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Preface 
• 

The rapid implementtttion o·f computer-aided design (CAD) and computer-aided 
manufacturing (CAM) in industrialized countries will have repercussions in the 
future on interna~ional trade, particularly North-South. Progress in low-price, 
high-performance microcomruters, together with appropriate software, has 
facilitated the introduction of CAD and CAM systems ~ased on microcomputers and 
their expanding use in medium-scale and small-scale industry in industrialized 
c..>untries. 

This ~tudy deals with the potential and basic requirements for the 
introduction of these instruments in developing countries. After a brief analysis 
of the capital goods sector in the industrialized countries ar.d in selected 
developing countries, focusing on the role of medium-scale and small-scale 
industry, there is a description of the new computer-aided (CA) techni~ues at 
enterprise level. This is followed by an analysis of tne impact of these new 
technologies on medium-scale and small-scale industry in developing countries and 
their application potential. 

Th~ next chapter analyses the political and institutional prerEquisites for 
the introduction of these new technologies in developing countries. There is a 
brief description of the systems for promotion of medium-scale and small-scale 
industry in l.:idia and the Republic cf Korea. It is shown that a specific 
industrial policy for medium-scale and small-scale industry, including tne 
prcmDtion Qf sub-contracting and the technological specialization of small and 
medium-sized enterprises for promotion, above all the establishment of enterprises 
in advanced technology areas, are essential conditions for any expansion of the 
industrial base in the capital goods sector. Considering che specific conditions 
of each country and bearing in mind the objective of technological progress, it is 
recoaaended that one should analyse whether industrial policies, industrial support 
institutions and proim>tion programmes are adequate to permic utilization of the 
potential represented by the application of data-processing systems in medium-scale 
and small··scale enterprises in developing countries. 

This study was used as a discussion document at the Meeting of the UNIDO/JUNAC 
(Board of the Cartagena Agreement) Technical WorKing Group for the Formulation of a 
Work Prograaae on Micro-electronics in the Capital Goods Industries of the Andean 
~roup Countries (project UC/RLA./86/230), held at Paipa and Bogota from 
8 to 12 March 1987. The final report of this weeting was issued as 
document UNIDO/PPD.3~. 

\ .. , ~ 

The present paper was prepared in co-operation with ae.· a: Platzer (Federal 
Republic of Ger'll80y), acting·as UNIDO consultant. Tabl~s and diagrams for which no 
source is mentioned were produced by the consultant. 
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EXPLAN1>.TORY fl)TES 

References to dollars ($) are United States dollars, unless otherwise stated. 

A co11111a (,) is used to distinguish thousands and millions. 

A full stop (.) is used to indicate decimals. 

A slash {/)between dates (e.g. 1 1980/1981) indicates a crop year, financial 
year or academic year. 

Use of a hyphen between dates (e.g. 1 1960-1965) indicates the full period 
involved 1 including the begi:nning and end years. 

CAA 
CAD 
CAE 
CAM 
CAP 
CAPP 
CAQ 
CAR 
CAT 
CIM 
CN<>rr 

The term ''billion11 signifies a thoosand aillion. 

Metric tons have been used throughout. 

The following symbols have been used in tables: 

Three dots ( ••• ) indicate that data are not available or are not 
separately reported. 

A dash (-) indicates that the amount is nil or negligible. 

A blank inoicates that the item is not applicable • 
. 

Totals may not add precisely because of rounding. 

ABBREVIATIONS 

Compliter-aided assembly 
Computer-aided design 
Computer-aided engineering 
Computer-aided manufacturing 
Computer-aided plan~ ing 
Computer-aided process planning 
Computer-aided quality assurance 
Computer-aided robot·:cs 
Computer-aided testing 
Computer-integrated manufacturing 
Computerized numerically controlled machine tools 



l. IN1RODUCTION 

The purpose of this study is to analyse the desirability of and need for 
introducing the new enterprise-level computerized-system technologies, co111DOnly 
referred to as "computer-aided" (CA), in the medium-scale and small-scale industry 
of developing countries. The st1•dy also s.eeks to assess the potential for their 
applications and the impact on the expansion of the industrial base. 

Chapter 2 gives a brief description of the capital goods industry in tne 
industrialized countries and of structural and trade characterist1cs. It also 
deals with aspects of this industrial sector in some developing countries, placing 
greatest empnasis on the selected examples: India and the Republic of Korea. The 
countries dealt with are compared in order to identify the political and 
promotional prerequisites for the expansion of medium-scale and small-scale 
indus~ry in developing countries. 

Chapter J presents a schematic system of the CA technologies and describe5 
specific applications in the different technical areas of an enterprise. It then 
goes on to analyse the impact of these technologies on medium-scale and small-scale 
industry in developing countries. 

The strategy options and the industrial policy and industrial pro.i.otion 
framework needed to encourage medium-scale a.1d small-scale industry in the 
dev~loping countries are discussed in cnapter 4. The examples of India and the 
Republic of Korea are again used for an analysis of the impact of political, 
promotional and technological support measures on progress in medium-scale and 
small-scale industry. This provides the basis for directly deducl.Dg 
recommendations i~ specific areas for the expansion of the industrial base in the 
capital goods sector. Chapter 5 contains tne basic conclusions and recommendations. 
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2. THE ROLE OF SHALL- AND KEO IUM-SCA.Lt: ENTERPRISES IN nit: CAP ITAL WOOS SECTOR OF 
DEVELOPING COUNTRIES 

2.1 Definitions 

2.1.l Classification of enterprises 

The criteria for classifying enterprises into micro-, small-scale and 
large-scale enterprises vary froa country to country. In tne context of the 
present $tudy, for practical reasons, the number of employees per establishment is 
used as being the most coamon international parameter. This gives the following 
classification for developing countries: 1/ 

Micro-enterprise: up t~ 
Small-scale enterprise: 
Medium-scale enterprise~ 
Large-scale enterprise: 

. 
four employees; 
froa 5.to 19 employees; 

from 20 _ to 99 employees; 
ov~r lUO employees. 

The study focuses on medium-scale and small-scale enterprises which, in 
-Latin America, represent globally between 80 and 90 per cent of the total number ~f 
industrial establishments and provide employment for between 40 and 70 pe~ ~ent of 
the labour force. As far as added value per worker is concerned, the statistics 
normally show that it is lower for this group of enterprises thaP for large-scale 
enterprises or induatry as a wnole. The same applies to the level of investment 
per worker. Both ratios indicate that, overall, tne operations of this group of 
enterprises are more intensive in terms. of labour and less intensive in terms of 
capital requirements. 

2.1.2 Capital goods 

Until now there has-been no single definition of ca~ital goods, which are 
characterized by great diversity and heterogeneity. lt is estimated tnat the 
number of different products that could be classified as capital goods is closP. to 
4 million. Some products may have a dual character, e.g. telepnones for domes~ic 
use or for use in businesses. If we consider the end use of capital goods, the 
following differentiation can be made~ 

Capital goods for the production of capital goods, i.e. machinery and 
equipment used for tbe production of goods within the capital goo~s sector 
itself; this means above all machine tools and corresponding automation · 
systems and, in a broader conte~t, also construction machinery and 
equipment; 

Capital goods for the production of intermediate goods, e.g. electric power 
production and distribution equipment, installations for the production of 
iron and steel, fertilizers and other chemical products, and mining 
equipment; 

!./ In industrialized countries, a small-scale enterpris~ may have up to 
99 employees and a medium-scale enterprise from 100 to 499 employees. 
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Capital goods for t~e production of consumer goods and services, 
e.g.· agricultural machinery and implements, and equipment for food 
proce.~sing and foot~ear~ textile and electrical consumer•good~ 
industries. 2/ 

In regard to industrial classificdtion 1 capital goods together with consumer 
durables form group 38.of the International Standard Industrial Classification 
(ISIC) made up of industries concerned with metalworking and engineering, 
no~-electrical machinery, electrical, electronic and teiecoamaunications machinery 
and equipment, transport equipment and scientific and measuring equipment. There 
~re other industrial branches manufacturing products that may be regarded as 
capital goods, e.g. wooden office furniture (ISIC group 33) or lorry tyres 
(group 35). However, such pro~ucts represe~t a tiny proportion compared with the 
volume of production and sales of tnose in groo1p 38 and are therefore generally not 
considered in the relevant literature or in global analyses under the neading 
"capitai goods". The distinctive· feature of all these products is that they cause 
the reproduction and expansion of the stock of economic wealth and the flow of 
income through their contributi~~ to gross fixed capital formation. 

2.2 Some characteristics of tne capital goods industry in industrialized countries 

2. 2. l Structural aspec:ts of the sector 

The most important count~ies internationally in the capital goods sector are 
the market-economy industrialized countries which, in 1970, accounted for 
approximately 74 per cent of total world.production, a figure which had droppP.d to 
approximately 63 per cent by 1~80. In the same period the Eastern European 
countries increased tneir share from 20 per cent (1970) to 29 per cent (1980) and 
the developing countries from 6 per cent (1970) to 8 per cent (1980). "!_/ 

With regard to the market-economy countries, six countries (United Sta~es of 
A:ne1ica, Japan, Federal Republic of Germany, United Kingdom, France and Italy) 
account for over 80 per cent of these countries' exports. Although their economic 
structures differ in many aspects, as regzrds their capital goods industry they 
have in common the fact that small- and medium-scale enterprises (with up to 
499 employees) predominate. Table 1 summarizes this industrial structure for tne 
United States, the Federal Republic of Germany and Japan; the United Kingdom, 
France and Italy ha~e the same characteristics. In the three countries cons~dered, 
enterprises with up to 49 employees represent the largest proportion of all 
industrial establishments in the sector {it is worth mentioning that, in the 
Federal Republic of Germany, some of tne small-scale enterprises a~e considered to 
be craft enterprises, which may have an impact on the percentage figure for 
enterprises of this size), whereas enterprises with 500 or more employees represent 
a mere 10 per cent. Enterprises with up to 499 employees account for 48 per cent 
of annual sales in the United Sta~es, 55 per Cf.nt in Japan and '•2 per cent in the 
Federal Republic of Germany. 'Chis analysis appears to confirm tnat small- and 
medium-scale production units offer economic advantages in the production of 
machinery and equipment, where the bulk of production is in small batched. 

2/ "Capital goods industry in develoi>ing countries: a second world-wide 
study", UNIDO/IS.530, Vienna, Hay 1985. 

3/ UNCCAD, "The capital goods sector in developing countries: technology 
issues and policy options", :'ew York, 1985 {United Nations publication, Sales 
No. E.8S.1I.D.4). 
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Table l. Structure of tne capital goods industry in the Uni.Led States, 
Japan ~nd the Federal Republic ~f Germany, 1985 

Percentage within the total number of enterprises 

Number of employees United States 

20-49 51 
50-99 22 
100-499 21 
500 anc! over 6 

Total 100 

Japan 

58 
20 
lS 
4 

100 

Federal Republic 
of Germany 

38 
2J 
30 

'J 

100 

Source: Verband Deutscher Masch111en- und Anlagenbau e. V. (VDMA) ~ Mascninen
und Anlagenbau im Zentrum des Investierens, Frankfurt, 1986. 

The capital goods sector is closely linked to all the other economic· sectors, 
as indicated in general by input-output tables. As far as the machinery industry 
in the Federal Republic of Germany is concerned, the resulting interdependence is 
shC1'ifn in table 2. 

