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A NECESSARY DEMYSTIFICATION

1. It is essential for developing countries to produce a growing 
part of the capital goods which they need. That is an indispensable 
condition for restoring the equilibrium of the international division 
of labour and progressively achieving a new international economic 
order (see Issue No. 1).

This structural change encounters difficulties which should be 
clearly identified. A distinction should be made between the wrong 
questions and the real problems. The wrong question is to ask if 
capital goods are a uind of sanctuary of industry reserved to a smal 1 
elite. The answer to that has been given by history. Various countries 
at one time under-developed or agricultural, such as the USSR or more 
recently China, but also countries as diverse as Italy, Spain, Portugal, 
Finland, Bulgaria, Romania, the Republic of Korea, Brazil and India, 
have successively either built a complete structure or made important 
"breakthroughs" in this cector. The following examples relate to some of 
the countries for which studies have been carried out within the frame
work of the preparation of the First Consultation on the Capital Goods 
Industry.

- In Spain, during the 13-year period from 1962 to 1975, the 
production of capital goods increased fourfold, with an annual growth 
rate of more than 11 per cent. —  ̂ In 1977, Spain had become the world's 
twelfth largest producer.

- In Bulgaria, during a 30-year period, the volume of production 
of capital goods multiplied by ninety, and the share of that activity

2/in industrial production tripled to the current level of 25 per cent. — 
Tn 1977, Bulgaria ranked twerty-sixth among world producers of capital 
goods.

- In China, during a 30-year period, production multiplied by more 
than thirty, with an annual growth rate exceeding 15 per cent. The 
capital goods industry currently provides SC per cent of the machines and 
equipment for basic industries, 71* per cent for pow-r-generating plants, 
and 9U per cent of metaJ-cutting machinery used in factories. - China 
currently ranks seventh among world producers.
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These three countries, nne of them having a market economy and the
other two centrally-planned economies, and which are very different in their
levels of development, have therefore made remarkable progress. They had
the conmxm characteristic of being essentially rural countries where

U/engineering industries had to start from almost notinng. —  They show that 
there are no insurmountable difficulties in entering and developing the 
capital goods industry. It is therefore, necessary to denystify the idea 
according to which the obstacles are such that developing countries should 
renounce such activities or that the current international division of labour 
should be maintained.

2. Developing countries face two dangers. The first is that of frequently 
underestimating the possibilities by misunderstanding the real conditions of 
manufacture of the different groups of capital goods. The second, for the 
same reason, is of drawing up unrealistic plans which cannot be applied since 
the barriers to be overcome in a given period of time h~ve been poorly 
evaluated. A variant of this attitude is the transfer cf manufacturing 
installations which are out cf scale witn tne management capacity of the 
country, and which therefore fail immediately.

For the great majority of developing countries, the first danger is the 
main one: that is underestimating possibilities, the scarcity or the absence
of projects. However, the second danger is just as real, and in certain 
countries may even be the main one. The denial of objective realities and the 
understandable impatience to make rapid progress have led to subjectivism and 
finally acted as a break on progress.

The politician and the planner must therefore avoid these two initial 
traps: fatalism which leads to resignation, and subjectivism which leads to
failure. A task of demystification of unvarrant':d assumptions about the 
capital goods sector forms part of the coubat against these two treuds, 
especially against the underestimation of possibilities, which concerns most 
developing countries.

3. The true problems therefore remain to confront developing countries.
They result from the heritage of history and are connected with the following 
factors: the intrinsic difficulties of the different degrees of technological
complexity of the sector; the constraints resulting from the size of markets 
and geopolitical conditions; the degree of realism of the objectives set and 
the internal policies followed; and the encouragement or obstacles, from 
external sources with regard to the nature and importance of external integration 
and co-operation.



The real question, therefore, is not whether developing countries cau 
manufacture capital goods , hut whe.c they can produce during the next 20 years, 
taking into account, on the one hand, the degrees of complexity within the 
universe of machines and, on the other hand, the specific characteristics of 
each developing country or group of developing countries, and of their 
existing production capacities or those which they can reinforce during the 
period considered. Iu other words, the real problems to be discussed are the 
following:

- How can the handful of large developing countries with a capital goods 
industry that has "taken off" gain full access to the "industrial club"?

- How can the 20 developing countries with an embryonic capital goods 
industry develop that industry? To what extent and for which products can 
they achieve national integration? What are the possibilities of sub-regional 
integration?

- How can the 60 developing countries which have virtually no capital 
goods industry acquire one? Would it be through agricultural machinery or 
through capital goods common to all branches? What can be done in the smallest 
countries? What would be the repercussions for the sector of a policy of 
final consumption for the benefit of the poor majority of the population?

1. The solutions to these problems are not simple. They raise a great 
number of complex questions which have been studied by the UNIDO secretariat.
It has therefore been necessary to be highly selective in choosing topics 
for discussion during the First Consultation on Capital Goads.

With a view to guiding the discussion, the following topics are therefore 
proposed:

(a) Barriers to entry to the capital goods sector, particularly 
developing countries which do not produce capital goods.

(b) How can technoiogv be placed in the service of development for 
the various groups of developing countries which are at different levels?

(c) How should the capital goods sector he planned in the developing 
countries?

BARRIERS TO ENTRY

5. There are two types of barrier, the first technological and the second 
social, blocking entry to the sector.



Technology does not only involve giving material form to the lavs of 
nature, it also acts as a mediator between those lavs and economic lavs. —^
The technical system is a physical and social whole. Its constraints are 
therefore also social constraints.

We have begun our analysis with the latter.

The factors liable to block entry to the capital goods sector or prevent 
its growth in the developing countries do not, generally speaking, seem to 
differ from those observed in industrial economies. —^ The components of 
the barriers to entry are the cost advantages of established firms, product 
differentiation, economies of scale, capital needs, the control of 
technological transfers and the availability of capital goods. These 
components obviously play a part in the case of the capital goods sector.

In a situation of high price inflation, investment costs for creating
new industries obviously increases and gives an advantage to established

7/producers. —  Product differentiation and the share of the market aeld 
by well-known brands may inhibit the willingness to take initiatives elsewhere.

The economies of scale which have characterized industrial development 
during the past 30 years, may also have a dissuasive effect. Thus, some
of the capital goods common to all branches are the result of large-scale

, + . 8/mass proauction. —

If capital needs are relatively low in some of the capital goods industries, 
the need for human capital formation is, on the other hand, important.
(See Issue l).

The control of technological transfers varies with the product cycle.
While it no longer exists for ordinary capital goods, it becomes increasingly 
rigorous, on the one hand, when the product is in the process of initiation ana 
growth, and on the other hand, as soon as it rises in the scale of complexity.

The unavailability or insufficienc stock of capital goods for producing 
other capital goods is also an element of barriers to entry. Hence the 
importance for countries lacking them to carry out a sort of basic primitive 
accumulation.

These components of barriers must be, as previously stated, related to the
cycle of the different products, and also to the characteristics of demamd,
existing structures (monopoly, oligopoly, dispersed competition), behaviour
(strategy with regard to prices, sales control and research) arnd results

9/
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6. The UNIDO Secretariat has assembled considerable information on various 
aspects of these problems (see bibliography). But because of the multiplicity 
the groups of capital goods and their structural heterogeneity (see Issue i),
it has not been possible so far to establish the corresponding basis of the

10/industrial economy of capital goods. —

It is therefore risky tc propose at this stage conclusions based on the 
existence of barriers other than those of technology, which prevent developing 
countries from penetrating the different levels of the capital goods sector. 
Nevertheless, a few dominant characteristics may be described.

Thus, oligopolistic power is exercised by transputional corporations in
the sub-sectors of heavy electrical equipment, —  ̂more advanced machinery

1 2 /for agriculture, —  and the food industry, sophisticated equipment for the
17/petroleum and petrochemical industries, — 1- large boilers, and centrifugal

tubes, such as those for monitoring and control. Certain specialized vertical
turning mills are produced by only a few firms. In reality, like industry
in general, the capital goods sector is not a galaxy but a hierarchical

Ik/whole. —  Within the European Economic Community, in particular, the growing 
number of transnational agreements on specialization, subcontracting, large- 
scale supply, marketing and technological co-operation tend to create a new 
industrial structure, and thus to bring about a new international division 
of labour within the Community. To the extent that these agreements and 
this new international division of labour take place within a context of 
highly dense structures and oligopolistic domination, it has been considered 
that they will necessarily cause some obstacles and distortions to traditional 
types of competition.

7. In default of an in-depth analysis, the participants in the First 
Consultation on Canital Goods are invited to consider the question of 
barriers to entry for developing countries. Do real barriers exist? If so, 
for which groups of product? Is there an alteration of international 
competition in developed market economy countries which spreads by braking 
or stagnating effects to developing court:ies? Is there, on the contrary, a 
dominant opposite trend characterized by the redeployment of certain capital 
goods industries to developing countries, and if so, in wha* form - "shared 
production" (see Issue 1, note 30 ), integrated production (with what national 
integration rate and what real added value?) with subsidiaries or independent 
firms?



