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FOREWORD

Earlier this year the Government of India issued a Technology.
Policy Statement (January, 1983). The Policy Statement underlines the
- premise that for a country of India's size and enormity, self~reliance
is of utmost importance and the use and development of technology must
relate to the needs and aspirations of the people. Prof. M.G.K. Menon;
Member, Planning Commission has in a recent lecture "Technology for
f’rogress" analysed varidus aspects of the Policy Statement especially

technology forecasting, assessment and observation. We hope the

publication will prove to be of interest to all concerned. /e
’ '
tw f & !W‘A/ casl
{u.C. )
Secretary,
July 29, 1983. Department of Personnel and A.R,

With Compliments From

A. P. SAXENA

Joint Secretary (Training)

Parsonnel and Administrative Reforms
Ministry of Home Affairs
New Delhi.
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TECHNOLOGY FOR PROGRESS
Technology and Science: Their Separate Develomment

Let me s_tart-by asking the question: What is technology? Humarkind
has, through ‘the ages, moved along the path of evolution, acquiring new’
‘traits and skills and adecting itself to the environment. This was
necessary to survive and to Jevelop. There was a succ-3sion of
capabilities which defined. the various Ages: the Stone Age, the Iron
Age, the Bronze Age and the Copper Age: These were periods when skills
were developed to make toole to accomplish what was essential for life
and growth; for hunting and for fighting. These tools were further
improved in qulity and capaility with time. A major development was
that relating to agriculture, which transformed society from a nomadic
life style to one based on human settlements. o

A basic point to remember is that, at this stage of evolutlon, what
was developed were really empirical skills, which had a close
relationship with everyday human life and act1v1ty Parallel
developments took place in a Varlety of places in the world, one sees
evidence for the Neolithic Age or the Megalithic Age or the Chalcollthlc
Age at many places in the world and at different points in time.

None of these developments awaited a basic understanding of
underlying prmc:.ples. What was- developed was a skill or a technique.
Later, those who practlsed a skill or technigque came together, for
example in the form of craft guilds, and so on. These skills involved
coordintion between the hand 'and eye; but there was no process of
intellectual understanding and reasoning. " What was important was to do
somethirig; and to do it well; survival and growth depended on it. This
can be clearly seen, for example, in many of the crafts which we have in
our country: we have outstanding artisar{s; they -produce superb artefacts
with great artistic content as well as functional elements; but they
cannot explain the reasc'ming behind their work. Technology, at that
stage, progressed in terms of the development of technlques, on an
empirical basis. A remarkable example was the steam engme which has
had such a significant societal impact, but which was not developed as
often assumed, from an 1mproved understanding of therrnodynamlcs which
came only: much later.



Science developed in parallel, fuelled by mqn's desire to
understand his surroundings and the natural phenomena that he o‘served.
Its origins lie in man's sense of curiosity and the process of logical
reasoning (j.nhérent in the human bra.in), which is the-one capability

which separates man from all other forms of living systems in a
significant way. ' - |

I do not want to dwell on these historical or anthropological
developments at any length, except to say that today the position is
completely different. It is different essentially because of the coming
together of these two streams: of science on the one hand and of
technology and skills on the other. |

Science is not so much a vast repository of knowledge, or
complicated instruments and equipment demanding specialized.
capabilities, as often assumed. These are, no doubt, a part of a great
deal of science as practised today. ‘But primarily, science represents
the spirit of enguiry and the process of logical reasoning. What is
important is the scientific method: which consists of making
observations, making measurements with the greatest precision poss ible,
analysing the observations and measurements, building a hypothesis or
theory which could involve generalization and prediction of other
phenomena, experiments to test the hypothesis or theory; and so on.
There is no accepténce of authority. What is involved is a combination .
of observai:ion, experimeﬁtation and theory. What is accepted finally is.
that whicl?_can be confirmed independently by anyone desirous of
verifying the facts. It is also true that there are many aspccts in
life, and phenomena, that are ir}explicable at any point of time, even
with the best of available scientific knowledge and capabilities.

Science and Tedmml.égy ‘Today: A Symbiotic Ré]ati_onqhip

This process of logical reasoning, and the scientific method, has
now merged with the area of 'skills and techniques. There are some who
assume that now we are in a .technology spiral, and that technology is an -
independent. entity which can progress on its owr. This-is true in many
cases of gradual, gentler and more easily assimilated changes. But it
is not so in the case of the many innovations ‘that are now being made,



whose social impact is orders of magnitude larger than the gradual
technological changs; these major changes on the technolcgical Scene are
science-based. I'aséert that technological change and advancement of
such magnitude taker plase only cthrough the use of the scientific
method. Further, '.the use of the sciantific wmethrd to understard natural
phenomena witbout\;he en'd chjectives of producing items for use,
enlarges the stdckl of knowledge and bhrings out new possxbilit'iee': that
later £ind undreameél of applications. as we spall zee from exunples
cited later in this paper. It =iy Z¢ L=t an individual is called an
engineec or technologist and is highly trained technically to perform
tasks that demana such trainir{g and skills. It is, however, when he
uses the scientific r zthod that he innovates and becomes creative to
produce technological. -change.

For example, you can have an enormo.u_sly skill'eé glass-blower; he
. may produce wonderful. plebes of-glass work, and indecd can be a creative
arist in his work. He needs to understand some of the properties of the
material he lb worklng with to achieve ri* -zrualts. But new
technologies 1n the use of glass and ceramics have come -about when the
scientific aspects have been developed, resulting in new material with
new propertieé _and new machines etc.

Thus the first feature that needs to be stressed is: there is today
a symbiotic relationship between science and technology. Technology is
spectacularly mowving forward essentially through the use of the.
scientific méthoc] in technology.. Equally, great scientific advances are
taking place ble_-cause of the technological tools that are becoming
rapidly availale. -

Let me illustrate this with one area of modern science and
technology. We talk today. of an entilffe'inj:e'rconnec':ted area of nuclear
science an technology covering nuclear weapons 'systems', Tuclear power
systems, applications of isotopes in medmlne, :Lndustry etc. But only
about fifty years age there were none of these technologies. How did
this field develop? The important early. steps were entirely science-
related: namely,' the discoveries -in radicactivity by' Becquerel and the
Curies; the discovery of the nucleus of the atom by Rutherford; the
conceptual relationship discovered by Einstein between Mass and Energy,



characterized by the famous equation E=mc2; the discovery of the neutron
by Chadwock; of nuclear fusion by Hahn and Meitner; and of the chain
reaction by Fermi. The demands of war set a major technological goal -
to make the atomic bomb. The Manhattan Project to accomplish this
involved physicists, mathematicians, chemists, material scientists, and
technologists of all types. One had the awesome result: the first
successful explosion at Alamogordo, and the bombs dropped over Hiroshima
and Nagasaki, which has since led to the weapons stock-pile of today.
We now have an entire nuclear industry relating to nuclear reactors for
producing power and isotopes. After the Manhattan Project technology -
assumed command. But this technology has in turn depended on related
scientific advances in materials science, in chemistry, in electronics
and instrumentation, and so on. The development of the symbiotic
relationship of science with nuclear technologies is clearly'seen.

The second point which needs to be emphasized is that technology is
not related to industry alone, as many tend to assume. Technology
relates to all areas of production and end-use. Thus, there is today
Agricultural Technology as also Medical Technology. Some of the
greatest advances that are going to take place in the decades ahead are
based on scientific discoveries of the past thirty-odd years in the

field of Life Sciences; it is this which has given rise to the range of
Bictechnologies.

