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sevelo-ment of technoloay in developina countries
has bccome 2 matter ~f uraency and of vital importance
to the Third vorld, in their sverall scheme of economic
drogress.  In this connection it ic realised that the
main instrument throuch which dcveloning countrics could
reach a stage of near sclf-reliance in technoloqgy is to
develop the required infrastructure for technoloay and
R & D, without the creation of basic infrastructure for
industrial devclopment, onc cannot also expect technology
0 develop. 1In order to minimise -erennial dencndence
of deveioning countries for their *echnologicol needs
from outside, it i3 imocrative to“first build the infrae-
structure base to absorb, ada~t and innovate technoloqgy

and nrograssively become self~relinnt in this vital area,

Infrastructure for industry and develonment
implies institutional ‘ramework and nhysical frcilities
recuired for cstablishment and overation of industries.
Apart from prowiding the necessary framee-work of induse-
trial ovlanning and policy, the other major components
of infrastructure include elements of nhysical infra-
structure such as pow~r, water, fuels, transnort and
communications and instituticnal infrastructure such as
industrial finance, manpower cdevelopment, consultancy

and design services, research and development, induse

trial »romotions etec,,




The development of physical infrastructure
and institutional frame-work is an essential pre-
recuisite 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 nlanning
bocomes 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 thercfore to be set up to under-
take planning to define the objectives of industrial
development, dctermine priorities and requlate
industrial development in accordance with plan

objectives and priorities.

Another major factor required for promoting
industrial growth is finance. No 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 rcquired 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




are met from the commcrcial banks, Therefore,
institutions such as stock exchange, cormercial
banks and financing institutions for nroviding

industricl firance have o be ercated.

Industriclisation recnuires a stendily ine
creasing sus ly of managerial and labour skills,
The develooment of these skills frecquently
recuires long years of training. The neods of
the industrial scctor ha.sc therefore to be anti-
cipated ruch in advance., “x»ansion of cducational
facilities 1s an csscenticl step in the qgereration
of the manpower skills recruired for industrialisa-
tion. 1In develoning countries where the social
behaviour nattern, tr-ditinonal forms of society
arc still strong, educ~tional programes have to
more than crcate a t~chnicolly cualified labour
force. =ducation can help to crecate a disci»lined
way of thinking and acting. It can also heln to
broaden peonle's outlook and their attitude to
work. As industrialisation advances, thealucation
imparted in 3chools, colleges and universities has
to be adapted to the chancing neecds of the econonmy.
It is therefore an essential area of governnent

policy to sct un ap»r-»riate training institutes,



Another aspect of manpover training which is
often underestimated is the need for developing
entrepreneurial and management skills., Facilities
have to be set up for developing top level and '
middle lcvel managers. Along with increase in
the sup~ly of skilled labour, technicians, engi-
neors and managers, adecquate attention has also to
be naid to develop entreprencurship. Entrenreneur-
ship demends upon the s:cial and economic environ-
ment together with a psychological meke-up for
entrenrencurial activity to make it an attractive

venture. Keeping this fact in vicw, one the one

hand, an autonomy in decision making has to be
given to the entrepreneur and on the other, a
minimm provisicn of legal and legally enforceable
institutional rules have to be framed according to
vhich private economic decisions can be made and
implementeds A legal framework hasalso to be
established for nrotection of assets owned by an
enterprise against apnropriation by others as well
as for protection of the contractual relationships.
At the same time, legislation has to be enacted
for protoction of the workers as well as the com-
mnity as a whole from exploitation by unscrupulous

entrepreneurs,
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24 national ctiandrris Ls also nocessory ‘n orcoor +0

.

cennte and stronathon the vitsl link SH>obooon r-lated
indus'ries oni o ostnblish ciose interr~ ion -mong
them, Standerdisocien 10 -1so o7 considarabl..
irvortonce in intertati-nal c“rado. It nyoovidtae a
rolorence in clocs formn for tho noemtiation ixikucen
buyer and s2ller, thereby £-cilitnting <he omort of
agoods ranging irom ceind- rocnssed agricultur~l sroducts
to sonrhisticat d oni-inonring products. Thuas aporonri-
ate institutio:s for soetting up national stan<-rds

and ensuring -~uality control have to b »otablished.

Siven the nolisy framework, »rovicion of “inonce
an’ arallabiidey o sldiid nanmowar, slong vitn an
apuropriate enviconcewn jor industrial ¢ rooth, +the
pace of indusor: 1 e loamont also depends ko o large
axtent on tho 2riation 9f phyvoical infrastrustuars,
such as availahility =i sower, transnortntion, com=-
~unication anl oviio roar moterials like castings,
forgings, ste iz and v riety o cneillary »arts and
comonents, Unloss physiczal infrastructuare is
created, 1t 13 nol nsacinle for the other inivtries
to come into :uiastonce ou Lo devalon fort  enourth,

