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. I. 

development of tochnolony in developing countries 

has become a natter cf uroeney and of vitnl importance 

to the Third world, in their overall scheme of economic 

progress.  In this connection it is realised that the 

main instrument throuqh which developing countries could 

reach a stage of near self-reliance in technology is to 

develop the required infrastructure for technology and 

R&D, without the creation of basic infrastructure for 

industrial development, one cannot also expect technology 

to develop.  In order to minimise perennial dependence 

of deveioning countries for their technological needs 

from outside, it Í3 ímocrative to first build the infra- 

structure base to absorb, nda^t and innovate technology 

and progressively become self-reliant in this vitnl area. 

Infrastructure for industry and development 

implies institutional framework and nhysical facilities 

required for establishment and operation of industries. 

Apart from providing the necessary frame-work of indus- 

trial planning and policy, the other major components 

of infrastructure include elements of physical infra- 

structure such as power, water, fuels, transport and 

conmunications and institutional infrastructure such as 

industrial finance, manpower development, consultancy 

and design services, research and development, indus- 

trial promotions etc., 
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The development of physical Infrastructure 

and institutional frame-work is an onnontial pre- 

recmisite for establishment of industries. Firstly, 

an environment conducive to growth has to be 

created. The deep rooted rigidities and other 

obstacles faced by developing countries cannot be 

overcome by market forces alone. Hence planning 

becomes an essential feature of industrial develop- 

ment although the process and extensive planning 

and the role of the public and private sectors may 

vary from country to country. Appropriate govern- 

ment machinery has therefore to be set up to under- 

take planning to define the objectives of industrial 

development« determine priorities and regulate 

Industrial development in accordance with plan 

objectives and priorities. 

Another major factor required for promoting 

Industrial growth is finance. Ho industry» big or 

small, can run without adequate finance. The 

industries require funds for meeting fixed capital 

expenditure as well as working capital needs. The 

fixed capital required by an Industry Is generally 

raised through the issue of shares and debentures 

to the general public and loans from financial 

institutions. The working capital requirements 
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are met from the commercial banks. Therefore, 

institutions such as 3tock exchange, comercial 

bonks and financing institutions for providing 

industrial finance have to bo created. 

Industrialisation requires a steadily in- 

creasing GUJ  ly of nanagorial and labour skills. 

The development of these skills frequently 

requires long years of training. The needs of 

the industrial 3cctor have therefore to be anti- 

cipated much in advance,  "xnonsion of educational 

facilities is an essential step in the generation 

of the manpower skills required for industrialisa- 

tion.  In developing countries where the social 

behaviour pattern, traditional forms of society 

are still strong, educational programes have to 

more than croate a technically qualified labour 

force.  Education can help to create a disciplined 

way of thinking and acting. It can also help to 

broaden people's outlook and their attitude to 

work. As industrialisation advances, the aduca ti on 

imparted in schools, colleges and universities has 

to bo adapted to the changing needs of the economy, 

It Ì3 therefore an essential area of government 

policy to set up ap*->r ariate training institutes. 
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Another aspect of manpower training which is 

often underestimated is the need for developing 

entrepreneurial and management skills. Facilities 

have to bo 3ct up for developing top level and 

middle level managers. Along with increase in 

the supply of skilled labour, technicians, engi- 

neers and managers, adequate attention has also to 

be oaid to develop entrepronourship. entrepreneur- 

ship depends upon the social and economic environ- 

ment together with n psychological make-up for 

entreorenourial activity to make it an attractive 

venture. Keeping this fact in view, one the one 

hand, an autonomy in decision making has to be 

given to the entrepreneur and on the other, a 

minimum provision of legal and legally enforceable 

institutional rules have to be framed according to 

which private economic decisions can bo made and 

implemented« A legal framework has also to be 

established for protection of assets owned by en 

enterprise against appropriation by others as well 

as for protection of the contractual relationships. 

At the same time, legislation has to bo enacted 

for protoction of the workers as well as the com- 

munity an a whole from exploitation by unscrupulous 

entrepreneurs• 



r:'o  facilitato  in-j us trial  doveloomcnt,   a n-ouork 

of  national  ctond'rJr.   is also necessary  in or— ^»r to 

croato  and strengthen   the vitti   link  bot - on  r. - in tod 

indus:.riec aril to ostoblinh ci oso integration   orong 

ti lern.     Standard! s ari on  tv,   .loo oí'  considerable 

importance in  in tornati onal  trad a.     It o-ovideo  a 

reference in  cioa     tciT'i."  for the  negotiation   >otvoen 

buyor and collar,   thereby facilitating tho G:ncrt of 

good;;  ranging iron se:r.i-irocossod agricultural  oroducts 

to sophisticated er; li veering products.     Thus aporopri- 

ate instltutioas  for sotting up national standards 

and ensuring --uality control h ivo to bo  established. 

Given tli'; ooli.oy irarnevork,   orovicion of  finance 

an ; availability o    skill x! aanoover,   along v-itn an 

appropriato envi .•ron'-«or: :. i or industrial  *-ro-./th,   the 

pace of inducer.1 1   '<-   ,.:aerriont also depends to a large 

extent on U\.i erentio"! of  phvclcal infrastructure, 

such as  availability o i    ^ov/or,   transportation,   com- 

munication or..]  fa;.io r••!-./ natoci;-! Is  like  castings/ 

forcings,  sta. io  ani v ricty ox   ancillary oarts and 

components,     Unless physical infrastructure is 

cren tod.   It   i.3  not   lOie.iolo for  the other in crio trios 

to  come into   ¿où s tunee ov  to doveIon  fart    erirouah. 

