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CHAPTER l 

INTRODUCTION 

1.1 Background 

1. Ille First Consultation on the Capital Goods Industry which was heid at 

Brussels, Belgium, from ~l to 25 September 1981!/, drew attention to a 

fundamental disequilibrium between the developed and developing countries' 

d . f . 1 21 
pro uct1on o capita goods- • 

2. Furthermore, the Consultation recognized that approximately 74% of the 

developing countries' production of capital goods was concentrated i~ six or 

seven ~ewly Ind~;trializing Countries (NICs). Illis situation indicated 'nother 

structural problem: there were imbalances among the developing countries 

themselves. 

3. Ille First Consultation has, therefore, recommended that UNIDO sh~uld, 

among others: 

Carry out studies to identify the barriers hindering the entry of 
developing countries into the capital goods sector and to formulate 
possible strategies to remove these constraints; and 

Assist those developing countries which aim at entering into and/or 
developing their capital goods industries. 

4. Other related UNIDO studies and discussions at the meeti~gs on the 

agricultural machinery industr~.i.2/ have identified yet anoth2r structural 

!I 

2/ 

3/ 

4/ 

5/ 

UNIDO; Report of the First Consultation on the Capital Goods Industry, 
ID/~76 (ID/WG.342/8/Rev.l), 1981. 
In 1980, the shares of developed and developing countries in the total 
world manufacturing value added in capital goods of US$ 76C billion 
(constant 1975 dollars) were 94.7 and 5.3 %,resp~~tively - UNlDO; The 
second world-wide study on capital goods: The sector in figures, 
UNIDO/IS.~05, 1984. 
UN:::DO; Re··ort of the First Regional Consultation on the Agricultural 
Machinery Industry, ID/285, 1982. 
UNIDO; Report of the Workshop on Design and Development of Agricultural 
Equipment in Africa, UNIDO/PC.85, 1983. 
~NIDO; Agricultural Machinery and Rural Equipment in Africaj A new 
Approach to a Growing Crisis, UNIDO/IS.377, 1983. 
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imbalance with regard to the geographical distrihutior. of capital goods 

industry within the individual developing countries. It was observed that in 

most developing countries, the capital goods industry, if existant, has ~een 

co-.centrated in and arOlmd urban centres. The conection of this imbalance 

which brought along additional social problems, would require implementation 

of rural devPlopment programmes. 

1.2 Scope of the work 

~ This study a'ms at: 

a) Developing a methodological framework which is based on systems theory 
and could be used for the analysis of capital goods industry; 

b) Discussing the relevant issues of classification of capital goods and 
typology of developing countries, and integrated planning within the 
framework of methodology described in (a); 

c) identifying the barriers to entry in~o the capital goods sector in 
those developing countries which have no or only embryonic capital 
goorls industry· 

d) Identifying the possible policies and strategies to remove these 
barriers and, among others, identifying a possible techno-economical 
route for entry into the capital goods sector, i.e., the multipurpose 
production app~oach. 

1.3 Presentation 

6. Titis report is presented in three main parts: 

a) Part I: Development of a methodology for the analysis of capital 

goods industry in the developing countries: 

A systems approach to describe the ~stablish111ent, operation and 
l~velopment of the capital goo~s industry; 

A classification of r:apital goods t-y udng the Analysis of 
Technclogical Complexity (ATC) method, 2nd accordir·g to the 
conditions of their manufacture; 

A typology of developing countries according to their potential to 
enter into and/or develop the capital goods industry; 
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An integrated planning technique utilizing ATC methodology for the 
capital goods industry development. 

b) Part II; Identification of barriers to the entry of developing 

countries into the capital goods sector ~nd discussion of policies 

aimed at removing these barriers with special emphasis on the; 

Selection of capital go~ds according to typological characteristics 
of different groups of co·;ntries; 

Identification of constraints by taking both the conditions of 
manufacture of selected capital goods and socio-economic and 
technical infLastructure of the country groups into account; 

Selection of manufacturing routes with special emphasis on the 
application of mu~tipurpose production approach; 

Formulation of strategies aimed at removing barriers along tne 
selected route for manufacture. 

c) Part Ill; Multipurpose production appr~ach and its application to th~ 

capital goods industries of developing countries. 

Identification of precise rules of establishing multipurpose 
production units (HPUs); 

Discussior. on the multipurpose production of agricultural machinery 
and other rural equipme. _. 
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CHAPTER 2 

A SYSTEMS APPROACH TO THE CAPITAL GOODS INDUSTRY 

2.1 Introduction 

7. Due to its wide coverage and complexity, it is difficult to formulate an 

empirical identification of the capital goods industry to analyze the 

diversified range of technological and economic issues. Nevertheless, there 

are several analytical approaches. The methodology conunon to all these 

approaches consists of dividing the sector into two distinct categories as 

capital (or investment) goods and consumer durable goods industries and then 

tes;.:ing the "capital-goodness" either by checking the forward and/or backward 

1
. 6,7,8,9/ b . . h . f. 1 inkages or y estimating t.e mean time taken to consume the ina 

10/ product- • Although useful as macroeconomic tools, these D'.odels do rot 

always provide an insight to the linkages between the macroecc~omic 

planning/decision-making and miccoeconomic implementation. 

8. The systems approach adopted here has been designed primarily to find 

answers to two important questions, namely, "What to produce?" and "How to 

produce?", often asked by developing countries either entering into th~ sector 

or wishing to improve their production capabilities. 

2.2 World capital goods industry system 

9. A simplified rlyn3mic, non-linear feedback system represen~ing the world 

6/ Hirschmann, A.C., The ~tr3tegy of economic development, Yale University 
Press, New Haven, 1958. 

7/ R~smussen, N.P., Studies in inter-sectoral relations, North Holland 
Publishing Company, Amsterdam, 1952. 

8/ Chenery, R.B. and Clarke, P.G., Interindustry economics, John Wiley and 
Sons, New York, 1959. 

~/ Simpson, D. and Tsukui, J., The fundamental structure of input-output 
tables: An international comparison, Review of Economics and Statistics, 
v.47, p.434-446, 1965 • 

.!QI Chng, H.K., The empirical identification of a capital goods sector, Oxford 
Bulletin of Economics and Statistics, v.43, p.207-223, 1981. 
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capital goods industry is shown in Figure 2.1 !! ... t..!..±/ 

10. As any other similarly classified system, the capital goods industry 

system has five i~terrelated structural and operational elements: (1) Input; 

(2) proces~ryr; (3) output; (4) feedback, and (5) control. Input is the 

start-up component on which the system operates. Output, the purpose or 

objective for which the system was designed, is the result of operatio~. 

Processor is the activity that makes the transformation of input into output 

possible. Control and feedback are tl.e system elements which take the 

necessary measures for smooth operat~on of the system (i.e., remaining in 

equilibrium for a given output). 

11. All direct inputs shown in Figure 2.t, i.e., materials, technical 

services, energy, labour, finance and infrastructure are outputs of other 

systems. For example, iron and steel products, which are material inputs to 

the capital goods industry, are outputs of the iron and steel industry. On 

the other hand, iron and steel industry requires capital goods as one of its 

inputs. 1berefore, the backward and forward linkages of the capital goods 

industry are establish~d throug~ its inputs and outputs, respectively. 

2.3 National capital goods industry system 

12. 1be systems representation of a national capital goods industry is given 

in Figure 2.2. A national system has many shortcomings compared to a balanced 

global system. Particularly in developing countries, the establishment, 

start-up and operation of the systefu way take place in an imperfect 

environment. 1be lack and/or interrup:ed supply of some inputs such as 

inadPquate level of indigeneous technology, limited skilled labour supply, 

lack of external and/or internal financing of hardware and software 

activities, u~derdeveloped infrastructure, etc. are some of the barriers 

hindering the development of a capital goods industry in a developing 

countries. 

!!/ Lerner, A. Ya.; Fundamentals of cybernetics, Chapman and Hall, London, 
1972. 

!!:.../ D'Azzo, J.J. and Houpis, C.H.; Feedback control system analysis and 
synthesis, McGraw-Hill Book Company, New York, 1966. 
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Consequently, the task laying ahead of ~eveloping countries wishing to develop 

their capital goods industries is huge and complicated. It is therefore 

imperative that the dPcision-makers at national level take every precaution to 

minimize expensive mistakes. 

2.4 Methodology based on systems science 

13. As described before, a system is characterized by the following 

parameters; input, system function (combining processor and feedback loops), 

output and control. Solution of the system, depending upon the given (kno~n) 

parameters, may assume one of the following four form~; 

Given Unknuwn to Technique used Operation 
be found in solution 

1. System function, input, control output analysis deduction 

2. System function, output, control input inverse analysis deduction 

3. System function, inptJt, output control science induction 

4. Input, output, control sys tern engineering synthesis 
function 

Here, the system function is the capital goods production capabilities (both 

existing and to be created); the inputs are the available resources (natural, 

human, physical, etc.); the output is the total demand for capital goods; and 

control is the implementation of policies and strategies formulated according 

to the social, economic, po~itical, etc. objectives of the country. 

14. It is clear that the solution method will he different for oeveloped and 

developing countries. In a develope~ country with an established system, 

empirical solutions may be possible. A developing country, on the other hand, 

may r.ave either a partly operational system or no system at all. Therefore, 

an iterative planning technique is required to estimate th~ possible values 

that variable pardmeters may assume over a specified time period. Figure 2.3 

shows the general outline and flowchart of such a technique. 
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15. As it can be seen from the flow-chart presented in Figure 2.3, the 

overall task is a system design exercise which implies the use of almost all 

system solution techniques at one stage or the other before rear.hing the final 

implementatior phase. At each stage (for example, estimation of output, 

fitting a system [unction, calculation of inputs, etc.), there is an absolute 

n~ed for reliable information • Therefore, the collection of extensive and 

reliable data at national and inter~ational levels is a prerequisite and 

should be given the highest priority. 
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CHAPTER 3 

A CLASSIFICATION OF CAPITAL GOODS ACCORDING TO THEIR CONDITIONS 
OF MANUFACTURE AND TECHNOLOGICAL ROUTE 

3.1 Technological production routes 

16. In Chapter 2, the identification of the capital goods industry system was 

discussed. It is now intended to develop a classification of capital goods 

and to study the conditions of their manufacture from industrial and 

technological points of view. 

17. The very wide spectrum of capital goods is not only due to the type and 

nature of the ~achines but also due to the manufacturing processes, 

components, know-how, etc. required for their production. A systematic 

analysis of technological production routes is necessary to unravel the 

confusion created by the wide variety of products and processes and to furnish 

developing countries with precise elements facilitating their choice of 

products and manufacturing technologi~s. 

18. A production route is defined as a chain of successive technological 

activities throughout the entire input-output process of the manufacture of a 

capital good. These technological activities, which take part in an 

environment specified by th~ economic and social infrastructure, comprise not 

only the manufacture, per se, of the product, but also organizational aspects, 

knowledge, etc. Figure 3.1 gives a schematic d~scription of the technological 

production route. 

19. The concept of technological productio~ route and its application to 

specific cases (e.g., machine tools, agricultural machinery, electric power 

equipment, etc.) can help to apprehend the complicated nature of an industrial 

production by analyzing the sequence, nature and importance cf the functions 

performed by the various operators. 
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3.1 Analysis of technological complexity (ATC) 

20. Analysis of technological production routes requires analytical tools. 

In order to answer the questions "What to produce?" and "How to produce?", an 

analysis of com~lexity with regard to product design, product components and 

.nanufacturing processes has to be carried-out. One approach is to utilize a 

method which facilitates the quantitative measurement of the complexity of 

manufacture of a product when the production route is given. Since 1979, 

UNIDO has been developing such a method. 

21. 1 l.J'NID 1 . · on thP ATC method 13 •14 •
15

•
161

• There are severa 0 pub icat1ons 

Here, only a brief description is given. Figure 3.2 shows the groups of ~ 

total 103 factors •>1hich are taken iuto consideration in :-he ATC. These 

factors are grouped in 3 blocks which, in turn, divided into t~e following 

sub-blocks: 

a) Block ~: Central unit of production; 

Sub-block Al: 
Sub-block A2; 
Sub-block A3: 

General factors of product and production unit; 
Know-how factors; 
Production factors. 

b) Bluck B: Technical infrastructure: 

Sub-block Bl: 
Sub-block B2; 

Factors of semi-finished products; 
Factors of specialized technical services from the 
third parties. 

c) Block C: Com~onents. 

22. Each factor is characterized by six poseible levels of complexity!Z/ 

ll_/ UNIDO; Technol~gy in the service of development, ID/WG.324/4 and Add.I, 
1980. 

14/ UNIDO; First global study on the capital goods industry: Strategies for 
development, ID/WG.342/3, 1981. 

_!21 Vidossich, F. (UNIDO Consultant); The index of complexity of capital 
goods: User Manual, 1982. 

1!!_/ Vidossich, F. (UNIDO Con&ultant); Human resources and technological 
complexity of capital goods, 1982. 

'l]_/ The detailed description of parameters according to six c~~plexity levels 
is available upon request from the UNIDO Secretariat • 
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and each level is assigneci an index number. Total technologic::d con., lcxity 

index I of a product is the sum of complexity ratings assigned to different 
c 

factors required by the specific tecl.nolugical ~roduction route choser.. The 

products are then grouped into 3ix levels according to their total complexity 

ratings --leve1s I to VI, see Figure 3.3. 

23. Figures 3.3, 3.4, 3.5, 3.6 and 3.7 show in turn the results of ATC 

carried out for the a sample group of capital goods (nearly 400 products): 

Agricultural machinery, food processing equipment, building construction 

machinery and capital goods common to all sectors. 

24. The following observations can be made from the Figures 3.3 to 3.7: 

The weight of components {i.e. the difference between the total 
complexity and the complexity without components) is very low for 
simple machinery. The difference, however, becomes significant for 
sophisticated machinery indicating the importance of components in the 
manufacture of such equipment (Figure 3.4). 

Comparison of Figures 3.5, 3.6 and 3.7 with 3.4 indicates the product 
diversification possibilities which exist between the agricultural 
machinery and the capital goods for food processing, capital goods for 
building constn·ction and capital goods common to al 1 sectors. 

In particular, simple agricultural machinery and simple capital goods 
for building construction have similar properties such as small 
difference between the total complexity and the complexity without 
components; wide dispersion, etc. (Figures 3.6 and 3.4). 

25. One of the conclusions from the ATC of several sub-sectors of the capital 

goods industry is that there are possibilities of diversification between 

sub-sectors for the manufacture of products of similar complexity levels. 

However, practical application of this conclusion has to be justified at 

production unit level and within the structure of industrial production of a 

giv£n country (see Chapter 8 and 9). 

26. Fer this ~urpose, an at~empt is made to analyze ~he structure and 

requ~red technological capab· lities of production units of different 

complexity levels (see Chapter 8). There, the properties of production units 

are identified by using the technological production route and the 

technological complexity analysis. This, however, necessitates, for each 
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product, the conside~ation of all 103 parameters for 6 complexity levels (see 

Table 3.1).!!/. In order to simplify the analysis, 8 manufacturing processes 

and 4 :omplexity levels have been selected. These processes are widely used 

in the production of agricultural machinery and rural equipment, simple energy 

equipment, food processinf machinery, etc. Table 3.2 summarizes the 

description of each process for ~our levels of technological complexity. 

3.3 Utilization of ATC methodology 

27. ATC is not the only method for the classification of capital goods·!~/. 
However, provided th~t its limitations are carefully observed, ATC is unique 

as it can be utilized in all of the following activities: 

a) At macro level; Planning, identifying sectoral and sub-sectoral 
priorities, policy anc strategy formulation, etc., in particular; 

Survey of existing capital goods production facilities; 

Classification of capital goods and identifica~ion of demand in 
terms of t .1is classification; 

Selection of products and/or groups of products which would meet 
the identified demand of the country and, at the same time, would 
be compatible with the technological level of national industry; 

Identification of required technical services to be created. 

b) At micro level: 

Project identification and desigc, and feas .. ~ilLty ~tudies; 

Selection of produr.t and/or process mixes, and identification of 
diversification and/or multipurpose operation possibilities; 

Precise identification of the required subcontracting services and 
types and quantities of components. 

18/ An analysis of a group of agricultural machinery was carried out by using 
is method. Table 3.1 shows the resultant technological complP.xity 

ratings. In that work, 80 ATC factors were used; the number of factors 
has been increased to 103 during the subsequent ~evelopment of the ATC 
methc.dology. 

11.I UNIOO; Manual for planning of capital goods industries (by M.M. Luther, 
UNIOO Consultant), UNIDO/I0.584, 1983. 
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Table 3.2 Technical characterization of 4 levels of complexity of 8 processes 

FOUNDRY 

-Hanual ~.and 
1 

preparation 
-Hanual moulding 
with tools 

.... -Simple oil furnace 

....1 smelting 
~ -Casting with smelted 
~ material hand 

transport 
-Hand shake-out 
anJ knock-out 

-Trinning with 
hand tools 

-Sand preparation 
with mixing machine 

-Hanual moulding with 
wooden patterns 

-Balanced blast .... .... 
....1 cupola smelting 
w -Casting with smelted­
~ material crane 
....I transport 

-Hand shake-out and 
knock-out 

-Triaming with hand­
controlled sand-
blasting 

-Sand preparation 
with mixing and 
proportioning 
machine 

...., -Machine moulding 
;:: with pattern 
....1 -Automatic furnace 
w 
> w 
....I 

> ..... 

smelting 
-Semi-automatic 
casting and shake-out 
equipment 

-Shot blasting and 
cast cleaning 
machines 

-Tunnel sandblasting 

-Fully automatic 
plant with machine 
preparation, smelting 
in checked charge 
electric automatic 
cupoloa, automatic 
casting, etc. 
1pecial ca1tings 

FORGING 

-Simple oil- or coal-
furnace heating 

-Loose t~ol forging 
-Hand snagging 
-Hand straightening 

I
-Oil or electric 

furnace hee ting 
-Hammer forging 
-Hand snagging and 

straightening 

-Electric furnace 
heating 

-Die press forging 
-Hot trimming 

machine 
-Straightening press 

-Induction heating 

I 

-Ciose die forging 
-Automatic hot-trim-

ming ftnd straighten­
ing system 

SHEET, TUBE AND 
PROFILE WORKING 

-Cutting with snips, 
hand hacksaw and hand 
torch, han~ lever, 
shearing machine 

-Hand torch scribing 
-Hand b0 nding 
-Hand 3- ,-.;, ller 
rolling 

-Shearing machine and 
hacksaw machine 
cutting 

-Hand scribing 
-Use of punching, 
3- roller rolling and 
bending machines 

-Limited sized 
machines 

-Shearing machine and 
automatic sawing 
machine cutting 

-Electric etching 
pantograph scribing 

-Use of large sized 
punching press, 
)-roller rolling 
bending machines 

-Use of limited sized 
hydraulic, eccentric 
shaft preues 

-Use of large sized 
press 

-Possibility of deep­
draving 

-Automatic forming 
presa ing cycles 

HEAT TREATMENT 

-Simple coal-burning, 
heatin~ and water 
quenching tentative 
hardening 

-Oil furnace heating 
-Hardening in high-heat 
heat salt bath 

-Possibility of 
tempering, 
normalizing, 
annealing 

-Gas heating in 
fully instrumented 
furnace 

-Possibility of case 
hardening, nitriding, 

-Non-continuous 
working 

-Heat treatment 
continuous transfer 
line 

-Special treatments 

etc. 
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Table 3.2 (continued) 

..l ... 
~, 

I I 
I 

ASSEMBLING 

-Electrode arc­
welding 

-No jigs 

I-Electrode arc­
welding 

... .... ... 