Table 2. Machinery industry in the Federal Republic of Germany 

Suppliers of parts, 
components and services Percentage 

Metalworking and engineering 32.0 
Services 13.5 
Electrical and electronics 

industries 10. l 
Foundries 6.0 
Bolling and wire drawing 5.S 
Iron and steel 4.S 
Others 28.4 

Purchasers of machinery 
and equipment 

Metalworking and engineering 
Transport 
Agriculture 
Electrical and electronics 

induatries 
Chemicals 
Cons true t ion 
Others 

Percentage 

26.S 
7 .o 
5.3 

5.2 
5.1 
4.S 

46.4 

This interdependence also demonstrates the very important role of 
sub-contracting for parts and services (e.g. engir.eerin&) in an industrialized 
country. Whereas it is estimated that sub-cc::itracting amounts to approximately 
40 per cent o.r the final value of capital goods in industrialized countries, j .1 

India the proportion is a mere 10 per cent. !!./ 

f!./ Jorge H. Katz and collaborators, ''Desarrollo y cruu de la capacidad 
tecnol6gica latinoamericana~ el caso de la industria metalmec4nica", 
Buenos Aires, 1986. 
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An important feature of the capital goods industries of tne market-economy 
industrialized countries is the large volume of international trade. To take the 
example of the Federal Republic of Germany, approximately two thirds c~ the 
production of macninery is for export, while in 1'185 inports of these products 
represented 43 per cent of annual sales in tne Federal ~.epublic of Germany (in 
1975 machinery import~ constituted only 28 per cent). This evolution clearly 
indicates the advance made in production specialization and emphasis on products 
where enterprises have technological or price advantages over competito~s. In 1985 
the developing countries already accounted for over three per cent of machinery 
imports into the Federal Republic of Germany, above all machines for general use 
since these were produced under better price conditions than in the industrialized 
countries. As regards the production costs of capital goods, in all countries 
labour represents about one third of the total cost, approximately 10 per cent more 
than in the industrial sector in general. This indicates the labour intensity of 
the capital goods sector and also reflects the hign proportion of qualified 
personnel receiving wages above the industrial average level. In all tt.e countries 
considered, enterprises spent approximately t:iee per cent of their annual 
expenditure on research and development and four per cent on new investments. 

2.2.2 Recent technological developments 

An outstanding feature of this sector, above all in industrialized countries, 
is the nigh degree of specialization of individual enterprises, witn an ensuing 
high level of sub-contracting. Furtherunre, in industrialized co~ntries the 
small-scale and, to a certain extent, medium-scale enterprises concentrate on the 
production of intermediate products and parts and components, whereas the 
large-scale enterprises focus on the production and/or assembly of end products. 
In developing countries there are relatively more small-scale enterprises offering 
end p:~oduc ts. Th ill indicates that s pee ial iza t ion of product ion, cone en tra t ion of 
individual efforts by enterprises and sub-coPtracting and complementation of 
production are at inLtial stages. It is to be expected tnat some of tnese 
small·-scale enterprises will become medium-scale enterprises by purchasing other 
similar enterprises, perhaps large ones, and continuing to manufacture end 
products, while others will be able to manufacture intermediate products and/or 
components or will simply disappear because they do not have the necessary 
entrepreneurial flexibility to adjust to th~ new market conditions. This process 
will lead to an increase in productivity and capacity for tecnnological development. 

This specialization process, combined with ~uh-contracting and/or 
complementation, took place in Europe over the past 30 or so years, principally 
owing to two very different factors: the introduction of value added tax in tne 
period 1950-1960 which neutralized the tax burden on production inputs and the 
application of numerically controlled machine tools in the 1960s. This automation 
gave rise to mass production of machined parts and reduced th.e manpower requirement 
on the production lines and product rejects due to human error. This trend 
continued with the introduction of gradual automation in other areas of the 
production process, specifically product quality control, product storage and raw 
material and intermediata material inspection. 

This auton:.ation phase had the serious drawback that it required relatively 
large production batches in 01:der to be competitive in price because machine 
retooling required ratner a long time and caused idle time in production. 
F~rthermore, numerically controlled machine tools normally carried out only one 
operation (e.g. drilling or turning). This automation played a large part in the 
increase in the rationalization index cf the production process, whicn reacned 
nearly 5.5 per cent per annum in the Federal Republic of Germany in the 1960s. 
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As a result of a sla.ting down of technological developaent and other factors, 
particularly economic factors, leading to a considerable reduction in industrial 
earnings, this index diainisbed during the 197Us to 4 per cent per annua and was a 
mere 2 per cent in t~e first four years of this decade. 

The lack of electronic e~uipment at acceptable prices to deal with data in tne 
production process was one of the ..,st iaportant factors in the sluvdovn in 
technological development. Large-scale enterprises introduced coaputing systeas in 
production and assembly, e.g. the automotive industry, but these systeas were not 
econoai.cally viable and did not offer adequate production capacity for saall- and 
medium-scale industry. This situation was paralleled by the development of 
multifunctional machine tools with automatic retaoling, thus reducing idle tiae and 
the transport between machines of products in the process of aanufacture. 
Numerical control systems began to generate coaputerized multifunctional machine 
systems with automatic retooling and three-dimensional working capacity. At the 
same t!.me, multifunctional machine tools were grouped to fora coapulerized machine 
centres, producing a reduction in product aanutacturing tiae. Depending on the 
type of µart involved, the machines receive operating co...ands fro• a central 
computer which draws the necessary data frOlll its aeaory. This advance was aade 
possible by the reduction in price and, alongside this, by the increc1Se in 
micro-electronic computing system capacity. Mini-coaputers and aicrocoaputers are 
currently used in areas which previously required large computers, thus bringing 
production system prices within the reach of small- and medium-scale enterprises 
(machine centres cost in the region of $5U,000-15U,OOO, depending on the size of 
the centre and the work functions involved). The high degree of flexibility of 
these production systems also makes it possible to manufacture parts and pieces in 
small batches, thus providing a basis for increased productivity and reduced costs 
in the area of greatest industrial production importance, i.e. batcn production. 

The effects on manpower are considerable: production lines mereiy r!'quire 
supervisors and a few workers and there is a need for more production and computing 
experts in the enterprises - e.g. to write tne program for the computers (it is 
estimated that the ratio between hardware and software is currently 70:30 but that, 
at the end of the next decade, software will account for 90 per cent of costs). 
Although automation has an impact on manpower in each enterprise and also in each 
industrial sector, it is estimated that, in the Federal Republic of Germany, the 
effect on unemployment is relatively slight~ approximately J per cent of the 
labour force is put out of work because of the introduction of automated systems, 
2 per cent of these people find work in other areas within the enterprise and l per 
cent are not re-employed in the same enterprise. This means that there is a need 
for vocational re~rientation programmes for rne labour force, both ln the 
enterprise and nationally. 

These changes require~ high degree of flexibility in the enterprises, 
particularly small-scale enterprises, with regard to their future business 
opportunities for expanding their areas of operation. This process will also begin 
in the near future in developing countries, where automated product1on of 
batch-manufactured product.a can open up fresh fields of industrial activity. ln 
the past, these products were not manufactured in developing countries because of 
the lack of qualifjed production labour. ln future it could be the lack of 
technicians and engineers that is the obstacle to the manufacture of these products. 

2.2.3 Some colllllk!nts on the production system 

With reference to production systems, it is possible to distinguish between 
continuous processes, generally mass production, and batch (discontinuous) 
processes, for the production of individual batches and in response to customer 
orders. According to an analysis by lhe Economist intelligence Unit, approximately 
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80 per cent of all products aanufactured in tne world are produced in batches of 
between 10 and 50 pieces. The unit productiun cost is between five and 20 times 
higher than it would be if those products were mass-produced. !_/ 

Against this background it is interesting to coapare the production systems of 
industry in the United States and the IDited Kingdom, as an exaaple of a European 
country. The value added depending on the production systea is as follows: 

Table 3. Distribution of value added depe!lding 
on the production systea (percentage) 

Production type 

Mass production 
Batcn production 
Production to order a/ 
Total 

United States 

48 
40 
l2 

100 

United Kingdom 

12 
30 
58 

100 

a/ Including aircraft, special aac~inery and special regulation systems. 

It is estimated that tile Japanese structure of production systems (no exact 
figures are available) includes even more mass production than the United States, 
while the Federal Republic of Germany falls between the United Kingdom and the 
United States, but closer to the United Kingdom. 

The difference in unit production cost (i.e. products manufactured in batches 
are five to 20 times dearer than products which are aass-produced) indicates the 
greater productivity of aass production compared with other systems, such as the 
iron and steel and the automotive industries, which have very different 
characteristics. In the iron and steel industry the only product being 
l'J8nufactured is steel (albeit in various forms) which is produced in a variety of 
di.ensions (plates, bars, sections, etc.) in the final stages. The investaent per 
industrial unit is one of the highest of all industrial technologies, resulting in 
an extremely hign cost per job. The high level of auto11.c:t:i.Jn in this sector is 
characterized by the tailoring of each production stage the preceding and/or 
succeeding one. 

The question of autoaation in tne automotive industry is quite different. In 
this case it is a matter of producing components, parts and pieces in such a way 
that there is no interruption in tne coaplex end product assembly process (leaving 
asicie, in this context, coaaponent production). To a greater extent than in the 
iron and steel industry, automation has taken over froaa humans on the production 
lines, contributing to the introduction of the industrial robot. 

Recently there has been a change in the autom>tive production structure, 
particularly in Sweden, moving away from the rigid production line towards 
production groups in which the human contribution once again has more opportunity 
to determine the work rhythm. 

This change has reduced the psychological pressure on workers and absences due 
to work-induced illnesses. In other words, flexibility in the production process 
has been increased in order to have mere human work stations and higher 
productivity. This increased flexibility was made possible· by the introduction of 

2,1 Economist Intelligence Unit, "Chips in Induatry", London, 1986. 
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ai.cro-electronic systeas in production and ~ssellbly proces~es ~~~ components and 
end products. In a way, we see here an increase jn produc~ivity throu~ t~e use of 
batch (discontinuous) production aetbods surpassing the cost oi cor..tinuous 
production. 

2.3 The s-n- and .edi~scale metalworking and engineering industry in 
developing countries 

the s-.ll-scale industries in tbe capital goods sector in industrialized 
countries are .. inly suppliers of intermediate products, parts and coaponents to 
other enterprises wbicb are generally larger (mediua- and large-scale 
enterprises). the saall-scale enterprises noraally have relatively close 
connections with their customers and co-operate witb the• on specific tasks, sucn 
as technological researcb and development of nev products. Tney specialize in the 
production of a few products using advanced technology (high technology in the 
production process or high-technology products). 

the corresponding saall-scale enterprises in developing countries are 
predoainantly involved in end product aanufacture and thus compete with 
aediua-scale enterprises and sometimes large-scale enterprises on tbe saae sales 
aarket. The specialization of such enterprises is comparatively far less marked 
and a direct link with the custoaer and inter-industry co-operation are relatively 
rare. These enterpris~s generally try to increase tneir sales figures by expanding 
their production range, ratber than by specializing in a few well-designed products 
and achieving deeper sales market penetration with those products, often with less 
competition. This change in ap?roach will also bring about an appreciable increase 
in enterprise productivity and, generally, an increase in product quality. 

There are many reasons for these differences betveen small-scale enterprises 
in the two groups of countries considered. One of the bases of these differences 
lies in the relatively short injustrial history of developing countries. ln the 
first stages of industrialization, it is pn~•sical prc:-duction which tends 1:0 play a 
predoainant part. A$ advances are made in industrialization other enterprise 
functions become more important, e.g. marketing, organization and technological 
innovation. This leads to a transition of entrepreneurial efforts to the areas of 
planning, analysis and control of operations and functions within enterprises or 
enterprise departments, researci1 and technological development and manpower 
specialization. If a small-scale enterprise is to progress, it is extremely 
important for it to possess an innovative business management approach, as can be 
seen in the industrialized c"un tr i,es and in some "nearly ind us trial ized countries" 
(NICs) such as Singapore, tne Republic of Korea and Taiwan Province, as well as, in 
specific instances, Colombia. 

This indicates that the developing countries can hope to progress gradually 
towards production specialization, i.e. the focusing of efforts within enterprises 
on specific engineering tasks, broader use of sub-contracting and production 
complementarity between enterprises. At tne same time, tnere must be external 
promotional efforts to give impetus to this process of change which will be 
discussed in chapter 4. 

Since not all existing and future enterprises will adapt to these situational 
changes and, moreover, since the market structures will not change abruptly (with 
the exception of the high-technology market), there is reason to believe that the 
small-scale enterprises in the metalworking and engineering sector in countries 
with strong industrial development will fluctuate between two extremes: 

The traditional labour-intensive small-scale enterprise witn relatively lov 
levels of investment per worker, manufacturing products of relatively low 
selling price, low tecnnological complexity and relatively low quality for 
a broad market; 



- 9 -

The modern saall-scale enterprise, relatively intensive as regards physical 
and hwnn capital investment, technologically advcmced and operating with 
considerable flexibility, manufacturing very specific nigh-technology 
products for a clearly-defined market with a selected circle of customers. 

