goods. This being done, and together with the strategic optionsof entries

and development in capital goods, the ATC contribute to:

~ ensure the maximum coherence between the demand and the supply
- reduce the gap between the present production structure and

the required production structure.

1/ T™he ATC will be used for the orientation of major technological
choices facing the Popular and Democratic Republic of Algeria in its endeavour
to build up a strong base in capital goods industry (June 1981).
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In particular the ATC appears to be a reasonable macro-engineering
tool for the identification and the evaluation of investment projects.
As a matter of fact the analysis of all the potentialities of the
capacities of production through the 80 selected factors allows to identify:

1) which capital goods could possibly be produced without any
further acquisition of technologies

Of course the presence of some factors of production, e.g.
specialized machine tools, do not mean they can be used
elsewhere because of their indivisibility. PFut the presence
of qualified labour to orerate them may be meaningful
particularly if the machines are uniiersal enough to allow
a diversification of production.

2) Which supplementary capital goods could be produced with

"minoer"” acquicgition of some technologies

status of the €0 factors and the "clorest"Y /capital goods
of the information system.

This could be done by simulation ty comparin7 the national

3) and finally a specific investment project can be analyzed
through a coherent framework with other projects.

Also of interest is that the ATC with the identification of the 80 basic
factors aliows to identify which factors are really introduced for the
further production of specific capital goods, while some others factors
teing already present are only improved. These two different cases do
not represent the same problem in the transfer of technology as the first
one may require a completely new training of labour while the second one
only needs a strengthening of the already existing human skills.

x

1/ Here "closest" means capital goods which requires for their
production a combination of the 80 factors which is very close to the
present national status of the 80 factors. The difference may only come
from a few mnumber of technological factors, say 2 or 3, which therefore nay
be good candidates for consideration in launching industrial projects.
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Part four: Some aspects of transfer of technology and engineering in
capital goods

Introduction

In order to define a strategy for the transfer and acquisition of
technology in a given industry it is first of all necessary to identify
the various components of this technology. It is not, in fact,
possible to transfer the techmology of the imdustry in an overall
manner in a "package"; it is necessary to differentiate this technology.
When it involves the transfer of techmology this differentiation of
the technology of a givem industry must be carried out by taking into
account firstly the various types of supports on which the technology

is mntroduced into and used in the industry.

These supports may be material (technology is incorporated in
machines, sub-assemblies, components and intermediate goods), they
may consist of written documents (design books and specifications), or
again the techmology may be ™supported" or integrated by individuals or
groups of individuals. Another characteristic of technology is also
involved in the transfer of technology; this is the level of elaboration
of the technology. This level of elaboration of the technology, which
conditions its capacity for diffusion and transmission, can be looked
at in one of two ways: from the level of conceptualization of the
tecmmology (technical know-how, technical knowledge, technological
knowledge, scientific knowledge), or on the basis of the degree of
socialization of the technology (socialized technology, alienated

technology).

- "socialized" technology, that is to say technology which is
socially available and accessible without restriction. This
includes frec information and kmowledge of technical processes

which have fallen into the public domain

- "alienated" teclmology, that is to say technology which is
retained and only ceded by virtue of a right of ownership or by

a special agreement.

Technical know-how is essentially incorporated by individuals or

groups of individuals.
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The privileged mode of transmission of know-how is by working and
collaborating closely with the persons who hold this type of technology.
The transfer of know-how is carried out through technical co-operation
agreements, technical assistance and, in certain cases, by the szle of

know-how licences.

In the capital goods industry (and more generally in the mechanical
and electrical industries) certain written documents, the product of
know-how and technical and techmological knowledge accumulated by firms,
play an important role in the competition between firms. These
documents oftem have the legal status of know-how. They may comsist of:

design drawings of assemblies and sub-assemblies

detailed execution drawings

- specifications for manufacture and assembly

standards for desing and constructiom

standards for management service.

The relative importance of the components and sub-compoments of
the technology for manufacturing capital goods varies as a function of
the following principal factors:

product design (capital goods), whether standard or custom made

- product complexity (number of components)

the cycle of inmovation of the products

production rums

- production routes
« - the mode of evolution of production routes.

These factors are not completely autonomous in relation to the

. others. These is, for example, a relationship between:
- product design and production runs
- product complexity and production routes
- product design and cycle of innovation.

Implementation of a strategy for the manufacture of capital goods
will necessitate special studies for each case in order to determine the
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components and the sub-components of the technology for manufacturing
these capital goods which must be mastered as a matter of priority. The
systematic and detailed liet of the various components and sub-componemts,
together with their modes of support, is the first task to be carried

out in such an approach, so that it is then posaible to select and rank
the componments and sub-components as a function of the choice of
strategies for the development of products ané routes.
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A. Challenges involved in the transfer of capital goods manufacturing
technology

When one is led to take an interest in capital goods one naturally
gives priority to the material aspect, the machines, the components,
the sub-assemblies and the manufacture, that is to say the hardware
aspect. In a way which may, at first sight, seem paradoxical the most
important aspect in the capital goodes industries, and one which is often
minimized, is the non-material, the supply of information, the software.
This importance of software in the capital goods industries is reinforced
by the dynamism of the social division of labour in the industrialized
countries between the productive sectors: capital goods, intermediate
goods; consumer goods.

1 - The strategic role of the capital goods industries in the mastery

of software

1 -1. The importance of software

The service and design activities, that is to say of software,
are essential in the capital goods industries. In terms of number of
jobs these service and design activities account for 25 to 30 per cent
of the total jobs. In the consumer goods and intermediate goods
industries the software activities are in general much lower,

representing only about 10 to 15 per cent of the jobs.

We have been able to see, that softwmre activities develop as a
function of the complexity of the capital goods to be comstructed, and
that this development of software activitias is carried out through a
diversification of this type of activity:

diversification of design and R and D activities;

diversification of production organization aciivities: activities

involving methods, planning and supplies;

diversification of techmical support activities;

diversification of quality control activities;
- diversification of marketing and engineering of demand activities.

It is this important diversity of the software activities in the

capital goods industries which makes any analysis of these industiries
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and complex. For Professor T. Vietorisz, who spent many years in
research on the capital goods industry: "These industries defy
analysis and elude effective policy-making based solely on the
traditional approach of tracing the flows of material resources
through producing and consuming activities ..... Key issues compel the
broadening ot the analytic focus from material flows alone to a
parallel concern with information flows, especially as embodied in

organizational structure and symbolic communication systems"l/.

In attempting to understand the dynamism of operation of the
capital goods industries T. Vietorisz suggested looking more to the
construction of an information model which would integrate three
principal dimensions: the differentiation of structures (or their
diversification), external liaisons (extension and diversity of
external communications), and structural integration (interrelations,

flexibility).

1 = 2. A trend: the transfer of software activities linked

with the consumer goods and intermediate goods industries

towards the capital goods industries

The quantitative and qualitative importance (appreciated in terms
of their diversity) of software activities in the capital goods
industries 1s due in a large part to a movement of transfer of
software activities linked with the consumer goods and intermediate
goods industries towards the capital goods industries. This
movement of transfer is the principal result of technical progress

trends in the industrialized countries,

The principal characteristic of technical progress in the
industrialized countries for several years has concerned the saving
of labour. The widespread and general use of automation, and in
particular the recent development in micro-electronics (micro- -
processes ), has accentuated this trend of technical progress and has
enlarged its impact. One of the characteristics of automation is to

integrate into machines, or rather into complexes of machines, part

1/ T. Vietorisz: "Structure and change in the engineering industries."
Meeting of steel experts on thne industrial and technological
development of iLatin America. Washington D.C, - 21-25 June, 1971.
Inter-American Development Bank.
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or all of the activities of preparation and work organization. If
mechanization has made it possible to integrate into capital goods part
of the individual skills of workers automation makes it possible to
integrate into capital goods the collective work of the workers by
means of the software of complexes of automated machines. The
collective labour of workers in a production unit can be appreciated
in an initial analysis through the total information (technical and
organizational) which the preduction workers exchange between
themselves and also with the workers in the departments dealing with
the preparation and organization of production and, to a lesser

extent, with workers in other departments (design, quality control,
marketing, etc.). "Communication and the exchange of information was
one of the characteristics of the groups of homogeneous workers who
were trained on the new assembly lines or even, with more effort and
difficulty, in spatial isolation, amongst the operators on a long
production line. This contributed to the profits of the owner and ‘
towards improving the quaiity of the product, but one can comsider as |
being positive for the worker the fact that he developed a true

professionalism"y. Through the software of automated systems for

machines automation corresponds to the monopolizing of the collective

know-how of the uorkersg/ by capital. Now, through automated

systems of machines, the "collective know-how confronts the workers:

"With the widespread use of electronic systems for process control

communication is often replaced, where it exists, by an exchange of

information with the computer or with the data processing terminal; the

possibility of centralized control in this way is recovered. Better

still one eliminates the human intermediary, which can introduce errors

into transmission, from the hierarchy of the enterprise; finally this

control is effected in real time"-v .

1/ Angelo Dina, La situation actuelle en Italie (The present situation
in Italy), Bulletin of the Fondation Remard. Dossier post-
Taylorisme, No. 86-89, May-~June 1978. :

2/ Automation has often been presented as the replacement of the
mental activity of man by machines. This type of transfer
corresponds rather to the process of automation which is situated
in the same logic as mechanization at the level of replacement of
the physical force of man.
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It is also under the impulse of the widespread and generalized
use of automation that innovation in the consumer goods and intermediate
goods industries is increasingly taken over by the capital goods
industries. The capacity of the manufacturers of capital goods to
master the introduction of automation in their machines, to propose new
automation processes already partially automated, is one of the
increasingly strategic factors for competition for manufacturers of

capital goods.

It is again under the impulse of automation which transforms the
processes of batch production into processes of continuous production
that final clients have not yet been capable of mastering the design
of industrial complexes through their new works departments. The
widespread and genmeral use of automation has resulted in the creation
of autonomous engineering structures, or those linked with the
meanufacturers of capital goods. The engineering structures integrated
in the capital goods manufacturing companies have a temdency to
reinforce themselves (to the detriment of the autonomous engineering
companies) in the form of specialized design services, of services
of assemblers or of a general contractor. These structures increasingly
congtitute a normal prolongation of the marketing activities of
companies manufacturing complexes of automating machines.

Maintenance activities, in the same way as other software
activities, have a tendency, under the impulse of automation, to be
transferred from the consumer goods and intermediate goods industries
towards the capital goods industries (and in certain cases towards
specialized companies). It should be empbasized that maintenance
activities involve software activities rather than hardware

activit :’.es1 .

y In his book: "La Farole et 1'Outil" (The Word and the Tool)
(PUP 1975), J. Attali classes maintemance and repair activities
amongst dominant information activities under the same heading as
the activities of consultancy companies, architects, etc.
"Maintenance is an information, since it makes it possible to
maintain ordsr in the parts of a machine and {to avoid its
degradation" (op. cit., p. 68).




- 143 -

2 - Capital goods and the international division of labour

It wms emphasized in the previous paragraph that, under the
impulse of techmical progress and in particular under the impulse
of the widespread use of automation, a differentiation took place
in the industrialised countries betwsen the following productive

sections:

- firstly the consumer goods and intermediate goods iadustries,
with the widespread use of continous production processes
and of unskilled labour;

- secondly the capital goods industries, with the polarization
of skilled labour in these industries and in the specialized
design companies (engineering, management and maintenance)
which are increasingly linked to them.

It is on the basis of this social division which operates in
the industrialised countries that an attempt has been made to
impose the new international divisionm of labour: the industrialized
countries specialising in capital goods industries, specialized
service companies and research centres, whilst the consumer goods
and intermediate goods industries, can more easily be transferred
to the developing countries.

Inplementation of this internatiomal division of labour has
been encountering mew trends in the world economy:

- certain newly-industrialized countries, such as India,
Korea, Brasil and Argentina, are begimning to export
capital goods towmrds the developing countries.

- the relocation of industry is, in certain cases, operating
only on certain segments of the production route.

- the industrialized countries are attempting to protect their
national industries and are opposed to any competition from
the developing countries in certain consumer goods industries
(textiles, for example), operating inmovations which economize
on labour and hence on labour costs.

Despite these tremds it is around the capital goods that the
principal challenge of the new internmational division of labour iws
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located,; and it is around these capital goods that competition is

becoming more intense in the industrialized countries for "exports

to the Third World, since the growth of these exports is the

inevitable counterpart of the increasing imports of manufactured 1

products, raw materials or energy"1 .

2 - 1. Specialized and complex capital goods

The social division between productive sections in the
industrialized countries which depend on the introduction of
innovations at the level of capital goods has, as its comsequence,
the increasing specialization of the manufacture of capital goods
and the increasing diversity and complexiiy of capital goods:
"Since the industrial revolution the need for technical innovations

in capital goods has not ceased to make itself felt. The search

for new modzls and efforts to improve the reliability in operation

of machines have resulted in the increasing specialization of
production and the increasing diversity and complexity of products"g/.
This evolution of capital goods in the industrialized countries makes

the transfer of technology fer the production of capital goods to

the developing countries more difficult.

It also makes the capital goods supplied by the industrialized
countries less and less suited to the economic and social conditions

specific to the developing countries.

y Interfuturs - OECD Paris 1979

g/ OECD "La science et la technologie dans le nouveau ccntexte
socio-&conomique” (Science and technology in the nes socio-
economic context) Paris, September 1978, p. 74.
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3 - Difficulties in transferring software dominant technologx

A large part of the software activities in the capital goods
industry involve the technology of organization. The efficiency :
of a design office, of an engineering department, is based on the
methods of organizing work. The technology of organization is
concerned essentially with a production and/or design work
cocllective. The software of the capital goods industries therefore
has an essentially collective aspect. This collective software is
shown through the methods of organization but also through the
attitudes and reflexes of the workers which reflect the acceptance
and the adaptation or, in certain cases, the rejection of these
methods of organization. These attitudes and reflexes of the workers
in relation to the methods of organization constitute the collective
know-how of the workers. It is through this collective know-how of
the workers and the methods of organization that the collectave
labourl/ of the workers is exercised, that is to say the exchange
of technical and organizational information necessary for the

production of gnods and for the carrying out of design work and

engineering.

3 - 1. An aspect of transfer of technology which is still
inadequately studied

The transfer of technology of a softwere character is generally

carried out through training programmes in specialized training
sessions and in sessions in the production units. This type of
transfer is generally concerned with acquisition of the knowledge
and know-how which each worker must master individually if he 1is
to accuwplish a particular task. The acquisition of collective

know-how is rarely taken into accouut in the operations of transfer.

It can be observed that many operations of the transfer of
technology come up against the particular iransfer of organization

technologies:

1/ As opposed to individual kmow-how and the individual knowledge of
the workers.
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- "It is not bhasic technical training in regar

which is lacking in the Indian companies which manufacture
measuring instruments but rather the modern management

techniques applied in the more industrialized cOuntries"1 .

- According to the Director General of the Algerian National
Iron and Steel company: "We have found in Algeria that the
transfer of techmology through individuals can be carried out
effectively; Algerian engineers, foremen and operators have
nothing to fear from their homologues in any other country.
By contrast, however, we find that the transfer of collective
technology is only mediocre. It is in this field that it is
necessary to direct our research. How is it that we are
capable of assimilating technologies at an individual level,
but not at a collective level ?"g/

The transfer of codifiable knowledge does not, a priori, present
any difficulties: the transfer of organizational knowledge should be
easier than the transfer of more abstract scientific and techmical
kmowledge. By contrast the transfer of collective kmow-how relative
to the technologies of organization is surely the most difficult to
carry out. Difficulties in the acquisition of collective know-how
undoubtedly necessitate rethinking training programmes and adapting
machines and production systems as a function of the cultural and social

characteristics specific to a country.

3 - 2. A preliminary phase: Memorization of indus%rial experience

Much of the research work which has been carried out on the
probleus of transfer and mastery of technology from the industrialized
vwuntries to the developing countries has placed the emphasis on

1/ UNIDO - Le développement des services d'études techniques dans les -
pays en voie de développement (The development of techmical design
services in the developing countries) - UNIDO ID/67 (I/WB 56/21).

2/ P. Judet, Ph. Kahn, A. Kiss, J. Tousciz - Transfert de Technologie
et Développement (Transfer of technology and development) - Paris
1977, p. 532, International study days on the transfer of
technology and development - Dijon - 30 September, 1 and 2 October

1976.
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obstacles to the circulation of technical information, om different
strategies for widespread diffusion, of controlled diffusion or of
retention of this information by the companies in the industrialized
countries which hold this technical knowledge. By contrast very little
work has been done on revealing the central role which the functions of
memorization play. Without memorization, without the implementation
of structures capable of storing knowledge and know-how which are
specific to the geographically socio-economic conditions of the
developing countries, the policies of transfer of technology
implemented by the developing countries can only result, in the best

of cases, in new forms of economic dependence.

The developing countries cannot arrive at technical and hence
economic and political independence unless they have this capacity for
memorization of the industrial and technical experiences which they have
acquired through the operations of transfer of technologyl/ organized by
companies in the industrialized countries. Implementation of these
capabilities for memorization, and the objectives to be assigned to these
memorization capabilities, can differ according to the level of mastery
of the techniques concerned anda according to the industrial branches
concerned. In the case of the capital goods industries, characterized
by a sofware dominant technology, necessitating considerable collective
know-how, the objectives of the implementation of memorization capabilities

by the developing countries could be related:

- to the collecting of observations on the difficulties encountered

o

]/ In Mexico the Register of Transfers of Technology, created in 1973
to evaluate the cost and content of imports of technology, is
begimning to take over this function of memorization of technical
experiences. "A second aspect of the Registry's evolving role is
increasing the domestic capacity to evaluate technical aspects of
know-how and R and D. As a start the Registry is making contact
with local information sources such as the State-owned Laboratorios
Nacionales de Fomento Industrial - and R and D facility with a
reasonably sophisticated information bank - and the Centro de
Informacién a la Industria - also a techmical information bank -
based in Mexico City. Closer coordination with such agencies
could broaden the Regietry's own knowledge of technology and
enable it to tap sources to help research and evaluate the
technology offered" (Business Latin America, June 7, 1978).
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by difforent workers' collectives in relation to the transfer of
tecnnology of organization, and in respect of certain types of

division of labour;
- to attempt at interpretation of these difficulties;

~ to attempt at the adaptation of certain forms of the division of

labour and of the technologies of organization.

This memorization of industrial experience relative to the
implementation of capital guods industries can only be carried out

Wwithin the permanent structures linked to these industries:

- structures of specialized engineering for the mechanical and

electrical industries (engineering of the supply);

- centres for technical study and research, specializing in

mechanical and electrical engineering;

- centra:s for research, study and training on methods of organization

in rechanical engineering;

- reinforcement of the studies and organization structures in

companies manufacturing capital goods;

- structures of the engineering of the demand.
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B. Routes and channels for transfer oif tecnnoiogy to develuping

countries

1 - intry routes

One may assume that the developing countries will begin tneir entry
into the manufacture of capital goods by uroducing those products which
call on the least ccmplex pro”uction routes, that is to say boiierwork
and heat welding. It is this wnich the sectoral studies have, :in generai,

verified:

— The study on capital goods for the iron and steel industry notes
that entry of the developing countries into manufacturing capital

goods:

"commences with tne production of metal structures and voiler-
work and progresses to the production of medium and finally heavy

metal structures.

This is followed by the production of heat welded products such as
gantries and elements of sub-assemolies for the treatment of minerals,

with the integration of mechanical components such as speed reducers.

This results, progressively, in the construction of the principal

upstream and downstream equipment, from agglomeration to fin1shing"1(

- The study on capital goods for petrochemicals and fertilizers
shows that entry of the developing countries into manufacturing

capital goods takes place through:
— the construciton of metal structures,
— the assembly of pipework,
- the construction of boilerwork.

Even in the case of complex capital goods such as process compressors,
the sub-assemblies, calling mainly on boilerwork or hea’ welding (stator,

oil unit), can be constructed in certain developing countries.

- The study of capital goods for the production of electrical energy
emphasizes that, in the manufacture of hydraulic turbines, the

1/ Study: IREP: Biens de capital pour la sidérurgie (Capital goods for
the iron and steel indusiry).
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developing couniries can vegim by producing eiemenis and sub-
assemblies (evacuation, man-holes, tanks, reservoirs, footwmys,

pressure vessels, etc.).

"These parts do not demand major industrial resources. They
involve sheet metal of less than 60 mm thickness. The resources
which are needed are capacities for bending and welding (manual
wclding, without major quality control). No methods department

is necessary. Manufacture can be carried out on the basis of
working drawings supplied by the firm owning the technology.
Mastery of the manufacture of this type of plant by the developing
countries may take 3 to 5 years and represent 25 per cent of the
overall price of a hydraulic turbine".

1 - 1. Some examples of entry into the manufacture of capital
goods

Before independence Algeria had only one small and old unit for the
production of concrete reinforcing rody . The S.N.S., the National Iron
and Steel Company, undertook the comstruction after independence of a
first iron and steel unit with a production of 500,000 t/year in the
1nitial phase (begimming of the sixties). Many foreign manufacturers
participated in the enterprise from the first phase onwards: Ruse:ian,
German (Hoesch, then Demag), Italian (Innocenti), British (Davy and
Atkins), French (Sofresid and Vallourec) and Japanese (Nippon Steel).
From the beginning the S.N.S. clerrly showed its desire to participate
in the equipment and the erection by systematically promoting its
national potential for manufacturing equipment goods.

To this end the potential available in existing units was
carefully listed in the metal constructional work, boilerwork and

mechanical engineering sectors.
The following were effectively integrated:
- light, medium and heavy metal structures,

- gantries,

1/ cf. Study: "Capital goods for the irom and steel industry”, p. 30.
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- Bpeed reducers,

whilst new capacities for erection were developed.
On this occasion the following advances were achieved:

- from the comstruction of light and mediur metal structures to the

construction o{ heavier structures

- from the construction of light gantries to the construction of

heavier gantries

- from the production of parts to the production of complete speed

reducers, etc.

Tunisial/. A small iron and steel unit of about 450 t/year was
constructed in Tunisiag/, from 1964 to 1966, for the production of
concrete reinforcing rod and small merchant goods. The unit was designed
by Atkins and built by Davy Ashmore (cast iron division), Creusot-loire,
(steel division) and Morgardshammer-Asea (rolling mills and finishing).
The Tunisian Iron and Steel Company required its foreign partners and
suppliers to accept not only local participation in painting and civil
engineering but also in metal structural work; the Tunisian SGI company
supplied and partly erected the metal framework of tne rolling mill and
the steel works, and this intervention aliowed this Tunisian company to
produce relatively heavy structural work for the first time. In the
absence of a sufficiently experienced design office 5GI could only
produce this structural steelwork using the assistance provided by the
consultant engineer and by the design offices of the suppliers: this
is the basic condition for the effective implementiation of a potertial

production capacity.

Tunisiaé/ has for several years been establishing 1ts phosphate
fertilizers industry. Production units in this type of industry, which
very frequently operate with corrosive materia.s, require major
maintenance work. A maintenance shop was thiorefore created at Gaoés for

the phospioric acid plant, and a co-operation and technical assistance

1/ of, Study: "Capital goods for the iron and steel industry", p. 31.

2/ At Menzel Bourguiba a wire drawing plant and then a plant for the
production of metal structures were subsequently built.

3/ Study on capital goods for the petrochemicals industry. (IREeP).
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agreement wal cigned with g Mrench heilermalking company.
. 1/ .
In iorocco~/ , which also has a phosphate fertilizer industry, the
subsidiary of a French company built the drying ovens (diameter 4 m, "

length 2U m). ‘'fhe mechanical parts (crown wheels, bearings, etc.)

were imported.

In conclusion it can be said that the manufacture of capital goods
(or sub-assemblies) such as boilerwork and metal structural work
(framework) are privileged routes for developing countries tc commence
the manufacture cf capital goods and then to expand the production

towards a more complex products.

¢ - The "hard cores"

As a function of the presentation of the complexity of products and

production routes, as described in Chapter I, the capital goods in
respect of which the transfer of manufacturing technology will be most
difficult to realize will be the cazpital goods which are complex from
the point of view of the products (measured by the number of elements,
for example the tractor) and those which call on complex routes (forging,

casting, heat treatment and machining).

- The study on capital goods for the iron and steel industry observes
that in this case the "hard core" (that is to say that group of
capital goods which presents the greatest problems for integration

in the developing countries) consists of:

- high-performance mechanical equipment,

measuring, control and regulation equipment,

goods closely linked to processes, such as catalysts, .

and, very generally, all equipment which makes it possible
to link, modulate and control a system. -~

- In the study on capital goods for the building industry the
capital goods where the transfur of technology is difficult to

realize are those which call un the advanced technologies:

1/ Study on capital goods for the petrochemicals industry. (IREP).




- 153 -

systems.

- In the field of capital goods for the production of electrical
energy, and more precisely for the mastery of the construction of

hydraulic turbines, the hard core consists of:

- the active part of the rotating movement (a part of high
technicity, requiring very skilled labour, very accurate
machines and lmow-how in respect of control, adjustment and

coating with anti-friction metal),

- the turbine regulationsystem, composed of electronic and
hydraulic sub-assemblies.

- In the case of the study on capital goods for petrochemicals ana

fertilizers the hard core consists of:

- some rotating machines, or sub-assemblies of these very
high-performance or very specific machines: process
compressors (or rotors for these compressors), gas turbines,

process pumps,

- most of the control and regulation equipment.

In conclusion the hard core for complete mastery of the manufacture

of capital goods by the developing countries consists of:
- certain sub-assemblies of rotating machines of high techmicity,

- systems for electronic and hydraulic regulation.

2 -1, Examglesof capabilities of manufacturing capital goods for
Etrochemicals of some advanced develom countries

in Brazil:

- Brazilian boilerwork companies can provide 90 per cemt of this type
of plant used in the comstruction of chemical investments. The
principal firms, which have foreiga names (Nordon, Mitsubishi,
Creusot-loire), are now 100 per cent nationalized companies; they
have signed licencing and co-operation agreements with their former

parent company. Reactors of thicknesses up to 50-80 mm built

locally.
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- In the field of pipework and valvework all the equipment (pi 8,
connectors, flanges, valves) are produced locally except for some
alloy steel tubes and some spherical valves (necessitating very

accurate machining which are imported.

-~ Mechanical equipment is provided by Brazilian companies which have
retained their original names such as Worthington, Breguet-KSB,
Gould and Sulzer.

Most of the pumps, meeting API chemical standards, are produced
locally (up to a power corresponding to a flow rate of 10,000 m3/h at
6-T bars).

Steam turbines (up to a pressure of 40 bars) are also built

locally. i

Turbo-alternators are built within the framework of co—operation

agreements with foreign firms such as Siemens.

- Electrical equimment (motors, transformers, rectifiers, cables)
are supplied by Brazilian companies, which also install them.

Some variable speed motors are imported.

- Most of the instrumentation equipment is imported. Some foreign
companeis (Mazoneillan, Fischer Central) are beginning to produce
small control valves locally. The purchase of instrumentation
equipment and work is usually the subject of an overall contract
with a foreign company.

