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THE IMPETUS

Technology, is the sense of knowledge organized to do a task has always played major role in
economics and social activity. Indeed the material levels of living the character of social and cultural life,
and the security of societies have always been closely related to the technologies they used. But the
occurrence of the Industrial Revolution first in Britain, its spread to other parts of Europe, and then to the
USA, Japan and the USSR, led to Technology coming to occupy centre stage in the development of
nations.

2. It was not surprising therefore that the technological backwardness in which colonial rule had
consciously kept what are today called the Developing Countries, should have been a key concern, if not
obsession, of the leaders of the independence movements of our countries. Whether it was Soekarno, Nehru
or Mao Nkrumah or Naseer, they all voiced their concern for rapid technological advancement of their
countries as one of the cornerstones of both the fight for freedom and of the nation building task thereafter.

8 Underlying this view was the conviction, based to some extent on history, that what distinguished
a poor country from a rich one, a strong country from a weak one, was “modern” technology. At the same
time, thee was the associated stream of historical analysis of how dominantly agrarian societies transformed
themselves into industrial societies, from societies base on subsistence agriculture to high productivity
agriculture, all of which led to the spotlight being put on industrialization. The combination of these two
streams of appreciation led to focusing on industrial technology in the economic development of the newly
independent, poor countries of the world. Consequently from the time they came to acquire political
independence (1940’s for the first group, 1950 for the second and the 1960’s for most of the rest) the poor
countries of Asia and Africa set out to industrialize themselves drawing on industrial technologies from the
highly industrialized and rich countries.

4. In India, this recognition of the role of Technology in Development and the commitment to its
acquisition, development and use, was first enunciated, and has since been enshrined, in the Scientific
Policy Resolution (SPR) of 1958. The SPle and approved by Parliament states in its
opening paragraph: AR

“The key to national prosperity, apart from the spirit of the people, lies, in the modern age, in the
effective combination of three factors — technology, raw materials and capital, of which the first is
perhaps the most important, since the creation and adoption of new scientific techniques can, in fact,
make up for deficiency in natural resources, and reduce the demands on capital.” (emphasis added).

In 1983, the Government enunciated a Technology Policy Statement 2 which deal Witb
Technology very comprehensively. More recently, the Government has announced an S&T Policy 2003.°
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THE EARLY YEARS
5. The international climate at the time viz the 1950's, when the first group of development
mmmmmw,mmonmmtwwmmmmaumg
of their people, was one in which the highly industrialised countries started providing developing
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technology also-came to0-be called “transfer of technology”. However, as we shall see later, this
terminology wasmisleading if not -
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and a comimercial enterprise in 8 developing country, Typically, a cement plant or a chemical plant was
¢ equipnmwﬂ\edevdop&lgcmmny,hmlnngmd
m&d@mmﬁﬂm\ddﬁembopuakuﬂmﬁw
technical docrmends (afien calied “kmow-how”) and through “hands-on” training, both at the supplier’s
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sils $0 eves operateand meintain the plant were Rot available, in either the mquisite quaniity or
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had to dowas 1o um the key™and the plant would start and operate; he had very little to do himself
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this basts. The same was the case in ather large developing countries

CROWING AMSRFNFSS OF HRGH COSTS AND OF IN-BUILT DEPENDENCE

7. Asa;a@mgzkzdwi&hopczﬁngaxdmhﬂhﬁngbdmﬂp}am&aswbum up our
seconcizry-and sestiary education syszansandstzxiedpmdudngpersmnelwithb\owledgeofmodem
S& T, and pricmg-thae personnet-trained in the plants of turn-key/ near turnkey plant suppliers (in both
OECD and Coomerne countries) as the network of R&D laboratories and engineering design companies
which we were fostmnate $0 have set up thmughﬂ\evis'onoﬂawaharialNdwcameup,and,aboveaﬂ,
as we bailt up emr capital goods produding industries, we came to apprediate several technical and

8. On the owe hand, we came to realise that, in the modern age, Technologies were consciously
generated through :

(a) arganised R&D and design engineering.
(b) immovatioms made in the course of the production process itself.

The first is often referred to as “Technology from Science”, and the second. "Technology from
Technology®. However, in either case the generation of the technology was undertaken largely,
commerdally, throagh the investment of economic resources by the technology supplying companies.
Gradually, it also became clear that the governments of the technology supplying were also playing a
large part in the technology generation and utilisation process through a number of mechanisms from
direct financing of enterprises, to assured purchases of the final product, to protection from foreign
competition etc. This appreciation led to the recognition that, technologies in general, and industnal
technologies in particular, constituted commercial commodities carrying constituted a commercial
transaction. Hence one should really speak of “Technology Transactions™ rather than of “Technology
transfers™. there are no “free lunches™ in the realm of technology any more than in any other arva of
COmMUMCTCL.