In this connection, the question arises as in other sectors, as to 
the extent to which the existence of high tariff protection in certain 
developing countries might incite large companies to practise "tariff 
jumping" and to establish their own subsidiaries, which might after all 
be what the host country was looking for.

If therefore, the representatives of the countries participating in 
the First Consultation on the Capital Goods Industry establish the existence 
of barriers to entry arising from international relations, the -possibility 
of negotiations to eliminate or reduce them should be considered.

3. Barriers to entry are not unilateral and solely due to international 
relations. They may be created by internal relations within developing 
countries themselves. Thus local monopolistic powers, even limited, may-» g /
block developments within or outside the sector. •=—  The lack of entre
preneurs in developing market economy countries may be a serious socio
logical barrier. The scarcity of qualified human resources, withput being 
an insurmountable obstacle, may initially influence the type of growth of 
the sector and impose the choice of vertical integration of activities.

It would therefore be important for developing countries at the First 
Consultation to provide information on the effects, oast and present, of 
these obstacles, on the possible blockages, and since a number of developing 
or formerly underdeveloped countries have finally been able to penetrate 
the sector, on how the internal obstacles were overcome.

9. If it appears necessary after the discussion, it is proposed that the 
UNIDO secretariat, in co-operation with other organizations such as UNCTAD, 
continue the work undertaken in this field.

* * *

HOW CAN TECHNOLOGY 3E PLACED IN THE 3EF.VICE OF DEVELOPMENT?

10. Technological constraints constitute a major obstacle. In view of this 
fact the UNIDO secretariat has undertaken an examination with the following 
aims :

(a) To understand the nature of this constraint in the context 
of the present technological system, that is, to attempt to identify the 
technological requirements for the manufacture of capital goods and to 
evaluate their complexity;



(b) To identify the main long-term trends in the technological 
development of the sector;

(c) To establish a simpler normativ _■ technological model in most 
developing countries.

The results of this study are summarized below.

11. With a ■view to understanding the capital goods technological system,
the UNIDO secretariat has pioneered a new method: that of the analysis of

17/technological complexity. —  A summary of this analysis and its main 
results is annexed.

This analysis reveals an enormous variation in the complexity of 
machinery and the increasing number of factors involved in this complexity, 
together with discontinuities in technological complexity, the exil unee of 
different levels and the conditions required for these levels to be attained.

Within the technical system therefore, technological levels represent 
barriers which developing countries may or may not be able to overcome within 
a given time.

12. The analysis suggests routes for entering the sector and ways of 
increasing capital goods, taking account of the state of the technological 
capacity already existing in the various groups of developing countries 
(see the next chapter on the planning of the sector;. It demonstrates that 
the most difficult stage is the beginning, the creation of the base of the 
capital goods industry at the lowest levels of technological complexity
(1 and 2 according to the system of classification employed). At the present 
moment 60 countries, that is most of the developing countries, are in this 
situation. The international community1s attention should consequently be 
drawn to this matter.

This accumulation required more than one century for industrialized 
market economy countries. Today it is no longer possible for such accumulation 
to take place in the same conditions. Technology at that time was simpler
and could, therefore, do assimilated by ordinary craftsmen. This is no longer

1 ft /the case. — ' Accumulation changes in natvre according to historical 
19/conditions.
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It is clear that within the framework of co-operation among socialist 
countries of Europe, the provision of this oasis to the least developed 
among them made it possible to reduce these time spans by several decades.
It is also probable that the assistance initially provided to China also 
contributed to its rapid progress.

Certain developing countries, in the course of time, could equip 
themselves with the basis for a capital goods industry specmcally adapted 
to their own needs. 3ut this implies a series of conditions: the existence
of a societal consensus and of a mobilization of efforts based on a less 
unequal distribution of revenue, an adequate balance with the production of 
consumer goods, and an effective co-ordination with the educational system.
In fact, some developing countries have taken this course. The policy of 
counting mainly on ones own forces is not inconsistent with the stimulation 
of external aid. Such aid, provided it takes into account past aid present 
experience, may help to gain decades. Such periods are crucial for meeting 
the challenges of growth, employment and hunger in developing countries.

The problem is not therefore posed in narrow terms: are industrialized
countries prepared to undertake a common, organized and predictable develop-

20 /ment effort, and not merely to -provide financial assistance? —  (This 
question is also raised in Issue 3).

It is clear that, for most of these countries, the capital goods which 
they could produce would be intended principally for their domestic market. 
They would not present any competitive threat to the developed countries.
At the very most they might replace some imports. In reality, it would be 
a question of opening new markets associated with the accumulation of the 
fixed capital required for industrialization. The type of aid extended 
regarding this last process would be in terms of solidarity, rather than 
competition.

13. We will see what the situation is for other developing countries capable 
of producing more complex capital goods. For various reasons, these countries 
come up against contradictions resulting from the present state of the art:
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- The simple semi-finished production, or those at the bottom
of the capital goods range, which are common to all branches of activities, 
are often products with a lengthy cycle of innovation, which are widely 
used, and 'diere production is carried out in long production runs at 
competitive prices.

- The capital goods sector is a major employer of labour. This 
is a favourable circumstance because of the problems of employment in 
many developing countries. This labour can be comparatively unskilled 
for the final part of the manufacturing process but needs to be highly 
skilled in the previous stages of production. The size of the companies 
is relatively large, and in all cases the threshold which has to be passed 
may seem high in many developing countries where the concept of the small 
and medium-sized enterprise does not correspond with the definitions which 
are used in the industrialized countries.

The contradictions resulting from the prospects for technological 
development in the sector and the modes of industrialization arising there
from seem much more important.

lU. The UNIDO secretariat has endeavoured to identify the main long-term 
trends in the technological development of the sector.

It has collected data on the sector's technological development prospects,
21/ 22/as they are taking shape in the industrial countries. —  —

Opinions generally converge on the following points:

- The new developments in iron and steel will have an influence on 
the capital goods industry.

The machine will evolve more and more into a system, that is a 
coherent assembly of mechanical, electric and electronic components.
Development will require design technicians dominating these disciplines 
and their interfaces. Progress will no longer be based on increasingly 
sophisticated engineering but on the association of engineering with 
electricity and electronics supported by physics and chemistry, in 
particular optics, pneumatics and hydraulics.
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Design and manufacture, hitherto independent activities, will 
evolve towards an integration made possible by the use of computers.

Instead of radical changes in manufacturing processes such as 
smelting, there is expected to he an evolution towards the more 
economic use of matter and energy, improvement in working conditions 
and automation of the production process.

The chains of transfer suitable for mass production have the 
disadvantage of their rigidity. The future seems likely to bring 
flexible production systems uniting the productivity of chains of 
transfer to the flexibility of numerical command. They are capable 
of simultaneously machining parts of different forms in relatively 
short runs. The grouping in cells of machines rather than in specialized 
sections is smother type of flexible production system likely to bring 
gre»'*' changes to shop organization.

Automation, the activities of which were previously limited, will 
see sm extension in its field of application. Micro-electronics will 
have a revolutionary effect on industriaJ evolution in the years ahead. 
Whereas process computers were heavy and costly systems suitable for 
use only in large establishments, the technological advent of micro
processors makes possible decentralized solutions and multiple small 
applications. When the complexity of the functions require it, a 
specific microprocessor may play the role of a general microprocessor.
In this context, numerical command machine tools, which have been made 
possible by the fusion of engineering, electronics and computer tech
nologies, play a major role in the productivity of the engineering 
industry.

Industrial robots, that is reprogrammable multifunctional mani
pulators, will become more widespread in countries with growing man
power costs and for heavy, unhealthy or dangerous work, in particular 
reducing manpower needs in assembly activities. In short, the machines 
cf the future will incorporate a more advanced technology, and save
energy, materials and human labour. The analyses converge on these

- + 23/points. —
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The described trends lead to forecasts, the accuracy of which 
is no doubt an illusion, but which have the interest of indicating 
a direction and the time required for the new developments in industriall2ea 
countries.

- Around 1985: assembi' + asks will be integrated with other
computer-based production routines.

- Around 1987: approximately 15 per cent of the total production
of machine tools should consist of components of blocks of flexible 
production systems.

- Around 1995: more than 50 per cent of direct automobile assembly
work should be carried out by robots, thanks to progress in the develop
ment of sensors ar’ 0 ogrammable automation.
15. Technological development prospects raise two basic questions that
are closely inters itea: one concerns the future employment situation
in the industrialized countries, the other the technological courses
to be followed by the developing countries.