A new area of technology which is going to fashion the future of
the very nature of human society is ihformation technology. This deals
with information storage, processing, transfer, communication, reétrieval
and utilization. There is a whole information industry which has been
created in recent years. It has its hardware in the form of computers,
displays, communication devices and sb on. It has also its software,
for which there is a rapidly developing technology. So we must get out
of the concept of techpology as being related purely to hardware.

Therefore, it is not only industry, in the sense of factories and
production units of that nature, or hardware, which one must take note
of when one refers to Technology. One is talking of the use of the

scientific method to produce advances in skills and capabilities for a
variety of end-uses.



The Innovation Chain

At t .rs pomt.,' it 15 1mportunt TG mentlor‘ one other basic element:.
the concept of the innovation chain.. When we refer to "productlon based
on innovatlon", we mus;_ understand that there is a long chain of steps
that is 1nvolved in this-from an orlglnal idea or discovery in a
rescarch laboratory bemq translated into a- workable proposition,
through aspects of: applied reseach to demonstrate the reasibility of a
product, nrécess or use; engineerirg design; pilot plant production to
establ:.sh technolocues relevant to large-scale production, and the
related cconomics; extension services in the case of agriculture; and so
on. All thl_s_has to take place before actual manufacture or use is
established. The humber and nature of the steps ‘differ from area to
erea, and for different technologies; they can often be telascoped. But
the fact that there is such a chain needs torbe understood. Investment
all down this chain are essential. - Further,. investments in the earlier
stages of the innovation chain, in pure or applied research, are of the
order of only ten per cent of the total investments involved.
Programrnes of research and development aimed :at ach:.evmg end—product:s,
processes etc., should be initiated only if it can be assured that the
much larger investments down the innovation chain.can be prov:.ded- _
otherw1se the initial investments will be only in the nature of
competence’ 91;: capablllty buxldmg.

let me illustrat w1ﬂ1 one area of recent development, some of the
aspects that have’ jL-St been con51dered on general grounds.. Lasers or
devices based on Light Ampllflcatlon by Stimulated Emission Radiation
can today be bought as enc_i-products turned out by factories. One can
ses the use of lasers in a wi'c'le:r'angle‘ of applications: by surveyors to
define streighif lines; for range-finding; by 'doctors who wish to do
surgery such as attachment of detached retinas; in electronic industry,
for trimming resistors to obtaln exact values of res 1stance, for cutting
metal etc., in the metallurqlcal J.ndustry, ‘m envxronmental rnom.tormgm
in mertlal conflnement expenments in fu51on phys:.cs where the aim is
to produ(:e, fmally, energy through fusion; in weapon systems; and so
on. Lasers have given new “life to areas.of science such as



spectroscopy, that were important as fundamental areas earlier and
characterized by great discoveries. They have opened up a whole new
field of guantum electronics.

_This is quite an extensive and impressive range of applications.
However, lasers are not all that old. Of course,.they are quite old in
basic principle, and spring from the work of Einstein of about three
quarters of a century ago. But the development of masers (Microwave
Amlification.using Stimulated Emission Radiation) and that of lasers
took place during the 1950s in what were essentially university
laboratories. It was the rapid appreciation of their potential and
emergence of needs that could make use of them which resulted in their
entry into sOéiety on the intensity and diversity seen at present.
Lasers represeﬁt a highly science-based technology; and we see clearly
in this field the symbiotic relationship between science and technology.
A detailed study of the development of this field will also show how
steps in the innovation chain can be compressed. Many other such
examples that can be given: for example, the field of Solid State
Electronics based on quantum mechanical understanding of solid state
phenomena, which gave rise to the discovery of the transistor has
rapidly progressed to the capabilities earlier unimaginable of present-
day Very Large-scale Integrated Circuits tha’t have transformed the face
of electronics. These recent developments represent a technology-push
and a demand-pull. Many are tempted to say that except for the science
base of technology, in terms of the scientific method, there is no real
scienc_e input. This is not true, Surface studies, amorphous materials,
the range of instruments used in a solid state electronics development
laboratory, which were all earlier developed through scientific
innovation and for use for scientific experiments and discoveries, all

illustrate the essential scientific content of modern solid state
electronics technology.

Technology Is Part of a Total Socio-Econamic System

The next point that needs to be emphasized is that technology
cannot be considered as an element that exists and is relevant purely in
its own right. It has to be regarded as part of a total system. This



can be illustrated oy considering the changed situation that 1is
encouhtered today, as a result of new perspectives relating to energy

and environment.

It was only a iii,;le over a decade ago that the cost of energy was
regarded as 2 small part ref the total cost of any cutput. This arose
out of the historical situation when populatlons were small and energy
resources in the form of wood, coal, oil and hydro—potentlal appeared tc
be infinite. As a res1lt, technological development was bas=d on the
concept that enercy would be availabie: - (a) easiiy; and (b} at low cost.
Neither of these aasumptlons ‘'is valid today. Energy is not gomg to be
‘available easily, for the simple reason that the world populatlon has
grown tremendously._and ‘continues to grow. The world populat:.on doubled
'fnom 1 pillijon to 2 billion in 125 years, from.2 billion to 4 billion in
75 years; the next doublmg fronr'4 ‘billion to 8 billion 1s expecteq..to"
‘take 50 years. Not only are there increased needs.on-account’ of the
growth of popu_llation, bnt also increased_needs because of greai:er
expecta.tmns and larger»energy requirements per cavita. The prmc:.pal
sources of energy thus far have been the fossil fuels - 0il and coal.
Over the past decade We have been aware of the llmlt:ed reserves of oil
in terms of long-term perspectlves, and oil prices have gdne up
s.tgmflcantl_y. Coal is also a nonrenewable source with finite reserves.
It is less of a "mobile" fuel and more "dirty"; and yet it will be
necessary to fhake_ 1ncreasing use of it over the next few decades as the
world cuts back on 0il as a source of bglk¥-power generation. There is a
great deal of hydroelectric potential to be tapped, but the capital
investments are high. Though this is a renewable resource, there is
still a final potential that can be tap.pe'n.' Another energy r."esou.ree
that will become signlfieant 1S nuclear power; but it has been beset
with problems of high-car.;ital costs, long gestation periods, radicactive
waete disposal and objections from the environmental angle. And
.,fine,lly, renewablé nop-conventional energies will be increasingly tapped
and i:ecorﬁe particularly. important. for decentralized application. All in
all, it is clear ‘that the future lies in the development of technologies
_-that are not energy—lntens.we, thls is a distinct change from the
situation that obtamed only a ‘decade ago, This represents an



opportunity for India to leapfrog into the technologies of the future
which must be lower energy-intensive and where everyone in the world is

roughly at the same atarting point..