..l ... 
> 
~ 

-Spot welding 
-Use of clamp jigs, 

small prer;ses 

-Continuous rod arc­
welding 

-Sheet flaging 
-Use of semi-automatic 
jigs, large presses 

drilling, grinding 
machines, gear 
cutting 

-Steam resistance 
welding 

-Automatic and 
speci~l weldings 

~ -Robot multiple 
..l spot welding 
~ -Automatic jigs 
~ 

I I 

MACHINING ASSEMBLY LINE 

-Hand hacksaw 
cutting 

-Universal lathe 
turning 

-Drilling 

-Stationary assembly 
-Hand tools and 

-Hand tapping and 
threading 

-Not very dccurate 
machine-:ools and 
no more workings 

fixtures 

-Stationary assembly -Hacksaw mac~ine 
cutting 

-Hydrocopying lathe 
turning 

-Electric hand tocls 

-Use of milling and 
shaping machines 

-Lathe tapping and 
threading 

-More accurate 
machine too ls 

-Automatic sawing 
mac~ine cutting 

-Turret lathe 
turning 

-Use of broaching, 
boring, column 

-Use of all other 
available machine­
tools (planning 
machine, special gear 
cutting machine, etc.; 
multiple-spindle 
lathe, dri 11 ing 
machine, etc.) 

-Use of numerir~l 
control machine 
tools and transfer 
machines 

-Special machining 

and fixtures 

-Assembly line 
-Electric hand toola 

and fixtures 

-Fully automatic 
auembly line 

-Timed atep conveyor• 

TESTING & INSPECTION 

-Nil 

-Sampling inspection 
-No te&t 

-Detailed inspection 
of part• and groups 

-Engine, group te1ting; 
balancing, final test 

-Specific electronic 
in1pection and te1ting 
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28. lbe f~ll utilization of ATC is a long-term undertaking and necessitates 

the creation of dedicated teams of experts. UNIDO's field experience has 

shown that the method could be very effective at both levels mentioned 

b 
20,21/ 

a ove • 

29. Although the Analysis of Technological Complexity (ATC) appears to be an 

excellent analytical tool, its usefulness would be best appreciated once its 

limitations are carefully reviewed; 

ATC may be subjective in the sense that it is, to some extent, 
dependent on the chosen technological model; 

Due to lack of reliable data, ATC does not, at present, directly 
include s~~e factors such as energy efficiency of products and 
processes, repair and maintenance requ~rements of end products and 
prod•1ction apparatus, intra-firm organiT.ational and management 
aspects, marketing, etc.; 

Since ATC is technology and design dependent, it should be reviewed 
and up dated to include the developments in these areas; 

Economic aspects of production such as investment costs, production 
costs, critical factors affecting productivity and quality, etc. 
shouid separeteiy be considered since cheir direct coverage within the 

ATC is rather limited. 

20/ UNIDO; Un diagnostic et une strategie pour le groupe d'entreprises de SN 
Metal, UNIDO/I0.468 and Add. 1, 1982. 

'll/ UNIDO; Project: "Developpement de la methodologie d I Analyse de la 
complexid Technologique pour les biens d'equipement en Tunisie", 
UF/TUN/84/2!6, 1984. 
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CHAPTER 4 

A TYPOLOGY OF DEVELOPING COUNTRIES 

4.1 Introduction 

30. 1be aim of this part is to develop a methodological framework which can 

assist the decision-makers in developing countries in drawing up industrial 

policies and strategies to enter into and/or develop a capital goods 
. d 22,23/ in ustry • 

31. In view of the different levels of industrial develcpment achieved by the 

developing countries, ranging from the least developed countries (LDCs) to the 

newly industrializing countries (NICs), d differentiated approach is 

required. In some of the countries there is no cGpital goods industry, so 

that it will be necessary to consider a strategy for starting up the 

industry. In other countries, the national capital goods ir.1ustry produces a 

wide range of equipment; there, it will be a question of consolidating the 

industry and of enabling it to produce the more sophisticated types of 

equipment and/or give it access to advanced technology. Between these two 

extremes, one can find almost all levels of developmen~ of this sector. It is 

beyond the scope of this paper to deal with every country individually. 

Tilerefore, the countries are grouped according to some common dominant 

characteristi::s. 

32. Selection of capital goods for domestic production is an activity which 

~hould be carried out not only by taking into account the technological 

aspects of manufacturing, but also by considering the socio-economic realities 

and the political goals of the country. lne typology should, therefore, be 

linked, on the one hand, to the types and technological production routes of 

the capital goods whose manufacture is envisaged, and, on the other hand, to 

the socio-economic conditions of the developing countries. 

22/ 
23/ 

Op. cit. l'• I. 
UNIDO; El~tric power equipment production in developing countries: 
A typology and element of strategy, UNIDO/IS.509, 1985. 
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33. At the world level, the capital goods industry is heavily concentrated in 

the developed countrie~/. Tilis statement is particularly true in the case 

of complex equipment. In the case of simpler equipment, however, the 

technology has been mastered in a growing number of developing countries. In 

this case, the respective bargaining capacities of the owner of technolcgy and 

the developing country wishing to obtain it are very different from the case 

of complex equipment. Tilerefore, a typology of developing countries must also 

make it possible to take into account the different bargaining conditions for 

the transfer of technology. 

34. As a general rule, the difficulties of negotiating a transfer of 

technology increase with the technological complexity of capital goods. Tilis, 

in a sense, is favourable, since the developing countries with a low level of 

industrialization will negotiate for simpler technologies that are more easily 

available. It will be the most advanced developing countries that will 

negotiate the transfer of more complex technologies; these countries are those 

that have the strongest bargaining power. 

35. In sununary, the typology work should make it possible the preparation of 

strategies for the development of the capital goods industry which: 

Would take into account the differences in the industrialization level 
of the countries; 

Would help to identify the specific priority sectors of the economy 
for which the domestic production of capital goods can be planned; 

Are linked with the types and technolc~~cal complexity of the products 
whose manufacture is envisaged; 

Would evaluate the country's bargaining power for the transfer of 
technology according to the structure of the capital goods industry at 
world level. 

4.2 Methodology 

36. Selection of countriea; Tile availability of statistical data is the 

24/ Op. cit. 2/. 
25/ Internati~nal Bank for Reconstruction and Development/World Bank, World 

Development Report, 1984. 
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main factor 3ffecting the selection process. The World Bank statistics 

d b h . bl d f h f h. d 251 appeare to e t e most su1ta y arrange or t e purpose o t is stu y-- • 

They cover 91 developing countries with populations above one million. These 

countries are listed in Table 4.1. 

37. A typology of developing countries may be developed by using a correlated 

set of macroeconomic, demographic, etc. indicators. Conseq~e~tly, almost 

infinite number c.f typologies is theoretically possible. The limiting factor, 

however, is the availability of reliable data. Furthermor~. the selected 

indicators may not be, in the real sense, true independent variables. The 

interdependency of these variables does not, however, appear to be an 

ins1~rmountable obstacle to the present work. 

38. For the purpose of this study, the typology of developing countries was 

developed in two stages; 

a) Grouping of developing countries cccording to their level of 
industrialization, potential to enter into and/or develop a capitai 
goods industry, and actJrding to their bargaining power for the 
transfer of technology; 

b) Sub-grouping of developing countries according to their sectoral 
priorities and corresponding types of products and technological 
production routes. 

39. For the first stage of grouping, the following criteria and indicators 

were adopted: 

a) Criterion 1be size and development potential of the dome~tic market 
for capital goods. 

Indicators: - Population of the country; 
- The share of industry (and manufacturing) in the GDP, 

in real value terms; 
- Imports of machinery and transport equipment. 

b) Criterion Potential to enter into and/or develop a capital goods 
industry and bargaining power fQr the transfer of 
technology. 

Indicators: Share of industry (and manufacturing) in GDP, in 
percent; 

- Value added in manufacturing. 

]2_/ International Bank for Reconstruction and Development/World Bank, World 

Development Report, 1984. 
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4.3 Presentation of results 

40. lbe following data w~re collected for 91 developing countries and 

presented in Tables 4.1 ai.:t ·~.2. 

In Table 4.1: 

i. Population, million inhabitants, in mid-1982; 
ii. Area, thousend square kilometers; 
iii. Gross Domestic Product (GDP), million USS, current prices, in 1982; 
iv. fer capita Gross National Product (GNP), USS, current prices, in 

1982; 
v. Shares ~f the following sectors in GNP, percent, in 1982, 

Agriculture, 
Industry (and manufacturing), and 
Services; 

vi. Val~e-added in manufacturing (HVA), million USS, constant 1975 
prices, in 1981; 

v11. Value-added in machinery and transport equipment producti~n, million 
USS, constant 1975 prices, in 1981 (in the case of countries for 
which information is not available, the position of the country was 
estimated in terms of five classes identified in para. 44 below). 

In Table 4.2: 

i. Exports, million USS, in 1982; 
11. Share of following merchandize exports in total exports, million 

USS, in 1981, 
Fuels, minerals and metals, 
Other primary commodities, 
Textiles and c1othing, 
Machinery and transport equipment, 
Other manufactures; 

iii. Imports, million US$, in 1982; 
iv. Imports of machinery and transport equipment, million USS, current 

1982 prices, (estimated from percentage share of machinery and 
transport equipment in total imports in 1981 and total imports in 
1982); 

v. Share of imports of machinery and transport equipment in total 
imports, percent, in 1981. 

41. 'nlree graphs were prepared from the date given in Tables 4.1 and 4.2. In 

all graphs population was used as the common reference variable. Population 

was slso used as the criterion for a first classification of developing 

countries: 

Pl: Countries with a •mall population, less than 5 million 
inhabitants; 
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P2; Countrie~ with a aediua-sized population, between 5 - 20 million 
inhabit<.'.nts; 

P3; Countries with a large population, more than 20 million 
inhabitants. 

42. In Figure 4.1, developing countries are classified according to 

manufacturing value-added (HVA) in their industries. 'ibis parameter appears 

to indicate the size of market for capital goods. 'nle following groups are 

identified; 

Kl; HVA less than USS 500 million, small marketi 

K2: HVA between USS 500 - 10,000 million, medium-to-large market; 

K3; HVA more than USS 10,000 million, very large aarket. 

43. Figure 4.2 classifies the developing countries according to their imports 

of machinery and transport equipment in 1982. 'nlese imports, even calculated 

for a single year, give also an indication of the size of domestic market. 

'nlree groups can be identified: 

11; Countries with a low level of imports, less than US$ 500 million; 

12: Countries with a mediua level of imports, between us$ 500 - 3,000 
million; 

13: Countries with a high level of imports, more than us$ 3,000 
million. 

44. Figure 4.3 classifies the developing countries according to their 

production of machinery and transport equipment measured in terms of 

manufacturing value-added (HVA). 'nlis classification indicates the 

development stage of capital goods industry (or production capacity) and, 

probably, the level of technological complexity of products manufactured. 'nle 

following groups are identified: 

Cl; HVA less than US$ 20 million, very low capacity; 

C2: HVA between US$ 20 - 60 million, low capacity; 

C3: HVA bet~een USS 60 - 300 million, medium-level c•pacity; 

C4: HVA between us$ 300 - 1,000 million, large capacity; 

C5: HVA more than USS 1,000 million, very large capacity. 
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4.4 Final grouping of developing countries 

45. Tile first stage of typology has been completed by identifying the 

following three groups vhich are shown in Table 4.3: 

a) Group A: 
and high 
--NICs), 

Countries with a very large market, very large capacity 
bargaining power (i.e., Newly Industrializing Countries 
7 countries; 

b) Group 8: Countries with a medium market, medium-to-large capacity 
and medium bargaining power, 30 countries; 

c) Group C: Countries with low-to111edium market, very low-to-low 
capacity and very low-to-low bargaining power, 54 countries. 

4.5 Sectoral priorities and entry routes 

46. Tile second phase of the typology work has been carried out in line with 

the goals set forth in Chapter 1. In this context, special emphasis was given 

to Group C countries which have no or only an embryonic capital goods industry. 

47. At the First Consultation on the Capital Goods Industry, the maJor 

problem of Group C countries was identified as the starting up the capital 

d · d ( · · the sector) 261 • S 1 · f goo s in ustry or entering into e ect1cn o entry route, 

however, necessitates, among other~, the correct identification of priority 

sectors and selection of corresponding priority products and their 

technological production routes. 

48. It is true that each one of the Group C countries shown in Table 4.4 may 

have its own unique socio-economic and technological characteristics, and 

political goals. It is, again, beyond the scope cf this paper to deal with 

each country separately; therefore, another grouping is required. 

49. Reclassification of Group C countries according to the type and size of 

their sectoral activities is, therefore, necessary to identify those priority 

sectors which are common to some sub-groups. For this purpose, and in 

26/ Op. cit. ,!!/. 
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addition to the data given in Tables 4.1 and 4.2, the following information 

was collected for Group C countries and presented in Table 4.4
271

: 

i. Distribution of labour force, percent, in 1980, among 
- Agriculture, 
- Industry, and 
- Services; 

i1. Urban population as a percentence of total population, in 1982. 

50. Considering the importance of agriculture within Group C, the criterion 

has been selected to evaluate the size of agricultural sector and its impact 

on the economy of each country. Ute following indicators were utilized: 

a) Share of agriculture in GDP, percent, in 1982; 

b) Share of agricultural labour force in total labour force, percent, in 
1980; 

c) Share of exports of agricultural commodities in total exports, 
percent, in 1981. 

51. 1ltree graphs were prepared from the data given in Tables 4.1, 4.2 and 

4.4. In all gra~hs, population ~as used as the common reference variable. In 

Figures 4.4, 4.5 and 4.6, the Group C countries are classified as follows: 

a) In Figure 4.4 (share of agriculture in GDP vs. population): 

Al: Countries with a share of agriculture in GDP less than 25%; 

A?: Countries with a share of agriculture in GDP more than 25%; 

b) In Figure 4.5 (share of agricultural labour force in total labour 
force vs. population): 

Ll: Countries with less than 53% of the labour force in agriculture; 

L2: Countries with more than 50% of the labour force in agriculture; 

c) In Figure 4.6 (share of agricultural exports in total exports vs. 
population): 

El: Countries with a share of agricultural exports in total exports 
less th~n 50%; 

E2: Countries with a share of agricultural exports in total exports 
more than 50%. 

27/ Op. cit. 25/. 
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52. From the data given in Figures 4.4., 4.5 and 4.6, and corresponding 

classifications made; the following sub-groups of Group C countries were 

identified (see Table 4.5)
28

/: 

a) Sub-group Cl: Purely agricultural countries which are simultaneously 
in A2, L2 and E2, 27 countries; 

b) Sub-group C2; Strongly agricultural countries which are 
simultaneously in A2 and L2, 14 countries; 

c) Sub-group Cl: Other 13 countries. 

53. In Sub-group Cl countries, agriculture is the economic base. In many 

countries, subsistance agriculture is the main economic activity of the 

majority of population (see Table 4.4 for urbanization ratios). Without 

exception, development of agricultuLe in general, and rural development in 

particular, are the national objectives of these countries. Therefore, the 

manufacture of agricultural machinery and rural equipment (including food 

processing machinery and simple equipment for new and renewable sources of 

energy) can be identified as the entry route. In addition to standard 

agricultural machinery compatible with the local conditions, the manufacture 

of special machinery required by the cash crops (such as coffee, cotton, etc.) 

should also be considered. Further discussion on this issue will be made in 

Chapters 7 and 9. 

54. Sub-group C2 countries have also a dominant agricultural sector. 

Therefore, agricultural machinery appears to be an appropriate entry route 

into the capital goods industry. However, many of the countries in this 

sub-group ha••e dual economies, i.e., the activities are concentrated in two 

sectors, one being always the agriculture which forms the back~one of the 

economy. The second sector, in most of the C<1ses, is mining (for example, in 

Angola: Oil, iron ore, diamonds; in Guinea: Bauxite, iron ore, diamonds; in 

Liberia: Iron ore; in Mauritania: Iron ore, gypsum; in Niger: Uranium; in 

Sierra Leone: Diamonds; in Togo: Phosphates; in Zaire: Cobalt, copper, 

diamonds). 

28/ When information for a specific country was not available from the World 
Bank statistics, the supplementary data was obtained from: "Banks, A.S. 
et al. (editors); 1981 Economi~ Handbook of the World, McGraw-Hill, New 
York, 1981" or "UNCTAD; The least developed countries 1984 report, 
TD/B/1027, 1984". 
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SS. In a number of Sub-group C2 countries economy ln gen~ral, and export 

earnings in particular, depend on processing of agro-products such as coffee, 

groundnut, fish, cotton, etc. Furthermore, textile industry has priority in 

cotton and/or wool producing countries. 

S6. For Sub-group C2 countries, one entry route ls the integrated manufacture 

of agricultural machinery and rural equipment, food processing equipment and 

simple mining structures and machinery. In those countries in which mining 

has been active for some time, the already existing repair and maintenance 

facilities could be developed to manufacture first the spare parts, and later, 

some of the related simple machinery. 

57. In Sub-group C] countries, one (or more) sector(s) other than agriculture 

has a dominant role in the economy. 'This sector can be mining (for example, 

in Bolivia: Tin, petroleum and natural gas, zinc; in Congo; Silver, 

ferronickel; in Jamaica: Bauxite; in Jordan: Phosphates; in Libya: Oil; in 

Oman: Oil; in Trinidad and Tobago: Oil; in United Arab Emirates: Oil), or 

textiles, or petroleum processing, or re-exporting, or services. 