- Indian boilerwork companies are capable of providing all boiler-
woi . equipment, except when there is a shortage or lack of
supply of special steels. Some companies have design capabilities
which are still weak, and so have to ask foreign engineering .
companies to produce the working drawings of items such as heat

exchangers. -

- In the field of electrical equipment goods the importance of a
public company, Bharat Heavy Electrical Ltd (BHEL), must be
emphasized, as this has certainly comtributed towards favouring
the development of the electrical equipment goods sector:

"Founded in 1955 this company signed, during its first years,
technical collaboration agreements with the United Kingdom,
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the Soviet Union and Czechoslovakia to train personmel and to

obtair technical designs and machinery. At the present time BHEL,
with an annual capacity of 4,000 to 5,000 KW is one of the top ten
manufacturers of electrical equipment in the world. This company

is currently devoting 3 to 3.5 per cent of its turnover to research

. and develomment, and has signed a collaboration agreement with the
West German K.W.U. company to make large size steam turbines and
gemerators up to 1,000 MW, and is presently engaged in the
manufacture of its first 500 MW set. 1In all smaller ranges the
company is self-sufficient. The increase of the capacity installed
in India by 1,720 MW in 1974-75 is 80 per cent due to BHEL, and of ‘
the additions which are forecast in the fifth Five-Year Plan 4% ‘
per cent will comsist of BHEL equipnent"y. At the present time ‘
India has arrived at a stage which allows it to be present on the
international market; 15 per cent of BHEL's production goes to
foreign users? , whilst its technical capabilities and its low ‘
labour costsy , both in design and manufacture, mean that this ]
company is able to find large outlets in the developing countries.

= 90 per cent of valvework and valves is provided by Indian firms.

- Pumpe are manufactured by the KSB company (subsidiary of the
German company), but production is still insufficient to meet
the demand.

- In the field of compressors, air compressors are produc-d locally.
Gas compressors are also produced locally as a result of a
collaboration agreement with a foreign firm.

]/ "Energy supplies for developing countries: Issues in transfer and
development of technology". UNCTAD Secretariat. TD/B/C.6/31 -
17 October 1978,

_2/ During the 1976-~77 financial year the company received an order from
Libya for the turnkey production of a 2 x 120 KW power station, an
order from New Zealand for hydraulic generators with a total power
of 544 MW, and an order from Saudi Arabia for the Wadi-Jizou
electrification project.

y Production costs are, on average, 10 to 15 per cent lower than those
of Japanese companies.

———————-——-—-—-—1
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- A collaboration agreement tor gas turbines has been signed with

the Azerican Worthington company.

At the "ACHIMA" world exhibition of equipment for the chemical
industries, held at Frankfurt in 1974, Indian firms manufacturing
capital goods participated for the first time in this type of exhibition,

attended by the main world manufacturers and exporters of chewical
equipment.

The principal Indian firms manufacturing capital goods are either
public companies or subsidiaries of foreign companies, the most importan:
of which is A.P.V. (subsidiary of the British company). The firms in
the public sector were created with the support of technical assistance
from the UusSH and Czechoslovakia. The production capacities of these

public firms are frequently under - utilized.

In the Hepublic of Korea:

Capacities for manufacturing capital goods have developed very
rapidly in horea. Boilerwork companies are at the present time capable
of building this type of equipment up to 100 mm thickness, whilst
electrical engineering companies can provide practically all the

electrical equipment for chemical investments.

It i3 in the field of mechanical engineering that the most rapid
changes nave taken place with the construction of the Changwon complex.
"This industrial complex, a pet project of the Government, is supposed
to "Korealize" machinery supplies, a basic need for national
securlty"l/. This complex, in which about a hundred Korean companies
are sharing, including the principal machinery manufacturers (Samsung
Heavy Indnstriesg{ Doewoo Machinery and Huydai) and the Korean Halla
Construction compaily. In 1960 41 companies were already producing .

machines or components in this complex.

1/ ‘‘he Japan Times - June 7, 19178.

2/ 1t should be noted that the Sam Sung group, the principal
shareholder (50 per cent) in the complex, is also the parant
company of the Korea Engineering company.




- 157 -

~ for the productiun of energy (hydrauiic, thermai, nuciear;:
turbines, generators, boilers, nuciear reactors;y

-~ for the iron and steel industry: oblast furnaces, convertors,
rolling mills;

-~ for the chemiczl and petrochemicals industries: tanks, heat

exchanger towers, compressors, filters;
- for desalination installations;
~ for building and public works.

Licence agreements have been signed on a world scale with the
principal machine manufacturers: General Electric (USA), Comoustion
Ingineering (USA), Neyrpic Creusot-Loire (France), Alstnom-itlantique
(France), Krupp (FRG) and Demag (FRG).

when this complex is completed in 1901 it is forecast inat norea
will cover 7O per cent of its domestic requirements for machinery. Tne
complex, built on the coast with 1ts own port facilities, is also
directed towards exporting (in 197¢ $1,055 million were exportea out of
a total production of 32,670 million).

)} - The channels for transfers of techmology for manufacturing capital
goods

The various sectoral studies on capital goods summarize the

different channels used for the transfer of technology ror manufacturing
capital goods:

- creation of joint-ventures and subsidiaries

licences to use patents

know-how licences

contracts for the engineering and construction of factories

- contracts for the study of product design

- management contracts

training contracts

contracts for co-operation and technical assistance.
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The study on agriculiturai macninery jusily emphasized ine faci that
purchac<s of patents and know-how licenzes are the two most widely used
systems for transter, but points out that other channels o1 transfer

1/ . -

could be used.-

- "joini ventures" (co-operation agreements). The value of this
vype of agreement is that it makes it possible for the experts of

the holding company to work with the personnel of the recipient
company;

- employment of consultants, experts and specialized technical
departments to acquire the various components and sub-components

in the technology for manufacturing capital goods;

— purchase ond detailed analysis of capital goods in order to
acquire the principal aspects of design, production andutilization.

- The systematic utilization of published technical information.
Tnis type of channel for the transfer of technology should be
systematically used. The quantity of information and knowledge
assemoled in this way is often very considerable. This method
makes it possible to reduce the cost of transfers of technology,
agreements for transfer being limited only to those segments of
the technology which are still alienated by firms.

- Training of the presonnel of the developing countries in industrial
complexes located in the industrialized countries or in other

developing countries.

- Employment of national workers who have emigrated for some year to
the industrialized countries, and who have actired industrial

experience.

This preoccupation of the study on .gricultural machinery not to
limit transfers of technology simply to agreements for licensing patents
and know-how, but to diversify the channels of transfer of technology,
links up with one of the conclusions of Chapter I: the technology for
manufacturing capital goods calls on technical knowledge ard lmow-how

1/ "Because of the preoccupation with "contractual transfers" there has been
too little analysis of other ways of acquiring technology which might in
some cases be useful alternatives. Consequently the range of optioms in
teclmology markets is only partly explored and still less understocd".
UNCTAD - Manual on the acquisition of technology by developing countries -
New York 1978, p. 5.
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which is very diverse, and which can be acquired in many different
manners. In order to ensure the maximum transfer of imow-how, tecanical
and technological knowledge, to place the maximum number of partners
holding this technology in a situation of competition, and to reduce

the cost of the operations of transfers of technology, it is of value

to the developing countries to diversify the channels for acquisition of
technology and to select those channels ¥hich are best suited to the
transfer of each component and sub-component of the technology to be

transferred.

Adapt the media used in the transfers

The study on agricultural machinery draws attention to the fact that
transfers of technology between industrialized countries and developing
countries operate between partners wh¢ do not have the same mastery of
technical language and technical symbols (layouts, diagrams, formulae,
drawings, standards, etc.,), and who do not have the same culture. "This
gap cannot be offset by a bridge of paper documents sent by mail". This

gap can, however, be bridged in different ways.

- Printed information: drawings, manuals, descriptions, standard

procedures can be rethought and rewritten so as to be simpler and

more accessible and clearly explaining "hcw to do 1it".

- Symbolism: local traditions and habits should be incorporaied in

the medic, avoiding references to unfamiliar environments.

- Visual support: preference should be given to visual supports and
images rather than written instructions., Information integrating
all three dimensions and photographs are easier to understand than

technical concepts.,

- Inter-personal relations: the accent should be placed on transfers

by means of inter-personal relationships through training on the jcb,

assistance from experts and practical demonstrations of production

systems.
‘
- Written language: the written language should be, as far as

possible, simple and standardized with a limited use of idiomatic

exprassions.
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components of tne tecnuology for manufacturing capital goods

4 - 1. Technology of design of the production process

This component can be broken down into two principal suo-components:

— Analysis of the supply and demand - selection of capital goods -
to be ouilt (Freliminary studies relating to the capital goods

industries).

- Design of production units - Selection of production routes.

specification of machines (Study of process engineering).

4 - 1.1, Preliminary studies

This type of study is very often carried out by the specialized
design ofrices of the final clients (New work departments) or by
specialized engineering companies. In the developing countries the
owner cus not have a new work department and must therefore call
un specialized design companles or toreign engineering companies.
However 1t is essential that owners in the developing countries should
specify at the stage of the preliminary studies the fundamental
orientations (alternative technology, products to be produced, routes,
etc.) which the design or engineering companies must integrate. If
the owner 1s to be able to fulfil his role of orientation and control
of the work of the design and engineering companies he must have his
own design office structure. This structure, consisting of engineers
and economists, must be capable of carrying out, or at least following,
studies in regard to the demand, supply, complexity and technological
routes. UNIDO has undoubtedly a special role to play in assisting
the developing countries in creating design offices for the final
client L. the capital goods industry. The organization of training

courses in this field would be very desirable.

4 - 1.2, Process engineering in capital goods units

In the process industries petroleum, (petrochemicals, chemicals,

iron and steel, food and agriculture and cement) one of the most
difficult design tasks to master is the process engineering which, in
the industrialized countries, is often delegated to a specialist

engineering company. ‘The role of process engineering is to establish
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tne flow sheet which dictates the lay out of tne production unit and
the principal characteristics of the equipment. Tne flow sheet of a
givern production unit is an optimization of tne process as a function
of the expected characteristics of the final product, the specific
characteristics of the inputs, ana the other factors involved in

production.

For the developing countries the strategy of entry into, and
development of, the capital goods industries assumes a concept of
production units for capital goods rather different from that in the
industrialized countries. In these countries the division of tasks
between the production units, the specializaticn of units on certain
well-defined productions and the organization of labour are the product
of their economic ana social history. 1In the developing ccuntries 1t
is a question of designing cepital foods production units which
optimize, as far as possible at a g.ven moment, the demand, the capacity
of the supply, the degrees of complexi.y and the multipurpose production
routes. The basic concept, the design of flow sheets for production
units in the capital goods industries in the developing countries, is
more complex in its realization than in the industrialized countries.

It is under these conditions that one can speak, in the capital goods
industries to be developed in the developing countries, of the aecessity
for specialized processed engineering structures in the capital goods

indastries.

fngineering companies capable of supplying process engineering
for the capital goods industry are not very numerous. Such companies
must have a very high mastery of the know~how of specific production
in the capital industries and, more generally, in the engineering
industries. They must be capable of moving outside the classical
solutions which they kmow and of proposing new formulae for the
organization and management of production. They must bs capable of
developing the standardization of equipment and of developing new
formulae for modular comsiruction.

The Techniberia study on capital goods for the building industry
has defined, in detail, the services which process engineering should

provide (engineering for manufacturing and assembly processes) for the

production units manufacturing capital goods for the building industry:
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— Selecting phases of the production process, and those phases

which should be sub-contracted. ,
- Determining sequences of operations and work cycles.,
— Determining times for operations.

- Defining standards and specifications for components and

sub-assemblies.
- Arranging machines and work stations in the production units.
- Determining movements of materials and parts.
- Defining quality control tests.
- Selecting and choosing machines and other equipment.

- Determining systems for receiving components and sub-assemblies

and systems for partial and final assembly.
- Designing tests and quality control tests.

4 - 2. Technology of product design

4 - 2.1. A _strategic technological component for companies in
the industrialzed countries

In the case of complex capital goods (public works equipment, tractors,
pumps, compressors, gas turbines, hydraulic turbines, etc.)l/ the
technology of product design integrates the results of R and D and
constitutes the principal factor in competition between firms. As a
consequence the transfer of the technology of product design for complex
capitai goods is sometimes difficult to realize because of the obtacles
and limitations to transfers raised by the firms which possess this type .
of technology. The Techniberia study on capital goods for the building
industry and the study on agricultural machinery emphasizes this aspect
of the obstacles to the transfer of techmnology.

1/ "In turbines there is very considerable competition between manufacturers
on the world market, with increasingly rapid obsolescence in the design
of turbines and methods of manufacture. This obsolescence does not
relate to the whole of the turbine, but only to certain sub-assembliea.
What manufacturers seek 1s the reduction in the cost of manufacture of
these sub-assemblies as a result of research carried out in the metallurgy
of metals and in the desing of manufacturing methods. R and D effort and
design study 18 essential if the company is to maintain its position in
international competition".
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4/
In the study on capital goods common to all branches=/ ICHr notes
two principal obstacles t5 the transfer of technology concerning tuc

construction of capital goods:

- cartellization and international agreements between firms in the

industrialized countries,

~ the fear of firms holding know-how of creating their own
competitors by signing agreements for the transfer of technology

to countries with low labour costs.

Techniberia proposes overcoming these obstacles by reinforcing the
capacity for negotiations of the developing countries by concerted
action of these countries at regional market level (Andean Pact, Arab
countries, EFTA). The size of a regional market makes it possible for
the developing countries to negotiate the transfer of technology under ;

better conditions. The strategy for transfer could be as follousg/ :

Determine the components and sub-components of the technology

of manufacturing the capital goods to be mastered.

Organize a strategy for assimilation of technology and innovation.

Transfer modular techniques which are not so far mastered.

Train personnel (innovation, design, process engineering,

organization of maintenance, etc.).

4 - 2.2, A priority: adaptation

All the sectoral studies on capital goods emphasize the importance
of adapting the design of capital goods to production capacities, to
available materials and to the conditions of utilization of the capital

goods, which are specific to each of the developing countries.

The study on capital goods for the building industry and the study
on agricultural machinery both draw attention to the adaptation of
equipment to the geological characteristics of the soils being worked
and to the particular conditions of use of these items of equipment.
This adaptation of the design of capital goods is not easy to carry out,

1/ Study: ICME - "Capital goods common to all branches of industry".

2/ Study (TECNIBERIA): "Capital goods for the building and public works
industzy", p. 195.
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even 1or fairly simple capital gouods. In fact the design of hand-tools
or animal- drawn equipment adapted to local conditions at a tecnnicai
anu agronomic level necessitates similar knowledge to that used in the
design of sophisticated macnines, even ir tne level of production und of

tecnnical resources changes.

he adaptation of capital goods does not relate solely to their
particular use 1n tne developing countries but also concermns ti.e specific
conditions ol production and of local supplies of materials, components

and sub-assemulies.

The study on capital goods for the petrocnemicals industry recalls
the experience of wrazil which only began to participate in the supply
of capital goods for refineries constructed in Brazil rrom the time that
a group of Brazilian inaustrialists crecated, in 1975, the "Association ;
Brasiliena para el desenvolvimiento dae las industrias base” with, as its
objective, the study of the specifications of American engineering
companies and their adaptation to local construction capacities. In
India, at a symposium organized by thne Indian Engineering Association,
1t was emphasized tnat: "If the detailed specifications for an item of
equipment are determined outside India, and if this equipment must
finally be purchased in India, it can happen that such equipment with
foreign specifications 1is not available in India. However, detailed
examination of the specifications may show that the specifications
relative to the materials used and to the manufacturing details can be
modified and adapted to local availabilities of material and the

capacities of Indian manufacturers of equipment goods."

4 - 2.3. Centres for the study of specialized research and
design technologies

The study on agricultural machinery emprasizes the role which
has to be fulfilled, in the implementation and development of this
sector, not only by research and special testiag centres for agricultural
machinery (Agricultural Machinery and Testing Centre — AMRTC) but also
by research and testing centres common to the various mechanical
engineering indsutries (Metal Industry Research and Development Centre -
MIRDC). In the case where the level of development of agricultural
machinery does not yet justify the creation of a centire specific to

this sector it is nevertheless suggested that provision te made for a
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research and testing centre for the engineering industries.
The role of these research and test centres would be to:

- Define technologies and production processes adapted to local

materials and componentis.
- Contribute to personnel training.

-~ Collaborate with sectors using capital goods in crder to

adapt, test and improve the machines.
- Standardize and control local or imported materials

- Carry out economic and technical evaluation studiec on the

manufacture of certain capital goods.

Part of the activities of research and design of capital goods
can therefore be grouped in the centres of technical studies which
specialize in one sector or are common to the mmechanical engineering
industries. This is one of the preoccupitions of the UNIDO document
on "The development of Engineering Design Capabilities in Developing
Countries"l/ which gives priority to the need to establish sectoral

design centres.

It is nevertheless firmly pointed out that "Design and
production should never be in self-contained departments but should
rather form part o the same continuum. MWhile it is not always
possible to have design and manufacture in the same geographical
location it is essential to ¢nsure that there are very goods
communication links between “hese two activities to foster co-operation,
for no design can be economical unless it takes cognizance of the

manufacturing capabilities of the producing concern“gz

Within the framework of considerations and research on the
adaptation of technologies for the developing countries the United
Nations (UNIDO, UNCTAD, Economic and Social Council) have insisted
in recent years on '"Product Design’” and "Plant Design”. It can be
confirmed, on the basis of what has been said above; that the adaptation

1/ UNIDO - 1972 - ID/67 (IDI/WG.56/20).
2/ op. cit., p. 26.
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of technolagies also undoubtedly necessitates the mastery of "Capital
Goods Design" as a priority. The mastery of "Capital Goods Design"
passes through the organization of the technical design, a division of
labour which can be different from that implemented in the industrialized

countries.

4 - 3. Engineering of the demand

Once they have been constructed the capital goods must be utilized
to constitute a new production unit. This function of supplying capital
goods to form a new productive unit is carried out by specialized
engineering companies. In certain cases the companies producing capital
goods integrate this engineering activity as a complement to their sales

activities.

Secondly in order to comstruct public works (roads, airports, ports,
bridges, etc.) or building (including the industrial buildings which
house the capital goods), companies involved in building use capital
goods. The methods of use, the definition of the tasks toc be carried
out, the organization of the intervention concerning these capital
goods, are defined for the realization of each project by an engineering
structure which is either independent or integrated by the public works

and building enterprises.

The study on capital goods for the building industiry has emph=sized
the role of engineering (a specialized company, or a structure integrated
in the public works and building companies) in relationm to capital goods
for the building industry.

In the developing countries the role of the engineering of demand
is particularly important to favour the adaptation of comstructional
equipment to geological, aconomic and social conditions, and in particular
labour conditions, specific to the developing countries.

The iron and steel engineering companies in the developing countries
are not numerous. One can cite the case of Dastur, the Central
Engineering Design Bureau (CEIB), and Metallurgical and Engineering
Consultants (MECON) in India. The CEDB was created by way of a
co-operation agreement signed with the Soviet engineering organization
Gipromez. This form of transfer of tedhnology for the mastery of
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engineering is also found in Mexico and Algeria.

In Latin America the public petrochemicals companies Petroquisa
(Brazil) and Pemex (Mexico) have developed their own engineering
capabilities in the field of preliminary studies and project
management. The detailed engineering is largely mastered in Mexico
as a result of the creation of engineering companies such as Bufete
Industrial. Despite the implementation of research structures, in
particular in Mexico by Pemex (creation of DIP), process engineering

is generally carried out by foreign firms.

In India the public companies producing fertilizers and chemical
products have established their own engineering structures:

- The Fertilizer Corporation of India has created its own
Planning and Development Division (P.D.).

- The Fertilizer and Chemical Company of Tranvancore (FACT) has
created the FACT Engineering and Design Organization (FEDO).

- The Indian Government has created the public engineering
company Engineering India Ltd.

These engineering structures carry out preliminary studies,
project management and part of the detailed studies, but they have
not generally achieved mastery of process engineering.

The private Indian Tata Group has centralized its design and new
works capabilities within Tata Consulting Engineers.

In the Republic of Korea the first engineering structures were
created in the early seventies with State support. In the field of
petrochemicais the most important engineering company is Korea
Fagineering Co.u This firm, after having mastered the engineering
of preliminary s‘udies, buying and detailed project studies, has now
launched into a strategy of programmed mastery of process engineering.
This firm has built a polyester resin unit in Saudi Arabia. It should
be recalled that in 1978 the Korean Keang Nam Enterprise Ltd., purchased
the American Pritchard B.gineering Company, and tnat the Korean
Simotech Engineering Coupany has created a joint emgineering venture
with the American Bechtel company.

_1_/ This company is a subsidiary of a Korean capital goods manufacturing
company Sam Sun Co. and of ths Japanese Engineering company Toyo Engineering Co.
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4 - 3.i. bkxperiences in ihe Lransier of €ngiaGeering
technology
Witbin the framework of the realization of the iron and steel .

complex at El iladjar in Algeria the state Iron and Steel Company, SNS,
established as its objective the formation of its own engineering
structure. At the beginning of the project all the studies concerning
the production of cast iron and the general engineering of the complex
were carried out in Paris by a French engineering company. For the
rest there was only a site department, assuming control of the work.
Svbsequently the SN3 has created a new works department at El Hadjar.
This department has an operational desigr office which sub-contracts
for the foreign engineering company. Since the SNS wishes to use this
design office as a starting point for an engineering department it is
looking at different formulae for association with foreign engineering

companies with a view to training its personnel in engineering work.

Formula for sub-contracting with Company A

This formula, which lasted for two years, was used for the design
of the rolling mill and the general services. However it had two major
disadvantages: the first was linked with fact that the time needed for
the design work was considerably increased by the many trips back and forth
which the drawings had to make between the two countries. The second
was linked with the attitude of the specialist engineers and the
engineering companies. These are fully prepared to supply the basic
data and to check the calculations, but found difficulties insupplying
their own working methods.

Formula for integration with Company B

For the project for the cold rolling mill the SNS provided, in the
contract signed with company B, that the latter would integrate SN3
personnel during the design work with a view to training them. However
this procedure was rapidly found to be ineffective. Using as a pretext
its responsibilities in relation to the satisfactory realization of the
design work as in regard to the time for this company B did not provide
for a sufficient number of hours for training the SNS personnel and had

not, in fact, integrated these personnel.




- 169 -

Formula for the direct responsibility with Company C

In the light of {hese two previous experiences the 3NS5 decided to
train 1ts engineering department by giving it total responsibility for
some less compley sub-assemblies: the plant for coating iubes, general
services, fluids, power stations, and administrative buildings. To
train the personnel for chis engineering department the sSKS would
recruit some specialist engineers directly and ask company C to second

some draughtsamen for a determined period.

In India it seems that they have fcllowed a similar route in
starting up and developing their engineering activity.

(1 the basis of these various furmulae for assoc.iation, as iriea

out by the SAS, it is already possibie to sketch out some wcorclusions:

—~ it appears that there is some incompatibility betwecn the
responsibility of an engineering coumpany in regard to ihe
satisfactory execution of the design studies and maintaining

delivery dates, and its training activity.

It 1c ror this latter reascn that only the formula of direct
responsibility for the project by means of a national engineering
structure can reconcile the responsibility of an engineering company
and its training task. Within this framework the transfer of know-now
can be realized by the integration of a foreign team provided by the
engineering companies in the developed countries. Integration
according to such a formula seems to be possible, According to the
level of develonment of the national engineering structure this

integration can be effected with a single company over several years

or, step by step, as a function of the projects to be handled.
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Conclusions

The capital goods industries are at the present time at the centre
ol cnalienges of the new international division of labour. The developing
countries, which have fixed as their objectire the acquisition of the
mastery of their process of industrialization, and of orientating the
industrialization as a function of the.r owa economic and social needs,
must acquire as a matter of priority the mastery of development of their

capital goous indastry.

Tne new international division of labour is the prolongation, at
an international level, of the trends towards social division in the
industrialized countries, chown through the polarization of the
activities of soitware and of skilled labour in thne capital goods
industries. These trends in the social division of labour in the
induscrialized countries makes the mastery o1 the technology of
manul'acturing capital goods by the developing countries more difficult.
They wraw attention to the difficulties of transfer of software
dominant technhology which brings into play the acquisition and
adaptation of colLlective know-how. rurthermore these trends in the
social division of labour in tne industrialized countries, which have
important repercussions on the characteristics of capital goods(highly
developed automation, specialization of the machines), pose the problem

of adaptation of capital goods by the developing countries.

lLastery of the technology of manufacturing capital goods by the
developing countries passes through mastery of various software
activities (R and D, design, production management, technical supports,
engineering of the offer, engineering of the demand) and mastery of the
interrelationships between software activities and capital goods
manufacturing activities. It is the mastery of the dynamism of these
interrelations, and in particular of the interrelations between R and D,
design and production which constitute the real "hard core" in

tne transfer of technology for manufacturing capital goods.
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Part five: Elements of a strategy and opportunities for the development
of capital goods industryl/

A. Components of a strategy common to all countries

The development of capital goods industry should be connected
with the goals of economic development of a specific country. Goale
and targets differ at different stages of developmert and for different
groups of countries. It could be oriented towards:

-~ the dynamic development of agriculture and agro-based
industries including capital goods for modernization of
agriculture and food proceesing industries to ensure food

for the population;

-~ creation of a minimum industrial complex as a prerequisite
for a stable development with relatively high rates of
growth and specialization in capital goods industry; and

- predominantly export oriented industrial development incl.
capital goods accompanied by emergence of industrial
centres (enclaves) in the country's economy; industrial
centres for capital goods production will stimulate the
development of different country areas, small units,

accelerate training, technical education, research, etc..

During the initial stage of development of capital goods,
production could be oriented to satisfying local needs while soon
after the orientation should be to the establishment of intensive
connections with other countries particularly.wlth respect to amall
and medium-sized developing countries. Such principles as graduality,
selectivity, regional co-operation and phase by phase development of
capital goods industry should be widely used. Particular attention
should be given to the:

-~ orientation towards groups of products which use local

raw materials and semi-finished products or components;

1/ The problems specific to the two countries, India and China,
are not dealt with in this part rince we do not have sufficient
information on the strategies which these twoc countries intend to follow.
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- initial orientation towards gorups of products with
low technolcgical complexity which constitute the
foundation of the future production of more complex .
products including initial assembly and gradual

local production;

- broad application of foreign experiences in order to

increase qualitication of labour; and

- development of productiorn structures based on a long
term contractual international co-operation, specialization

and stable needs.
Irrespective of the political structure, orientation, diversity
of strategies it ir possible to indentify, from one country to another,
certain common features, We will be looking more particularly at:

1) The role of the State

2) Market mechanism and capital goods industries
3) Analysis of the demand

4) Employment and training.

1} The role of the State

The development of a capital goods industry is not a spontaneous
phenomenon. It is true that z certain number of production units
appear more or less naturally under the impulse of artisanc or small
private industrialists. However, these are always 3imple goods of
limited complexity. As socn as it is a question of moving on to the
mast2ry of the manufacture of complex equipment goods, and towards
the development of an integra*ed capital gocds industry, nothing will
happer. without deliberate irtentions in which the State (and the varions
State and para-State organizations) plays a determinant role. The
action of the State can take various forms of sysiematic and necessary
plenning, in sharehcldings and in fiascal and financial encouragements.
This activity of the State may obviously relate to the creation and

development of production unite for capital goods but also may take the
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form of establishing the economic environment which isnecessary for
the development of capital goods industries. In this sense the action
of *he State concerns various fields relating to:

- The planning of capital goods industiries
-~ The technical education and training of personnel

- The development of engineering, technical suppori
and Research and Development capabilities

- Financing
-~ Production capacities development, and
- Regional c»-operation,
These various fields of activity of the State involve actors other
than the State. Certain of these fields, such as planning, regional
*
co-opera‘ion and financing, will be discussed in the following

paragraphs.