/.a  the develooccnt  ~r   ohysioal inf rastr -atur     o elud- 

ing the  set tiro ur>  of.   ba.jic  heavy  i nera strie.«;   involves 

heavy invest;:*¿::\ .,   roabin ri \.i th  loo-j • :'-•< t^tioo  - ^riod, 
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and low returns» necessary investments in this field 

may have to be undertaken by the government itself « 

This paper endeavours to present some of the 

essential components of infrastructure needed for 

the development of engine-ring industries including 

machine tool industry in developing countries. 



II. INTRODUCTION 

Tho crucinl task of the devo loping countries ia 

to overcome their technical, economic and cultural 

backwardness and rai3o the productivity of social 

labour to a level that \/ould allow then to roach the 

target objective fixed three years ago at the Lima 

Conference of tho developing countries viz., to 

achieve 25% of the world's industrial production in 

torra oí added value by tho year 2000 A.D. The 

scientific and technological revolution has created 

onsentially new conditions for rapid economic growth 

in the backward countries which can now leap over 

some of tho grounds traversed by the present day 

industrial countries. They can take stock of world 

experience both positive and negative, avoid the 

effect of environment of man's haphazard economic 

activities, adopt all that is best and nake use of 

the advanced countries' technological innovations in 

the interest of their o\m  progress. 

Those are the opportunities; but tho pont-eolonial 

record shows that the technical progress has made slow 

headway in the Third World. The widening gap betx/oen 

the industrial nations and the countries which in 

rocent years have emerged from colonial rule have creatod 
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an avarene3S that a disaster night become inevitable 

if stops aro not taken urgently to hooton the latter1 s 

progress.     The developing nations hnvo o share of 

only 7% in globnl industrial output though they are 

the hone of nore than half of the vrorld's copulation J 

Eventhough there are nockots of nrosnerity in the 

developing countries,  they arc rolling down-hill in 

relation to the advanced nations. 

The reason is not hard to seek.    Most of the 

developing countries still lack tho infrastructure 

necessary to realise the potentials of technological 

progress and become self-reliant technologically, 

lhe development of science and technology In those 

countries is faced v/ith number of objective diffi- 

culties both domestic and external« resulting from 

the multi-structural oconooy, backward social re- 

lations and subordinate place in the world capitalistic 

economy.    If the young national developing States 

are to advance along the road of technological progress, 

a whole range of inter-relatotî measures has to be 

carried out« 
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III.   SCIENCE AND TECHNOLOGY 

The crucial and indocd vital role of Science and 

Technology in the development of economy needs no 

emphasis. Technology, representing as it does, the 

industrial application of science, is an embodiment 

of skills, knowledge and processes for production of 

Cioods and services through a systematic application of 

scientific laws and principles.  Its development has 

to be planned and implemented to enable it to moot the 

socio-economic needs of society. These means obviously 

differ from country to cotmtry and oven in the same 

country from time to time and any blue-print to fulfil 

them calls for a pragmatic amalgamation of basic 

science on the one hand and technology on the other. 

In both cases it is necessary to inclulcate in our 

minds a constant awareness of development in other 

countries as well as the will and ability to adapt 

and improve on them to meet the local conditions and 

the requirements. Japan is an outstanding example 

of innovative adaptability practised with imagination 

and efficiency. They have over the last 35 years or 

so, built up their magnificent Industrial edifice on 

tho foundation of concepts and practices of technology, 

painfully and natiently worked out by other countries. 
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Dy deliberato and in to 11 inori t o.rploitation and 

utilisation of work done in other ooyntrios,   thoy 

have so organised their programes and development 

of technology,  supported by a sonso of discipline 

and remarkable devotion to objectives as to noi; 

rank as one of the super nowors in the industrial 

field. 
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IV.        VITAL ROL :   OF EHCIM ^RING   INDUSTRY 

For the multi-dimensional development,   an accele- 

rated  industrialisation forms an  essential element in 

the developmental  strnteqy of any developing country. 

The logistics of  this  strategy demand development of 

high toclinologicnl capability.    Tho basic tool deployed 

for tho realisation of this  goni  is tho croation and 

promotion of  'engineering sector*.       t'ho engineering 

industry thus rcpr' r;ents a core of tho -)rocos3 of 

in lustrlalisation as  a vrfiolc. 

Engineering industry including machine tool 

industry provides  the baso for industrialisation. 

A broad based industrial structure cannot be sustained 

except on the basis of a strong vibrant nro\/th-oriontod 

engineering sector.     The engineering industry is also 

the source  for the growing pool of e:ç->erti3c and 

development of technical manpower. 

A orimary propellent to the end-,-ering industry 

is the deliberately designed  volley to reduce the 

country's dependence on importad technology.    A sub- 

stantial expansion of the industrial structure vihout 

the technological base is,  to perennially depend upon 

inportod technology.     The growth of indigenous engineering 

skills and technological know-how is considered 
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foundational to economic Independence of the entire 

developing world. 

Furthermore,   it is recognised that high engin- 

eering skills and exnertise alone could lead to high 

productivity levels and as a result to high levels 

of income.     It is thus not merely for its Isolated 

development that the engineering industry is to be 

promoted but it is also to act as  a catalytic agent 

for the entire economic development of a country« 

Therefore the establishment of an engineering industry 

constitutes an essential item in the technological 

infrastructure for any developing country.    It estab- 

lishes the very essential skilled base for technical 

progress.    It is  labour intensive unlike many of the 

heavy and process industries.    It permits the indi- 

genous development of appropriate technologies and 

their innovative developments for manufacture of 

Innumerable engineering items including capital goods 

like metalworking machine tools.  Intermediate products 

and consumer durables on small, medium and large scale. 