23 tha devolosrment 50 Hhysionl infrast- otar O tlude
ing the settir:; u» >f basle henvy indastrias Lhvvnlves

heavy invesw cot, -omoin et sieh long ~osotdor - wriod,
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and low rcturns, necessary investments in this field

may have to be undertaken by the government itsclf,

This naper endcavours to present some of the
escential components of infrastructure necded for '

the develo-ment of engine-ring industries including

machine tool industry in develoning countries,




II.  INTRODUCTION

The crucial task of the develoning countries is
to ovexcome their technical, economic and cultural
backvardness and raise the nroductivity of soclal
labour to a level that would allow them to reach the
tarcet objective fixed three years ago at the Lima
Confcrence of the develoning countriecs viz., to
achicve 25% of the world's indus‘rial »roduction in
terms of added value by the year 2000 A.De The
scientific and technoloagical rovolution has created
essentially now conditions for ranid cconomic qrowth
in the backward countries vhich can now leap over
somc of the grounds traversed by the present doy
industrial countries. They can take stock of world
experience both positive and neagative, avoid the
cffect of environment of man's hapharzard economic
activitics, adopt all that is best and make use of
the advanced countries' technological innovations in

the intercst of their owm proqress.

Those are the opportunities; but the nost-colonial
record shows that the tcchnical progress has made slow
headway in the Third World. The widening gap beticen
the industrial nations and thc countries which in

rocent years have emerged from colonial rule have created
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an avareness that a disaster night become innvitable
if steps arc not taken urgently to hasten the latter's
proaress. The developing notions have o share of
only 7% in glolol industrial output thoudh they are
the honme of nmore than half of the world's nopulation?
Eventhough therc 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 scek., Most of the
developing countries still lack the infrastructure
necessary to realise the notentials of technoloqgical
progress and bocome sclf-reliant technologically.

The devolopment of science and technology in these
countries is faced with number of objective A1ffi-
culties both domestic and external, resulting f£rom

the multi-structural cconomy, backward social re-
lations and subordinate place in the world canitalistic
economy, If the young national developing States

are to advance along the road of techmological nrogress,
a whole range of inter-relatcd mecasures has to be
carried out.

a)
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III. SCIENCE AND TEC!INOLOGY

The crucial and indecd vital role of Science and
Technology in ‘he development of economy nceds no
ermphasis, Technology, renresenting as it does, the
industrlal anplication of science, is an eribodiment
of skills, knowledge and processes for »roduction of
soods and services through a systematic apnlication of
scientific laws and principles. Its dcvelopment has
to be planned and imnlemented to cnable it to meet the
socio=-cconomic needs of society. These means obviously
differ from country to country and cven in the same
country from time to time and any bluc-print to fulfil
them calls for a nragmatic amalgamation of basic
scicnce on the one hand and technoloqy on the other.
In both cases it is necessary to inclulcate in our
minds a constant awarcness of develonment in other
countries as uell as the will and ability to adapt
and improve on them to meet the local conditions and
the recuirements. Japan is an outstanding example
of innovative adaptability practised with imagination
and ecfficlency. They have over the last 35 years or
80, built up their maognificont industrial edifice on

the foundation of concepts and pnractices of technologqy,

painfully and naticntly worked out by other countrics.




By delibcrate and intelligent e:pléitation and
utilisation of work done in other countrics, they
have so organised their prograrmes and develonment
of tachnology, supnorted by a sensc of discinline

and remarkable devotion to obhjcctives as to nowr

rank as onc of the super nowers in the industrial

ficld.
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Iv. VITAL ROL @ OF ENGIN ZRING I'DUSTRY

For the multi-dimensi-nal dcvelopment, an accele-
rated industrinlisotion forms an cosenticl elenent in
the devolonmental strateqy of any develoning country.
The loqistics of this strrteqy demand develonment of
high technologicnl capability. The basic tool Jdenloyed
for the rcalisation of this goal 1is the creatisn ana
promotion of ‘enmincering sector®.  The cnainecering
industry thus repricents a core of the nrocess of

inlustrialisation as a vhole.

Engincoering industry including nachine tool
industry provides the bose for industrialis~tion.
A broad bosed industrial structure cannot be sustained
except on the basls of a stronqg vibrant arovth-oricnted
engincering scctor. The enginecring industry is also
the sourcc for the qrowing pool of expertisc and

develonment of technical mannower.

A nrimary nropcllent to the enrin-cring inlustry
is the deliberately designed ~olicy to rcduce the
country's dependence on imported technology. A sub-
stantial expansion of the industrial structure vihout
the technological base is, to percnnially depend unon
imported technoloay. The growth of indigenous cngineering
skills and technological know=hows i3 considcred



foundational to economic indenendence of the entire

developing world.

Furthermore, it is recognised that high engin-
eering skills and exnertise alone could lead to high
productivity lcvels and as a2 result to hich levels
of income. It is thus not mercly for its isolated
devclopnment that the engincering industry is to be
promoted but it is also to act as a catalytic agent
for the entire economic development of a country,
Thereforc the establishment of an engineecring industry
constitutes an essential item in the tachnological
infrastructure for any developing country., It estab-
lishes the very essential skilled base for technical
progress. It is labour intensite unlike many of the
heavy and process industries. It permits the indi-
genous development of appropriate technologies and
their innovative devclonments for manufacture of
innumerable engincering items including capital goods
like metalworking machine tools, intermediate products
and consumer durables on small, mediwm and large scale.
The natural byproducts are alsd the ancillary indus-
tries,

Among the multitudes of engineering rroducts,
machine tools play an important role in the overall
vrocess of industrialisation. It takes machine tools




to build industry and machine tool industry is
basic to any country's industrialisation. In
fact, cvery human artife~t 15 nmade on nachines
vhich are made on machine tools. Machine tool
industry i3 the main nlank on vhich a nation's
industirialisation depoenls,  ilonco it is alvigable
for ¢ Jdovolo ing country to assicm high nriority
to nachine tool industry in its overall »lan of

development of enginecring industry.