1.1 National and sectorial planning

The special features of capital goods and, backward and
forward linkages with other sectors of national eccnomy as
already described, make it necessary to develop a medium and
long term national as well as sectoral planning. 1In order to
contribute to harmonious developmert and integration of the
national economy and to the achievement of the socio-economic
goals, the capital goods sector should be an integral part of
the medium and long term national plan. Such a plan should
contribute to the implementatior of national and sectoral
strategies, determine development priorities, optimal allocation
of reaources including capital goods smector, development of
engineering infrastructure, technical education, financing,
regearch and developmert.

The planning organization would also include plan

implementation and constant monitoring of the progress made
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and achievements in capital goods industries. It is part
and parcel of planning process and plan adjustments should
be done in the lire with objectivee and goals as well as ¢ !
implementation results.
In the most of developing countries, direct participation
of the State would be perhaps the orly way for achieving a
reasonable progress ir capital goods manufacture. For gome
others a combined effortsby the State and private entrepreneurs
may be needed and where the entrepreneurghip is well developed,
they might be able to play a major role in the development of

capital goods industries.

1.2 Regional cooperation

As a function of the present challenge of capital goods
in the international division of labour the development of
capital goods industries should be a privileged field of
cooperation among developing countries, especially
gmall and medium—sized. This cooperation ghould be rein-
forced at the regional level, more particularly in two cases:

- Those developing countries which do not have a
gufficient market cannot rope to manufaciure the
entire range of capital goods (thie ir the case
with the majority of the developing co. itries).
Inter-governmental agreements (such as the agree-
ments between the countries forming th: Andean '
Pact) could make it possitle to programme the
distribution of the varivus capital goods between
the various countries. Allocation of capital goods
to each country could be carried out on the basis

of the mastery of one or other production route.
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- For the construction of certain capital goods

R (capital goods for public works, agricultural
and food processing machinery, etc.), where the
technology is held by a limited number of firms,
the developing countries ofter have difficulties
in acquiring the technclcgy. In order to increase
their negotiating capabilities the developing
countries have an interest in regrouping, at
regional level, so as to modify force relation-
ships in their favour, both at the level of the
volume of transfers of technology and also in

regard to the cost of thesge transfers.

1/

1.3 Financing-
The period which separates the commencement of the cons-
truction of a capital goods project and the beginning of its
entry into production within a production unit can sometimes
be very long (3 to 4 years in some cases). The final owner,
or his representative the prime contractor, of a production
unit, who issues the orders for capital goods, must therefore
have credit facilities avallable to pay the suppliers whilst
awaiting the possibility of selling the products from his
production unit.
. In the industrialized countries various credit formulae
have been developed by the banks to cover this type of need.
When exporting capital goods the various gevernments of the
industrialized countries have taken the initiative in establ-
ishing various credit formulae (buyers' c}editu, suppliers!
credits), together with insurance to cover their supplier

against the risk of non-payment.

1/ Problems of financial conatraints ar~ specifically dealt with-
in the part six of this report.
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It must not be forgotten that the sale of equipment
goods to the developing countries has, for several yvears,
formed a field of very intense competition between the
industrialized countriesl/. The developing ccuntries having
very reduced means for financing, in particular for the
construction of major projects, often call on external financing.
For this reason competition between firms in the industri-
alized countries to supply capital goods or turnkey factories
to the developing countries is not principally carried out
on the basis of the quality of the equipment, its performance
or its price, but increasingly or the characteristics of
the financial support (credits, rates of interest, payment
periods) which the firms are able to offer. One of the
consequences of this new level of competition is to reduce
the role of the engineering companies to the benefit of the
credit suppliers: governments in the industrialized countries,
national and international banking organizations and the
major industrial groupsg/.

The developing countries need sources of financing to
build their industrial projects. They are therefore inclined
to accept the credits offered by the industrialized countries
and, consequently, to purchase those equipment goods which
are linked to this supply of credit; this may be to the
detriment of the development of their own capital goods

indugtries.

l/This competition has been accentuated with the rise in the cost
of oil which hae forced the industrialized countries to increase their
exports to achieve a trading balance.

2/ wphe engineering companies (in the industrialized countries)
which formerly were in the frornt line when obtaining contracts are now
only involved downstream of the economic and financial agreements, and
are only pawns in the industrial operations by the side of the suppliers
of credit and equipment®. Information Chimie No. 30, March 1974.
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Various studies and reportsl/ﬁave noted this obstacle to
the establishment and growth of capital goods industries
in the developing countries.

The development of capital goods industries necessitates
the introduction by governments of credit formulae (buyers'
credits or suppliers' credits) which must make it possible
for the local manufacturers of capital goods to participate
in calls for tenders from national clients.

Furthermore those developing countries which have reached
a certain level of mastery of the manufacture of capital goods
and which intend to export these capital goods to other develop-
ing countries, must be able to offer credit formulae which
are as interesting as those offered by the industrialized
countries. These countries must also develop formulae for
ineurance in order to cover their exporteres in the event of
breaking of contracts, non-payment, etc.. Few developing
countries have succeeded in esteblishing organizations
specialized in the financing and insurance of exports of

capital goods.

- FINEP - O comportamento technologico das empresas estatais

- Cf. alsc the insistence at the ILAFA meeting in November 1978
on the importance of this problem for the Latin American countries.

- M. CORTES - 1ransfer of petrochemical technology to Latin America.
University of Sussex, November 1971.

- A. ARAOZ - Consulting and engineering design organizations in the
developing countries, IDRC, OTTAWA, December 1978,
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2. Market mechanism and -capital goods iniustries

In the search for the most appropriate ways and means of international
economic co-operation which would support the creation of capitul gooeds
industries to the maximum it is essential to perceive fully the terdencies
which are in control of the industrialization process of developing
countries in its international setting. Sound knowledge of these tend-
encies could be of great help in mak}ng use of those of them which are
in favour of the process and in removing or dampening of those which

are working against it.

2.1 It must be stressed that one of the main obstacles !
hindering industrialization of developing countries in general
and the establishment of capital goods industries in particular
is the market mechanism which actuxlly ie the core of the existing
international economic order. It is of fundamental importance
that both the developing as well as the developed market economies
are fully aware of this fact in view of the ever growing inter-
dependence among all countries of the world.
Owing to the dual character of the market mechanism in
respect of the time factor it is extremely difficult to reveal
its concrete detrimental impacts on the industrial development
in the majority of develgping countries. In the short run it .
is practically impossible to detect how and when the international
economic relatinns based on the market mechanism begin to exert
negative influence. In the long run, however, its negative impacts
become quite obvious and could be easily revealed as continuous
and even increasing lagging behind in industrial development.
On the one hand, the economic ccnsiderations applied in the

pre-investment, investment and operational phases with the aim



-179 -

to make the respecti-e industrial! units as effective as possible
in order to secure their viability are of utmost importance.

In this context the efforts to attain the highest possible
profitability of the units cannot be questioned. This sound
principle of attaining profitability, on the other hand, could
turn into a destructive device if employed through the market
mcchanism at the macro-level as a decisive long term criterion.

The whole problem could te explained as follows:

It goes without saying that the industrial projects must
be identified and evaluated with utmost care taking into
consideration all important aspects. In the preparation and
evaluation phases their technical and financial feasibility is
assessed and the profitability calculated. Due to a host of
deficiences existing in developing countries, however, very
few industrial projects could as a rule prove to become viable
from the profitability point of view. The result is that the
productive capital, not finding profitable opportunities in
developing countries, looks for them in the developed economies.
The overwhelming tendency is the main source of the widening of
the gap.

The unequal, disadvantagenus positions of developing
countries in the world economy are being incessantly reproduced
in conditions of increasing interdependence among countries.
This trend makes it imperative that the developing countries
achieve such a tempo of balanced industrial growth that will
bring about the necessary structural change in the pattern of

the internationai division of labour and through it the elimination
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of the existing economic gap between countries.

The efforts of developing countries to bring about a
fundamental change in the above described scenario have
produced meagre results. The majority of developing countrie;,
particularly the least developed ones cannot succeed in this
endeavour as long as they are looking for a remedy in conditions
which are governed by international market mechanism. They
cannot make the projects profitable if the necessary pre-
conditions are abgsent. Only a few industrially advanced
developing countries are in a position to offer conditions for
certain profitable manufacturing industries. Even these countries
have to empioy various regulatory functions of the state whenever
trying to reduce the dependence of their economies on the big
international corporations and to secure steady, balanced growth.
It became quite obvious that even the most industrially advanced
developing countries cannot rely on market mechanism when

trying to steer their industrial development in the long run.

2.2. To make the international industrial co-operation 1o work
successfully towards the basic change at least two very important
principles have to be applied in this area. The first of these

principles is that the developed economies should secure adaquate

conditions for the eatablishment of viable industries which are

at present absent in the respective developing countries. If
e.g. the markei for the output of the respective industrial
unit is too small to make it viable the needed outlet should
be provided by the developed partner country, if possible by

offering its 2wn national market or in other developing countries.
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If it is impossible to make an industrial project viable because
of lack of skilled manpower it is up to the develcped partner
couniry to help in providing the manpower together with the
necessary training facilities. Similar actions apply to
availability of various materials, know-how and other needed
gervice, as well as to the capital in financial and physical
terms.

The cecond important principle is to make the developed

economy partiner to become highly interested in the developm:nt

scheme. If the partners are asked to provide fully or partly
certain conditions as e¢.g. the market, skilled manpower, know-how,
capital participation, credit, etc. it is quite natur=. that they
would expect some sort of compensatory benefits. The proposition
could be explained with the help of the following sketchy example
Let us e.g. assume that a developing country looks for a possib -
ility of establishing a factory to produce electric motors on
the basis of her own copper resources. It would be quite
natural if this country proposed that producer in a developed
country would participate in the construction and operation
not only of the factory producing electric motors to cover the
developing country's needs but also of additional capacities
with a production programme fixed according to the partner's
specific requirements as for example certain componentis, copper
wire, motors of special derign and the like,

If the developing countries made use of the above incentive
by offering the developed economies the possibilities for
industrial activities according to their own needs, it would

become necessary to make the oconcept of industrial co-cperation
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as broad as possible in order to offer a variety of combination
of industrial activities to satisfy all the partners. Such

a concept could provide condivions for a special treatment of
the capital goods induetries particularly in cases when the
question of priority is involved. In any case the individual
proposals or schemes of industirial co-operation should be of

complex, basket like character.

1. Analysis of the demand

This is, at the same time:

- a statistical problem;
- involving techniques for forecasting the demand;

- but above all a problem of choosing an economic policy.

3,1 The problem of choosing an economic policy

Formulation of the demand depends, above all, on the
political desire and the capacity to translate this political
desire in terms of:

- needs to be satisfied;
- the final producte which can satisfy these neceds; and

- consequently, the capital goods capable of being
manufactured locally in order to produce the products
linked directly to the needs to be satisfied.

Satisfaction of these needs means that one takes into

account all the needs of the national community, not only those
which are expressed directly on the market in a solvent form and
which are too often fashioned from the exteriorl/. The satis-
faction of fundamental needs is, quite simply, takingz into
account the needs of the rational community.

The question then fosed ia "How can one, in concrete terms,

effect the link betwen the satisfaction of fundamental needs and

l/ In this case it is a policy of replacenent of imports which is
in direct liaison, and solely in liaison, with the svlvent demand.
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y/

the production of national capital goods?"-'., Firstly the needs
are neither indefinite nor numerable, but their number is limited.
"Products capable of satisfying a given need may, in effect,
be multiplied and diversified almost without limit in time, each
of these products being able to excite the appetite and envy.
However, when one presses the analysis further one finds that

one can easily establish a relationship between a multitude of

goods and a single need. The best proof of this is in the field

of food. All nutritive products, from raw vegeiables to the most
sophisticated dishes, satisfy a single need: the need for nutrition.
This dces not mean that it is necessary to ignore tastes and
improvements...but that it is necessary simply to underline the
common characteristics of these goods which make each »f them -
under different conditions and to different degrees - subs.itutes
for all the others. In such a way that rarity is neither absolute
nor eternal but is a relative phenomenon, sometimes manufactuvred

in all its parts"g/.

Theee comments and these distinctions make it poesible to
arrive morc directly at an opening up cffered by the problem of
fundamenteal needs. It is precisely on the digtincticn between

. the limited character o the need to be satisfied, and the multitude
of alternative products capatble of satisfying this need, that this

’ opening up is based. To each product or to each group of alter-

native products there corresponds a "technical line", a "productjon

l/ See on this subject "Satisfaction of basic needs and the production
of capital goods in the developing countries”, IREP report, 1980.

g/ Ismail Serbry Abdallah "Basic needs: can their analysis lead to a
consumption theory?" Seminar, Tripoli, 2-4 April 1979. Industrial
development strategy and satisfaction of basic needs. (AIDO Seminar).
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route” implying the use of machines equipment, tools, competences,

raw materials, etc.. Summarizing, therefore, the limited character

cf the fundamental needs illuminates the opening up of the tech-

nical choices linked to the diversity of the products, and also

the capital goods which are linked with them.

3.2 The statistical problem

Formulation of the demand is a statistical problem
posed in terms of listing and identifying the
products, collected together under different types
of nomenclatures. Ferfecting these nomenclature-

is normally orientated bty preoccupations:

- for better international comparisons in regard to
production (ISIC) and international trading (SITC)
and for better fcrecasiing and planning of the
demand, s0 as to effect the link between forecasting
the development ci the sectors and forecasting the
demand for capital goods (ISIC nomenclature with
€ and 7 digi*s).

However it can be seen that nomenclatures and lists of
products tend to be subject to distortion irsofar as they reflect
the range of production of ar already established capital goods
industry, or one wnhich is already weli on tue way tc development.
This seems have as its corsequence the omission of the less
compiex goods in the nomenclatures in favour of the more complex
goods which the most advanced countries have already mastered or

are on the way to mastering.

3.3 Techniques for forecasting the demandl/

Such forecasting techniques are very numerous:

~ Forecasts based purely and simp.y on import«;

l/See algo "capital goods development project methodology for
planning of capital goods industries in Turkey", UNDP/UNIDO Programme,
technical report 1987,










|||!I_|.o 22 g
= 7

i ! m“ﬂ

=
22 s pee



- 185 -

- Forecasts based on medium and long-term projections
of the client branches (agriculture, basic industries,
consumer goods industries); and

- Correlation between the demand and the per capita
industrial product or the per capita GNP.

4. Employment and Training

- The capital goods industry has contradictory characteristics.
It constitutes on the one hand, and in certain aspects, an
increasingly sophisticated activity since it calls on
automated and computer-controlled processes. It includes,
on the other hand, a large number of relatively less capital
intensive processes and in this case remains very largely
a labour-intensive industry where workers play a central
role in the efficient operatior of the workshops. The
capital goods industry calls both on old skills, where
experience is decisive, together with new skills dealing

with data processing, electronics, etc..

- At all eventg the evolution of the capital goods industry

is shown by increasingly high demands for skills, as a
regult of:

- the new processes to be mastered;

-~ the more sophisticated products to be designed and
adapted;

- the increasingly stringent quality controls to be
applied; and

- the machines, which are increasingly costly to
run, etc..

The evolution of the capital goods industry is shown much less
in a reduction of skills than in an increase of skills, even if the
skills are changed.

- The increasing skills required become even greater since
the direct skills normally involved have added to $hem

an increasirg number of indirect skills.

These indirect skills relate to:
- gtudy and engineering offices;
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methods offices;

sales and after-sales departments,

departments involved in innovation and research; and

technical support departments.
They must not be underestimated for fear of seriously restiicting
the consistency and, even more, the dynamism of a capital goods industry.

- The skills required by a capital goods industry can be
developed more easily within the context of a high level
of general and technical culiure. They also assume that
a specialized technical training system will be organized
which gives priority to applied training, as far as
possible in close liaison with the workshop and with the
factory. Furthermore training "on the job" must never
be neglectied, particularly when it is able to promote the
potential capacities of all the workers who, although not
holding diplomas, have accumulated much valuable experience.
At all eventg the emphasis must be placed foreefully on the
process of progressive mestery of increasingly complex

processes.

- The training required in the capital goods industry,
like all industries, is the tr.ining of individuals
(workers, foremen, technicians, engineers, salesmen,
etc.). One must never forget that mastery cf higher level
of complexity is not solely a problem of skilled indivi-
duals but also a question of collective efficiency, in the
sense that the successful grouping of operatione results
from the efficient working together of a work team. This
becomes even more true when multiple usage is one of the
characteristics of the production process for a large
number of items of capital goodes. In this way it can te
seen how the passage from the production of certain goods
to other (analogous) goods depends, in particular, on the
dynamism of 2 workshop and of all the workers who form an

effective production cell.
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of strategy to develop capital goods industry

accerding to the groups of countries

1. Strategies for countries having a low industrial base (without

capital goods

industry) and based essentially on agriculture.

1.1 The general characteristics

1.2 The

The group consists of 62 countrier with more
than 400 million inhabitants(26.5 per cent of
total world without China and India), about

half of whom live in a state of absolute poverty.

11 countries are of large size e.g. Vietnam,
Ethiopia, Burma and Bangladesh, but the very
great majority of them have lesg than 10 million
inhabitants (including 28 countries with less

than 1 million).

Economic growth is very slow and agriculture
is preponderant (70 to 50 per cent of the
population is rurai, agricultural products
account for 70 to 30 per cent of the export

receipts).

The manufacturing industry is practically non-
exigtent in some areas, in others very little
developed. The consumption of capital goods
is extremely low (of the order of 20 US dollars
per inhabitant. or 7 to 8 times smaller than
countries having a major induetrial base where
the figure is 150 US dollars per inhabitant).

strategies

Capital goods are rather difficult industries with

diversified services e.g. research, designing,.planning,

quality control, marketing, etec.,. It does not mean

that all

the servicea ghould be in the country ae a pre-

condition. Creation of engineering services together with
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production of capital goods should be taken as an essential
part of a clear sub-sectorial strategy and policy. The
strategies are highly dependent on the overall prospects and
possibilities of development of these countries, particularly
for the poorest of them, but in all cases are closely linked

with:

the satisfaction of fundamental needs such as
food, dwellings, etc., ;

- the development of agriculture and the converting
of agricultural products;

- the technologies which will be used;
-~ the increase in incomes; and

- sub-regional and regional co-operation and
integration as an important factor in the

strategy.

1.2.1 Evaluation of the demand - The challenges

This point has previously been developed, and applies
more particularly to those countries wighing to enter the
capital goods industry.

Formulation of the demand is not only a statistical
problem or a prcblem of techniques of forecasting the demand:
i+ is above all a problem of political wishes and the capability
to translate political wicheu in terms of:

- needs to be satisfied: the needs of the whole
of the national community, and not only those
which are expressed directly on the market in

a solvent form;
- the final products which can satiasfy these needs;

- and hence the capital goods capable of being

manufactured locally.



- 189 -

1.2.2 Mastery of products or mastery of processes and routes

The final objective is that of making locally manufactured
capital goods available within the country. However two
approaches are possible:

- the first consists of implementing projects

linked to a product or to a range of identical

products; and

- the second consists of implementing projects
depending on the elementary processes of the
engineering industry, such as forging, casting
machining, etc., and studying those produvcts
which can be manufactured if the country masters

these elementary processes.

In the first case one utilizes specialized production units,
which are not profitable since the market is never sufficient,
whereas in the second case one utilizes multii-purpose production
units which manufacture goods for various client branches such as
agriculture, building, etc.,. The producticn in these countries
could be related to agricultural implements, equipment and machinery,
food processing machinery, building construction machinery and
equipment as well as to the manufacture of products common to all

branches.

The World-wide Study on the Agricultural Machinery Industryl/
has shown clearly that agricultural equipment of complexity levels
1 and 2 calls on various processes:

Forging, sheet metal working, machining and welding
congtitute the basic technological route. Mastery of
this multi-purpose route makes it possible to manufacture
the majority ot the simple machines and other products
necessary for rural life, together with the tools and

simple machines for their asnufacture. Purthe.more

i/ UNIDO ICYS/119 - June 1979.
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mastery of this phase makes it possible to enter to a

large extent into the manufacture of more complex equipment.

This approach in terms of processes and routes to be mastered

leads to three corsequences:

a)

The first relates to the importance of maintenance

and repair as a way of entry into the basic routes

and as a concrete pcssibility for treining skilled
labour;

From a qualitative point of view maintenance and

repair necessitate work on machining, general
engineering, sheet mstal working, painting, electrical
(winding motors) and welding. From a quantitative

point of view this activity creates many jobs. As

an illustration it has been found that, for a country

of about 1 million inhabitauis (a small country) with

a per capita GNP of the order of § 200, the total number
of trucks, tractors, miscellaneous agricultural machines,
public works plant, irrigation pumps, eompressors, etc.
represents a total value of the order of ¢ 50 million
and necessitates approximately €0 to 800 persons for
maintenance and repair. A unit producing small agri-
cultural machinery for such a country could create,

initially, only about fifty jobs.

Trhe second relates to the organization of the productive
apparatus. In a first stage of development it involves
multi-purpoge units, that is %o say units of low
specialization (numerous final products) whizh shoulad

be decentralized as far as possible.

The third relates to the technical mastery and iransfer
of technology. Firstly it is necessary to open the
"technological packet™ so as to import only what is
necegsary. Furthermore for capital goods of simple

to moderate complexity the transfer relates above all

to the production activities (mastery of the processes).
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Pinally in the selection of .he technologies to be
acquired it is important to take account of the
existing know-how in the country (workers, artisans,
techniciang) so that the transfers do not stifle but,

on the contrary, develop the existing capabilities.

1.2.3 The question of "adapted” technologies and the reduction
of complexity

It has already been shown that "adapted” technologies do
not solely involve the dilemma of capital-intensive or labour-
intensive. A technology is "adapted™ if it also makes possible
the local manufacture of necessary equipment so that the ccuntry
has a capability for technical msstery which subscquently makes
it possible to adapt and to design their own technologies. This
requires, in the initial stage of development of the capital
Zoods industry, the reduction as far as possible of the comp-
lexity of these capital goods so as to facilitate the first

step in technical mastery.

1.2.4 The role of the State and the national decigsion-makers

Predominantly agricultural countries without capital goods
industry have been facing severzl major obetacles e.g. limitations
in internal demand, underdeveloped system of technical education,
lack of skilled labour, capital scareities and generally low
technological base. Under such conditions nothing is done
without a determined effect in which the State
public and semi-public bodies and corporations play a decisive
role. Private initiative alone is not capabl? for solving of
such a complex of problems and limitations.

The State should participate in a.l phases of production

of capital goods and national decision makers must ccatrol,
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as a matter of priority, certain important stages in the

process of capital goods production amongst which are:

a) Studies relating to the selection of products and
of the routes arising from meeting the fundamental

needs, sectoral planning and plan implementation.

b) The listing of all the national technical capabilities,
establighment of research, engineering and standar-

dization services.

¢) The organization of a maintenance network for existing

capital goods, the first step in technical mastery.

d) Experiments and tests on agricultural machinery,
whereby the agricultural demand is translated into
a supply of machines and tools. These operations
open the way to the adaptation of machines to the
conditions prevailing in the country. Participation

of the State in the construction and production.

¢) Technical education and training of the labour force

in liaison with the maintenance activities.

f) FEstablishment of credit financing imstitutions for
promoting of local industry.

g) Sub-regional and regional co-operation and long term
arrangenentg with developed countries in order to

enter and develop these industries.
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Countries where the industrial base is in course of congstruction

There are two sub-groups within this group of developing
countries. First sub-group totalling approximately 22 countries
has relatively more developed industrial base, and second sub-
group with approximately 31 countries has a low industrial base,

but producing fuel and non-fuel raw materials.

2.1 Some general characteristics related to the first sub-group

This involves 22 fairly heterogeneous countiries, totalling
270 million inhabitants;

- some are highly agricultural (Ivory Coast, Kenya
and Pakistan);

~ othersare petroleum producers (Algeria, Iran and

Venezuela);

- others have mineral resources (Chila, Peru and
Zambia);

- about 20 per cent of the population lives in a

a state of absolute poverty;

- the countries are smaller than +those in
the previous group (13 of the countries
have less than 10 million inhabitants), and
this presents problems regarding the size of

the market;

- the manufacturing industiry has not an unimportant
position (15 to 20 per cent of the National
Product) whilst the capital goods industry is in
an embryonic state (less than 10 per cent of all
the converting industries) and meets of the order

of 30 to 35 per cent of the domestic demand; and

- thig sub-group of countries sghould be able to
satisfy of the order of 45 to 50 per cent of
their domestic demand by the year 2000.
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2.2 Stirategies

They certainly differ because of the heterogenity of
this sub-group, but one can envisage certain convergencies.

2.2.1 The products and the corresponding technical routes

These countries in general.master products of complexity
1 and 2, and have begun a process of development of the sector
in the following fields:

- agricultural equipment with, very often, an
assembly activity with a small level of integration
(20 to 30 per cent)l for tractors and drawn

. 2
machinery-’' ;

- simple to moderately complex equipment for the
building industry (cranes, concrete mixers,

tools, etc.,}; and

- equipment common to all the branches such as
electric motors, wires and cables, small
compressors, pumps and valves for irrigation,
structural metalwark, simple metal fabricating,

etc.,.

This corresponds to the mastery of sheet metal and
profile working (cutting, shaping, and folding), welding,
forging (for the production of tools) and simple to moder-
ately complex machining and cast iron foundries.

One strategy consists in entering totally into level of
complexity 2 and partly into level 3, that is to say:

- machine tools (lathes, millers, cutters, folders,
drillg), the first users of which are the

maintenance and repair shops;

~ equipment gouds common to all branches;

1/ Except Algeria

2/ One finds the same characteristice in the automobile industry.
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- equipment goods for agriculture and building.
In this field it is mainly a question of

improving the level of national integration; and

- simple to moderately complex equipment goods for
the basic industries (iron and steel, petroche-
micals, cement and production of electrical
energy) wihch call essentially on boilerwork
or metal fabricating activities.

The manufacture of these products necessitates improved
mastery of certain processes (metal fabricating) and the

mastery of new processes (foundry, forging, complex heat

treatment) simultaneously with mastery of products design.

2.2. Regional integration

This is an important factor in the strategy, particularly
for the manufacture of equipment goods common to all branches,
of certain equipment for agriculture (tractors) an¢ for the
building industry (cranes).