S8. It appears that, although the manufacture of mining structures and 

machinery and/or repair and maintenance activities with regard to mining 

operations could establish one entry route into capital goods sector, each 

country in Sub-group CJ may have its own specific priorities. Tite 

heterogenity of this sub-group makes it difficult to identify common entry 

routes. 

59. Entry possibilities through the agricultural machinery industry will 

further be discussed in Chapter 9. 
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Table 4.1 St3tistical data on developing countries 

1 Afghanistan 
2 Algeria 
3 Angola 
4 Argentina 
5 Bangladesh 

6 Benin 
7 Bhutan 
8 Bolivia 
9 Brazil 

10 Burkina Faso 

11 Burma 
12 Burundi 
13 Cameroon 
14 Central African R 
15 Chad 

16 Chile 
17 China 
18 Colombia 
19 Congo, PR 
20 Costa Rica 

21 Cuba 
22 Dominican R 
23 Ecuador 
24 Egypt Arab R 
25 El Salvador 

26 Ethiopia 
27 Ghana 
28 Guatemala 
29 Guinea 
30 Ha it i 

31 Honduras 
32 India 
33 Indonesia 
34 Iran, Islamic R 
35 Iraq 

Population Ar~• 

10
6 

aq.k.m. 

1982 io3 

16.8 
19.9 
8.0 

28.4 
92.9 

3.7 
1.2 
5.9 

126.8 
6.5 

648 
2,382 
1,247 
2,767 

144 

113 
47 

1,099 
8,512 

274 

34. 9 677 
4.3 28 
9.3 475 
2.4 623 
4.6 1,284 

ll .5 
1,008.2 

27.0 
I. 7 
2.3 

9.8 
5.7 
8.0 

44.3 
5.1 

32.9 
12.2 

7.7 
5.7 
5.2 

4.0 
717.0 
152.6 
41.2 
14. 2 

757 
9,561 

164 
342 

51 

ll5 
49 

284 
1,001 

21 

1,222 
239 
109 
246 

28 

112 
3,288 
1,919 
1 '6<+8 

435 

No data available 
LE>ss than one 

CDP 

USS 106 

1982 

44,930 

64,450 
10,940 

830 

7,160 
248,470 

1,000 

5,900 
1, 110 
7,370 

660 
400 

24, 140 
260,400 

34,970 
2,170 
2,580 

7,320 
12,330 
26,400 

3,680 

4,010 
31,220 
8, 730 
1,750 
1,640 

2,520 
150,760 
90' 160 

CNP/cap. 

US$ 

1982 

2,350 

2,520 
140 

310 

570 
2,240 

210 

190 
280 
890 
310 
80 

2,210 
310 

1,460 
J,180 
1,430 

1,330 
1,350 

690 
700 

140 
360 

1, 130 
310 
300 

660 
260 
580 

HVA 

Distribution of CNP cat. 197) ~*) 

1, 1~82 USS 10" 

Agr Ind Han S~r 1981 

6 55 10 39 

9 
47 

38 25 53 
14 7 39 

17 
13 
41 

13 

27 
34 
16 

48 13 
56 J 7 
21 :n 
35 19 
64 7 

6 
37 
26 

6 
25 

34 
41 
31 
52 
27 

18 28 
11 40 
20 34 
22 20 

49 16 
51 8 

41 23 

27 27 
33 26 
26 39 

7 

14 
27 
12 

43 

56 
53 
43 

9 39 
10 27 
11 42 
8 46 
4 29 

20 60 
22 

21 42 
5 42 

20 48 

16 54 
12 49 
27 46 
15 58 

11 36 
5 41 

2 3(. 

17 46 
16 41 
13 35 

3' 125 

10,612 
1,290 

56 

390 
40,673 

96 

456 
44 

477 
29 
21 

2,161 

3,260 
104 
531 

956 
887 

4,544 
270 

349 
505 

26 

254 
16,190 
5,998 

Cl 
313 

2,441 
52 

Cl 
Cl 
C2 

9,762 
Cl 

5 
Cl 
10 
Cl 
Cl 

303 
cs 

359 
Cl 
C2 

C2 
10 
89 

636 
C2 

Cl 
C2 
C2 
Cl 
Cl 

3 
3,238 

420 
C4 
C3 

(. . ) : 
(. ) 

(*) MVA in machinery and transport equipment, USS million (constant 1975 prices), 
1n 1981. When the data was not available, the position of the country was 
estimated 1n ~erms of capacity classes given in para. 44. 
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36 Ivory Coast 
37 Jamaica 
38 Jordan 
39 Kampuchea, D 
40 Kenya 

Population 

106 

1982 

8.9 
2.2 
3.1 
7.0 

18.1 

Ar., a 

322 
11 
98 

181 
583 
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Table 4.1 (continued) 

GDP 

US$ 106 

1982 

7,560 
3,180 
3,500 

5,340 

GNP/cap. 

US$ 

1932 

950 
1,330 
1,690 

:;90 

MVA 

Distribution of GNP cat. 1975 

%, 1982 US$ 106 

Agr Ind Kan s.,r 1981 

26 23 
7 32 
7 29 

33 22 

12 51 
16 61 
14 64 

13 45 

706 
329 
286 

531 

(*) 

C3 
C2 
C2 
Cl 

175 
--------------------------------------------------------------------------------------
41 Korea, DR 
42 Korea, R of 
43 Kuwait 
44 Lao, PDR 
45 Lebanon 

18.7 
39.3 

1.6 
3.6 
2.6 

121 
98 
18 

237 
10 

f.8,420 
20,060 

1, 910 
19,870 

16 39 
1 61 

28 45 
7 38 

10,542 
986 

C3 
1,898 

C2 
Cl 
C2 

--------------------------------------------------------------------------------------
46 Lesotho 
4 7 Liberia 
48 Libya 
49 Madagascar 
SO Malaysia 

51 Malawi 
52 Mali 
53 Mauritania 
54 Mexico 
55 Morocco 

56 M0zambique 
57 Nepal 
58 Nicaragua 
59 Niger 
60 Nigeria 

61 Oman 
62 Pakistan 
63 Panama 
64 Papua New Guinea 
65 Paraguay 

66 Peru 
67 Philippines 
68 Rwanda 
69 Saudi Arabia 
70 Senegal 

No data available 
Less than one 

1.4 
2.0 
3.2 
9.2 

14. s 

6.5 
7.1 
1.6 

73.1 
20.3 

12.9 
15.4 

2.9 
5.9 

90.6 

1.1 
87.1 

1.9 
3.1 
3.1 

17.4 
50.7 

5.5 
10.0 
6.0 

30 
111 

1,760 
587 
330 

118 
1, 240 
1,031 
1,973 

447 

802 
141 
130 

1,267 
924 

300 
950 

28,360 
2,900 

25,870 

1,320 
1,030 

640 
171,270 

14, 700 

2,510 
2, 940 
1,560 

71, 720 

300 l, 110 
804 24,660 

77 4,110 
462 2,3~0 

407 5,850 

1,285 
300 

26 
2,150 

196 

21,620 
39,850 

1,260 
153,590 

2,510 

510 
490 

8,510 
320 

1,860 

210 
180 
470 

2,270 
870 

i70 
920 
310 
860 

6,090 
380 

2,120 
820 

1,610 

1,310 
820 
260 

16,000 
490 

23 22 
36 28 

2 68 
41 15 
23 30 

43 20 
43 10 
29 25 

7 38 
18 31 

21 32 
31 .JO 
22 39 

6 55 
7 36 
3 30 

44 
18 47 

13 37 
s 47 
8 46 

21 55 
16 51 

26 47 
8 39 
6 3S 

31 25 17 44 
10 11 10 69 

2l 26 16 48 

8 39 
22 36 
46 22 

1 77 
22 25 

24 53 
24 42 
16 32 
4 22 

15 53 

10 
39 

544 
272 

2,918 

Bl 
55 
36 

31, 115 
1,960 

360 
172 

4,020 

2,496 
280 
132 
430 

4,038 
5,706 

106 
3,568 

298 

Cl 
Cl 
C2 

5 
525 

Cl 
Cl 
Cl 

6,223 
176 

C'.l 

Cl 
C2 
Cl 

482 

Cl 
175 

6 
Cl 
43 

404 
571 

Cl 
C3 
C2 

(..); 
(.) 

(*) ; MVA in machinery and transport equipment, USS million (constant 1975 prices), 
in 1981. When the data was not available, the position oi the country was 
estimated in terms of capacity classes given in para. 44. 
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Table 4.1 (continued) 

MVA 

Population Ar~a CDP CNP/cap. Distribution of CNP cat. 1975 (*) 

106 
sq.km. USS lOf> USS 1, l ~82 USS 106 

1982 103 1982 1982 Agr lnd Man Srr 1981 

71 Sierra Leone 3.2 72 1,130 390 32 20 5 48 37 Cl 
72 Singapore 2.5 1 14,650 5,910 1 37 26 62 2,556 1,406 
73 Somalia 4.5 638 290 Cl 
74 Sri Lanka 15.2 66 4,400 320 27 27 15 46 714 C2 
75 Sudan 20.2 2,506 9,290 440 36 14 7 50 421 C2 
---------------------------------------------·-----------------------------------------
76 Syrian Arab R 9.5 185 15,240 1,680 19 31 50 1,318 53 
77 Tanzania 19.8 945 4,530 280 52 15 9 33 202 C2 
78 Thailand 48.5 514 36,790 790 22 28 19 so 4,636 695 
79 Togo 2.8 57 800 340 23 29 6 48 14 Cl 
80 Trinidad and Tobago 1.1 5 6,970 6,840 2 52 13 46 434 39 
--------------------------------------------------------------------------------------
81 Tunisia 6.7 164 7,090 1,390 15 36 13 49 820 66 
82 Ugar:<la 13.5 236 8,630 230 82 4 4 14 87 Cl 
83 United Arab Emirates 1.1 84 29,870 23, 770 1 77 4 22 Cl 
84 Uruguay 2.9 176 9,700 2,650 8 33 26 59 960 106 
85 Venezuela 16.7 912 69,490 4, 140 6 42 16 52 5,531 442 
--------------------------------------------------------------------------------------
86 Viet Nam 57.0 330 
87 Yemen Arab R 7.5 195 3,210 500 26 17 7 56 102 Cl 
88 Yemen, PDR 2.0 333 630 470 12 27 61 59 Cl 
89 Zaire 30.7 2,345 5,380 190 32 24 3 44 163 Cl 
90 Zambia 6.0 753 3,830 640 14 36 19 50 444 44 
--------------------------------------------------------------------------------------
91 Zimbabwe 7.5 391 5,900 850 15 35 25 50 969 

( .. ) : 
(.} 
(*) : 

No data available 
Less than one 
MVA in machinery and transport eqLlipment, US$ million (constant 1975 prices), 
in 1981. When the data was not available, the position of the country was 
estimated in terms of capacity classes given in para. 44. 

97 
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Table 4.2 Addition3l statistical data on developing countries 

Eaporta Sh•re of mirrchandiEe eaporta laporte laport• of Sh•rr of 
USS 10 b t, 1981 USS 10

6 
.. chin l .. chlotran1 

1982 Fuelo [Other1Teatil!llach•10ther 1982 trana eq e-q in tot•l 

•ine ' t>ri• ! 6cloth 1 trana \ .. nu USS 1c
6 

export a 

-t•lojco_,I inr; i .. quiplfact 1982 t, 1981 

1 Afghanistan 373 776 ( .. ) 
2 Algeria 12,533 99 1 10, 937 4, 156 (38) 
3 Angola 1,730 1,001 ( .. ) 
4 Argentina 7,798 8 72 1 5 14 3,337 2,295 (43) 
5 Bangladesh 769 32 56 1 11 2,300 483 (21) 

6 Benin 34 889 ( .. ) 
7 Bhutan l..) 
8 Bolivia 832 86 11 1 2 496 218 (44) 
9 Brazil 18,627 14 45 4 18 19 19,936 3,588 {18) 

10 Burkina Faso 56 85 2 6 7 346 83 (24) 

11 Burma 380 408 ( .. ) 
12 Burundi 88 99 1 214 47 (22) 
13 Cameroon 998 33 64 l 2 1,205 410 (34) 
14 Central African R 106 74 26 91 31 (34) 
15 Chad 101 132 (.. ) 

--------------------------------------------------------------------------
16 Chile 3,822 65 25 2 8 3,529 1,165 (33) 
17 China 21,875 24 23 21 5 27 19,009 5,132 (27) 
18 Colombia 3,095 2 70 8 3 17 5,478 2,027 (37) 
19 Congo, PR 923 90 4 6 970 223 ( 23) 
20 Costa Rica 872 l 67 4 4 24 887 195 (22) 
--------------------------------------------------------------------------
21 Cuba 1,328 5 90 0 0 5 1,415 (..) 

22 Dominican R 768 2 79 1 18 1,256 251 (20) 
23 Ecuador 2,341 56 41 l l 1 2,189 1,073 (49) 
24 Egypt Arab R 3,120 69 23 7 1 9,078 2,542 (28) 
25 El Salvador 704 7 56 14 3 20 883 106 (12) 

26 Ethiopia 404 8 91 1 787 245 (35) 
27 Ghana 873 705 (..) 

28 Guatemala 1,120 2 69 5 2 22 1,362 218 (16) 
29 Guinea 411 296 (..) 

30 Haiti 380 525 ( .. ) 
31 Honduras 654 6 83 2 9 712 192 (27) 
32 India 8,446 8 33 23 8 28 14,088 1,831 ( 13) 
33 Indonesia 22,294 83 13 1 1 1 16, 859 6,069 (36) 
34 Iran, Islamic R 16,379 11, 231 4,942 (44) 
35 Iraq 11,210 21,182 ( .. ) 
------------------------··-------------------------------------------------
( •• ): No data available 
(.) : Less than one 
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Table 4.2 (continued) 

£Jt.port1 Share- of ~rchandize- ••port• l•port 1 I.port• of Slur .. of 

USS !Ob I. 1981 USS IC
6 

.. chin Ii. .. chltrans 

1982 F~•I• !Oth•r!T•ztill!!.och&:cth~r !982 tran1 rq rq in total 
I I • 

t:SS 10~ •inr •, pri• · 6clothi trana· aanu ••ports 

aPtal1~c~! ing i e-quip[ fact 198: :. 1981 

36 Ivory Coast 2,235 8 82 3 2 5 2,090 460 (22) 
37 Jamaica 726 81 13 1 1 4 1 ,372 206 (15) 
38 Jordan 753 33 24 6 2 35 3,241 1,070 (33) 
39 Kampuchea, D 40 62 ( .. ) 
40 Kenya 979 36 52 1 11 1,683 471 (28) 

41 Korea, DR 843 899 ( .. ) 
42 Korea, R of 21,853 2 8 30 22 38 24,251 5,578 (23) 
43 Kuwait 16,561 84 1 1 5 9 8,042 3,297 (41) 
44 Lao, PDR 24 83 ( .. ) 
45 Lebanon 923 3,567 ( .. ) 
46 Lesotho ( .. ) 
47 Liberia 531 67 31 1 1 477 119 (25) 
48 Libya 16,391 100 15,414 5,857 (38) 
49 Madagascar 433 13 79 4 1 3 522 209 (40) 
50 Malaysia 11, 789 36 44 3 12 j 11,543 4,641 (37) 
-----------------·---------------------------------------------------------
51 Malawi 262 93 5 2 314 107 (34) 
52 Mali 146 332 ( .. ) 
53 Mauritania 232 273 ( .. ) 
54 Mexico 21,006 39 22 3 19 17 15,042 7,521 (50) 
55 Morocco 2,059 44 28 10 1 17 4,315 820 (19) 
-------------------------------------------·~------------------------------

56 Mozambique 303 792 ( .. ) 
57 Nepal 46 69 24 0 7 252 81 (32) 
58 Nicaragua 406 " 88 1 9 776 163 (21) ,_ 

59 Niger 333 81 17 1 1 442 115 (26) 
60 Nigeria 19,484 95 4 1 20,821 8,120 (39) 
--------------------------------------------------------------------------
61 Oman 4,421 94 1 4 5 2,682 1,046 (39) 
62 Pakistan 2,403 7 40 41 1 11 5,396 1,241 (23) 
63 Panama 309 24 67 3 6 1,569 329 (21) 
64 Papua New Guinea 799 46 52 2 1,029 (..) 

65 Paraguay 330 88 12 581 209 (36) 

--------------------------------------------------------------------------
66 Peru 3,230 64 19 8 2 7 3,787 1,856 (49) 
67 Philippines 5,010 16 39 7 3 35 8,229 1,893 (23) 
68 Rwanda 90 286 ( .. ) 
69 Saudi Arabia 79,123 99 1 40,654 16,262 (40) 
70 Senegal 477 52 29 4 4 11 974 175 (18) 

--------------------------------------------------------------------------
( .. ) : No data available 
(. ) ; Less than one 
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Table 4.2 (continued) 

Export• Sh•re of -.rchendi&t' eaport• laport• laporto of Shart' of 

USS 10
6 %, 1981 USS 10

6 
.. chin ' .. chloti••n• 

'.982 Furlo !Othn,TutilJllAch'IOthn 1982 tran• «'Cl eq in tot• 1 

•in,. '! pri• •cloth' <ran• ;-nu USS to6 
export• 

1982 %, 1981 •tala c~1 ins 1•quipltact 

71 Sierra Leone 111 298 ( .. ) 
72 Singapore 20,788 29 15 4 26 26 28,167 7,887 (28) 
73 Somalia 317 5 94 1 378 132 (35) 
74 Sri Lanka 1,015 14 65 16 5 1, 771 407 (23) 
75 Sudan 499 5 94 1 1,285 283 (22) 
-----------------------------------·---------------------------------------
76 Syrian Arab R 2,026 74 18 4 1 3 4,015 923 (23) 
17 Tanzania 480 10 76 9 0 5 1,046 366 (35) 
78 Thailand 6,945 8 65 10 5 12 8,548 2, 222 (26) 
79 Togo 213 52 33 1 1 13 526 llO (21) 
80 Trinidad and Tobago 3,072 90 2 3 5 3,697 813 (22) 
--------------------------------------------------------------------------
IH Tunisia 1,960 51 10 15 2 16 3,294 889 (27) 
82 Uganda 371 339 ( .. ) 
83 United Arab Emirates 16,883 9,419 3,391 (36) 
84 Uruguay 1,023 1 69 13 2 15 1,042 333 (32) 
85 Venezuela 16,443 97 1 2 ll ,670 5,018 (43) 
--------------------------------------------------------------------------
SE Viet Nam 
87 Yemen Arab R 
88 Yemen, PDR 
89 Zaire 
90 Zambia 

91 Zimbabwe 

( •• ): No data available 
(.) : Less than one 

188 
44 

580 
569 
059 

663 

637 ( .. ) 
49 6 25 20 1,987 556 (28) 

75 25 1,193 274 (23) 
480 (..) 