16. The renercussions of technological development on the employment
zV/situation are arousing concern among trade union leaders. —

The social impact of micro-electronics, for example, appears to be 
negative with regard to the future employment situation in many branches 
of industry and services. It is based on process innovation, and some 
time will pass before it leads to product innovation likely to generate 
employment. Hence there is a historic difference from the situation which 
existed between 1950 and I960, when automation shifted employment but did 
not reduce the total amount.

These fears do not seem to be simply a new version of those felt 
throughout the history of progress in machinery.

The current economic recession and the prospect of structural 
reduction in employment resulting from technological evolution provoke 
new contradictions within developed market economy countries and questions 
by the workers with regard to assistance to the Third World.
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Therefore these questiuus must be considered as essential and 
clear anvers must be given. The First Consultation on Capital 
Goods should make it possible to clarify ideas on this subject.

It vill be recalled that the effects of aid are not only unilateral.
25/It has been demonstrated —  that the delivery of factories and equipment 

from the industrial countries in exchange for purchasing some of the 
products manufactured vith that equipment is generally reflected in a 
largely positive balance in terms of direct and especially indirect 
employment in the developed countries. Any elimination of direct 
employment is related rather to somewhat unskilled work, whereas the 
creation of employment is related to skilled posts. The two mechanisms 
are out of phase in time: it will be eight or ten years before any
negative effects on employment in the industrialized countries stemming 
from the new industrial installations of the developing countries will 
make themselves felt. The industrialization of the Third World therefore 
se-«g to be a way out of the employment problems in the market economy 
developed countries, to the advantage of skilled workers.

As has been said already (see Issue l) the enormous scale of
the needs leaves room for large scale imports of capital goods and for
local manufacture. Therefore the net creation of employment should be26/
stimulated both in the industrial and the developing countries, —  and
a new equilibrium should be struck that reconciles three factors: the
technological development of the "centre", the industrialization of the
"periphery", and a new international division of labour, as part of the

27/Hew International Economic Order. —

The achievement of the Lima objectives in general and the gigantic 
industrial transfer which would result therefrom, cannot be accomplished 
without a transfer of resources • And the latter cannot be provided 
by western countries without the support of public opinion.
The dimension of a planetary new deal does not only imply solidarities 
in terms of capital, but also in terms of the labour forces. It is 
therefore essential that long-term prospects with regard to the develop
ment of capital goods industries in developing countries and of their 
social consequences, both domestic and international, should be made clear.
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It Is therefore suggested that after the First Consultation 
on Capital Goods tve UNIDO secretariat should continue to explore the 
technological prospects of the sector and their social implications for 
the international division of labour, associating themselves in their 
work with the representatives of the national authorities, the enterprises 
and the workers' organizations.

IT- To the developing countries, the way in which the technological model 
of the industrialized countries develops is not an academic question. The 
development of the "centre" cannot fail to have profound repercussions, 
if only "because of the need to import large quantities of equipment in which 
the technology is embodied.

That raises a second question (see paragraph 15): the choic; :ne
appropriate technological model for the developing countries.

18. The choice of the technological model comprises several ingredients : 
the present state of the technological system, its future development, the 
capacity for technological innovation and the degree of liberty in composite 
trade —  •

- Analysis of technological complexity shows the heterogeneity of the 
capital goods sector. Some capital goods have remained remarkably static 
technically for 20 or even 50 years, and others are rapidly replaced in 
five or even two years. Within the present technological model, therefore, 
several technological generations exist side by side.

- Technological development displays growing complexity. This move
ment is an integral part of the course of history, scaling-up innovation, 
rapid obsolescence rates, which have marked the last 30 years.

Technological progress is perceived differently in different
industrial countries. With optimism in the socialist countries, where
it is considered that the scientific and technical revolution provides

2Q /new possibilities for society. —  With growing reservations in the OECD 
countries, in which it is the subject of a discussion on which conflicting
points of view are held. Disenchantment is manifested as well as critical

30/reflection on technical choices in view of the needs of society. —



It is considered that the mass consumption society leads to wastage 
through the design of objects that are overloaded with inessential 
features. Out of this current of ideas comes a flood of publications
combining ecological criticism with criticism of economic and political

. 32/systems. —

In short, throughout the criticism of the technological model the 
point at issue is the growth model followed, and what emerges is the
scenario of a "new growth" of national income that is slower, has a

33/different content and is the result of rapid changes in values. —
Without neglecting these important trends, the UNIDO Secretariat considers
that in the Western countries that orient the world technological model,
the design of machines will in the next 20 years be much more directly
influenced by the attempt to achieve savings in energy, raw materials 

3U/ . .and manpower, —  and that decision-makers m  the developing countries 
must adopt their positions accordingly. Supply from the industrial 
countries will probably develop towards more complex, more "intelligent", 
more efficient and more economical machines.

In view of this prospect, which dramatizes the employment problems 
in the developing countries, what are the possible choices open to them?

Essentially - a priori - there are two: to select imports of capital
goods and local manufactures for the purpose of stabilizing a technological 
model that will make it possible to employ a large labour force with a 
low level of skills, or to develop local research and development in order 
to adapt or innovate appropriate technologies geared to factors of production 
and the objectives pursued.

- The possibility for a genuine choice of the technological model 
implies degrees of liberty in composite trade* The power relations 
within the hierarchy of industry may be reflected for example by 
imposing the supply of capital goods linked with the financing 
of industrial arrangements. The opening of the "technological package", 
the selection of technologies and capital goods by the recipient imply 
a capacity for analysis and powers of negotiation. They also make necessary 
organized national machinery for the transfer of technology.
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- In the long term, the degree of liberty of choice depends mainly 
o" high R and D capacity in the developing countries. It is necessary
to near in mind the time taken by R and D to produce results-̂ -7 . It takes
time. That is one reason why the urogrammes launched by UNIDO in this

36/field should be vigorously activated—  .

- Without underestimating UNIDO programmes' impact in the future, it is 
reasonable to consider that most of the industrial transfers to be carried 
out in order to achieve the Lima target will be made in the same way, that 
is to say, by transfer of the technologies of the dominant economies.
There may be by no means negligible differences between these various 
technologies with regard to their transfer to markets of different sizes 
and degree of sophistication, but these alternatives are uithin the category 
of capital intensive technologies. Hence it is advisable to organize 
systematic information on the technological alternatives available in the 
industrialized countries and also regarding those generated in certain 
developing countries; a relevant activity is new being organized in UNIDO 
with the Industrial and Technologies! Information Bank (INTI3).

- Consequently, in order to extend the degree of liberty of choice of 
the develoning countries, it is necessary in the first place to reduce the 
effects of domination in the negotiations for industrial arrangements and the 
transfer of technology, secondly, to increase the volume of operational 
information on tecnnological alternatives which is available to national 
decision-makers, thirdly, to promote local R and D programmes vigorously 
and, fourthly, to establish organized national machinery for the transfer
of technology and technological innovation.

19. The choice of the technological model in the developing countries 
that already have an industrial base is the central topic in a debate in 
which there are two lines of thought:

- The first considers that investment based on capital-intensive 
technology is incapable of resolving the problems of underdevelopment, 
in particular those of ’unemployment. It has giver, rise to many
publications on the subject of intermediate, soft, adapted, appropriate,

37/less expensive, etc., technologies. — ' This current of thought and
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action has found its inspiration in the achievements of both China 
in the 1960s (the image of China valuing on "two legs" popularized the 
recourse to intermediate technologies) and India. This is in line vith 
the current of criticism in the West that aims at a "new style of growth".

Initial results have been obtained elsewhere, but thic policy seems 
to have encountered a major contradiction in developing market economy 
countries. Private entrepreneurs seem little inclined to favour labour- 
intensive investments. The labour-force economy seems to remain a constant 
at the level of the enterprise, even in developing countries.

- The second considers that developing countries, and above all newly 
industrialized countries, cannot remain aloof from the technological 
progress of industrial countries and must make selective transfers.

In fact, national decision-makers in relatively advanced developing 
countries now find themselves, and will increasingly find themselves, 
confronted with the following dilemma: whether to accept in future a
widening of the technological gap with the industrialized countries, or
to try to limit it as much as possible. The example of machine tools

38 /revolutionized by electronics is especially illustrative. —  Should 
this new equipment, essential to the productivity of the engineering and 
capital goods industries, be imported? Is this new labour-saving equip
ment likely to reduce the bottleneck represented by the training of 
Qualified personnel in the capital goods industry (see Issue 1)?
How does the problem shift in terms of the necessary software and the 
degrees of dependence? Should one now prepare for the future manufacture 
of at least a part of these sophisticated machines by developing countries 
having an industrial base?

It does seem - and the First Consultation Meeting will confirm or 
invalidate this statement - that for these countries the dilemma is 
generally solved by plunging ahead and ignoring the consequences, by 
accumulation on the basis of intensive technology.