9.  This in turn led to a recognition that there was an international market for Technology like for any
other transacted commodity, with its own dynamics of supply and demand, However, this market, the
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experience of many developing countries indicated, differed significantly from the market for Auy
sgricultural commoditics, mincrals manufactured products, or caplital goods; Indeed it was unlque in

-

to taxation, rights and obligations of the

between buyer and scller would
13.  Fourthly, buyers also found that the scller often palmed off on them obsolete technologies which

the scller himself was in the process o{dlscontmumg usc of in his own plant, because he had developed a
i This resulted in the cost, quality and other characteristics of the product
? Tight from the time the technology was

industry; “gap” in terms
of economic and political power, not only of the
the countries to which those commerdial scllers

COMECON
15.

of wholly owned
ther cases, injected the

trialised country. As a result,
the plant in the developing count 5 rially”, bringing back al the
exploitative relationships of forci i ial ti ith this “globalisation™ of industry,
came the phenomenon of “transfer pridng” between constituent units of the same TNC whether these be
wholly owned subsidiarics or pint ventures, thereby greatly increasing the costs of technology purchases
to the developing countries3. This added yet another dimension to the critical issues of costs of
technology purchase viz. the dimension of developing country gove
¢>sentially “intra-firm™ PRyments, without the Iegitimacy and approp
assessable or testable against any competing prices
16. Finally, there was the high cost of international technology transactions to the developing
country buyers. Various studics undertaken by the United Nations Conference on Trade & Development
(UNCTAD) indicated that over the last 15 years 4 the d(‘vcloping ocountries had made wdentifiable and
mcasurable payments - and that 100 in precious foreign cxchange - of $ 0.61 billion for their forcign
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technology purchases In 1970 - a figure which has one up to $ 2.62 billion per year by 1980% and was
estimated to be around $ 9 billion in 1985. The 1980 figure constituted 5% of the total export earnings of
.. non-OPEC developing countries, while it had bocome 7% in 1985. However, even these large amounts
did not capture all forms of technology payments. For example, the data in regard to payments for
components and parts, and primary and intermediate materials above their “fair” competitive market
price, were known to be ‘substantial, but data identification and collection limitations prevented their
quantification. ' ' :

17. Asa result of realising - if slowly - these charaterististics of intcrnational technology transactions,
developing co came to recognise that such transactions had varying degress of “technological
dependence® built Into them. this realisation, in turn, led to 4 concern for acquiring at least some degree of

“technological self refince”. - ' G :
18. If one were to distill a set of Aphorisms - may be they are slogans - on the fssue of dependence
vs. self-reliance, they would look like this : = g : o

Point ; : : , ' -
INDUSTRIALISED NATIONS ARE AN “S&T SUPERMARKET™ FOR DEVELOPING NATIONS

NS Sy« *
Counterpolnt A Ll ATTACMED
"COODS(TECHNOLOCIES) IN THAT “SUIFEKMARKET" COME WITH STRINCS[AND Al
EXHORBITANT PRICES

Point
DEVELOPING COUNTRIES HAVE ' THE BENEFITS OF BEING LATE-COMERS' IN S&T

Counterpolnt
LEARNING FROM YOUR OWN MISTAKES AFFORDS GREATER BENEFITS

Point
DONT RE-INVENT THE WHEEL (BUY FROM THE "SUPERMARKET")

Counterpoint
LEARNING BY DOING IS ESSENTIAL FOR LOCALLY ROOTED DEVELOPMENT

'U.NBUNDLING THE TECHNOLOGY PACKAGE™

19. But coming to practicalities, how does onc acquire such technological self reliance? By the early
1970°s studics and actual cxpericnce of the content of technology transferred revealed that industrial
technology was not a "black box™; that it had a structure with a number of constituent elements, the most
important of which were: :

(a) Documented Knowledge (DK)
(b) Skills (S)
() Hardwere/Machincry H)

Experience showed that technology was partly discmbodied (DK), partly embodies in hardware (H)
i.c. machinery or capital goods, and partly embodicd in human skills (S). While DK, often looscly termed
"Know How, was often regarded as the core of the technology, operationally it was meaningless to speak
of "ransfer of technology™ without dealing with the other two main elements viz. H and S. The relative
contributions of these three components varied widcly from technology to technology i.e. from
production process to production process. They also varied in the same production process over timg,
duc both to the demands of the market and to the relative costs of labour and capital.