The natural byproducts are also the ancillary indus- 

tries» 

Among the multitudes of engineering products« 

machine tools play an important role in the overall 

process of Industrialisation.    It takes machine tools 



- m _ 

to build industry and machino tool industry is 

basic to any country's industrialisation.  In 

fact, overy hunan artife.-* is nado on machines 

which aro mode on machino tools. Machino tool 

industry is the main nlank on which a nation's 

industrialisation depends.  Hence it is advisable 

for r davo lo ing country to assign high oriority 

to rechino tool industry in its overall r>lan of 

development of engineering Industry. 
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V. FTYniCAL   IUI' .ASTRTierURE 

ThorG cannot be uniformity in the decree of 

industrial development anonq all  the developing 

countries.    Some countries  like Mo::ico,  Venc~,uala, 

Argentina,   î3rn:*,il,  Sinqanoro,   In Un,  South Korea 

and Taiwan imvo a.io-,nato infrastructure to adapt, 

absorb,   innovato and in £>ct develop oono of tho 

onninc  rinq and capital  goods  much moro on sil" and 

ranidly than say countries  in Africa,  tho Middle 

2ast,   Burma,   Indonesia and other Asian countries • 

Honce methods of initiating nroduction of engineer- 

ing goods could vary \dLdely from country to country 

defending upon the level of  industrial development 

of a country. 

Most of the devoloning countries have instituted 

their own economic plans of development on long term 

basis.     In formulating a country's economic plan, 

tho planning of industry including engineering 

industry should find a priority place indicating 

the demands at macro-level for various engineering 

items and capital equipment which would give tho 

local entrepreneurs an opnortunity to select and 

venture to take up for manufacturo of a particular 

item of engineering goods in  tho country. In 

developing countries which have very low industrial 
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base - some none at all- and which depend on imnorts 

of simple Items like nuts, bolts and handtools, there 

appears to be no need for carrying out any detailed 

market survey for producing some of the elementary 

types of basic engineering goods including machine 

tools. A beginning has to be made by creating 

physical infrastructure and centres of training of 

skilled manpower and managerial personnel, foundry 

and forge facilities supported by import of ancil- 

lary items and accessories. As demand builds up, 

more and more engineering items could be introduced 

which warrant in turn the creation of supporting 

industries and other material and manpower inputs. 

Physical infrastructure is an essential pre- 

requisite for the process of industrial development 

including the development of engineering industry. 

The planning and provision of physical infrastructure^ 

facilities like electric power, transport and com- 

munciation systems including railways, roads and 

shipping, must be undertaken to make sure that such 

facilities would effectively meet the projected needs 

of industries. Sometime doubts are raised that 

unless basic physical infrastructure is built, it 

is not advisable to embark upon establishing any 

industry including engineering and capital goods 
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industry.    This is not always true in the case of 

many developing countries \;hich have yet to embark 

upon oven a modent plan of industrialisation.     If 

examples of some of the developing countries having 

relatively well established industrial base is any 

guide,  one has to simultaneously develop both these, 

viz.,   creation of nhysicol infrastructure facilities 

and broad based industrial sector giving preference 

to basic industries like engineering industry includ- 

ing machine tool industry.    As otherwise,  valuable 

time would be lost in trying to build physical infra- 

structure and await the latter to reach satisfactory 

stage of development before starting engineering and 

other basic industries.    In fact,  tackling both these 

needs simultaneously may generate Internally self- 

imposed demand push - one chasing the other - v/ith 

the result both these requirements are fulfilled 

without much waste of time.    What is however more 

important is the fact that a country's development 

plan must indicate broadly how these needs aro 

planned and to be met within a given time period. 

Irrespective of the level of industrial deve- 

lopment of developing countries for production of 

engineering goods,  all of them have to givo nriority 
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for setting up facilities,  for among othorc,  the 

following essential items t     (a)   ferrous and non- 

ferrous castings;   (b)   forcings;     (c)  machine tools 

and machine 3hop ©equipment;     (d)   fabrication (in- 

cluding weldments & stampings),   rolling and bending 

an"1 crossing facilities;     (e)   heat treatment and 

plfiting;  md  (f)   steel rolling mills. 

Rav; Materials!     Dealing with the raw materials 

ncodod by the engineering industry,   among the many, 

bnsic ones are steels,  castings,  and forgings. 

Steelst  Construction steel  (mild steel), alloy 

steel,  sheet stool etc.,  are the most essential 

rav; materials required in the production of engineer- 

ing items.    Though compared to castings both ferrous 

and non-ferrous,   generally the proportion of 3teel 

Ì3 less;    3tlll,   the latter forms a very vital 

component raw material for the engineering industry. 

As to whether every developing country should deve- 

lop its own iron and steel industry depends upon 

various factors«     Undoubtedly,   it is advantageous 

to develop one's own iron and steel industry if 

the necessary mineral resources are abundantly 

available.    For example, India v;lth its rich deposits 

of iron and coal,  has been wise in expanding and 

developing its own iron and steel industry since 

independence.    When the country became indépendant 
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during 1947, considerable debate took ilace among 

the world economists and industrialists ns to 

whether India was wise to expend Its enom-ous 

resources to build its basic industries like iron 

and steel instead of enriching its agriculture. 

Subséquent three decades have proved that the 

Government of India has been on the right path 

in establishing several basic industries including 

the iron and steel industry, primarily in the public 

sector. In spite of the total production of stoel 

of the order of about 9 million tonnes during the 

last year, India had to import and is importing 

this year substantial cjuantity of steel to feod its 

giant engineering complex. The case of Iran is 

somewhat different. In view of the country's 

large oil resources, Iran has set up largo steel 

mills importing almost all the raw materials fron 

abroad like iron ore from India. Hence the question 

as to whether a developing country should venture 

into iron and steel Industry is dependent on various 

considerations like the availability of power, coal, 

iron ore, market requirements etc.. Hence a careful 

economic feasibility study of various factors becomes 

necessary and above all, the political ana economic 

will of the country plays its own role in such basic 

policy decisions. 