In the capital goods sector only a few large recently industrialized 
countries are able to conceive of the future in terms of catching un.
This is not possible for the other developing countries. Hence the 
question arises: "What technology for what growth?"

20. The feasibility of simpler technological models was raised during
30/the preparatory meeting m  Warsaw — as a fundamental question that 

should be explored. The problem was raised of constructing a capital 
goods industry in many developing countries not in order to reduce the 
technological gap but to meet the needs of the population in the various 
countries.

There are two complementary approaches to this problem: one of them
is technico-economic in nature and the other socio-political.

From the technico-economic point of view, research along t«j lines 
is necessary:

1. With reference to the present technological model, it would be 
necessary:

(a) To identify capital goods involving simple technology (levels 
1 and 2) or of intermediate complexity (level 3);

(b) To ascertain whether these capital goods are static in nature
and whether technical progress is not likely to make manufacturing processes 
more complex in the future;

(c) To ascertain whether the production scale for these capital 
goods is compatible with the markets of small and medium-sized developing 
countries and, if not, whether there are technological alternatives
for the manufacture of capital goods in snorter production runs;

(d) To ascertain whether these capital goods meet the needs of the 
countries in question. In this approach, it is therefore necessary to 
select the simplest capital goods out of the existing stock.

The UNIDO Secretariat has compiled an initial amount of information 
on the above points and has taken this as its inspiration to propose a 
strategy for the sixty developing countries that have not yet a capital 
goods industry to enable them to enter the sector (see below: Planning
of the sector).



2. In order to abandon the present technological model and move towards 
greater simplicity, it would be necessary to clarify the following questions

(a) Is it possible to reverse the historical movements of economies 
of scale, of scaling-up innovation, by designing production installations 
of a smaller size and moving towards "scaling-down" innovation?

(b) Is there an unnecessary load of technological complexity in 
machines, in the excess of components, the degrees of accuracy and 
excessive tolerances, when compared with the real use of these machines 
in developing countries?

(c) Would it not be of value to hold bach the very rapid rate of 
obsolescence and to move towards the production of machines, perhaps of 
slightly lower performance, in longer and more stabilized production runs?

(d) Would it not be of interest to manufacture products which are 
more durable and to organize, systematically, the recovery of the durable 
if not imperishable parts of such items of equipment?

(e) Would it not be of value and possible to redesign machines to 
a simpler design without their necessarily being copies of old and 
obsolete models?

These questions are vide open and doubtless clear-cut answers are 
not yet called for. Nevertheless, the following remarks may be advanced:

- In certain sectors the reversal of the economies-of-scale approach 
has begun (for example, iron and steel and fertilizers). That may give 
the medium-sized developing countries a new chance to "turn the corner" 
in good time and to develop capacity for the design and manufacture of 
the new equipment necessary.

- The overloading of products with inessential items is not so
evident in capital goods as it is with durable and non-durable consumer
goods. It has nevertheless been recognized by some engineers in the

1*0 /industrialized countries. —  This realization is no doubt made difficult
by intrinsic endogenous development and the semi-autonomous nature of

1*1/technological development. —

- The struggle against wastage in society leads us to consider the
design of products in new terms in order to make possible, inter alia,

U2/their disassembly. —  The countries ti.it succeed in making a breakthrough



-  21

in this field and that take over leadership will probably be able to 
obtain important advantages for the future. That does not necessarily 
imply the most complex solutions. It may be a chance for the developing 
countries, and the same applies to the manufacture of more durable goods 
(which, it is true, refers mainly to consumer goods).

- The redesign of machines that are simpler, sturdy, easier to repair
and have sufficiently high performance, is not out of the reach of the

1*3/developing countries. —  It would douDtless demand co-operative 
association between those that have sufficient capacity and possibly the 
assistance of the industrial countries.

From the socio-political noint of view, that raises the problem of 
the compatibility cf a simple technological model - one that deviates from 
the path of development of the dominant technological pattern - with the 
type of growth projected.

- Certain developing countries, and perhaps the majority of these 
countries, think of their growth by analogy with the consensus observed 
in developed countries concerning dominant values in the post-war period, 
by which economic growth in the traditional sense of the term was assigned 
a privileged position. —

The experience of the last 30 years shows that there is little chance
tu;-.t this type of development will reduce social inequality and make a
significant contribution towards raising the living standards of the masses
of the poor. Technology has two aspects: it is a dose of knowledge and
qualifications that is embodied in the functions of production and in the
structure of functions of consumption. —  ̂ Final consumption "pulls" the
capital goods sector, when it exists in many developing countries. When
the decision-making power belongs to a small privileged elite, that may

1*6 /lead to the marginalization of the needs of the rural masses. —  Industry 
is "pulled" towards the manufacture of durable consumer goods bought by 
only part of the population, or towards the production of capital goods 
for their manufacture. As mass production implies very specialized and 
sophisticated equipment, their local manufacture is usually out of the 
question. Activities are usually reduced to assembly work. External 
technological dependence is therefore reinforced. The "pattern" of final
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consumption leads neither to the production of capital goods intended for
final consumption by the vast majority of the population nor to the

1*7 /reproduction of the production apparatus itself. —

In conclusion, the logic of a model based on final consumption 
derived from the industrialized countries' model is associated with that 
of the dominant technological model. The possibilities for defining and 
applying a simplified technological model seem to be lower in that context.

In a smaller number of other developing countries, the ideas which lead 
to a recognition of the need for a New International Economic Order call for 
reflection on the ends and means of a new development strategy different 
from that gradually elaborated and adopted during the First and Second 
Development Decades.

For these countries the question of the new economic order is not 
raised in terms of catching up but of "new growth". The underlying values 
of such growth consist of various combinations of the following, according 
to the national situations: priority for the needs of the rural masses,
a less unequal distribution of income, policies of sectoral self-sufficiency, 
policies of self-reliance, progressive technological apprenticeship, 
mastery of industrial installations commensurate with the management 
potential of the country, the establishment of an industrial fabric that 
is integrated and specifically suited to national realitier. A priori 
these countries seem to be more likely to define and implement a simpler 
technological model, because they have the appropriate socio-economic forces. 
The limiting factor then seems to be the national scientific and technological 
infrastructure.

Considering the exchange of views during the First Consultation Meeting 
it is suggested that the UNIDO Secretariat should continue its worh to 
explore the possibilities for the dissemination of simpler technological 
models of interest to a large number of developing countries.

21. It is not impossible that the tendency towards complication of the 
technological model and the converse, namely, the tendency for its 
simplification should exist side by side.

The first is a development that no force seems able to halt, because 
it is a response to the technical possibilities and problems of our age.
The second can only be a normative policy related to other problems.
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In fact the technological choices open to the developing countries
vill probably not arise in the future in the fora of an option between
two technological development models - one of which is to be promoted -
but will arise for each country, at the level of each sector, according
to dimensional factors., markets and human capacity. The most probable
solution - and no doubt the most appropriate concept - is that of

1*8/technological pluralism. —  That implies a judicious choice of more 
advanced technologies that are likely to have linkage effects with simpler 
technologies, in sectoral and intersectoral combinations. The options 
regarding capital goods constitute the foundation stone for the management 
of technological pluralism.

22. It must therefore be realized that, as the result of a constraint or 
a balanced choice, during the next 20 years and beyond, the developing 
countries - and especially these that have an advanced industrial base - 
will not escape the effects of the complication of the present technological 
model, particularly, innovation by "invasion of the sector", represented, 
for example, by electronics. This probability, if not this certainty, 
leads us to deduce two important operational implications for the developing 
countries which seem to be common to various growth strategies for the sector

- Technicians and other workers capable of maintaining and repairing 
the machines of today and tomorrow, in which the rate of the components 
will steadily increase, should be trained.

- The organization of material in university curricula for engineers
should be reconsidered. The machine as a system implies an integration of
knowledge and disciplines and a teaching programme which is truly poly-

1*9/technical and not narrowly compartmentalized. —  Such a revision concerns 
both industrialized and developing countries. It may provide the latter 
with an opportunity to undertake as quickly and as thoroughly as possible 
the preparation of the qualified human resources of the twenty-first century.

It is a field in which co-operation can already be initiated.

It is suggested that the UNIDO Secretariat, in co-operation with ILO 
and UNESCO, should continue the studies undertaken for the training of 
machine repair mechanics and reorientation of the training of engineers 
from the developing countries.

# # *



PLANNING CF TEE CAPITAL GOODS SECTOR
23. The past experiences of different countries and the challenges which 
the developing countries have to cope with - under widely varying c 'nditions - 
al 1 lead to the same conclusion: The long-term development cf the capital
goods sector must be planned. The primary reasons for this have been 
indicated (see Issue!/.

In the light of these experiences and challenges, we are led to select 
from among many questions four main problems to which planning should give 
a reply in the specific context of every individual country:

(a) The selection of paths of entry to industry;

(b) The establishment and growth in complexity of the industrial fabric;

(c) The coupling of levels of complexity of technology;

(d) The mastery of factors of international interdependences.