——



Ve P IYSICAL I!'l' ASTRIUCTURE

Thore cannot be uniformity in tho decrree of
industrial <develo-ment among all the develoning
countrlies. Some countrics like le:ideo, Venczuala,
Argen.ina, 3razil, Singanore, Iniia, South Korea
and Yaivan have ale uate irfrastructure to adapt,
absorb, innovate and in f-et devrlop some of the
cniine rince and canitnl goods much more cnsil-s and
ronidly than say countries in rfrica, the Middle
Zast, Burma, Indon»sia and other Asian countries.
Hence methods of initiating nroluction or enginccr-
ing coods could vary wvidely from country to country
denending upon the level of industrial development

of a country.

Most of the develoning countrics "ove instituted
their ovn economic plans of develomment on long term
basis. In formulating a country's cconordc nlan,
the planning of industry including engincering
industry should find a nriority place indicating
the demands at macro=level for various engincering
items and capital cquipment which would oive the
local cntreprencurs an onnortunity to sclect and
venturc to take up for man:facture of a particular
itoem of engineering goods in thc country. In

develoning countries which have very lov industrial
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base - some none at all= and vhich depend on immorts
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 geeds 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 infrastructural
facilities like electric power, transport and come
munciation systems including railways, roads and
shipping, must be undertaken to make sure that such
facilities would effectively meet the projected neecds
of industries. Sometime doubts are raised that
unless basic physical infrastructure is huilt, it
is not advisable to embark upon establishing any
industry including engineering and capital goods
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industry. This 1is not alvays true in the case of
many developing countrics vhich have yet to embark
unon even a modest plan of industrialisation. If
examyles of some of the developing countries having
relatively well cstablished industrial base is any
guide, one has to simultancously develop both these,
viz., crecation of nhysicol infrastructure facilities
and broad based industrizl sector giving preference
to basic industries like engineering industry include
ing machine tool industry. As otheruvise, valuable
time would be lost in trying to build physical infra-
structure and await the latter to reach satisfactory
stage of development beforc starting engineering and
other basic industries. 1In fact, tackling both these
needs simultaneously may generate internally self-
imposed demand push - one chasing the other - rith
the result both these requirements are fulfilled
without much waste of time., What is however more
imortant is the fact that a country's development
plan rust indicate broadly how these needs are
planned and to be met within a given time neriod.

Irrespective of thc level of industrial devee
lopment of developing countries for production of
ongineering goods, all of them have to give nriority
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for setting up facilitles, for among others, the
following essential items : (a) ferrous and non=-
ferrous castings; (b) forgings; (¢) machine tools
and machine shop ecuipment; (d) fabrication (in-
cluding veldments & starmings), rolling and bending
an’ nressing facilities; (e) heat treatment and

vlating; ond (f) stecl rolling mills,

Ray Materlals: Dealing with the raw materials
nceded by the engincering industry, among the many,
basic ones are stecls, castings, and forgings.
Steclss Construction stcel (mild steel), alloy
stecel, shect stecl etc., are the most essentiél
rav matcrials recuired in the nroduction of engineer-
ing items. Though commared to castings both ferrous
and non-ferrous, acnerally the proportion of steel
is less; still, the latter forms a very vital
comonent rav material for the engineering industry,
As to whether every developing country should deve=-
lop its own iron and steel industry demends upon
various factors. Undoubtedly, it is advantageous
to develop one's own iron and steel industry if
the necessary mineral resources are abundantly
avallable. For cxample, India with its rich deposits
of iron and coal, has been wise in expanding and
developing its own iron and steel industry since

independance. When the country became indepondont




e —— .

- 20 -

during 1947, considerable dcbate took Hlace among
the world economists and indus<rialists as tc
vhether India wvas wise to expend its enomious
resources to build its basic industries like iron
and stecl instead of enriching its acriculture,
Subsequent three decades have proved that the
Covernment of India hos been on the right nath

in establishing several basic industries including
the iron and steel industry, primarily in the nublie
scctor. In spite of the total production of st-el
of the order of about 9 million tonnes during the
last year, India had to import and is importing

this year substantial cuantity of steel to fecd its
glant engineering complex. The case of Iran is
somevhat different. In viev of the country's

large 0il resources, Iran has set up large steel
mills imrorting almost all the rav matcrials from
abroad like iron ore from India. Hence the question
as to uhcther a developing country should venture
into iron and stecl industry is dependent on various
considerations like the availability of power, coel,
iron ore, market requirements etc., Hence a careful
economic feasibility study of various factors becomes
necessary and above all, the political an . economic
will of the country plays its own role in such basic
policy decisions.
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However, many decveloning countries o have
not reached hich level of industrial development
and wvho are not endowed with essential raw materi-
als like iron ore, coal and abundant nover, would
be well advisced to import whatever little stecels
that would be initially nceded for their nascent
engineering industry,