Equally, over:the past decade, we-have begun to recognize the
importance of ‘the environment. Earliér, man was but a small entity,
consistlng ot small population, with small activities, on a globe which
by comparison was infinite. The sea around, the river waters, the
atmospher- w=re essentially infinite to absorb all the end-products of
human activity. If you were a technolog:.st planning for productlon in
190, you did not haVe to bother’ about the environment. ‘It did not
mattér what waste products were to be produced; they could be, and were
dischaged into rivers, the sea or 1nto the air. Today, the posztlon is
‘quite different: witH large and growing populatlons,' mcreas:l.ng human
activities and the limited carrymg capacity of the earth to absorb the
outputs. Over the past decade, in particular, env,tronmental aspects
have. come to the fore. There are 1ncreasmgly stringent regUlatlons
“relating to air and water pollution that are bemg enforced Much more
.careful studies.relating to short—term and long—-term tox1c1t1es are
-being carried out. We have begun to recogruze the 1mportanoe of carbon
dioxide, from the large—scale burnmg of fossil fuels which goes 1nto
the atmosphere and can affect the ‘global heat balance, of temperature-
changes that are taking place in water bodies; __and the_ hazards of many
pollutants beéing discharged into the aif and water. . It is clear that
development of future technologies must be diredted ‘towards increased
harmony with the environmenté.g., procéss;es that result in lesser
production of pollutants:and'steps to absorb or destroy pollutants.'-
This again is a recent development. ' ’ " ‘

Sriv

Over recent decades, many technologles developed in the advanced,
industrialized countries have been directed towards labour—savmg, in
view of the high costs of labour._ These conditions do not apply 1n )
developlng countries, where one of the pr1nc1pal needs 1s to prov:.de )
gainful employment for large parts of the populatl.on. ' '

Thus, 1f we look at the pos1tJ.on 1n Indla today, we encolmter the
following. constraints: energy is expenswe and not easz.ly avallable»
environmental protection_must be ensured, we have to work for max:.mum



gainful and satisfying employment. Therefore, we have to look at
technolcgical options 1in relation to these economic and social
- imperatives of society. Thus, technology is really a component, and one
component of a total socw—economic'system.

- Self-Reliance

I would now like to mention an aspect of importance for any
technology policy for India. We have to recognize that India is a large
country of sub-continental dimensions, with a population above 7C0
million. The very size of our country, and the diversity and complexity
of the problems we encounter, which aré guite different from those of
smaller developing countries, demand self-reliance. The Prime Minister,
Smt. Indira Gandhi, has remarked: "Self-reliance must be at a country of
our size and endowments. While we all readily pay obeisance to his
concept, there are too many and too frequent lapses. Consideraions like
security, the time factor, performance guarantee and cots often compel
us to buy the very heaxt of S & T planni_ﬁg. There can be no other
strategy for advanced technology from the international market. But in
the ultimate analysis, neither true defence nor true development can be
bought or borrowed. We have to grow them ourselves". She has further
said: "Self-reliance does not mean making everything ourselves but
acquiring tiw capacity to do so when things come to é head".

The pathway to seif-reliance is not to set out to rediscover
independently what has already been discovered, nor to invent what has
already been invented. It implies ‘the ability to analyse problems, and
to define tasks and objectives; to obtain information/know-how etc.,
which is needed from wherever it is available, but on a specific basis;
to have self-confidence to develop whatever needs to be developed; and
most important, the ability to start from a base which may be a mix of
indigenous and imported know-how, to move into the future on an
internationally contemporary basis through innovation and original
thinking. Self-reliance shculd also not be confused with self-
sufficiency. Self-reliance demands a naticnal commitment and political
will; and involves many facets such as technology policy; management and
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technical skills etc. But clearly a crucial element of self-reliance,
1n a world whose economy and life styles are dominated by scientific and
technological advances, has to be a seli-reliant base of S&T.

Thus the Technology Policy Statement says:

"In a country of India's size and endowments, self-reliance is
inescapable and must be at the very heart of technological
development. We must aim at major technological break-throughs in
the shortest possible time for the development of indigenocus
technclogy appropriate to national priorities and resources."

The Field of Agriculture: An illustration

I would like to illustrate what I have just said about self-
reliance by looking at our needs and performance in the field of
agriculture. We all agree that food is a prime need of humanity. It
adequate food is not grown, one either has to import to the extent of
the deficit or is not grown, one either has to import tc the extent of
the deficit or face malnutrition or famine. 'he possibility of imports
depends cleariy on the availability of food elsewhere in the world for
this purpose. In the case 92f a country as large as India with a
population of 700 million and current food production levels of around
130 million tonnes, <ven a deficit of a few per cent of the requirements
would demand an import of several million tonnes. Apart from
avarlability, there is the requirement of foreign exchange to pay for
such large imports; in these circumstances food can be used as a weapon
of economic warfare. Clearly, there is need to grow more than just the
immediate needs; and to build up a food security system.

India has a wide range of items that it grows. wheat, rice, jowar,
bajra, maize, sugarcane and a spectrum of oilseeds, of pulses, of
fruits,of spices and cash crops. These have to be produced under the
widely varying agro-climatic conditions encountered in the country,
covering wet and humid nigh monscon areas, irrigated and rainfed areas,
dryland, drought-prone and desert ateas, and hill and temperate zone
re?;:.ons. Being 1n the tropicai belt, there are about ten times as many
pests on the agricultural scene in this country as compared to what 1s
encountered in the temperate zone. Appropriate pest contrcl is of prime



i1

imfbortahce, particularly w‘i‘thrhigh-yielding varieties., The total
ecological system, involving the nature of the crop and its pest
resistane, climatic conditions, such as temperature, humidity and their
variations, other elements in the flora and faurna,'which define host-
predator relationships, have all to be understood in any scheme of
apropriate pest control. One can certalnly bring selected germplasm andé
seeds from elsewhere in the world. But they have to be acclimatized of‘*
the conditions obtaiaing in the varying agro-climatic zones of the
counctry. For improved adaptation, they are crossed with local varieties
and the total cycle relating to increased yields, reduced inputs, pest
control, acceptability, reduced hazards etc. optimized. This demands
basic indigenous effort by the scientists and technologists working on
research and development in the country, those concerned with trials and
-extension services, with education and awareness programmes and finally
the farmers who have to actually produce the .food. One can certainly
get brilliant scientists covering various aspects of plant breeding,
genetics, agronomy, soil or water management, etc., fr:om abroad to come
and work together with their Indian colleagues, to assist and advise in
the overall prograﬁme. It was thus that a great figure in the field of
food broduction, regarded very highly by the Indian agricultural and
scientific community. Norman Borlug, contributed in terms of ideas,
advice, and suggestlons for improved food production in India. The
lessent1a1.901nt ‘that needs to be empasized is that this is an area of
such ccmplexlty and scale that the effort has to be without any question
indigenous; ahd there is no question of ¢htaining technology on OGL
(Open Genera. ‘Licence). Any inputs from ab:oad, and these can certainly
be of value, .t-iave to be absorbed, adapted and modlfled based on
endogenous capabllltles to achieve success.

In the mid-1960s India had to import large quantities of food-
grains. To avoid this on a continuing basis, strategies were adopted in
the mid-1960-s to transform Indian agriculture. AgriguJ.tural" reséarch,
education and extension was reorganized, bringing thé State and Central
Institutions intp -a cooperative partnership. The Indian-Council of
Agricultural Research was the umbrella for the' purpose: integrated
programmes. of agricultural research and education, involving research
institutions, -agricultural universities, science centres, experimental
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farms and liaison units; all-India coérdinatied pi:ojectj.s on various
projects were organised. This effort brought about much greater
coordination of activities at various levels from adxfrancd research on
the one hand to the farmer and his problems of weather, pests, 1nputs
(fertilizer, chemicals, seeds etc¢.) finances and so on at the other end;
and of communication across these leveis. The innovation chain was thus
largely completed to indicate the returns from this approach.