* This and the neat three sections draw heavily on a papes by tgracy Sachs. Economic & Palwical Weckly, Bomb'ny_, Vol V., Nos 29 31—
Spedal Number, July 1970 5
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DEPENDENCE AND SELF-RELIANCE =~ : , :
20. l!wc_uscwab-cdp(alotdonmkandjforlmporwdﬂordgn,thetmtﬂxoflhcpoulblc

sltuations s the following onc:

@) SDKH, : 'Forclgn specialists apply a forcign invented technology and operate imported
ulpment (Tuen Key Ilant). :

®) Sdetq o : Local manpower works with forcign la\dwhqw,udngimpottedpquipnmt.

-

o v
© s,DKg, ;o
- () S;DKHy- : - Using forcign know how, local manpower undertakes production using locally
5 produced equipment. = - g s
(e) SdDKde .3

technological dependence.
21. i
many ways and from diffcrent perspoctives : :
()  asa “snap snot” of the state of technology in diffcrent sectors of industry at a given point of time.
(i) asa “dynamic flow chqrt' of the way in which the technological level/status of the industrial
economy as a whole has evolved over time-Case (a) being the point of departure at time t1 in the
past and the subsequent cases the status at later points of time.
&s 8 "dynamic flow chart” of a sector of the industrial cconomy cvolving over time.
both a “snap shol”and a “dynamic flow chart” of a particular company or organisation.

- The matrix docs not imply, however, that reaching Sd DKd Hd in all sectors of the industnial
economy and/or in all centerpriscs in a particular sector, should neces

OLOCICAL DEVELOPMENT - NOT MERE "TRANSFERS"
23. This analytical framework came to be increasingly widcly claborated
result of scveral studics by UNCTAD, and by radical econo ysts, A
Latin America, in this country and in i ' i he UK. As knowledge of i
diffused through the developing countrics, the United Nations System, and some of the more liberal
industrialised countrics, it became clear that “technology transactions of transfer™ was only onc
¢gies and Policies for Technological Development of the
¢gy nceded to spell out fairly preascly, parorities - at the national
scctoral and cnterpriscs levels - the Paths or routes (o be follow
process, the organisational and managenal structures
importantly (o inter-link them, ' ions. , thi : be
undertaken taking into accou strial strategy of the developing
' country concerned, on the one hand, end on the other, the capacity of the systems in the country
responsible for gencerating or producing S, DK and H. These wery -




ForS : The Educational System
. DK : The R&D laboratory and engincering design company or design burcau systems
ardH : The industrial or more especially the machincry manufacturing or capital goods produdng

ADAPTATION & ABSORBTION e ,
24. If technological dependence is to be minimised if not avoided as an integral objective of a

- strategy of technological development, and f sclf reliance is to be advanced, it is extremely important to
recognise, that an DK may serve as an input, both for production and for R&D. Of course, in
the former casc it is immediately used in the productiomprocess, whereas in the latter case, it { used as a
base for improved/nétv technology through scientific rescarch in a laboratory or engineering research
design burcsu. If we keep in mind this double function of the DK scquired as part of imported technology,
the transfer process can be made (o take one of the following 4 forims, through conscious policy decisions and

_actions : (Figure -1) . _ ;

(1)- Adaptive Transfer

Q) Full Transfer

(3) Full Adaptioe Transfer
(4} Pseudo-Transfer

25. If we recall the experience of most developing countries on international technology transactions
discussed earlier, it will be scen that "Pscudo-Transfers™ are likely to constitute the bulk of such
transaction, {f the transactions are left to enterprise - to - enterprise decisions and actions, without the
intrvention by a State which has a defined technology development and utilisation strategy. It is
certainly the case of transactions between the principal of a TNC belonging to a highly industrialised
country, and its subsidiary/affiliated company in a devcloping country. Under this type of transfer, an
“echo principle” operates in regard to technology imports i.c. every so many years, say S years or 8 years,
it becomes necessary for the technology buyer in the developing country to purchase the up-dated or
new version of the original technology in order to renovate or upgrade its own technology.

In the short run, Pscudo Transfers are the easiest o work out. They also create the comfortable fecling
that one is getting access to "The latest technology™. But, they ignore the specific conditions of the
importing dcveloping country. furthermore, they perpetuate a situation of complete technological
dependence, not' o speak of the burden which the payments for technology under such forms of transfer
place on the country’s foreign exchange resources.
© 26. Using the abovc categories, it is casy to construct a scale of preference for the modes of acquiring
technologices and inducting them into the production system :

Autonomous Effort/i.c. Domestic technology Generation

Full Adaptive Transfcr

Full Transfer

Adaptive Transfer

Pscudo Transfer !