Castingss Among the nrimary raw rnnterials
that arc necde.! for the cnaginecering industries,
fall the ferrous and non-ferrous castings. Iwvon
here, cast iron commonents genernally contribute
a large sharc of rav matcrials necded in ~rodueing
many of the enginecring items, Cast iron and non-
ferrous foundriecs and forge shop are the main
sources for nroviding the raw naterials necded by
the enginecring industry. Hence their cstablishe-
ment should be given high priority.

As mentioned before, raw matcrials like steels
including varieties of alloy stecls present much
less difficulties in procurement as these could
easily be obtained in standard sizes and of dif-
ferent varicties of alloy stecls, from outside
if not availablc indigenously., This is vhat had
becn done by some of the developina countries who
today possess a substantially large engineering




Inustr: of +heir oun, Hovever, cnst an?® forced
commonents ~re to b nade specificelly to dravve
ings 0" commonents, Illence these ore more Advane

tadeously produced in the country itself, J

In the beginning vhen the davelopment of
enqinecring industry is on lou sc~le, 1t 1is best
that eacho of the cnginecring unit prouces its
ovn cact comonconts cnd sets us it
cantive foundries, But wvhen cnaineoring industry
develops into substantially large onc in number
and size, it may be advissble from +he »eint of
view of cconomy to take advantoae of sc-le of
opcration and swecialisation, to sot large
scale jobbing foundries and forge shoys. Such
an effort will give further irmetus to s~ociali-

sation in foundry and forge technology.

Bought~out componentss These arc standard
engineering itcms as distinct from snecially

manufactured cormonents of an engineering pro-
duct. In this catcgory fall items like ball
bearings, clutches, switch gear, electric motors
and similar itcms vhich can be common to many
enginecring and capital machinery. 1In the begine
ning, vhen a developingmuntry's nced for these

standard (apart from say Llectric rotors) items, .




or some of theose items is low, it is best to import
them from abroad. Vhen demand picks up ith the
agrowth of engincering industry, for some or nany

of thece itoms, thus renlering their -roduction an
economical visbility, it 1s best to establish such
sunrnorting enginecring industry to be cuickly sclfa=
sufficient to meet the domestic narkets. The qrowth
of manufacture of such standard engincering items
depends largely on the growth of the engineecring
industry as a vhole and its market notentiality,
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VI. INSTITUTIONAL INFRASTRUCTURE

Skille.l mannover and manaqerial and technical

3
manpower: Though in most of the develoning countries
skilled manpow~r, exoericnced technicians, adminis-~
trotors and nanaqérial ‘ersonnel neaded for engincer-
ing industry are not easily available, there is how=
cver ~bundant man-owcr capable of being trained for
the:~ cadres. It ismainly the creation of op -ortu-
nities for them. 1In the past, and many deve)ping
coun.:ries even at nr-nent, generally provide edu-
cation and training -acilities for the manpower
mostly for gernment scrvices and in fields other

than industry, like educ~tion, agriculture, health,
medicine, transport, communic-tion etc., But vith
the nlan of industrialisation, it is time that the
develoning countries devote their attention to the

rc- uirements of industry as well,

Developing countries have to take nolicy
decision to train their manpower in engincering
trades on systematic lines and provide sufficicnt
resources., Thcey could also seck international
assistance for the purpose. One should not re-
peat mistakes which other developing countries
have perhaps made in this direction. Unplanned
methods of developing skilled manpower actually
costs countries morc than if qgovernments tackle

the »roblem correctly from the very beainning.
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Vocational training centres for training
enginecring tradesmen like fitters, machinists,
welders, electricians, carpenters, pattern
makers, moulders etc., should be established,
Normally entrance to these training institutes
should be for candidates who should have come
plcted the school final studics, Industrial
training centres should teach basic shop mathe-
matics & mechanics, workshop calculations, machine
dravings, elementary metallurqgy, 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 countrics for deputation
of instructors and for procurement of training
centre equipments, tools, instruments and other
training aids. After the boys have successfully
comleted various courses of vocational training
they should be sent out to the industry for
‘on-the-job' training and eventually absorbed as
skilled workmen in the enterprisc. This is one
imrortant arca where the better placed industriale

ly advanced countries and international organisations




like the UNDP, ILO and UNIDO can offer to set
up training centres and ap»rentice schools
wherc the equinment :nd training aids are made
available by the donor countries/orqgonisations
together with cometent instructors and demon-
strators. There erz nany benevolent and
charitable organisacions of international
status who also o:teng assistance for sctting
up and running training centres and ap»nrentice
schools in dcvelo-ing countries. Full advane