Between 1960-;61“ and 1964~1965, over a five-year period, for every
rupee spent on atjricultural research, the return was roughly 1.91
rupee,and he internal rate of return was 14. In a later five-year
peribd, frbm 1967-68 to 1972-73, the return increased from 1.91 rupee to
14.51 rupees, by a factor of almost seven; and the internal rate of
return went up from 14 to 71. Here one dealt with a total system which:
yvielded results in economic terms; it was not just pure research.
resulting -in publication of papers _nd putting out great ideas, but
converted thrcugh the innovation chain to results on the flield and in
the farms. '

In the largest sector of national development in terms of GNP,
there was a clear demonstration of whal can be achieved on the basis of
self-reliance.

The population of India, according to the:February 1981 census was
684 million; it will be close to 1000 million by the turn.of the century
To provide nutrition to tnese numoers, and to have buffer stocks to
ensure food security, particularly with véééfi_és of the weather, we will
need to think of doubling our food production. This can be achieved
only by boot-strapping ourselves through our own efforts. This does not
mean, however, that we cut ourselves away from the world. We live, as
earlier stated, in an interdependent world.

There are important aspects of technology transfer in this area
also. Let me give one illustration of it. There has been great success
in increase of food production, in terms of food grains; particular
successes have been in the case of wheat and high-yielding hybrid
varieties. Technology transfer from the laboratories to the fields
turned out to be relatively simple. But at present we have a problem
concerning oilseeds. We are aware that next to petroleum preoducts,
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‘'where fhe import is of the order of about Rs 5000 crores, the second
largest import is of edible oils, roughly at a figure of Rs 800 crores.
What is the problem here? After all India used to be once an exporter
of edible oils. There are high-yielding oilseed varieties available
from our research laburatories. But the technology for their growing is
more complex. Pest control has to be carried out more carefully and
there has been difficulty in transferring the know-how from the
laboratory to the field and providing support to the farmer. We have to
learn to do this. This will no doubt come about through the efforts, in
education, extension services, availability of equipment and inputs and

sO on,

-The Industrial Sector

- Let us now consider the Industrial Sector. Soon after
‘independence, import of goods, equipment and consumables was handled by
the Chief Controller, .Imports and Exports of the Government of India.
Import. of '-il.echnology was handled as invisibles, by the Réserve Bank of
-India. In those days, technology was almost on OGL. Foreign
collaboration and investmerﬁ: was freely allowed on cosmetics, toothpaste
and much else with royalties going up to 15 per cent. It was only
later that the Finance Ministry of the Government of India tock over the
responsibility relating to foreign technology and investments and the
present structure was evolved to deal with this area.

There are many in India a‘hd abroad who make the assumption that
there has been a severe restriction on import of"'technology into India.
It is édequate to point out that we have more than 7000 foreign
collaboratidﬁ agreements that have been entered into; even today we are
entering into collabéi:ation agreements at the rate of arcund 500 per
year. That is certainly not "restrictive".

As far as India is concerned, if anyone goes round the industrial
sector, technologies from the Soviet Union and East Eurcopean countries,
from Japan, from UK, France, Germany and Italy, from the United- States
etc. will all be seen. One of the largest sectors of industry, steel,
“will illustrate this. Bhilai, rourkela, Durgapur, and Bckarc have been
based on technologies from USSR, West Germany, Britain an USSR. Again



14

if one looks at the aeronautical industry, it will be seen that HAL
produces ?vros, Gnats and jaguar<, with British know-how, MIGs with
Soviet know-how, helicopters with French knox‘»:—how, etc. One cannot
argue that technology imports have been on a restrictive basis either in
numbers or origin.

1 had earlier pointed out that technology should not be looked at
by itself; it has to be related to the total socio-economic scene
including markets, employment, energy, environment, abailable skills,
etc. Let us look at the case of Western Europe and the field of micro-
electronics. Europe is certainly very advanced scientifically. This
was where the scientific and Industrial Revolutions took place which
started the pace of industrialization that we see today. Every year, in
the Nobel Prize awards there are one or .more names from Europe.
Consider now one of the highly science-based technologies - micro-
electronics. Where is the major micro-electronics production in the
world today? It is either in the United States or in Japan - on a
significari, large-scale world-wide basis. It is not as though one can
regard Westecn Europe as being scientifically backward or "restrictive"
in technology imports. They are part of the free enterprise market
economics. One clearly sees that it is not just a question of
development of or access to techneology, but the total system that is
relevant, covering: financing, markets, efficiencies in the system
relating to scale; cuupling between innovation and production, etc.

Thus even total freedom ror iwpure oL Lechmlogy can achieve little by
itself. '

The Technology Policy Statement in the preamble to Aims and
Objectives, states: The basic objectives of the Technology Policy will
be the development of indigenous technology and efficient absbrption of

and adaptation of imported technology appropriate to national priorities
and resources.

Four elements can be seen here: (i) development of éfficient
indigenous technology; (ii) efficient absorption and adaptation of
imported technology; (iii) the fact that there will be a mix of

indigenous and imported elements; (iv) the prime importance of nat:.onal
priorities and resources.
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The first stated objective in. TPS i_s": attain technological
competence and slf-reliance, to reduce vulnerability, particularly in
strategic and critical areas’ niaking the maximum use of indigenous
resources. - - '

The second objective is parcictilarly important to India and to
deveioplng countries: proyi.de the' maximum gainful and satisfying
employment to all strata of society; with emphasis on the employment of
womeri and weaker sections of society.

" The third objec't_ive.is again of particular relevance to developing
countries, and certainly to India; to use traditional skills and
capabilities making them commercially competitive. We do have a large
part of production in India which has economic and social significance,
arising in this sector, based on traditional skills, but which need to
be modernized to the extent of maki:ng them competitive. The traditional
capabllltles could also have fertlle pos.=:.1b111t1es for new developments.
The objectlves thereafter are: .

ensure the correct mix between mass production technologies and
production by the masses (to take into account the need to provide
gainful employment for the large Tases, part:.cularly in the rural
areas of the oountry), . T

ensure maximum development with minimum capital outlay (because
obviously - capltal is one of the very scarce resources of a
developing economy), R

g

identify obsolescence of technology in ‘lse-.and arrange for
modernlsatlon of both equipment and technology (this is clearly
essential to make .'industrial production viable and internationally
competitive, In many sectors we have now got technology and
_ equ:.pment, a 1arge part -of lt 1mported, which is obsolete, and
which must be moq_emlsed°

develop technologies which are intefnationally competitive,
particularly those with export potential.

Improve production speedily through greater efficiency and fuller
utilizatin of existing capabilities, and enhance the quality and
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reliability of performance and output. This can be illustrated by an
example such as the power sector. We need and provide for investments,
for new capacity for power generation. But it is equally important to
ensure that the exist.ng investments give the maxlmum returns through
better utilization of capacity and 1moroved power load factors, as they
are called., We are operating at a relatlvely low, £igures of power—load
factor. There are State’ Electr1c1ty Boards where the power—load factor
has been of the order of 38 per cent. Nat:.onal averages have been in
the' reglon of 47 per cent. But we could go to figures which -are between
55‘ per cent to 60 per cent.. Improvementér_nay mean simply better
management, improved maintenance etc.; and redmlogy as such mgy not be
ihvolved. On the other hand, there are, in many cases, technologic_gil
factors to which due attention needs to be paid. Stress has to be ikid
oh tecimologies which can improve efficiency and result in fuller
utilization, since this can save new investments tp produce the same
necessary output.