From -the Andean Pact countries, a large number of which
form part of this group of countries, have already launched

prcgrammes for =conomic integration,’

2.2.3 Mastery of the techniques

The principal objective of these countries is to structure
a capital goods industry which is not as yet established except
in the form of non-integrated, scattered and isolated islands.
This absence of structure in the capital goods industries may
actually be an advantage for these countries when attempting
to design a production apparatus which ig better suited to

their needs. One of the important difficulties which these
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countries encounter is that of limiting competition from
imported capital goods. This competition operates at severzl

levels:

imported capital goods are produced in long producticn
run, using a considerable accumulation of know-how;
they are therefore generally less expensive than
capital goods manufactured locally; imported capital
goods, the fruit of long industrial experience and a
technical environment of a high level, are generally
of better quality with production performances higher
than capital goods produced locally. Imports of
capital goods are often effected by way of the supply
of design or engineering services; they are also

frequently the result of long-term credit proposals.

Strategies for establishing a capital goods industry in
this group of countries must endcavour to implement the major
production routes of a capital goods industry, and to limit imports
of capital goods. Such strategies involve the following stages:

-~ the implementation of a capability for preliminary
studies and for engineering related to the constru-
ction of a capital goods industry. The object of
these study capabilities is to propose, on the basis
of mastery of ithe principal manufacturing routes,
and as a function of the speci{ic needs of each
country, alternative schemes for the development

and structuring of a capital goods industry;

- the impogition of controls on imports of capital
goods and the establishment of rules for compe-
tition between foreign suppliers and national
suppliers of capital goods (prohibition of the
importing of certain capital goods, fixing the

selling price of certain capital goods, etc.);
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- the creation of engineering structures to carry
out industrial projects in the client industrial
branches of the capital goods industry. Such
organization can be created on the basis of
engineering structures which already exist and
which specialize in the design of buildings and

of infrastructure works;

— the creation of experimental and stuay centres
for machines suited to the needs of the client
brancues and to local availabilities cf inter-

national products and components;

~ reinforcement of the design offices of the
manufacturers of equipment goods. At the stage
of development of this group of countries it is
the design offices wiiich motivate relationships
and exchanges of information wit.. the client
branches, the experinental centres and the local
suppliers of intermediate products and components.
It is on the basis of these design offices that
the first work towards the standardization of
capital goods should be initiated, together with
that on intermediate products and components

intendzd for these capital goods.

2.2.4 PEmployment - Training

For thig group of countries the emphasis hould be placed
on training:

- production technicians and workers for the

engineering industries; and

- designers and sfudy engincers specializing in

engineering construction,
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2.2.5 The role of the State

The action of the State is essential in initiating the

work of planning the development of the capital goods industryl(
It is also essential for the implementation of the gystem of
controlling imports of capital goods. It is also on the initiative
of the State that a system of credit for the purchase of locally
manufactured capital goods should be implemented.

The State can play a dynamic role in:

- the reinforcement of the design offices of capital

gonds manufacturers;
— the creatiin of engineering structures;
- the creation of experimental centres; and

- the building of new production capacities

and participation in production.

The action of the State can be carried out by way of the
creation of public study and engineering structures and of
experimental stationg, by way of fiscal and financial encouragements
in favour of private companies which develop such activities and

creation of public cooperaticns.

Countries having a low industrial base and producing fuel and
non-fuel raw materials (second sub-group)

2.3.1 Socio-economic characterisgtics

It must be recalled that an essential characteristic of the
second sub-group is the low development of its industry (an average
of less than 10 per cent of the CDP). On the other hand, extracting

industries repr :sent more than 10 to 20 per cent of the GDP, that

Planning work is rare in this field, particularly that which
ie capable of moving away from the model ingpired by the
historical development of the industrialized countries.
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is over 60 per cent of earnings from exportl/.

In this sub—group comprising 11 countries with a populaticn of

340 million, two essential characteristics can be pointed out:

a)

b)

The first characteristic is the kind of mineral resources;

16 o0il producing countries have been experiencing an important
development during recent years, while the earnings from
exports of the other countries have been highly fluctuating
and dependent uporn the evolution of the current prices of

raw materials.

The second characteristic is the size of the countries;

Thie group includes two big countries. Indonesia and
Nigeria (€2 per cent of the population cf this sub-group)
Most of the other countries are small in size (9 countries
with between 5-10 million, 10 countries of 1-5 million

and 10 countries with less than 1 million inhabitants).

The manufacturing industry is weaklr developed, but some of
these countries have been drawing profit from their fiscal
and foreign currenci:s resources to develop their manufacturing
industry (e.g. Indons:sia, Iraq, Libyan Arab Jamahiriya,
Nigeria and Tunisia) whose growth ratio was about 10 ner cent
p-a. from 1970 to 197¢€.

Agriculture remains an impurtant component of the economy of
these countries - (£0 to 70 per ceni of the population is
rural) - and is still the most important source of income

and employment, in gpite of the availatle mineral resources.
This characterirtic must be pointed out because of the deep
¢.alism those countries are suffering from: dualism between
ralaries in agriculture and in the mining sector, and dualism
in investments.

riasally, the capital goods industry is very little developed.
Its share is less than 5 per cent of the GDP. On the contrary,

V4
3

Some oil-producing countries have been classified in the group

Nexico; some others in the first sub-group: Algeria, Ecuador,

Venszuela and Iran, shich means that oil-producing counirier are
not a homogeneous group.
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demand (consumption) is very important and being of the
same order of magmitude as for the first sub-group of the
22 countries for which the tuilding up of their basic
industry is ongoing. This is due to the weight of the
oil-producing countries in this sub-group whose imports
and consumption represent TO per cent of the total of the

tota. of the sub-group.

2.3.2 Strategies

The share of national demand met by local production at present
lies around 20 per cent; projections have shown that a medium share
of 30 per cent can te achieved for this sub-group by the year 2000
whereas some countries could reacn 40 per cret (e.g. Iraq, Tunisia,
indcnesia). Nevertreless, the development of the capital goods
industry depends very much on certain factors:

Demand:

— development of agriculture and rural income in economies

where the mining sector 1is a "modern enclave”;

- diversification of industry financed ty fisaal and
foreign currencies resources
(i) industries for consumpticn goods;

(ii) industries related tothe processing of natural
resources (petrochemical, fertilizer, aluminium.
copper, phosphate industries, etc.);

(iii) integration of medium and small-sized countrie.

in regional economic framework.
Supply:

As long as demand is high, it mainly concerns complex
goods (mining equipment, equipment for basic industries)
especially in oil-producing countries and manufacturing
this kind of goods requires mastering levels II1 and II1

(in part) of complexity.

Thus the development of the capital goods industry will
largely depend upon the capacity of most of these countries
to-rapidly grasp of those complex technologies, and on the

type of international co-operation to be agreed.
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(a) Products and technological production routes:
For this sub-group of countries the range of products
is fairly wide:
- capital goods for agriculture and building

industriess
- capital goods common to all tranches; and

- capital goods for basic industiries and the

mining sector.
For many countries maintenance and repair in the mining
industry, in civil engineering and in public works constitute
an important point of entry into the capital goods industry
ginc~ these activities allow the creation of an important

"core" of sgkilled manpower.

It must be stated that among the wide range of products that
are a congequence of the diversification of countries, there
are products already mentioned in the first sub-group of
countries whose basic industry is teing constituted as well
ar in that of the group of essentially agricultural countries.
A range of several technological production routes corresponds
to this range of products, the principal ones being sheet
pipe and sectinn manufacturing, welding and mechanical
machining. However, the mastery of other methods, which
are mainly foundry and forging at levels 2 and 3 will permit

» greater involvement in capital goods production (e.g. Iraq,
Indonesia, Tunisia).

(b) Mastery of techniques:

For most of the developing countries of this sub-group,
particularly for those that are developing faster, the
elements mentioned in the study of the preceding sub-group

of countries are identical. Briefly, the elements are:
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- how to limit those capital goods imports that

hinder the constitution of a national industry;

- how to set wup capacities of preliminary studies
and research offices in building enterprises and

in the capital goods industry;
-~ how to develop centres for research, adaptation
and engineering.
For the least advanced countries of the sub-graup basic
methods must be found to open significant access by the
agricultural machinery and building industry to the
capital goods (see strategies for mainly agricultural

countries).

(¢) The role of the State is nearly identical with the previous
one of the countries whose industrial basis is now in the
process of being settled.

1. Countries having a major industrial base

3.1 Some general characteristics

- The fourteen countries which have been classified in this
category are of large sizel/ and can therefore count on
a large domestic market. Not all have reached the same
level of development, and about 20 per .ent of the total
population (80 to 100 million ) live in absolute poverty.
From the point of view of the.capital goods industry it is
the group having a large baaeg/ which makes it possible to
satisfy of the order of 60 per cent of the domestic demandé/.
Some of the countries are already exporters (Brazil, India
and the Republic of Korea).

l/r More than 10 million inhabitants, except Hong Kong,
Singapore, Jamaica and Uruguay.

g/ The share of the sector is 10 per cent to 1% per cent

or more,of all the manufacturing industries.

3/ Thig is not true for all the countriea: for example
the Philippines 30 to 35 per cent and Thailand 25 to 30 per cent.
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- This group of countries will, by the year 2000, represent
more than 50 to 60 per cent of the production of the
]
) developing countries-’/, and it may be assumed that production

will cover of the order of 70 to €0 per cent of the consumption.

. There are two types of countries where:
- the production is entirely directed towards the domestic

market (without exports); and
- the production is also strongly directed towards external

markets, as is the case at the present time with Hong Kong

and Singapore, which are special cases, but also with Rep.

of Korea where exports represent 30 per cent of the productior.
It is probable that, given the characteristics of the International
Divigion of Labour which is shown by a high specialization of the
countries and firmsg/, the possibilities of replacing imports for
this group of countries will fairly rapidly reach these limitsé/
(except for the very large countries) and that the development
of exports will become necessary to give an impulse to domestic
production. As a counterpart these countries import equipment
which they cannot manufacture, either for strictly economic reasons
(price, quality) or because of the market forces (technological

monopoly, etc.).

1/ Excluding China.

2 It should be recalled that what characterizes the industrializzd
countries is the large part of their production which is exported and,
at the same time, the high level of penetration of the domestic market
by imports (except in the case of Japan and Federal Republic of Germany ).

3 That ies tc say the real P/C.
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3.2 Strategies

3.2.1 The products and the corregponding technical routes

These countries in general master products where the
complexity is of level I, II and even III. Eatry and development

is therefore consgiderable for:

capital goods for agriculture and building;

capital goods common to all the branches;

capital goods for the basic industries;

simple to moderately complex machine tocls.

This means also that the basic facilities are mastered.

The strategy therefore consists of entering totally into levels
of complexity III and partly into that of complexity IV.

This involves essentially:

complex to very complex mackine tools;

- specialized machines {textile machines, machines for
papermaking and printing, machines for the converting

of plastics materials and rubber);

- more complex machinery for agriculture and building

(tractors, bulldozers);

-~ the "hard core™ of the equipment intended for the basic
industries, which necessitate the simultaneous mastery
of process engineering, process plant and control and

regulation equipment;

- industrial clactronics (components, computers, tels-

communications).
These products call on complex routes and processes:
- the electronice route;

- machining and forming of non-ferrous metals and

special steels;

- special foundry and forging processes;
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- keavy and very heavy machining which, at the same

time, involves micro-sachining

- special components of the hydraulic, pneumatic

and fluidics type;
- etc..
Furthermore the increasing complexity, diversity and specialization
of the industrial fabric necessitate a high level of mastery of the

organization of inter-company relationships.

Finally the "market forces™ are characterized by concentration
and specialization of the actors:

- the major multinationals which control the most
complex equipment for agriculture, building, the
production of electrical energy and electronic

equipment;

- the engineering companies and holders of processes
in the basic industries, particularly the down-stream

branches of iron and steel and basic petrochemicals;
- the redium-gized but highly specialized companies
in the field of machine tools and equipment for
consumer goods.
However, whilst developing these types of complex equipment
the countries have to solve problems linked to their absolute peverty
and the development of rural employment. In thirs field a wide_ range

of techniques is necessary to create jobs and to improve the technical

level of the entire population.

3.2.2 Export

Certain countries are already exporters, but follow one of two
highly contrasted strategies:

- India, Brazil and Argentina export mainly equipment

goods to the developing countriesl/

l7F‘or Argentina and Brazil these exports are carried out by
foreign companies, but also by national companies. Cf. the Wrold Bank
studies on this subject.
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— On the contrary the specific ‘cu:ditions of
Hong Kong and Singapore mean that these countries
export essentially electrical and electronic
products and components to the developed market

economy countries;
— The Rep. of Korea at the present time occupies
an intermediate position.

We have already seen that exports are essential to sustain and
give an impetus to production, and it may be assumed that these
countries must above all seek markets in the other developing countries,
since the economic and social characteristics of these are reasonably

familiar to those which prevail in their own countries.

3.2.3. MHastery of the techmiques

The strategies for reinforcement of the capital goods industry to
be implemented in these countries relate to very different leveis of
industrial policy:

- To instigate agreements between several developing
countries in the same region so as to reinforce their
capabilities for negotiation and the acquisition of
technology from the firms which hold quasi-monopolistic
positions (control and regulation equipment, certain

rctating machinery, certain electrical equipment);

- To reinforce study capabilities in the capital goods
industries so as to adapt the standards for the
components and sub-agsemblies to the supplies available
locally. It will be necessary to draw up lists of the
materiale, components and sub-assemblies produced locally.
Work on standardization and standards will be undertaken
in the direction of these local suppliera to the capital

goods industries;
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- The difficulty in arriving at mastery of the technique
of organizing the prcduction machinery complex has often
been underestimated. In the industrialized countries
machinery manufacturing complexes are only the visible
part of an iceberg, that is to say of a technical
environment (regular supply of components and sub-ass-
emblies, regular supply of maintenance and services,
etc.), of an economic environment (adaptation of the
supply and demand) and of a social environment (accep-
tance and integration of factory discipline by the
workers and executives). It will be necessary, in the
developing countries, to rethink not only the design of
production organization but also machine design so as
to facilitate the organization of their production.
Work on the adaptation of machines, the processes
for manufacturing these machines and of methods of
organization must be undertaken as a function of the
technical, social and cultural environment specific

to the developing countries.

~ In the mastery of the entire software system the

emphasis has to be placed on:

- demand engineering, which makes it possible
to ensure the link between the capital goods

indugtries and the client industrial branches;

- process engineering, which makes it possible
to ensure the link between the research and
experimental centres of the capital goods
industries on the one hand and the research
centres and know-how of the client industrial

branches on the other,

3.2.4 Employment - Training

For this group of countries the emphasis has to be placed

on the training:

- of workers, technicians and .ngineere specializing

in electronic construction and, more particularly,
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c&

in the construction and control of regulation

equipment;
- of organization engineers and technicians;

- of design engineers and draughtsmen in the
various engineering disciplines and, more
particularly, in the fields of electricity,

control and regulation;

- of technicians and engineers for the research

and experimental centres.

3.2.5 The role of the State

The action of the State is essentially in the implementation
of cooperation agreements between developing countries of the same
region, so as to establish a common position in the face of those
foreign firms which own the technology. Action by the State is
also essential in the creation of a financial organization
specializing in the financing and insurance of capital goods
exports.

The State mayplay a dynam:  role:

- in the implementation of a system of standardization
of intermediate products, components and sub-

assemblies used in the construction of capital goods;

-~ in the reinforcement of engineering companies and,
in particular, of process engineering companies by
the creation of public engineering companies or by
fical encouragements fawwuring these private companies

which develop such activities;

- in the creation of new capacities and participation

in production,
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Conclusions

Growth in reapect of capital goods in the developing countries
necessitate the management of a complex of problems. It arises not only
from the diversity of the sector, which covers millions of products, but
also from the diversity of objectives and situations in various developing
countries. In order to assist these countries in defining and implementing
strategies, an attempt has been made; as an initial approach, to classify
developing countries taking into account their basic economic characteris-
tics and their potential for development of the capital goods industry.

Three major groupe of countries have been identified:

- Countries having a low industrial base (without capital goods
industry) and based essentially on agriculture;

- Countries whure the industrial base is in course of comstruction

including capital goods industry;

- Countries having a major industrial base including some capital
goods industry.

The final aim of all these exercises would therefore be in
identifying with the close co-operation of developing countries, what
strategies are applicahble and how can a majority of these countries with
practically no capital goods industry effectively enter inito such an
industry?

It is not feasible to prescribe any uniform pattern of product
selectivity or sub-sectoral growth for all developing countries.
Conditions are widely divergent, both in terms of levels of economic
development and resources and programmed growth of this sector should
be considered in stages. Normally, initial efforts are concentrated
on repairs facilities, production of parts, spares, hand tools,
agricultural implements and equipment. This level has either been
reached or could be reached in the near future. Further stages of
capital goods production contemplating both processes of import
substitution and export promotion continue with manufacture of simple
to sore complex parts, components, mechanical and electrical machinery
and equipment together with durable consumer goods. Adequate
technological absorption and adaptation is needed and through sub-
contracting and decentralization of manufacture greater technolcgical
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skills can be generated. Such approach would also reduce investments

in individual plants and be more efficieni over a period of time.

Capital goods could be produced through different technological
routes. A selection of adequate route to the specific conditions
should be based upon consideration of such factors as a size of market,
development of demand, the level of engineering and techrology in
processing industries, tcchnological level of availabl< skills in
capital goods, technological pretentiousness of a particular route and
its learning effects. Experiences of more advanced developing and
developed countries in this field should be carefully examined and
applied.

Imports of technology significantly speeds up the industrial
development process. However, it is important to bear in mind that
the wish to win time and usave resources in that case might affect the
creation of seience and technology potentials, lead to lover creative
activity of the engineers ani scientists., Besides, expenditures on the
technological adaptation to the local corditions often exceed expenses
on similar technology elaboration at home. In long-term prospects
only national research and development programms may relieve the
budget experses burden of the country on technology imports and
diminish its techmological dependence.

The role which the State should assuame in the capital goods
development needs to be recognized taking into consideration ¢ -ecific
characteristics of this sector and its importance for the reproduction
process, The action of the State takes various forms of systematic
planning including industrial sectoral planning, participatiom in
engineering services, in production of capital goods as well as in
fiscal and financial encouragements. This activity of the State may
relate to the creation of techmical education and training facilities,

research and development and regional co—-operatiom.
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ional Co—operaliun in promoting capital goods

development (incl. forms, conditions and long-term

arrangements between developed and developing countries

and among developing countries)

Introduction: -

The Third General Conference of UNIDO held
in New Delhi in early 1960 had approved a Plan of
Action for the restructuring of world industry in
the context of establishment of a new international
economic order. The Plan calls for an acceleration
and active promotion of industrialization ot the
developing countries. This call reflects the
strong desire amongst the developing countries
to attain the objectives that had been laid down

in the Lima Conference.

To attain a figure of 25% of world production,
as envisaged in the Lima Conference, i3 obviously
a very big task for the developing countries and
would require Herculean efforts. Achieving any
measure of success in attaining this objective, or
anything close to it, can be possible only, if there
is a joint effort made in this direction both by the
developing and the developed countries, duly
supported and assisted by international organizations
like the UNIDO.

1.0 Concept of internmational
co-operation:.-

The extent to which a country may be considered
economically and technically independent is as a rule
related tothe level of national development and
integration of capital goods industry into the
production systerm. The term "economic independence"
broadly used in many documents should be more
clarified in relation to this sector., An attempt

to create integrated national system of ~apital
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goods production usually results in inefficiency
and waste of resources. Nowdays not a single
country including rich, large, industrialized can
afford to have a whole complex of industries with
respective infrastructure and not to benefit from
the international division of labour. As an
objective tendency, the growth of industrial
production is lagging behind the expansion of
international division of labour. It makes it
obligatory to take into consideration this impact
right at the beginning in all developing countries.
It does not mean, at the same time, that it is
useless to enter and or expand capital goods
industries. Positive social and economic
consequences of the development of such industries
and effects on the economy may be considered by
far more significant factors of progress than

immediate, short term gains.

The most active participation in intermational
division of labour is the shortest and the most
efficient way to rectify structural inbalances in
developing countries particularly in small and
medium-size countries. International co-operation
is the decisive tool for small and medium-sized
developing countries to compensate their
disadvantages related predeminantly to the lack
of engineering capabilities and services,
limitations of internmal market, skilled labour
and capital scarcities, etc, and to speed up
assimilation and mastering of technology. These
countries therefore need a clear sectoral
industrial policy supported by an effective
implementation mechanism, particularly programming
of the whole complex of capital goods industiries
at the national, sub-regional and regional levels.
It includes production, related technical
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infrastructure, e.g. research, designing, technical
training, planning, marketing etc. as well as
priorities leading to the specialization of each
country and programmes for regional co—cperation

among developing countries.

The principal instrument for building up the
capital goods industries in the developing countries
is that of "intermational co-operation'. This
encompasses a total economic interaction between a

developing country and its partner:

- An interaction that goes much beyond the sale

or purchase of goods and services;

- An interaction that includes a set of
complementary or reciprocally matcring
operation -— in planning; in production; in
development; in financing; in training; and

in transfer of technology and trade.

This interaction takes place both at the
inter—governmental level as well as the level of tne

enterprises.

Besides the traditional type of co-operatiion
like direct foreign investmeni, joint sector
ventures and commercial transactions, it also
involves a long-term and complex interaction with
matching mutual performance and with the
institutionalization of the system to establish

long lasting interest in co-operation.




- 214 -

1.1 frex of internrijonal

co-ouersiicons—

The field of international co-operation in the
capital goods sector is a vast one. It may cover,
3
in respect of each industry, either one or several

of the following areas:
- financing (aid or credit);

- training (skilled workers as well as high

level personnel);

-~ establishment of vocational training centres
and educational institutions like industrial
training institutes, polytechnics, institutes
of technology, schools of business management,

etc.;

- development of infrastructure (roads, railways,

ports, etc.);

- purchase of equipment/sale of gonds — national

and internationalj

- transfer of technology including build-up of
indigenous know-how in design, engineering,

research and development;

-~ redeployment. of industries and restructuring

of world capital goods production.

The developing countries may also have to seek
co-operation in fields like planning and in the
deteimination of the technological complexity of the

equipment which is to be taken up for manufacture.

International co-operation in world industry, .
especially capital goods industry, has undergone a
gradual transformation rrom ordinary technical assistance
1.2 Kuleslity of to a much wider form of industrial interaction. This
interrst interaction now cncompazsses an increasingly complex
arca covering a mutuality of economic interest between
the two partrers, i.e., ihe developing and the developed
country., This decpicts a tubhstantial change since 1950s
when the devclored countrier, used to congsider the problenc

of the deveiopine couatric as one of cenlirhtened charity.
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This thinking has given way to ihe recognition that

a quickencd pace of development in the 3outh also
serves the people of the North and, thereforcs, helping
the developing countries to improve their cconomic
condition would also be of benefit and advantage to

the developed countries,

The developing countries too, on the other hand,
have grown conscious of the fact that they would not
be justified in expecting unlimited help from the
developed countiries without taking into consideration
its impact on the economy of the developed countries
themselves, To ignore the economic health of the

industrialized countries would be foolish and the

developing countries would gain nothing from this.

" In other words, there is now a new perception
of mutual dependence of the States and a realization
that none of the important problems between the
developed and the developing countries can effectively

be solved by a confrontation.

Mutuality of interest may lead to an interaction

involving:

- the purchase of industrial equipment and
technology fr:m the foreign country may be
extended to include long-term technical
assistance, designing of industrial

complexes, and civil engineering;

- the supply of finance, technolosy, plants
ard equipment may be undertaken by ire
foreign supplier in return for the products
from the plant or other products from the

developing country (e.g. energy,materials);

- a packaging of services and equipment may
even result in part of these transactions
being converted into different forms cf

investment;

- redeployment of industiries {rom the developed
to the developing country along with trade
linkages for the products from the plant:s;
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- a long-term iraining programme to help the
developing country to absorb and assinilate
the fast changing technology in the developed

countrics in the capital goods sec or,
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internaticnal (o-operation

and long—ierm agreement:—

2.1 Need for
gggggl}ation

Adoption of the concept of international co-
operation by the developing country involves seeking
out a partner who would be able and willing to provicc
the type of assistance needed by the developing country.
The pattern of this co-operation may be of diversec
nature, both with regards to the partner and the manner
of assistance covering investment, supply of equipment
and technological know-how, training, financial
acsistance, management, research and development and

trade.

In most cascs, the partner in this co;operation
has to be a developed country which possesses the
technical and financial capability and can provide the
required assistance to the developing country. An
interesting development has been the growing co-operation
amongst the developiug countries themselves — primarily
in the field of manigement and training — and in come
cases, transfer of an appropriate technology also, which
may be better suited to the conditions prevailing in =

the developing couvntry.

Whatever be the form of co-operation, the developing
country has to recognize the fact that it has to pay a
certain price for the assistance that it is seeking from
the foreign partner. Efforts that are needed, however,
are to see that the price paid is not excessive and that
other terms and conditions of the co-operation d:« =0t
impose too heavy and too onerous a burden on the deve-

loping country.

Global and regional consultations between the
developed and the developing countries can be of help
in focusing the attention on all such issues and from
these discussions might emerge the solutions to the
problems — solutions that are of mutual advantage to
both the parties. It could also provide the inspiration
and the guidance to the parties who are desirous of
entering into the co-operation agreements, which, in

most cases, it likely to be a bilateral cone,
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2.2 A broad catcgorization of the co-operation form

is as below:
(a) with a developed country (market economy);
(p) with a developed country (centrally planned);

(c) with a developed country plus a more developed
developing country;

(d) co—operation amcngst the developing countries;

(e) with a financially affluent developing

country;
(f) regional co-operation.

Thece different forms of co-operation have been
further elaborated in the following paragraphs. This
elaboration depicts the advaniages and disadvantages
of different forms of co-operation and the difficulties
experienced by the developing countries in the lons-
term contractual arrangements. The purpose of doing
s0 1s not to belittle in any way the extremely important
role played by the developed countries in the uplift
of the economically and industrially backward developing
countries, but 1 ;tead to focus the attention on some of
the problems of the co-operation, so as to be able to

try and find their solutions,
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3.0 (a) Co-operation with a2 developed

country (market cconomy):-

3.1 Importance and
advantages

3.2 Benefits to
both partners

The developing countries have achieved varying
degrees of progress in the implementation of their
programmes for develcpment of capital goods industry.
Some countries have been markedly successful; some
others are making rapid advancements, The major credit
for this progress rightly belongs to the market economy
ccuntries which have been ever willing to extend their
helping hand to the developing countries in their
ventures, These market economy countries of the Korih
possess vast resources, technical and financial, which
have been made available and which continue to be made
available to the developing countries for economic and

industrial development.

This form of co-operation is, therefore, of vital
irportance to the developing countries. The altruistic
approach of the developed countries has been of
tremendous help to the developing countiries in the

implementation of their industrial programmes.

The developed countries, motivated as they are,
by a genuine desire tc help the underdeveloped, are
also appreciating the fact that there is a mutuality
of interest between the North and the South -- as has
been highlighted in the Report of December 1979 of
Willie Brandt Commission. This report refers to the
Norih's dependence on the South in the sense that
"South can be an engine for growth'. In other words,
the policies of assistance and concessions adopted
by the North for development of the South could bc the
instrument in solving the problems of the North and,
therefore, such policies that result in co-operaticn
with the developing countries would yield benefits to

both partners.

A standard form of this type of co-operatlion hac
bcen through investment by the enterprises —- gennrilly
large companies —- from the developced country. This
type of investmeni, which i a direct foreisn invest-

men', koo nlaved oo majsr role in helpine the develooine
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countries in the establishment of their industries.