However, in actual practice, no developing country is in a position even today to mount an R&D effort
of such scale, quality and speed as to be able to generate all the technologies it needs, even on a
sccondary fe. Adaptive basis, let alone on a primary i.c. Autonomous basis. Nor, perhaps, would it be
desirable, whether for the technological development of the country, for its industrial development or for
its overall economic development. Therefore, all the S modces-including the Pscudo Transfer mode - will
have to be employed. What is crucial is -

() to be aware of these different modes,not only at the national planning /policy making level, but
at the sectoral level, at the enterprise level, and af the user level.
to recognise that there are different types and mmagnitude of costs and benefits in cach of these
modes - techndcal, finandal, and political.
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un todmlop-atGtctcdoul,etuctpdacnndspcd!kpmdudlcveh-aiwho(d\qktbdw&n
~* these modes for “feeding” & particular production mission with the technology it needs.

27. . If we were (0 take Wumﬂyﬂsmmgefuﬂhcﬁneruuofopcndomuudon,!hemm fssues
of policy making for designing an integrated strategy for scif reliant technological development, would
be: } :

) ._-what cri loapplytodcddcwhid\tedmologyshouldbelmpahdundwhld\d\ouldbe e
. gencratod athome. . - s :
- (b) - how to build up the 4 systems, viz. Educational, R&D , Design Engineering and Capital Goods
. production and mwmmmmpwcwmwanvamm 3elements
" S, DK and }Qdumbbcgmauedcthoﬁ\b,m,(nhd,wgmbd,hdcﬁmddmchm
- and with high probabilitics of technical and economic success. : ' :
() inthoseaseswhatit!sdeddcdwimpoﬂﬂ\etedmology;}nwbﬁurmwﬁuﬂmpoﬂed
+ -technology into the domestic S&T system, so that the domestic technological capacdity is
strengthened, and not only subsequent import of similar technology is obviated, but locally
generated equivalents, {f not superiors, gencrated and utilised. Howevex, there is also the 8-fold
path of the Buddha, which has proven its efficacy in the case of many of the industrially more
sdvanced developing countries like ours. The core ingredients of the recipe are <6.
(i) sctting up a policy making and implementing agency which should, on the one hand, frame
4 slrategy appropriale to the country/ sector concerned; on the second hand control the
actual purchases of forcign tedhnology, including the screening of large projects, from the
vicwpoint of the choice of technology, source of purchase and negotiating support, and on
the third hand, develop, through planncd funding, indigenous know-how generation, and
the linking of that know-how to the S and H elements, promote the putting legether of the
indigenous technology package, and get it into commercial production, all with the close
involvernant of the customer or user.
building up, under the auspices of such an agency, a strong industrial information system,
able to provide public and private companics in the production system of the cconomy, with
independent knowledge on sources of DK and H - and in some case also S both abroad and
within the country, thus strengthening the bargaining power of the technology purchasers.
(iii) Sctting up engineering design and consultancy organisations, particularly in sectors like
stecl, petroleum, chemicals which arce process based industries, which organisations can help
to defince the plant and equipment doslgn and engincering elements of the total technology
package, and usc that definition to (a) “unpackage” foreign technology packages and (b)
“package” domestic laboratory scale process know how into complete industrial projects.
(iv) R*D laboratorics performing a 4-fold function - -
providing specialised advanced training to S & T personnel coming out of the higher
education system.
doing applicd rescarch, oricnted at developing laboratory scalc know how.
assisting the policy making agency and the enterprises in identifying, selecting and
negotiating with forcign technology supplicrs to effect the purchase in the most
“unpackaged form possible
and therealter, participating, with the technology importing enterprise, in the absorbtion
adaptation and further development of the imported DKG - documented know how.

DOMESTIC TECHNOLOGY CENERATION AND COMMERCIALISATION

29. I would now like to tum to consider, in some depth, the process of domestic gencration of
technology and its commercialisation. As touched upon earlier, the committment of Jawaharlal Nehru to
science and sdlentific thinking led 1o the building up, from the very carly years after Independence, of »
capacity for what was termed over the period 1947-1967, “Scientific and technical rescarch™. This
’O!padty' took the form of sciting up a number of rescarch laboratorics under the Coundil of Sdentific &

Industrial Rescarch (BESS9 as far as the general cconomy, particularly the industrial sector of the
(& S (28




economy was concerned. These la
. NPL (for phyals) or the NCL (for

ontributing to

untry, or to its defence preparedness. Reference was often made in this

statement in the Scientific Policy Resolution (SPR) of 1958 of how “new scientific
demand for capital -an

tal. However, hardly any

rtant respect. What the SPR

the first time from “Scicnce®
the key issue, cven as far as

FEATURES OF THE MODEL
33. If we examine this model closcly we will sco that it has been
in the chain to be assodated with (a) the kinds of man
pected to work towards, a
Part A covers basic rescarch, undertaken usuall

govermnment laboratories, by sdentific staff who arc
making any particular invention, buy at the advance

: Uu.-uno.mlhubomqulvdm( to:US 25
UOGSI.OUSSO.BMLQ\kxhy.
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~ gap between bcdcmrdlu\dmgineédquafgnwhld\wofmaﬂ&vdopamlhhuom.