831 (..) 

704 ( .. ) 
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Table 4.3 Typology of developing countries 

GROUP C 

1 Afghanistan 
2 Angola 
3 Benin 
4 Bhutan 
5 Bolivia 
6 Burkina Faso 
7 Burma 
8 Burundi 
9 Cameroon 

10 Central African Rep. 
11 Chad 
12 Congo, PR 
13 Costa Rica 
14 Dominican R 
15 El Salvador 
16 Ethiopia 
17 Guatemala 
18 Guinea 
19 Haiti 
20 Honduras 
21 Jamaica 
22 Jordan 
23 Kampuchea, Dem. 
24 Lao, People's Dem. Rep. 
25 Lebanon 
26 Lesotho 
27 Liberi2 
28 Libyan Arab Jamahiriya 
29 Madagascar 
30 Malawi 
31 Mali 
32 Mauritania 
33 Mozambique 
34 Nepal 
35 Nicaragua 
36 Niger 
37 Oman 
38 Panama 
39 Papua Nev Guinea 
40 Paraguay 
41 Rwanda 
42 Senegal 
43 Sierra Leone 
t.4 Somalia 
45 Sudan 
46 Tanzania 
47 Togo 
48 Trinidad and Tobago 
49 Uganda 
50 United Arab Emirates 
51 Uruguay 
52 Yemen Arab Rep. 
53 Yemen, People'• Dem. Rep. 
54 Zaire 

GROUP B 

1 Algeria 
2 Bangladesh 
3 Chile 
4 Colombia 
5 Ci.;ba 
6 Ecuador 
7 Egypt Arab Rep. 
8 Ghana 
9 Indonesia 

10 Iran, Islamic Rep. 
11 Iraq 
12 Ivory Coast 
13 Kenya 
14 Korea, Dem. Rep. 
15 Kuwait 
16 Malaysia 
17 Morocco 
18 Nigeria 
19 Pakistan 
20 Peru 
21 Philippines 
22 Saudi Arabia 
23 Sri Lanka 
24 Syrian Arab Rep. 
25 Thailand 
26 Tunisia 
27 Venezuela 
28 Viet Nam 
29 Zambia 
30 Ziababve 

CROUP A 

1 Argentina 
2 Brazil 
3 China 
4 India 
5 Korea, Rep. of 
6 Mexico 
7 Singapore 



Group C country 

1 Afghanistan 
2 Angola 
3 Benin 
4 Bhutan 
5 Bolivia 

6 Burkina Faso 
7 Burma 
8 Hurundi 
9 Cameroon 

10 Central African 

11 Chad 
12 Congo, PR 
13 Costa Rica 
14 Dominican R 
15 El Salvador 

16 Ethiopia 
17 Guatemala 
18 Guinea 
19 Haiti 
20 Honduraa 

21 Jaaaica 
22. Jordan 
23 tcaapuchea, D 
24 Lao, POil 
25 Lebanon 

26 Le1otho 
27 Liberia 
28 Libyan AJ 
29 Mada1Hcar 
30 Mali 

31 Malawi 
32 Mauritania 
33 Moumbi .. ue 
34 •pal 
35 licaraaua 

R 
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Table 4.4 Group C countries 

Distribution of labour 
fQrce, in %, in 1980 

Agriculture Industry Services 

79 
59 
46 
93 
50 

82 
67 
84 
83 
88 

85 
34 
29 
49 
50 

80 
55 
82 
74 
63 

35 
20 

15 
11 

87 
70 
19 
87 
73 

86 
69 
66 
93 
39 

8 
16 
16 

2 
24 

13 
10 

5 
7 
4 

7 
26 
23 
18 
22 

7 
21 
11 

7 
20 

19 
20 

6 
27 

4 
14 
28 
4 

12 

5 
8 

18 
2 

14 

13 
25 
38 
5 

26 

5 
23 
11 
10 
8 

8 
40 
48 
33 
28 

13 
24 

7 
19 
17 

47 
60 

19 
62 

9 
16 
53 
9 

15 

9 
23 
16 
5 

47 

Urban population 
as a % of total 

population, 

17 
22 
15 
4 

45 

11 
28 

2 
37 
37 

19 
46 
43 
53 
42 

15 
40 
20 
26 
37 

48 
60 

14 
77 

13 
34 
58 
20 
19 

10 
26 

9 
6 

55 

in 1982 

---------------------------------------~---------------------------------------
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Table 4.4 Group C countries (continued) 

Group C country 

36 Niger 
37 Oman 
38 Panama 
39 Papua New Guinea 
40 Paraguay 

41 Rwanda 
42 Senegal 
43 Sierra Leone 
44 Somalia 
45 Sudan 

46 Tanzania 
47 Togo 
48 Trinidad and Tobago 
49 Uganda 
50 United Arab Emirates 

51 Uruguay 
52 Yemen Arab R 
53 Yemen, PDR 
54 Zaire 

Distribution of labour 
force, in % , in 1980 

Agriculture Industry Services 

91 

33 
82 
49 

91 
77 
65 
82 
78 

83 
67 
10 
83 

11 
75 
45 
75 

3 

18 
8 

19 

2 
10 
19 
8 

10 

6 
15 
39 

6 

32 
11 
15 
13 

6 

49 
10 
32 

7 
13 
16 
10 
12 

11 
18 
52 
11 

57 
14 
40 
12 

Urban population 
as a % of total 

population, 

14 
20 
5'.l 
17 
40 

5 
34 
23 
32 
23 

13 
21 
22 
9 

79 

84 
14 
38 
38 

in 1982 
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Table 4.5 Typology of Group C countries 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

GROUP Cl 

Afghanistan 
Benin 
Bhutan 
Burkina Faso 
Burma 
Burundi 
Cameroon 
Central African Rep. 
Chad 
Ethiopia 
Guatemala 
Haiti 
Honduras 

14 Kampuchea, Dem. 
15 Lao, People's Dem. Rep. 
16 Lesotho 
17 Madagascar 
18 Malawi 
19 Mali 
20 Mozambique 
21 Nepal 
22 Papua New Guinea 
23 Paraguay 
24 Rwanda 
25 Somalia 
26 Sudan 
27 Tanzania 
28 Uganda 
29 Yemen Arab Rep. 

GROUP C2 GROUP CJ 

1 Angola 1 Bolivia 
2 Costa Rica 2 Congo, People's Rep. 
3 El Salvador 3 Dominican Rep. 
4 Guinea 4 Jamaica 
5 Liberia 5 Jordan 
6 Mauritania 6 IP.banon 
7 Nicaragua 7 Libya 
8 Niger 8 Oman 
9 Senegal 9 Panama 

10 Sierra Leone 10 Trinidad and Tobago 
11 Togo 11 Uniterl Arab Emirates 
12 Zaire 12 Uruguay 

13 Yemen, People's Dem. Rep. 
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CHAPTER 5 

INTEGRATED PLANNING 

5.1 Introdaction 

60. Planning, in general, and sectoral development planning, in particular, 

have been treated in a large number of studies. Published material in this 

field reflects both the theoretical work and the results obtained fLom 

implementation of national plans 1~ developed and developing 

countries 29,30,31,32,33,34/. 

61. Although there is a school of thought criticizing the national planning 

as being the cause of additional bureaucracy and inefficiency, a strong need 

for planning has been expressed in all UNIDO meetings on the capital goods 

industry. Considering the extreme self-complexity and status (i.e. the 

property of providing material input to all other sectors of the economy) of 

the capital goods industry, planning becomes a prerequisite for the national 
. . . . l . . 35/ 

dec1s1on-mak1ng 1n the deve op1ng countr1es~ • 

62. What has been attempted here is not a planning exercise but rather a 

development of .1 systematic approach and aralytical tools that may assist the 

national planner/decision-maker. lbroughout the work, the Method of Analysis 

29/ 

30/ 

B_I 

32/ 

33/ 

34/ 

35/ 

Blitzer, C.R., Clark, P.B. and Taylor, L. (eds.); Economy-wide models and 
development planning, World Bank, Oxford University Press, Oxford, 1975. 
Griffin, K.B. and Enos, J.L.; Planning Development, Addison-Wesley 
Publishing Company, Reading, ~ass., 1970. 
Berri, L. Ya.; Planning a socialist economy, vols. l and 2, Progress 
Publishers, Moscow, 1977. 
Cohen, S.S.; Modern capitalist planning: the French model, University of 
California Press, Berkeley, Ca., 1977. 
UNIDO; Planning for capital goods industries - A new methodology, 1985, 
(by UNIDO Consultant M.M. Luther). 
UNIDO; Guidelines for industrial planning in developing countries, 19'"4, 
(by miIOO Consultant I. Sharif). 
The planning issue is also referred to in Chapter 7 where the policies and 
strategies for the development of capital goods industry are discussed. 
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of Technological Complexity has been utilized. Furthermore, the field 

experience of UNIDO on capital goods development planning has been heavily 
36/ 

depended upon~ • 

5.2 Integrated planning 

63. The forward and backward linkages of the capital goods industry bring it 

to contact with almost all other sectors of the economy. This property, in 

turn, makes it necessary to plan the capital goods sector together with the 

other sectors which it links. Utis is the reason why integrated planning 

approach should be adopted. 

64. An integrated plan may be developed around some basic questions: 

a) What are the national economic, social, political, etc. objectives? 

b) What are the capabilities already existing in the country and what are 
the possibilities for their consolidation and improvement? 

c) What is the total future demand for capital goods, considering: 

Ute capital goods d~mand of other industrial sectors in order to 
reach their planned production targets and by utilizing the 
selected technological routes; 

The capital goods demand of other dectors of economy (i.e., 
agriculture, transport, services and administration); 

Productio~ equipment demand of capital goods industry itself to 
manufacturP. the goods mentioned above, plus its own requirements 
for circular reproduction? 

d) Can the output of the existing capital goods industry meet the total 
future demand of (b) above? 

e) If not, what will be the additional production facilities required? 

f) What will be the additional physical, technological, human, etc. 
inputs required by the capital goods industry to meet the total demand 
of (b) above? 

36/ For example, UNIDO technical assistance projects on the planning of 
capital goods industry development in Ecuador, Colo~bia, Mexico, Pakistan, 
Turkey and Venezuela. 
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g) If the required inputs cannot be provided by the existing capabilities 
within the economy, what are the possibilities of creating new 
capabilities by utilizing the resources of the country? 

h) If there exists a discrepancy between the required inputs and the 
potential capabilities of (g), what will be the strategy of selection 
(i.e. optimum allocation of resources)? 

j) Finally, what will be the policies and strategies to be adopted in 
order to reach the plan targets? 

5.3 Methodology 

65. Outline of a proposed methodology is illustrated in Figure 5.1. As can 

be seen from this flow-chart, the planning activities can be divided into four 

blocks, namely: 

I. Diagnosis of the present situation; 

II. Estimation of the future demand; 

III. Comparison of required inputs with capabilities; 

IV. Formulation of policies and strategies when and where appropriate 
(decision-making). 

b6. Titere are several techniques which can be utilized in carrying out the 

above mentioned planning tasks. However, the methodology employed here 

appears to be the first attempt systematically utilizing the Analysis of 

Technological Complexity (ATC)'}]_/. 

5.4 Iterative planning process 

67. Estimation of total demand for capital goods, including the demand for 

capital goods production equipment, parts, services and components is the 

first step of an iterative process. Tite mechanism of this iteration is given 

in Figure 5.2. 

~/ A detailed description of the methodology is available upon request from 
UNIDO Secretariat. 
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68. 1bis process represents, for a medium-size developing country with some 

level of industrialization, a huge but necessary task. For a newcomer, 

however, the problem is more complicated since it also involves the selection 

of the route(s) of entry. 

69. It is also quite clear that at each phase of iterative process there is 

an absolute need for reliable information at national and internationa! levels. 

70. Another point that must be stressed here is the time required to 

establish a working planning mechanism: It is a long-term undertaking and 

requires the creation of expert teams and/or specialized organizations. 

However, the earliest start would be the optimum approach. 
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CHAPTER 6 

PROBLEMS OF ENTRY INTO AND/OR DEVELOPMENT OF THE CAPITAL GOODS SECTOR 

6.1 Introduction 

71. It is essential that developing countries produce a growing number of the 

capital goods which they need. In their efforts to achieve this goal, 

however, they face two initial dangers: The first is that of frequently 

underestimating the possibilities by misinterpreting the real conditions of 

manufacture of the different groups of capital gooJs. The second, for the 

same reason, is of drawing up unrealistic plans which cannot be applied since 

the barriers to be overcome in a given period of time have been poorly 

evaluated. If these initial traps could be avoided, then the real question 

becomes not whether devei0oing countries can manufacture capital goods, but 

what they can produce taking into account, on the one hand, the degrees of 

complexity of machines and, on the other hand, the specific characteristics of 

each developing country or group of developing countries. 

72. From the experience of UNIDO in the developing countries and other 

sources of information, it is possible to see that there is a wide set of 

constraints which are faced by developing countries in general, and by those 

without a capital goods industry in particular, as they try to develop this 

sector. 'nlese constraints range from social to technological, but all have 

the effect of either directly or ir.directly discouraging the development of 
38 39/ the sector • • Some of these barriers will be discussed in this chapter. 

38/ UNIDO; Electric power equipment production in developing countries; 
Options and strategies - An analysis of eleven country case studies, 
UNIDO/IS.507 and Add. l, 1985. 

39/ Op. cit. 14/. 
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6.2 Demographic constraints 

73. 1lle constraint over which the individual countries has the least control 

is that of the skills pool with which to develop the capital goods sector. 

Training of skilled or semi-skilled manpower takes time and as a result can 

not be solved immediately even if financial resources and/or legislative 

framework is available. The demographic constraint appears in two forms, 

macro and micro. 

74. At the macro level, there is a requirement for sufficien~ skills within 

the economy to support the manufacturing sector broadly and to support the 

background skills required in capital goods industry. The skills required 

come •n several different forms such as manual skills, technical skills, 

managerial and pccounting skills, some level of literacy in the work force, 

skills at sales and marketing, etc. These skills form the core of what might 

be called an industrial tradition, something considered to be essential for 

the founding of anything more than rudimentary manufacturing operations. 

75. Skills at the micro level are required for any industry in a country in 

general, and for the establishment of specific industries in particular
401 • 

For example, there is a need for personnel trained in specific areas of 

machine design for the establishment of machine tool manufacturing firms. 

Training of specializeci personnel goes far beyond the organized educational 

process. There is much on-the-job training of engineers and production 

people. 1lle skills that are developed and passed on in on-the-job or plant 

specific training constitute a large fraction of the technology possessed by 

the manufacturing company, and these are among the hardest parts of the 

technology for a developing country to acquire. 

76. 1lle availability of trained personnel is always at issue but those 

countries which have been able to accelerate the training process at both the 

macro and micro levels have been the most successful at advancing the capital 

goods sector. 

40/ Op. cit. Ji/. 
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6.3 Capital constraints 

77. Within all of the developing countries it is lack of capital that is 

argued to have the single largest impact on development of all of the 

manufacturing sectors in general, and capital goods industry in particular. 

This capital starvation is clearly seen in the least developed countries 

(LDCs) where all sectors of economy compete heavily for scarce local and 

foreign funds. Again this constraint takes a set of forms for the capital 

goods sector: Macro constraints, micro constraints and ~arket constraints. 

78. At the macro level, virtually all developing countries are heavily 

dependent upon foreign borrowing. lhe impact of this borrowing is that for 

the capital goods industry as well as for other manufacturing sectors there is 

a limited availability of foreign exchange which makes up an increasingly 

large component of the capital requirement as one proceeds along the path of 

development of the sector. The effect is one of competition for the capital. 

The competition is among all sectors and includes the human services sectors 

of health and education as well as the industrial sectors. As a result, 

governmental structure has a significant effect on who is allocated how much, 

and what the relative emphasis will be. 

79. At the micro level the capital constraints are probably the most severe 

for the capital goods of higher technological complexity than for some of the 

other manufacturing sectors. Technologies are imported, the importation 

requires licenses or partnerships that themselves must be capitalized on a one 

at a time basis. These lieenses must be renewed and new licenses sought when 

technologies evolve otherwis~ facilities are producing obsolete equipment. 

Furthermore, those raw materials, intermediate goods and components which are 

not locally produced should also be imported. Providing the constant stream 

of capital may be difficult particularly if the market size is not sufficient 

to support a profitable industry. 

6.4 Market size constraint 

80. As has been foreshadowed above, the size of the market can and does play 
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a major role in the ability of a country to establish successful production 

units of the capital goods industry. Market size has three separate 

components to it, domestic demand, export demand (both open market and common 

market) and timing. 

81. Focusing only on the internal demand for equipment, the manufacture of 

capital goods of technological complexity levels I, II and (partially) III are 

generally supportable from domestic demand alone (and frequently not 

extensively traded on the international markets). Both of levels I and II 

goods can be produced mostly from indigenous raw materials and/or indigenous 

intermediate goods. In neither of these levels is the capital requirement 

dedicated to only one type of equipment (see Chapter 3 and 8). Clearly, the 

case is the same with products requiring the similar processes such as 

cutting, bending, welding or punching of metals. 1lte capital goods of lower 

technological complexity do not require a major market because the capital and 

skills themselves are not unique and can, therefore, be adopted to another 

application if, either permanently or temporarily, the market evaporates (see 

Chapter 8 and 9). 

82. Development of capital goods industries to manufacture goods of 

complexity levels IV, V and VI requires considerably more attention to market 

size as in all of these areas the ~roduction unit is more or less dedicated to 

specialized production. For these goods the size of the domestic market and 

the critical size of the production units play a major role in defining the 
41/ 

level of sectoral development~ • 

83. Development of an international market for capital goods is done in one 

of two fashions, either through active export promotion in a free market 

environment or through some forms of limited trade in common market 

structures. Tile development of frP.e market exports is a goal of several 

developing countries but has been implemented in only a limited number. 