Tbe&e two categories of enterprises will have different machinery and 
equipment, as well as different production operations, personnel with greatly 
contrasting skills and unequal market concitions. The promotion of these two 
groups will obviously require different strategies: whereas the first category 
requires technical assistance to improve its econoaic and technical situation, the 
second category requires, in particular, support in the pre-investment phase, a 
favourable environaent in teras of legal and fiscal ~ervices for ousinesses and a 
promotion strategy to attract human and financial (sometimes risk) resources to 
these new enterprises. They vill also benefit from the aoditional creation of 
service enterprises in the coaputing sector, enterprises providing both hardware 
and software and systems analysis and engineering enterprises, vith particular 
reference to production control and planning systems. 

2.3.1 Importance of the capital goods s~ctor 

The importance of the capital goods sector increases as industrialization 
progresses (see figure 1), while the consumer product sector becomes less important 
(see table 4). In Latin America, the share of the capital goods sector in 
manufacturing sector value added amounts to approximately 2) per cent, but there 
has been little growth in the last decade. In the Republic of Korea, the capital 
goods sector accounted for 16.J per cent of value added in 197), rising to 
27.4 per cent in 1983, an indication of the strong industrial growth in that 
country. 

Tables S and 6 show the composition of ehe capital goods sector in various 
groups of countries. It canoe seen that fabricated metal products (!SIC 381) 
decline in iiportance as industrial development takes place, while electrical 
machinery and equipment (!SIC 383) account for an increasing proportion of tne 
capital goods sector, reflecting the transition from the production of relatively 
simple products of low technolcgical complexity to that of products of hign 
technological complexity, above all the telecommunications and micro-electronics 
products included in ISIC 383. This again indicates the strong basis of the 
capital go.:>ds industry in the Republic of Korea, where t11is group dominates the 
capital goods sector. 

The development prospects for the capital goods sector in Latin America are 
indicated in table 7. The greatest growth is anticipated in the transport 
equipment and scientific equipment groups (bearing in mind that the 1980 base for 
the latter is relatively low). 

This development, .;ased on past group growth patterns, will give a capital 
goods sector of the kiuo set out in table r5. The past trends wil 1.. give particular 
empnasis to the transport equipment group, while tnose groups which are very 
important for balanced development of the sector will lose ~ro~nd, i.e. 
non-electrical machinery and electrical machinery and equipment. Furthermore, 
table 8 clearly shows that there will be growth in the group which is most Largely 
made up of large-scale enterprises, wnile the other four groups, in wnich there is 
an international numerical predominance of small- and medium-i;cale enterprises, 
will lose a considerable part of their importance. To conclude: Latin America 
neP.ds another strategy to promote sma 11- and medium-scale enterprises if it is to 
develop an internally balanced and externally competitive capital goods industry. 
lf not, the transport equipment group will have to meet its requirements for parts 
and components generally supplied by other capital goods groups outside the region. 

' 
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Fi.gure 1. Share of the engineering industry 1n t 1 f 1950-1980 ota manu acturing value addetl, 
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Source: "Prospects for industrial development and for a capital goods 
industry in Indonesia", Vienna, 20 July 1984 (UNIOO/IS.479 and Md.l and 2). 

Figure 2. Share of non-electrical machinery (ISIC 382) in total manufacturing 
value added, 1950-1980 
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Source: "Prospects for industrial development and for a capital goods 
industry in Indonesia", Vienna, 20 July 1~84. 



Table 4, Structure of aanufacturin1 indultry i.n Latin America· (U countrl.11) 1 !1 
19S0-1977 (percenta1e of value added) 

lSlC lnduatry l9SO !I 19SS !/ 1960 £_/ 196S 1970 197S 1976 ~/ 1977 !I !.1 

lll-312 Food, bevera1ea ll,0 28.6 26,7 24,4 21,0 20.7 19,8 18. 9 
313-314 and tobacco 

321 Text ilea 15.9 14. 7 11.9 10.2 8,8 8.2 7 .9 7.11 
)22-324 Footwear 8.1 7.1 5 5 4.5 ),6 3.5 3.2 J,0 

)23 Leather 1.0 0.9 0,7 0,6 o.8 0,4 0.4 0,3 
))2 Furniture 2.2 1.9 1.7 1.5 1.3 1.3 1.3 l.S 
342 Printin1 and pwbliahina 4.2 4,0 3,5 3,3 l.2 2.6 2.7 2.8 
390 Other .. nufacturea 1.0 0.9 0,9 0,9 1.1 0.9 0,9 0.9 

Subtotal Grou~ ~ 58,l 12:.! ihl 41.8 .&! l!.:l lhl 
331 Wood and cork product• 2.9 2.4 2.3 2.1 1.8 1.7 1.8 2.1 
341 Paper and paper product• 2.2 2.4 2.1 2,5 2.6 2.3 2.4 2,4 

lSl-3S2 lndua tr i"al cheaicah, S.4 7.3 8.8 10,0 11.3 12.6 13,S 14.7 
3S6 other cheaical1 and pla1tic 

pr~<tuct• 

3Sl-3S4 Petroleua •='inerie1 and 4.11 5.6 6,0 
product• of petroleu~ and coal 

6.6 6.3 5.6 5.8 4.l 

355 Rubber productl 1.5 1.8 1.8 1.9 2.0 2.2 2.3 2.J 
361-362 Non...,..tallic aineral product• S.3 5,6 4.9 4.6 S,l 5.4 S.4 6. l 

369 
371-372 lron and ateel and non-ferroua 3.6 4,6 S.7 7,0 7.l 7.6 7.4 8.S 

Mtah 
~ 
~ 

Subtotal Grouf....!. ~ 29.7 .ll.:1. .li:! l!:.!! .&.!! l!:.! !!$h!t 
381 Metal producta 4.3 4,6 4.6 5,6 5.8 5.6 5.4 s.o 
382 Non-electrical .. chinery 2.9 3,5 4.2 4.4 4.5 5.4 5,8 s.1 
383 Electrical .. chinery 0.9 1.1 3,0 3,8 4.3 4.7 5.0 S.7 
384 Tranaport equipaent 2.4 2.6 5.1 5,5 6,7 8,7 8,3 7.9 
385 Profe1aional equipaent 0.4 0,4 0.5 0,6 0.4 0,6 0,6 0,8 

Subtotal Group C 10.9 12.2 ll.:.!! 19.9 .!!.:.! lh2 25.3 24.5 

!il!.1.. 100.0 ~ 100,0 ~ ~ ~ lli.& ~ 

a/ Ar1entina, Bolivia, Braail, Colollbia, Coata Rica, Chile, Ecuador, El Salvador, Guate .. la, 
Honduraa, Mexico, Nicara1ua 1 Paraauay, Peru and Vene&uela, 

!/ !xcludina Bolivia, Chile, Paraauay and mellber countrie1 of the Central American Coauon 
Market (Coata Rica, El Salvador, Guateaala, Honduraa and Nicaraaua). 

s_/ Excludina Paraauay 

~/ Excludina ••.tier countriea of the Central American Co111111C1n Market, 

!/ EY.cludin1 Araentina. 

~; ECLA, baaed on official atatiatica, 
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Table 5. Composition of tne capital gooas sector 
(percentage) 

ISIC 

C.11pital goods 

He tal products 

Non-eJ ectrical 
aachinery 

Electrical machinery 
and equipment 

Transport equipment 

Scientific and 
measuring equipment 

Market-economy 
developed countries 
1963 1980 

100.0 100.U 

19.8 17.0 

28.6 28.l 

18.4 24.4 

28.4 24.4 

4.8 6.1 

Developing countries 
l9b3 1980 

100.U 100.0 

25.6 2U.l 

17.J 22.6 

19.9 23.j 

34.6 J2.l 

2.6 1.7 

Republic 
of Korea 

l9d3 

lUO.O 

L:>.U 

15.0 

J6.7 

3U.5 

2.8 



Table 6. Structure of the enaineerina indu1try in Latin Allerica and 1elected 
1ubre1ion1, 19S0-1977 (percent•&•• of value added) 

ISIC Product aroup 1950 19S5 1960 196S 1970 1971 1972. 19/J 1974 

Latin America 

381 Fabricated aetal product• 4,3 4.6 4.6 5.6 S.8 S.7 S.8 S,7 S,4 
382 Non-electrical .. chinery 2.9 3.5 4.2 4.4 4,5 s.o S.4 S.9 5.6 
383 !lectrical .. chinery 0,9 1.1 3,0 J,8 4.3 4.4 4,6 4.9 4,S 
384 Tran1port equip .. nt 2.4 2.6 S.l s.s 6,7 7.2 7,S 8,2 8.9 
JBS Profe11ional equipaent 0.4 0,4 o.s 0,6 0,4 0,6 0.7 0,7 0,6 

Subtotal lli! .!!:..! 17.4 ll.:.! ll.:.! ~ !!!.:.2 ll.:.!t ll.:..!! 
!!.!!.ll 
381 Fabricated aetal product• - 2.9 3.4 3,9 4.3 4.7 s.o S.4 S.2 
382 N~n-electrical .. chinery 5,S 6.4 6,8 7,0 7,6 8,\ a.a 8.4 
383 !lectric•l .. chin•ry 10,¥ 1.2 3,, 4,3 S,3 5.7 6,0 6.5 S,4 
384 Tran1port equip .. nt l.2 S.2 S,l 8,0 8,9 9.6 10.3 11. 7 
385 Profe11ional ·~uipa•n~ 0.2 0.4 o.s 0.6 0,7 0,7 0,7 0,7 

Subtotal 10.9 !!.:1 !!..:.! ~ !.!:.! ll.:.! ll:.!! ll:.! ll:1 
Andean Grou2 !1 

381 Fabricated aetal product• 1.2 1.6 2.8 J,S 3.7 3,8 3,8 3,8 J,6 
382 Non-electrical .. chinery o.a 0.9 1.3 1.9 1.8 1.9 2.2 2.2 2.1 
383 !lectrical .. chinery 1.0 1.0 1.3 2.1 2,6 2.7 2.9 2.9 3,0 
384 Tran1port equip .. nt 1.4 2.0 2.0. 3,3 3,0 3,1 3,J 3,S 3,2 

. 385 Profe11ional equipaent 0.1 O.l 0.1 0.2 0,2 0.2 0.2 0.3 

Subtotal !:~ !:.! l:l ~ ll.:1. 1.!.:l !hl ll.:! .!!:..! 
Central America !,/ 

381 Fabricated aetal product• 1.2 3.1 4.8 4,8 4.9 s.o s.o 
382 Non-electrical .. cninery 0.7 1.1 l.2 1.3 1.2 1.2 1.2 
383 llectrica\ .. chinery 0.3 0.7 1.7 1.7 1,7 1.1 1.9 
384 Tran1port equipaent 1.8 l.S 1.6 \, 7 1.6 l.S 1.6 

Subtotal ~ .hl .!:1 1:1 .!:.!! 1.:1 .!:l 

!/ lolivi~. Colombia, Ecuador, Peru and V1ne&u1la, 

!/ Co1ta Rica, 11 Salvador, Guate .. la, Kondura1 and Nicara1ua. 

19H '976 

S.6 S.4 
5.4 S,8 
4,7 s.o 
8.7 8,3 
0.6 0,6 

ll:.2 25.2 

S.2 s.2 
7.4 7,S 
S.6 S,9 

n .s 10.9 
0,7 0,7 

~ ~ 

4.4 4.1 
2.6 2.7 
3,7 J,7 
J,9 J,o 
(',4 0.2 

.!hE. ~ 

1,,6 
1.1 
1.8 
l. 7 

.!:J 

~: "Th• .capital 1ood1 indultry in Latin America\ preHnt 1ituation and pro1pect1", UNlDO/lS,478, . 