The kind of personnel required here are largely those with sdentific backgrounds acquired from

. puddpatingh\A.Howe\(er,mdth&éﬁupodan!,luhohdudmmqghmthewdvﬂywdaukm
hoftenuaxnpkxulluﬂ,lckkdh\PmAbu(kmomdlrectadntpmdudnglnewpmdudor

.in a defined dmcfnmPlpChnmgenunmddnmmu\plddybymsimwMiolewnuw

- - get products and processes resdy for production. The final part D deals with the (supposedly) well

..,J«,mwmq%d‘mwmmm@mmmm e

... -IMPLICATIONS PORPOLICY MAKING - - - ...- . . . .
- M Wcandnwscvunllmpaumdeducﬁqmﬁommdilnﬁnmuﬁondﬂn',mlevmtbpo&y

.

.5 1 ceriy =
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G Innovation fs inextricably concemed with inlerfaces -
institutional and behavioural interfaces - and it fs on the
smooth and effective flow of information and sction
largely depends (See Figure - 3) - .

() The fact that administrative control over each section in the chain frequently lies in the hands of
different organisations, makes such Interfaces often no-man's lands. this requires that, at least [n the early
stages of the development of an industry, the innovation process as a whole must be conceived, planned,
promoted and coordinated by a single over-riding managerial authority.

3) The activitics in the chain are, by and large, sequential in oocurrence. But, and this is an
important proviso, the activities also overlap considerably on all the counts mentioned earlier. they also
overlap in terms of time. This provides some scope for undertaking activities in parallel, thereby
shortening the total "Innovation lcad time™. :

(4)  Each activity will take a certain minimum amount of time, no matter how large an investment in
men and money is made on it therefore, the time-phasing of the various activities in the chain plays a
crudal rolc in ensuring that the innovation is successful. -

(5)

finlte time Interval.
(6) The magnitude of such critical or threshold level of

i5 far from uniform across the chain. However, in

stages of the chain. :
(7) While the ratio between resource requirements for various stages in the chain will vary from

product to product, studies have shown that, in a majority of cases the distribution of costs across the
chain is typically as in Figure 4.9

(8) The kinds of skills and aptitudes which the manpower deployed in each of these stages need to
have, vary considcrably, particularly in regard to specialisation. The development of manpower must
therefore be undertaken keeping in mind the nature of the activity which each type of professional is to

be deployed on.

CAUSE FOR OUR FAILURE
35.  Once the concept of “the innovation chain™ @mc to be accepted in the carly 707s, its inherent

characteristics were recognised, and the implications for Technology Policy perceived, it became
relatively casy to soe why the cfforts of most CSIR and DRDO laboratorics over the previous decade, on
an activity looscly called "R&D", were not produdng “results™ in terms of industrial technology and
production, anywhcre near those realised using imported technology.

First, while the innovation chain as & concept was known to policy makers in a theoretical way, no
sion making up till then. Moreover, at the opcrational
in R & D laboratories - there was lack of awareness of

even the cxistence of such a chain. As a conscquence, the fact that interface probiems are bound to come
up at some stage in the development of what starts off as an R&D project in a laboratory, came, time and
again, to be recogniscd only when the laboratory claimed {t had ‘completed” its task, but no
manufacturing unit was willing to undcrtake commercial production, or the customer/user denics that

his nceds have been met.
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~ Secondly, the featurcs of the institutional. structure available to us at that time for bringing about
technological innovation, viz. organisational and managerial scparation of the different Institutions
responslble for various stages In the chain, lack of the most rudimentary information system on needs,
production programmes underway, development projects in progress, etc. militated strongly against the
essential prerequisites for successful innovation.