These problems are briefly reviewed below. In the light of them, we 
shall then suggest a few guidelines for planning of the sector.

2k. Since the options selected will involve a long-term commitment, the 
choice of oaths of entry and of growth is of decisive importance, for it is 
through these choices that the t-xture of the industrial fabric is determined.

If it is true'that transport material has a high technological complexity, 
the question arises as to whether developing countries having decided to 
establish a capital goods industry in such materials have chosen a path 
likely to permit the development of that industry. In most cases in fact, 
the activities seem confined to assembly work without leading to real 
industrial apprenticeship in the sector. The question is complex and deserves 
discussion. Were other choices possible in view of the lack of qualified 
manpower? Did that contribute substantially to the growth of employment?
Are there cases where that has made it possible, by a policy of stimulation, 
to develop a real apprenticeship in local upstream subcontracting enterprises? 
Does this type of industrial transfer represent the future for developing 
countries? —  ̂ Is this future not already tnreatened by technological 
progress, in particular the introduction of microprocessors into machinery, 
which will permit great flexibility in automation, reduce production costs 
in industrial countries, and may compromise the relative advantages of 
developing countries based on lower manpower costs?



-  25 -

It is therefore useful to make an objective evaluation of past 
experiences, whether successes or failures, in order to prevent countries 
preparing to enter the sector from taking the wrong paths.

Where can the 60 developing countries — 1 which have no capital goods 
industry begin, and • here is it in their interest to be^iu?

- Analysis suggests that the group of simple agricultural machinery
has the lowest technological complexity. Furthermore a 1 those countries are
essentially agricultural. Consequently, there is perhaps a path which could
be more systematically followed. The basic technological line concerns
forging, plating, machining and welding. It opens up the possibility of
manufacturing simple products for rural life. Sociologically, it can rely
on village craftsmen, in which case the latter should be assisted in the

52/acquisition of other capacities (for example mechanical welding). —
Within the framework of such a policy, emphasis is placed on the 
decentralization of activities and on the authentic practical school of 
repiir and maintenance shops for training a. more qualified manpower.

Downwards from agriculture the production of simple capital goods 
for the food industry is a possible complementary policy. This equipment 
intended for reduced scales of production may have the advantage of being 
veil-adapted to the needs of local markets. —  ̂ In general, this equipment 
is more complex then simple agricultural machinery, but its manufacture does 
not seem to be beyond the reach of most of the 60 countries considered.

- Entry by means of capital goods common to all branches is, a priori, 
an interesting idea, because such goods represent !*0 per -eat of the value 
of capital goods, and their mean complexity is less than the mean of all 
capital goods. 3ut the dispersion vf complexity is considerable and only
a small part seems suitable for production by countries which currently 
lack '•»pital goods industries. Moreover, the simplest capital goods are 
common and sometimes technologically stable for decades. But they are most 
often mass-produced. The barrier is therefore not technological but is one 
of respective production costs and the scale of the market. This path of 
entry therefore implies a severe selection or products.

- One of the criteria of choice is the option of technological lines 
which maxe it possible to diversify production, no carry the apprenticeship 
function as far as possible, and to find out paths which do not block the 
process and which prepare for tne crossing of technological o^xriers.



-  26

The discontinuity of the technological complexity of capital goods 
implies qualitative changes. The technological horizon of the "blacksmith, 
of the village craftsman, may be broadened, but it has its limits. Entry 
into the manufacture of other types of machines, even simple ones, implies 
a new production. It is to the new structure that about 20 developing 
countries have acceded.

25- The second problem of planning is the establishment and growth in 
comnlexity of the industrial fabric. This concerns mainly the 20 or sc 
developing countries which have an industrial base for capital goods.

In general, those countries have been able to dominate other technological 
lines including sheet-metal working (cutting, forming, etc.}, welding, forging 
(for tool-making), ironworks and engineering of medium complexity.

In a number of countries in this group, projects exist for manufacturing 
machine tools (lathes, millers, cutting machines, borers, etc.) intended 
mainly for repair and maintenance shops. Projects also exist for incorporating 
national components into large basic industrial projects such as energy 
production, iron- and steelworks, petrochemicals and cement, which require 
in particular boilervork activities.

In certain cases, these projects give rise to a regional programming 
and division of labour (Andean Pact in Latin America, for example). For the 
oil-producing countries, in particular the Arab countries, studies are 
being actively carried out to establish integrated development projects 
in the sector.

These countries have therefore entered into a process of growing
complexity of their industrial fabric. The latter generally consists of
components of t>*<es 1 and 2 with elements of type 3 under the adopted 

51*/classification. —  Some of the countries are at the crossroads so far as 
concerns their basic policy directions.

The UNIDO Secretariat has found that most of these countries are now 
asking themselves two basic questions:

1. In what direction and to what extent should the infrastructure for 
the capital goods industry (i.e., semi-finished goods and technical services)

C C /
be developed? —
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2. In what direction, i.e., veri.ictu.Iy or her xzoixt;oXJLjT * chic’J-Li 'ohiw 
elements in the capital goods industry be integrated?

- It is clear that vithout a minimum of semi-finished products and 
technical services infrastructure, the manufacture of equipment goods 
is reduced to assembly activities, that is a pseudo-industry for capital 
goods.

This infrastructure must therefore be established, and to do so is 
of decisive importance up to the level of intermediate technological 
complexity (level 3 on the scale adopted). That is the price to be paid 
for economic and technological accumulation. Without this national 
infrastructure, it is impossible for the industry to achieve self- 
sustained progress.

The growing complexity of the industrial fabric as a result of the progress 
of the technological infrastructure is a decisive turning-point. It is the 
permissive condition for full access to complexity level 3, where it is 
possible to produce UP p-.-r cent of the equipment goods. This level makes 
it possible tc produce, in particular, most of the semi-finished products, 
part of the goods common to all branches, and, among the specific machines 
for the sectors of final demand, part of agricultural machinery, equipment 
for the food industries and equipment for the chemical and petrochemical 
industries.

At level U, 73 per cent of the products could be manufactured.

One must not pretend that reaching level 3 for developing countries 
of medium size, which already have a certain base, will not require time: 
the 20 years between now and the end of the century seem in many cases 
a minimum. However, whether the horizon is slightly more distant or 
slightly nearer, as a function of the initial bases, resources, policies 
and international co-operation, this general objective does not seem to 
be beyond the scope of many developing countries.

The goal suggested by the UNIDO Secretariat is obviously of a very 
general nature. It should be possible subsequently to define it more 
precisely on the basis of national projects and a better knowledge of 
alternative strategies applied by different countries.
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- There is no inevitable response to the suggested developments.
Ifce future will be built partly on the basis of the paths chosen during 
the development process in favour of Vertical or horizontal types of 
integration.

Historically, those countries which are today industrialized 
have given different answers to the spatial arrangement of the 
sub-groups of the capital goods industry. Constraints which, initially, 
could not be eliminated have resulted in a type of vertical integration 
of activities. In other countries, market forces and the existence from 
the sociological point of view of a class of entrepreneurs have divided up 
these activities and have led to horizontal forms of integration.

In many developing countries, and for different reasons, there have 
been no possible choices other than recourse to vertical integration.
Firsc of all, the technical infrastructure was almost non-existent.
Secondly, the size of the market was often too small to justify the 
existence of specialized firms. Thirdly, the establishment of foreign 
subsidiaries often created a vertical structure. However, the rapid 
increase in complexity from level 3 onwards leads to a difficult 
management problem. If the central production unit integrates all or 
part of the components of the technical infrastructure, the total complexity 
exceeds that of the variety of management. At worst, the system risks 
running out of control. At best, it leads to an underutilization of 
installed capacities.

In the case of horizontal integration, the technical infrastructure 
production factors are divided into distinct enterprises. The total 
complexity is thus divided up and is more easily managed. The difficulty 
shifts, in this case, towards the mastery of the linkages between the 
assemblies and subassemblies, and hence to the intersectoral and inter
company links.

The national comparisons made by the Secretariat suggest that, 
without blocking the system itself, —  ̂ it is necessary that, 
because of its development, and as a condition of its continuation, it 
should restructure and modify its own links. As soon as circumstances

57/permit, branching off towards horizontal integration becomes necessary, —
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together with the cieaning-up of activities within the vertical enterprises, 
leading to more effective specialization ana distribution of these in 
relation to other enterprise. In this way the structure has to evolve.

To state these principles is easy, to apply them is not. That is 
why it would be of the highest interest for both developing and former 
underdeveloped countries experiencing a change in their industrial structure 
to agree to explain their position on this point.

26. The third problem of planning of the sector is reduction of the gap 
between the complexity of technology transferred from abroad and local 
technological capacities.