41/ Op. cit. 12.f. 
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84. A second area of interest in development of export markets is the 

potential for a regional market. It is possihle in a common market type of 

structure to have the market be the size of two or more countries and as a 

result have each country specializing in some type of capital goods. Tilis 

theoretically attractive alternative appears not to be poltically or 

administratively feasible under many circumstances, though one might argJe it 

is the only way in which some of the developing countries will be able to 

enter into the higher technological complexity levels. 

85. Tile final issue in market size is that of timing. No industry can exist 

in an environment of dramatic peaks and troughs. Even though there reay be a 

large demand for particular types of capital goods, the fact that the demand 

is directly associated with specific projects which are constructed only once 

every ten years is not sufficient to allow for the market to mature and 

therefore for an industry to develop which manufactures that equipment (see 

Chapter 8). 

6.5 Perceptual constraints 

86. One of the most interesting and least well understood of the constraint 

sets identified is one would be labeled as perceptual. Tile existence of such 

constraints may be felt from the following: 

a) Tilere appears to be a prejudice in favour of capital goods purchased 
from the suppliers in industrialized countries. Tilis prejudice can be 
expressed in several ways ranging from quality and testing 
requirements to financing of purchases. 

b) 'nlere is an unnecessary mystification of capital goods and their 
manufacture. 'nae very large number and widely varying technological 
complexity levels of products an~ manufacturing processes are the main 
reasons of this mystification, and it frequently results in either 
abandonment of the idea of local manufacture or transfer of unsuitable 
and/or unnecessary technologies. 

87. Eliminating the cynical explanation, one may argue that the first 

perceptual constraint is due to a combination of habit, training, and lack of 

technical and technological know-how. Habit, because a supplier has always 

been the supplier and there is a desire not to try to understand or develop 
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new product specification. Training, because in many countries it is very 

probable that the high ievel technical personnel in charge of product 

specification and purchasing have been trained in one of the developed 

co~ntries. The result is that they have learned how to select equipment along 

specific lines. They adopt the same standards and use the same infcrmation as 

the ma~ufacturers of the countries in which they did their training. 

88. Sometimes more influencial than habit or training is the lack of 

technical and technological know-how. Because of this deficiency, the 

purchaser prefers to accept the specifications of the established firms rather 

than to control the quality and carry out testing of the domestic products. 

The situation is aggravated when testing and quality control installations are 

not available in country. It is interesting to note that such installations 

can never be created if the domestic production does not exist. 

89. Mystification of capital goods and their manufacture is probably the most 

dangerous and pessiw.istic approach. UNIDO has identified this constraint 

while preparing for the First Consultation and several studies were carried 

out to bring some transparency to it
421 • Among others, the methodology of 

Analysis of Technological Complexity (ATC) has been devised to decipher the 

conditions of manufacture of different capital goods. The analytical results 

and field applications have revealed that there is scope for many developing 

countries to start and sustain a capital goods industry provided that products 

and technologies are selected according to the realities of the country and 

every effort is made to remove those barriers which apply to each specific 

case. 

d.6 Financing constraints 

90. Project packages and financing arrangements in connection with the 

capital goods industries of developing countries do not always attach atmost 

42/ Op. cit • 1 3 I . 
Op • ci t • 1::; / • 
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importance to the issues such as mastery of technology and rapiJ 

ir.digenization, training, prcduct and process adoptation, etc. which are vital 

for the industrialization of developing countries. 

91. 'Tile influence of financing agencies on the structural formation of the 

capital ~nods industry in a developing country is greater in the case of 

projects involving the manufacture of complexity level IV and higher 

products. Numerous examples of facilities which turned out to be a mere 

assembly line using CKD kits indicate that negative impact. 

6.7 Other constraints 

92. Access to technology also appears to be a constraint, especially when 

high technologies are sought for transfer. 'Tilis barrier, theoretically, docs 

not exist at the low technology end. However, its impact is also felt there 

due to ina~ility of small- and medium-scale enterprises to reach the 

international technology market. 

93. Economic and technical infrastructure are vital to the development of the 

capital goods industry. Efficient and economical means of transport, 

communications, water and energy delivery are all important. Basic technical 

services such as casting, forging, heat treatment, manufacturing of jigs and 

fixtures, etc. constitute the technical infrastructure required to develop 

even the simplest capital goods industry. Although there are some techniques 

to reduce the dependence on, for example, casting and forging by using 

techniques such as cut-and-weld, they are limited and the establishment of 

basic technical services should be given highest priority. 

94. Supply of raw materials and intermediate goods is another critical 

factor. In particular, availability of iron and steel products can be 

decisive 1n whether a capital goods industry can be sustained or not. In the 

case of simple capital goods steel constitutes the major portion of weight 

and, quite often, of cost. In many developing countries, there is a close 

correlation between the domestic production of iron and steel and the 

development of the capital goods industry. 
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6.8 Government action 

95. Tite final constraint to establishment or development of the capital goods 

industry is the actions of the Government. Ulese actions may take a number of 

forms; purchasing policies, incentives, currency valuation, tariff policies, 

instability of policies, etc. 

96. Under most circumstances, the Government of a developing c~untry is a 

major purchaser of capital goods. Ute purchasing policies of the Government, 

therefore, can promote or hinder the development of the domestic capital goods 

industry, depending upon whether they are systematically biased toward the 

domestic products or not. 

97. Government incentives, both to manufacturers and purchasers of the final 

products can be very ~ffective for the development of the capital goods 

industry. In particular, financial support to farmers for purchasing 

agricultural machinery and rural equipment is required not only to develop the 

agricultural machinery industry, but also to increase the agricultural 

productivity (see Chapter 9). 

9b. Under most circumstances the undervaluation of a currency may tend to 

assist in the development of an indigenous supply sector such as capital 

goods. It is interesting to note that the undervaluation may have a mixed 

effect. If the capital gonds sector is heavily invrylved in an export business 

then the undervaluation will have a positive effect --it will make the 

products relatively less expensive and therefore more competitive. If the 

sector produces entirely for the domestic market the impact may be less easy 

to predict. On the one hand, it will be substituting for relatively more 

expensive imported goods, but at the same time the manufacturer may see that 

his best capital decision will be not to manufacture for the local market b~t 

rather to manufacture for the export mar~et (an entirely different product) 

and thereby utilize a scarce resource --capital-- and undervalued labour to 

either establish a niche in the internationl market or. simply to export the 

undervalued labour as a part of the cost of manufactured product. The result 

under these circumstances would be biased against the capital goods industry. 
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99. In much the samP manner the tariff policy of a government, even one 

lesigned to protect infant industries, may bias in favour of industry aimed at 

export rather than only a local market. Utis despises the avowed intent of 

the tariff. 

100. Ute final constraint that governments may introduce in the system is 

probably best seen in countries where the government policies change 

frequently. Ute effect of the changes in government policies, on the one 

hand, can directly (and 1n many cases negatively) affect the state enterprise~ 

and, on the hand, may be perceived by the local investor as an envirunment in 

which his capital is at risk and one in which only investments that will yield 

a rapid return are worth the risk. It should be remembered that much of the 

capitzl goods industry i~ not one that lends itself to quick profits, but 

• rather to high capital investments and therefore to longer term paybacks. 

6.9 Summary 

101. Ute brief analysis of constraints given above was not made to draw a 

pessimistic picture. On the contrary, it was made to demonstrate that 

possibi~ities exist for developing countries to enter into the capital goods 

sector and to develop it provided that certain commitments are made and 

policies and strategies are followed. Furthermore, the constraints that have 

been identified are both real and perceived, are both economic/financial and 

governmental. As a result, dealing with these constraints once recognized 

will require action on a case by case basis. 
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CHAPTER 7 

POLICIES AND STRATEGIES 

102. The studies carried out for the First Consultation on the Capital GJods 

Industry and additional work done for the Second Consultation have clearly 

shown that the development of the capital goods industry in a developing 

country requires complete dedic, :icn and demonstration of will on the part of 

the Govct.1ment. Without relevant Government action based on clearly stated 

and concretely implemented political decisions, no capital goods industry, in 

the real sense, can be established. Iltis statement holds irrespective o~ the 

economic and political system of the developing country. 

103. The development of capital goods industry should be linked with the goals 

of economic development of a developing country. Goals may differ at 

different stages of development and from country to country (see Ch~pter 4). 

Some of the possible orientations could be the following: 

The development of agriculture and agro-based industries to ensure 
food fo~ the population and to implement rural development programmes 
(Group C countries in general, and Sub-group Cl and C2 countries in 
particular --see Chapter 4); 

Development of those specific sub-sectors of the capital goods 
industry which would manufacture equipment for the dominant sector(s) 
0f th~ econoruy (e.g., mining, textiles, etc.); 

Import substitution being adopted as the main industrial target; 

Predominantly export oriented industrial development including capital 
goods industry (some of the Group A countri~s --see Chapter 4); 

Creation of a technical infrastructure as a prerequisite for a st~ble 
development with relatively high rates of growth and specializaLion in 
capital goods industry. 

104. An Attempt to formulate a strate~y to develop a capital goods industry 

according to the gro~ps of countries had been made while preparing for the 

First Consultation 43 / Here, the attention is focussed on the problems of 

43/ Op. cit. 1!:_/. 
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entry. Tilerefore, the discussion will be limited to the development of a 

strategy for those countries which have a very low industrial base (i.e., 

Group C countries --see Chapter 4). 

7.2 Role of the Government 

105. Ute development of the capital goods industry is not a spantenou~ 

phenomenon. Although a certain number of mechanical capacities manufacturing 

simple tools and equipment or carrying out repair and maintenance work appe~r 

in every country under the impulse of artisans or small-scale private 

industrialists, creation of larger enterprises to manufacture more complex 

equipment, in most of the cases, may necessitate the intervention of the 

Government. 

106. The role of the Government can be summarized as to establish the economic 

and industrial environment which is nece~sary for the development of capital 

goods industries. In this sense, the action of the Government concerns 

vario~s fields relating to: 

The planning of capital goods industry; 

Ute organized education and training of industrial manpower; 

Financing; 

The development of engineering, technical support and research and 
development capabilities; 

Creation and aevelopment of production units; 

Regional co-operation. 

107. The special features of capital goods industry and its backward and 

forward linkages with other sectors of the national economy make it necessary 

to develop a medium-and long-term national plan as well as a specific capital 

goods development plan. In order to contribute to harmonious development and 

the integration of the national economy and to the achievement of the 

socio-economic goals, the capital goods in~nstry should be an integral part of 

the medium- and long-term national plan. Planning along these lines should 

contribute to the implementation of national and sectoral strategies, 

detennine develipment priorities, optimal allocation of resources including 

capital goods inJustry, development of technical infrastructure, technical 

education, financing, research and development. 
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7.3 C0111Don strategies for Group C countries 

108. In tne countries of Group C, the main problem is to identify the route of 

entry into the capital goods industry. In this regard, two approaches may be 

applicable (see Chapter 4); 

a) The satisfaction of fundamental needs such as food production, 
building construction, infrastructure, etc; 

b) The development of national resources such as m1n1ng, mineral 
processing, etc. and/or the promotion of traditionally strong sectors 
such as textiles, leather, wood and wood products, etc. 

109. In both approaches, the estimation of medium-and long-term demand (or the 

determination of types and quantities of required capital goods) is the 

starting point. This activity answers one of che fundamental questions 11\..bat 

should be produced?". 

110. The second stage is the selection of technological production route which 

would answer the other fundamental question "How should it be produced?". 

Here, again, two approaches are possible; 

a) Implementing projects linked to a product or to a range of identical 
products (such as the manufacture of a limited range of agricultural 
machinery, food processing equipment, mining structures and machinery, 
etc.); 

b) Implementing projects depending on the common dominant characteristics 
of the capital goods industry (such as production machinery, 
processes, technical services --casting, forging, etc.) and 
manufacturing those products which are required by different end-user 
sectors but may be produced within same facility (multipurpose 
production --see Chapter 8). 

111. It will be shown in Chapter 8 that, provided that the necessary 

precautions are taken, the second approach may be effective to remove some of 

the barriers which exist in Group C countries. This approach, however, leads 

to three consequences: 

a) The importance of repair and maintenance as a way ot entry and a 
possibility of training skilled labour; 

b) The organization of the production units which would involve 
decentralized multipurpose units of low specialization; 
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c) Ute transfer of technology which, for the capital goods of low 
technological complex~ty, would relate to product designs and mastery 
of processes and, in some cases, to adoption of product designs and 
processes to the local conditions. 

112. In Group C countries in general and, purely agricultural Sub-group Cl 

countries in particular, the Government should participate in all phases of 

the production of capital goods. Ute following is a non-exhaustive list of 

important stages in the process of capital goods production in which the 

intervention and/or assistance of the Government are required: 

a) Studies relating to the selection of products and production routes to 
meet the fundamental needs; sectoral and national plannine and plan 
implementation; 

b) Ute survey of domestic technical capabilities; 

c) Ute organization of repair and maintenance network for the existing 
capital goods; 

d) Ute establishment of research and development, engineering, testing 
and standardization services; 

e) Organi~ed education and technical training of the industrial manpower; 

f) Establishment of financing institutions to promote the domest:c 
industry (both at the supplier and purchaser sides); 

g) Arrangements for international transfers of technology and financing; 

h) Sub-regional and regional co-operation arrangements. 
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CHAPTER 8 

MULTIPURPOSE PRODUCTION APPROACH 44 , 45 / 

8.1 Introduction 

113. In the preceeding chapters it was argued that a set of barrie~s hinders 

the entry into and/or development of the capital goods industry in developing 

countries. Even when most of the barriers are removed by mobilizing immense 

efforts, those obstacles which 3re dependent on the size of the market, and 

the critical size of the production units necessary to ensure economical 

production runs and volumes as well as to sustain the annual rate of 

technological innovation would remain. 1be existance of these 

techno-economical barriers makes it difficult or even impossible for the 

developing countries to adopt the same production models as the industrialized 

countries. 1bis statement is particularly true in the case of small 

developing countries which have no or only an embryonic capital goods industry 

(see Chapter 4). 

114. It is, therefore, necessary to find other structural formulas which are 

capable of dynamizing and proliferating the activity of capital goods industry 

in developing countries. One such formula wculd be the multipurpose 
. 46 4 7 I production approach~ • Multipurpose production unit has the purpose of 

44/ 

45/ 

46/ 

47/ 

This chapter is mainly based on the study carried out by UNIDO Consultant 
F. Vidossich; "Multipurpose production units: TI1eoretical considerations 
and practical applications, 1984". 
Application of this approach utilizing the ATC methodology has succesfully 
been tried within the UNIDO technical assistance project: "Developpement 
de la methodologie d'Analyse de la complexite Technologique pour les biens 
d'equipement en Tunisie", UF/TUN/84/216, 1984 (op. cit._!!/). 
UNIDO; Report of the Second Consultation on the Agricultural Machinery 
Industry, ID/307, 1983. 
UNIOO; Report 0f the Expert Group Meeting on the Development of 
Multipurpose Agricultural Machinery Plants, Guangzhou, P.R. China, 
13-18 November 1984. 
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replacing the production runs ~nd volJme of production characteristics of 

specialized companies, which are almost always incompatible with the markets 

of developing countries, by manufacturing in small batches of a limited 

variety of capital goods. 

8.2 Multipurpose production 

115. 'llte multirurpose production route appears to be attractive from every 

poifit of view, particularly as it seems to be difficult to envisage other 

valid structural alternatives. However, if the multipurpose units are to be 

able to maximi~e their advantages for the developing countries in general, and 

newcomers in particular, they ~ust be designed and operated according to very 

precise rules. 

116. It is clear that the flexibility of production increases as soon as one 

moves from a combination of series production and specialization to 

multipurpose units. 'lltrough these units, a first objective for the developing 

countries would be achieved; making possible production activities that would 

otherwise be postponed indefinitely. But multipurpose units must be designed 

and operated in such a way that it is possible for developing countries to 

accumulate technological knowledge. 'lltis goal, namely the mastery of 

technologies, is equally important and cannot be abandoned. 

117. To gilarantee this accumulation process, an endeavour should he made to 

establish industrial configurations capable of defining pre~isely the fields 

of action of the various types of multipurpost units. 

118. When the production pattern of market economy developed countries 1s 

analyzed, it can be seen th~t some forms of multipurpose Froduction already 

exist. As a starting step, therefore, it should be ascertained whether they 

are applicable to the developing countries. 

119. It would be wrong to associate multipurpose production with the following: 

a) Random production which assumes that it is sufficient to have a 
certain stock of machine tools so varied that they can do almost 
everything; 
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b) Assembly or semi-assembly with no or very limited indigenization of 
a wide variety of products would not permit accumulation of 
technological knowledge and should not be regarded as a multipurpose 
operation; 

c) Flexible manufacturing systems (FKS), while providing the highest 
level of flexibility they require very capital intensive investment 
~nd very high level operating skills (including, for example, CAD/CAM 
--Computer Aided Design/Computer Aided Manufacturing techniques). 
'lbese characteristics make FMS unsuitable for most applications in 
developing countries. 

120. It is, therefore, desirable to observe and interpret what has already 

been done in some developing countries in the last decades in order to decide 

on the criteria for the composition of multipurpose production units (HPUs). 

'lbe point of departure for creation of MPUs in developing countries has always 

been to benefit from the versatility of manufacturing in small batches and 

utilizing the minimum acceptable critical unit size rather than high degree of 

s~ecialization, large production runs and large facilities. 

8.3 Types of multipurpose production units (MPUs) 

121. 'lbe various products to be manufactured in a HPU must have some common 

dominant characteristics (or homogenous characteristics), in which context the 

nature of the production equipment is not the sole factor to be taken into 

consideration. 

122. In order MPUs contribute to or take part in the industrialization efforts 

of a developing country the following should be observed: 

a) In a developing country, MPUs cannot operate at higher technological 
complexity level than the rest of the capital goods industry. If the 
products of higher complexity levels are selected then the HPU is 
forced into a mere assembly or semi-as~embly operation in which 
accumulation of technological knowledge is not possible; 

b) If (a) is observed then all castings, forgings, etc. (sub-block Bl 
operations --see Chapter 3) must be made in the country; 

c) Furthermore, technical services rendered by the third parties, such as 
heat treatment, tooling, manufacturing jigs and fixtures, moulds, 
dies, etc. (sub-block 82 operations --see Chapter 3) must be of local 
origin, if not completely, at least to a very large extent. 
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123. Within the principles set above, and c0nsidering the co~~on manufacturing 

characteristics of products, eleven types of MPUs have been identified. Utey 

are further grouf~d into three: 

a) MPUs whose common dominant characteristic is the production equipment 
and processes (sub-block AJ: Factors of production --see Chapter 3); 

b) MPUs that are homogenous in terms of the level of some well defined 
factors (sub-blocks Al and A2 --see Chapter 3); 

c) A variety of specific cases reflecting or belonging to very different 
situations. 