Thirdly, much of the supcess of technological Innovation and , more narrowly, of goal-directed RD,
depends aritically on our having thcab(utybmkedmndfommvdthbuushxgmnq.What is
more, such : useuma\uludbbemduoaq_bplodudipedﬂcmtfmmlbchmbgal
innovation was td be achieved. such demand fomé‘isdngbdlfﬂadt,mdallsbrlhcuseoflophlsﬁated
techniq ' the government or
government companies were-and still are-the major buyer; should make things much easier. But equally
important as having such a forccast at all, was its availability sufficiently far in advance of the time when the
- product is first needed, to enable not merely R&D but also the remaining stages in the chain to be
m\dcrukcnindme.huhort,d\emcd‘orplmning. : : :

. Fourthly, most industrial units, and almost all R&D laboratories, were extremely weak in production
. engincering capadity, and indecd persons trained in the design, development and engineering of
production machinery; figs, tools and fixtures were wocfully small in number. This proved to be a major
bottle-nexk in'ensuring that process know how or product design, once proven on the laboratory scale j.e
brought upto stage 6 in the innovation chain, was carried forward to the next two stages, viz. engineering
of production prototypes and designing and fabricating of equipment enabling volume production.

Fifthly, the very fact that the overwhelming bulk of our industrial production in 1970 was based on
imported technology had prevented manufacturers from having to face the difficulties of truc
technological innovation.

As we saw earlier, under a foreign licence or technology import agrecment, the licensor usually
provides the following inputs: ’

(2) the complement of production equipment needed for the production process.

()  detailed plant layout and cither written Instructions or its own personncl for installing and
comumissioning production machinery.

(c) dctails of production process with blue-prints, production, drawings, ‘testing and approving
procedures.

(d) bill of materials for the products covered by the licence.

(e) training at their plant of our staff who are to supcrvise production and the testing and control of
quality, volume, ctc.

() training of workers for various operations through the deputation of one of their plant
supervisors or equivalent production operatives to this country; and

(g) consultancy services to overconw teething troubles.

These inputs correspond only to those related to stages 8,9 and 11 of the innovation chain. However,
this docs not mean, of course, that the licensor did not himsclf go through the earlier stages in the chain,
particularly from 4 onwards. But that experience Is never communicated in the transfor process, cven
implicitly. Consequently, when presented with domestic "know-how", which has only come as far as
stage 5 or 6, the local manufacturer is reluctant to commit the men, money and intellectual and
managerial effort nceded for him to learn how these stages are performed. This is particularly so when
he is sure that he can continue to rely on packaged technology from abroad on a continuing basis i.e.
through what has carlicr been calied Pseudo-Transfers™

Over the last ¥ ycars |.e. since 1970, awarencss and understanding of these realities of the "Innovation
Chain” have been steadily diffusing more and more extensively into most of ourk&D agencies, our
manufacturing companics and among major customer groups including user agencies in govermment.

y involvement in India"s Defence Production and Defence R&D over this

gree that DRDO today is very different indeed from what {s was in 1970 in terms

of planning for and realising success(ul technology transfer, and commerdiglisation of a range of military
systcms and equipment.

From my experience in the Department of Electronics (DOE) over the same penod, I can say that this




has certainly been so across a wide front in professional electronics. The Department of Space has
built such thinking, planning and action into its R&D Centres right from the inception of the
Department in 1972. This is also the case with the Department of Atomic Energy and its domestic
technology generation and commercialization or utilization activities, and with several CSIR
laboratories.

To cite a few specific examples of successful domestic technological Innovation.

As for DRDO, I would cite the Main Battle Tank, Arjun Mountain Gun, the Special Anti-Tank
Ammunition, Low Level Radars the Advanced Panoramic Sonars and a whole range of Electronic
Warefare Systems and Missiles as examples of major technologies which have been successfully
developed, put through the innovation chain and in various stages of regular production already, or at levels
ranging from several tens of crores to several hundreds of crores worth per year. What is more, the whole
project or programme in these cases has been undertaken with considerable professionalism and
confidence, though not without many agonizing moments.

PROFESSIONAL ELECTRONICS, PHARMA, TRACTORS AND AUTOMOBILES

An illustrative list indigenously developed and successfully commercialized hi-tech electronic
systems and equipment, pharmaceutical products, Tractors and Automobile is given in Annexure I.

What I think one can say with confidence, now is that in many sectors of industry, including those
nvolving sophisticated technology, we now know what it takes to bring about successful generation
and commercialization of indigenously developed technology. Perhaps more importantly, at least in a
number of areas, we also know why failures occur, to the point where we can forecast with reasonable
accuracy that an incorrectly structured and managed technology development project — particularly one
which violates the principles of the “Innovation Chain” — is almost certain to fail. In short that there is
a “Technology” of Technology Transfer, calling for specialized analytical, managerial, and behavioral
skills on the part of planners and policy makers and technology generators and utilizes.

SELF RELIANCE

The identification and analysis of the key issues focused on here also enables one to arrive at an
operational formulation of the concept of Self Reliance in Technology.