1977 

s.o 
S.1 
S,7 
7.9 
o.a 

~ 

s.o 
6.¥ 
S,9 

10,4 
0,7 

28,9 
,. ,,, 

4.8 
J,6 
4.1 
2.8 
0.3 

.ll.:.J. 
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Table 7. Development prospects for tn£ capital goods sector, 1'ld)-1~~0 

(value-added index: 1980 = 100) 

381 Metal products 
382 Non-electrical uchinery 
383 Electrical machinery and equipment 
384 Transport equipaent 
385 Scientific equipment 

(in millions of constant 1~75 dollars) 

b 173 
7 503 
6 215 

10 604 
146 

136 
155 
11.l 
206 
US) 

112 
234 
2:Zb 
4'lJ 
463 

Source: UNIDO, '"Capital goods industry in developing countries: a second 
world-wide study", UNiDO/IS • .530, Vienna, 9 May 1~8.5. 

JS 
381 
382 
383 
384 
385 

Table 8. Future composition of tne capital goods sector in Latin America 
(percentage) 

1980 1985 19~0 

(Actual) (Projection) (Project ion) 

Capital goods 100.U 100.0 100.0 
Metal products 20.l 16.9 lJ.4 
Non-electrical 1118chinery 24.5 23.4 18 .o 
Electrical machinery and equipment 20.3 15. l 14.4 
Transport equipment 34.b 44.0 53.) 
Scientific equipment 0.5 O.b 0.7 

2.4 An example of capital goods sector development~ Republic of Korea 

2.4.l Some sectoral aspects 

The Korean engineering industry 6/ clearly demonstrates the importance of this 
sector in t~e development of a country's manufacturing sector. Between 1~75 and 
1983 the snare of ISIC 38 in manufacturing added value grew from lb.3 per cent 
(1975) to 24.7 per cent (1983l, making it the major industrial sector 1n l98J. In 
the same period, the share relating to textiles, wearing appa=el and leather (the 
most important sector in 1975) decreased from 22 per cent (1975) to lb.o per cent 
(1983) and ther~ was a similar pattern in the food industry - from 21.Z per cent in 
1~75 down to 15.8 per cent in 1983. Total manufacturing sector employment 
increased in this period by 56 per cent, compared with a mere 20 per cent in ~he 
textiles sector and 25 per cent iii the food sector, but in t11e basic metals sector 
(lSIC 37) the increase ~as 98 per cent and in the engineering industry 112 per cent. 

2,1 lSlC division 38, consisting of capital goods and consumer durables. 
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As regar.Js the structure of the engineering industry, tne electrical macninery 
and equipment branch (ISIC 383) and t:he transport equipment branch {ISIC 384) are 
dominant {see taole 6). Approximately 50 per cent of value added in tne electrical 
machinery and equipment snbsector is accounted for by teleco1m111nications products 
and consuaer durables (e.g. radios, television sets). In tne transport equipaent 
subsector the same percentage is accounted for by shipbuilding, wnile venicles are 
responsible for 44 per cent. In comparison with tne industrialized countries, tne 
non-electrical machinery subsector is less strong (15 per cent of the sector's 
value added). With reference to capital goods, this subsector must be regarded as 
of central iaportance. The nucleus of tnis subsector is represented by machine 
tools since this industry establishes the capability to produce other capital 
goods. If there are deficiencies in machine tool production, these will have a 
direct impact on the other branches of the capital goods sector. The snare of 
subsector 382 in the coverage of national demand is less than one third, and 
exports are very limited. At tne same time, the utilization of installed capacity 
nationwide is less than in the other subgroups considered, which indicates that the 
push given to the developaent of the machinery sector in the past decade did not 
nave the desired success. 

The composition of the engineering sector by enterprise size is shown together 
with that for Japan in table 9. It can be observed that large concerns in Korea 
(1.8 per cent of all establishments in the sector) clearly dominate the capital 
goods sector, whereas saall-scale enterprises play a very small role 1.n comparison 
with Japan and, as we have already seen, with other industrialized countries. This 
structure means that technological specialization of enterprises is little 
developed, as is sub-contrKcting of parts and components. 

Table 9. Value added in the engineering industry in Japan (1981) and 
the Republic of Korea (1982), by size of establisnments 

Size {in terms Share of value added (percentage) 
of employment) Japan Republic ~f Korea 

5-99 Ji.b 17 .l 
100-299 LJ.9 14. l 
300 and above 54.5 68.ij 

Total 100.0 100.u 

Source: "The engineering industry in the Republic of Korea", UNIDO, Vienna, 
8 Hay 1986 (UNIDO/IS/R.43). 

In the past few years, the Government of the Republic of Korea has taken steps 
to reduce this imbalance by the introduction of special prograaaaes for the 
promotion of small- and medium-scale enterprises. These measures are set out, 
among others, in section 4.1.l. 
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2.4.2 Soae aspects of the electronics subsector 

In the last decade, production in the electronics branch has grown at an 
annual rate of 40 per cent. This branch's share in manufacturing value added was 
2.4 per cent in 1970 and 5.7 per cent in 1980. In 1980 approximately 70 per cent 
of production was exported. The value of pro~uction rose from $U.2 billion 1n 1972 
to $1.4 billion in 1976 and j) billion in 1980. !_/ 

Table 10 gives a comparison of the structure of electronics pro~uctiun in the 
United States and Japan, as industrialized countries, and India and the Republic of 
Korea, as developing countries. The table shows that, in the United States and 
India, more importance is given to professional electronic products, whereas 1n 
Japan and the Republic of Korea consumer electrc~ic products and components 
predominate. Output of professional electronic ~coducts, wnich are strictly 
capital goods, is still very low in the Republic of Korea (11 p~r cent), Whil~ 
"off-shore" manufacturing plays an important role in that country. Statistically 
this type of production is not significant in India. 

Table 10. Comparison of tne structure of electronics production in 
the United States, lndia, tne Republic of Korea and 

Japan (percentage) 

Area 

Consumer electronics 
Components 
Professional electronics 

Total 

United :)tates 

15 
17 
68 

100 

India 

26 
18 
56 

100 

Republic 
of K:>rea 

JS 
JJ 
11 

100 

Japan 

J8 
30 
J2 

100 

Source~ UNIDO, "Smal~-scale electronics industry as sub-contractor in Asia 
and the Pacific region", LJNlOO, Vienna, August 1':185. 

With regard to enterprise size in tne Republic of Korea there is again a 
predominance of large-scale enterprises (see table 11). 'fne number ot large-scale 
enterprises with more than 500 em~loyees also grew more quicKly than the number of 
smaller enterprises between 1970 and 1978. Of ttH~ approximately 700 r.ompanies in 
1978, 103 were joint ventures and 44 were foreign, the remainder being dome)· tic 
enterprise~. 

ln the first years of this decade, tne Government began to pro1POte ~mall-scale 
enterprises more than before (see section 4.1.l). This nas led to a cons1deraoie 
increase in new small enterprises. According to informatio~ fro1 the Electronic 
Industry Association of Korea, in 1985 it had as memoera lJb companies with less 
.,;han 50 employees, of which 36 had been in exiatence for less thali t:wo years, 
58 for less than four years and 75 for less t.han six years. Tl:ese new enterprises 
are found mainly in me high-technology ar~a. Currently, the Government is 
envisaging a considerable increase in tne contrioution of small-sr.ale industry to 
value added, exports and employment up to 1~91 (see section 4.1.1). 

7/ UNlDO, "Small-scale electronics industry as sub-contractor in Asia and the 
Pacific region", Vienna, August 1985 (UNlDO/lS.549). 
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'fable ll. Republic of Korea~ Structure of tne electronics i.ndustry 
by size of enterprise. 1970 and 1978 

~mber of establishments Production 
Employees 1970 1978 in 1378 

Number Percentage Number Percentage (Percentage) 

Over 2.000 4 j 17 1 3 9 
1.000-2. 000 3 2 30 4 16 
5UO-l,UOO 9 5 62 :t 11 
100-500 41 23 20· 

'* 42 25 
Below 100 118 67 JC7 43 9 

Total l 75 100 7C7 100 lOU 

Source~ World Bank, Korea Electronics Tecnnology Project, 1~80. 

2.5 An example of an electronics industry: the case of India 

'nte annual turnover of the Indian electronics industry is of the order of 
$1 billion. While many Asian countries focus their electronics production on 
export markets (with a predominance of free zone production in, for example, 
Malaysia, Thailand and Singapore) 1 the electronics industry in India is directed 
tow~rds achieving self-reliance in electronics. As a result, India has the most 
complete production range of electronic products of the developing countries in 
Asia. However, owing to the extremely rapid international technological 
development and the legal and fiscal restrictions on tne import of advanced 
technologies and products in recent years, the electronics industry has not always 
i>een able to keep pace witn tne rapi.d technological changes, even though it nas a 
good scientific and technological research infrastructure. In many product areas 
Ine1ia does not therefore have "the most modern technologies. In view of these 
deficiences, the Government has in the last two years introduced technology 
transfer measures including the purchase of technology and products, Licensing and 
joint venture agreements with foreign companies. 

ManufactrJ.:e of electronic products grew '>etween 1971 ana 1981 by a fact1Jr 
of 2.6 (compared with a factor of approximately 40 in the Republic of Korea). The 
hignest growth (a factor of 7.3) was in the computers and industrial and control 
equipment branch, reflecting the political importance assigned to the capital goods 
sector in India. s~all-sca~e industry has a share of about one thira in tne value 
of electronics production (see table 12), achieving two thirds in the area of 
consumer electronics and playing no par:t i., the areas of telecommunications 
equipment and aerospace and defence equipment, wnich are dominated by State 
enterprises. 
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Table 12. Electronics production by type of enterprise, l91H 

Total Share of Share of Share of 
production pUblic sector private sector medi.um-scale 
(mil.lions units units units 

Sector of rupees) (percentage) (percentage) (percentage) 

l. Consumer electronics l 460 9.01 24.56 

2. Coaaunication and 
broadcasting equipment l 540 95.17 4.dJ 

3. Aerospace and defence 
equipment 690 99.49 0.51 

4. lnstrument:1tion 
control and industrial 
electronics equipment l 560 35.39 28.49 

5. Computers and office 
equipment 325 30.15 41.16 

Total equipment 6 575 47.15 18.88 

6. Electronics 
components l 730 28.03 39.15 

Total 8 305 43.25 2J.u2 

Note: Excluding production wortn 255 million rupees i.n tne Santacruz 
Electronics Export Processing Zone. 

66.42 

Jo.12 

27.69 

32.97 

32.82 

J3.73 

Source: UNIOO, "Small-scale electronics industry as subcontrat.:tor in Asia and 
the Pacific region", Vienna, August 1985. 

The high sh:-.re of small-scale industry in the production of computers and 
office equipment, as well as professional electronic produc~s. indicates tne 
relative strength of small-scale industry in the high-technology area. 

In general, the importance of small-scale industry, above all in consumer 
electrical product manufacture, is due to the fact that these products are re~erved 
for small-scale industry by the countL; 's autllorities (see section 4.l.l). lnc:ia 
has for a long time considered the production of el~ctronic components to be a 
production area for small- and medium-scale enterprises. In tne period between 
1950 and 1960 it granted production licences and put up barriers to imports. Witll 
an assured market, the enterprises· made no great technological efforts and in 1982 
average production capacities per produr~ion unit in India and internationally for 
sele1;ted products were as follows._ 
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Table 13. Production capacity per unit (millions of pieces) 

Integrated circuits: Digital 
Linear 

'fr ans is tors and diodes 

Power transistors 

TV tubes 

Capacitors: Electrolytic 
Ceramic 
Plastic 

Carbon re~istors 

Relays and switches 

Reed switches 

In India Internationally 

1.0 50.0 
0.5 5.0 

20.0 .)()U .0 

0.2 3.U 

0.1 1.5 

10.0 50.0 
50.0 )0.0 
10.0 50.0 

50.0 1 uoo.o 

0.2 2.0 

3.0 20.0 

Neither production capacity nor production and product technology could keep 
pace with international development. Moreover, selling prices were far above the 
world level and the electronic end products including those components were not 
competitive internationally. Faced with tnis serious situation, tne Department of 
Electronics of the Indian Government decided that component production snould no 
loager be reserved for small- and medium-scale industry and allowed the import of 
foreign technology. This drastic change in industrial policy in India demonstrates 
that small-scale industry, whether in India or in industrialized countries, can no 
longer be competitive in this field because of innovative production technologies 
and innovative product developments based on high levels of previous investment in 
research and development. 