tece of such »rogrammes must be taker 13 well,

Sometimes it 45 a casc that a country in
its enthusiasm, turns out large number of
vocationally trained nersonnel, overlooking
the fact that it is also the responsibility to
provide them with jobs in industry as they
come out successfully from various training
and vocational centrcs and anprentice schools.,
For instance, in India at one time narticularly
during the cconomic recessionary neriod in late
'60s, the country had surplus of these trade
an>rentices as industry could not absorb them,
The vhole programre of training skilled mane
povwer must be so co-ordinated that as for as

nossible, needs o7 industry should e matched

vith the sup~ly cf trained -ersonncl from the




tr: 25 and vocational apr-rentice contres, It
is sometimes hetter, however to have more men
trained than necessary, since nany of them
could possibly turn to other entreprencurial
avonues such as setting up of their owm small
scale engincering and ancillary units, Some
evon may migrate or o on short-‘erm errloy-
ment to countries where skilled manpow:r 1is needed
to run ‘ndustrial and technical operations,
Surplus ckilled manpowcer in any country does
not no wvaste and in fact it has a snou=ball

ef f{cct of nushing the country's nace of indus-
trialisation as it has »orhams hap:ened in the

case of India.

Technical and supervisory personnels The

procramme o nolytechnic institutes in develop-
ing country could constitute the basis for pro=-
vidine nannouver for training of sunervisory
nersonnel, middle lev2l managers and technicians
nce 'ed hy the engineering industry. Technical
comtence needed in the engineering industry
i3 of high leovel and of diverse discinline,
Designing of industrial products, tools, fix-
tures and other production aids, preplanning,

mcothods ~ngine~ring, production technoloqy,

rmality control, matcrial manacement, inventory
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control, value enginecring etz., are some of the

essaential facets of cngincering neecded in the

industry. To providce training facilities for

persons to handle these specialisced tasks is .
another imnortant consideration for the develop=-

ing countries vho should provide for such traine

ing orogrames in their technology plan, The

important consideration is that such institutes

muat have close links with industry and plan to

mect the nceds of the engineering industry not

only cuantitywisc but with cuality considerations.

tnginecring & Management Personncls An
important infrastructural base for the adaptation

and absorntion of tcchnology is the availability
of traincd enqginecers, designers, high level toch-
nicians, manacerial and business administration
personnel. It takes long time and considerable
resources to develop these cadres for industry and
business. Hence corcful and advance planning is
called for. Adecuate resources should also be
provided to develop such spccialised expertise in
tiic overall technology plan of the country. Some
of the developing countries though have no strong
industrial base, like Ghana, have sufficient
reservoir of tcchnically and scientifically cuali-

fiod personnel to mcet the immediate needs as far

as mannower for this purnose is concerned. The
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high standard of technical and scientific educotion
imparted at the universities and techniccl colleqges
has generate in Ghana, intelliqgent and resourceful
scientists and engineers in the country. The Uni-
vorsity of Science ond Technology at Funasi wvith

its Technolony Consultancy Cenire, thie Contre Jor
Development Studics in Cape Co~st and simdlar instie-
tutions are in on~rction in Giana. Sinilar institu-
ticns elsevhere in d-veloping countries coild normally
provide the anpouver for training of .natacers, higher
technicoal personnel, designers and recearch staff
neecded in the engincoering industry in particulor and

generally in industry and business as a wvhole,

With suiiable training and »nractical cxperience
in more industrially advanced countricea, the nerson-
nel could bhecomec capable of accuiring the recuired
knoéwledge in technology. In 30 far as inescrvice
and inplant training is concerned, it may bccome
necessary and advantaqeous for developing countries
to get experts from abroad nroicrably from collabo-
rating firms engaged in transferring a narticular
engincering product or process tcchnology and to
place local parsonnel as counternarts to foreign
experts on deputation so that ovontually, the local
personnel could take over from the foreign o oerts.

It may also bocome necessary to scnd 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 engincering technology.

Management Education and Business Agmni -

strations 1Increasing recalisction and apnreci-

ation of the role of hunman canital in modern
develomment nrocess has 1rd +o the establishment
0of business schools 21l over the world., Thelir
nolc coffort is dirceted ot dnveloning skill,
le~rdershin and entrenrcnenrshin of +hose involved
in decision making process of the industry and
business oraanisations. Management education
should thercfore receive increasing attontion,
with a view to meeting the ever growing demand
for trained mannover in develoning countries,

In these reaions, where the concept of mydern
industry 1s in an evolutionary staae, tho demand
for trained mannow~r will bn of varied nature
snecially vhen one considers the nroblem in the
context of vast natural resources of these
countries, which in turn provide many more
challenging onportunities to young entroprencurs
for accelerating the process of industrialisation

in their respective countries.

There is however a scrious lacuna in the
developing countries in the field of advanced
training in business management. This need

would beccome more important and urqgent as the
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develoning countries get nrorrecsively industri-
alised. In the beginning vhen modern facilities
do not exist for training in this ficld, it may
be advantacanous for some of the ey mana ement
and governnent personnel concerned vith sclection,
negotiation and assimmilation of cngincering tech-
nology to b sent abroa:l to renutable mancaenent
institutions. This could :rhance their knovledne

in business administration an’ anaceuent,

Finances The in’ustrial
finonce as onc of the maln co monents of the
institutional in‘rastructure, is the back>ne of
the inlustrinl Jdevelonment uithout vhich no devoe
loring country would successfully buildl its cnoi-
nce:ring industrial sector. The agovernments of
developing countries must ther:fore plan and ces-
tablish a nunber of snccial financial institutions
to assist financially the cntreprencurs both in
private and public sectors to set u» enginecring

units in the country.