The direct foreign investment has been, either
through the establishment of a local subsidiary, or a
joint sector venture, with the parfner from the developing °
country being, either a private sector company or a
public sector enterprise. This form of direct foreign .
investment means that the operations of the enterprise
continue to be effectively controlled by the parent
company in the developed country.

The pattern of co-operation has undergone a slow

3.3 Unpackaged form

of co-operation change over the years with the corporate control being

gradually replaced by a non-corporate, non-equity
structure. The legal standing for the new arrangement
is establisled on the lasis of a contract. Of course,
control can still continue to be exercised by the
foreign company through non-corporate instruments of
influence -

- equity being replaced by supply of loan/credit;

- direct control over the subsidiary being
exercised through management contracts,
technical assistance agreements and production

sharing and/or service contracts.

Other forms of co-operation may be for various
types of services — in a packaged or an un—-packaged
form, e.g.,

~- 8ale of industrial equipment and transfer of

technology; this could be further extended
and expandzC by inclusion of technical
assistance, design of industrial complexes,
civil engineering work and other forms of
interlinking, which ensure continuous co-

operation between the two parties,

Some examples of this type of long-term inter-
action are:~
- supply c¢f techhology and complete equipment
linked with an exchange of products from the

two countries;
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~ extension of contract —— including post
operational assistiance — being linked witlh
payments being effected by the develeping
cduntry with the help of the products from
the plant;

-~ the respective performance guarantees given
by the foreign contractor, replacing the old
and traditional fora of investorst! risk

through foreign investment;

— the foreign contractor supplying a package
comprising physical capital, technological

know-how, marketing knowledge and management,

The governments of the market economy countries
operating under a frez economic system respect the
autonomy of their enterprises. Consequently, they
do not, normally, get involved directly with either
the co-operation agreement or the long-term contractual

arrangement in respect of specific projects.

Co~operation may be confined to issues like
providing aid oy loan for the development programmcs

or for specific projects in the developing country.

Or there might be matters associated with .iic
investment climate, investment protection, financial
incentives, etc., which are of interest to the
government as well as its enterprises of the market
economy countries, Inter-governmental agreements
on these issues help to encourage participation of
the enterprises in the development programmes of the

developing countries,

The government of the industrialized country,
while providing help to the developing country, has
to also ensure that its own interest and the interest
of its enterprise are duly protected. The developing
countries do appreciate this, though, at times, thcy
feel that perhaps there is an insufficient appreciation
of their problems by the governments of the industrialized

countries,
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There have been cases, where the govermments cf
the market economy countries have also entered into
intergovernmental agreements for providing a framework
for industrial co-operation at the enterprise level,
s0 as to facilitate the establishmént of joint ventures.
Example is that of the agreement of 1975 between Brazil
and the Federal Rcpublic of Germany on co—operation in
the field of nuclear energy. Perhaps, such exceptions
are there because of ihe involvement of sirategic
natural resources, which the developed country is
interested in procuring., Entry by the govermments into
such agreements, directly, concerning and regulating
projecct contracis, appears to be governed by a desire
of self-interest, since the developing country agrees
to provide them, on a long-tera basis, with a secured

supply of vital raw materials,

The efforts of itie govermments of the developed
countries have also heen directed towards establishment
of institutions which help to promote investment in the
developing countries, Besides providing information
on investment possibilities in the developing countries,
thesie centres also carry out promotional work for
he’ping the enierprives from the developed countries

to undertake veniures in the developing countries,

For example, Sweden has a National Board for
Technical Development; West Germany has set up an
Agency for Technical Co-operation; France has a
Centre for Industrial Promotion in Africa; U.S.A. has
the Overceas Private Investment Corporation (OPIC; for
encouraging investment by small and medium srale

inductries in the LDCs,

The West German Centre (DEG) concentrates on the
lesser developed countries and promotes the partnership
investment by Vest German companies in these countries,
by making available cquity investment or quasi-equity
loanc, and by providing advisory services for the

planning and exccution of the projecct.
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An interesting example of a co-operation agreemen:
is the one eigned by the European Economic Community
with African, Caribbean, Pacific-region countries in
1974 and with Algeria, Morocco and Tunisia in 1976 at
the Lomé Convention, As a concepf of international
co-operation these agreements indicated an interesting
innovation. As to its actual implementation, ther~ have,
apparently, been some difficulties and doubts have arisecn
on the effectiveness of such agreements in encouraring
the LDCs to industrialize. Some of the signatories to
this agreement probably feel ihat this has benefited

only a feﬁ of the countries at the cost of others.,

Would the Consultation like to discuss the useful -
ness of such agreements in the context of international
co-operation and whether these could serve as models
for emulation by others to cover specifically the capital

goods sector?

Such examples, where the governmenis of the market
economy countries have participated dircctly in the
co-operation agreements, including the contractual
arrangements, are rather small. It is mostly the private
companies - mostly large companies from the developed
countries which possess the resources and the know-how -
that have been able to go into the developing countries
to co-operate in their programmes of capital goods
development, Undoubtedly, entry of thece companies into
the developing countries has been of immense help in
their programmes of industrialization. But, this has
algo, at times, given rise to certain problems —
political and financial -- which, the developing countricc

have not found it easy to tackle,

Earlier, when most of the developing countries did
not have much of a technological base or indigenous
expertise, the best form of contractual arrangement wac
found to be the turn-key contract with a large company
from the market economy countries, In this type of
contract, the foreign company had the sole reaponsibility

for execution of the total works, including delivery of
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the industrial complex, its design, procurement of

equipment  engineering and consiructicon work amd imitial
operation of the plant for proving its performance.
3.7 Shortcominss Unfortunately, the turn-key gqontracts, at times,

suffer from certain shortcomings. The obligation of
the contractor is normally limited to his ensuring
that the plant will function properly on the date of >
the initial acceptance., Since he does not have to worry
about post-start up performance of the plant, he prefers
to concentrate on the satisfactory initial demonstration
tests. Sometimes, the payment to him is on a lumpsum

3.0 Qualit basis and then there is a temptation for him to reduce

the quality of the plant, thereby increasing his own

profit margin.

The foreign contractor may also pay inadequate
attention to providing enough facilities to the local
personnel for training and acquisition ot expertise
that would enable them to run the plant properly.

As a consequence, one finds that, after the plant has
been completed and delivered by the foreign contractor,
the enterprises of the developing country encounter
serious difficulties in operating and maintaining the
plant and equipment.

In the turn-key contract, the transfer of technology,

3.9 Iransfer of when provided for, is dealt with in a rather brief or

ggahnologx

vague manner, It is treated more as an intention
within the framework of the future development of work
between the two sic¢ez rather than as an immediate
aspect relating to the terms of the contract.

A scrious problem that arises in such contracts is
3.10 Performance with regard to the guarantees for the project quality

and output. Though the contractual arrangement does

include clauses relating to such guarantees, they are
formulated in such vague terms that they turn out to be
either inncffective or create more problems for the

developin~ countries,

In fact, they are worded in such a way that, in

enme af a dianute, the contractor is invariably successful

in tranrferriny the blame for the shortcomings of the
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plant, on to ihe enterprisec of the developing country.
Very often, the foreign contractor takes the plea ihatl
the poor quality of the product or the poor performance
of the plant is due to faulty operation, defective
organization or maintenance. In other words, he contcnds
that if the plant fails to work well, then the fault lies
with the developing cnuntry itself,

In case the developing country is desirous of a
prolongation of the contractor's guarantee of the product
quality and output, the latter insists on obtaining
additional remuneration and alsoc a prolongation of his
dominant and active position in the relaiionship with the

partner from the developing country.

Despite these drawbacks, there is no doubt that the
turn-Key contract system has played a crucial role irn the
development of industries in the developing countries.
This system has enabled a number of developing countries
to obtain industrial plants of high technology levels
from the market economy countries — a success achicved
despite encountering difficulties in the form of scarcity
of qualified and trained perszonnel, absence of engincerin-
and design capabilities, and lack of research ap? dcvelop-

ment facilities within the developing country.

Some countries which are extremely keen on achicving
a rapid development of their capital goods industry, may
still choose, with advantage, this arrangement for its

projects,

Looking at the probtlems of turn-key contrantis, a
number of developing countries are now slowly switching
over to a more unpackaged form of contractual arrangement.
This form envisages a greater emphasis being placed on the
development of indigenous capabilities and of absorption

by the local orranizations of the imported technolo,ry;

The developing country makes better use of its
local expertise and talents in matters relating ic desisn
and engineering works;

There is a better utilization of local production
capacitisg 1or the manufacture of some of the eoipment

cr its componerrnic, cparc partc, ctc,
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This approach signifies that, for each type of

co-operation, the developing country enters into a

.14 Separate ) )
314 arreorents separate contractual arrangemsnt. This sometimes
2 L R -~ )

makes it easier for the developing country to exercise

checks and controls for ensuring the reasonablenece

of the agrcement and itc proper implementation.

Attempis are made *hrough these agreements to-
obtain an increasing particiy-~tion of the local
enterprises in the project implementation, while at the

same time not permitting any dccline in the performance

3.15 Contractor's of the plant. In other words, the contractor has to
obligations . C .
foligationt recognise that his obligations are not only to provide

the means but also to concentrate oa the achievement
of the results. He is awcre that, unless he fulfills
his obligatiohs satisfactorily, his respénsibility
might still cortinue. Consequently, the contractor
tends'to take more iuterest in the implementation of
such agreements. He also iries to provide more facilities
for the training of the plant personnel from the
developing country. Sometimes he even undertakes to
set up a training service and training workshop in the
plant or attached to the enterprise in the developing
country, a facility that may be in parallel with the

vocational training facilities in the country.

The contractual arrangements, whether on a turn-

key basis or in an unpackaged form, contain a mixture

3.16 Shortcomings

of contractual of clauses ~-- some standard and seme unstandard or of
arrangement restrictive nature. VWhile the standard clauses present

little or no difficulty, it is with regard to the
unstandard clauses ot the restrictive clauses that the

developing country faces lots of problems,

The main handicap is that the developing country
or its enterprise lacks the expertise for dealing
with the negotiations for finalising the contractual
arrangemenis, Its sources of information, technical
and economic, are rather limited and its position for
negotiating with the companies from the developed
country is rather wenok. Its counterpart in the developed
country, on ihe »ther hand is either a multinationa’® or
a big company having enormous skills and tremendous

information sources a' ity dirposal.
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In other words, it is an uncqual match wherc the
developing couniry or its enterprisc gets out mancuvcred
by the enterprise of the developed country inio accoétance
of a contractual arrangement which is disadvantagecous to

the formei:,

How does the developing country overcome this

problem?

A permanent answer, of course, would be for the
country to train its own personnel, who would then be in
a position to hold the negotiations. But this is o time-~

consuming process.

For a short-term solution, would it not be more
advantageous to form a pool of experts, under an inter-
Qn. 2 national organization like the UNIDO, whose services

could be made available to the interested country ai the

time of the negotiations?

Or could the decveloping country have a bilateral
arrangement with the consultancy organizations in another
developed country or a more developed developing couniry,

which would then provide the required expertise?

Would it be more practicable and yield better

results if this problem is tackled on a regional basis?

The contractual arrangements, sometimes, result

3.17 Restrictive in the inclusion of clauses which are of a highly
clauses restrictive nature, covering the export rights, sometimes

* even internal sales, use of trade marks, patent rights,
etc., There are also restrictions imposed by the foreisn

contractor on multiple or horizontal transfer of tecinclo.-,

Te high price that the developing country has 1o
pay for this co-opcration from the enterprices of thce
developed country, very often, bears no relationship to
the actual cost that may have been incurred by the
enterprise of the developed country., These reclate Lo
matters like the priece of plant and eguipment, paym:nl for
royalties, use of trade marks, patent rights, training
of perconnel as well ac gupply of trained prrsonncl

by the developed country, and for transfer of tochuice:zl
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know-how to the developing country. Added to *his is

+ % “wwnahl
S
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packaged form of transfer — present, to a comnsiderable
extenl, in the unpackaged types of joint ventures. This
refers to the overinvoicing of imgprts and underinvoicing

of exports.

A vital aspect of the contractual arrangement
concerns the satisfactory performance of the plani and
inat the terms of the contract make the centractor fully
liable for ensuring this., Consequently, the foreign
contractor has to guarantee not only the quality of the
equipment supplied by him or pizcured through him, but
also the quality and quantity of the production attained
by the plant, the consumption of energy, of raw materials
and other important inputs, the competitiveness of the
output, ihe cosi of the repair and maintenance, and

eventually the profitability of the plant.

Most of the contracts do contain a set of performance
clauses including provisions for liquidated damages and
penalty which are further backed by bank guarantees or
other forms of security. These provisions provide certain
measure of security on malperformance. But experience
has shown that sometimes this proves to be insufinrient
for protecting the complete interest of the developing
country, In such an eventuality, a system of sanctions
becomes necessary for imposing the obligations on the
part of the contractor. Unfortunately, the enforcement
system not being particularly strong; the judicial and
arbitration procecdings being very time-consuming; and
the outcome being difficult to predict, these proceedings
instead of tinding a quick solution to the problem, tend
to become protracted and ultimately do not benefit the
developing country, '

The system of liquidated damages and penalty clauses
included in the contract are sometimes being further
strengthened by means of bonds and bank guarantees in
the following forms:-
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a) Advance payments bond to guazranice repayacni
for covering the cach advance ol the client

(normally up to 20%);

b) Bank guarantee and performance bonds (generally
from 15% to 20%4) as security against non-

performance or malperformance,

Sometimes, the contractor manages to persuzde the
developing country to accept a conditional bond or .
guarantee. A number of developing couniries, houcver,
insist and quite often succeed in obtaining unconditicnzl

guarantees or bonds from the contractor.

Even these bonds and performance guarantees, very
often, prove insufficient for covering fully the
performance obligation of the contractor. They als~
may not provide coverage for a long enough period of

time after tae commissioning of *he project.

Another shortcoming is thz2t* thece guarantees fail
to take into account any developmental damage that may
occur on account of a failure or inadequate performance
of the project in question. The economy of a developinT
country — even more so of a least-developed country —
is highly wvulneratle to the consequence of manfunctioning
of an industrial project that is being taken up for
implementation, In the country's planning, therec may be
several other projects which would be linked either
horizontally or vertically to this project. Its failure,
therefore, would creale multiple damage which may not
easily be repaired by the developins country. Truc,
en advance assessment of this type of developmental
damage is not easy to evaluate. However, in the planning
process an efforit could be made in this direction, so
that while making the contractual arrangements, thc terms
and conditions of the contract could keep thiz aupect

elso in view while formulating the system of guarantiecs,

One fealure of the contractual arrangemeni which
is of prime importance, but which sometimes gets
neglected or overlooked, is the traininy aspect and the

training obligations of Lhc contractor., This rcfers
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to ihe training of the personnel from the developing
country covering various fields like ercction, opcration,
repair and maintenance and marketinz. In the provision,
of guaraniees, the adequacy of the training needs to be
fully covered and the guarantees should be able to
operatc long after the statcd demonstration period

and should tie the contractor to the performance cf

the plant for an extended period of time.

To have such guarantee means that they nced io be
suitably and carefully incorporated in the contractual
system in clear and unambiguous terms so that the
contractor is linked with the enterprise of the devclop-
ing country on a long-term basis. Such a system could
make both the partners share the risks and the benefits
that would accrue from the project, The security
instruments could relate to the performance gbligations
by providing a protection up to and beyond the start up
of operations and also cover any likely developmental

damage,

How does a developing couniry find a most satis-

factory arrangement? -

- a linkage through a system of buy-back or barter

like arrangement? or

- a system of payment linked to the plant performance?

or
- a linkage with the profit of the enterprise? ’

If the system 2f pguarantees insisted upon by the
developing country results in placing a rather heavy -
burden on the contractor, he might get discouraged in
the venture. Perhaps, to give him support and backing,
one could consider a method of fulfillment of the
performance guarantee through some form of an insurance
consortium. This consortium could be jointly funded
by the financial agencies as well as the govermnment and
ihe enterprise of the concerned developed country. In

some casce, even the developing country may be able to
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participate in the funding arrangement. Such a
consortium couid help to give a total backing to ine
contractor?s guarantee with regard to the performznce
of the plant covering all its parameiers rclatinm tc
quality, quantity, consumption of ‘input material:, eic.
It could also cover the contractor's liability for any

likely developmental damage.

The important questions that arise, thcrefore,

are:-

- Should there be a form of a contingent liability
insurance consortium for svwpporting the conirectior's
guarantee? Who should be the mcmbers of thirs
consortium - the govermment of the developed countiry
and the foreign company participating in the

contract?

- Would it be more advantageous if in specific
projects, the government of the concerned developed
country also backs the guarantes given by the

foreign contracter?

Hhile the governments of the developed countries
have been continually encouraging their enterpriscs 1o
co-operate with the developins countries, they have
been reluctant in a Adirect participation in the
co-operation and contractual arrangement, Effecl of
this non-participation of the governments of developed
countries is that the developing countrics are depnrived
of the expert assistance that could be mace available
by the devcloped country and which could help the
developing country in negotiat_ng succescfully with the
foreign enterprise — which in most cases are
multinationals, Presence of a reprcsentative of the
government of a developing country could not only
protect the national intercst of the devcloping
country but also help to temper the attitude of the

foreigsn centerprise.

The lezal instrument designed under a system of

traditionzl, commercial transactions assumes an equal
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disiribution of knowledge and capacity of evaluation
beti:ecn the contracting partners, 1In actual practice,
howcver, the position is quite different. Many developing
countries are hardly in a position to be able to properly
select and evaluate the cquipment'énd the process necded’
to cstablish the industry. They may also not be in a
position, becanse of lack of expertise, to negotia‘’e -

favourablc contractual terms,

Association of the governmcat of the developed
courtry in the contractual arrangement could comsiderably
strengthen the hands of the developing country by impaov-
inz its negotiating ability. It would also ensure a
more satisfactory and more complete implementation of
the contract by the contractor, thereby guaranteeins the

success of the co-operation venture,

Hould the pgovernmentr of the developed countrics,
Qn. 5 therefore, not like to consider a closer and a more
dircct participation in the contractual arréngement

between the foreign contractcr and the developing country?

Would the Consultation like a specific working
group of UNIDO to consider these questions further and

give its recommendations?

AParticipation of small and medium-scale enterprises
from the developed countries in the capital goods
production programme of thc developing country could

help to accelerate the pace of development. The

3,23 Srall and problem that these enterprises face is that, having
mec iuu-seale limited resources, ihey hesitate to risk their capital ’/

iniuclries

in ventures in strange foreign lands, They also are
uncertain of the policies of the governments of the .
developing countries with regard to investment, import

of equipment, irade, taxation, etc. Consequently,
lacking the recources, financial and technical, and the
international contacte — which their big brothers,

the multinational companics poscese in plenty — they
prefer to be more concervative in their approach. They
finl it morc prudent, thercfore, to confine their acti-
vitics 1o the home market rather than risking an

thvesineal in dictant developing countrias,
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How does one encourzge these smaller sized

companies in co-operating with the developing countries?

Perhaps, a larger measure of assistance by the
govermment of the developed countries may be the
solution to the problem. Perhaps: some specific
. incentive schemes could be formulated for providing

the financial help to these companies which would give
them the courage and confidence to invest in ihe
developing countries, The incentive scheme could

cover both the financial grant as well as concessional
credit. These could be channelled through the centres
which are already functioning in the developed counirics
and which are rendering very useful assistance to the

enterprises.

Would the governments of the developed couniries
Q. 6 consider formulation of such incentive schemes for

helping their small and medium-scale enterprises,

A linked issue is that of the redeployment of

3.24 Redeployment industries, This is now fully accepted as a means of

rationalization of the production and for making better
use of the existing resources. It does not necessarily
imply the dismantling of uncompetitive industriai

capacity in one country and its re-establishment in
another. Instead, the term is being used in a wider
context as a form of international industrial co-~operation
for the stock transfer, with a view to increasing the
developing countries? share in the total worid industrial
production. The transfer is to be done on the basis of
each country?s factor and skill endowment, its develop-

ment obj.ctives and other socio-economic comsiderationms.

It is not intended here to discuss the advantages
or disadvantages of the philosophy of redeployment.
What is being stressed ic that, if a developed couutry
adopts the policy of redeploymeni, it could be of
benefit to the developing countries in the context the

internationalization of world indusiries. Keeping

in view the mutuality of interest between the developin:s
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and develoup~d countries, the redcpleyment could
facilitaic ithe movemcni of a number of indusiries

from the developed to the developing countries. The
fact that in the developed countries, technology
particularly in the capital goods industry is chanming,
the redeployment of industries of not ihe latcst ’
technolo;sy may be welcomed by somec of the developing
countrics, The technology change in the developed
country may result in some of the equipment also
becoming: redundant and no longer necded by that counlry.
Transfer of suvch equipment - on a selective basis --
could be cffected at very low prices to the developins
country vhich mirhi be interested and willing to

adopt Lthe older technolisicec., Such a transaction

could be of advantage to both partners.

it may, therefore, be advantagcous if the geovernments
of the developed countries give guidance and help to
those small and mediuam scale enterprises, which are
interested in such redeployment and are desirous of
setting up their industries in the developinz covnlriec,
Such a redeployment cocuid dbe closely linked with the
re~import of the products of the inductry by the developed

couniries from the developing countries.

Hould the governrents of the developed countrics
like to consider devising specific measurec for helpins

in such redeployment of cawnital goods indusiries.

Another important issue is that of trade between
the develeoine and the develoned countries. It is
expccted that by the year 2000 AD, the deficit of
manufactiurer trade in the developing countirics may be

of the order of $275 bn., (at 1974 prices).

With the increzsing use of the concept of barter
like deals in financins and with greater facilities beins
nrovided by the devcloped countries in the capital gocds
production programmes of the devcloping countries, a
clocer look wili have to be given by the governments of
ihe developed countrics to thecir trade policies,

Considcrable relaxation of the trade barricrs by the
develoned countrien would be of great hclp to the
developine conntrirs in the implementation ot thear
capita? (roods developrent prosrammeg,




4.0 (b) Co-operation wiih a deveioped
country ( cenirally planned ):-

4-1

4.2

‘Intergovernmental

action

Workinx groups

A characterisiic feature of co-operation of this

type is that it is at two levels «

(i) macro economi¢ -—— where the co-operation is

at intergovernmental level; and

(ii) micro economic —— where the enterprises of
two sides enter into specific project

agreenents,

At the intergovernmental level, the normal paiicrn
is to set up joint commissions which meet, at least
once a year, to have deliberations covering lons—-ieim
planning and co-operation in important sectors liks
economic, scientific and technical. The agreemenls
reached as a result df the mceting of the intergovern-
mental joint commissions identify the main direction=
and the field of mutually advantazeous co-operation
in these azreas. They alsq lay down the guaidelines
to be followed in implementing the co-operative
endeavours in the various sectors and usuzlly contain
the provisions for retting up the appropriate

institutional framework.
The agreemen%s also contain:

- an analysis of the major problems of co-

operation belween the two sides;

- and the joint measures needed for stimulaling
trade, production, ccientific and techniral
links and the co-operation aspects for dealing
with the practical issues which arise in the
course of the implementation of the agreed

co-operation schemes.

The joint intergovernmental commiscions are
further structured into varions working groups. These
groups coensider, in more detail, areas of co-operalion
in specific fields like pluanaing, industry, iron and
stecl, energy, science, vesecarch and development,

fin~ver and trede, cte,
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in other words, ihe inierguvernmenial agreemenis
on co-operation contain the concrete content, which is

then implemented through individual contracts concluded

between the industrial or science or trade organigations/ ’

enlerprises of the two sides, i.e:, the CMEA countiry

and the developing country.

Under this intergovernmental agreement, the CMEA
country assumes a direct obligation with regard to the
supply of credit, the delivery of equipment and the
performance of the plant. The general terms of
technical assistance, i.e., obligation and duties of
parties in respect of various elements of technical

assistance (payment terms, financing, training

arrangements, etc.), which are contained in the agreement,

therefore, become automatically applicable to the
individual contracis which may be signed separately

at a later date., In other worlds, with the questions
regarding financing, technical assistance, etc. having
already been settled, it no longer becomes necezsary
to discuss these issues in detail while negotiating

each contract.

With regard to the contrzctual terms for specific
projects, most of these are on lines similar to those
adopted in international contracts. There are, howvever,

some very significanl exceptions.

The CMEA countries do not insist on inclusion of

restrictive clauses pertaining to export, use of trade

mark, royalty paymcut, patent rights, etc. Further,

because the general terms and conditions on financing,
payment terms, technical assistance, etc. have already
been included in the joint commission agreement, which
is an intergovernmental agreement, their inclusion
separately in the individual contracts presents no

obstacles.

The price for the supply of equipment, or of
any other services that are included in individual

contracts, become matters of detailed negotiatiors.
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Experience of the develoning countries has shown that
the CNEA country, usually takes a very firm stand on

the question of prices and insists on acceptance of

the price asked for by them. The justification advanccd
by them is that the prices being charged compare quite
favourably with the international prices. Unfortunately,
this is a matter where any acurate assessment is
extremely difficult to make because of the complex

«echnical problems involved.

The fact that, very often credit at highly
concessional rates is also being made available by the
CMEA partner, necessarily ties the developing country
to procuring the equipment from this partner, Of course,
if the project report has also been prepared hy the
CMEA partner or the design and engineering for the plant
has been undertaken by them, the procurement gets
linked with the question of performance guarantee.

It then becomes even more difficult for the developing
country to purchase the equipment from any source
other than the concerned CKEA country.

In this type of arrangemen:, therefore, the danger
of the developiné;countgy paying a much higher price

for the equipment, exists,

Similar problems arise with regard to the technical
specifications also, which are laid dcwn by the developed
country and whose adoption may net be the most advantageous
for the developing country, from the techno economic

angle,

Undoubtedly, there are s~me shortcomings as oul-
lined above. However, the experience of the developing
countries has also been that, once the contractual
arrangements have been finalized, no serious problems
arise with regard to its implementation. 1In fact, there
have been instances where the CMEA partner has gone,
even beyond the provisions of the contract in asaisting
the developing country in getting over its problems
relating to the erec’ion or commissioning cr operation

of the plant.
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In other words, while the negotiations for the
contract finaligation may present lot of problems for
the developing; country, and may also be very much
time concuming, once the contract has been signed, the
CMEA partncr aprears wiiling to put it aside and
devote all his energiec in helping the developing
country in the successful implementation of the

project,

An intercsting feature of the contrwctual aricnze-

ment with (M4 countries is the increasing use of the

concept of "buy-back" or "production compensation".

Under this arrangement, the CMEA partner has been
provid ng comprehcencive assistance in the supply of
equipment, erection and, sometimes, operation of the
plant while the cost of assistaace which is covered

by long-term credits is repaid through delivery of the
citput of the established plant.

Somctimes the buy-back arrangement can extend
even beyond the limits of loan repayment, thus providing
a long-term market link between the developing country
and the developed country for the newly esiablished

capacity.

¥hile this barter like arrangement does have
considerable merite, it is not free from certain

problems. A prerequisite for negotiations for a

barter like deal requires a good knowledge of inter-

national rorms and standards of industrial goods, its

prices and the anticipated fluctuations in the future,

In short, the developing country has to have a well-
develcped machinery of economic planning and administra-
tion, In caces where such a machinery is nut developed,
their attempts to enter into negotiations for a barter

like deal may not be free from serious risks.