India's electronics exports amounted to only $56 million in 1981. The 
production of software for export nas been called !11d1a's "billion dollar nope" 
because of the availability of large numbers of well-trained engineers and 
scientists. However, software exports amounted to only $10 million in 19~0. 
National and international experts 8/ have explained the disappointing situation by 
saying that, among other factors, tne software produ~ers did not have access to tne 
newest generations of computers because of tne ban on their import, whereas such 
access is an essential prerequisite for successful competition for software 
contracts in industrialized countries wnere such equipment is used. It is also 
mentioned that administrative barriers, both with regard to nigh-technology imports 
and with regard to scientific and technological research and development, are a 
cause for the widening gap between the electronics sectors in llldia and in the 
developed countries. The example of the electronics industry in India demonstrates 
that the capital goods sector needs international technology if it is to be able to 
compete, in specific areas, on sales markets. An excessively high tariff barrier 
or any other exaggerated protectionist measure for the sector under consideration 
gives rise to a situation in which tne investment inputs for the entire economy are 
above the international level, with repercussions on a country's competitiveness 
and a negative cost and benefit imbalance at micro- and macro-economic level. 

~/ 'TNIDO, "Small-scale electronics induGtry as subconr:ractor 1n Asia and the 
Pacific region", Vienna, August 1985. 
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2.6 Possible areas of activity for small- and medium-scale industry in developing 
countries 

2.6.l Global aspects 

The development of automation in areas of the enterprise's production sector, 
i.e. the production process, handling of product flow, storage, quality control, 
etc., has gradually led to the human being's increasing separation from the 
processing of the product. During this development it VKS also found important to 
11humanize11 the workstation, to which particular attention has been paid in Sweden, 
and to eliminate extraneous physical and psychological burdens caused by heavy 
work. Although this has already been planned, it has not been possible to 
integrate these partial computerization systems into a glob~l system because of tne 
high cost of computing equipment and the lack of software and working tools 
(e.g. the 111ight pen11

). 

The first integral systems were installed i1 the early 1970s for a cost of 
around $3 million per unit in high-technology companies in the United States 
(aviation and electronics), and the first enterprises were established, 
specializing in two information technology areas which would have a great impact in 
the next 10 years on eng~neering industries and other bruiches of industry. These 
areas are CAD and CAM, combined with the introduction of mini-computers and, most 
recently, microcompurers with a high capacity-to-cost ratio. These integral 
systems are capable of rapid application advances in the engineering industries in 
industrialized countries, both in large-scale enterprises and, with a time-lag of 
2-4 years, in medium- and small-scale enterprises. It is estimated that, by 1~88, 
approximately 50 per cent of process plants (capital goods) will be designed by 
these systems and that, by 19~5, 50 per cent of machinery components will be 
produced using CAD and CAM. This will result in product life-cycles that ore even 
shorter than those at present and more pronounced technological competence. 
Moreover, the door will be opened for new production potential in developing 
countries once they have access to tne information bases and can participate in 
this technological advance. 

2.6.2 A new type of small-scale enterprise 

Some observers say that the introduction of the new technologies discussed 
eariier should be easier in developing countries than in industrialized countries 
because the traditional social and industrial structures Which may hinder 
technological innovation are less developed. Such observers quote Taiwan Province, 
the Hong Kong area, Singapore and the Republic of Korea as examples. However, in 
other countries technological advance provides far less support for this tneory. 

Empirically, the industrial growth potential for developing countries in the 
field of advanced technologies of a different kind seems to lie above all in the 
area of new and technologically specialized small-scale enterprises. As said 
previously, the future of the small-scale enterpr 1se in developing countries will 
lie between two extremes; 

The traditional labour-intensive small-scale enterprise (employing highly 
qualified staff) manufacturing products of relatively low price, quality 
and technological complexity; 

fhe modern small-scale enterprise, more intensive as regards capital and 
physical installations, less iutens ive as regards labour with low 
qualifications (but more intensive as regards highly qualified manpower). 
technologically advanced and operating with considerable flexibility, 
manufacturing products of high price, quality and technological complexity 
by the application of CAD and CAM systems.· 
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In basic terms, the mini.mum size of a small-scale enterprise producing 
components is one machine centre. Nevertheless, in order to i~crease operating 
flexibility it is advisable to install two machine centres. The investments in 
machinery and basic hardvare and software for CAM are of an order of magnitude of 
$d0,0UO (for one centre) to $120,000 (for two centres). Suen ar. enterprise will 
employ approximately 8-12 persons (including office staff), i.e. an investment 
amounting to $10,000 per ~~ployee. Suen enterprises will need otner enterpri.ses 
specializing in software production. It is thought that a software enterprise 
employing about six highly qualified persons will be able to serve six production 
enterprises. 

Thi~ type of enterprise will need a CAD system which, in view of its 
diversified and multiple use, sho'1ld be installed in an institution which allows 
access to other enterprises and t~ selected post-graduate students. CAD systems 
with acceptable working capacity and efficiency will have to be of the 
mini-computer type at a price of approximately $200,000-300,000, including basic 
software. This system can also be used by other branches, e.g. the food products 
industry and engineering and construction companies. None the less, the most 
recent software development advances make it possible to install simple CAD systems 
in individual enterprises at a cost of $10,000-JO,OOO, depending on the software 
type. 

2.6.3 Micro-electronics 

A previous section has already touched on the example of the electronics 
industry in India. 'I.be extremely rapid technological cnange is altering tne 
production system of the electronics industry. Nowadays, the production of 
electronic components is concentrated in a few factories in some countries of the 
world, including tne Republic of Korea and Taiwan Province. The economies of scale 
achieved by these factories have permitted a considerable reduction in selling 
prices which will most probably be kept low by excess capacity. 

Similar technological developments are occurring in tne production of 
micro-electronic components: integrated circuits. Wnereas the first generations 
were produced on a highly labour-intensive basis and production thus tended to take 
place in free zones, particularly in Asian countries (Thailand, Malaysia, 
Singapore, Taiwan Province, Republic of Korea), recent production installations for 
very large-scale integrated circuits are highly automated and use, among other 
things, CAD and CAM systems. These production units require high levels of 
investment which to date have only been within the reach of large companies in a 
few countries. The automation of integrated circuit production caused the mininum 
investment per production unit to jump from around $1 million to $40-50 million. 

A newcomer in this area is the Republic of Korea which, according to 
estimates, invested around $1 billion. The ebbing of investments in this field, 
partic~larly in the United States, Japan and the Republic of Korea, and the high 
installed capacities in 1985 caused a considerable reduction in selling prices and 
the closure of some factories in the United States because they were not 
profitable. In Europe, only two companies (Siemens and Philips) are undertaking 
large-scale preparations for participoting co-operatively in the development of the 
next generation of l megabyte microchips. For this development tney are receiving 
financial support from the Governments of the Netherlands and the Federal Republic 
of Germany, as well as the European Economic Community. 
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The risk involved in this area and tne high human resources requirements (for 
exaaple, the ReJ>'iblic of Korea is relying heavily on Korean scientists returning 
from universities and research centres in the United States) and the high 
investment, both in research and production units, make the micro-electrcnics 
sector a dangerous one for newcomers. tlowever, as shown by tne examples of 
Singapore and the Republic of Korea, there is broad scope for small-scale 
enterprises specializing in the manufacture of cOUlplementary products. In both 
countries, small-scale enterprises produce dis~ drives for large-scale enterprises 
which include them in thei.r end products. Other prod-.•ction areas may be coaaputer 
peripherals and micro-electronic systems application, such as industrial process 
control equipment, electric motor control and software for industrial applications 
(e.g. CAD/CAM systems) and other applications. 

In all these cases, a high priority aspect is tne capacity for tecnnological 
and engineering development. Tne countries of Europe and some Asian developing 
countries have support prograumes for young scientists and engineers who are 
attempting to develop products and applications in the h.igh-technology field. 
These prograaaes have already led to the establishment of new enterprises and tne 
creation of new job~. 

2.6.4. Aspects of the range of future production 

The application of CAD and CAM systems in small-scale industry requires a 
concentration of business efforts on specific nigh-technology products because of 
the necessary investments and the need to handle this new technology. As we have 
seen, small-scale industry in the industrialized countries produces, above all, 
special parts and components under sub-contracting arrangements for inclusion in a 
more complex end product. This applies to both sections of engineering products, 
i.e. capital goods and engineering goods. 

A small- and medium-scale enterprise entering this area of production thus 
must follow the path of technological specialization. rne product range suited to 
small-batch manufacture is extremely broad and enumeration of those products goes 
beyond the scope of the present study. The product combination and selection 
parameters will be, above all, market potential and tne configuration of machine 
centres and available software. Tnis means that, before machinery is purchased, it 
is necessary to determine the envisaged production range and to choose the products 
on the basis of tne weight, geometry and type of machinery needed. 

2.6.5. Software 

Some 30 years ago, the hardware in a cocputing system represented 
approximately 90 per cent and tne software 10 per cent of tne total investment. 
Nowadays tne investment is approximately 30 per cent hardware and 70 per cent 
software and it is thought that, by the beginning of tne next decade, tne ratio 
will be 10;90. 

As an extension of the present process, the introduction of CAD and CAM 
systems will go further in changing the weight of investment in tangible items 
(machinery, equipment, etc.) to give more emphasis to intangible items. In this 
context, intangible items can be described as tne investment in planning, 
organization and human resources Which are not quantified when the investment is 
made, but rather at future production stages. In other words, intangible items are 
investments in'technology. 
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The aost important group of i.ntangiole iteas for tbe development of tne 
engineering goods industry coaprises: 

Planning of production operations; 

Engineering design; 

Product design; 

Software for the .. nufacturing process. 

In future these areas will be as important for large-scale enterprises as for 
Sllilll-scale ones. In the industrialized countries and in the developing countries 
it is doubtful whether small-scale enterprises will generally be capable of putting 
together tbe necessary capital for such investaents. In order to ensure their 
future participation in an industrial sector tbat has demonstrated its great 
iaportance for our econoaies, it will be necessary to organize external systems of 
finance and new systellS of business co-operation or other systellS of access to 
tecnnologies in tbe intangible itellS gr.JUp, i.e. access to software. In many 
industrialized and developing countries (e.g. Republic of Korea, Singapore and 
Thailand) this access is supported by public agencies. 

2.6.6. Aspects of employment 

As a result of the ongoing autoaation of engineering goods production, it is 
highly unlikely that tbe sector will contl..Due to absorb manpower witn low skill 
levels at the same rate as in the past. Kovever, the employment potential for 
technical and academic personnel is increasing with the level of industrial 
automation. This very probably means an increase in value added per employee which 
will in turn normally increase State revenue froa taxation. The decision regarding 
whether this alternative, i.e. to increase tax revenue rather than to make a direct 
and massive increase in manpower, is a viable r-ath to follow will be a political 
one. Some countries have opted to take this path by using part of the additional 
value added for educational progra...es in technological innovation and employment 
in infrastructure and other non-industrial fields. 
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3. IMPACT OF MEW TECHll>LOGIES ON SMALL- AND MEDIUM-SCALE INDUSTRY IN 
THE CAPITAL GOODS SECIOR 

3.1 Overview of CA techniques 

3.1.l General remarks 

The use of coaputers in specific applications within the enterprise is already 
co..ollplace. Examples of traditional application are finance control, strategy 
planning, work preparation, stock control and, with regard to production, 
nuaerically controlled -chine tools, etc. All these applications generally made 
use of special case-specific prograas without auch interrelation (with tne 
exception of large-scale enterprises). the development of aicro-electronics and 
the introduction of aicrocoaputers on tne aarket caused a considerable reduction in 
computer prices - by a factor of aore than 20 in a period of approximately 
8 years. This price reduction bad a strong iapact on the profitability of computer 
application and, as a result of the relatively low investment, caused a rapid 
disseaination of such systems in saall- and aediu.-scale industry in the 
industrialized countries and in the aore advanced developing countries. 

Alongside this was the need to link up the various computer programs and 
systems within the enterprise concerned. this brougnt aoout a rapid development of 
coamnication link software. In the technical and technol_J~ical area of the 
enterprises people saw the need to combine coaaplementary pLugLoiiQ. Tnz lack of 
technical standards and tne imltitude of different programs presented systems 
software and hardware compatibility problems which nave gradually been reduced. 