_ .The next set of objectives are: reduce demands on energy,
particularly enery from non-renewable sources; ensure harmony with the
environment, preserve the ecological bhalance -and improve the quality of
" the habitat; and recycie waste material and make full utilization of by-
products. The background relating to these has been dealt with earlier.

These are the basic objectives which have ben specified in the
Technoiogy Policy Statement. I read them out to you particularly since
I had earlier emphasized energy, environment, employment- and I thought
I would clarify some of thel other objectives. )

Lo ' .

Immediately after Independence, :the thrust was on import
substltutlon, turn—key lmplementatlon of large projects and the building
up of an infrastructure for science and technology. India has got well
past that stage now. As a result of the increased capabilities in the
country, involving elements both in the scientific as well as industrial
infrastructure, it is now possible to spell out projects in detail and
to define the technologies needed for the various component elements,
Capabilities exist to "unpackage" techneclogies, so that only the
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essential elements, not available indigenously, need be imported; and
these can then ke cbtained from the most optimallsource. As a result,
trechnolocies can be acquired at lower costs from the best sources.
This aspect has becn specifically covered in the Technology Policy
Statement urde. the head “Unpackaging", | |

An 1mporta'1t e...ement 1n the J.nnovat1on chain relates to Design
E:ngmeermg and Engmeermg Consultancy, these capab111t1es have grown
sxgnltlcantly in the country in recent years. .They are essential
elements for puttinq up large industrial plants, for unpackaging
technology, for act J.ng as the link between Research & Develovment and
the etr.lng up of production units etc. One statement which is often
made by industrialists is: "We cannot get know-how for setting up and
running plants' from our national laboratories." In general this is true
and that is how it should be. A laboratory 1s not set up to provide |
know-how for i)roduction in a plant.. When technology is 1mported, it is
normally from another production undertak:.ng or a technology vendor.
Technology transfer involves 1nrormata.on on Ccapital machlnery and its
specﬂlcat:.ons, draw:.ngs relatmg to .Layout of macmnery and items of
eqguipment, spec1f1cat.1.ons of all 1nputs, process det:al.ls,r transfer of
- skills thrOUgh training of those who will ‘be concerned with
1nstallatlon, commissioning, operation and mamtenance and a w1de rarge '
of associaced documentation.. - It is clearly not pos31ble for a research
laboratory.;to_transfer technology covering‘thi-s spectrum of elements.'

With the coming into existence and strengthem.ng of ‘the essential
links in the 1nnovat.10n cham oL des:.gn englneermg and englneermg
consultancy, poss:.bllltles for convertmg 1deas or capabllltles from
laboratories to final productlon have greatly 1ncreased. These areas
need further growth and strengthenlng '

Technology Bbsorption

A basic feature relating to-the import.o_f technology which is
covered extensively in the 'I‘echnology Policy-State'me_nt,' is: "What
happens to technology that is imported?“ Is it going to be just a black
box which has been purchased :of :which use is made 'exactly‘as instructed,
to be dlScarded in t1me when obsolete or, no longer effect:.ve" Or with

hx
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the transfer of technology is one also acquiring basic information on
aspects that went into the generat.on of that technology or a particular
design? Apart from the use of the acquired technology or production, is
an Rs&D unit associated with the acquisition which can help in the
‘alagprption, and through this later modification and improvements as
mgt be needed; and to use this as a spring board for further
developmé’nt? It is on these aspects that Japan has been enormously
successful. Technology imported into Japan is fully absorbed. With
that as a starting point, they have been able to adapt and improve on
it; and thereafter to generate wht;lly new technologies. for instance,
Japan decided ten years ago to geé into the field of advanced micro-
electronics, which they saw as the most significant transforming entity
in electronics. They also decided that they would go into computers and
digital technolcgies on a major basis. They imported know—hoiv,' bought
patents and invested significant amounts of money. Industry and
Goverrnment worked in close coordination to accomplish the bf:eakthrough. 7
And today they have reached the position of being among the leaders in
micro-electronics and a major power in the field of computation and
communications.

It is important to emphasize that the investments needed are across
the entire innovation chain, and therefore large. There is no escape
from this. 1If these investments are not made.. morey will flow out on
imports of goods, capital equipment and technology; and these payments
will include the amounts that were spent in‘itially abrcad on the
innovation chain. Let me point out that the total investment during the
entire Sixth Five Year Plan on S&T is roughly that spent in a single
year by a large firm in the category of General Motors or Siemens on
research. The major developed countries of the world spend of the order
of 2 per cent of their GNP on science and technology for research and '
development. In India we spend about two-thirds of our Gross National
Product on S&T and related activities.

Importance of Utilizing Existing S&T Infrastructure

Since Independence, we have built a large infrastructure for RsD in
science and technology. This exists in the form of national
laboratories of CSIR (Council of Scientific & Industrial Research),
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Defence Research & Development Organization, Department of Atomic
Energy, Department of Space, Department of_ Science & Technology and the
Pepartment of Electronics; in the areas of aq-riculture and medicine
which,-as earlier stated, also involve technologies,-we have a large
base under  the auspices of the' Indian Council of Agricultural Research
and the Indian Council of Medical Research. In addition, there is the
very largé educational sector and laboratories in public and private
sector industries; in recent years many autoncmous research institutions
have also come into being. What is -i-mpor:tant is that this base be
coupled to those who need and use technolcgy on the basis of cooperation
rather than confrontation. The different sectors involved in
generat:l.on, abSOrptlon and use of technology have to come together to
work as a team in the national interest. And this is what the
implementationof the Techr}ology Policy lStatement w1llhopefullylead to

Those: concetned with ultimately us-ingd_technology; -particularly in
industry, would do well to spend some time in seeing for themselves what
this infrastructure has to offer them. How many have really gone and
assessed the axtent to which this scientific infrastructure, built out
of public funds can be of use to them. I have visited many of these
scientific centres often almost on a cyclic basis, at mtervals of time.
Each time I have been amazed by new .ideas, new capab:.lltles, new
potentials that have come up and which exist right in“the country
waiting to be made use of.  What is needed is more initiative and
entrepreneurship on the part..of Indian industry.’ There is need for an
inward lock at what 'we'aré capable of. We should first define riational
goals, rather than the narrow goals-of an individual producér. I would
like to urge that goals be defined for entire sectors of Industry. For
example, one could look at the goals of the Téxtile Industry of India.
These, rather than the goals of an individual textile manufacturer,
could relate to problems of modermzatlon, export competltlveness,
decentrallzed vs centralized productlon and employment, ehergy savmg
through conservation, use of renewableenergles a;gd new technologles
etc. Thereafter, a national view on iin‘port' of"machinery, financing, R&D
(i'nhouse,' on a cooperatlve bas:.s or through ‘the existing R&D
mfrastructure), 1mport of technology, ete., .could be taken. In the
final 1mplementat10n “there could be decentrallzed actlons. ' Slmtlarly,
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we could set national goals for . the computer field, “the
te.l.ecommunlcatlon field, the sector of renewable energ:.es etc, When
such goals are set it should be possible to put major coordinated
efforts behind them. What we must ensure is to function as a total
Indian. capability. I'n the finél implementation small individual
entities will be rrinvol\‘red:. the educational institutes,  national
laboratories, private and bublic sector R&D, engineering design and
consulancy units, and individual production units. But.the overall
“approach should be defmed together and not involve confrontation
between these different sectors. _ ' : ' "