There is a direct involvement of the governments

of the CMEA countries in the contractual arrangementc.

This ic of help in cnsuring successful implemen~

tation of the agreecr.cat. The projects got impiemented

-
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withoul any serious obstacles; the performance

guarantecs get fulfilled; and the project agreemen::,

normally, do not contain any restrictive clauses of

the type that one finds in agreements with privaic :
.

companies,

A slightly negative aspect is that, because of
the involvement of the governments of the two sidc:,
the negotiations sometimes get protracted and thuir
finalization takes a lot of time. But once the
agreement has been signed, iis implementation gei=x

done smoothly.

There is also an easy flow of technical informaiion

to the developing country. The CMEA partner is norially

prepared to provide, willingly, all the technical da‘a
concerning the project in question, Further, he makes bis
country's facilities avezilable for training the personnel
from the developing country in area like erection,

operation, maintenance, rescarch and deveiopment, etc.

If needed, the CMEA country, has no hesitation
in providing adequate number of irained personnel
for assisting in the execution of the project as well as
in providing on-job training to the personnel. The
experience of the developing country has been that
the cost of such technical personnes from the centrally
economy country very often turns out to be lower than
what the developing country may have to pay if it obtained

such personnel from the market economy countries,

The developing countrics, being aware of the fact
that technological self-reliance is absolutely essential
for ensuring successful indusirialization, is, therefore,
desirous of developing the indigenous expertise throush
assistance from the developed countriez. In this cffort,
they find that the co-operation arrangement with the
centrally planned country is of advantage. DYepending

on the priorities attached by the developing country,

generally, adequate rLelp and co-operation beccomes
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available from the centrally plammed countrics for
the promotion of the national organizations promoted
for acquisition of various skills in diverse fields
like consu}tancy, design and engipeering, erection,

operation, maintenance and research and development.

Some of the developing countries face problems of
financial stringency which impede the implementation of
their industrial programmes. Availability of credits from
commercial market being quite costly, the developing
country finds the assistance from the cemntrally planned
country very welcome. This assistance in the form
of credit at highly concessicnal rates is available
from the centrally planned country and has a repayment
period spreadover 20 years or so with the interesi
at about 2.5% per aanum. Sometimes, the repayment
terms are being tailored to suit the nature of the

pfoject involved.

In several develcping countries, non-availabilicy
of infrastiructure is a serious constraint in the
implementation of its industrial programmes., Infra-
structure development involves investment in high
magnitudes wiith a very slow return. If the developing
country is not able to divert enough money from the
internal savings, it has to look elsewhere for
funds. Sometimes, help is available from the
centrally planned countries for this furpose also,
Assistance is, either as aid or as loan, on concessional

teims.

The centrally planned countries now have agree-
ments with more than 78 developing countries for
various types of projects. The general pattern,
however, is that the co-operation is momtly with regard

to larpme size projects, For the development of capital

goods industry, a greater emphasis needs to be placed
on development of small and medium scale industries also.

Thie calls for a reorientation in the thinking of the
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centrally Plnnngd countries.

Hould the governmenis of these countriec not
like to consider a policy change in +their approach
iowards assisting the developing countries — a chansc
that could help their cnterprises’to concentrate, to a

much greater extent, on helping the developing countries

in the promotion of small and medium scale projecis?
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5.6 (c) Co-operation with a

5.1

developed country
plus «# more developed
develorinz country:—

This is a variation in the form of co-operation
between 2 developing country and a developed country.
Here advantage is taken of the fact that some developing
countrier have been able to mzke conrider:ble advance-
ment in the field of industrial deveclopmeat and,
therefors, the facilitiec are available for utilization
hy the developed country in assisting the lesser
developed country in its programme of capital goods

industrial development,

Countries like Argentina, Brazil, Mexico, Iruia
and South Korea have, over a period of time, been
able to establish a2 wide industrial base. They now
have facilities in fields of comsultancy, training,
production of variouc types of equipment, supply of
skilled labour or personnel. In some cases, they
are even in a position to export their own technolozy
of an intermediate type, which is perhaps more
approupriate and better siited to the developing

countries,

The co-operation here envisages a contractual

arrangement between a developed country and a developing

Contractual country which is further supplemented by a separate
arrangement contractual arrangement between the developed country
and the more developed developinz country., Under this ’

arrangement, the devoloped country supplies the

technologzy and major equipment to the developing .
countries, assists in the implementation of the

project and also, sometimes, provides the finance.

From the more developed developing country, ascistance

is obtained by the developed country in arcas where
suitable facilities are available, e.g., part of tne
equipment could be munufactured in the more developed
developing country; or the training facilities

available there could be utilized; or technical

personnel for workin«e on the project in the developing
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country could be obtained. In some cases, cven the
design and cengincering is done in the more develo,cd
developing countiry because of the lower cost at which

this work could be executed.

Several examples of this typa of co-operation

5.2 With centrally planned are available between the CHEA countries and
economy country

developing countries in Africa vhere a comparativcly
. more developed developing country (c.g., India) ic
also assisting by undertaking part of the work as a
sub-contractor for the CMEA country.

A variation of this type of co-operation is,

5.3 With market

where a privale scctor or a public sector enterprise
economy country

from a comparatively more developed developing counilry
has joined forceswith a largce enterprise from the
market economy country and has set up a joint sector
company. This company then tries to take up works ;
in the developing country. These may be in ithe form
of construction of projects or design and engineering
work or consultancy. (e.g., I'HCON of India, a major
public sector concsultancy organization linking up
with M/s. ALLUSUISSE of Switzerland to form a joini
sector company for co-operazting in works in develcping
countries on major projects especially relating to
aluminium).
This form of co-operation is proving of advantage
5.4 Advantages to all the parties concerned:
- The developed country ic able to get part of the
work executed wiih the help of the more devcloped
developing country at costs much lower than what

they would hLave *hemselves incurred,

- The more developed developing country finds this
arrangement of advantage as it enables it to find
an export outlet for its surplus manufacturing

capacity and scurplus trained marpower;

- The developing country finds thic combinatioan
uceful as it ic able to et its projects exccuted
with lower invcestment costs, In addition, it
finds, in the more devcloped develoninr courtry,

a partner who is more reliable and sympathetic

Le ide owa acpirations for develounent,
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6.0 (d) Co-operation amonsst
developing countries:-

A very important development in the ficld of
international co-operation is thesincreasing effort
being made by the developing countries in providing !
assistance to each other with regards to their develop-
mental programmes. There are, of course, obvious
limitations in providing such help But despitc these
limitations, the co-operation efforts are increasing
at a fast pace. This is proving to ve particularly
bzneficial to the lesser developed countries, which
are able to find, in the comparatively more developed
countries, a partner who is much more considerate and
sympathetic to its feelings and objectives of the
lesser developed country. The assistance that becomes i
available to the LDCs, therefore, is invariably without !
those political overtones that exist in cthe co-operation

ventures with the developed countries,

Some of the developing countries like Argentina,
Brazil, India, Mexico and South Korea can claim today
to be the possessors of a broad techmological base
and a well-develoged capital goods industry. During this
process of development ihey have not oniy imporied
and assimilated foreign technologies, but, in several
cases, been able to develop their own technologies aleo,
whaich are more appropriate for use in their own country

as well as other developing countries.

These countries had adopted a deliberate policy
which aimed at self-reliance in the industrial field.
They encouraged their own organizations to develop .
and acquire expertise in areas of comsuitancy, design
and engineering, construction, management, manulacturing
and research and development. Consequently, they have
now reached a stage of development where they are able
to, not oanly mcet their own requirements in these
diversed fields, but are also in that fortunate position
of being able to provide assistance to the lesrer

developed countries in their capital go6da developmont

progrommc.
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Several examples are avallable of cuch co-operictien
amongest the develoning countries. The form of co-
operation has becen of a varied type. In come cusen,

6.1 Jein! sector there has been a direct investmenit, generclly, througzh
joint sector venlures:; this has enabled ike local

entrepreneuacrship also to be dzvcloped.

In other caces, the constraction organization-
from thc more dcveloped developing countries have iaken
6.2 Conutraction up works in the LDC: for execuiion. llerec ugain, Lhe
emphasis has been to link up vith one of ihe local
organizations. This has been ¢. help in Lhe der~lopnont
of local expertice. Usc of indigenous eguipment Lot
encouraged the development of the local copital sceodn

industries.

An important zrea of cu-operation has been uith

regards io technical training and supply of traincd

6.3 Training

personnel. Some of the morc developed developin:;
countries have built up a large capacity for training
facilities in their projects, and thrcugh technicel
schools and polytechnics, institutes of technology

and schools of business administration. A part of

this capacity is being made available by tuem t- 2iber
developing countries for gctting their personnel

trained in the techrical skills required. (e.g.,
training ol Nigerian Steel Industry perscnnel in India).
As a result of this type of co-operation, the devcloping
countries are successfully increasing their availahilily
of trained manpowver which is parlicipating in the
construction, operation and maintenance of their capital

goods projects,

One of the big problems that esomec of the devclopirz

countries face iz with regards to contractual negotia-

6.4 Contractual

' i the
nerotintions tions with a foreign company. They suffer from the

handicaps that adequate local ~xperiise is not available
with them, This is an arca where the more developuid
developing countrics arc in a position to provide
valuable ascistance, Fxample are available wherc sich

assistance when provided, had helped tke develcpin
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country to negoitiate much belter terms wilh the

foreign partner from the developed country.

In a limited number of cases, even Tinancial
assistance in the form of aid or sredit has been d
provided. Obviously, the more developed developing
countries are not in a position to give this type of
help in large quantities. Notwithstanding their limited
resources, they have been extending some financial
support 1o the LICs. In most of the cases, this help
has becn through. their export financing agencies or
development banks.

An important characteristic of this form of co-
vneration amongst developing countries is that there
is a clouser bond of friendship and a unity of purpose
between them, which ensures success in their efforts.
Considering the importance of developing national self-
reliance, there is full co-operation available from the
morc developed developing countries in support of the
priority programme of those LDCs which aim at building
up their own expertise in the various fields cf czpital

goods development,

Besides offering assistance in the shape of
experts, sometimes, these countries may also be in
a position to offer a technology which is more
appropriate and better suited for adoption in the
developing country. In the field of capital goods
industry, the tcchnology in the developed countries »
is changing at a fast pace. New technologies tend
to become more capital-orientei and less labour .
intensive. Some of the developing countries which
havc problems of unemployment or underemployment
may fird these technologies not of as much use as
the éarlier technoloyzy which may be more labour
intensive., These couniries may find it caeier Lo

obtain such a technolosy from the more devcloped

developing country,




6.8 Tripartite

. agrcement

N Qn. 9

- 247 -

Perharns, some developint countries mey, tho:s-Tnle,
find 1t a so0d arranremoni wierc it i85 ablc o auton
financial assistiance from other sources, e.p., a
developed country, whilc rest of the assistance cnuld be
obtained from its pa:riner in one of the more dcvelopnd
developing countries, The scphisticated equipment may
stiii have to come from the developed country, while the
apnropriate technoleogy and the supportinz cquipm:-nt
could be procured fiom the more developed develoninpr
country. This may, perhaps, be the answer to the queslicn
that every developing couniry asks — how to atteir 2
rapid rise in the capital goods prodiction in the couniry
with a 3imultaneous development of indigenous cap:hilitins

and skills,

The co-operation is, generally, in the form of a
bilatéral arrangement. One could ccnsider a regicnal
approach also, especially on the question of supnly of
expert services 1o the developing country. Some of the
comparatively more devcloped d-veloping countries could
consider forminr® a joinlL consultancy organizatiion that
could provide assistance to the developing countries
in their capital goods prozramme. Such an organization
could cover the fields of planning, feasibility and
project reports, project implementation and assistance
to the developing country in contract negotiations with

the foreign partner,

Would the consultation like the UNIDO to pursuc this
matter further through a special group meeting of these

comparatively more developed developing countriecs :nd

some of the develcping countries?
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financially affluent

developins countrv:-

7.1 Form of
co-operation

7.2 Linked
ggranﬁement

This is a variation of the earlier form of co-
operation amongst the developing gouniries. Finance
being a major constraint in the capital goods
production programme, co-operation with a party who .
is rich in financial resources, e.g., a member of OPFC,

could be particularly beneficial to the developin: country.

Tre arrangement in such cases is that the
developing country with surplur financial resnurces
makes available financial assistance in the form of
aid/loan, which is then utilized by the developinz
country in the establishment of its industries.

For the technical part of the assisiance, however, ;
ihe developing country will have to turn to cther |
developing or developed countries. Sometimes, the

financial assistance from the rich developing country

could also take the shape of direct investment through

equity participation in a company iu the develop . ng

country or through establishment of joint ventures.

In several cases, this co-operation also b-eniies
"a two-way traffic", where the financial help emables
the developing countiy to establish its project.
The developing country, in turn, supplies its products
for use in the country, which is providing financial
assistance. (e.g., the Kudremukh Iron Ore Project
in India for producing iron ore concentrates with the
help of loans amounting to over 600 million dollars
provided by Iran. The concentrates are to be shipped .
back to Iran for use in a new cteel plant proposed

to be set up there).

Some of the developing countries with surplus
financial resources, c.g., members of OPEC, are
already providing an incrcasing amount of financial
assintance to other developing countries for implementing

their inductrial development programmes. A cpecial

empl:asic on capital goods projecls would be of advantage,
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A liberalization of the invectment policies of

7.3:§i§§§§%ent the developing countries would be another way of
policy attracting the surplus funds from other ueveloping
* countries (e.g., recent relaxatiog by India with .
regard to foreign investment from members of OPIC).
. Other developing countries may find this of interest

and may like to review their policies with regard to

foreign investment.
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Ceu () Lz zionn) Co-operntien

amunwt developing

counniriess -
This is one more variation in the form of
co—operztion amongst the developing countries.
Instead of being bilateral, it is regional and cover

a number of countries.

Several examples are available where such

co-opcralion, on a regionzl basis, has been effectel

«.1 Join: by devicing a system of joint secioral programme for
TCeririns . - . . .
- — economic and industrial co-operation. This type of

co-operztion is not free from problems, and its success

or failure is dependent mainly on the prevailing

political climate in the region. However, while thc

bilateral co-operation has, admittedly, better chances

of success, the concept of regional co-operation is ;

not without its merits.

One important fez*ure of such regional co-operztiocn

) . . . is that ii could help to ctrengihen the bargaining
ve2 Uniforunity in : d & e
incentiven position of the region vis-a-vic the developed

countries, The devclopinz countries could adopt a
joint approach on izsiecs like invesiment policy,
incentive schemes, etc, Such an action would prevent
the foreizn enterprises from taking undue advaniage
of any unhealthy compctition amongst ithe developing

countries of the region for inducing the investments.

A joint system of conflict resolution and a joint
measarc to conirol at:zive behavioir by the enterpricer
of the developed countries (e.;. restrictive practices,
transfer price, exceccive payment for supply of
equipment, for transfer of technology, etc.) could

also be worked out on a regional basis.

Other concepts for regional co-operation could be

Y.3 Collcctive that of collective bargaining of foreign investment
bary sinins linked with the regional programme of indusirialization

purchazc of tcchnologsy, collective marketing, ctc.

The regicnal approach can alco help in the ncrotia-
tions wii.h the dcveloped countries on matters like

liberzlization of tride and introducrion of chang.:

A R T el
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Establishment of regional organizations for s:ch
co-operation has proved beneficial, particularly to
the African and Latin Amcrican regions. Organizationc
like the Economic Commission for Latin America, Latin
American Economic System, Caribbean F-ee Trade
Association, Economic Commission for Africa, West
Mrican Economic Community, elc., are promoting thc
concept of regionil co-operation. %The specicl problem
of financing is being tackled by rcgional institutiens
like the Inter-American Develonnent Banlk, Central
American Development Bank, Caribbean Development

Rank, etc,

An interestiing industirial survey had been carri<d
out in 1973 by ECAFE, for explorinz the posccibilitice
of regional co-operation., The survey came to the
conclusion that there was considerable poteniial fcr
establichment or different types of projccts like
fertilizer, paper and pulp, newsprint, mechanical
engineering indistry cement, etc. 1in differcnt
countries of the region, It was felt that large sizc
projects, which would be economically viable, c:uld be
located in individual countries. The raw ma'erials
for the project could be supplied from one or several
countries of the region and in return the marketing

of the products alco would be throughout the region.

For the lenser developed countries, this type of
approach towarde regional co-operation m:y be of
advantage. Perhaps, a survey could be carried
out in these countries for considering the establishnent

of capital goods industries on a regional basin.

Would the consultation like the UNIDO to carry

out such a survey in some of the regions, which hawve

the largest numbers of LDCs?




9.0 Promotion of iniimcnous rcsearch and development:-

This isfue is very closely linked with that of
impori of techmology. The developing couniries,
initially, may have to depend on gxternal sources
for procurement of technology. But,simultaneously,
to reduce their dependence on foreign countries for
technology, they will have to develop their own

research and development centres.

The task of establiéhing indigenous research
facilities, whether basic or applied, is by no means,
an easy one, The expense involved is enormous and ihe
return on the investment made is, often, cxtremely
low. Despite these drawbicks, developing countries
have no option but to devote special atiention to chis

problém.

In most of the developing countries, the private
entreprencur would hardly be in a position to find
adequate resources that could be devoted towards research
and development. Thus the burden of finding the funds
has to be borne by the governments of these countries.
They will have to find the money from internal savings
duly supplementcd oy special financing arrangements

with the developed countries.

An example that may be found of interest, is that
.of India. The Indian steel industry now has a very
large centre for research and development. This centre
is engaged in not only doing basic research, but has
also got over 70 projects of applied nature deaiing
with the specific problems in the various steel plants

in the country.

Establishment of this centre in India has come up
because of the special ascistance provided by the '
government and also the co-operation received from
some of the developed countries, Initially, the long-
term agrcement with ithe USSR helped in the formatiion
of the centre and in obtaining certain technological
inputs. Subsequently, the centre was further sirengthened

and erxpanded throush technical assistance obtained from

other devcloped countries,
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nother interecting example i that of Pern in
South America, where the governmeni has managed to
raise funds to finance central research by means of

a special tax policy. A tax of 2% ic levied on net
pre-tax income of the industrial ;irms. This is then
utilized towards research and developmenti projectc,
both at the central level as well as through the

various firms,

Several developed couniries, both of ihe market
economy and of the planned economy types, have leen
¢vtending financial and technical assistance ito the
developing countries for establishment of research
and development facilities. The developing countries

would welcome the developed countries' placing

greater emphasis on this activity.
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Any action plan for thc developmeni of capitai
goods industry requires a simultaneous development cf
the manpower resources. In fact,.this applies to the
entire plan ¢l industrial devclopment thal is drawr up

by a developing country.

In other words, the ceniral planning and monitoring
orzanization will neec to devole a special attention Lo
ihe drawing up of a national manpower plan. Such e plan
would take into account the future needs, both short-term
and long~tcrm, of technical personnel of every catcgory
and level, the avaiiable facilities arnd the additicral
capacities which need to be established. Such a plan
will be able to indiczte the way in which the developing

country will meet its future requirements of - |
— industrial leaders and managers;
- engineers and scientists;
- industrial lechnicians;
- technolosgiests;
~ skilled and scmi-skilled shop-floor workers, etc.

The plan will show the types of training institutions
which have to be set up, e.g., industrial training
institute, polytechnics, technical schoois, institute of

technologsy, institutions of business management, etc.

The plan will also indicate the availability of
resources; from intornal savings as well as through .
extcrnal assistance and the manner in which the trained

personnel would be aobsorbed in the industries.

The plan would also show the linkage of the technical
institutions with the central planning mechanism, in
inductrial and business communities, various national

and international instiitutions.

A number of developinz conntries have already been
follewine this path of a planned manpower dcvelopment
and this has paid rich dividends. Far example, in

Indin & very lagge number of technical institutions arc

f nedyarane, vhick are cannble of training technic.i
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personnel from the lowest to the hishest level., ‘Iherc
is also a close linkage with the existinz private
sector and public sector enterprises, which make:c it
obligatory on the part of these industrics to take in

apprentices and train them in various skills.

The result of the sustained effort at trainings
programmes is that tcday the number of irained prroonnci
that is coming out of thesc institutions exceeds the

annual denand.

In Algeria, systematic studies have been iorried
out which helped %to identify w'ih considerable procision
the needs for industrial traininz. Censeauently, a
systematic and successful erfort could be made by the
government in close co-ordination with the industries
in fulfilling these neecds. An interesting feature of
the trzining programme in this country is that theve is
a very close linkage betwecn the training institutes
and the industry. Such a linkage ensures that the
training is given ior a specific activity and for a
particular enterprise and that after the training, the

trainee is assured of a job in that e¢nterprise.

The large outpul of trained perzonnci from iloce
institutions constitutes the real strength of the
gystem for taking the country closer towards its goal

of technological self-reliance.

Brazil had established in 1942 tvo institutions,
SENAI and SENAC, which have played a majcr role in the
efforts made for attaining the inducririal devclopment
objectives of the country. S¥NAI provides facilitics
for training semi-skiiled and skilled workers for
industry. It also has access to industrial establish-
ments and a substantial part of its activity is carrici

out in the plantc as on-the-job traininge.

SENAC operates more than 100 occupational training
centreg, a network of cemmercial training units, mobilr
units, tele-educational centres, etc., fTraining ic

provided in office woark, communication, administilion

and management,,
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The rovernmenl of Brazil hac promulgated a number
of laws and regulalions designed {0 encourage industrial
investmeni in manpower training., Fkxamples are the
schemes of income-tax deduction and manpower programme

for rescarch and development activities,

Nigeria, while embarking on its programmes for
development, simultaneously concerntrated on the training
aspects by setting up a large number of institutions.

The Nigerian Ccuncil of Management arnd Educational
Training has the responsibility for stimulating and
conducting the management training throughout the
country werkine in close co-ordination with the public
and private institutions in industry, education, business
and commerce. Another interesting feature is the
establishment of :n industrial training fund financed

by means of a pay role levy.

Nigeria has also taken full advantage of the
training facilities available in other developed
couniries as well as developing countries. Ope
example is Nigerian Steel Industry personnel, who
have been successfully trained with the Indian Steel

Industry in various disciplines,

The purpose of citing the above examples is cnly
to emphasize the importance of training in the context
of capital goods industrial development and that urless
a technological base is built up quickly, the developing
country will never be able to be self-reliant and will
continue to cepend upon other countries for every
little help. ‘The role of developed and more developed
developing countries and of international organizations .
like UNIDO becomes very important for purposes of
providing the facilities and assistance to the needy
developing countries in their training prograhmes.
In other words, the concept of international co-operation

would be very much zpplicable in the field of trairing,

As au initial ctep, therefore, those developing

countrier: which need some assistance for preparation of
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a comprehensive manpowcr plan could driaw upon ihé
expertise availabie with the developed and developing
countries and with the international organizations like

the UNIDO. .

Other developing countrics which already have a
manpower plan may be interested in obtaining assistance
from other countries for supplementinz the training
programmes. This co:ld be done either bilaterally or
through the Secretariat of UNIDO which can provide
experts as well as arrange the linkage between the

interested parties.

Would the consultation like the UNIDO to make 2
special study of the manpower vlanning in the developing
countries, especially the LDCs, withk specific reference

to the development of capital goods industries ihrougi

international co-operation?




11.0 Problems of fipancial constraintos-

A recent study carried out by UNIDO has
revealed that, to achieve tihe Lima target, the
developing countries will need a total investment
in manufacturing of about § 1,411 bn. .
in the period 1980 - 2000. The growth in the manu- '
faciuring investment will be from an annual level of
$56 bn. in 1980 to $427 bn. i= 2000 (at 1975 prices).

Of this, a substantial portion will have to be for

1.1 Quanium

the capital goods sectlor.

Looking at the size of investmcnt required,
the developing countries may find it exiremely
ditficalt to find enough resources frcem their oun
domestic savings. The other seclors like agricualture,
irrigétion, education, and hezlth will, probably, be

placing a heavy demand on these savings. Conctegaently,

the money available for capital goods sector may be
rather limited. The extent io vhich each countiry

will be able to divert its internal resources lowards
capital goods programme will, of course, depend on

its national policy and the priorities accorded to
each sector. In all likelihood a major portion of the
financial resources will have to be found from outside
areas, Thic may be in the shape of govermmenial aid
or loans as well as assicsiznce from various ccmmercial

and international inciitutions like the World Bank,

Some of the developinz countries may alco be able
to obtain credite inrough export (inancing agenciecs

in the developed countries and through the Eiro market. ’

It is obvious that unless ‘he developing countries
are succcesful in their quest for funds, -- adequate .
and sufficiently low cost —- their ambitious programmes

of capital goods development may end up in failure.

The issue that confrontc the developing counlries

1.2 %%%iﬁggr" is, thercforc, of not only findinz funds in adequate

quantity, out also that thc funds obtained are at o

rcasonable cost. In other words, the cost of finmancing

projects to be undertaken by the developing

countrier shonld b low enoach to nmake the voniose
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econemically and finuncially a viable propositicn.

For example, if{ the developing country has to
finance its project by obtaining credit ihrough Buro .
market, cost of financing may prrve to bz 00 heavy.
If the present inflationary tendencies and the price
rices continue, there is every possibility ihat the
average cost of financing through the Buro currency
credit may be as high as 20% to 254 in the next few
years. Very few industries would have a cach flow

thal would enable repayment of this type of leau.

Sources of financing being mostly in the developed

countries (exception being the OPEC countricc), it is

for tpem and their governments to seriously consider
the ways and means of helping the developing countriec
to find adequate low cost funds for their programmec
of capital goods development. Some suggestions for

their consideration are outlined below:-

a) Larger quantum of aid/loan and in an untied

form;

b) Change in the concept of project financial

appraisal;

¢) Special financing for infrastructure develop-

ment; and

d) Encouragement to financial institulions and

to small ard medium scale industries.

The overseas development assistance provided by
the OFCD couniries will have to be raised rubstantinlly.
At present, this CDA represcnts only 0.317 of the GWP,
The contribution from the cenirally planned cconomics

is even lower, In con*rast Lthe OPEC countries have

provided over 2.07 of their GNP in aid each year

since 1971.




Qn. 12

(b) Financial

appraisal

- 260 -

The credit vhich is provided by a numbher of
devclopcd counirics is, gencrally, iq ihe fori of
a tied credit. No doubt, this is done with a view to
promoting the export of equipment and technology from
their own country. Unfortunately, the effect of tied 1
credit of this type turmout to bYe disadvantageous for
the developing countries. The higher price that the .
devcloping countries have to pay for their purchares,

as a result of the credit being tied, is well -knoiru.

Would the governments of the developed countries,
aprpreciative as they are of the problems of the develop-
ing countries, not consider providing larger qu~ntum of
aid and of loan in an untied form or devise a systcm
vhereby the price paid to the supplier from the developed .
country for equipment, technology, etc. is at a reasonable |

cost and not higher than the world prices?

An issue closcely linked tu the question of
financing is the assessment methodology for determining
the viability or the bankabiliiy of the project. The
conventional methods preclude the possibility of a
large number of projects in the developing countries
passing the itest aud consequently they wouldmot qualify

for any assistance from the financial agencies.