3.1.2 CA techniques 

This software development gave rise to a series of new expressions using the 
initial letters of "computer-aided" (CA) related to specific applications. 
Table 14 lists the most widely used abbreviations. 

The interrelatiory of these computer application systems witnin the enterprise 
and the corresponding functions are set out in figure 3. It must be noted that the 
use of CA-type techniques is designed to support tne execution of the tasK 
corresponding to each concept and not to take full responsibility for complete 
tasks, and that th~ operating system is interactive, that is to say that the 
computer user is in dialogue with tnem and h~s the possibility of intervening, 
making changes and proposing alternative solutions. At the same time, it i~ worth 
mentioning that the outline given is designed to demonstrate tne interrelation of 
CA techniques and does not set out to represent tne specific case of an 
enterprise. The introduction of CA tecnniques in an enterprise must be gradual, 
with the management of the enterprise itself deciding wnere to begin. 

In industrialized countries, CAD and CAM use in production takes place in 
areas where those systems help to increase operating flexibility (by reducing 
delivery times and providing customers with better service) and/or to increase 
productivity and thus generate a reduction in production costs. Isolated systems 
are still most frequent, but there has recently been a rapid advance in integrated 
syste•. Tne isolated systems use different data banks set up according to tile 
enterprise's requirements, whereas integrated systems make use of a central data 
hank in a large computer. Small- and medium-scale industry in developing countries 
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also has to take account of anotner decisive factor tor the application of CAD/CAM 
systems: they make it possible to manufacture products of high technological 
complexity and nign quality using imported CAD and CAM software and then perunt the 
construction by the enterprise itself of new products using the installed computing 
bases. It seems highly advisable for the majority of enterprises in developing 
countries to begin with machine centres using specific software for the selected 
production range, before going on to use CAD systems to introduce their own new 
products. 

Table 14. Host co111110n abbreviations in the "computer-aided" sector 

Abbreviation 

CAM 

CIM 

CAP 

CAPP 

CAT 

CAQ 

CAR 

CAA. 

Name 

Computer-aided engineering 

Computer-aided design 

Computer-aided manufacturing 

Computer-integrated 
manufacturing 

Computer-aided planning 

Computer-aided production 
planning 

Computer-aided testing 

Computer-aided quality 
assurance 

C~mputer-aided robotics 

Computer-aided assemoly 

Explanation 

Basic term for computer application in 
pre-production areas. 

Design and calculation oi product 
construction. 

Planning and execution of production with 
computer assistance. 

liasic term for computer application 
in all the technical areas of an 
enterprise. 

Planning in the tecnnical area of an 
enterprise. 

Planning and handling of 
production. 

Execution of technical tests witn computer 
application (e.g. new products). 

Product quality control and assurance. 

Computer 11andling of production robots. 

Assembly assisted by computers. 
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Figure J. Oucline of computer application interrelati.ons i.n the 
technical part of an enterprise 

Function Impact of computer application 

Produce development . Planning --- -. . Conception 
CAD (computer-aided design) . Design ....... I Construction !IO . c . ... ... 

Task preparation QI 
QI. 

Determine c 

(compcter-aid~. 
' 

.... \ 
What products !IO CAT (c-puter-aidecl . c 
How produced QI test in&) . 

I Witn wnat means 

I 
"O I . QI 
"CJ 

i .... CAM 
Production planning ! <11 CAP ( c-puter-a ided 

I 
plannin&) . I Determine I \.I manufacture) 

I 
QI I 

How much 
..., . =' 

When a. 

I . e r 
Where 0 . u 

i By whom 
.._, 

CAPP (c-puter-aidecl . I ' I w procluc t ion 
I < I 

Production handling I 
u plannin&) I i I . Decide on start-up : 

' 
Monitor execution 

,____. ' . 
Handling of production 
equipment . Machine administration DllC (distributed ur direct nueeric control) > Machine control . 

Machine coupling llecordin& of production data .......... . - - - / 

· CAQ (coaput--~-~i~d q;..li.ty- auuunce) > 
Production and assembly . Prod•Jction systems ~cb~~-c.n-~r?=-~-~____::,' 

I FMS ""-Machine centres llC (n-ric coatroll--.. - .> . ---- ------·--· ) (flexible .___; Machines loboU . - --
Materials handling . -- - manufacturing . Aucouced 1toraae 

Storage ---· -· ---- systems) . systems I Aucouced cran1porc :> 
Materials movement --· . 

...... 
QI ... 
=' ..., 
u 
• .... 
=' c • e 

-0 
QI ..., 
co ... 
!IO 
QI ..., 
c .... 
I ... 
QI ..., 
=' a. e 
0 
u .._, 

::E 
...... 
tJ 

Source: w. Poths and R. U>w, "CAD/CAM: Entscheidungshilfe fiir das Management", 
FranKfurt, 1985. 

. 
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3.1.3 Possible practical applications 

The first model is the isolated application of CAD or CAM. The basic models 
of combl.nations of diffe-rent CAM techniques are represented in figure 4 and have 
the following cnaracteristics: 

Model 2. When CAP is combined with CAM, CAP normally also bas graphic 
functions, e.g. in too~ movement. Computer programs for the implementation of 
computer-aided production (e.g. CNQtT) are drafted in the unit of the enterprise 
responsible for work ,,reparation. The data are transmitted to tne machines by 
paper tape, magnetic tape, diskette or direct connection (cable). CAP also 
requires inputs to provide the geometric data of the parts to be produced, as well 
as the technological data~ 

Model 3. The previous combination is supplemented by CAD. CAD is now 
responsible for the determination of geometric data, apart from computer assistance 
in product design and construction. When supplementing an existing model 2 it is 
necessary to ensure that the new CAD system is compatible with the existing CAP and 
CAM. Data transmission is normally by disc. 

Hodel 4. The existing system is expanded by a CAQ system, i.e. the production 
output is controlled by a computer-aided technique. 

Hodel S. With the introduction of CAPP to model 4, the CAD data are used to 
administer the CAPP production inputs and tne CAP data are used to manage the CAPP 
"work stations" (machines). There is also CAQ feedback to the CAPP on possible 
differences between the actual state of tne end product and the desired state so 
that changes may be made in the CAM system control data. 

In small-scale enterprises in industrialized countries use is still generally 
made of isolated systems, particularly CAM systems, without combining them with 
CAP, CAQ or CAPP. When combined systems are used, model 2 predominates. l::xpan:S ion 
of the use of CAD and CAM and also other models would require a larger investment 
in CNC machine tools, necessitatLng relatively large investments for those 
enterprises and, possibly, a readjustment of the manufactured products. 

3.2 Computer-aided design 

CAD has been used since tae middle of the 1960s, particularly in large-scale 
enterprises in the electronics industry (e.g. for the design of printed circuits 
and, later, integrated circuits - "chips"}, in the aircraft industry and in the 
automotive industry. The wide application of CAD began in the first years of the 
1980s with the drastic reduction in the prices of computers and peripherals 
(e.g. graphic hardware}, and CAD is currently extending to small- and medium-scale 
enterprises in industrialized countries. 

There are various definitions of CAD which are not always consistent. One may 
sum up CAD as including all computer-aided activities needed to ~roduce all the 
tecnnical documents required fryr product manufacture and testing or inspection. 
These documents may be written or in a form that is legible to the machines used in 
production and testing. 

The operator (construction technician or engineer) worKs with two direct 
dialogue television sets (alphanumeric or graphic dialogue) with tne CAD system. 
The operator then ha~ the possibility of intervening directly in the system 
operation process, making changes (e.g. in the design}, seeing the results of his 
intervention and deciding whether intervention i~ appropriate and advisable. 
Whereas the alphanumeric dialogue is carried out with texts and figures, the 
graphic dialogu~ uses design instruments. 



Figure 4. Combination models for CA techniques 
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Basic CA system models 
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The construction process using CAD is represented in figure ). CAD systems 
may be used to produce tenders, design and construct products, calculace technical 
parameters and print out calculations, designs, parts lists {for CAP), work plans 
{for CAPP) and operating programs for CNCKT. 

CAD offers considerable economic advantages, particuiarly to enterprises whose 
products are produced in s.aall batches in response to specific customer orders. 
The advantages can be seen above all in the construction of variants of products 
already constructed and manufactured or the construction of products similar to 
existing products. It considerably cuts down the time needed for technological 
innovation and the time between receipt of an order and supply of a finished 
product. An analysis of systems recently installed gives an amortization period 
for the investment of between two and three years. The economic benefits are 
greater, however, when CAD is used with the other CA techniques. 

In the e3rly 1980s it was estimated that CAD could not be used with 
microcomputers. Sin~e 1~83, however, there have been rapid advances in 
applications of PCs for CAD because of the high working capacity of these computer 
systems, the great versatility of the peripherals and the extremely rapid 
development of appropriate software {in the Federal Republic of Germany, for 
instance, there are more than 200 software firms offering pr~grams for CAD). The 
costs of PC hardware are of the order of $3,000 to Sll,000, depending on the 
configuration, and the cost of basic software for CAD is in the region of $J,000 
to $8,000. It is thouint ~hat the introduction of lb bit processors {in place of 
the current 8 bit PC processors) will open up further areas for their use in ...AD, 
given their greater internal data storage capacity. The most important software 
components are~ 

Graphic programs; 

Geometry programs; 

Mathematics programs; 

Applications programs; 

Operating systems; 

Data banks; 

"Menu" techniques. 

Small CAD systems {for example, PCs) have two-dimensional ge~metric programs, 
whereas the large systems are three-dimensional. Software selection is very 
important for the effectiveness of the CAD system. 

Different microcomputers have recently been coupled to a central computer with 
extensive data bank storage capacity. 

3.3 Computer-aided production planning 

CAPP is designed to reduce the time required for single production systems or 
small-batch production. Approximately 80 per cent of the time it takes an 
enterprise to complete an order is idle time, storage time or waiting time, during 
which tne ?roduct is not being manufactured. 

The 20 per cent production :ime can also be subdivided into 20 per cent 
machine time and 80 per cent retooling time, and time for movement between machines 
or other preparatory or similar tasks. It is tnerefore very important to enhance 
the organization of production. 
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Figure ). Construction process with a CAD system 
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The functions for Which CAP? is used and the corresponding suo-areas are: 

Production planning: 

Production FrograimM! planning; 

Production quantity planning; 

Planning of production capacity and production time use. 

Better production handling: 

Organizing the start of order production; 

- Monitoring of the or~er during production. 

CAPP application is designed to: 

Improve installed production capacity use; 

Reduce working capital; 

Reduce delivery periods; 

Improve small-batch production profitability; 

Improve productivity. 

The co•petitive situation means that CAPP is receiving considerable attention 
in small- and medium-scale industry in industrialized countries, Where it was 
introduced before CAD and CAM in many cases. Moreover, in the area of CAPP, which 
is considered relatively complex, microcomputers are being introduced. 

The CAPP systems needed by small- and medium-scale industry are generally of 
low compl~xity and can therefore be carried out using a microcomputer and be 
partially integrated with CAD. 

3.4 Use of computers in metalworking and engineering production 

Tne use of computers in the metalworking and engineering industry started witn 
the use of numerically controlled machine .:ools. These machines made it possible, 
during automated production, to retool rapidly in ~rder to have the desired 
flexibility in the production process (the same applies to assembly robots). The 
functions of numerically controlled machine tools are nowadays determined and 
controlled by microcomputers (CNC - computerized numerical control). Larger-scale 
enterprises adopted DNC (direct numerical control) systems using a computer to 
store the programs and distribute them to the relevant production machines. 
Flexible manufacturing systems (FHS) are the result of combining one or more DNC 
systems with automated manufactured and semi-manufact~red ?roducts and production 
input transport and handling, as well as automatic machine retooling. 

A survey of Japanese enterprises using FHS gave the following results: 

The number of mactaines per system varies between 2 and 22 (6 on average); 

Use is predominantly made of machine centres; 

The number of manufactured products varies between four and l,500 per FHS; 
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The production batches vary bet~een three al"d 300 products; 

The investment cost fluctuates between $150,000 and $7.5 million; 

The software cost represents 10 per cent of the '1ardware cost. 9/ 

These results indicate that not only machine centres but also their 
combination in an FMS are feasible for small-scale enterprises and that tne 
production budgets may be small and within the product absorption capacity levels 
of developing countries' markets. 