Demands for import of technology on. grounds of superlor technology
1ead1ng to better production, lower prices, lower energy consumptlon and
lower pollution, increased eff1c1ency etc., can be apprec:.ated. But I
fail to see why the fact that an: item is produced w1th fore:.gn
technology neéds to be flaunted as is so often done. ,qula was led to
Indeperdence With the slogan of Swadeshi. At least industry could take
the initiative to proclaim their products based on indigenous know-how;
their guhality and standing in the market, must be ensured, this will
lead gradually to a tide of confidence in our own capabii-ities.'_

Conclusion

“The Technology Pclicy Statement covers fiscal asf:ects, requlatory
Haépects, ‘technology forecasting, assessment and absorption, perspective
pléning'and a whole range of other aspects. These have to be spelt out
in the form of detailed guidelines for operational purposes. This will
be a major task in its own right. When this is done and implementation
initiated, the country will be well on its way to self_-reliance. The
Technology Policy Statement concludes by stating:

Success in implementation demands a conscicus integrated approach
covering technology assessment, development, acquisition, absorption,
utilisation and diffusion; and connecteé ‘aspects of financing based on
overall national interests, priorities and the attainments of the most
challenging technological goals. Above all, the entire population must
be imbued with self-confidence and pride in national capacity. Indian
Science & Technology must unlock the creative potential of our people,
and help in building the India of our dreams.
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PREAMBLE _

Political freedom’ mus£ leaid: to economic independence and the
alleviation of the burden of poverty. We have regarded science and
technology as the basis of economic progrzss. As a result of three
decades of planning, and the Scientific Policy Resolution of 1958, we
now have a strong agricultural and industrial base and a scientific
manpower impressive in ciuality, numbers and range of skills. Given
clear-cut objectives and the necessary support, our science has shown
its caééci't‘iy to solve problems. '

The frontiers of knowledge are being extended at incredible speed,
opening up wholly new areas and introducing new concepts. . Technological -
advances are influencing l'ife-s‘j'?yles_ Aas well as societal expectations.

- The use and development of ‘technology must relate to: th:e. poeopie's
aspiratins. Our own immediate needs in India are the attainment of |
technological self-relialfxce, a swift and tangible improvement in the
conditions of the weakest sections of the population and the speedy
development of hackward reglon India is krown for its diveisity.
Technology must suit local needs and to make an impact on the lives of
ordinary citizens, must give constant thought to even small improvements:
which could make better and more cost-e fective use of existing
materials and methods of work. Our development must be based on our own
'culture and perscnality. Our future depends on our ablllty to resist
the imposition of technology which is ‘obsolete or um:elated to our
specific requirements and of policies which #ie us to systems which
serve the_: purposes of others rather than our own, and on our success in
dealiﬁg with vested interests in our organizations: governmental,
economic, socml and even mtellec-tuel, Wh.‘I.Ch b:.nd us to outmoded

systems and. 1nst1 tutions,

Techhology must be viewed in the brcadest sense, covering the
agriqu-ltural and the services sectors along with the obvious
manufaéturing sector. The latter stretches over a wide spectrum ranging
from village, small-scale and cottage industries (often based on
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traditional skills) to medium, heavy and sophisticated industries., Our
philosophy of a nﬁxed economy involves the operation of the private,
public and joint sectors, including those with foreign equity
participation.

Our directives must clearly define systems for the choice of
technology, taking into account economic, social and cultural factors
along with technical considerations: 'indigenous development and support
to technology, and utilization of such techhology: acquisition of
technology through import and its subsequent absorption,_ adaptat_ion and
upgradation; ensuring competitiveness at international levels in all
necessary areas; and establishing links between the various elements
concerned with generation of technology, its transformation into
economically utilizable form, the sector respons;'.ble for production
(which is the user of such technology), financial institutions concerned
with the resources needed for these activities, and the promotional and
regulating arms of the Government.

This Technology Policy Statement is in response to the need for .
guidelines to cover this wide-ranging and _é:omplex set of inter-related
areas. Keeping in mind the capital-scarce character of a developing
economy 1t aims at ensuring thac our available natural endowments,
especially human resources, are optimally utilized for a continuing
increase in the well-being of all sections of our people.

We seek technological advancement not for prestige or
aggrandisement but to sclve our multifarious problems and to be able to
safeguard our independence and our unity. Our modernization, far from
diminishing the enomous diversity of our regional traditions should help
to enrich them and to make the ancient wisdom of our nation more
meaningful to our people. ' |

Qur task is gigantic and calls for close co-ordination between the
different departments of the Central and State Governments and also of
those concerned, ‘at all levels, with any sector of economic, scientific
or technological activity, and, not least, the understanding and
involvement of the entire Indian people. We lock particularly to young

people to bring a scientific attitude of mind to bear on all our
problems., J
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2. AIMS AND OBJECTIVES
2.1 Aims

The basic objectlves of the Technolc;y policy w111 be the
development of 1ndlgenous technology and efficient absorptmn and
adaptation of . imported technoloay approprlate to national priorities and
resources. Its alms are +o. —

(a) attaln _technologlcal competence'and self-celiance, to reduce
vulnerability, particularly ’in'strategic and critical areas,
' making the maximum use of indigenous resources;

{b) provide the maximum gair_lf,ul and-satisfying employment to all
strata of scciety, with emphasis on the employment of women
and weaker sections of somety, P

(¢} Use traditional sli.ls and capabilities, making them,

comer’c:.ally competltlve-

(d) ensure the correct mi'x between mass productlon technologles"'
| and productlcn by the masses;

-

(e) - ensure’ manmum development w.tth, mmlmum capltal outlay,

'(‘f') mentlfy obsolescence of" tecnnologv m use and arrange for
ek modermzatlon of both equlpmen‘c and technology, '

A B .
(,g_) develop technologles whlch are mternat:r.onally compet1t1 ve,

particularly thosé” WJ.th export potentlal

L

(h)_\‘_ improve prodUCtlon speedlly through greater eFf1c1ency and K

fuller utlllzatmn ‘of exn.stmg capabilities, and enhance the
_quality and rellablllty of performance and output;

(i) reduce demands on enerqgy, partlcularly energy fro_rn‘-non:-
renewable sources;. ' - .

(j) ensure harmony with the environment, Preserve theecolbglcal
balance and m'prove the- quallty or tne habltat and -

(k) Tecycle waste materlal and. ma.ke full utilization of by—-_'
products.
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2.2 Self-Reliance

In a country of India's size and endowments, self-reliance is
inescapable and must be at the very heart of technological development.
We must aim at major technological break-throughs in the shortest
possible time for the develoment of indigehous technology appropriate to
national priorities and resources. For this, the role of different
agencies will be identified, responsibilities assigned and the necessary
linkages established.

2.3 Strengthening the Technology Base

Research and Development, together with science and technology
education and training of a high order, will be accorded pride of place.
The base of science and technology consists of trained and skilled
manpower at various levels, covering a wide range of disciplines, and an
appropriate institutional, legal and fiscal infrastructure.
Consolidation of the existing scientific base and selective
strengthening of thrust areas in it are essential. Special attention
wi1ll be given to the promotion and strengthening of the technology base
in newely emerging and frontier areas such as information and materials
sciences, electronics and bio-technology. Education and training to
upgrade skills are also of utmost importance. Basic research and the
building of centres cf excellence will be encouraged.

Skills and skilled workers will be accorded special recognition.
The quality and efficiency of the technology generation and delivery
systems will be continuously monitored and upgraded. All of this calls
for substantial financial investments and also strengthening of the
linkages between various sectors (educational institutions, R & D
establishments, industry and governmental machinery).