But would this stand be justified on socio-

political grounds?

There has to be a radical rethinking by the
financial institutions and the governments of the
developed countries on the qucstion of such project

appraisals. New criteria need to be worked out «
which must take into consideration a total quantification

of all the social benefits which would accrue over a

long period of time to the country, in case the project

zets established. Unless this issue is given a serious
consideration, most of the projects for capital goods
industries will continue to be denied financial

ascsistance in the shape of long-term loans on the plea

that the projects are not bankable or viable.
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Whenever the problem of financial requirement fer
the industrialization of the Third World countric:z
is raised in an international finance forum, the
response is that adequate funds are available for the
"worthwhile" projects. Unfortunztecly, this dnly presentc
a distorted picture and in the final analycis, a large
s number of projects which may be highly beneficial from

the countries pdint of view might not succeed at all ir

getting financial heip.

Would it not be appropriate for the developing
Qu 13 countries to expect that the .ending agencies and the
developed countries consider the adoption of a new
criteria for judging the viability of the projects in

the developing countries?

(c) Finance for A serious problem that is faced by most of the

infrastructure . . . .
= developing countries is the absence of infrastructu:e

facilitics for the development of capital goods
industiries. Consequeatly, the priority arca in which
they have to concentrate is the developmeni of infra-
structure, involving conctraction of roads, railways,
port facilities, water supply, powver supply, etc,
Such developments will, however, need large sums of
money. Further, the financial resources utilized for
the infrastructure development would not be able to
yield adequate returns for quite some time. Hence
the source from which these funds come will have to be
either the domestic savings or aid from foreign
countries or,in the last resort, credit at extremely

low rates of interest,

Sggcia} A direct participation by the governments of the
financing developed countrizs is needed for tackling this problem,
Besides providing larger aid, they could =leo influence
their financing agencies like the commercial banks to
consider a system of differential rates of interest
under which, the developing countries, narticularly
the LDCs, would be able to obtain concessional finance

with long repayment periods,
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Another alternative could be for the governments
of the developed countries to set up a special fund
for subsidizing the financing agencies for the loss
of income likely to be suffzred by them in charging

a very low rate of interest.

Would the developed countries not like to consider
tn. 14 devising special measures for financing infrastructure
development in the ceveloping countiries?

(a) Fnccuragement The governments of the developed countries could

to realler . . . .
e A also consider encouraging their smaller second line

intesiries banks to invest in the developing countries., These

banks are hesitant to participate in the development
programme of the developing countries mainly because

of their lack of experience or their ignorance about

tlie investment climate and the investment policies

of the developing countries. The govermments of the
developed countries, which have already set up centres
for investment promoiion, could direct their attention
towards these second line banks and provide them with all
necessary information regarding investment possibilitier,

investment security, etc., in the developing courtries,

Besides the governments of the developed countries,
other agencies which do the bilateral or multilateral
co-financing would also have to give their active help

and encouragement to these banis,

Participation of the smaller second line banks
from the developed countries would be doubly beneficial
to the developing ccuntries, It would help to increase
the funds availability. And it would encourage the
small and medium scale enterprises to go in larger
numvers «o0 the developing countries to co-operate in

their industrial programmes,

‘Inder the prescnt system of borrowing, the larger
borrowcrsor in other words, the larger projecis get
preference from the lending agencies, Consequently,
it is thc multinational companies or big companics,
participating in the capital goods development in Lhe

Aeyalorin~ ¢ountrics, that are able to corner most
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of the financial resourc:s from ithe large banks and
financial institulions. The sm2ll and medium scale

enterprises do not find it easy to obtain the finince.

Would it, therefore; not be of udvantage, if the
developed countries give a more ébncantratod help and
encouragemcnt to these second linc banks for financing
the smaller size companies from the developed couniriza
in their capital goods veniures in the developing

countries?

There are also the two bilateral financial
institulions that are functiorn® iz at the FEC group
level (European Investment Bank) and the CKEA group
level (International Investment Bank), which undertoke
the financing of industrial projects. These two
institutions need to be strengthencd 5o ac to enzble
them to extend their area of operation more intencively
in the developing countries for financing their capitzl

goods industry programme.

A morc concentrated support ty the govcrnmentis
ani the financial institutions of the developed countric:

to their smull and medium scale enlerprices would

"generate in them, the confidence necded to participate

in the industrial programmes of the developing countrics,

The concept of barter like deal or buy-back systcm,
relating to long-term investment, is also closely linkcd
to the problem of financing. IInder this sysilem, the
loan is to be repaid througzh sale of product —- or
products =- by the developing country to the developen
country, I'ixalion of the price of the products, therefuic

assumes considerable importance.

It is not easy to make a deal of this type. ‘'lhis
requires considerable knowledge with regard to the
prices and the market conditions, The deveclopins country
has to be fully conversant with the international pricins
system, demand forecasls for the procducts and the Tuturc

fluctuations of the prices.
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To have the absve knowledse means that the
developing country should have a strong planning and
monitoring organization, which could advise the agency
that is trying to enter into a barter like deal with .
a feoreign partner. Not many dcveﬁoping countries can
lay claim to such a system or tc the possession of this

type of knowledge.

Unlcss, therefore, the gap in the knowledge of the
developing countries is filled, they would invariably
loce out in the adoption of this barter like system.

‘The developirg countries will have to draw upon the
expertise available with in international orgarnizations
like the UNIDO in advising them on such barter deals.

in specifié cases, they could also obtain assistance

rom -some of the more developed developing countries f

which may be in a position to help.

In view of the importance of industrial financing
UKIDO has already set up a working group on the
subject and this group is studying the entire questiion

of financing in iis full details,

In the meantime, would the Consultation like to
recommend that ti.c developirg countries continue
Qn. 16 to avail increasingly of the expert assistance available
with the international organizations like UNIDO

in making the financial arrangements for their capital

gocds projects?
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Role of international agencies

like UNIDO:—

In their drive towards industrialization and rapid
development of capital goods industries, the developing
countries could draw heavily upon®the expertise available

with the international agencies like UNIDO.

An intensive integral industrial investment a.d
projoct service could be provided by UNIDO in all fields
of capital goods programme development right from the
project conception stage up to ils implementation. The
ascsistance could be in the form of experts, ceminars,

consultations and manpower training prosrammes.

In the field of international co-operation,

UNIDO's function would be as a catalyser and a co-

ordinator for bringing the two parties together.

With regard to the contractual ncgotiations,
certain models and manuals prepared by organizations
like UNIDO, World Industry Property Organization
(WIPO), etc., already exist, which could serve as a
guide for the developing countries. In addition,
UNIDO, in co-—operation with other organizations like
the Centre for Transnational Corporations (CTC), could
provide expert advice on all matters concerning
negotiations with the large companies for making

contractual arrangement.

In specific cases, participation of a UNIDO
representative in the contractual negotiationsz, where
the parties are the governments of the developing and
of the developed countries and the enterprises of the
two sides, wonld be of help in ensuring the reasonable-
ness of the terms of the contract and in protecting the

interest of the developing countries,

The development of capital goods industries needs
to be examined further on a regional basis, For this
purpose, UNIDO could organize regional consultation:
and clso could carry out survey for determining the

possibilities of establishing indusiries under thc

Regional Co-operation concept.
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UNIDO could also help the developing countries
in the formulation of their co-ordinated policy with
regard to their national manpower plan, incentive

schemes and guidelines.
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Conclusions

International economic relations are characterized by more and more
distinct interdependence in the future. Developing countries have
gradually realized the necessity of putting this emerging interdependence
on a more equitable footing having been aware of their own economic
backwardness but also of the value cf their resources. To this end,
various paths and forwus nave been opened for negotiations between
deveioped and developing countries. &xchange of technology agains*
natural resocurces leads to o better balance between partners and equal
exchanges.

Industrial co-operatiomn, particularly in the area of capital goods
requires the establishment of long-term economic relacions between the
parties involved. There is therefore a need for long-term industrial
arrangements suited to individual industrial sectors. Direct state
involvement is needed in order to secure energy and mineral resources

o8 well as technology needed for development.

Co—operation amcng developing countries is another important area
leading to collective self-raliance and progress. The scope for
techrical and economic co—-operatioa among developing countries is
immense gud should bo broaden in the future. Exploiting this potential
should be a kiy element in the strategy of developing countries and a
conocrete step in strengthening the solidarity in this part of the
world.
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Summary and recomendations

In the process of industrialization of developing countries a variety
of capital goods have been purchased, installed and put into production
or construction in industry, agriculture, transport, building and civil
engineering, telecommunications and services. Therefore in all <eveloping
countries capital goods are there, known through production operatiomns,
maintenance, tspare parts production, etc., though in different stages
and profundity. Some small and medium-size developing countries have
penetrated into the capital goods industry and have been able tc produce
simple agricultural machinery like hand-tools for agriculture and
agricultural implements drawn by animals, hand-toois for mechanical
purposes and for the building industry, containers, water boilers, pumps,
parts and components for maintenance and repair, assembling of tractors,

trucks, busses and cars, some are at the beginning of this process.

There are many developing countries, particularly small, essentially
agricultural, with no production of machinery and equipment but with
experience in operating and maintenance of capital goods. Some of these
countries have small ~cale production of parts and components for
maintenance purposes, undertake repairs. In many of these countries
there are workshops, including rural, which have been doing repair and
maintenance jobs and could be a nucleus for expansion, modermization
and provide better capital goods with wider possibilities in import
substitution ard export promotion. Such expansion has to be well
prerared and managed in order to avoid excessive losses in foreign
exchange through imports of parts, components, necessary for final
assembly as well as to secure utilization of installed capacities and
profitable operations., In this connection, experiences of some mors

advanced countries are of interest.

The developmenh: of capital goods industry should be connected with

goals of economic development of a specific country. (oals and targetis
differ at different stages and for different groupe of coumtries. It

could be:
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- the dynamic development of agriculture and agro-based industries
including capital goods for modermization of agriculture and
food processing industries to ensure food for the population;

-~ creation of a minimum industrial complex as a prerequisite for
a stable development with relatively high rates of growth and

specialization in capital goods industry;

-~ predominantly export oriented industrial development incl.
capital goods accompanied by emergence of industrial centres
(enclaves) in the country's economy; industrial centres for capital
goods production will stimulate the development of different
country areas, small units, accelerate training, technical

education, research.

During the initial stage of development, production could be oriented
to satisfying local needs while soon after the orientation should be to
the establishment of intensive connections with other countries. Such
principles as graduality, selectivity and phase by phase development
of capital goods industry should be widely used. Particular attention
should be given to the:

- orientation towards groups of products which use local raw

materials and semi-finished products or components;

~ initial orientation towards groups of products with low
techmological complexity which constitute the foundation of the
future production of more complex products incl. initial assembly

and gradual local production;

- avdyiding small series and special orders the production of which
would require a significz.t 2ngineering poteni 1;
~ broad application of foreign experiences in order to increase

qualification of labour;

- development of production structr—es based on a long term

international co-operation, specialization and stable nceds.

Part of the production exceeding the domestic market is not always

easy to export without co-ordination and co-operation agreements and
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international contracts. In this r=spect the principles of the

international economic and scientific co—operation applied within the
COMECON countries may be of interest to developing countries as well
as the favourable experiences e.g. of Bulgaria in developing capital

goods industry in this framework.

The liquidation of economic backwardness and the development of
modern industrial sectors such as the capital goods imdustry would be
impossible without the State and its decisive role. State actiom

may take various forms:

- establisiment of a clear long-term economic, industrial and

sectoral policies;
-~ promotion of planning and plan implementation mechanism;

- establishment and development of research, engineering andi

standardization services;

- establishemnt of credit and financing institutions for promotion
of local industry;

- in conformity with the long-term industrial policy and goals

create/improve technical education and training facilities;

- creation of a State sector in production, technological

infrastructure, foreign trade, banking and credit activities,

- establishment and development of institutions to expand produoction
co-operation as well as regional educational and training
programmes with other countries in order to speed up creation of

capital goods industries;

- ntilization and promotion of appropriate indigenous techmologies
and in co-operation with other governments gradual transformation
of existing selected technological institutions into regional

centres.




- 271 -

A, ACTION PROPOSED FOR THE DEVELOPING COUNTRIES

- To get up a strong central planning organization for preparation
of capital goods production programme and manpower training plans,

etc,;

- To adopt a uniformity of approach with regard to financial incen.ives

for attracting foreign investment and evolving a common policy;

- To determine a clear cut policy on forcign investment and avoidance
of restrictive practices and on standard contractual terms with
regard to payment for royalty, devetopment of indisenous expertise,

performance guarantees, etc.

B. ACTION PROPOSED FOR THE DEVELOPED COUNTRIES

- To assume direct obligation and responsibility on behalf of their

enterprises for the contractual terms and performance of the projecti;

~ To provide backing to the performance guarantee given by the

enterprise;

- To consider establishment of an investment consortium with its
enterprises for supporting guarantees for the project covering not
only the performance of the plant in teims of its output and quality
but also for consumption of the input materials, training of personnel,

developunental damage, etc;

- To consider increasing aid and concessional credits to the devcloping

countries with larger amounts being in an untied form;

- To concentrate on assisting the small and medium scale industries to
participate in capital goods production programmes in the developing

countries;

-~ To frrmulate special financial incentive schemes for encouragin; small
and medium scale enterprises from their countries to invest in the
developing countries. Thie could also cover those industries which
want to move to the dcvelopins countries as a part of the re-

deployment programme of the deve:!oped countiy;
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-~ Tec eslablish a special fund for subsidizing the interest on loan
which ihe developing country may have to obtain from commercial
sourcrs;

- To rive special facilities for development of infrastructure in

the dcveloping countrics;

-~ To consider relaxation of the trade barriers which would also
facilituote repaymont of loan by the developing countries through

a baricer like arrangement;

- The developed countries should view the entire scheme of assistance
to the developin~ ceuntries in the lirht of 'mutuality of interesti!
and encourage actively the redeployment of their industries and the

restrvcturing of world capital goods industiry.

C. ACTION BY UNTDO

To assist developing countries, UNIDO has organized and is going to
reinforce a capital goods development programme in all three main regions.
Assistance to developing countries will be expanded and centred on:

- research and formulation of national and regional development

strategies in capital goods sector;

project identification, sectoral planning and plan implementation
including pilot project establishment and management;

identifying potentials for regional and inter-regional co-operation
among developing countries;

promoting local research, design capacities and industrial
information systems;

training, improvement of capacity utilization, promotion of a
repair and maintenance network.
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List of documents used as inputs for the
-preparation ef the Global Study

Docurent Number

Capital Goods in the Developing
Countries ID/WC.324/3

Consultants' Inputs:

2.

3.
4.

10.

11.

12.

13.

Institute for Economic Research and
Developmernt Planning University of
Social Sciences, Grenoble

The Actors in the Capital Goods
Industry

Typology of the Developing Countries
The Typology of Capital Goods

The Satisfaction of Basic Needs and
the Preoduction of Capital Goods in
the Developing Countries

Transfer of Technology and Engineering
in the Capital Goods Industry

Auntomated Capital Goods:
- The actors
- Their impact on the production
conditions

Capital Goods for the Proauction and
Distribution of Electrical Energy

Strategies for Entry Into the Production
of Capital Goods for Electrical Energy

Iron and Steel Making Equipment in the
Developing Countries

Capital Goods for the Iron and Steel
Industry. The Case of Mini Steel
Plants

Capital Goods for the Petrochemicals
and Fertilizers Industries in the
Developing Countries

INITEC Associated with Tecniberia,
Madrid,Spain

Study on the Analysis of Capital Goods for
the Construction and Public Works Indusiry




14.

15.

16.

17.

18.

19.

20,

21,
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Document Number

Languages

ICME Business Consultants, Zurich,
Switzerland

Capital Gecods Commop to all Branches of
Indastry, Excluding Malhine Tools and
Electric Power Generation and

Distribution Eguipment

Worked out by

UNIDO Consultants:

Mario Samame Boggio with the Assistance of
Alberto Ferreyros

Study on Capital Goods for the Mining
Sector in the Andear Region

INITHC, Madrid, Spain

An Analysis of Machinery for the Food-
Processing Industry

Prepared by the Research Institute of
Engineering Technology and Economy
Prague, Czechoslovakia

Study on the Capital Goods Industry
“Machine-Tools Industry" Summary
Country Studies prepared by
Metra/Seis

Study of the Development and Growth of

the Capital CGoods Industry in Spain -

Summary and Conclusions ID/WG.324/2
Prepared by UNIDO Consultant:

Cristian Gillen

The Production of Capital Goods in

Developing Countries at an Intermediate

State of Development: The cases of

Guatemala and Peru 1D/WG.324/7
Prepared by Institute of Economics,

Bulgarian Academy of Sciences

Development of the Capital Goods Industry

in Bulgaria Summary and Conclusions ID/WG.324/8
Prepared by PROMASZ (Bureau of Studies

and Projects' Development of Engineering

Industry) Warsaw

Development of the Capiial Goods Industry
in Poland ID/WG.324/12

E, S, F



22,

23.

24.

250

26,

2b.

29.
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Technology in the Service of Development

/Prepared in co-operation with UNIDO
Consultant F. Vidossich/

Some Aspects of Transfer of Technology
and Engineering in the Capital Goods
Industry

/ Prepared in co-operation with Institute
for Economic Research and Development
Planning University of Social Sciences,
Grenoble/

Technical Annex

/Prepared in co-operation with UNIDO
Consultant P. Vidossich/
Prepared by UNIDO Consultant:
L. Wasilewski, Poland

Types of Technologies in the Service of
the Capital Goods Industry's Development

Prepared by UNIDO Consultant:
A. Benbouali, Algeria

Long-term Contractual Arrangements
for the Setting up of the Capital
Goods in the Iron and Steel Industry

Concepts and Proposals Ooncerning
New Contractual Arrangements for
Setting up of Capital Goods Industry
Development of capital gcods industry
in China - country study prepared by
Li Yong-Xin, The First Ministry of
Machine Building, China, March 1901
Prepared by UNIDC Consultant:

Viliam Cerniansky with the assistance
of N. Ordnung and M. Lexa

Some Aspects of the Intermational Economic
Co-operation between CMEA and Developing

Countries in the Field of Capital Goods
Industries

Document Number Languages
ID/WG.324/4 E, F,
ID/WG.324/4Add.1 E, F,
ID/WC.324/4Add.2 E, F,
1D/WG.324/10 E, F,
ID/WG.324/6 E, F
1D/WG.324/1 E, F
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Table 1. Share in world manufacturing value added by economic grouping at constant prices,
1960-1930
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Source: UNIDO data base. Information, at constant prices, supplied by the United Nations
Office of Devaiopment Research and Policy Analysis, the United Nations Stauistical Office and
the United Nations Monthly Bulletin of Statistics. November 1980, with estimates by the UNIDO
secratarist.
'hdim'muv figure.
bimmau.
< Nomw: The percentages shown here ditfer shightly from previous shares published by
UNIDO becsuse the United Nations has shifted the base year for atl constant price data from
11770 20 1975. This is a stenderd procedure, undertaken periodicelly to adjust for changes over
tine in the relative imporiance of the various components of economic activity within each
country. The rasulting changes shown here 3iso reflect different rates of inflation 1n countries
{which, I1a turn, alter the country’s weaight in caiculation of the new base ysar vsiues) and
Cifferen? consenuences resulting from the devsiuvation of the United States doltar between 1970
’ and 1978 g8 v.oll us scatisticel bisses normally sssociated with sny such adjusiment. In
comparison with previous valises estimated in 1970 dolisrs, the new shares are slightly higher tor
developed Mmarket economies, llightlv lower for centrally planned econcmies and marginally
higher for developing countries. Figures exclude China. Other conceptual issues e referred to
eisewhaere. See Warlc? Industry Since 1960: Prugress and Prospects (iUnited Nations pi:blication,
Sates No. £.79.11.8.3), pp 33-34. Yotalr mav not ad1d precisely becsnse of rounding.




Table 2, Structure of world production by value added (IS;Q) 38 by economic groupiggs and 1975 constant priceeé/
1975 = 100

1960 1570 1975 1977 1978

Million Share M{llion Share Million Share Million Share Million Share
US dollars Index (%) US dollars Index (%) US dollars Index (%) US dollars Index (%) US dollars Index (%)

oe:iizgzgegarket 116,615.2 18 7.4 337,913.2 A8 75.8  383,592.3 100.0 67.2 A37,751.2 114 66.0 160,790.8 12u 65.9
‘792:2:(1):‘{;;1&""9‘1 A8,524.5 31 23.6  89,735.1 58  20.1 154,715.7 100.0 27.1 185,658.8 120  28.0 201,130.4 132  28.6
Nevelopins market 11, 384.0 35 5.5 19,113.2 58 4.3 32,953.8 100.0 5.8 36,908.3 112 5.6 39,544.6 120 5.6
economi es
of whichs
Asia 2,199.6 29 1.2 5,237.2 60 1.2 8,728.7 100.0 1.5 10,910.9 125 1.7 12,482.0 113 1.8
Latin America 8,724.4 39 a.3 12,871.1 57 2.9 22,580.8 100.0 4.0 23,935.6 106 3.6 25,064.7 111 3.6
Africaﬂ‘/ 160.0 10 0.1 1,004.9 61 0.2 1,644.3 100.0 0.3 2,061.8 125 0.3 1,997.9 122 0.3
h‘orlds'/ 205,278.6 36 100.0 445,896.2 7%  100.0 571,661.8 100.0 100.0 663,127.7 116 100.0 703,144.0 123} 100.0

Scurce: Base year figures are supplied by the United Netjons Statistical Office, New York. All other figurns are calculated from indices published in
United Nalions, Statistical Office, Yearbook of Industrial Statistics, 1978 edition, Vol. I, New York, 1980; and 1972 edition, Vol. I, Mew
York, 1974.

The percentages shown here differ from those published in previous studies since the United Nations has shifted the hase year for constant price
aata to 1975. Previously publiashed data were based on 1963-based data and did not reflect a previous transition of the United Nations to 1970-
based data. The present data therefore raflect qualitative changes (largely between 1963-based data and 1970-based data) as well a~ different

rates of inflation in countries (which in turn alter the countries' weight in calculation of new base year valaes) and different coneequences
resulting from the devaluation of the United States dollar between 1963 and 1975, including statistical biases normally asscolated with any such
adjustment. In comparison with previously published figures, shares of the developed market economies are higher as are those for developinp market
economies. Shares for centrally planned economies are correspondingly lower.

Includes developing Oceania which comprised $36.7 million in 1975. The index is derived from the ras figure which is obtained as a residual.

K

lo {1
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Exciudes Albania, China, Viet Nam and the People's Democratic Republic f Korea.
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3
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Table 3 WORLD EXPORTS AWD IMPORTS OF ENGINEERING PRODUCTS, 1978

(Current prices)

Exports Imports
106 Us$ % 106  Us$ %
Developed market :
economy countries 324,11 86.2 220,404 ) 59.9
of which: . P
* Hes;%ermany 06,847 18.2 23,895 6.5
U.S.A. 60,156 16.3 44,671 12,2
Japan 59,511 15.1 4,513 1.2
France 27,822 7.6 19,319 5.3
G.K. 24,432 6.4 17,665 4.0
Italy 18,400 5.0 10,765 2.9
Canada 14,698 | 4.0 19,233 5.2
Developed planned
economy countries 36,410 9.3 37,492 10.1
t
of which:
U.S.S.R. 9,906 2.7 17,491 4. &
Czechoslovakia 5,603 ' 1.5 3,557 1.0
. Developing <
counteies 9,385 2.6 110,325 30.0
]
Wcrld total 370,565 100.0 370,565 100.0

Source: Bulletin of Statistics on World Trade Engineering Products, 197¢, ECE
United Nations, New York 19480
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Table 4

(MILLIONS OF CURRENT US DOLLARS)

DEVELOPMENT OF TRADE IN ENGINEERING PRODUCTS BETWEEN ECONOMIC REGIONS

Developed market Leveloped planned .
To economy countries [eoonomy countries Developing countries World
From 1970 1978 1970 1978 1970 1978 1970 1978
e
Developed market !
ec::ogec:?nrt:ies 57,617.9 | 211,722.9 24376.7 12,667.2 18,419.6 | 10C,330.6 4 78,414.2 324,770.7
#
i
Developed plammed ' | .
economy countries 800.1 3,282.5 7,202.7 24,819.6 2,055.7 5,965.8 10,072.2 34,067.7
Developing 504.5 | 5,439.0 1.6 5.6 455 .6 4,030.0 967.7 9,384.6
countries ¢ ’ . . . . ' . ’ .
World 58,922.5 |220,404.3 9,587.0 37,492.4 20,940.9 | 110,326.2 89,454.1 368,222.9-1-/

Source:

1_/ Excludes exports of Romania not distributed by destination of 2,342.3
Bulletin of Statistics on World Trade in Engineering Products, 1978, ECE, United Nations, New York 1980.
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Table 5
DEVELOPMENT OF TRADE IN ENGINEERING PRODUCTS BETWEEN ECONOMIC REGIONS
( PERCENTAGES)
To Developed market Developed planned . .
economy countries " economy countries Develaping countries World
From 1970 1978 1970 1978 1970 1978 1970 1978
Developed to to to to to to to to
market 13 65 3 4 23 3 100 100
economy Tom Trom Tom Trom Trom Trom Trom “Trom \
countries 98 96 25 14 88 91 88 88 N
to to to to to to to to '
Developed
planned 8 10 T2 T3 21 18 100 100
economy rom Trom Trom Trom Trom Trom ~Trom Trom
countries 1 1 15 66 10 5 11 9
to to #‘ to to to to to to
Developing
countries 52 57 1 E 47 43 100 100
from from from from from from from from
1 2 E E 2 4 1 3
to to to to to to to to
World 66 59 11 10 23 30 100 100
from from from from from from from from
100 100 100 100 100 100 100 100
Il

Source: Bulletin of Statistics on World Trade in Engineering Products, 1978, ECE, United Nations,
New York 1980.
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Table A

Couritries having an embryonic capital gcods industry (1)
Classification by absolute and relative number of employees

Ciass 382 Class 38 Manpower in

Country M??ggyer Ranking Mf?gg:er Ranking §]2§Sc$§S§S3
India 279 1 1,266 1 22.7
Brazil 153 2 518 2 24.2
Argentina ? 3 399 3 20.9
South Korea 47.7 4 295.3 4 21.1
Turkey 41.8 5 156 5 22.1
Colombia 15.8 6 79 10 17

Malaysia 14.€ 7 70 1 23.6
Chile 14.2 8 60 16 22.4
Singapore 15.7 9 97 8 50

Eqypt 12.4 10 83 a 12.7
Philippines 12.0 1 65.4 13 12

Hong Kong 11.9 12 159.9 6 22.9
Pakistan 10.5 13 54.5 17 11.9
Indonesia 8.8 14 61.6 14 8.4
Peru 8.7 15 40 18 15.3
Iran 8.2 16 68.5 12 16.0
Venezuela 7.6 17 61.5 15 18.5
Sri Laika 6.2 18 21.0 20 17.9
Thailand 6.9 19 39.55 19 12.6
Mexico 6.0 20 105.55 7 ?