The transfer of turnkey factories linked to large investment projeeps 
introduces manufacturing units of high and sometimes very high levels of 
technological complexity. The weaker the technological level of the local 
environment, the less likely it is that the introduction of such elements 
will produce effects of encouragement on the existing technological 
variables. The distance between the latter and the variables introduced 
seems too great to permit their coupling. It is the coupling which should 
"pull" the existing capacities upwards and facilitate the apprenticeship
function. In other words, the created coles of industrial growth have

58/not produced the expected effects. —  The observation does not seem to
concern only developing countries of small and average size, but the

59/largest, in particular China. —  Isolated islands of complexity have 
been created.

There are certainly exceptions, and the First Consultation provides 
an opportunity to verify this assertion and, where this obstacle has een 
overcome, to determine how the coupling was achieved between local technological 
capacities and the technological complexity introduced, and how the latter 
was removed from its island and diffused.

27. The fourth problem of planning is mastery of the factors of international 
interdependence inherent in the very nature of capital goods.

An apparently paradoxical phenomenon should be stressed: the more a
country progresses in the manufacture of capital goods, the greater the 
international interdependence.
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Components play a growing role in total complexity. At xevel 1 
they take over the majority influence.

The international division of labour is highly developed for 
components. As a general rule, the number of nationalizations of the 
means of production in developing countries will therefore tend to 
increase and then to decrease. Trade and international co-cperation are 
therefore an intrinsic constraint, and not even the most developed countries 
can live in a state of autarky in respect of equipment goods.

A question that risks being stated in the wrong terms is that of self- 
sufficiency. It may be global if by that is meant an equilibrium of 
commercial exchanges. It cannot be total if it is understood to mean the 
autonomous production of the means of production, infrastructure and 
components. At the lower levels of complexity (1 and 2), the weight of the 
components is woak. But most of the time they are too complicated to be 
manufactured locally and must be imported.

Interdependence is therefore a fact, the true problem being that of
its conditions, either strong or weak. —  ̂ A country that manufactures
increasingly complex equipment without a parallel development of its
capacity of technological innovation is clearly creating for itself a
situation of structural dependence. —  ̂ The example of Spain suggests

62/that rapid industrial success does not exclude these dangers. —

One of the essential problems of sectoral planning is therefore the 
problem of defining an evolving policy regarding importation and local 
manufacture of components.

As the industry becomes more complex, national constraints change.

Thus, for developing countries with an industrial base, the priority
is the strengthening of design and engineering capacities. For the largest
countries (India, for example), in certain sectors the problem now seems
to be that of mastering the most advanced technological production routes:
urecision engineering, high-auality metals and electronics, the integration

£3/
of which would fully open the doors to international competitiveness-^ .

The phenomenon of interdependence linked to increasing complexity 
has important implications for the planning of the sector:
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- It makes it necessary to establish in the developing countries, as 
soon as possible, a design and ultimately an engineering capability; to 
provide training in the repair of numerous and increasingly important 
components, training which is generally not available in most developing

6k /countries; to ensure the gradual adaptation of the training programmes —  
in recognition of the fact that the increasing complexity jf manufacturing 
processes entails a shifting of functions within the same enterprise. —  ̂
a seriously underestimated phenomenon. Planning must therefore co-ordinate 
the evolution of the system of education and training, programming accordingly 
transfers of technology and technical assistance from abroad.

- A consequence, then, of this interdependence is that international 
co-operation becomes imperative (see Issue 3). In order that this 
co-operation not be imposed as some sort of binding obligation perpetuating 
relationships of dependence, but, on the contrary, that it help to correct 
imbalances, it is necessary that, during international negotiations, a time
table be drawn up indicating how the requirements of the capital goods 
industry in terms of means of production, human resources, infrastructure, 
and components are expected to evolve, and that this time-table and its 
scheduling be the subject of negotiations. This would also appear to be a 
condition for the success of regional co-operation among developing countries.

28. The problems associated with the growth of the capital goods industries 
in the various groups of developing countries suggests a number of fresh 
approaches to the planning of this sector.

It must be recognized that, apart from some notable exceptions, in 
the majority of the developing countries the establishment and growth of 
this sector has been virtually unplanned. Under the pressure of necessity 
and opportunities, the introduction of capital goods industries has proceeded 
by fits and starts. In most cases, in any event, the countries lacked 
even the minimum means of planning. The result has most often been an 
unco-ordinated, or poorly co-ordinated, industrial fabric lacking 
essential links and suffering from structural weaknesses difficult to 
overcome at a later stage.

The demand for capital goods can today be determined as a function of 
the demand of the consumer sectors and the Government's policy objective.
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UNIDO has acquired valuable experience in this are- through its planning
of this sector in a number of large countries, such as Mexico. 3y
correlating the analysis of this demand with the study of existing
capacity, it has been possible to arrive at the requirements for the
expansion of facilities and for tne establishment of nev enterprises.
It has been possible to prepare a capital goods development programme

. . . 66/containing a breakdown of the various technical assistance activities. —

On the basis of UNIDO's experience, certain complementary factors in 
the planning of the sector can today be identified. These concern three 
essential aspects:

(a) The combination of the "pull" and "push" approaches;

(b) Ihe design of projects for the vertical integration of iron
and steel industry projects with engineering industry projects in selected 
developing countries;

(c) The design of integrated projects relying on multipurpose 
production apparatus for diversification in manufacturing.

These aspects will be briefly discussed below.

29. It is proposed to rely on a practical combination of the "puli'1 and 
"push" approaches in the planning of the capital goods sector.

As the reader will be aware, technological innovation is generally 
regarded as the result of an induction, either of the market or of the

67 /technique itself. In the first case, this phenomenon is designated as
the "pull" approach, in the second as the "push" approach. Ihis theoretical 
classification may be useful to characterize the strategic options to be 
taken by developing countries in order to create or develop their capital 
goods industries. In most cases, demand from the utilizing sectors has 
pulled and directed the manufacture of local capital goods. Import 
substitution policies are a variant within this general classification.

In fact, planning methods in the sector necessarily, and often 
exclusively, start from the demand approach. They less often consider 
the technical possibilities of the production apparatus to push the 
development of the sector.



In the first policy, the capital goods sector is pulled free: cutaide 
by dovnvards-located sectors. The market mechanisms are the dominant 
forces, links are established from downwards (the utilizing sectors) to 
upwards (capital goods), with the downwards seexors playing the role of 
the dynamic pole of development.

In the second, it progresses as a result of its own dynamism and 
intrinsic ^-rces. The capital goods sector itself becomes the driving 
force- Voluntarist policies of fixed capital accumulation are then the 
dominant forces. The mastery of increasingly complex technological 
lines itself becomes an explicit objective.

It seemed interesting to reinterpret various policies from this
point of view through case studies available to the Secretariat. Thus,
the case of Spain is a model of the pull approach, by which the general
economic development of the country, with its accelerated process of
industrialization, created growing demand for equipment and machines.
In most developing countries, demand for equipment goods is also pulled
by the utilizing sectors. Often, however, the guiding force is not mass
production of consumer goods for the enjoyment of the great majority of
the population. The production of capital goods is intended for a final
market limited essentially to the demand of the affluent strata of the
population, a demand which itself reproduces the dominant patterns of

68/consumption. —  There is also a pull effect, but it is distorted by 
the structure of final demand. It should be noted that the same 
production apparatus could, in many cases, without major technical 
difficulties, produce capital goods intended for the essential needs 
of the population and the reproduction of the production apparatus itself. 
The choices to be made are therefore secondarily technical and principally 
social and political.

These social and political choices have led China to emphasize heavy
industry, which appears to have played a driving role regarded today as
excessive. The Chinese policy is a typical example of the "push" approach,
centred on the gradual mastery of technical infrastructure, amidst the
tumultuous conditions which have marked the history of that country in

69/recent decades. —



In India, the abundance of natural resources made possible the 
establishment of an iron and steel industry, vhich 30 years ago was the 
first priority. The second priority in time was the establishment of a 
capital goods industry. 3ut however important was the logic of steel
making, it has been overtaken by the manufacture of the equipment required
for steel production. Emphasis has been placed on the radical change of

TO /structures and not on gradual evolution. —

In Brazil, technological mastery was an explicit objective, and a
selective policy of introducing and developing the manufacture of capital
goods was implemented, together with a mechanism for filtering imported

71/technologies and stimulating national innovation. —

It may be noted that only the large developing countries seem to 
be in a position to implement a policy directed towards the strengthening 
of their technical production infrastructure. India and Brazil have, 
a priori, the potential market, but while the policies applied have not 
ignored market considerations, demand has not exercised such a tyrannical 
influence, and industrial policy has been boldly seen from the point of 
view of supply.

In other countries of medium size which do not have such a large 
market potential, such as Algeria, long-term development plans make it 
possible to conclude that for a long time demand will exceed supply, and 
that therefore the main problem is to increase the possibilities of the 
production apparatus and to master technological developments.