-J 
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However, many developing countries who ha%*3 

not reached high level of industrial development 

and who are not endowed with essential raw materi- 

als like iron ore, coal and abundant power, would 

be well advised to import whatever little steels 

that would be initially needed for their nascent 

engineering industry. 

Castingsi Among the nrinary raw materials 

that ara needo 1 for tho engineering industries, 

fall the ferrous and non-ferrous castings. liven 

here, cost iron components generally contribute 

a large share of raw materials needed in producing 

many of the engineering item3. Cast iron and non- 

ferrous foundries and forge shop are the main 

sources for providing tho raw materials needed by 

the engineering industry. Hence their establish- 

ment should be given high priority. 

As mentioned before, raw materials like steels 

including varieties of alloy steels present much 

loss difficulties in procurement as these could 

easily be obtained in standard sises and of dif- 

ferent varieties of alloy steels, from outside 

if not available indigenously. This is x/hat had 

been done by some of the developing countries who 

today possess a substantially large engineering 
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industrv of their own. However, cast onr» forged 

comnonents -re to be nado specifically to draw- 

ings o" corroononts. Ilcnco those ore norc advan- 

tageously produced in the country itself. 

In the beginning trticn the development of 

engineering industry is on low sc-le, it is best 

that encho of the engineering unit produces its 

own cart components and sets uo it_ 

captive foundries. But v/hen engineering industry 

develops into substantially large one in number 

end siso, it nay be advisable from the peint of 

view of economy to take advantage of cc-lo of 

operation and specialisation, to sot ir> large 

scale Jobbing foundries and forge sherds. Such 

an effort will give further iripotus to speciali- 

sation in foundry and forgo technology. 

DQuqht>out component« i These are standard 

engineering items as distinct from specially 

manufactured components of an engineering pro- 

duct. In this category fall items like ball 

boarings, clutches, switch gear, electric motors 

and similar items which can be common to many 

engineering and capital machinery. In the begin- 

ning, when a developing aountry1s need for these 

standard (apart from 3ay Electric motors) items. 
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or some of those itoms is low, it is best to import 

thorn from abroad. When domane! picks up '.:ith the 

growth of engineering industry, for some or many 

of these itoms, thus ron-.lo ring thoir m.-oduction an 

economical viability, it is best to establish such 

supporting engineering industry to be ruickly self- 

sufficient to meet the domestic markets. The grov/th 

of manufacture of such standard engineering itoms 

depends largely on the grov/th of the engineering 

industry as a \/hole and it3 market potentiality. 
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VI.        INSTITUTIONAL  INFRASTRUCTURE 

Ski Ilo 1 manpower nnd managerial and technical. 

manpower:  Though in most of the developing countries 

skilled manpower,   experienced technicians,   adminis- 

trators and   Managerial    ersonnel no xlcd for engineer- 

ing industry are not easily available,  there is how- 

ever abundant manpower capable of being trained for 

the.-^ cadres.    It isnainly the  creation of op ortu- 

nitios  for thorn.     In the pant,   and many devo1 >ping 

countries even    at nr->r,ont,   generally provide edu- 

cation and training - acilities   for the mar:pov/er 

mostly for gemment services and in fields other 

than industry,   like education,   agriculture,  health, 

medicine,   transport,   communication etc..     But vith 

the nlan of industrialisation,   it is time that the 

developing countries devote their attention to the 

re uirements of industry as well. 

Developing countries havo  to take policy 

decision to train their manpower in engineering 

trades on systematic linos and provide sufficient 

resources.    They could also seek international 

assistance for the purpose.    One should not re- 

peat mistakes which other developing countries 

havo perhaps made in this direction.    Unplanned 

methods of developing skilled manpower actually 

costs countries more than if governments tackle 

the -oroblom correctly from the vory beginning. 
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Vocational training centros for training 

engineering tradesmen like fitters,  machinists, 

welders,  electricians,  carpentors,  pattern 

makers, moulders etc.,  should be established. 

Normally entrance to these training institutes 

should be for candidates who should have com- 

pleted the school final studies.    Industrial 

training centres should teach basic shop mathe- 

matica & mechanics,  workshop calculations,  machine 

drawings, elementary metallurgy,  tool geometry 

and the like and provide intensive practical 

training in various engineering trades and to 

some selected candidates,  advanced training to 

qualify in highly specialised skilled trades. 

In this task it may be necessary to perhaps 

obtain assistance from industrially advanced 

developing and developed countries for deputation 

of instructors and for procurement of training 

centre equipments,  tools,  instruments and other 

training aids.    After the boys have successfully 

completed various courser? of vocational training 

they should be sent out to the industry for 

•on-the-job1 training and eventually absorbed as 

skilled workmen in the enterprise.    This is    one 

Important area where the better placed industrial- 

ly advanced countries and international organisations 



like the UNDP,   ILO and UNIDO can offer to sot 

up training centren  and apprentice schools 

where the equipment and training aids  are made 

available by the donor countries/orqnnisations 

together with competent instructors  and demon- 

strators.    There aro nany benevolent and 

charitable organisations of international 

statua who also extend assistance for sotting 

up and running training centres and apprentice 

schools in dovelo-inn countries.    Full advan- 

tage of 3uch   -»rograixToo must lie taker   is well« 

Sometimes  it la a case that a country In 

its enthusiasm,   turns out largo number of 

vocationally trained nersonnel, overlooking 

the fact that it is  also the responsibility to 

provide them with Job:, in industry as they 

come out successfully from various training 

and vocational centres and apprentice schools« 

Por instance,   in India at one tine narticularly 

during the economic recessionary period in late 

•60s,  the country had surplus oí those trade 

apprentices as Industry could not absorb thorn. 