124. lbe three groups and eleven types of MPUs identified are the following: 

a) 

B) 

GROUP I 

MPU l 
MPU 2 
MPU 3 
MPU 4 

GROUP II: 

MPU 5 
MPU 6 

MPU 7 

: 

c) GROUP III: 

MPU 8 : 
MPU 9 : 
MPU 10: 

MPU 11: 

Production equipment and processes 

Metal forming machine tools 
Chip removing machine tools 
Metal forming and chip removing machine tools 
Manufacturing processes 

Level of some production factors 

Precision and/or quality 
Hours of direct manufacturing labour per ton of finished 
product (Hd) 
Hours of work in the design office per USS 1,000 of 
finished product (Hs) 

Miscella~ ?ous 

End-user sector of the finished products 
Common-user sectors of the finished products 
Hi-tech equipment requiring large-scale human and physical 
resources and financing 
Repair and maintenance of equipment and systems 

125. Table 8.1 sh~ws the eleven types of multipurpose production units 

(MPUs). In this table, for each MPU, common dominant characteristic, 

technicai infrastructure and component requirem~nts, technological complexity 

levels of final products and possible areas of application are given. 

126. FiRure 8.1, on the other hand, shows the eleven MPUs identified as well 

as the most important linkages between them. 1bis figure demonstrates that 

although there must always be a common dominant characteristic in each HPU, it 

does not mean that there may not be some degr~e of coincidence with other HPUs 

among the remaining te,. 



Table 8.1 Types of multipurposa produc~ion units (MPUs) 

r-i-- - - -- -------- - I T~ch;ic~l--T l Pllulble complnity r-
!MPU ! Co-.n d09inant cha·ucterietic infra1tructurel Compllnent level of product1 

Wu 
requirement• requirement11 ---·-----·--·--·--- ' 

! i NI N2 Nl N4 N5 No : 
: I : I 

Ex11op I ea ----- --1 
l IP I: Production equip•ent and ~roce11e1 ---------

! I 

I 
Metal fonaing .. chine tooll 1 Low I Low , o o o o I Boilermaking without machinin11 (except I 

1 
: j J drilling), 1imple agricultural a1achinery, I 

1---~-------------------------------~---------------~-------------r-------------------1----~~:~:-~::~::~:~~:-~~~~::~-~~~~~~:~:-~:::_~ 
,_:_~-=~~~-:~~~~~~~-~~:~~~~-:~~:~---~-~~~~~~=~~~~---~:~~~~~~~~--~-~--~--~--~--~-----1----~~:~~~~~:-~~:~~~~~-~~::~:-~~~=~~~~~~:~~~-J 
i 3 'Me:al fol"llling and chip Medium-high I Hedi um-high I " o o o o o Hachinea in general I 

!-~-~,'-~:~~::~:~~;~;~:::::::::::~--i-~~;~=---------~=-----------1-:-·:-·~----·------ ----~~::;;:~:;:::;::~:-::;;:::-;;:;::;::~:---~ 
I ! very high I paintina, heat treatment, 1tre11 relievin~ 
GROUP II; Level of acme production factora 

I s i Puciaion and/or quality r:~-g~-- - l High lf. . 0 0 . 0 - • I Hea1urement and contro~-~~~tru:e~~~ die~--! 
:---~-------------------------------~---------------l------------ -------------------~----~~:_:~:~-~:~~~~~~:-~~~:~~-~~:-~:~~:~:~ ___ J 
I o I Houn of diuct manufacturing 1 Low I Low o o o o Hachinu in general ! 

!---~-~~~~~::~~~::_::_:~:~:::: ____ ~---------------' ------------1' ------------------- ---------------------------------------------1 
: 7 I Hour• of work in the de1ign Low High o o o o Furnacea, food proce11ing equipment, etc. 
1 office per USS 1000 of ! I finiahed product (Ha) I 
iGROUP Ill: Hiacellaneoua 

I 
I I 

! 8 

I 9 

I 
End-uaer aector of the j -
finiahed prc>duct 

Co...on-uaer aectora of the -
finiahed product : 

High 

o o o I Ho1pital equipment, autoa1otive aervice j 
------------~-------------------~----~:~:~~~-~~~~~~~~::_~~~~:~-~~~~~~~~::_~::: 

o o o I Component• and 1ub-a11emblie1 for 

j 
hydraulic, pneumatic, lubrication, vacuum, 

Medium-high 

1 electric and electronic circuit• and 1 

i---i'-------------------------------ii---------------1------------r------------------- ----~~~~~~~:-~~:~=~~-=~~~~~~~:~--------------
1
10 Hi-tech equip•ent - Very high I o o I M!ronautical, phyaic•l rc•••rch, avionic1, 

l 
! I etc. equipment and 1y1tem1, apace vehicle• 

!;~-;-;:;.::~-:~~-:::~~:~:~::-=~-----1-=-·-----------1=-----------r-=--=--=-----------1----~:;~~:~:~::::;:;~:~:;:~;-:;:~;::~;~------
i J eq1.1iJ11Nnt and 1yatem1 . 

1 
I I electric power 11quipment, cotapreaaora, 

pump•, etc. 

...... 
+' 
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MPU9 
Common-user 

~ec.tors 

MPU10 
Hi - tec.h 

equ.1pment 

Ml~CE LLANEOUS 

MPU 1i 

Repair and 
maintenance.. 

Figure 8.1 Interactions between the common dominant elements of MPUs 
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8.4 Special problems of multipurpose production 

127. If the large-scale application of multipurpose production is considered 

in a developing country, then the special problems caused by their presence in 

the capital goods industry should be pointed out and analyzed. 

128. 1be first area requiring attention is the increased training needs of 

multipurpose production. Tiie methods and institutional fram~works adopted for 

the training of skilled and unskilled workers and management staff in the 

developed countries are also valid for the developing countries, provided that 

the level of complexity of the products and the size of the enterprises are 

comparable. 1bat is the only sound basis for comparison. However, that is 

difficult to achieve because the industrialized countries manufacture mainly 

products with a high technological content, in large plants. 1berefore it is 

evident that the training structures will differ to some extent. 

129. A certain degree of coincidence between the training structures may be 

encountered in terms of the on-the-job training for the operators of machines 

up to semi-automatic complexity and moderately complex setting skills. There 

will be, however, considerable differences with regard to the training of 

middle-level and, especially, higher technical managers. 

130. Compared with the industries of the same size manufacturing specialized 

products of comparable technological complexity level, the MPUs have the 

following requirements: 

a) Generally speaking, the use of universal machines of up-to-date design 
with good chip-removal capacity as well as semi-automatic production 
is sufficient in the vast majority of cases (Specialized machines such 
as numerically controlled (NC), computer numerically controlled (CNC), 
etc. and other advanced production equipment such as flexible 
machining systems (FMS) should always be considered as a secondary 
option, that is to say that an attempt must always be made to redesign 
produ~ts and processes so that conventional machines can be used); 

b) Very meticulous and precise training for machine operators, setters 
and assembly workers other than line assembly workers; 

c) The technical skills of the setters and fitters must be consisl~1·1t 
with the level of technological complexity of the product; 
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d) Middle-level technical supervisors must receive tra1n1ng of the 
highest quality, always compatible with the technological level of the 
products. Titey will have to play a large part in bearing the 
technical pressure, comprehending and assimilating know-how in 
multipurpose en~erprises. 

e) As far as high-level supervisors are concerned, it should be borne in 
mind that the purchase of know-how and work under licence re~uce the 
scope of action and the contribution of design departments. Titis has 
an immediate effect on the corresponding training. 

f) On-the-job tra1n1ng must be provided for the management of 
multipurpose enterprises, --i.e. it must be more intensive and be 
given at an earliPst stage than in the case of 5pecialized enterprises 
of the same size. In fact, MPUs must operate with a variety of parts 
machined by third parties and with assembly activities that almost 
always correspond, in numerical terms, with tho3e of larger 
specialized firms. In this case, training is r~quired not only for 
the procurement manager and the production manager (both with 
university qualifications) but also for the auxiliary technical staff. 

g) As far as production management within the MPUs is concerned, it 
should be noted that it can develop bet~een two structurally very 
different extremes. On the one hand, the manufacture of ~any products 
or articles (hundreds) consisting of only a few parts and on the other 
hand the manufacture of 10, 20 or 30 types of machines, each in 2, 3 
or 5 different models and each consisting of several hundreds 0r 
thousands of parts. 

h) In any case, what was formerly very difficult to manage is now 
radically simpler with the use of micro- and/or minicomputers, ano the 
difficulties and uncertainties of decision-making have to a great 
extent disappeared. However, this change in the structure of 
management, which is incidentally not peculiar to the MPUs, calls for 
specific training. 

131. The MPUs raise another problem with regard to the source of licences, the 

purchase of designs and the requirements for and/or choice of technical 

assistance. In order to maximize benefits, it is necessary to reduce as far 

as possible the number of technical standards as well as the variety of raw 

materials, choosing licences with this in mind. In fact, if absolutely 

necessary, all these licences can be adopted to a single technical standard, 

but that takes time and a great deal of technical knowledge, which is often 

not available. 

132. In order that the MPUs be efficient, it is necessary that there should 

not be too high a difference in level between the technoiogical compiexiry of 

~hP simplest and the most advanced products in the mix. Titat principle is in 
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keeping wich the MPU 6 already described and com?atible with the local 

technical infrastructure. 

133. The multipurpose production approach also raises the questions; "What is 

the best unit size, what are the minimu~ and maximum sizes that can be 

considered as valid, efficient and mana6eable in the developing countries and 

above all within the embryonic capital goods industries, i.e. with a labour 

force of less than 20,000?". Information gathered from the developing 

countries clearly shows that the size of the unit must be in direct r~lation 

with the complexity of the product - it can range from a labour force of SO to 

more than 1,000; products of lower complexily can be made with labour forces 

of less Lhan 100 persons. The basic criteria of size of the MPUs must always 

be related to correct use of the local technological level and technical 

infrastructure; and assembly and semi-assembly activities should be avcided. 

8.5 The dynamics of multipurpose production 

134. Finally, it is necessary to ask the important question; "Can the MPUs 

guarantee the process of acquisition and mastery of technological knowledge or 

should they be regarded rather as a passive form of production, at least in 

the majority of cases?". 

135. Initially, the MPUs lead above all to the accumulation of technical 

knowledge on production, management and repair and maintenance among users. 

In-house capacity for product design is considerably diminished by the 

purchase of a large number of licences. Ute purchase of product knowledge 

postpones indefinitely the actual ass!.milation of know-how. This neg'.itive 

aspect can to a large extent be offset by the dynamic role that can be 

assigned to the MPUs, at least to a wide variety of MPUs and for products of 

very widely differing technological complexity. 

136. On the one hand, the multipurpo~e plant should be considered as a 

development pole that in time hands the manufacture of products or lines of 

products over to new specialized plants. The increase of the market and the 

technological mastery achieved form the basis for this possibility (see 

Figure 8. 2). On the other hand, it is necessary to offset the transferred 
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products (releases to specialized units) with ar: inflow of new products or 

lines of products, while respecting the composition rules indicated in 

Figure 8.1. 'This dynamic process of release and inflow must be achieved, and 

that is possible with a systematic and progressive increase in the 

technological complexity of the products manufactured. 

137. Under these conditions and to the extent that they can be consisrent with 

the rules of composition shown in Figure 8.1, the MPUs can be transformed into 

genuine poles of development and as such are irreplaceable in the production 

context of the capital goods incustries of the developing countries. 

Tnerefore, the multi~urpose production approach must under no circumstances be 

considered as a static and isolated solution and should always be associated 

with a dynamic attitude such as that described above (see Figure 8.2) and wi~r 

a definite pattern of composition (see Figure 8.1). 

138. From this ?Oint of vi~w, it will ti.en be possible to achieve precise and 

interesting goals f~r the developing countries, namely: 

Specific and precise guidelines for the estaLlishment of new 
multipurpose product{on activities in existing capital goods 
inGustries; 

Precise guidelines to increaJe the degrze of versatility of 
enterprises that are alre~dy operalional; 

A correct overview in cases when it is necessary to study ~nd promote 
a large number of MPUs as part of an industrialization plan; 

Precise guidelines for creation of MPUs which would establish the 
entry route into the capital goods industry; 

A very thorough approach when it is desired to make diagnoses of 
multipurpose enterprises and to correct any np, rational defects. 
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CHAPTER 9 

MULTIPURPOSE PRODUCTION OF AGRICULTURAL MACHINERY 
AND OTHER CAPITAL GOODS FOR RURAL DEVELOPMENT 

9.1 Introduction 

139. 1be impor ance of agricultural machinery and rural equipme~t in meeting 

the fundamental needs of Group C countries in general, and Sub-groups Cl and 

C2 countries in particular, was discussed in Chapters 4 and 7, and 
48/ elsewhere-- • Due to this importance, manufacture of agricultural machinery 

and rural equipment could be selected as a possible entry route into the 

capital goods industry in mos; of these countries. 

140. It was shown in Chapter 7 that the developing coun·.:ries wishing to create 

and/or to develop their capital goods industries face a variety of obstacles. 

It was proposed that the multipurpose production approach may help to remove 

some of these barriers and may make the establishment of production units 

possible, which could otherwise be postponed indefinitely (see Chapter 8)
491

• 

9.2 Jemand for agricultural machinery 

141. Agricultural machinery, including rural equipment in the broad sense, are 

utilized in the production of a large number of different crops in 

circumstances.which can significantly vary from country to country or from 

region to region. In order to meet the requirements of different agricultural 

and other related rural activities, the spectrum of agricultural machinery 

covers a very wide range. Furthermore, as indicated in Table 9.1, there are 

several cat~gories of mobile and stationary machines of different' complexity 

48/ Op. cit. 3/. 
Op. cit. 4/. 
Op. cit. 51. 

!!J_/ Op. cit. 46,'. 
Op. cit. 47/. 
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a very wide range. Furthermore, as indicated in Table 9.1, there are several 

categories of mobile and stationary machines of different complexity levels 

utilized for the same agricultural operation at different degrees of 

mechanization. 

142. In this study, the agri~ultural machinery is classified into four 
. 50/ 

categor1<?s-

a) Hand tools 

b) Simple Equipment and machinery 

c) Tractors and trailed machines 

d) Self-propelled machines and complex equipment 

TI!is classification is mainly based on the varying degrees of complexity of 

the manufacture of these m~chinery and, therefore, the levels of complexity 

of machine's manufacture and the complexity of its utilization in agriculture 

are not necessarily correlated. 

143. Agricultural machinery is only one of the inputs to agricultural 

production. Other inputs affecting the agricultural productivity are soil, 

water resources, fertilizers, pesticides, herbicides, seeds, agricultural 

technology, labour, etc. The input mix which is 1Jtilized in a given co1.mtry 

depends on several factors such as availability and characteristics of the 

arable land, structure of agriculture, rural infrastructure, government 

policies with regard to agriculture and agricultural mechanization, etc. The 

discussion here, however, is limited to agri~ultural machinery only. 

144. The maJor and closely correlated two problems facing many developing 

countries in general, and Sub-group Cl and C2 countries in particular, are 

insufficient food production and poverty of rural masses. Therefore, to 

increase the agricultural output within a rural development concept is one of 

the goals of these countries. Increasing the output of agriculture is 

possible through increasing the productivity of existing cultivated areas and 

opening new land to cult~vation wherever possible. 

50/ Other classifications are also possible. For example, FAO has adopted the 
following classification based on the ~nergy source and the technology 
used: (1) Hand tool tect.nology, (?) Animal drawn technology and, 
(3) Mechanical power technology - FAO; Agricultural mechanization in 
development: Guidelines for strategy formulation, 1981. 
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Table 9.1 Main types of agricultural machinery 

Equipment used by increa1in1 de1ree of etchani&a~ion 

Si•ple public 
work.a i•ple•ent• 

"ultipurpose 
hand tool• 

lru1h-c tear ins 
and for"el try 
i•ple9ent1 and 
equipaent 

lrriaation equipment (valvea, a.aina) 

Scraper•. 1rader1 
level ler1 1 

ca.pactora 
Fores try-tractor• 
Heavy tractor• 
and aound-breakin& 
equipment 

Bulldo•ers, hydraulic 
ahovel1 

Subsoil ina 
aachinery. drain­
clearera. drain-cutters, 
drain-pipelayera 

Rotary b~eaker, ripper, chisel, heavy 4-vheel 
drive tractor 

?u•pin& and vater­
diatribution a tat ion 

Siaple irr i&at ion aachinery and proce11e1: ttabi le irr i&•t ion Self-propel led J 
bucket-chains. auaer•, hand-pu•p•. etc. equipment equipment 
H•nd tool• and 1upplie:1 for fence1 Motor pump• Permanently 1n1talled 

'Electric fencina irrig•tion e:quipaent 
(battery) 

---------------------------------------------------------------------------------------------------
Mu l t i purpo1e or 
apecialized hand 
too lo 

Horticultural tool• 
and equipment 

Cultivation •nd 
110Vin1 i•ple:ment1 

Si•ple 11Ulti-purpo1e 
build ins• 

Load-car .. :·ina 
device• (ba1ket1, 
vat•, vheel-barrov1) 

Storehou•••, 
1helter1, 
1hed1, etc. 

Too la 

Speciali••d i•plo­
.. nt1 (•ilk-beat1r1 1 

ate.) for food 
product ion 

SH above; 
"r•r•ina" 

Hain- and 1ni••l 
povar (roundabout•) 
waur bucket-chain 
ind vind•i;1 pov1r 

Kand 1praye:r1 
ani .. 1-dravn 
rid1er1, 
Seeder•, fert i 1 i&er 
di1tributor1 
trailed 1praye:r1 

Specialised buildina• 

AA above 
Hover• and fodder­
handl in1 equipment 
Specialized build­
ing• and equipment 

Wa1on1 1 cart• and 
other equipment dr1vn 
by men or 1ni .. 11 
Kanual di1continuou1 
handlins equipment 

lui ld ins• vi th 
•pecialised equipme:nt 
in traditional far.­
ina (1ilo~. b1r111, 
er ib1, etc.) 