This formulation encompasses a number of levels. The first level is that of decision making. Self
reliance means that we are in a position to define our own goals — goals which are appropriate to the
development strategy and development pattern which the country has chosen. Next that we are able to
define the types of technologies we need to realize those goals, and the modes through which such
technologies are to be acquired or generated. The second level is that of undertaking, MAKE or BUY
choices at the sectoral and enterprise levels, in relation to the specific set of technologies needed for
the development of the sector or enterprise concerned. Thirdly, how to identify and select from the
foreign technologies available for those products for which the second stage exercise has shown that
technology purchase is necessary. Fourthly, self reliance in being able to negotiate effectively to
acquire those foreign technologies on the most favorable terms to the buyer. Firstly, self reliance in
building up S&T expertise in all key areas of national importance, and in increasing that competence
and capacity to the “critical levels” needed for generating technology domestically in the core areas.

Self reliance does not mean building a wall around oneself, it does not mean autarchy, even less,
isolationism. But it does mean being “maximally in command” of the whole technological strategy at
the national, sectoral, and company or agency levels.

As our late Prime Minister Smt. Indira Gandhi, who did so much to enhance our self reliance in
general and [ S&T in particular put it:




“Self Reliance means the assertion of our right to formulate our policies, programmes or
Institutional mechanisms. We have to make our own choices, taking account of world developments in
science and technology but without being swayed by fashions within science, or the S&T foreign

policies followed by advanced countries”. '
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Annexure [

ILLUSTRATIVE LIST OF PRODUCTS IN PRODUCTION

BASED ON DOMESTICALLY DEVELOPED TECHNOLOGIES

BY COMPANIES

ELECTRONICS

Computer and Computer-based Systems

(a)

Computerized Railway
Reservation Systems

Passenger

Rsz 500 crores worth of such
systems supplied to Railways by
CMC

(b)

Computer-based Freight = Operations
Management System for Railways

Rs. 700 crores of system
implemented on all 7 zones of
Railways and the central control
system at Delhi. Unique on a

world scale & tailor made to meet
needs of IR.

Computerized Automation of Felixtow Port
in the UK

Rs. 200 crores worth of systems
executed on turnkey basis by
CMC under an order won against
a global tender.

Computerized Automation for Bremerhaven
portin Germany

Rs. 185 crores worth by CMC
also against global tender.

Computcrized Ticketing System on the
London Underground

Rs. ‘70 crores by CMC also

against global tender.

Computerized Automation of the Damascus
Games, Syria

CMC also

Rs. 55 —crores: by
against global tender.

Supercomputers developed by C-DAC
(Centre for the Development of Advanced
Computing)

50 computers made over 1992-
2002 at unit price of Rs. 45 lakhs
to Rs. 1 crore depending on the
configuration plus 15 systems
exported mostly to Europe.
Enquiries recently received from
Singapore and South Korea. Of
very high strategic value—denied
by USA

SIMPUTER (Simple Computer) developed
by IISc. Bangalore over 1998-2000 and
licensed to two spin-off companies M/s.
Pico Peta and M/s. Encore Software Ltd
Unique graphic based system uscable cven
by illiterates

Pilot production of 10,000 units
each done by both companies
over 2000-2002 at a unit price of
Rs. 15.000/-. At production level
of 100.000 nos / year price will be |

' Rs. 900/- and at 200.000 level Rs. |
16007




(1)

Static & Mobile Computerized Data
Handling System for the nation’s Air
Defense System o

<

Rs. 500 crores worth supplied by
ECIL over 1985-95 with features
tailor made to meet IAF’s specific
operational needs

ECIL

Telecommunications

Public Sector Company Electronics Corporation of India Ltd.

-t

~

(a)

Pulse Code Modulation Digital Multiplex
equipment for BSNL and MTNL -

Rs. 1000 crores by 6 public sector
cos:

(b)

State-of-art Digital Electronic Telecom
Switching Systems based on C-DOT
technology

Rs. 10,000 crores supplied to
BSNL & MTNL by 5 companies
over 1996-97 to 2001-02 won
against global tenders

Optical Fibre Communication Systems for
the DOT, Railways Oil Pipelines and
Defence Forces

Rs. 500 crores by public sector
company OPTEL, Bhopal over
1990-92

Army Radio Engineering Network

Rs. 1500 crores over the 90°s by
BEL, PUNWIRE and PCL

Wireless in Local Loop (WLL) Telecom
Systems developed by IIT. Chennai

4 companies—2 each in the
public and private sectors-have
been licensed the technology by
IIT. All have received large
orders from BSNL and MTNL. |
ECIL has secured a 0.5 million |
line order from Malaysian |
Telecom worth Rs. 200 crores in |
competition with the world’s
largest telecom company, Alcatel
of France.