The whole programme of training skilled man- 

power must bo so co-ordinated that as far as 

possible,  needs o"  industry should îx? matched 

with the sup- ly cf trained personnel  from the 
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tre co  nri'.l vocational  apprentice contros.    It 

is  conotines better,   however to have noro men 

trained than necessary,   since r.inny of them 

could possibly turn to other en trop ron curi al 

avenuen nuch es sotting up of their own snail 

scale engineering and ancillary units.       Some 

even may migrate or go on short-term employ- 

ment to countries where skilled manpower is needed 

to run   Industrial and technical operations. 

Surplus skilled manpower in any country does 

not go waste and  in fact it has a snow-ball 

effect of pushing the country's nace of indus- 

trialisation as it has cornano hap-cned in the 

case of India. 

Technical and supervisory personnel i      The 

programme o:" polytechnic institutes in develop- 

ing country could constitute the basis  for pro- 

viding manpower for training of supervisory 

personnel,  middle level managers and technicians 

nee ed by the engineering industry.    Technical 

cormetonce needed in the engineering industry 

is of high level and of diverse discipline« 

Designing of industrial products,  tools,  fix- 

tures and other production aids, preplanning, 

methods engineering,  production technology, 

rrunlity control,  material management,   inventory 
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control, value engineering etc.,  are some of the 

essential facets of engineering needed in the 

industry.    To provide training facilities for 

persons to handle these specialised tasks is 

another irooortant consideration for the develop- 

ing countries who should provide for such train- 

ing programmes in their technology plan.    The 

important consideration is that such institutes 

munt have close links with industry and plan to 

meet the needs of the engineering industry not 

only quantitywiso but with quality considerations. 

anainecrinct & Management Personnel i    An 

important in f ras truc tur al base for the adaptation 

and absorption of technology is the availability 

of trained engineers,  designers,  high level tech- 

nicians,  managerial and business administration 

personnel.    It takes long time and considerable 

resources to develop these cadres for industry and 

business.    Hence erroful and advance planning is 

called for.    Adequate resources should also be 

provided to develop such specialised expertise in 

tiie overall technology plan of the country.    Some 

of the developing countries though have no strong 

industrial base,   like Ghana,  have sufficient 

reservoir of technically and scientifically quali- 

fied personnel to meet the immediate needs as fax 

ac manpower for this purpose is concerned.        The 
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high standard of technical and scientific education 

imparted at the universities  and technical colleges 

has  generate'! in Ghana,   intelligent and resourceful 

scientists and engineers in the country.    The Uni- 

versity of Science and Technology at Kunasi vith 

its Technology Consultancy CenLre,   the Contro ."or 

Development Studies in Cape Coast .and similar insti- 

tutions are in operation in Ganna.     S ini lar institu- 

tions elsewhere in developing coon tries co lid normally 

provide the :.ianpovor for training of ..ta::aoe_-s,  higher 

technical personnel,  designers and research staff 

needed in the engineering industry in particular and 

generally in industry and business as a whole. 

With suitable training and practical experience 

in more industrially advanced countries,  the person- 

nel could become capable of acquiring the required 

knowledge in technology.    In 30 far as in-service 

and inplant training is concerned,   it may become 

necessary and advantageous for developing countries 

to get experts from abroad preferably from collabo- 

rating firms engaged in transferring a particular 

engineering product or process technology and to 

place local personnel as countemarts to foreign 

experts on deputation so that eventually, the local 

personnel could take over from the foreign cq^orts. 

It may also become necessary to sand some of the 

key personnel for training abroad at the collabo- 
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rators  firms to learn on the Job intricacies 

involved in the engineering technology. 

Management Education and Business Adminl- 

o tra ti on t    Increasing realisation and appreci- 

ation of the role of human capital in modern 

dovelonmont process han lad to the establishment 

of business schools  all over the world.    Their 

sole  offort is directed rt developing skill, 

leadership and entreprnnenrship of those involved 

in decision making process of the industry and 

business organisations,    r^ianagcment education 

should therefore receive increasing attention, 

with a view to meeting the ever growing demand 

for trained manpower in developing countries. 

In those renions, whore the concept of modern 

industry is in an evolutionary stage,  the demand 

for trained manpower will bn of varied nature 

specially when one considers the problem in the 

context of vast natural resources of these 

countries, which in turn provide many more 

challenging opportunities to young entrepreneurs 

for accelerating the process of industrialisation 

in their respective countries. 

There is however a serious  lacuna in the 

developing countries in the fi«=»ld of advanced 

training in business management.    This need 

would become more important and urgent as the 



- *1 - 

developing countries  get progressively industri- 

alised«     In the beginning vrhen modem facilities 

do not oxi3t for training in thin field,  it may 

bo advantageous for nomo of the hey nana* oncnt 

and government pernonnel concerned vith selection, 

negotiation and assimilation of  engineering tech- 

nology to be  sent abroad to  reputable mane gênent 

institutions.    This  could enhance their knovlcdge 

in business administration an'  nana'onont. 

Finance: TnG industrial 

finance as one of the main co:iponents of the 

institutional infrastructure,   is  the backVxsno of 

the industrial development without \;hich no deve- 

looing country would successfully bull! its engi- 

ne: :ring industrial sector.    Tho governments of 

dovoloping countries must therefore plan and es- 

tablish a number of special financial institutions 

to assist financially the entrepreneurs both in 

private and public sectors to sot up engineering 

unita In the country. 