Kanu1l di1continuou1 
1ortcr1 and packer• 

Crop-conditionin1 
equi,..nr (1creener1 1 

vi.nnovi.na Mchine1, 
1hredd1r1, 1tripper1, 
etc.) 
Pr11ervin1 
equipment 

See above• 
"F1r•in111 

Wi.nd•i.111, water• 
•ill•, hydraulic 
ra•1, •i•pl• 
disuuro 
Si•pla 1unl i1ht 
c1tch1r1 

Se lf-prope 11 ed 
cultiv•torl 

Tr1ctor1 and 
specialized .achine 
Ke:chai:t.ized pick.er• 

Speciali•e~ 1tock­
f1rain1 equipment 
(for non-induatrial 
1tock-f ar•ina) 

Lov 1nd .ediuP!l-pover 
-...ltipurpoae tra-:tor• 
Huit ipurpo11 or 
1p1cialised trailer• 

Motorized di1conti­
nuou1 hind 1 in& 

tndu1triali1:ed 
modern 
buildin11 

Specidiud 
1ort1r1 ind p1ck1r1 
latch 

App1ratu1 and 
equip .. nt for 
particul1r 
techn iquu ( 1un­
dryin1, dehydration, 
ate.) 

See 1bove• 
"rar•ina" 

S.1 ll mu l t i-purpou 
90tor1~ p1trol ,di11•l 
alectrical 
Povor t1ke-off of 
tractor to operate 
.. china1 

Self-p~opelled aachinery 
re:aper-threshera, vine­
yard .achinery 

For industrial atock­
f•r•ina (aut0111tic 
feeder• and feed 
conditioners) 

Lorri11 

Specialized tran1port 
equipment (for ai lk, 
meat. 1r1in1 •••• ) 
Motorized continuou1 
h1ndlins 

Ditto, but with hiahly 
apecialized equipment~ 
arain co•p•rt••nta, 
for•a• 1ilo1, arain 
au11r1, 1il11e unlo1d­
!r1. r~~ps, !!~ . 

Continuou1 packina 
equipment (w11hera. 
wei1hcr1, ba111r1, etc. 

Pre1ervins appli1nc11 
(r1fri11r1tion 1 boilina, 
vacuu•) 

Spccialiacd tr•n1port 
equipment for I iquid 
Cv1r1) or 1olid (cratc1l 
food produc 11 

Electricity 1•n•racor1 
ind bis •p•ci•liaed 
.otor1 

Concinuou1 di1••C•r• 
Sol1r p1nal1, etc, 
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145. To comment on productivity increase may be easy but actual 

impleme:1tation is extremely difficult. Introduction of technolog:cal changes 

which are also economically feasible would be necessary but far from being 

sufficient. The effect of socio-political realities on the success of such 

efforts could be even greater. However, the discussion of these problems is 

outside the scope of this study since the purpose here is to discuss the 

technological issues related to the local manufacture of agricultural 

machinery in developing countries. 

146. One way to express agricultural productivity is to measure it in terms of 

equivalent metric tons of cereals per hectare harvested. Figure 9.1 shows the 

yields achieved in different groups of countries and regions. Comparison of 

the low yields of developing countries and their levels of utilization of 

· 5l/ 1 h f h . f 1 d . 't . inputs~ revea s t at une o t e main causes o ow pro uctivi y is 

insufficient use or unavailability of inputs, and among them agricultural 

machinery. 

147. Once the need for agricultural machinery is establi~aed, two further 

question~ should be raised: "For which types of agricultural machinery does 

the demand exist or can be created?" and "How can these machinery be 

domestically produced?". The answer to the first question, some aspects of 

which are discussed in the rest of this section, depends on a multitude of 
52/ factors~ ; such as the structure of agriculture, agricultural mechanization 

strategies, socio-political objectives, etc. The second question, on the 

other hand, is the subject matter of next sections. 

148. In estimating the demand for a product, either one of the following two 

definitions can be the starting point: 

a) The exchange-value of the product which identifies the product as a 
conunodity and pre-supposes market exchange relations. 

b) The use-value of the product which is assigned to it not for its 
possible exchange, but for its usefulness to the user directly. 

51/ UNIDO; The agricultural machinery industry in the 1980s: Factors for 
international co-operation, ID/WG.400/1, 19BJ. 

52/ ibid. 
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Source: (1) FAO; Trade yearhook, vol. 34, 1980. 
(2) UNCTC; Transnational corporations in the ag~icultural machinery 

and equipment industry, ST/CTC/24, 1982. 

Figure 9.1 Cereal yields of different groups of countries 
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The first definition leads to another one; that of "effective demand". The 

effective demand for agricultural machinery is the farmer's ability to 

purchase it. Therefore, irrespective of the urgency and size of the need, the 

existence or creation of effective demand is the only way to 0pen up an 

agricultural machinery market. However, this still leaves the Government as a 

more or less active agent which, through its various policy instruments (such 

as price, credit and import regulations, development of infrastructure 

policies, etc.), influences the market conditions. In the case of societies 

where the use-value is in the forefront, the Government has the tasks of 

planned distribution and optimum allocation of resources. 

149. The use-values of different agricultural machinery in a given country 

depends, among other factors, on the structure of agriculture. Figure 9.2 

shows the.distribution of farm sizes and the number of farms by region. The 

first observation from the figure is that the majority of farm~rs in the 

developing countries own a small land. In Asia and Afric~, small farms 

constitute the majority of total farmed area indicating the intensive nature 

f . 1 53/ o agr1cu ture~ • 

150. Figure 9.3, on the other hand, gives the tractor energy and time 

requirements for some soil preparation operations as an example. Recalling 

the fact that expected minimum annual operation time for tractors is 1000-1200 

hours, comparison of Figures 9.2 and 9.3 demonstrates that for the small 

farmers in the developing countries, tractor is of use or.ly for a very limited 

period of time anually, so it is not viable unless its shared utilization is 

arranged. A similar viabi 1 ity analysis can be made for other agricultural 

151. When the market conditions prevail and the governmental incentives are 

absent, farmers' ability to accumulate capital is the only source of creating 

demand for agricultural machinery. 'The purchasing power of farmer depends, 

among other things, on the size of cultivated area, the types of crop and 

yield per hectare. Table 9.2 compares the average farm size, yield, 

production and years required to pay a tractor in developed and developing 

countries and shows the very low level of purchasing power of small farmers in 

the developing countries. 

2]_/ Op. cit. 1!_/. 
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Source; (1) World Bank; World development report, 1982. 
(2) FAO; 1970 world census of agriculture. 

Figure 9.2 Comparative distribution of farmed area 
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Source; Perdok, U. D. and van de Werken, G.; Power and labour requirements in 
soil tillage, in "Agricultural mechanization in the tropical and 
developing countri~A 11 , International Congress of the 12th Agricultural 
Machinery Exibition, 1982. 

Figure 9.3 Tractor energy requirements 
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Table 9.2: Tractor affordability (1979 figures) 

Small farms 
Developed market economy 
Developing market economy 

Medium farms 
Developed market economy 
Developing market economy 

Large farms 
Developed market economy 
Developing market economy 

Avera5e 
farm 
size, ha 

2.1 
1.4 

19.2 
9.2 

142.4 
86.9 

Cereals 
yield 
kg/ha 

3,470 
1,423 

3,470 
1,423 

3,470 
1,423 

Production!!/ 
metric 
tonnes 

7.3 
2.0 

66.6 
13.1 

494.1 
923.6 

Years to P,ay 
tractor£/ 

3.0 
15.0 

0.3 
2.3 

0.08 
0.50 

Source: (1) UNCTC; Transnational corporations in the agricultural machinery 
and equipment industry, ST/CTC/24, 1982. 

(2) FAO; Trade yearbook, vol. 34, 1980. 

a/ Assuming double cropping in small and medium farms and single 
cropping in large farms. 

b/ Average 1979 price of tractor expressed in metric tonnes of cereals 
is taken as 40 tonnes in developed market economies and 60 tonnes 
in developing market economies. 

152. Tile analysis presented here and in the other UNIDO documents
54

•
551 

show 

that although there is a huge need in developing countries for all types of 

agricnltural machinery, the demand is low. Tilis situation is generally caused 

by the limited purchasing power of the small farmers which could only create a 

market for low-cost simple machinery. However, the demand for agricultural 

machinery can be increased through the intervention of state. This 

intervention can be sununarized at macro-economic level as efforts to increase 

the investment ratio of agricultur~/. According to a UNIDO study, the 

average investment ratios of a sample of forty countries over the period 

1965-1975 vary between less than 5% and approximately 25%; the developed 

54/ Op. cit. 21/. 
55/ UNIDO; Tiie world agricultural machinery industry: Prospects for 

international co-operation, ID/WG.400/3, 1983. 
2!1 Agricultural investment ratio of a country is defined as "total annual 

agricultural investment/total annual agricultural production". 
Expenditure on agricultural mechanization generally forms the major part 
of the agricultural investment - UNIDO; World-wide study on the 
agricultural machinery industry, UNIDO/ICIS.119, 1979. 
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countries being at the higher end and the least developed ones being at the 

lower end 57 , 5s/. F d 1 . . . . h . 1 1 or eve oping countries, increasing t e agricu tura 

investment ratio, generally, necessitates the transfer of international and/or 

other national financial resources to the agricultural sector. 

153. Although the wide product range of agricultural machinery, from simple 

hand tools to very complex machines, creates many possibilities for local 

production, the present level of production of agricultural machinery in the 

developing countries is far from being sufficient. 'Titerefore, the rapid 

increase of local production of agricultural machinery in general and low-cost 

machinery and equipment in particular is required in order to meet the demand 

of small farmers. 

9.3 Multipurpose production of agricultural machinery 

154. It is clear that the problems of agricultural machinery production 

should be discussed within the framework of agricultural, agricultural 

mechanization and industrial strategies of a given country. However, this 

wider discussion is beyond the scope of this paper. 'Ille ai~ here is to 

identify the possibilities of an integrated approach to couple the 

agricultural machinery and capital goods industries in order to achieve better 

utilization of the scarce resources of a developing country. 

155. In Chapter 3 and 8, it was demonstrated that the similarity of 

technologica~ production routes of agricultural machinery and some other 

capital goods makes it possible to manufacture both product groups in the same 

multipurpose production unit provided that the rules of multipurpose operation 

are observed. 

'21_/ An agricultural investment ratio of 25% for a mainly agricultural country 
with 40-50% of its GDP being contributed by agriculture will mean 10-12.5% 
of it!; GDP being invPRtP.d in agriculture. 

58/ It may be interesting to compare the agricultural investment and military 
expenditure to see that the latter being higher for some developing 
countries (For military expenditures see: V~yrynen, R.; Industrialization, 
economic development and the world mi 1i tary order, in "UNIDO; 
Industrialization strategies and country case studies", vol. 6, p.409-508, 
IOD.337/Rev.l, 1980). 

• 

• 
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156. For the purpose of this study, production units of agricultural machinery 

according to their utilization of different technological production routes 

arP ~lassified as the following: 

Village backsmiths 

Rural workshops 

Small-scale industries 

Medium-scale enterprises 

Large-scale enterprises 

It should be stated from the outset that production units of different levels 

should not be thought of as being mutually exclusive. On the contrary, they 

should co-exist and complement each other. 

9.3.l Rural dev£lopment progrannnes and rural industries 

157. Agriculture, food production, rural infrastructure and rural cevelopment 

as a whole are at the focus of growing political attention of both national 

decision-makers of the developing countries and the major aid, financing and 
. . . 59,60,61,62,63/ I . . co-operation organ1zat1ons • n this connection, many 

developing country governments have declared policies to encourage 

ebtablishment and to support industry in rural areas. However, only few 

countries have actually implemented such policy measures 
641

• 

158. Development of rural industries could carry important implications for 

agricultural mechanization. 1bey also create non-farm rural employment and 

~/ Canadian Hunger Foundation and Brae~ Research Institute; A handbook on 
appropriate technology, Ottawa, 1976. 

60/ Op. cit. 5/. 
6T! Muller, J:; Liquidation or consolidation of indigenous technology, Aalborg 

University Press, Denmark, 1980. 
62/ UNIDO; Appropriate industrial technology for light industries and rural 

workshops, ID/232/11, 1980. 
~/ World Bank; World development report 1982, Oxford University Press, 

New York, 1982. 
64/ Op. cit. SO/. 
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help to stabilize and even expand farm employment. Ute prospects of 

increasing the leve- of k11owledge and mechanical skills of rural population 

can also be opened through the development of rural industries. However, in 

many cases, the socio-political feasibility and the economic and technological 

feasibilities of rural ;ndustrialization programmes do not sim11ltaneously 

exist. Examples from dev~ioping countries suggest that, in such cases, the 

government objectives and decisions would be the determining factors. 

159. Traditional village blacksmiths were the exclusive manufacturers of 

agricult•1ral hand tools and simple rural equipment. Today, they continut 

their activities and manufacture hand tools (hoes, machettes, knives), simple 

machines (swing ploughs, harrows), simple rural equipment (yokes, carts), as 

well as household equipment (ovens, pans, etc.) cn<l miscellaneous items 

(dcors, locks, chains). Tiley also produce spare parts for simple agricultural 

machinery, in particular for the animal-drawn equipment, and attend to their 

repai. and maintenance. 

160. Blacksmiths' production tools are generally made by themselves and they 

utilize scrap iron and locally available wood and charcoal as rdw materials. 

In most of the cases, the necessity of subsistance farming makes their 

production activities a part-time joh. Except in rare cases, they have a 

traditional training only. The possibilities of improvement of pr.:>duction 

tools, ~echniques and hence the quality of products are quite limited. 

161. Centralized mass production or importation of quality hand tools and 

marketin~ of th~m in villages is one of the reasons why blacksmiths are 

compelled to decrease their activities. Ute penetration of tools from 

organized industry increases a3 the economic rural infrastructure develops and 

the access to remot~ villages becomes easier. 

162. Programmes aimed at introduction of animal-drawn implPm'-nts have 

demonstrated that repair and maintenance services w~ich can be provided by :he 

village blacksmiths are vital for the succes.CJ. There are several governmental 

level measures which can be taken to secure th~ market for blycksmiths and to 

assist them developing their activities. Reservation of the lower end of 

animal-drawn implernents' market to blacksmiths has been successful in India. 

• 
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For1ation and assisting artisan groups and co-operatives have been utilized in 

Benin (Cobemag project), ~!iger (Darma/ APR project), Tanzania (Utundu project), 

etc. Similarly, oxenization programmes in Northern Ivory Coast, CDMT in Hali, 

Ardu and Bako projects in Ethiopia and the Nord Togo operation have employed 

or assisted artisan-blacksmiths within the framew~rk of ~gricultural 

development schemes. Within these programmes, blacksmitts hav~ been given 

training, supplied with subsidized and better production tools, and 

subcontracted to produce simple machines or parts. 

163. Village blacksmiths, with their dual function as farmer-artisan and with 

their close proximity to users, could understand the local conditions better 

than anybody else and hence manufacture the suitable tools. They are 

. 11 . d6 S / d d . . f . d . h . d H vert1ca y-1ntegrate ~ an ivers1 ie in t e1r pro ucts. owever, 

problems such as inefficient supply system, financial restricti0ns, seasonal 

~arkets, insufficient training, poor product quality and competition from 

urban indLstry and imports limit the development of village blacksmiths. 

164. The promotion of viilage industries requires government intervention. 

H0wever, the requirements for planning, monitoring and supporting viable 

blacksmitn operations are in many cases under-estimated. After a short 

initial impact, it is common for the results to be disappointing and hence the 

governments are tempted either to intervene with excessive subsidies 

regardless of economic viability or to abandon the project completely. 

165. Operational examples from developing countries demonstrate that ther~ is 

considerable scope for production of some agricultural machinery, rural 

equipment and other capital goods in decentralized small-scale rural 

workshops. Commune and brigade level maintenance an<l machinery production 

workshops in China, several projects in Africa (Cobemag in Benin, Ar~oma 

Corema in Upper Volta, Rural Craft Woa:"kshops -RCWs in Tanzania, etc.) are some 

of the examples. 

65/ Up to quite recent times, blacksmiths were smelting their iron themselves. 
--op. cit. ~/. 
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166. Ideally, rural workshops could operate within a network consisting of a 

number of decentralized workshops and a central production unit. Depending 

upon their development level, the rural workshops can perform the finishing 

and assembly of manufacturing kits of semi-finished machines distributed by 

the central unit; and/or they can be subcontracted by the ceGtral unit to 

manufacture finished and semi-f:nished parts; and/or they can carry-o•:t the 

complete manufacture of some machines. Repair and maintenan~e of all these 

machinery could also be carried-out by the rural vorkshops. 

167. Several villages within the reach would constitute the immediate market 

for rural workshops. Ute size and location of the market could considerably 

change when rural workshops operate within a network of agricultural 

development project. Preferential goveYnment purchases and import controls 

would help to stabilize and expand the rural workshops' market. Availability 

of loans to farmers w!1en purchasing agricultural machinery producPd by rural 

workshops would be the most effective support for the workshops. 

168. The types of products that can be manufactured and the servic~s that can 

be rendered by the rural workshops depend, among others, upon the 

technological level of the workshop, the development stage of rural 

infrastructure (particularly availability of electr~~ity, roads and transport) 

and effectiveness of the organizational set up. Ute discussion here is 

limited to the investigation of technological possibilities for rural 

workshops to manufacture ag~icultural machinery, rural equipment and other 

ca~ital goods for r~ral use. 

169. Table 9.3 gives the summary of technological production routes of 

d1fferenL levels of rural workshops. As seen from the table, the possible 

product mix of rural workshops could cover agricultural machinecy (hand tools, 

animal drawn equipment, irrigation, silage and transport equipment) anrl other 

capital goods (building construction equipment, food processing machinery, 

etc.) aod some consumer durables for rura~ use. Titis product diversification 

indica~es the multi-purpose nature of the rural workshops and their possible 

impact on the rural rlevelopment. Tit~ capital goods produced by the workshops 

could also promote other rural industries. 



1able 9.3: lder.tification of the types of rural workshop 

Level Mdnufacturing processes 
of the Forging Sheet, tube and Wt:lding Machining 

lolotkchop ------- profile workin2 

M -Manual forgi'lg -Cutting with snips, -Torch welding -Manual tapping 
(witnout ,.•ith anvi 1 and hand hacksaw, hand (gas) and threading 

electricity) hammer torch, lever shear of pipes 

I -hand bending -Filing (files, 
I -manual 3-roller vices) 

I rolling 

I 

I 
El -- -Cutting with -Electric arc -Ori 11 ing 

(with reciprocating saw, welding -Disc grinding 
i electricity) manual lever shear -Manual tapping 
I -Hand bending and threading 

I 
-Manual 3-roller 
rolling 

I 

i 
I 

I E2 -- Same as El plus Same as El Same as El plus t (with -Guillotine shear -Universal lathe 
b~tricity) -Bending press turning 

. 