Radio and TV Broadcasting

(a) 100 Kilowatt Mediumwave Radio | Rs. 500 crores worth supplied by

Transmitters BEL over 1982-92

10 Kilowatt and 1 Kilowatt TV Transmitters | Rs. 750 crores worth supplied by

BEL over 1983-1995

100 Watt Low Power TV Transmitter | Rs. 1200 crores worth supplied by
~| BEL and GCEL over 1983-95

TV Receive-Only Terminals receiving TV | Rs. 2000 crores worth supplied by

broadcasts from INSAT for rebroadcast by | BEI2and ECIL over 1983-95

the ground-based TV transmitters indicated ;

above

We now have 1200 TV transmitters providing nation wide TV coverage through 6
INSAT satellites. This is the world’s largest satellite linked TV transmission system
in the world.

BEL : Public Sector Company Bharat Electronics Ltd.

PUNWIRE : Public Sector Company Punjab Wireless Systems Ltd.

PEL : Public Sector Company Punjab Communications Ltd.

GCEL : Public Sector Company Gujarat Communications and Electronics Ltd.
OPTEL : Public Sector Company Optical Telecom Systems Ltd.

RADARS

(a) Airport Surveillance Radars 60 numbers produced HAL,
Hyderabad at Rs. S crore a piece
over 1992-2002

(b) Air Route Surveillance Radar 40 numbers also produced by
HAL, Hyderabad at Rs 8 crores a
piece over 1995-2000

Precision Approach Radars 60 numbers produced by HAL.
(to guide aircraft while landing) Hyderabad at Rs. 10 crores a
piece over same period

ELECTRONIC VOTING MACHINE (EVM)

been produced by BEL & ECIL at
unit prices of around Rs. 12,000
over 19952000 involving a }
turnover of Rs. 1200 crores |
Unique product at the world level. |

(a) } Electronic Voting Machine (EVMs) 500,000 nos of EVMs each have

Public Sector Company Hindustan Aeronautics L.id.




PHARMACEUTICALS AND FINE CHEMICALS

Our 8 top pharma companies—Ranbaxy, Reddy Laboratories, Cadilla, Torrent,
Lupin, Sun Pharma and CIPLA--are producing Rs. 25000 crores of pharma products a
year today—70% bulk drugs and 30% formulations. They are expérting Rs. 10,000
crores worth a year—80% bulk drugs and 20% fpmulations. Many of them e.g.

Ranbaxy, Sun Pharma and Reddy Laboratories have set up plants abroad and also

acquired companies in the USA. Reddy Laboratories has ailso set up an R&D Centre in

the USA. -

Tractors and Agricultural Machinery

We have the world’s largest tractor industry the bulk of which is based on
domestically developed technology. The pioneer was Punjab Tractors which launched its
tractor and tractor engine manufacturing lines as far back as 1975 and which has today a
total turnover of around Rs. 2000 crores with a track record of high sustained profits over
25 vears. It developed in the early 80’s a totally indigenous Combine Harvester and is
the only manufacturer in the country. That equipment has since been adapted for mine
laying by the Army.

Automobiles

The story of Indica and now Indigo are well known. Then there is the beautiful
station wagon Scorpio developed by Mahindra and Mahindra which is giving a run for
its money to Toyota's Qualis in every technical feature and also commercially. The
development of Scorpio was started in mid 1998 and the first commercial sale was made
in June. 2002 i.e. in a record time of four years. Mahindras spent a record sum of Rs. 200

crores on the design and development (D&D) of the Scorpio while the total investment




made on the complete manufacturing line was about an additional Rs. 600 crores. The
total D&D plus manufacturing cost of around Rs. 1000 crores is 20% of what Toyota is
known to have made on Qualis.” Scorpio’s five models are sold at an ex-works price of
Rs. 6.57 lakhs compared to Rs. 5.97 lakhs in the case of Qualis. In 2002-03 our auto
industry exported 5.5 lakhs vehicles led by the Indica arJ)d mostly to Europe.

Solar Photo-Voltaic (PV) Systems

Over the decade of the 90’s and into the‘.presem decade we have become a major

manufacturer of solar PV i.e. solar electricity cells, modules and systems. We now have
some 30 companies manufacturing SPV systems. The output of this hi-tech multi market
industry has increased from Rs. 320 crores in 1995 to Rs. 750 crores in 2002. We are
now the fifth / fourth 1a_rgest SPV manufacturer in the world with our output constituting
15% of world output. Our companies have also exported SPV systems 10 some 15 other
developing countries and the lead company, the public sector enterprise, Centrel
Electronics Ltd (CEL) has C\'en“scl up an SPV module and systems manufacturing plant

in Synia.