In this regard,   it may bo worthwhile to 

quote tho    expori ;nce of India in oroviding long 
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term finances on soft torras to entrepreneurs to 

generate industrial activities by starting of 

thousands of engineering factories in small, 

medium and large sectors. 

As a first start in this direction,  the 

Industrial Finance Corporation of India \/as 

sot up in 1948,    Since then a number of National 

and State-level term lending institutions have 

been established«    none of the major financial 

institutions are t   the Industrial Development 

Bank of India  (IDDI),  the Industrial Finance 

Corporation of India (ICICI),  the Industrial 

Reconstruction Corporation of India  (IRCI)  and 

the state rinunciai Corporations in a Irnos t all 

the States,   the National Small Industries Cor- 

poration  (USIC)   and the Export Credit and 

Ourantoe Corporation Ltd.,   (ECGC).    Apart from 

these,   certain others like the Unit Trust of 

India,   the Life Insurance Corporation,   Genoral 

Insurance Corporation, Nationalised Danks, 

State Industrial Development Corporations and 

the stata Small Industries Corporations also 

assist in providing loans for establishment of 

industrial units,   expansion and rehabilitation 

of existing ones. 

Thu IDDI is the apex financial institution 

which ;;ct3 and co-ordinates in conformity tilth 
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national priorities the vorking of  the insti- 

tutions engaged in financing,  developing or 

promoting industry,    Tho main functions of the 

Dank include  s   (i)  direct assistance to indus- 

trial concerns in thn form o~ loans,  under- 

writing of and subscriptions to shares and 

debentures and guarantees;     (ii)   refinancing 

of industrial loans granted by the banks and 

other financial institutions;   (ill)   rediscount- 

ing of bills arising out of sales of indigenous 

machinery on derorrccl payment basis;   (iv)  fin- 

ancing for exports in the form of direct lonns 

and guarantees to oxportera and buyers abroad 

in participation with commercial banks and 

refinancing of medium torn export credits 

granted by commercial bank3;     (v)   assisting 

other financial institutions by way of subs- 

cription to the shares and bonds;   (vi)  under- 

taking industrial potential surveys in indus- 

trial areas \/hich are loss developed (the 

purpose of these survoyo being to identify 

specific project ideas in the light of the 

resources«  endowments,  demand conditions nnd 

infrastructure facilities over a period of time); 

and,   (vii)   to sot up st ite-level technical con- 

sultancy organisations ;;ith a view to promote 

diffused growth of industries by identifying 
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projects, preparing feasibility studies, detailed 

project reports etc«. 

The IDDI also operates Buyer Credit Scheme, 

Under this Scheme, it grants credits to foreign 

buyers in participation with commercial banks in 

India for report of capital goods for financing 

self-supporting projects. While no maximum limit 

for such crodits in stipulated, apnlicntions In 

renpoct of high value contracts exceeding n,10 

million are normally considered by the IDBI. 

There are other institutions (some named above) 

which have been set up for providing specialised 

assistance to specific typo3 of industries. For 

example, IiiCI provides financial assistance for 

rehabilitation of industrial units vhich have turned 

sick; the NSIC arranges for the supply of imported 

as v/oll as indigenous machinery on hire purchase 

basis to small scale units and the SCGC provides 

finance for India's export trade. 

Foroicm exchange is a chronic shortage in most 

of the developing countries and without it, it is 

hardly possible for them to start any engineering 

and manufacturing industries. Capital outlay in 

imported plant and machinery, designs, technology, 

training etc., become substantially high in respect 

of machine building;and with relatively long gestation 
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period resource allocation could constitute a 

significant constraint. This has perforce 

required the governments of developing countries 

to 3ct up enterprises in public sector for 

machine building and machine tool manufacture. 

Private sector investments in this sector 

in developing countries has largely taken the 

form of partnership with foreign manufacturers 

in the form of joint ventures. However, such an 

approach has its own limitations in that the 

interests of the foreign partner or the licensor 

do  not necessarily coincide with those of 

national enterprises. 

Apart from direct financial investment re- 

quirements» it is imperative that financial 

facilities are also available for import of 

machinery and equipment needed by engineering 

and machine tool building industry in the deve- 

loping countries. In this connection, foreign 

exchange loans under soft terms are provided by 

the international financing bodies like the 

IDBR, IPC fit IDA in reopact of deserving pro- 

posals/projects. However, major incentive for 

plant and machinery import is the suppliers' 

credit, government to government credit and 

project aids front developed countries. 
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VI1*  TECHNOLOGY FOR KNCIIUSISRIHG INDUSTRY 

Most of the developing countries lack infra- 

structure of technology base to develop their 

engineering and machine building industries. 

Although many of them have established higher 

secondary and university level educational faci- 

lities for teaching in science and engineering, 

they lrck in adequate number of technological 

institutes v/hich could provide basics of modern 

engineering and production technology, planning 

and management. This is perhaps because of the 

lov; level of manufacturing and industrial activities 

in those countries. 

There appears to bo t**o main cources open to 

developing countries to b\iild their technological 

baso. One is to import ready-made designs and 

technology from other countries and the second, 

to make use of scientific ideas and discoveries 

to develop technologies and designs of their own 

for building engineering goods. Of course, these 

are tvo extremes of a whole range of possible 

solutions. Any cut and dried ansv/er to the 

question of how to develop technological base 

would not be possible since it nould Ignore the 

reality of the diversity in the economic and 

ite. 
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industrial development of the countrio3 in the 

Third World. What is probably r ght at one 

stage of development may prove wrong at other 

higher stage. It io important therefore to for- 

mulate general principal approach o the solution 

of this problem.  But one thing appears to be 

definitely essential« i.e., technology cannot 

be mastered, adapted to local conditions, 

improved or reno\/ed without a scientific infra- 

structure and a build-up of local R&D potential. 