Assembly 

-Simple manual 
assembly with 
hand tools 

-Brush painting 

-Manual 
(with also 
bolts, nuts & 
rivets) 

-Spray painting 
(without 
compressor) 

Same as El 

Testing 

-Geometric 
measurements 
only 

-Inspection 
-Geometric 

measurements 

Saille as El 

I 

'° V1 
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170. Tiie rural workshop as a multipurpose production unit is mainly a mixture 

of tyoes HPUl, HPU2 and HPU8 (see Chapter 8). lbe process technology of the 

rural workshops comps with their production machinery. Tiie general purpose 

nature of this equipment provides flexibility and product diversification 

within the same technological complexity level. Minimum knowledge required is 

the operator skills for machinery and the artisa~al skills for manual 

cperations. Upgrading t~e exi~ting skills of the workshop operators ~~uld 

necessitate training programmes and improvement 0f manufacturin6 processes 
. . f . . d f. 661 

through introduction o Jigs an ixtures~ • 

171. One of the major problems of the rural workshops would be the lack of 

product design capabilities. lberefore, it would be necessary to provide 

rural workshops with pcoven designs, prototypes ~nd manufacturing process 

files of equipment which are adapted not only to local agricultural conditions 

. l 1 . l b"l" . 671 ....... . but also to their tee 1no ogica capa i ities~ • ~ .. is requires an 

organizational framework and involvement of national, regional and 

international design centres and international co-~peration agencies. In 

cases where the national design capabilities do not exist or are weak, 

region~! and international co-operation become vital. 

172. Titere is also scope for international co-operation for the supply of 

production equipment and raw materials to rural workshops. In this regarl, 

bilateral and multilateral co-operation programmes could be very 

ff 
. 68/ 

e ectJ.ve- • 

113. As stated before, promotion of rural industries requires government 

~olicies and ion~-term commitm~nts. It is not an easy task. lbe programmes 

could necessitate heavy subsidies especially when the socio-political aspects 

are given more emphasis than the ec~nomic and technological ones. 
69/ 

Furthermo•e, examples have demonstrated that- an essentiaL factor 

affecting the success of rural production units is the actual ownership of the 

rural pt oi;le. 

66/ Op. cit.!!_/. 
67/ A by-protiuct of the distribution of product designs would be 

standardization. 
68/ E.g. supply of steel products to Hali through a Swedish aid prograu1e. 
69/ ~eighbourhood workshops in China, Saemaul factories in Republic of Korea, 

etc. --UNESCAP; Small industry bulJetin for Asia and Pacific, No. 17, 1981. 
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9.3.2 Small-scale industries 

174. Development of urban and sub-urban sm~ll-scale industries is discussed ln 

detail elsewhere701 • The consideration here will be given to the 

possibilities of p<rticipati(\n of ::he small-scale industries in the 

manufacture of agricultural machinery and other capital goods. The 

observations are based on several case studies which were carried-out by UNIDO. 

175. Traditional small-scale firms are comprised of a few dozens workers at 

the most whose activities relate to outlets in the urban sector rather than 

those ln the rural sector. Boilerworks and automobile repair, mai~tenance and 

spare parts manufacture are the most common exam!)les of such activities. 

These units are generally accommodated in an industrial park or small crafts 

complex where the utilities (electricity, water, etc.) are made available. 

Such comp~~xes are usually located in urban or suburban areas providing access 

to markets and raw material supplies. 

176. Small-scale firms are almost always privately owned (individual, 

partnership or co-operative). n.e main invest1:ient source is generally the 

private savings and private entrep~eneurship play~ a very important role in 

establishing and operating the small-scale industries. 

177. The manufacturing process technology of small-scale industries is 

generally embedded in the production equipment. Product technology, on the 

other hand, depends on copying and adapting imported designs. Diffusion of 

local product design technology takes place through imitations of successful 

designs. 

178. The production equipment and manufacturing processes of small-scale firms 

are similar to El and E2 type rural workshops (probably with additional 

machine tools for welding, grinding, etc., and machine presses). One 

interesting featu~~ of small-scale production, however, is the varying deirees 

of vertical integ1ation depending upon the spatial distribution of 

manufacturin~ units. When they are accommodated in a~ i~dustrial con.olex or 

organizationally integrated in co-operatives, a high degree of divisinn of 

70/ A comple~e ~ibliographic index and abstracts of UNIDO publications (\n the 
subje:t can be retrieved from UNIDO/INTIB. 
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l b d . l . . b · 1d 71 • 721 a our an horizonta integration ui -up~ - • lbe firms pr~fer to 

specialize in one or two manufacturing processes (machining, welding, forging, 

casting, etc.) and utilize oth~r neighbours as subcontractors according to the 

type of the product on order.Although this route brings some production 

control and standardization problems, it helps to limit investment costs of 

individual firms and improves the capacity utilization through 

diversification. The owner-manager's p~oblems could also be reduced when he 

deals with those processes for which he has the knowledge and/or skills. 

179. Hultipurposeness is also encouraged when locai medium- and large-s~ale 

enterprises support the small-scale industries. 1be commercial form of this 

support is sub-contracting (both processing and manufacturing p~rts ~nd 

components) b~t it can also have a technological component. 1be technological 

know-how and the demand for quality and standardization of the larger firm 

could help the smaller one to upgrade his products apd processes. 1be only 

disadvantage appears when small-scale firms lose their flexibility and become 

satellites of the larger ones, i.e. fully C'>mmitting their operations tv 

sub-contracting. In such cases, sma1l firms lose cJntact with their 

traditional markets and depend totally on the demard for large-scale 

enterprises' products. 

180. Semi-centralized and flexible nature of the small-scale industries enable 

them to manufacture a wide range of agricultural machinery (from hand-tools to 

p0wer tiller· ) , rural equipment (pumps, smal 1 diesel engines, sprayers, 

transport equiFment, carts, trailers, water tankers, etc.) and other capital 

goods a~d engineering industry products of sim1la~ technological complexity 

level (equipment for building construction - brick presses, concrete mixtures, 

steel structures; food processing equipment - animal breeding equipment, oil 

~resses, ~ilk processor::, etc.; al~osc all types of light boilerworks; spare 

parts and components for the above and other equipment). 

181. Many developing countries do not t.ave the capacity for manufacturing 

71/ Op. cit. 62/. 
72i Baldo and Co. (UNIOO consultants); The status or the agro-me~hanization 

and of ,he relevant industry in S~ria and identification of training 
needs, 1~·83. 
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capital goods or only have embryonic capacities for this. By contrast, a~~ost 

all of them need a progressiv~ly mechanized agricultural system. llle 

~roduction of agricultural machinery constitutes, under these condition~, an 

interesting way ~f entry int0 the capital goods industry. Provided that it is 

planned, encouraged and supported by government policies, there would be no 

insurmountable technological obstacles to establish multi-purpose production 

units to manufacture primarily agricultural machinery and progressively other 

capital goods through diversification. Small-scale industries are well-suited 

for this purpose. 

9.3.J Hultipurpose medium-scale production 

182. Manufacture of agricultural machines of technological comple.:i ty 

levelsRII and III necessitates the utilization of different manufacturing 

processes, technological know-how, skills, se~i-finished products, technical 

services and components (see Figure 3.2, Table 3.1). Each of tt • .:-~e industrial 

operations has a minimum size to be technologically and/or economically 

feasib1e-Zl1. lllerefore, the medium-ecale plant, vhether it is a specialized 

unit concentrating on a limited number of processes (e.g. casting or forging 

or heat treatment only or manufacture of parts and components) or a 

vertically-integrated unit producing the inputs of its final product, has to 
I- If • • l" . 74/ reac11 a cr1t1ca size- • 

183. llle capaciti~s which have to be created in order to reach the required 

critical sizes would seldom be viable -hen the limited and seasonly variable 

market (even that of a large developing country) for agricultural machinery is 

considered75 • 761 • ~ne possible solution is the utilization of multipurpose 

!.J..I For example, if broaching is required as one of the machining processes, 
techn~logically minimum size ~ould be one conventional broaching machine 
which can accommodate the piece of work to be machined and perform 
broaching according to required specifications. A level II foundry (e.g. 
wit~ uood pattern moulding) would require, in addition to blast cupola 
smelting cascing process, a pattern making workshop and cleaning 
proceBses. Tn order to be able to economically operate the casting and 
other ancillary proces~es a minimu~ capacity haR to be reached --UNIDO; 
Metal pro.:uctir1n development units, UNIDO/IOD.36d, !980. 

74/ Op. cit. 15/. 
JS! Villela, -;;:v. (UNY.DO ConPJltant); Bra7.ilian agricultural machinery 
-· industry, 1983. 
76/ Turkish Industrial Development Bank; Survey of Turkish agricultural 

machinery producers, 198~. 
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approach. lbe analysis of technological production routes of agricultural 

machinery and other capital goods has demonstrated that it is technologically 

possible to accommodate the manufacture of agricultural machinery and other 

capital goods within the same multipurpose production unit (MPU) --see 

Chapters 3 and S. 

184. Multipurpose operation, however, is not without problems even when the 

precautions discussed in Chapter 8 are taken. First, it brings additional 

pressure on manage~ent of the medium-scale firm; wider market relations, 

after sales services, etc., have to be organized and procuctioi. pianning and 

control become more critical. n-.en, product design and deve!~~ment should 

also be diversified and become responsive to the market demand. Furthermore, 

constant attention should be paid to the en-the-job training of production 

workers. 

185. One of the most compliLatec problems of MPU is the planning and design of 

plants with built-in diversification possibilities. Even if the demand for 

agricultural machinery could be accurately estimated, the market for other 

capital goods could have irregularities and uncertainities. Titis situation 

could be improved by the intervention of Gov~rnment; Ute Government could 

show its determination to protect the domestic agricultural machinery and 

other capital goods industries from foreign competition by issuing i~port 

restrictions and/or tariff barriers as soon as any one of these goods is 

locally produced. Further, as one of the main purchasers of capital goods for 

public works, building construction, rural development programmes, etc., the 

government could secure a sizable market for the? local manufacturers221. 

186. It is t0 be noted that multipurpose approach can be considered not only 

for the newly established plants but also for the existing production 

21.f This is also important to partially meet the need for excessively high 
working capital in developing countries through down-payments for 
government orders. Tile need for high working capital may be explained by 
slow annual turnover of inventories, excessive stocks of imported parts 
and com~onents because of irregularities in importation, etc. --World 
Bank; Fostering the capital goods sector in LDCs: A survey of evidence 
and requir· ents, Staff Working Paper No. 376, 1980. 

, 
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capacities. Analysis of the existing facilities and their subsequent upgrading 

could create diversification ~ossibilities and lead to bettet capacity 

utilization. In this connection an interesting example could be the captive 

repair and maintenance workshops attached to the existing large-scale plants 

or systeMs (railroads, sugar factories, iron and steel works, mining 

~omplexcs, etc.). In general, they are diversified to some extent in order to 

be able to attend to a wide range of repair and maintenance requirements 

and,therefore, a modest investment to modify, upgrade and re-organize ~ ·uld be 

sufficient to start the manufacture of agricultural machinery and other 

capital goods. 

187. Proper selection of general pur~ose production machines and processes and 

suitable lay-out from the outset would help later to ease some of the 

difficulties of diversification. Technology selrrtion and possible transfer 

should also be according to the requirements of multipurpose operaticn (see 

Chapter 8), i.e. more attention should be paid to the mastery of processes 

rather than concentrating on the product design. 

188. Multipurpose medium-scale industries with a diversified product line may 

find :t difficuit to have access to the international technology market. 1lie 

size of their operations and/or their product mix may not be of interest to 

large-scale technology sellers trom developed countries. However, there ~re 

other possibilities: Co-operation with small- and medium-scale enterprises 

(SHEs) from developed countries and/or co-operation with other developing 

countries which have alreadey mastered the required technologies. 

189. At present, most of the SMEs in developed countries are suffering from 

the present stagnation of their traditional markets for agricultural 

machinery. Tiierefore, they are paying more attention to the possibilities of 

~enetration into the markets of developing countries. Although their primary 

target is the exportation of complete equipment, they could also consider the 

transfer of technology arrangements. In fact, there are several examples 

(both successes and failures) of joint ventures and licensing arrangements 

between similarly sized companies from developed and developing countries. 

1lle technologies involved have been generally for the manufacture of 

equipment, parts and components. Commercial and legal aspects of arrangements 

have been similar to those prev4iling in international markets and commonly 

applied by larger firms. 
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190. SME in a dPveloped country is a dynamic entity which is able to respond 

to ever-increasing quality and complexity 1equirements of the home m~rkets. 

Rapid changes bring short product cycles and result in depreciating 

technologies in short periods. 1ltis, however, could become an advantage for 

SlfE in its dea:ings with the medium-scale industry in a developing country. 

Since the latter's need would not always call for the stcte-of-the-art 

technologies, SME could enter into the arrangement with a fully depreciated 

technology and could increase its profitability. 

191. Although SMEs are generally interested in industrial co-operation ~ith 

developing countries, the_r actual involvement has been limited. This could 

be attributed to the existence of, among others, two major barriers; The lack 

of dialogue between prospective partners and inability and/or unwillingness of 

SMEs to take financial risks 1n unknown markets. At the first look, it may 

seem that both barriers have been erected by the lack of information but 

further analysis would indicate that there are other factors affecting the 

chances of co-operation. 

192. In order to start a dialogue, first the partners should be identified, 

then the demand of the developing country and the capabilities of SME should 

be made transparent. 1lle examples have demonstrated that a dialogue could 

start quite easily when the developing country firm is a trading partner of 

the SME, distributing and/or servicing its products. In such cases, SME would 

have sufficient information on the prevailing local conditions and market 

prodpects. In another set of examples, SMEs have been encouraged by the TNCs 

operating in the developing countries. In particular, TNC subsidiaries and 

joint ventures, under the pressure of developing country governments to 

increase local integr3tion, would promote the manufacture of parts and 

components by local firms which would purchase the technology from the same 

SME supplying TNC's home operations. 

193. In other cases, however, neither of the abovementioned possibilities to 

identify partners nor to establish a dialogue exist. Then, identification of 

the demand becomes even more important. National policy-makers should select 

the priority products that could be locally produced. They should also 

announce their ffiarket manupulation policies (incentives, customs regulations, 
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etc.). If transparency could be brought to demand and market conaitions then 

it would be possible for SMEs to calculate profit prospects and ~ssociated 

risks. 

194. Considering the lack of international experi~nce of newly estabiished 

r.1edium-scale firms in the developing .:ountries and th'! concentration of 

Qarketing operations of SMEs in the developed co~ntries, it seems necessary to 

establish national and international frameworks and/or to increase the 

utilization of existing ones in order to promote and support the co-operation 
78/ 

between such partners~ • 

195. Res~arch and development activity is an important element of operation of 

medium-scale industry. Ute adopta~ion of products and processes and new 

rroduct designs would increase the flexibility, decrease the response time to 

market changes and widen the product range. Yet, the exper:ence fro~ 

developing countries has shown that, due to different re .. sons (b•1t mainly due 

to the cost of R+D) such activities have been limited to ad-hoc innovative 

adoptation work. 1be contributions of national and re6ional design centres 

and universities have, except in some cases, been al~o limited because of weak 

or non-existing links between these institutions and industry. 

196. In addition to encouraging industry level research and development work 

by incentives, th~re is scope for stronger national action to strengthen the 

li&1ks between national research and deveiopment institutions 2nd industry. 

Co-operation with the regional design centres should also be re-inforced and a 

framework should be established so that the real and practical problems of 

indu8try could be reflected to regional centres. 

197. UNIDO and other international organizations could play an effective role 

in collecting and disseminating data on completed and on-going research and 

development work. 

~/There is already some effort along this Hne: International co-operation 
agencies (such as UNIDO), intergovernmental organizations lEEC, 
Commonwealth Secretariat, etc.), n.1Lional and international manufacturers' 
and other professional associations are trying to fill the information gap. 

\ 
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9.4 Conclusions 

198. Deveiopment of the agricultural machinery industry in developing 

countries necessitates, firs~ of all, the analysis of agricultural system. 

'lben the suitable mechan;zation should be decided upon according to th~ 

structure of agriculture and with due consideration to the socio-political, 

economic and tech~ological criteria selected by each Government. 

199. At this point, it i5 very important to make the distiGction between 

"need" and "demand" for agricultural machinery. Need could be huge but it is 

the demand or affordability which should be the basis for industrial 

decisions. 'Illerefore, the types of agricultural machinery for local 

production should be selected from those for which demand exists or can be 

created. 

200. The first step towards increasing the domestic production of agricultural 

machinery should be the full utilization and upgrading of existing skills and 

facilities. For this purpose, village blacksmiths, rural workshops, 

small-scale industries as well as medium- and large-scale manufacturers of 

agricultural machinery and other capital goods should be considered. 

201. Comparative analysis of raw material inputs, intermediate manufactured 

inputs, manufacturing processes and requited skills and know-how of 

agricultural machinery and other capital goods industries indicates that there 

are similarities and linkages between them which create multipurpose 

production possibilities at any stage of the development (see Chapters 3, 4 

and 8). Therefore, a better utilization of a given amount of resources iu a 

developing country could be achieved through an integrated approach coupling 

these two sectors. 

-~?.When the ~apital goods industry (including basic facilities for casting, 

for&;ng, etc.) exists, then the diversification of the existing units and/or 

establishment of new MPUs to produce agricultural_ 11:achinery which are 

technologically compatible to the development stage of the capit"l goods 

industry is always possible. In fact, this type of diversiiication ar.d 

creation of new capacities are being observed in many developing countries. 

• 
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203. Illis study argues that when the industrial infrastructure is not 

sufficiently developed and the capital goods sector is weak, there is a 

possibility to adopt an industrial strategy for the development of 

agricultural machinery manufacture before creating c=pacities for the 

production of other capital goods. It is also demonstrated that multipurpose 

operation of agricultural machinery industry to produce other capital goods is 

technologically possible for all developing countries of different levels of 

development. 

204. Within the framework of integrated manufacture of agricultural machinery 

and other capital goods, there is scope for international co-operation at all 

levels of development. In this chapter, particular emphasis is given to the 

possibility of increased involvement of small- and medium-scale enterprises 

(SMEs) from developed ccuntries in co-operating with counterparts from 

developing countr~es. It is argued that SMEs are in a better position to meet 

the technology netds of medium-scale industries in developing countries. 
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