CNatT may be controlled directly by a CAD system with tne corresponJing 
interface and software. Tne s,:,ftware must oe capable of transferring t11e geoa:etric 
data into control data for the production machines. 

3.5 Aspects of produc.tivity and profitability of the application ot computerized 
techniques 

Enterprises in industrialized countries wnich have decided tu use the CAE 
techniques described previously report a considerable productivity increase. ln 
the Federal Republic of Germany this increase is more pronounced in the production 
of integrated circuits, with a factor of 10-20, Whereas the construction of metal 
products and machinery has increased by a factor of between two and six, in general 
terms, and by as much as a factor of 30 in one instance. In tne preparation of 
control data for CNQtT with a CAD sys~em a factor of 20 was achieved in one case 
and in the design of variants of existing products a factor of 25 was achieved. 10/ 

The findings of a survey on productivity increases in the United States and 
the United Kingdom are summarized in table l). These increases are of the same 
order as those achieved in the Federal Rep~blic of Germany. 

In virtually all instances of CAD and CAM use, apert from badly planned ones, 
there has been a ~onsiderabl~ improvement in the enterprises' economic and 
financial situation. It is difficult to quantify some aspects of their use 
(e.g. enhanr.ing the image of the ent~rprise in the eyes of customers as a result of 
very short delivery periods), and therefore it is difficult to calculate the total 
impact of the use of such systems. In most cases in Which CAD/CAM systems have 
been used, the return on investment tooK 2-3 years, and less than one year in 
special cases (above all when the systems are used with nore than o~e worKing 
shift). The most widely heard observation by systems users concer~s increased 
production flexibility and enhanced quality. The overall benefits of using CA 
techniques are represented in figure 6. Costs and del 1very times are reduced and 
production flexibility and product quality are improved. 

2./ H. Grabowski, "Die automatisierte Fab;:iK", Karlsrune, 198;. 

10/ w. Poths and R. I.Ow, "CAD/CAM: Entscheidungsnilfen fiir das Management", 
Fran~fUrt, 1985. 
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'fat>le l). Examples ot CAD productivity 

Primary Average productivity 
Sector of activity Location use of C'AD ratio 

Integrated circuits USA Design :l: l after b montns 
Car components UK Design J:l after 12 months 
Plant design UK Draughting j;l 
Process plant UK Design NI 
Electric mo tors UK Draughting o.t>;l 
Printing machinery UK Design/ 

draught Lng 2.;l 
Architecture UK Design 3.5:!. 
Cars UK Design j;l 
Personal computers UK Design/ 

draugnting ::- ; 1 
Process plant UK Design/ 

draughting 4:1 
Petroleum exploration UK Design :l: l 
Cars UK Design/ 

araugi1ting l.7~:1 after o montl1s 
Aircraft USA Design 2.5:1 in 1979 

J.32;1 in l~dU 
Instruments for UK Design/ 

personal computers draughting J:l 
Public utility USA Draugnting J:l 

NI: No information. 

Range of 
PR between 
different 
types of 
drawings 

NI 
NI 

l;l -
l: l -

NI 

NI 
NI 
Nl 

Nl 

NI 
NI 

1H 
NI 

NI 
NI 

2U: l 
50: l 

Source: Interviews with users. ''The impact of electronics on the 
international economic setting - the case of computer-aided-design", UNlDO, Vienna, 
March 1982 (UNIDO/IS.297). 

3.6 Data processing as a factor of enterprise integration 

Data processing has become tne fourth production factor, along with _apital, 
labour and tne most traditional one, land. Since data pr'lcess111g is tne last of 
these factors it is logical that tnis factor should be bringing about basic 
reappraisals of business systems, particularly as regards enterprise organization. 
The increasing importance of data processing will bring about a profound change in 
the way in which enterprises are organized and the way in wnicn management 
functions are delegated to lower levels in the enterprise. Alongside this, there 
will be change in the worK-force from relatively low-paid posts (worKers) to 
relatively highly-remunerated posts (engineers, data processing experts). 
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Figure b. Im.pact of CA techniques on tne objectives of tne ~nterprise 
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Source: O.H. Schiele, "CAD/CAM/CIM - 2D/3D, Was braucht der Maschinenbau", 
Frankfurt, 1984. 
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4. S'.l'RA'rt:GY OPTIONS AND PK<ltO'fIONAL POLICY Rt:<PIREM£Nl"S OF SHALL- AND 
MEDIU~-SCALE INDUSTRY 

4.l Two examples of promotion strategies: Republic of Korea and India 

4.1.l Republic of Korea: systematization of sub-contracting and 
~trengthening of self-management 

Faced with the imbalance between large-scale and small- and medium-scale 
enterprises (see section 2.4 and tables 9 and 11), tne (;overn:nent of .::Ile Republi.c 
of Korea promulgated the "Small Sus iness Systematization Promotion Act" in 1975. 
This act includes clauses prollibi.ti.ng delays in payment by a large-scale firm to a 
sub-contracting small-scale enterprise and sets out to promote sub-contracting by 
speci.alized small-scale enterprises in general. 'fne act puts great stress on tne 
technological innovation of small-scale enterprises and tneir specialization. 
Promotional and financial teclmi.cal assi.stance througn ~ublic i.usti.tuti.ons and 
specific pcogrammes is also envisageo. A fund provides financing for investment, 
working capLtal and sales. Access to credit guarantee funds i.s also permi.tted. As 

regards new investments, small-scale enterprises receive a 10 per cent tax rebate 
on production machinery and quali.ty control and laooratory equi.pment (only 
8 per cent if the machinery is imported). Tecnnical assistance expenses are 
tax-deductible as losses. 

To deal with inter-industrial linkages, tne "Systematization Promotion 
Council" has been established witnin the K~rean Federation ol' Small 8usi.ness. 'fne 
purpose of tnis Council is to co-ordinate between large-scale and small-scale 
enterpt"i.ses, resolve dLfferences and disputes between t11e parties, examine ousiness 
transactions every quarter and investigate, and propose solutions for, problems 
concerning tne systematization of co-operation between industri.es. At tne same 
time, it makes a list of the products suited to sub-contracting and reserved for 
small-scale enterprises. industry plays an active role in tni.s worK. 

The results in the first four years of operation nave been impressive {see 
tab le lo). In tile four years in quest i.on, tne number of products reserved for 
small-scale industry increased 15 times, the number of purchasing companies 
nme tunes and tile number of suo-contracting companies LL tlines. Comparison 
between the last two factors indicates that sub-contracting by small-scale 
enterprLSes increased even more than tne number of purcnasing compani.es 
participating in tne systP.matization efforts. In 1979, moreuver, 157 small-scale 
enterprLSes were able to sell 41 products, i.e. approxi.mately L'J compan1es per 
product. Tnis indicates, inter alia, that specialization brought about a reduction 
in compe t Lt ion. 

Table 16. Republic of Korea: results of the industrial 
systematization efforts {in fi.gures) 

l'HIJ 1980 11J81 

Subsectors considered 5 b "/.4 

Products reserved for sub-contracting 41 7 l 426 

Purcnas ing companies J7 t>4 nu 

Sub-contracting c~~panies 1:>7 2b3 l 141 

19~2 

34 

l 038 

34) 

l IJ40 



At the beginning of the l9d0s, wnen tne Republic of ~Qrea was also und~r~oi.ng 
econoaic problems because of the world economic ~ituation, th~ Goverr-111ent increased 
support and promotion for small-scale industry. Aft.Er making a tl1orougn analysis 
of the situation in 1971, it began to readjust al! small-scale industry prograames 
to acnieve an additi.onal economic growtr. wnic1a large-scale i.ndustry was at :ne time 
unable to guarantee. All the revised and new programaes were brougnt togetner 
under the central theme "Technological advancement". lhe policy measures aaupted 
in this context to benefit small- and medium-scale industry vere focused 
principally on the following areas: }Jj 

Improvement of competitiveness: 

Identification and development of small- and medium-scale industries witn 
high growth potential; 

Special pcograaaes to improve the quality of the products manufactured; 

Expansion of co-operative prograaaes. 

Expansion of the industrial base: 

Development of parts and components production programaes; 

Strengtnening of the systematization of sub-contracting; 

Strengthening of support systems for small-scale industry. 

Promotion of internationalization: 

Expansion of exports; 

St~engthening of international co-oi>eration; 

lJllprovement of industrial design. 

Promotion of technical innovation capacity: 

Increased support for technology development and coamercial applicati.un of 
new technologies; 

Expansion of training and management support prograaaaes. 

Stabilization of business prospects~ 

Strengthening of tne functions of co-operative associations of enterprises; 

Encouragement of programmes for co-operati.on between small-scale 
enterprises and mutual assistance; 

Promotion of regional dissemination of industries. 

Increased investments and, simultaneously, expanded tax rebates: 

Economic assistance; 

Financial support; 

Tax incentives. 

11/ UNIDO, "Small-scale electronics industry as subcontractor in Asia and the 
PaciHc region", Vienna, August 198S. 
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In addition to these political aeasures, the Governaent has arranged for 
lendings by the country's banks so that 35 per cent of total industrial lendings 
aust be for saall-scale and medium-scale industry. In l98l tne Governaent sec 
development targets for smal!-scale industry, with the aia of increasing value 
added by 'J.4 per cent, eaployaent by b.b per cent and exports by l2.) per cent 
annually up to 1991. 

Aaong the agencies to assist and service saall-scale industry, aention 1a1st 
again be made of toe Korean Federation of Small Business. There are tnree salient 
aspects of the structure and work of this Association: firstly, self-help and the 
active participation of the members in the work; secondly, continuous dialogue 
between goverD111ent agencies resulting in laws and decrees to promote saall-scale 
industry and the expansion of sub-contracting, as we have already seen; tnirdly, 
an annual government contribution to the Federation's budget. At the beginning of 
the 1980s, this contribution was over 60 per cent of the total budget and it is 
currently around 45 per cent, with a continuing gradual downward trend agreed by 
the tvo sides. 

4.1.2 India: 11ancillarization11 and social responsibility of the purchasing 
enterprise 

During the establishment of the industrial base in India, especially heavy 
industry, local production of spare parts became a fundamental requirement. These 
spare parts were often manufactured by a few small-scale enterprises Which soon 
became known as "ancillaries" to the large purchasing enterprises. 12/ 

Soon after the authorities had formalized the role of these small-scale 
enterprises, "ancillary co.-ittees" were established at federal state level and in 
large enterprises. Here ancillaries predominate, whereas the system is far less 
widespread in the private industry sector. 

An ancillary is defined as an undertaking having investment in plant and 
nachinery not ~xceeding 2.5 million rupees, engaged in the manufacture of parts, 
components, tools or sub-assembly intermediates or in the rendering of services, 
and depending for at least half the value of its activities on a single large 
enterprise, selli~g the remainder of its production or services to other customers. 

The ancillarization system consists in a close re1ationsnip between a large 
enterprise and a small enterprise wnich, in practice, functi~ns almost as a 
department of the enterpri~e wnich also supplies the product designs. Co-operation 
agreements are generally long-term, covering, for instance, five years. During 
this time the small-scale enterprise has guaranteed sales, giving rise in practice 
to some negligence in developing other markets (permitted under the system for up 
to 50 per cent of sales) or enhancing product quality. In reality, tne system 
applies in particular to parts and components of low technological complexity. 
NevertneJess, the large enterprise is generally called upon to provide substantial 
technical assistance. ]:11 

12/ UNIDO, "Small-scale electronics industry as subcontractor in Asia and the 
Pacific region", 'Jienna, August l'J8j. 

13/ UNIDO, "Small-scale electronics industry as subcontractor in Af.ia and the 
Pacific region", Vienna, August l'JSS. 
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An ancillary is tecnnically distinguished from a small-scale enterprise in 
India as follows: 

Provision of technical and managerial assistance; 

Supply of critical raw materials or components Where necessary; 

Guaranteed sales mar~et for at least half of production; 

Fixing of selling prices to allow reasonable margins on capital employed. 