The international technology larket for 

designs and know-how for production of engineer- 

ing goods and rnachines present a fairly wide area 

of technological possibilities and choices, 

except perhaps in respect of highly sophisticated 

machinery products. It is imperative that the 

choice of technology as also that of the licensor 

is exorcised with great care and deliberation 

particularly if foreign capital ownership is 

involved. 

The terms and conditions of technology licences 

merit special consideration as the nature of licen- 

cing arrangements whether accompanied by foreign 

investment or not need to be more comprehensive 

and of a more continual nature. The coverage of 

the licence agreement as alno the technological 
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services to be nrovided by the licensor need to 

be spelt out in groat detail. Surch services 

should include (1) part-lists drawings of indi- 

vidual components, material specifications & 

hoot treatment details; (2) Operation layout, 

process se^ruence, selection of typos of machines 

and standard toolings, design and manufacturing 

details of jigs, fixtures, special cutting tool3, 

gauges etc., and machine set-up procedures; 

(3) Quality control procedures and test standnrd3; 

(4) purchase procedures including inventory control; 

(4) Pattern drawings for castings, forgings etc., 

indenting procedures and the like; (6) Sales and 

after-sales services. It is essential that 

access to improvement in designs and production 

procedure is ensured throughout the period of 

contract including access to new patents that 

may have been applied for or registered by the 

licensor. A vital aspect is that of training of 

personnel of licensee enterprises not only in 

production methods but at various levels and also 

in the preparation and adaptation of drawings and 

design Improvement capabilities and the like. 

It is necessary that transfer of selected 

technology is not only full and complete but on 

suitable terms and conditions. Tie-in nrevisions 

-j 
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must be incorporated in the licence agreements 

for supply of components and parts neodod in 

the initial stages to commence production as 

early as possible and put the machines in the 

market to assess the marketability, quality 

aspects and th* customers acceptance etc., 

However, this aspect must be viewed in conjunc- 

tion vith appropriate domestic integration pro- 

grammes in eoch case and the cost of imported 

components roust be consistent with competitive 

pricing of the final product. Restrictions on 

exports must be avoided and efforts in fact 

should be made for external markets to be 

shared by the licensor and licensee enterprises 

in developing countries. Technology aeiuired 

in this sector must be so secured that licencee 

enterprises are able to absorb and adapt such 

techniques adequately and expeditiously so that 

licencees can stand economically and technolo- 

gically on their feet within the period of 

agreement. 

Negotiations relating to technology acqui- 

sition in case of engineering products and 

machines follow a somewhat different pattern 

than that of process technology such as petro- 

chemicals and fertilisers. The role of develop- 

ing countries1 governments and their regulatory 
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a. oncles would be also critical, apart from that 

of licensor and licensee directly involved in 

the technology transaction. Governmental and ' 

institutional agencies in developed countries 

could also play a significant part in ensuring 

effective transference of technology in this 

sector. 

1 
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Undoubtedly one of   the primary considerations 

in establishing production facilities for engineer- 

ing items and machinery,   is thnt there should be 

adequate domestic demand  for these items,  currently 

or in the near future.     Although macro l->vel studios 

in this  regard will be of a guidance,   a detailed 

itemv/ise nor':et study appears to be necessary vjhich 

should be based on present consumption through 

imports  and future projections.    However,   for deve- 

loping countries who have a low lovel of industrial 

activities and who are Just about to commence  their 

engineering industries,   it is not important to prog- 

nes tica te in any elaborate manner the e:dLrating market 

requirements.    Instead,   an intelligent forecast of 

the near future market is  all  thnt may be needed. 

Of course investment nlanc of the country over a 

period as assessed by governments in their respec- 

tive economic plans,   import statistics and import 

estimates may throv; some   litiht in this regard;   but, 

i/ith a  lov; level of demand,  it apnears necessary 

to make efforts to create de.nancl cor essential  and 

basic engineering items  and an demand pronressivcly 

)icks up,   increase the production. 



- 42 - 

Exportai    It Is necessary to visualise pro- 

duction of engineering items from the very begin- 

ning in terms of global market and appropriate 

arrangements needed»  are to be made for extending 

the sales to external markets.    While competitive- 

ness in terms of price, quality    and delivery will 

need to be ensured by manufacturing enterprises in 

developing countries,   an appropriate international 

relationship needs to be evolvod to enable such 

machinery and engineering products to effectively 

enter the markets of developed countries. 

In order to enable the entrepreneurs to enter 

Into the highly competitive markets of the developed 

countries,   a package of incentives and facilities 

should be provided by governments of the develop- 

ing countries which are at least comparable to 

facilities provided by governments of industrialised 

economies,   such as deferred payments,   export credit 

guarantees  and the like.    In addition,   the develop« 

ing countries should provide import entitlements, 

tax rebate,   custom duty, drawback and cash incentives 

to errporters.    All these need to be studied with a 

long range view and a comprehensive package of 

facilities and incentives need to be drawn *up to- 

gether with development of technological services 
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particularly consultancy engineering and design 

capability in developing countries,  so that 

these countries can gradually achieve parity In 

technological capability for the future growth 

of the engineering sector. 