3. PRIORITIES
3.1 Need for Perspective Planning

The time scales involved in the generation of technology are long,
even with imported elements. Therefore, relevant technologies in all
areas of priority, particularly where large investments are to be made,
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should be clearly identified well 1n advance. The cost and tJ.,me element
‘involved in the- 1mport of technology and mdlgenous development w1ll be
given consideration.’ components whlch oould be assn;ned to the varlous
institutions which are capable of develop:.ng them or wh:Lch could be
built up for such act1v1t1es w111 be 1dent1f1ed._ MmlstrJ.eS concerned
with large mvestments and productlon act1v1t1es J,n areas such as food;
health and energy w111 be prov1ded w1th a@ropnate technical support
through suitably structured S & T groups.

3.2 E@loyment .

Human resources oonst'it':ute?o:.lr rlchest ‘endowment. Coruilitions will
be created for the fullest expressmn and’ ut:.l:.zatlon of sc1ent1f.1.c
‘talent. Measures will ‘be taken for 'the 1dent1f3.catlon and diffusion: of
technologxes that can progresswely reduce the 1nc1dence of poverty and
unemployment, and of reg:.onal 1nequa11t1es._ The appllcatlon of science
and technology for the 1mprovement of standards of living of those
engaged in trad:.tlonal ‘activities will be promoted, part:.cularly -
household technologies. Technologies relevant to the cottage, village
and small industries sector will be upgraded In the decentrallzed
setetcor labour must be diversified and all steps ‘taken to reduce
drudgery. In all sectors, the. .potential impact on employment w111 be an
1mportant cr:.terlon in the choice of technology.

3.3 Energy

Energy constitutes an expensve ard sometimes .scarce input.
Therefore, the energy requirements both of a direct:and:indirect nature
for each product and each productlon act1v1ty and the assoc1ated
techiiology employed w111 be analysed. Measures w:.ll be dev1sed to avoid
wastage or non—optlmal use of energy Flscal measures as necessary will
be introduced:to ensure these. Research and Development in the energy
sector will aim at 1mprov1ng ‘the eff1c1ency of 'its production,
distribution and utilization, as well as 1mprovement-of-‘ eff1c1ency in
processes and equipment.
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3.4 Efficiency-and-Productivity

Technolog ies already employed will be evaluated on a continuing
basis to realise maximum benefits in terms of increased production and
lower costs, specially ir the puhlic sector enterprises. Every effort
should be made to utilise by-products and wherever possible to recycle
waste materials, especiélly those from urban areas. Programmes to make
use of easily available and less costly materials will be supported.

3.5 Environment

Development should not upset the ecological baiance for short as
well as long-term conmderatlons. Poorly planned efforts to achieve
apparently rapld development, ignoring the long~term effect of many
technologies on the envircnment, have resulted in serious ecological
damage. It is, therefore, essential to analyse the environmental impact
of the application of each technology. Due regard will be given to the
preservation and enhancement of the environment in the choice of
technologies. Measures to improve environmental hygiene . will be
evolved.

3.6 Some:Specific Areas

In technology development special emphasis will be focused-on.food,
health, housing, energy and industry. In particular, stress will be
laid on:

- agriculture including dry-land farming;
- optimum use of water resources, increased production of pulses
and oilseeds; )

-  provision of drinking water in rural areas, imﬁf_qyement of
nutrition, rapid reduction in the incidence of blindness,
eradication of the major communicable diseasés (such as
leprosy and tuberculosis), and population stabilization;

- “low—cost housing;
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- development and use of renewable non-conventional sources of
energy; and
- industrial development.

4. INDIGENOUS TECHNMOLOGY

4.1 Importance of Technology Development

Fullest support will be given to the development of indigenous
technology to achieve technological self-reliance and reduce the
dependence on foreign inputs, particularly in critical and vulnerable
areas and in high value-added items in which the domestic base is

strong. Strengthening and diversifying the domestic technology base are

necessry to reduce. imports and to expand exports for whlch 1nternatlonal
competitiveness must be ensured.

4.2 Inventions

The spirit of innovation and invention is the driving force behind
all technological change. We must awaken our science and technology to
the exciting ‘challenges ‘of our times, provide incentives to encourage
inventors, and direct their efforts to areas of special importance. The
system of rewards and incentives will be strengthened for inventions,
innovations and technological breakthroughs and their utilization. The -_
fullest opportunity will be provided to make ise of inventions.

4.3 Enhancmg Tradltlonal Skills and Capabilities

Tradltlonal skills and capabllltles will need to be upgraded and
. enhanced,using knowledge and techniques generated by advances in science
and technology. Technologies -,v_zhich will result in low-cost production
and in products marketable close to the point of manufacture,
particolarly in the rural sector, will be promoted. Support will be
given to technoloéies, which reduce,pzjesfsur.e on items in short supply and
utilize improved local materials and methoés. Government will give
preference to products of such technologies in its own purchases. The
adoption of technologies that can promote decentralized production will
be helped through the support to design, marketing, qualu:y control and
other services.
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4.4 Ensuring Timely Availability

The time cycle from scientific research to utilization is a long
one. Hence the need :to initiate action well in advance to identify and
ensure timely availability and delivery of new technologies.
Encouragement and support (fiscal, commercial and administrative) will
be given to the production and user organizations to be associated with
and participate in technology development efforts at appropriate stages.

4.5 Upgradation to Prevent Obsolescence

Technology is constantly on the move. The base of indigenous
technology should be capable of utilizing world-wide advances and
adapting them to local needs. The creation and strengthening of
institutional structures for keeping track of international developments
will receive urgent attention.

- A strong central group will be constituted to undertake technology
forecast and technology assessment studies and will inter alia draw up
programmes of purposeful research. Arrangements will be made to provide
high-level scientific advice in major sectors of the economy. Where big
investments are involved or a large volume of production is envisaged,
it will be incumbent on the Ministry or agency concerned to provide a
technology forecast'cc_;véring its requirements over a ten-year or longer
pericd and evolve a étrategy for development based on priorities.

4.6 Increasing the Demand for Indigenous Technology

Our country has already invested significant amounts in setting up
research and develcpment facilities as well as design consultancy and
engineering capabilities. The technologicl potential inherent in this
system of interlinked capabilities must be fully utilized, and in turn
provide a fillip for further development from within the syStem.
Incentives will, therefore, be provided to users of indigenously
developed technology, and for products and processes resulting for such
use.
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4,7 Preferential Treatment

_ In view of the cost of technology development and the time
.necessar‘y'-'for_successful marketing of a new or irﬁproved product,
indigenOusl& developed items are invariably at a disadvantage compared
with imported products or _those based on imported technolegies and brand
names. Support must therefore be prcSvidedl through fiscal and other
measures, for a limited 'period, in favour of preducts made through
_indigenously developed technologies, care being taken to ensure quality.