In this regard, it may bo worthwhile to

cuote the oxperince of India 4in nroviding long
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term finances on soft terms to entreprceneurs to
generate industrial activities by starting of
thousands of enailnecring factories in small,

medium and large sectors.

As a first start in this dircction, the
Industrial Finance Corporation of India vas
st ud in 1948. Since then a nuiber of Nationel
and State-lcvel term lending institutions have
been established. Some of the major financial
institutions are s the Industrial Develonment
Bank of India (IDBI), the Industrial Finance
Corporation of India (ICICI), the Industrial
Reconstruction Corporation of India (IRCI) and
the State inancial Cormorations in almost all
" the Stotes, the National Small Industries Core

poration (H5IC) and the Exsort Credit and
Gurantee Corporation Ltd., (ECGC), Apart from
thesae, certain others like the Unit Trust of
Inlia, the Lifc Insurance Corporation, General
Insurance Corporation, Nationaliscd Danks,
State Inlustrial Development Corporations and
the State Small Industries Corporations also
ascsist in providing loans for establishment of
industrial units, cxpansion and rchabilitation
of existing ones.

The IDBYI 1s the apex financial institution

which ccts and co-ordinates in conformity with
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national priorities the trorking of the insti-
tutions engnged in financing, develoning or
promoting industry. The main functions of the
Bank include : (i) direct assistance to indus-
trial conc:rms in the form o’ loans, undir-
uritinc of and subsecriptions to shares and
debenturcs and guarantecs; (ii) rcefinancing
of industrial loans gronted by the banks and
other Zinancial institutions; (i1ii) recdiscount-
ing of bills arising out of sales of indicenous
machinery on dererred payment basis; (iv) fin-
ancing for e:ports in the form of direct loons
and guarantees to exporters and !»iyers abroad
in participation with commercial banks and
refinancing of medium term export credits
granted by commercial banks; (v) assisting
other financial institutions by way of subse
crirtion to the shares and bonds; (vi) under-
taking industrial potential surveys in indus-
trial areas vhich are lecss developed (the
purpose of these surveys being to identify
snecific project ideas in the light of the
resources, cndowments, demand conditions ond
infrastructure facilities over a period of time);
and, (vii) to set up state=level technical con-

sultancy organisations :;ith a view to promote

diffused growth of industrics by identifying
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projects, nreparing fcasibility studies, detailed
project reports ctc.,

The IDBI also operates Buyer Credit Scheme,
Under this Scheme, it arants credits to foreign
buyers in particination with commercial banks in
India for export of capitnl goods for financing
sclf-supporting nrojects. While no maximum limit
for such credits 1s stinulated, apnlicotions in
respect of high value contracts citceeding 13,10

million arec normally considered by the IDBI,

Therc are other institutions (some named above)
which have been set up for providing speclalised '
assistance to specific types of indusiries. | For
example, IRCI nrovides financial assistance for
rechabilitation of industrial units vhich have turned
sick; the NSIC arranges for the supply of imported
as vell as indigenous machinery on hire nurchase
basis to small scale units and the ECGC provides

finance for India‘'s export trade.

Foreiun exchange is a chronic shortage in most

of the develoning countries and without it, it is
hardly possible for them to start any engineering

and manufacturing industries. Capital outlay in
imported plant and machinery, desions, technoloqy,
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 sct 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 vwith 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-
cuirements, it is imperative that financial
facilities are also available for import of
machinery and equipment needed by cngineering
and machine tool building industry in the deve-
loring countries. In this connection, forcign
exchange loans under soft terms are provided by
the international financing bodies like the
IDBR, IFC & IDA in respect of deserving pro-
nosals/projects. Howvever, major incentive for
piant and machinery import is the suppliers’
credit, government to government credit and

project aids from developed countries,
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VII. TiECHNOLOGY FOR ENCINZERING 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 cduc~tional facie
lities for teaching in scicnce and engineering,
they leck in adecuate nunber of technological
institutes vhich could provide basics of modern
engincering and production technoloqy, nlanning
and mana‘-enent. This is perhaps because of the
lov level of manufacturing and industrial activitics

in these countries,

Therc appears to be two main cources open to
developing countries to build their technological
base, One is to import ready-made desiqns and
tachnology from other countries and the second,
to make use of sclentific ideas and discoveries
to develop tochnologies and designs of their own
for building engincering goods. Of course, these
are tvo extremes of a whole range of possible
solutions. Any cut and dried answer to the
cuestion of how to develop tecchnological base
would not be possible since it would ignore the
reality of the diversity in the economic and
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industrial development of the countries in the
Third World. V‘hat is probably r ght at one

stage of development may nrove urong at other
higher stage., It 1s important therefore to for-
mulate general principal ap-sroach Lo the solution
of this problem, But one thinc apncars to be
definitely essential, i.c., tochnology cannot

be mastered, adapted to local conditions,
improved or rencwed without a scicntific infrae

structurc and a build-un of local R&D petential.