Iraq 5.75 21 20.0 21 15.2

Other countries for which 38/3 > 10%

Kuwait 1.3 24 4.5 16.7
Zambia 1.0 25 8.5 17

Mauritius 0.7 26 4.1 15.3
Kenya 0.5 27 26.3 25

Nigeria 0.4 28 20 11.5

Source: Yearbook of industrial statistics 1974-1975, except Argentina




Table 7

Imports, Production, Consumption of engineering products(])
(Class 38) - Estimate for 1977 (China exciuded)

nypothesis Imports Consumption Production(E)
P I 6 6 per cap. 6 .
E E 107 USS$ % 107 USS$ % consumption 107 USS$ 4
$
India 0.85 0.15 1,350 1.5 9,000 5.7 14 7,650 11.1 |
e
Countries having an 0.65 | 0.35 22,900 | 26.0 65,500 | 41.7 141 42,600 61.8 u

industrial base

Countries w{th an
industrial base in 0.30 0.70 24,900 28.2 35,600 22.7 13 10,700 15.5
the course of formation

Countries producing

raw materials 0.20 0.80 31,680 35.8 39,000 24.8 108 7,320 10.7
Agricultural countries 0.08 | 0.92 7,470 8.5 8,100 3.1 12 630 0.9
TOTAL 0.44 0.56 88,300 100 157,200 100 75 68,900 100

(1) Engineering industries

(2) Production data do not rorrecpond with inform-%ieon contairad in table 2 due to different methodolngy.



Table 8 - UNTDO Model - EVOLUTION OF THE
“ACRO-ECONOMIC MAGNITUDES

Hypothesis 1

Developed countries Developing countries '
aaabe LI LTI L T L e T fe-e=memecrcecemcnececcoanercccenecenex Foomomemmmmom
‘970 Annual rate of 2000 1970 Annual rate of 2000
(LUS$b) increase as % (US$b) (USsb) increase as % (US$b)
Gross domestic
product (GDP) 2,723.09 4.0 8,831.77 363.01 8.0 3,69C.64
Manufacturing L
output 1,465.86 4.3 5,247.64 96.58 9.6 1,531.12 g
Manufacturing '
(added value) 586.35 3.9 1,835.83 42,38 9.3 612.21
Hypothesis 2
1970 Annual rate of 2000 1870 Annual rate of 2000
(US$b) increase as % (Ussb) (US$b) increase as % (JS$b)
Gross domestic
product (GDP) 2,723.09 2.6 5,534.00 363.01 6.5 2,420.42
Manufacturing
output 1,465.86 2.9 3,4)9.83 96.58 8.2 1,020.87
Manufacturing
(added value) 586.35 2.5 1,224.83 4z.38 7.8 408.32




Table 9

DEVELOPMENT OF PRODUCTION, NET EXPORTS AND REQUIREMENTS FOR MECHANICAL MACHINERY,

Hypothesis 1:

ELECTRICA:. MACHINERY AND INSTRUMENTATION

Rate of growth of. the GDP in the developed countries of 4%

l

Production (output)

} Net expurts

Consumption
(requirements)

Developed countries Developing countries '

1970 2000 Factor of | Annual rate 1970 2000 Factor of | Annual rate
(Ussb) (USSH) increase of growth (Uss$b) (US$b) increase of growth
274.70 1,068.07 3.88 4.6 8.80 215.40 24.5 11.2

10.60 168.31 16 9.6 - 10.80 - 173.34 16 9.6
264.10 899.76 3.40 4.2 19.60 388.74 19.8 19.5

Hypothesis 2:

Rate of growth of the GOP in the developed countries of 2.6%

Production (output)
Net exports

Consumption
(requirements)

| Developed countries Developing countries
o [ ] el [ w3 [ [ el [
274.70 72.n 2.59 3.2 8.80 144,86 16.4 9.8
10.60 111.6 10.5 8.2 - 10.80 - 118.36 10.5 8.2
264.10 601. 11 2.27 2.8 19.60 + 263.22 13.40 9.0

- 6qz -
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Table 10 - Definiticn of the scenarios(]) (2)

Partial
Relaticns between the fragmenta-
Jevel' ,ed countries Joint management tion
be tween
the poles
Internal dyramics of Consensus Rapid
the developed leading to | changes in Conflicts between social
societies high rates | values and groups and moderate growth
of growth moderate
growth
Development 1n
relative
productivities Convergence Divergence
North-South
relations
between the OC
Major increase in
North-South economic trading A Bl B2 B3
Accentuation of divisions
between the North and the C

South

Fragmentation of the South
by regions and in liaison
with the developed countries

(1) The fourtn dimension concerning the internal dynamic of the various groups of
the developing societies has been essentially taken into account at the
level of the regional analyses incorporated in the scenarios.

(2) In order to avoid repeating the letters the scenarios are som:times given
the following names in the text:

A : high growth scenario

B1:
B2:
83:
C:

new growth scenario
convergent moderate growth scenario
divergent moderate growth scenario
North-South rupture scenario

D : protectionist scenario

Despite their use these code names do not summarize the hypotheses ¢n which
the scenarios are based in a satisfactory manner.

Source:

Interfuturs




Table 11 - Development of world industrial production 1970-2000

(scenarios 4 and BZ2)

Rate of increase in the world added Regional distribution of the industrial
value added value
1970-2000
Region duct Uther
Production Other Total 0 °m§8h132py products Total
of machinery | products 1970 2000 {1970 2000 | 1970 2000
A B2 A B2 A B2 A B2 A B2 A B2

OECD 4.6 3.7 3.9 3.2 4.0 3.4 75.4 61.6 59.4167.1 49.2 48.6|68.5 51.4 50.5
USA 3.5 2.6 3.0 2.2 3.1 2.3 31.1 18.7 17.0]30.4 17,2 16.4)30.3 17.3 16.5
Canada 4.1 3.2 3.8 2.9 4.0 2.9 2.9 2.2 1.9 2.7 2.0 1.8] 2.7 2.0 1.8
Japan 6.3 6.0 6.0 5.6 6.0 5.7 10.6 13.5 15.0] 6.5 8.4 9.,2( 7.1 3.0 10.2
EEC 4.4 3.5 3.7 3.1 3.8 3.2 26.4 22,0 21.0]121.3 14,5 14.8}22.4 15.8 15.9
Other countries 6.4 4.8 5.4 4.4 5.5 4.4 4.5 5.8 4.4} 6.5 7.2 6.3] 6.2 7.0 6.1
Eastern Europe 6.4 5.6 5.2 4.9 5.4 5.0 17.2 21.8 21.5119.9 21.0 23.6]19.3 21.0 £3.2
China 8.1 8.0 7.3 7.3 7.4 7.3 2.7 4.3 6.3] 4.5 8.8 10.2] 4.2 3.0 9.6
Third World 9.0 8.3 7.5 6.9 7.6 7.1 4.6 12.3 12.6| 8.4 17.2 17.9} 7.7 16.4 16.7
Latin America 9.2 8.7 7.9 7.4 8.1 7.6 3.0 8.2 8.9| 4.2 9.7 10.01 4.0 9.4 9.9
East and S.E. Asia 8.4 7.8 8.3 7.5 7.2 6.5 1.3 1.7 1.8] 1.2 3.1 3.1 2.4 3.0 2.9
South Asia 5.5 4.6 1.2 1.1 1.3 1.5 1.6 1.% 1.5
North Africa/Middle East 10.0 7. 7.3 6.4 5 6.4 0.3 1. 0.6} 0.9 1.9 1.8)] 0.8 1.7 1.6
Black Africa 5.5 4. 5.4 4.6 5 0.1 0.1 o0.1{ 0.7 110 1.0 0.5 0.8 0.8
World 5.4 4.6 5.0 4.3 5.0 4.4 100 100 100| 100 100 100| 100 100 100

Source:

Interfuturs
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Table 12

Development of the structure of trading in the manufacture of

machines and otner manufactrred goods between the market conomy
developed countries (A), the centrally planned developed countries (B)
and the developing countries (C) from 1970 to 2000 i\ scenarios A and B2

manufacture of machines Other manufactured goods
Starting situation

Importing zones , Importing zones

L

«| 1970 A B C Total | o | 1970 A B C Total
S| A 53.2 5.6 34.4 93.2 8 A 51.2 | 5.1 | 21.4 | 77.6
g B 1.1 1.0 2.5 4.7 g B 4.6 | 0.7 2.5 7.8
g C 1.6 0 0.4 2.0 g C n.8 | 1.3 1.4 | 146 |
“[Totat | 56.0 6.7 37.3 | 100.0 “ | rotat 67.5 | 7.2 | 25.3 |100.0
Scenario A
Importing zones Importing zones
| 2000 A B C Total | w | 2000 A B C Total
% A 41.9 | 10.1 32.3 84.3 S A 40.2 | 6.2 | 13.9 | 60.3
£l B 2.8 1.3 5.3 9.4 g B 8.1 | 1.7 6.3 | 16.1
§ C 2.3 c.1 3.8 6.3 g c 13.1 | 4.0 6.5 | 23.5
e Total | 47.0 | 11.5 41.5 100.0]  [Total 61.4 | 11.9 | 26.7 |100.0
Scenario B2
Importing zones Importing zones
2000 A B C Total | | 2000 A B C Total
g A 37.0 | 10.3 35.3 82.6 § A 3.2 | 8.1 ] 13.9 | 58.2
;n B 3.1 LJ.'.E,_. 6.9 11.5 g B 79| 1.5 5.6 v15.0
£l ¢ 31 | 04 2.7 59 s | ¢ 147 47| 7.4 | 26.8
= Total 43.2 | 12.0 44.8 100.0] = Total 58.8 | 14.3 | 26.9 |100.0

Source: Interfuturs




Table 13

Development of trading in capital goods in the market economy countries, 1970-2000

Imports from: Exports to:
1970 | 2000 1970 2000
A B2 A B2
Market economy Market economy
developed countries 95 89 85.5 developed countries 57.2 49.7 44.8
Planned economy Planned economy
developed countries developed countries .
(inc. China) 2.0 6.0 7.2 6.0 12.0 12.5
Developing Developing
countries 3.0 5.0 7.2 countries 36.8 38.3 42.7
Total 100 100 | 100 Total 100 100 00

Changes in the rate of cover

1970 2000
A B2
with OC 21.5 14 11.4
with PEDC 5.09 3.6 3.3

Source: Interfuturs

|
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Table 14

Development of trading in capital goods in ire planned economy countries (inc. China),

1970-2000
Imports from: Exports to:
1970 2000 1970 2000
A | B2 A B2
Market economy Market economy
developed countries | 83.5 88 86 developed countries 24 29.7 26.9
Planned eccnomy Flanned economy
developed countries developed countries 22 13.8 13.0 |
(inc. China) 16.5 11.3 12.5 e
o
)
Developing Developing |
countries 0 0.7 1.5 countries 54 56.5 60.1
Total 100 100 100 Total 100 100 100
Changes in the rate of cover
1970 2000
with MEDC 0.20 0.28 0.30
with PEDC - 53 69

Source:

Interfuturs




Table 15

Development of trading (Class 7) in the developing countries, 1970-2000

Imports from:

Source: Interfuturs

Exports to:

1970 2009 1970 2000
A B2 A B2
Market economy Market economy
developed countries 92 78 78.7 developed countries 20 36.5 52.6
Planned economy Planned economy
developed countries developed countries
, (inc. China) 6.7 12.8 15.3 (inc. China) 0 1.5 1.7
Daveloping Developing
~ountries 1.3 9.2 6.0 countries 20 62.0 45.7
Total 100 100 100 Total 100 100 100
Changes in the rate of cover
1470 2000 J
A B2
Overall 0.05 0.15 0.13
with the OFCD
countries 0.07 0.09
with tne PEDC 0.02 0.02




Table 16 - ALTERNATIVE 1 (China excluded) - The poorest countri~s do not improve their

osition

Annual rate

1977 of increase 2000
over the
ind

CONSUMPTION PRODUCTION p C P CONSUMPTION PRODUCTION p

10° uss] 2 [10®uss] % | T 10° uss | % 10° uss | % c
INDIA 9,000 5.7 7,650 | 11.1 | 0.85 8.91 9.2 63,956 5.6 57,913 9.8 0.90
Countries having 65,500 | 41.7 | 42,600 | 61.8 | 0.65 8.9 9.5 465.460 | 40.9 | 343,506 |58 0.74
a major industrial
base
Countries with an 35,600 | 22.7 | 10,700 | 15.5 | 0.30 9.8 |11.5 305,705 }26.8 |130,829 |22 0.43
industrial base in
course of formation
Countries producing 35,000 | 24.8 7,320 | 10.7 | 0.20 8.5] 4.2 254,652 | 22.4 55,415 9.3 6.21
raw materials
Agricultural 8,100 5.1 630 0.9 | 0.08 8 8 47,558 4.2 3,699 0.8 0.08
countries
TOTAL 157,200 0O 68,900 [100 0.44 3.0} 9.8 1,137,331 100 591,362 |100 0.52

_262_



- ALTERNATIVE 2 (China excluded)

- The poorest countries improve their

position

ANNUAL RATE OF INCREASE

1977 OVER THE PERIOD 2000
COMSUMPTION PRODUCTION P
C P 3 5 —
107 USS % 107 USS$ ) o
INDIA 8 8 52,843 4.6 44,915 7.5 0.85
Countries having 8.5 9.1 427,686 | 37.5 320,764 | 53.6 0.75
an industrial
base ‘
Countries with an — 9.5 11.4 287,061 | 25.2 129,177 | 21.6 0.45
industrial base in w
course of formation =
=
Countries producing & 9 n.z 283,054 |24.8 | 84,916 | 14.2 0730
raw materials =
—&
Agricultural v 1N 15.6 89,312 7.8 17,862 3 0.20
countries 4]
TOTAL 9 9.8 1,139,956 | 100 597,635 | 100 .0.52




Table 18

Structure of the total complexity ty ievels,blucke and subblocks

~T
' E Central : i !
Leve. of Softwaie . UYardware = production §Cemi-finished + Cervicesas Technica: bomponente Total
complexity H ! unit inputs ! | infrastructure Complexity
i
) ]
: Al s A2 - A Bl + B2 = B C A+B+C
é 1 8.65 i 11.44 20.10 0.51 2.5t 3.4E 1.9 25.27
' [}
! 2 12.45% ' 17.83 30.29 2.25 5.59 7.85 5.00 43.14
; 3 19.92 23.1¢ 43,08 7.78 11.10 18.89 17.38 79.19
4 29.1¢ 28.39 57.55 14.24 16,58 31.22 41.18 129.95
! b 54.50 33.89 88.40 27.15% 29.04 5¢.19 g8.21 232.82
¢ 122.54 50.57 173.11 49.92 44.27 94.20 ; 229.92 497.23
J
- » &

-V6z_




pesfreuwe sionpoxd Jo xequnmu ( )

- [ - [ ] a
ﬁ < «4 -4 - : o
- 3 8
2 ] - ~~ ~~ ~~ ~~ ~~ — =
-4 8 6; E; w w s
p W o o w ) o L.
T Pa| 5,8 8 § 7§ g
o o o
Sl Wl 21 =
® v w
Bl 81 8] 8| ul] &
~ S ~ S~ p -
pong o
~ b~ [~ s —~3 o
8 vy [ ]|~0O0idphd 2w @ O 8
2 | W% BN IBe PG B -3
[
R | RFrRAELERLE T/ ™R Cag
~—b
Y w W .
8 o] o o w o o % Simple metal
~ o] w o - products
’.6‘»3 W H K; R w Non-electirical
a e bl B . . o machines
| o o - o 0
©o vl vl 21 o w | Clectr. machines |
N .
3}% © @ by & & w and egquipment
o w —~ T
~—
O s w N W Transpor?
mg O - - (o S o o . .
~ . . . . . & equipmens,
U o o fo} o) R,
- -
='o S © o o @ Irndustr.control ar.c!
3‘,3 © © : 3'; ] measuring equipz?.cr.ii
b = L TTTELIL L X TL LI e
CTS X w . Seni-fin:ched
\/?3 © ° © ° b o product
GT"' N w - Parts and
n ° o L 1 3 v = sub-assemblies
o) o ‘> o
- - ————my
’r_\?B - N S — w o Autonomous machines
- - [99) . .
o3 . o \.: . LN I and equiprent
o) o -
}:8 w n ) Equipm. integratec
s ° o > g & o @) into a "comphcatc&"
® i et o process
¢ | w )
%§ o] -~3 - o o gtg Goods common to
s o ) % w ° all the tranches
(33 w F g Goods common to
= o AN I Bl B - ceveral btranches
o N N w w i ]
o w] wl| = - Specialized
W ) fo ) ol N Wi w 17 od
Fe'e) L) ™ ° . . ° 5o g
-~ W \0 - ) ™ ™
- 62 -

TIOAAT. L1TX3 [dwod Aq pue

outdd AQ (0IGI) gt UOIS

1 3fqey

QT JO umopyreJdg

AT

AT

TANO.LJ ki




e o ‘ GRAPHIQUE No 2
Complexity Results fer Different Com lexilies
A | P
200 ¢ I\ | According c? Main C(lassifications "af Capital Goods
|
180 I | l
| | ;'
160 | | |
l | |
%0 | . | //‘ |
| / | /s |
| / /
120 4 | / |
| | |
00 | | |
I v |
" | o | |
I 9\;/0 | / | For a group »f Capital Goods,
60 ] / o~ / v l v -7 l /’v'-_“q I A is the maximum|of fotal
NS ' - -7
- | T ] @ e e comien
40 1 I, ":5?:}7" Hnsurmy| Capital pooos Spetetic I /?MMHM" l v is the mininmm_i_'._t_y
, eleciricat equipments common o ¢apital goods
1382) Flectrica (385) rau branches I 2 | & is the maximum[of com=
Fabricoted a::hi'r:::y l c:::,,',::,,,’o:gs | Semi- I O is the mean plexity
20 1 metat {383/ sovaral finished . . M
products I branches I l ¥V is the minimum| compo~
1381 |_nents
) I S S SN SN S N SN SN SN S SN S SN N
CATEGORIFS OF MACHINFS I Clnssification by demand l Functionul and technieal r 1
(DIVISION 38) i l classificntion l |
A |
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1 GRAPHIQUE No3
Scate of Complexity of (Capital Goods Common to All Branches
Complexity
I 00 Sample of 11 Groups of Significant  Products
~— Nz P
~
: g (Total of studied products= 69) | /
- 1 ~ /
1801+
160 ¢
EMD 2
$7 18
Y
-J
120 1
3
-
100+ \
y
g
y
R
v S
L}
- ,V"-—
60 - . . .
: - . N.‘~v" Fb ‘
5 - T a group of Capi‘!:al Goo ds,
5’. 401% A is the maximum | of total
@ 18 the mean complexity
~ v is the minimam L
I 20 R H is the maximum 3 complexity
: © © is thy mean without
~ . ¢ is the minimum | component
038 382 38 |miscellaneous| 362 362 387 367 3862 364 EE R
seall mecha- | stcel ole- small differont pumps, mechanical atornge and | machine enginen road office
nionl cospo- | ments for elecirical equipment and | compressors, | parts and handling toolo of all tranosport aquipmens
nentg{acrews, | conttruction | equipment mnterials woilers sub- equipmant typea oquipmont
nuts,ctc.) { mensurement, acuemblies
e package...) for machines




- GRAPHIQUE No 4 R

Scale of Complexity of Speclfic Capital Goods //‘( N
Complexity . g / o
NS A According fo 11 Significant  Sectors / Y
S
I 2'\200 {Totat of considered products= 136 ) / 7 o
> v
3 |
~ S
——180-
A~ &
7 =~ < — -
160 / S
7 <
o s /
3 10 voon total complextty
@
-J -
-
! /, - '
1 . &
100 X X«““&. o £
- @’ /’ !
= 60 ,/’
v ’
! E ‘__v.-_-----v’/ For a group of Cap.tal Goods,
60 '
= A ?.s the maximum of total
E ® 1is the mean complexity
3 40 ¥ is the minimum |
i .
- 20 A is the maximum ™ of complexity
E 0 1is the mean without
3 Y is the minimum components
~1T ] 2 3 ‘ 5 6 7 8 > | 10 THE
Number of Agricultural Agro~food Chemicals/ Building and | Mechanical Extraction Agro= Heavy TEs road TPt rail TE: air
choosen machinery industrios | Petro- tuilding of indurtries | metallurgy
products chesicals materiols minerals
(35) ") (10) (18) I (M) {4) (10) (m) (6) (6) (8)
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1 o GRAPHIQUE No 5

0] torate DISPERSION DES COMPLEXITES TECHNOLOGIQUES
complexity) . B
mol o DES BIENS COMMUNS A TOUTES LES BRANCHES
(dispersion of technological complexities of capital

e | goods common to all branches) ¢

| .
Y1a0t ®

170t

180 +

150¢ \.

140} .

0] = fotes, dieselia 00V

20 | -

® ° . Moteurs a essence

ot [Potrol slternating erginesl

20+

i

80 Sipaman! e Peinture

nt
7
@ \ NSE
sq LEGEND,

A Produits metalligues simples ( 33 1)
(Fabricated metal products)

®  Machines non électriques (382)
Machinery except electrical)
!:”m metailigues| O { gclz;nesl ele’ffr/qfles (383)
2 4ion 4 ectrical machinery
tim s cowen | @ Matériels “de transport (384)
(Transport mafterial)
X%  Eqguipements prof de mesure (385)

(Measuring equipment)

) ™
S - S -

{Complexity withou! companents) Complexité sans comgosan'ts
— —_—)
30 W 50 a 7 30 90 100 1D 10 10 10 150 180 ’




Complexite
totale

{Total 160
omplexity)

150

140

130

120

110

100

90

70

60

50

40

30

20

10
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GRAPHIQUE Mo 6

Complexite Technologique du
Macninisme Agricole
( Technological Complexity of
Agricultural  Machinery)

LECN™R / LE%END ]
® Hachines tractées
Traeiled machines

@ Tracteurs et engins mécanisss
Tractors and mechanized
machines

{3 Equipenents fixes
Fized equipnent

A Mutres matiriels asricoles

Other agricultural material

articule

Tracleur 3 chassis
{Articulated !racfoj

Tractewr 3 chenilles
{sans moteur)
{Tracklaying tractor
withou? engine)

Tracteur 3 roves »25CY
{sans moteur)

{Wheeled tractor >25HP
without engine}

Pulvérisateur pnoumah'qy/
{Pneumatic sprayer)
Tracteur & roues< 25(V
{sans moteur)

{Wheeled Iractor <« 25H
wiphout engine)

Faucheuse,
partie

{pi tériel L 4 { Mounted mower)
vers, matarie t 3 - -
' 3 transpor S Pulvérisateur porte
(Transport equipnent, e {Mounted sprayer}
asiscellaneous ...) I Séchoir 3 grains
a. {Grain drier)
Ramasseuse-prasse
{Hay bales)
é / Ramasseuse -enrovieusd
L {Round baler)

moteur diesel, § 2 temps,

Petit
refroidissement 3 air
{Small one cylinder air cooled diesel ongine)

o /Rmorquo a
H Q {Two axie

deux essieux

railer)
/ Remorque auto-chargeuse | Tariere
A [Seif-loading wagon) | (Sceew auger)

Epandeuse d'Nerbde
{ Rotatin

Epindeur de fumier

rotative

hesd tedder;

Brouette, remorQue 3 un essiev

O { Manure spreadasr) { Wheelbarrow & one axie Irailer)
Chorgeur frontal Semoir
{Fron? [oader) { Seed driil)

Narrue Disoc-trisoc, portee
{Mounted 2-3 disc plough)

Charrue bisoc, portée
{Mounted 2-furrow moulidbosrd plough)

Moulin & marteaux Charrue trisac revirsible, portie
{Nammer ®ill) {Moun*ed 1-2-) furrevv mouidboard plough)
Chacrve & disque | Pulverisataur manvel
Plough discs
Outils & main HWerse & d:sque diportée, portéo
Hand tools Mounted offse! disc herrow)
Ensilause-hacheuse Charrug & traction animale
Forege ch ) [Aningl drgwn ploygh)
ﬂ Remorque pour recolte semi-mécanisie de fruits at ligumses
(Fruit and vegetables semi-mechanized harvesting trailer)

Cultivateur & denls rigides
(Rigid tine cullivator)

IComplaxity without companenrs) Complexite sans composants

0 20 320 4 S 6 10 8 90 100 10



Complexité
tal
totale 170
{Total
complaxity)
160
4
1501
4
1401
1301
120
110
1001
90
80
701
80
£
)

Ll

y.

Compiexife
pout
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GRAPHIQUE No 7

Laoutchouc
) {Rubber ind. & mixers)

P Jy Ry JPup . o [ o J 9 ot} ®
recmologigué ges piens ae (apiia: H -
. . 'Ul’
les industries Agro-alimentaires végetales
- L/ Vegetable ail)
( Technologica! complexity of (Capital goods
) Sucre
for Agro-industries) {Sugar )

[ Mise en bouteilles
_{ Sottting)

Traitement des dechets
{Retuse processing)

“Alrool végétal

{Alcohol from vegetable)

Equigemen t de lyophilisation

congel

2tion

{Dehydrating & freezing equipmont)

oo

‘ .
o - Produits
laitiers
(Milk products)
o
o diti t
*—— y {C’oq_monnemen
! {Paxking)
* ébac

{Tndacco ind.)
Boissons

{ Beverages ind.)

Acuiferie

{Biscus ts, pastes)

'Y
.-
[ ]
Coton
®
. ® / |_tcotton)
/ Abattoirs

{ Slaughter- houses)

Cuir

{Leather- & toolwear)

Confiserie
{ Confuctionsry)

Boulangeris

{Bokaries; incl. ovens)

Chambres de refrigeration
{Refrigeration chambers)

Vitrines refrigérés
{Refrigeration balconies)

Recueil[Transport des deéchets
{Refuse coltection & tramport)

Alimentation animale (Bresding)

ICvmplexlty vithout comoonents)  Complexité sans composants

»

40 50 é0 n 80

90

-

100 110
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Pl oV QatRIY ]

UI"IHI"I'I’NUI: NO 8

Complexite Technologique des Biens de Capital .

Complexité v . .
fofate % pour LU'Industrie de la  Construction
{Torai L P . [
comptesilf el dss Matériaux de . Construction of [ [Erecavatears
xcaveters &
: ; | : fostetil —5-
150 (Complexity of Equipments for Construction
& Buiiding Materials industry) .
Niveleurs
140 : —— b
130 o Excavateurs
transporteurs
" — | |l
10 .
100 / Ciment
Csment)
S e Egipts spéciaux
90 o | grands projets
ISpecial equipments fer
] . lor refects)
D / Tracteurs a chenilles
. re {Craviing tracters)
80 / Remorques
4 {Cart3)
_TH / mours rémouleurs
r—-‘ ors, grinders) -
n ' Revétements
(Roed surface)
Transporf de ciment
. ) $ of cument,
60 ruu
- / Giramiquss, amiante
50 Using 3o aciparation des
ne n des te
. isine 28 f ’Jmpara io s ferres
Y1p | ¢ de bet
,, Ptk
‘ frc:mrs compac feurs .
| Rellors, conpecters) [4
ﬂnonfs pour ponfs
30 . s _for bridyes)
‘ Usimes d*asphalte
' slants) {
fures metalliques pour la canstruction
Portes écrasms
(Complanity wit: st conpaments) Complexité sans composants
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