Owing to this protection as regards sales guaranteed by the Large enterprise, 
the ancillary's product development and marketing activities are very liMited. The 
ancillary is thus completely dependent on the large enterprise and is unprepared 
for technological change. In fact, there are few examples of the well-functioning 
ancillarization schemes in production sectors subject to rapid technological 
cnange. 14/ 

4.2 SoaE basic considerations 

Advances in ai.cro-electr.xiics use in industrialized countries will bring down 
production costs and have considerable impact on trade with developing countries 
wnich do not react to this development; this impact will particularly affect the 
more advanced developing countries. Tariff protection of the necessary magnitude 
seems unrealistic. At the same time, it is unrealistic to expect the more advanced 
developing countries {with the exception of tne Republic of Korea) to possess the 
financial and human capability to keep abreast of technological advance in the next 
10 years. Tne nigh cost of tne investment in~olvea {in absolute terms and per job) 
and the existing world production capacity surplus will make it economically 
difficult to justify the production of chips with a high level of integration in 
most countries. It should also be mentioned that chips represent approximately 
5 per cent of tne value of computer ~ystems. 

It seems more advisable and, to some extent, necessary to become involved in 
the design and production of micro-electronics application systems. ln tnis tield, 
as in that of capital goods production, above all large parts, pieces and 
components, there is scope for developing a new small-scale industry witn a nigh 
level of technological advancement and innovative capacity and a labour force 
consisting primarily of graduates and tecnnical specialists. 

The required industrial policy should be focused on establishing an attractive 
investment climate and on strengtnening human resources (also in existing small
and medium-scale industry) by means of training programmes, channelling them into 
business activities in specitic fields of tecnnology. It would also be necessary 
to set up specific and possibly centralized data banks, providing access to the new 
type of small-scale enterprise. This strategy thus requires tne following policy 
package: 

A macro-economic policy including the development of human resources, 
expansion of the industrial base and creation ot a favourable environment 
for small-scale investors and risk-taking as regards investment and foreign 
trade; 

Clear and continuous government priorities directed towards the private 
sector; 

An industrial policy favouring the expansion of inter-industrial linkages 
(co-operation, suo-contracting and complementation); 

14/ UNIDO, "Small-scale electronics industry as subcontractor in Asia a.id the 
Pacific region", Vienna, August 1~~>. 



Support prograaaes involving scientific, technical and financial 
institutions. 

The industrialized countries and, as we nave seen by way of example, the 
Republic of Korea are succeeding with strategie$ of this kind. 

4.3 Policy and promotion measures 

4.3.l Expansion of inter-industrial linkages 

It is evident that the technological specialization of small- and medium-scale 
industry and the intercnange of products between enterprises are typical of toe 
capital goods sector. The most coDDOn forms of co-operation are: 

Sub-contracting; an enterprise (generally a large-scale enterprise) 
purchases fr~m another enterprise (generally a small- or medium-scale 
enterprise) parts, pieces or components wnicn it then incorporates in a 
more complex product; 

Complementation: complementary products (e.g. electric motors or computer 
peripheral equipment) are purchased by enterprises offering capital goods 
systems (e.g. computer systems, processing plants in the chemical industry 
or others); 

Contracting of services: e.g. engineering maintenance or software 
~evelopment services; 

Co-operation between enterprises with complementary end products. 

Wh~reas these forms of co-operation play a large part in industrialized 
countri~s, they are normally hard to find in developing countries. The reasons for 
this are generally numerous and may oe summarized as infrastructure inadequacies, 
legal and political inadequacies, promotion and incentive inadequacies and 
inadequacies at enterprise level. 

The legal and political context is dominated by thP. fiscal and regulatory 
aspects of co-operation. In Europe, sub-contracting and complementation advanced 
with the eliminati~n of the double taxation of production by the sales tax, 
i.e. with the introduction of value added tax. In the Republic of Korea thiff 
greatly contributed to inter-industrial co-operation with legal regulations 
governing payment of small-scale suppliers and the reservation (suoject to 
continuous monitoring) of products for manufacture by small-scale enterprises. 

The promotion of co-operation incentives, leading to production and service 
specialization, plays a decisive role in expanding the industrial base. It is the 
authorities' task to determine which promotion and incentive system to adopt. Th1s 
may involve, for example, tax incentives for the purcnasing enterprise, 
contrioutions to self-nelp structures in the private sector for this purpose, 
granting of production licences or credits subject to inter-industrial 
co-operation, etc. 

At enterprise level there are external and internal inadequacies. Externally, 
mention snould be made of the very frequent absence of self-help organizations to 
defend common interests and to promote the small- and medium-scale industry sector, 
bP~ause the production range is relatively narrow and there is snarp competition 
between small-scale enterprises. Internally, there are deficiencies in human 
resources development aimed at acnieving progress in technologically more complex 
production areas and in awareness among entrepreneurs of new technologies, or 
information on the potential for business growth connected with technological 
advance and the supply of entrepreneurial training. 
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4.3.2 Orientation of promotion policies 

As a general rule, industrial pr01110tion policies concern both large-scale 
enterprises and small- and medium-scale enterprises. ~xperience shows tnat 
large-scale enterprises derive far more benefit than small-scale enterprises from 
support programmes because tneir ability to fulfil cue requirements (applications, 
loan guarantees, export licences and exemptions) is greater than that of a 
small-scale enterprise and l.etter tailored to the agencies involved in tne 
execution of such programmes. Consequently, promotion prog~ammes are in many cases 
disadvantageous to small-scale enterprises. 

The case of the Republic of Korea, generally based on the mod~l of Japan, 
indicates tnat a range of specific measures to promote tecnnolog1cal advance in 
small- and medium-scale industry may profoundly improve its position in the 
industrial context and help to expand industrial value added witn an ~nsuing 
increase in employment. 

The following are tne central features of promotion measures: 

Improvement of access to credit for small- and medium-:>ccHe industry; 

Improvement of access to technological information and support in tecnnical 
areas, particularly witn regard to new products; 

Financial programn:es for technological innovation and for enterprises 
establisning themselves in advancea-cecnnology areas; 

Promotion of sub-contracting and establishment of "rules of the game" to 
protect suD-contracting enterprises (e.g. guarantees for payment for 
sub-contracted products); 

Sub-contracting incentives for Large-scaie enterprises; 

Financial support for self-help organizations in small- and medium-scale 
industry; 

Training progranunes. 

One area which can make a large contribution to small- and medium-scale 
enterprise development is tt1at of government purc11as 111g. Various countries 
(e.g. the United States, Japan and the Republic of Korea) give preference to 
supplies wnich include small-scale enterprise contracting. 

Another factor that is closely connected with the promotion of r.mall- and 
medium-scale enterprises is tne expansion of the country's scientific and 
technological base. This capacity represents, firstly, a basic requirement to 
permit penetration of new-tecnnology areas and, secondly, tne forioati."n o~ a oase 
for the "spin-off" of new small-scale enterprises (e.g. in tile area of software 
development). 

4.3.3 Support requirements of new enterprises 

The principal objective of the promotion of new enterprise~ in 
advanced-technology area~ should be to strengthen tnese enterprises' i.ncerndl 
resources, rather than to e~tablish protection systems which may be out of 
proportion. Tnis type of new enterprise requires ai.tterent support medsures from 
the traditional small-scale enterprise. Whereas the latter essentially needs 
technical assistance to improve its economic and technical position, tne tormer 
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requires, above all, pre-investment guidance, support in human resources 
development, logistic support in the development of new technology and risk capital 
to begin busi.I!es~ operations. It may be assumed tnat tne new small-scale 
enterprise is capable of solving its management problems by itself or by bringing 
in experts fr~m outside (specializing, for example, in accounting, market surveys, 
technology access or training). Such enterprises' basic requirements are tnus: 

duman r~sources development; 

Favourable climate for tne establishment of the enterprise; 

Logistic support and access to information on technological progress in its 
area; 

Access to up-to-date data banks; 

Sources of risK capital; 

The political and legal climate mentioned earlier; 

Access to tne industrial infrastructure. 

4.4 Institutional aspects 

Mos~ advanced developing countries pvssess the necessary support and promotion 
institutions. Nevertneless, :n many instances one wonders wtletner their 
structures, wodes of operation and programmes correspond to the current needs of 
small- anc! medium-scale indust:.-y, particularly in the capital goods sector. In 
each case, it is neces;ary to make an analysis, together with an examination of the 
political •~asures descrioed above, of tne institution's reorientation needs. In 
addition to the reformulation of the content, the services offered by each 
institution must introduce new forms of contact witn enterprises Whicn, in many 
instances, snould be closer and more direct than tnose currently in existence. 
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S. CONCLUSIONS AND RECQUIBNDA"ClONS 

The aim of the previous chapters was to demonstrate the importance of small
and medium-scale industry in the capital goods sector. In the industrialized 
countries, it makes a substantial contribution to the value added in that sPcto~. 
This is due to the high level of technological specialization of the enterprises 
and the trading systems based on various forms of inter-industrial co-operation, 
particularly sub-contracting. Sm.all-scale industry is generally independent 
because, in most cases, it has a number of customers for its products. 
Specialization of small-scale enterprises has frequently reduced competition 
between enterprises. 

Tile situation is generally different in the developing countries. In those 
countries, small- and medium-scale enterprises manufacture a relatively narrow 
range of products, leading to severe competition between enterprises. The products 
are characterized by relatively low technological complexity. The small-scale 
enterprises lack qualified personnel (engineers and technicians) and access to 
technological information for the manufacture of more complex products. 

Since the beginning of the current decade, the engineering (design and 
construction) system and production of the capital goods industry in tne 
industrialized countries have undergone rapid innovation. This technological 
innovation is tne result of advances in new working instruments, i.e. computer 
systems and the corresponding software. The CAD and CAM systems, with production 
planning automation, bring about greater production flexibility, an appreciable 
reduction in new product design and, in addition, a considerable reduction in 
production costs. The influence of this technology on small- and medium-scale 
iudustries is great since microcomputers offer the same working capacity as before, 
but at a relatively low price. 

This technological development will have wide-reaching effects on 
international trade as a result of lower product prices in future. It may be 
expected that this development will have greater impact on the more advanced 
developing countries than on the less developed ones. ~ow are those countries to 
react to this development? An exaggerated protectionist policy can be ruled out 
straight away because capital goods prices have an impact on production costs 
throughout the economy. There will clearly have to be policies for the rapid 
introduction of these advanced technologies. Together witn CNC machine tools, 
whose prices will also benefit from the new technological development, fresh 
production areas will be opened up for aeveloping countries Which nave a policy to 
introduce new technologies. The new product design instruments permit tne 
construction of technologically advanced products and tne new machine centre 
flexibility permits the production of high-quality products in small batches at 
relatively low prices (future production will De less affected by tne human sKill 
factor and its influence on product quality). This development will have profound 
effects on employment. 

In the industrialized countries there is a considerable reduction in operating 
personnel and construction plants and an increase in highly qualified staff. 
Analysis at enterprise level indicates a net deficit of between l and 3 per cent. 
In the medium term, tne impact on employment in developing countries may be quite 
positive: firstly, new jobs will be provided for graduates in engineering and data 
processing and, secondly, with the expansion of the industrial base to cover 
products that were previously imported, employment in general will benefit. 



• 

• 

• 

New areas of activity will open up for small- and medium-scale industry. 
There will also be increased potential for new small-scale enterprises in software 
development, wtucn is still hignly intensive i.n skilled manpower. However, in 
order to achieve small- and medium-scale industry expansion it ~ill be necessary to 
analyse the industrial policy framework and the integration ot small- and 
medium-scale industry in tne production system. One example is an industrial 
policy specifically aimed at developing this brancn of industry, wnich is still 
lagging behind large-scale industry. On the basis of the specific conditions in 
each country, it is recoanended that an analysis be made under the head1.0g of 
"technological progress" of the different areas of industrial policy, particularly 
poli.cy relating to small- and medium-scale industry, promotion and support 
programmes and institutions. These areas have been examined in depth in the 
preceding cnapter. The following areas stand out~ creation of a favourable 
business climate; promotion of inter-industrial linkages, particularly 
sub-contracting; support for yow1g scientists and engineers working i~ areas of 
technology with a view to the creation of new enterprises. There should be broad 
access to tecnnological information, botn w1tn regaru to software and witn ~egard 
to engineering, i.e. data banks on construction specifications and standards • 
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