The international technoloqy arket for
designs and know=how for production of enqgincer-
ing goods and machines present a fairly vide area
of technological possibilities and choices,
except perhaps in respect of highly sophisticated
machlnery products, It is immerative that the
choice of technology as also that of the licensor
is cxercised with great care and deliberation
particularly if foreign capital ovmershin is

involved,

The terms and conditions of tochnoloqgy licences
mcrit special consideration as the nature of licene
cing arrangements whether accommanied by foreign
investment or not nced to be more comprchensive
and of a more continual nature. The coverace of

the licence agreement as also the technolorical
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services to be nrovided by the licensor need to
be spelt out in great deinil. Surch services
should inclule (1) part-lists drawings of indi-
vidual compononts, material specifications &

hcat treatment details; (2) Operation layout,
process sccuence, sclection of types of machines
and standard toolings, design and manufacturing
details of jigs, fixtures, snecial cutting tools,
gauges ctc., and machine set-up procedures;

(3) Quality control procedures and test standards;
(4) Purchase procedures including inventory control;
(4) Pattern dArawings for castings, forgings etc.,
indenting procedures and the like; (6) Sales and
after-sales services. It is cssential that
access to immrovement in designs and production
procedure 18 cnsured throughout the neriod of
contract including access to new natents that
mey have been applied for or registered by the
licensor. A vital aspect is that of training of
personnel of licensee enternrises not only in
production mcthods but at various lcvels and also
in thec preparation and adaptation of drawings and
desion improvement capabilities and the like.

It is nccessary that transfer of selected
technology is not only full and complcte but on

suitable tcrms and conditions. Tie-in nrovisions

P
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must be inoerporated in the licence agrecments
for supply of components and narts necded in
the initial stages to commence production as
early as possible and put the machines in the
market to assess thé marketability, quality
aspects and ti.a customers acceptance etc.,
However, this aspect must be viewved in conjune-
tion vith appropriate domestic integration pro-
grammes in eoch case and the cost of imported
components must be consistcent uith competitive
pricing of the final product, Restrictions on
exports must be avoiced and cfforts in fact
should be made for external markets to be
shared by the licensor and licenacc enterprises
in developing countries, Technology acruired
in this sector must be so secured that licencee
onterpriscs are able to absorb and adapt such
technicues adecuatcly and expeditiously so that
licencees can stand economically and technoloe
gically on their feot within the neriod of
agreemsnt,

Negotiations relating to technology acqui-
sition in case of enginearing products and
machines follow a somewhat different pattern
than that of process technology such as petro=
chenicals and fertilisers. The role of develop-
ing countries' governments and their regulatory
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a~encies would be also critical, apart from that
of licensor and licensce directly involved in
the technoloqgy transaction., Govornmental and °
institutional agoncies in developed countries
could also play a significant nart in ensuring

effactive transforence of technology in this

sactor.,




VIII. BTG

Undoubtedly one of the primary considerations
in establishing production facilitics for enaincer-~
ing items and machinery, 1is that there should be
adecquate domestic demand for these items, currently
or in the near future. Although macro l-vel studics
in this regard will be of a ruidance, a detailed
itemvise narket study appears to be necessary wvhich
should be based on present consumption through
imports and future projections. Howucver, 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 Pnrog-
nasticate in any elaborate manner the existing market
requirements, Instead, an intclligent foreccrst of
the near future market is all that may be ncecded.

Of course investment nlans of the country over a
period as assessed by governments in their resnoc-
tive cconomic plons, import sl.-tistics and import
estimates may throw some licht in this regard; but,
vith a low level of demond, it aphears necessary
to make cofforts to greate denond “or cssential and

basic enginecring items and as demand procressively

nicks up, increase the production,
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Exports:s It is nccessary 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 extcrnal markets., While competitive-
ness in terms of price quality and delivery will
nzed to be ensured by manufacturing enterprises in
developing countries, an appropriate international
relationship necds to be evolved to enable such

machinery and enginecring products to effectively ,
|
enter the markets of developed countries, \

In order to cnable the cntrepreneurs to enter
into the highly cometitive 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 commarable to
facilities provided by governments of industrialised
economies, such as deferred payments, export credit
guarantees and the like. In addition, the develope-
ing countries should provide import entitlements,
tax rebate, custom duty,drawback and cash incentives
to crporters. All these neced to be studied with a
long range view and a comprchensive package of
facilities and incentives need to be drawn up to-

gcther 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 purcly competitive
terms and necessary flow of resources and tech-
nology on acceptable terms is ensured. An annro-
priate international pattern of cooneration must
be developed in order that engineering and machine
building industry in developing countries can
flourish and participate effectivcly in international

markets.
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IX. ROLE OF COUNTRY'S GOVERNMENT AND