It is essential that an effective comple- 

mentary role is discharged by developed countries 

and that schemes such as that of "tied-aid" are 

replaced by financial facilities Which can be 

availed of in any country on purely competitive 

terms and necessary flow of resources and tech- 

nology on acceptable terms is ensured.    An appro- 

priate international pattern of cooperation must 

be developed In order that engineering and machine 

building industry in developing countries can 

flourish and participate effectively in international 

markets. 
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IX.     ROLE OF COUNTRY'S  GOVERNMENT MID 
INTONATION AL AHSNCTES 

Government's rolei    An íS'ZUG which clearly 

emerger from the abovo study is that for the 

planned growth of engineering and machine build- 

ing industry in developing countries,   an active 

and participative role on the part of the govern- 

ments oí developing countries,  both in planning 

and in implementation of investments in production 

programmes Í3 very necessary.    In fact concerned 

govern lent authorities in developing countxics 

must take initiative in both planning and imple- 

mentation of production programmes of engineering 

and machine building industry.    In most developing 

countries,  governments do play a fairly active 

role in planning and co-ordinating of industrial 

growth generally.    However,  in regard to engineer- 

ing industry,  this is more basic necessity. 

Besides,  institutional agencies  for nlanning and 

financing mu3t be closely associated both with 

initial projections and in identifying of engi- 

neering products to bo manufactured and fix 

priorities.    Government agencies should associate 

and oversee aspects like resource mobilisation^ 

selection of technology,  determination of levels 



and phased integration oronromme,  nricing of final 

products in relation to conpara: >1 o imported producto 

and so on.     Thoy must actively support the  dévelop- 

pent of  supporting and innr.t indue trios  and evolve 

national engineering standards  including teutino 

and acceptance s tan..'!.rds  for each and every engineer- 

ing i torn produced in the co.mtry. 

Governments of developing countries must be 

concerned with policy natters  like sources nnd prices 

of machinery imports,  degree of protection through 

import controls nnd/or tariffs,   the oeriod of -¡uch 

protection and incentives for import of engineering 

goods.    Governments must provide adequate technical 

education and manpov/er training facilities and the 

like. 

Role of International Agenciesi     International 

agencies like the UHIDO should play leading rolo in 

assisting the developing countries  to establish this 

critical sector of industry viz.,  engineering and 

machine building industry.    Dusidcs,   the nnancy 

should bring about and assist the growth of inter- 

national relationships among developing countries 

themselves to hein each other to thoir mutual advan- 

tage,  besides generate close links \/ith tho developed 

countries wherever necessary.    The UNIDO should be 
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able to perform a vital role not only in program- 

ming the development of engineering industry in 
in 

developing countries and regions but also/assist- 

ing in the acquisition of technology for manufac- 

ture and in the promotion of specific engineering 

projects in this vital industrial sector. 

-j 
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*•        CONCLUDING  REMARKS 

Pressing need for the developing countries 

is the development of technological cnpabilitios 

not only to absorb and adapt imported tecnolo- 

gico but to become nore and more self-reliant in 

evolving their own technology base and innovate, 

articulate pure science in a manner that it deve- 

lops into technology to suit respective countries» 

social and economic conditions,  utiUsing the 

available resources to the rnaximura.    In this exer- 

cise, they must not ignoro the mistakes committed 

by the devoloped countries whose technological 

development on which their economie prosperity v/as 

based,  took place in an era of "cheap oil",    with 

price of petrolium having increased over six times 

since the early 70s, many of the modem technolo- 

gies dependent on oil and petrolium have become 

economically questionable.    Furthermore,  ecological 

and pollution problems which have shaJcon the very 

foundation of modern technology so far exploited 

by the developed countries,  could constrain    the 

use of such of these advanced technologies inven- 

ted by the highly industrialised countries. 

In any case, for most of the developing 

countries,  at the present stage of development 
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vlth ¡?b;in ont ¡nanpovc::  ror.ourcer. and the pro- 

vi-neo of s:;nll scale production,   labour- 

in Censivo methods cr.n  do much to mobilise 

am.appcd labour resources,  raise tho effective- 

ness of production and alleviate the imbalances 

arising fron tho breakdown of tho colonial typo 

economic structure. 

That is   --racisol-.- why the renewal of tlie 

dovalooing countries'   .Industrial and technical 

base is not a nere trans Tor of teclinology and 

o nipmont.      Tîiis renewal should combine throe 

main typos of technological innovations:   tech- 

nologies already being used in the industrialista 

countries;    original  technologies specially 

adapted to tho conditions of the developing 

countries;  and,   lastly the technologies of the 

future,   based on the latest promising scientific 

discoveries and essentially new technologies. 

These are urgent and vital for the developing 

countries to become a3 soon as nossiblo self- 

reliant in development of technologies. 

One must also bear in mind that the   'tech- 

nology transfer'  is no act of charity.     It is 

not done gratuitously,   but on comercial basis, 

which puts heavy financial burden on the deve- 

loping countries.    It has boon estimated that 

•*«. 
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in late 19603 thoy were paying something like 

$ 1500 million a yeor for natents,   licences, 

know-how,   trndc nark,  expertise and consultant 

services alone and by the end of the nresent 

decode,   this  figure is expected  to reach $ 9000 

million a year,   that is,   15 ner cent of their 

ejected total export foreign exchange earnings. 

To this,   one nust add the ' igh irmort costs of 

equipment,  plant, and .machinery,   overpricing of 

raw nate-ials and scni-nanuf-ct.urors,   payments 

to foreign firms  for transfer of production secrets, 

technological know- ow (notably through acquisition 

by foreign investors of equity participation in 

newly erected companies)  and profit repatriation 

of the wholly owned subsidiaries and Joint ventures. 

According to one estimate,  the total foreign exchange 

payments by developing countries  for the transfer of 

technology under all these headings will be in 1980 

at least twice as >.igh as the above figure i.e., 

around $ 18,000 to $ 20,000 million nor year. 

Time is running fast and not in vaour of the 

developing countries,  unless they make detennined 

and concerted efforts to become self-reliant and 

develop their industrial technologies and for this 

purpose build the foundation by way of needed Infra- 

structure. 