The pull and push approaches have their advantages and their 
disadvantages and can be risky^^. The main risk of the exclusively demand- 
oriented approach is that, through an incoherent policy, an unintegrated 
industrial fabric will be built and it will not be possible to create the 
conditions for technological mastery. The main risk of an exclusively push 
approach is that it may result in a capital goods production apparatus 
unlinked, or insufficiently linked, to the downward sectors, which would 
lead to unutilized excess production capacities.

It therefore seems necessary to search for the most adequate 
combination of these two basic approaches in the specific conditions 
of each country.



This is why the UNIDO £ ccretariat has sought to devise supplementary 
tools as a means of providing additional help to planning officials in 
developing countries who lack the analytical instruments with which to 
incorporate the technological variable in an explicit way. The so-called 
technological complexity analysis is intended for this purpose; it is the 
instrument which corresponds to the "push" approach. As recommended at the 
Warsaw Preparatory Meeting, the method has been tested for the puroose 
of making it into an operational instrument available to the developing 
countries.

It is therefore proposed that the first world Consultation should 
recommend that UNIDO give high priority to its efforts to assist in the 
planning of the capital goods sector, and that it contribute to the 
development of new and effective instruments for use by planners and to 
their training.

30. It appears that interesting possibilities may be opened up through
the planning of the integration of iron and steel projects ana the engineering
industries, including the capital goods sector.

Some countries seem to have closely linked the capital goods industry
with intermediary industries such as iron and steel. On the basis of
input-output tables, this strategy may be described as "descending". The
link between the development of the iron and steel industry and that of

70/capital goods is particularly strong in China. —

Today, a number of iron and steel projects exist in developing countries. 
77/A UNIDO study —  has estimated that a total of 108 will exist by 1990. Of

this number, U0 projects accounting for nearly one half of the capacity of
the projects studied are based on direct reduction processes and are
generally small-scale; Ul countries, which have limited experience in iron

7It/and steel, propose to create or develop an iron and steel industry. —

Considering that the importance of iron and steel comes as much from
751what it promotes as from what it produces, — ' as in India and China, the 

iron and steel projects, even those of small size, could be used as a pole 
of encouragement of a basic metal-processing sector and of a rudimentary 
capital goods industry if none exists.



Moreover, the financing or iron anc steel investments, their low 
profitability, and the orientation towards high-performance steels pose 
awesome problems for the young iron and steelworks of developing countries, 
and in fact obliges them to establish links with the engineering industry. 
These links raise the Question cf which iron and steelworks go with which 
engineering industry. If planning of the iron and steel sector is 
integrated with that of the capital goods industry in those countries, 
"descending" strategies (iron and steel towards capital goods), "rising" 
strategies (demand for capital goods orienting iron and steel supply) and 
the push approach (domination of the respective technological lines) seem 
suitable for combination.

Since the intermediate industries projects (iron and steel and 
petrochemicals, for example) require repair and maintenance shops, the 
latter could serve as focal points, as a kind of training school for 
mechanics, for the upwards creation of a core of capital goods industries.

Other combined strategies are possible. The downward poles of
development may also be utilized within the framework of a volunta’ .st
policy that may be described as "rising". It starts from the consumer
sectors, rises through the technological lines and comes finally to the

77/ .production of capital goods. -t~i- The example of the Republic of Korea 
seems, to illustrate this strategy for limited types of capital gooes.

The challenges of underdevelopment require the exercise of creative
imagination and net Just the reproduction of past experiences which are
usually specific to different countries. In this connection, it would be
interesting to understand how a country like Cuba, under the constraint of
a heritage characterized by monoculture, was able, on the basis of the
sugar industry, to implement a "pivotal" strategy making possible the
production of increasingly complex capital goods for that industry, and

78 /then to diversify production. —
It is therefore suggested than, following the First. Consultation, 

UMDO should continue its country studies and undertake a comparison of 
these experiences and an analysis of their relevance to the development 
policies for this sector in the developing courv1-—■' es.



Tt is further suggested that particular attention should be given 
to the .joint planning cf the iron and steel and capital goods industries 
of ^0 developing countries, mainly in Africa, and that concrete projects 
should be initiated.

31. The planning of the integration of capital goods industries "upstream" 
and "downstream" of agriculture similarly appears to offer another possibility.

Thus, for the 60 countries which have no capital goods industries, 
agriculture could, in most cases, constitute a focal point around which to 
establish .«uch industries - farm machinery ("upstream") and food industries 
("downstream"). This policy could be combined with the policy of optimizing 
the versatility of the production system so as to provide a wide range of 
manufactured goods (e.g., for the construction sector).

At the micro-economic level, this policy should make it possible to 
begin small production runs which, unless there is product diversification, 
would be difficult to justify because of the limited nature of the market.

Accordingly, consideration should be given not only to projects for 
the manufacture of simple agricultural machinery, but also, in keeping with 
the "push" approach, to projects which, while based on this industry, 
exploit the production system to manufacture other products as well, in 
most cases for use in rural areas.

It is suggested that UHTDO should study the feasibility of projects
integrated around agricultural mechanization and that, on the basis of work 

70/now m  progress, it should launch statable pilot projects.

In conclusion, sectoral planning in the developing countries can be 
approached from three fresh angles, which, in ascending order of complexity, 
are the following:

- The integration of simple machine-building "upstream" and "downstream" 
cf agriculture, an approach of interest principally to the 60 least 
industrialized countries;

- Vertical strategies integrated between the iron and steel and the 
capital goods sectors, with apparent advantages for Uo countries;

- Strategies which combine the "pull" and "push" approaches and which, 
a priori, are applicable in varying degrees to all the countries, but the 
need for which appears particularly urgent for the 20 developing countries 
with capital goods industries currently facing a choice as to their path of 
future development.
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32. The rebalancing of the capital goods sector and its growth in the 
developing countries is an essential condition for the establishment of 
the new international economic order. It is obviously a task of great 
scope and long duration.

It is also a task that cannot succeed without a rigorous methodology 
of concerted action at the international level. It is for the purpose of 
defining this methodology that the UNIDO Secretariat has decided to convene 
■the First Consultation. Its main outline is already evident:

- The international community must recognize the need for producing 
increasing quantities of capital goods in the developing countries.

- The introduction of the developing countries into this sector and 
the build-up of their production must be a matter of long-term planning, 
and UNIDO must assist them in this task.

- A clear, long-term view of the development outlook is an essential 
condition for strengthening the negotiating position of the developing 
countries. The results and adjustment of this planning cculd provide a 
flexible framework for a kind of indicative sectoral planning.

- Greater transparency in projects would both trigger and flow from 
international co-operation. This transparency must be built into the 
planning process.

- The corollary of long-term planning is long-term international 
co-operation.

- On the basis of these principles, it is possible to define gradually 
the modalities of the operations to be undertaken, along with a programme of 
action for UNIDO.

# * #
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ANNEX

NOTE ON THE ANALYSIS OF TECHNOLOGICAL COMPLEXITY

1. The methodology of the analysis of technological complexity has been 

dealt with in  publications o f the UNIDO Secretariat.—  ̂ I t  w il l  not be 

discussed in  th is  document. I t s  p rinc ip le s v i l l  only be mentioned in  order 

to  fa c ilita te  the work o f the F ir s t  Consultation.

An attempt was f i r s t  made to reduce to  a representative sample, the 

enormous variety of machines and equipment, which includes m illion s of 

products. This led to the selection o f  3l8 groups o f machines belonging to 

group 38 c f  the IS IC  international nomenclature. The follow ing question vas 

then asked: what mvst be done to manufacture them. That led to the

selection of 80 variab les, or necessary inputs.

Each o f the variables includes d ifferent leve ls o f  complexity. Ike  

technologies belong to different generations which are h is to r ic a lly  dated, 

and concrete defin itions are given fo r  the s ix  leve ls considered for each 

variab le .—^

In  the absence o f c r ite r ia  for quantifying the weight o f  the variables

considered, a conventional grading scale based on em pirical experience in
3/the sector was used.—

On the basis of the sample, a system of information on technological 

complexity has been constructed, the combinatory p o s s ib il it ie s  o f vhich are 

very high. With 3 18  groups of products, 8 0 variables and s ix  leve ls o f 

complexity, the system has a recording capacity of 152,6U0 items of data.

As compared with th is  theoretical capacity, the analysis of the 318 groups 

of machines has e ffective ly  mobilized about 35,000 items of data. The 

magnitude of th is  figure has Justified  the processing of the information 

by computer.

F in a lly , the 80 variables have been c la ss if ie d  into  "subassemblias" 

in the structure of production of cap ita l goods and many be divided into  

three "b locks":

A. The central production unit

B. The production infrastructure

C. The components incorporated in the cap ita l goods
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The central production unit i s  the block which supplies the completely 

assembled product to the customer. I t  necessarily includes both men and 

the means of production. I t  can therefore be divided into two sub- 

assemblies; the f i r s t  A l, is  centred on the management of the enterprise. 