INTERNATIONAL ACINCIES

Government's_roles An iscuc vhich clearly

emerqes from the above study is that for the
planned growth of engineering and machine build-
ing industry in devcloning countries, an active
and participative role on the nart of the govern-
ments of develoning countries, both in nlanning
and in implementation of investments in production
programmes i3 very necessary. In fact concorned
govern ent authorities in dev-loping coun+rics
must take initiative in both planning and imple-
mentation of production programmes of engineerinq
and machine building industry. In most developing
countries, governments do nlay a fairly active
role in planning and co-ordinating of industrial
growth gencrally. However, in regard to engineccr-
ing industry, this is morc basic nccessity,
Besides, institutional agencies for »nlanning and
finoncing must be closely associated both with
initial projections and in identifying of enqi-
ncering products to be manufactured and fix
wriorities, Government agencies should associate

and oversec aspects like rcsource mobilisation,

selection of tcchnology, determination of lecvels




and phased inteqration nrocqrarme, nricing of final
rroducts in relation to cormaralle importd nroducts
and 8o on. They must actively suphort the develop-
nent of sunnorting and innut industrinas and evolve
national enginecrinqg stand:.rds including testiina

and acceptance stani rds “or each an- every cngine r-

ing itom nroducel in the country.

Governments of :leveclonina countrics must be
concerned with policy matters like sources and prices
of machinery imports, deqrec of protection throunh
import controls and/or tariffs, the neriod of such
protection and incentives for import of enaincering
goods. Governments mst provide adecuate technicol
education and manpover training facilities and the

like.,

Role of Intermational Aqencies:s Internatinnal
agencies like the UNIDO should play leading role in
assisting thc devclopinr countries to establish this
critical sector of industry viz., enginecring and
machine building industry. Busides, the anancy
should bring about and assist the growth of intere
national relationships among developing countrics
themsclves to heln each other to their mutual advane

tage, besides generate closc links vith the develoned

countries whercver necessaiy. The UNINO should be
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ablc to perform a vital role not only in program-
ming the development of enginecring industry in

developing countries and regions but also/::siat-
ing in the acquisition of technology for manuface-

turc and in the promotion of specific engineering

projccts in this vital industrial sector.
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X, CONCLUDING REMARKS

Pressing nced for the devcloning countries
is the development of technological capabilities
not only to absorb and adapt imported technolo-
gles but to become more and more self-reliant in
evolving their own technology base ang innovate,
articulate pure science in a manner that it deve-
lops into technology to suit respective countries'!
social and economic conditions, utilising the
available resources to the maximm, In this exer-
cise, they must not ignorc the mistakes committed
by the devcloped countries whose technological
development on which their economic prosperity was
based, took place in an era of “cheap 0i1%. with
price of petrolium having increased over six times
since the early 70s, many of the modern technolo-
gles dependent on oil and petrolium have become
economically questionable. Purthermore, ecological
and pollution problems which have shakan the very
foundation of modern technology so far exploited
by the developed countries, could constrain the
use of such of these advanced technologies inven-
tad by the highly industrialised countries.,

In any case, for most of the developing

countries, at the present stage of development
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vith abun 'ant annnove: racourees and the pre-
volonen 0of 5111 seale nroduction, labour-
intensive rethods can Qo mmuch to mobilise
antanned labour resources, raise the offective-
ness of nroduction and alleviate the imbalances
arising fromn the breakdovm of the ecolonial tyne

econorde structurc,

That is ~rreisel s vhy the reneval of the
devaloning countries' industrial ~nd technical
bare is not @ mere transfer of technoloqgy ond
o uisment, This roncval shoul?! combine “hrec
mein types of technoloaical innovations: toche
nologies already being used in the industrialis~d
countries; original technologics spccially
adanted to the conditions of the develoning
countries; and, lastly the technoloqgies of the
future, bhased on the latest promising scientifie
discoveries and essentially new technologies.,
These are urgent and vital for the developing
countries to become as soon as nossible self-

raliant in develo-ment of technologies.

One must also bear in mind that the 'tecche-
rology transfer' is no act of charity. 1It is
not don2 gratuiltously, but on cormercial basis,

vhich puts heavy financial burden on the deve-

loning countries. It has been estimated that
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in late 19603 they werc naying something like

$ 1500 million a yeor for natents, licences,
know=how, trade mark, expertise and consultant
scervices alone and by the end of the nresent

dccade, *his figure 1s expected to reach $ 9000
million a ycar, that is, 15 ner cent of their
cxoected total exvort foreign exchange earnings,

To this, one rust add the " igh imrort costs of
ecuinment, »lan* and :iachinery, overnricing of

rav mate-ials anl semi-manuf-~cturers, nayments

to foreion firms for transfer of production secrets,
technolegical know- ow (notably through accuisitdon
by foreign investors of equity participation in
nevly crected companies) and profit repatriation

of the wholly owvned subsiiiaries and joint ventures,
According to one estimate, the total foreign exchange
payments by developing countries for the trans‘er of
technology under all these headings will be in 1980
at least tvice as :igh as the above figure 1i.e,,
around $ 18,000 to $ 20,000 million ner year,

Time is running fast and not in vaour of the
develoning countries, unless they make determined
and concerted efforts to bocome sclf-reliant and
develon their industrial technologies and for this
purpose build the foundation by way of needed infra-

structure.
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