..4.8 Fiscal Incentives

Suitable flnanc1al mechanlsms will be established to facilitate
: J.nvestment on pilot plants, process demonstratlon units and prototype
-developmen,t in orderl to enable rapid commercial exploitation of
teélxriblogies developed in -laboratories Linkages between scientific and
technologlcal institutions and development banks w1ll be strengthened.
Gaps in technology will be identified and suitable corrective measures
taken with adequate allocation of resources. " Fiscal incentives will be
provided in partlcular to: promote 1nventlons, increase the use of
1ndlgenouslj developed technology, enhance 1n—house Research and
'Developmc-.m. in mdustry, and efforts dlrected to absorb and adapt
imported technology. -

4.9 Design Engineering -

Capa\ol.lities in desion engineering ar'e"’ess:ential for the
translatlon of know-how to commercial production. ThlS is partlcularly
important in areas relating to: agra.cultural productlon, agro-
industries; metallurgical, chemlcal and petrochemical processes; machine
tools; industrial machinery and capital goods; as well as for the
construction and. erection of entire plants. Bu:.ldmg up and enhancing
these. capab:.lltles will have a catalytlc benef:.c:.al 1mpact on the
ut111zatlon of J.ndlgenous efforts that have resulted in product and
process know-how. Existing design engineering capabilities will be
strengthened and upgraded, and interaction encouraged between design
engineering organizations, academic and research institutions and
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industry. Wherever gaps exist, design engineering capabilities will be
developed and nurtured..

4.10 BErngineering Consultancy

Engineering consultancy is a vital area for ensuring speedy
technological and industrial development. It ensures the appropriate
utilization of indigencus materials, plant and machinery. Engineering
consultancy provides an essential link between R & D institutions and
industry, and thus promotes effective transfer of technology.
Capability for total systems engineering, process development and
project management should be developed with collaboration if required.
Wherever capability exists, utilization of Indian consultancy
engineering organizations will be promoted. Even where foreign
technical collaboration or consultancy is considered unavoidable,
association of designated Indian consulting engineering organizations
would be preferred. Indigenous engineering consultancy, in both private
and public sectos, will be promoted on a sound professional basis in the
context of the overall national perspective of technological. self-
reliance,

4,11 In-house R & D

In-house R & D units in industry provide a desirable and essential
interface between efforts within the national laboratories and the
educational sector as well as production in industry. Appropriate
incentives will be,given to the setting up of R & D units in industry
and for industry including those on a coopérative basis. Enterprises
will be encouraged to set up R & D units of a size to permit the
acconmplishment of major technological tasks.

5. TECHNOLOGY ACQUISTTION
5.1 Mix of Indigémus and Imported Technology

A policy directed towards technological self-reliance does not
imply technological self-sufficiency. The criterion must be national
interest. Government policy will be directed towards reducing
technological dependence in key areas.
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Advantage should be taken of technological developments elsewhere.
This can also be achieved through well-defined collaborative
arrangements in research and development.

At any given point of time, there will be a mix of indigenous and
imported technology. However, technology acquisition from outside shall
not be at the expense of national interest. Indigencus initiative must
rceivé! due recognition and support.

In the acquisition of technology, consideration will be given to
the choice and sources of technology, alternative means of acquiring it,
its role in meeting a major felt need, selection and relevance of the
products, costs, and related conditions. A National Register on Foreign
Collaboration will be developed to prov'ridé analytical inputs at various
‘stages of technological acguisition.

5.2 Principies of Aoquisition and Technology Assessment

Where the need to impcft technology is established, every effort
should be made to ensure that it is of the highest level, consistent
with requirements and resources. The technology import will be so
planned as to have effective transfer of basic knowledge (know-why) and
to facilitate further advancement.

Where the import of technology is contemplated, the level to which
technology has been developed, or is in current use, within the country,
shall be first{ evaluated. Lists of technologies that have been
adequately developed to the extent that import is unnecessary will be
prepared and periodically updated; in such areas no import of technology
would normally be permitted; and the once will be on the seeker of
foreign technology, be it industry or a user Miniétry, to demonstrate to
the satisfaction of the approval authority that import is necessary.

Technolbgiz assessment systems will be revigpged. A technology
assessment mechar‘l'ism consisting of competent groups: will render advice
in all cases of technology import relating to highly sophisticated
techhology, large investments and national security. Aspects of
employment, energy, efficiency and environment will be kept in view.
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The basic principles governing the acquisition of technology will
be:- ' '

(a) Import of tzchnology, and foreign investment in this regard,
will continue o bz permitted oniy on a selective basis where:
need has been established° technology does not exist within
the country; the, time taken to generate the technology
indigenously would delay the achievement of development
targets.

{b) Government may, from time to time, identify and notif? such
areas of high national priority, in respect of which
procedures would be simplified further to ensure timely
acquisition of the required technolcgy.

(c) There shall be a firm commitment for absorption, adaptation
and subsequent development of imported know-how through
adequate investment in Research and Development to which
importers of technoloy will be expected to contribute.

5.3 Unpackaging

Technology to fulfil a particular need consists o'f'many components.
It is necessary to develop capability to break down the total package of
technology required for a purpose into components, some of which may be
readily available or could be indigenously developed, and others that
will need to be imported. Norms and'guidelinee for such unpackaging .
will be evolved.

5.4 Absorption of Technology

There shall be a commitment to ensure an ddequate scale of
investment in R & D for the absorption, adaptation and, wherever
possible, improvement on and generation of new technology, making
fullest use of overall national capabililties. Only thus can self-
reliance be ensured and a technology generation process established
firmly. Appropriate mechanisms will be evolved at the stage of
technology assessment to ensure the absorption of imported technology.
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5.5 Technological Information

--The ayailabilit} of an efficient system of .collection and analysis
of relevant technological information, including cost and other economic
aspects, is a pferoquisite for the aporopriate choice of techrnologies.
This will considerably enhance the possibility of obtaining favourable
terms and cond_it;ic(ms. in acquisition of technclogy. Such a technology
information base _gcill be established.

6. TECHNOLOGY TRANSFER
6.1 Diffusion . .

Special efforts need 1_;'c" be made for the diffusion of technology in
use to all beneficiaries who can employ them optimally. Appropriate
measures shall be evolved to facilitate t:echnolog:y dlffusmn, including:
'horlzontal transfer, technological support for ancxllarles from large
units; technology inputs..to.small  units; and upgradatlcn of traditional
skills and capabllltles

6.2 International Campetitiveness and Technology Exports

_ It as necesqa"y to mamtam 1nterna_t10'1al competitiveness in
products, services and’ technologles that have export potential.
Condltlons for the marketmg of indigenous technology and of products
‘based on it will be improved. 1It.is import ant in all such cases to
conform to the highest international standards.

6.3 Technical Cocperation among Developing Countries

A concerted effort will be made to participate fully in technical
cooperation amondg developing' countries. Encouragement will be provided
for participation in technology development programmes with other
developing countries which can contribute to mutual naticnal

development.

6.4 Protection: Legislative Framework

Development of technology calls for large investments and often
invelves considerable risk. Encouragement will be given to obtaining
necessary protection in all cases of indigenous technology development.
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A mechanism will be set up to ensure that national interests arising
from the generating of technology are fully protected internationally in
terms of industrial property rights.

7. IMPLEMENTATION

The success of the Technology Policy and the speed with which the
various facets of the policy are implemented will depend to a
considerable extent on a system for efficient monitoring, review and
guidance and a scheme of incentives and disincentives.

Goverrment will evolve instruments for the implementation of this
Technology Policy and spell out in detail guidelines for Ministries and
agencies of Government as well as for industries and entrepreneurs.

Success in implementation demands a conscious integrated approach
covefing technology assessment, development, acquisition, absorption,
utilization and diffusion, and connected aspects of financing, based on
overall national intereSﬁs, priorities and the attainment of the most
challenging technological goals.

Above all, the entire population must be imbued with self-
confidence and pride in naticnal capacity.

Indian Science and Technology must unlock the creative potential of
our people and help in building the India of our dreams.