Sub-assembly A2 consists of the means of production, that i s  to say the 

machinery which i s  e ssentia l for the functions o f the central production 

unit.

The infrastructure B consists of the semi-products and technical 

services sub-assemblies. The subassembly B l,  "sem i-finished products", 

covers the principa l a c t iv it ie s  o f the " f i r s t  converting o f metals" 

ac t iv ity , that i s  to say foundry work, forging and stamping. Sub-assembly 

B2, "technical se rv ices", includes a l l  the normal sub-contracting work in  

the engineering industries (annealing, heat treatment, m eta lization), the 

supply of manufacturing equipment (too ls, dies and moulds, gears, etc.) and 

also  the manufacturing processes characteristic  of metal fabrication and 

engineering construction (boilervork, machining and stamping).

The components C are an assembly that belongs to the simple or complex 

engineering industry (ball-bearings for example) or the e lec tr ica l or elec

tronic industries, or sp e c ia lit ie s  such as hydrau lics, pneumatics, measuring 

instruments etc. The model is  schematized in an annex.

Thus the analysis of technological complexity was centred on the

production function and the iden tification  o f inputs. The result was
w

the measurement of the technological complexity of the machines. —

2. This analysis has led to the formulation, with the caution 

necessarily required by a novel undertaking of th is  kind, certain 

"laws" of complexity and change in the sector. The analysis suggests 

that within the enormous variety and complexity characterizing equipment 

goods there ex ists relationsh ips of order and a r.on-arbitrary arrangement 

in the world o f machines. These relationships have been presented in an 

essay in the form of "propositions" to shov the non-dogmatic character 

of the conclusions and to fa c ilita te  discussion.

In  to ta l,  eight principa l propositions and 19 subsidiary  

propositions have been put forward concerning the "laws" of composition, 

with seven principa l and 1 0  subsidiary propositions 'o r  the "laws" of
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change. At the r isk  of sim plify ing the observed, re su lts ,  they w il l  he 

reduced to the follow ing princip le  propositions which are lik e ly ,  

a p r io r i , to have an impact on the worn o f the F ir s t  Consultation.

Proposition A

Capital goods are characterized by the considerable hetero- •

geneity o f the ir technological contents and, consequently, 

by the ir complexity.

Complexity due to components increases with to ta l complexity.

The dispersion of production complexity for cap ita l goods 

without components i s  sm aller, although i t  s t i l l  remains large.

Proposition B

Considered as products (in ternational c la s s if ic a t io n ) ,  the 

machines show great inequality o f complexity. The mean 

complexities are arranged in  the follow ing order: simple metal 

products, e le c tr ic a l machines, measurement and monitoring 

instruments, non -e lectria l machines, transport equipment.

This mean order o f complexity with components does not wary 

when calculated without components. However, the dispersions vary.

As a function o f the f in a l demand in the sectors for which 

they are intended, the order of complexity of spec ific  

cap ital goods is  as follows: agricu ltu ra l machinery, 

agro-food in d u str ie s, chemicals and petrochemicals, 

bu ild ing and bu ild ing m aterials industry, engineering 

construction, extraction o f m inerals, agro-industries, tobacco, 

leather, te x t ile s ,  heavy metallurgy, iron and stee l, forging, 

foundry, road transport equipment, r a i l  transport equipment, 

a ir  transport equipment.

Without components, the order of complexity becomes:

agricu ltu ra l machinery, food industries, mechanical engineering, #

build ing materials industry, chemicals and petrochemicals,

extraction of minerals, agro-industries, heavy metallurgy, *

road, r a i l  and a ir  transport equipment.

Proposition C

The mean complexity of goods common to a l l  branches, which 

represent UO/t of ¡.he value of cap ita l goods, is  le ss  than 

that of the mean of a l l  can ita l goods. The weight of the



components i s  le ss ,  but the dispersion of complexity is  

considerable There is  a technological gap between the 

products of low complexity and the others.

Proposition D

The great majority of cap ita l goods are concentrated at 

leve ls 3 and U of to ta l complexity.

Proposition E

Rie production apparatus manufacturing cap ita l goods is  integrated 

by cumulative complexity leve ls which represent various technological 

generations. Enlargement of the range of products necessitates 

recourse to production factors o f higher degrees o f complexity.

In  order to produce cap ita l goods i t  i s  not only the presence 

of production factors which are necessary, but a lso  that the 

la t te r  should have a spec ific  index of complexity, and, as a 

consequence, that different generations are mobilized within 

the technological stock.

3. The above analysis concerns the kinds o f ru les which appear 

to ex ist in  the s ta t ic  arrangement o f  the cap ita l goods system. It 

is necessary to supplement th is  with the dynamism of the evolution 

which i s  suggested by the existence of d ifferent leve ls of complexity.

These leve ls are observed today, hut they have a h isto ry , and time 

was necessary for them to he established. This leads to the 

formulation of the main propositions concerning the "laws" of 

change.

Proposition A

Hie rise  in the to ta l complexity is  accompanied by changes in  

the in d u str ia l fabric constituted by assemblies A ( central, 

production u n it), B (technical infrastructure) and C 

(components). At leve ls 1, 2 and 3, A dominates, at 

leve l h , 2 and C become equally important, while at 

leve ls 5 and 6 the influence of components in the to ta l 

complexity becomes preponderant.

At leve l 1 the influence of means of production 

(subassembly) (A2 of the central unit) on the to ta l 

complexity is  dominant.
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Then comes the influence of the subassembly A l, vhich 

is  centred on the management o f the central production 

unit. The technical infrastructure and components nave 

a smaller influence.

At leve l 2 the influence o f means of production ,

in the to ta l complexity remains high, as does also that

o f management. The influence o f the technical infrastructure »

and o f components increases.

At leve l 3 the influence of the subassemblies is  

equalized, the factors of production and management are 

balanced, and th e ir  influence remains s l ig h t ly  higher than 

that of the infrastructure and the components.

At leve l 1* components take over the majority influence, 

in frastructure  is  balanced with management in the to ta l 

complexity, vh ile  the influence of the production apparatus 

i s  re la t ive ly  reduced.

At leve l 5 the trends shown at leve l U are amplified: 

components, and to a le sser ertent the infrastructure, increase 

in importance, that of management is  stab ilized , while that of 

the means o f production f a l ls .

At leve l 6 components increase markedly in importance, 

while the re la tive  influence of the technical infrastructure  

on complexity i s  reduced. That o f management increases 

appreciably, vh ile  that of the means of production f a l ls  

considerably.

Proposition B

Among the production factors more than 50? are necessary at 

leve l 1 o f the to ta l technological complexity of machines.

In  order to advance to leve l 2, the presence of 80? of these '

factors is  necessary; at leve l 3 , p ractica lly  1 0 0 ? are necessary. j
(These propositions are independent of the leve l of complexity 

of the factors ).
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PrOTJOSition C

Tüe basis of the industria l fabi-ie i s  constructed st leve ls 1

and 2. I t  is  the f i r s t  accumulation at these leve ls vhich 

allows a considerable "ga in " in the number of machines 

produced, and in complexity, at leve l 3- From th is  level 

onwards the increasing complexity of the variable  makes possible  

the increase in  the number o f the more complicated machines,

according to  a non-linear process.

NOTES

1/ "Technology in  the Service of Development" -  Global Preparatory 
Meeting for the F irst  Consultation on Cap ita l Goods -  Warsaw,
Poland, 2U-28 November 1980 -  UNIDO -  ID/WG.3 2 U/I* _ 19 September 1980.

2/ For a de fin ition , see pp. 5 and 6 o f the above-mentioned document 
"Technology in the Service of Development".

3/ This analysis i s  based on the work of Mr. Franco Vidossich: "Búsqueda 
de una teoria  para producir beines de cap ita l en lo s paises en v ia  de 
desarro llo " -  January 1980 -  Report for UNIDO/ICIS.

hj For a study of the problems of measuring technological complexity, see: 
"Note on measuring the complexity o f machines and equipment" in  
annex 2 of the document "Technology in  the Service of Development" -  
ID/WG.32U/U/Add.2 of 19 September 1980.

I t  w il l  be noted that the measurement of the complexity of machines 
and equipment has been done on the basis of the ir production function. 
Another approach would consist in  measuring on the basis of output, 
which would lead to the addition of d ifferent c r ite r ia ,  in  particu lar  
the functions performed by the machine. I t  i s  in teresting to note the 
work done in  th is  respect in  Poland, which also uses a conventional 
grading scale.

Tadeusz Florezak -  TEKOMA -  Poland: "Technical Level of Production
Goods as an Important Element of Industry Deve ->pment Strategy" -  
Warsaw, March 1981.




