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Dr. R. Chidambaram  

Technology Imperatives of National Development  

Shri Vijay Kirloskar, Chairman Board of Governors, Prof. Sirohi, Director, IIT, Delhi, 
Members of the Board of Governors, Members of the Faculty, Distinguished invitees and 
my young friends.  

It is a privilege to be here in your midst today when some of our brightest young men and 
women are getting their degrees and will go on to take up professional careers or to 
further academic pursuits. We are all proud of the IITs, their faculty and their products. 
The most talented among our youth gravitate to the IITs, and the facilities here are 
excellent. The Vision statement of IIT Delhi - “To contribute to India and the World 
through excellence in scientific and technical education and research; to serve as a 
valuable resource for industry and society; and to remain a source of pride to all Indians” 
- is praiseworthy. There are many centers of excellence in Science &Technology in India 
-your institution IIT Delhi and the institution where I have spent my entire professional 
career, the Bhabha Atomic Research Centre, are examples. After independence, we have 
achieved much though one does feel that, given our talent and our resources, we could 
have done better. But to make India into a ‘developed’ country in the fullest sense of the 
term and in the shortest possible time would require tremendous further efforts in 
technology development from all of us.  

For India to become a ‘developed’ country, all parts of India and all segments of our 
society must develop fully. All the components of our efforts - increase in agricultural 
productivity, our choice of technologies for development, our R&D priorities, our 
educational initiatives at various levels, our plans for encouraging talented youth and for 
spurring innovation, the linkages between academia and industry, the development of a 
cost-and quality-conscious and globally competitive industry and our interactions with 
the international community - must synergise coherently to achieve the core objective of 
India becoming an economically advanced and militarily strong nation, while it retains 
and nurtures its rich and unique cultural heritage. 

How do we measure our progress?  

Measures of Development 

Against the three parameters conventionally used by the United Nations to calculate the 
Human Development Index (HDI) - per capita GNP, life expectancy at birth and adult 
literacy-though some more considerations have now been added, I have been suggesting 
for a decade and more that the appropriate important Measures of Development for a 
developing country are just two - per capita electricity consumption and female literacy. I 



prefer female literacy to adult literacy as a measure of development because the former is 
a measure not only of literacy but also of equity and justice in the society. Generally 
female literacy is lower than male literacy and the difference between the two is high in 
those areas where the average literacy is low. Per capita electricity consumption is, of 
course, directly related to per capita GNP because it has a multiplier effect. The more 
electricity you produce, the more are the goods produced and the services provided. But it 
is also related to life expectancy at birth. Any electricity producing system’s output will 
go partly to industry and partly to urban consumption but a part will go to small towns 
and villages. The latter will then get better drinking water, better sewage facilities and 
better health care. All these have an impact on health parameters, including the ultimate 
health parameter, viz, life expectancy at birth. Thus two of the three parameters used by 
the UN in defining HDI - per capita GN’P and life expectancy at birth - can be replaced 
by one, per capita electricity consumption. It is my conviction that the per capita 
electricity consumption should increase several fold before India can become a fully 
‘developed’ country, one of the criteria for which, for example, could be that the average-
life expectancy at birth in India catches up witfi what has already been achieved in the 
developed countries and this should be backed by near hundred percent literacy and 
societal equity evidenced inferalia through gender non-discrimination.  

Technology Foresight 

India has recognized ever since independence that its national development will be driven 
by science and technology and the large governmental effort in this direction has been 
wide-ranging. And there are achievements to show - indigenous nuclear power plants, our 
own satellites, nuclear weapons and missiles, the green revolution of the sixties etc., but 
much more remains to be done.  

What are the reasons for developing technology? I think they are the following: 
Creating national wealth;  

improving the quality of life of the people, particularly those living in rural areas; and 
enhancing national security.  

Choosing the right technologies requires technology foresight. Technology Foresight 
involves determination of possible futures, taking into account existing as well as yield 
the maximum economic, social, environmental and security benefits. Technology 
foresight must be distinguished from technology forecasting, which attempts prediction 
of future technological developments, without worrying about the impact of these 
developments on the economy, society or the environment.  

Technology foresight analysis helps in the selection of critical technologies for 
development at any point of time and this has to be based on a national perspective. You 
don’t get the same answers from India and, say, the USA when you ask if fast breeder 
reactors or rural e-connectivity is an important technology. India fortunately also does not 
have to follow the trodden path of technology development; we can learn from the 
mistakes of others and leapfrog.  



So what are the critical technologies for India today? 

India is a large country and its technology requirements also correspondingly span a wide 
range. It has to continue to develop strategic technologies - nuclear, space and defence-
related. National Security also requires development of technologies related to 
information security, counter terrorism, and of “dual-use” (sic) technologies denied to 
India under the Technology Control Régimes. Technologies related to energy security, 
health and water security, environmental security, advanced manufacturing and 
processing, advanced materials, etc. information technology and biotechnology and rural 
development related technologies are all important for us.  

Our priorities in applied research should relate to the selected critical technologies and to 
the demands of Indian industry. In addition, globally competitive basic research is of 
course, a cultural necessity. Any civilized country must permit its highest intellects to 
work on important fundamental problems of their choice.  

Nuclear Technology Foresight 

Technology foresight may be applied also to the sub sets in a given technology. I will 
take three examples: nuclear technology, information technology and rural development 
related technologies. First, nuclear technology. The vision of the founder of the atomic 
energy programme in India Dr. Homi Bhabha is reflected in our nuclear technology 
choices with the components: 

• The three-stage nuclear power programme pressurized heavy water reactors, fast 
breeder reactors and thorium U233-based reactors.  

• The development of a credible minimum nuclear deterrent.  
• Applications of radiation and radioisotopes in medicine, agriculture and industry.  
• Development of major facilities for research -research reactors, accelerators, etc.  

Information Technology 

Indian software industry has done well, particularly in foreign markets by providing 
services and solutions and sometimes products; this is because of our large trained 
manpower, our familiarity with the English language and the strong support of the 
government. We have also entered the field of IT-enabled services and bioinformatics. If 
the Indian software industry has to move up the value chain, which it must do if it has to 
retain its present leadership position, it must synergize with the expertise in the national 
laboratories and academic institutions. The industry needs to capture high-end products 
and services. It is not that expertise and ingredients for moving into this area do not exist 
within the country. National Laboratories, which are part of mission-oriented agencies 
have been engaged in these activities for some time, catering to the demands of limited 
strategic sectors. And the IlTs hold immense promise in this context.  

Also the Indian IT industry must enter the hardware arena. We must remember that two 
thirds of IT investments in the USA over the years have been in hardware and only one-



third in software. There is already an excellent hardware infrastructure available in 
Semiconductor Complex Ltd. in Chandigarh and other foundries and this can be 
innovatively utilized by our IT industry to make significant foray into such hardware like 
embedded systems, smart cards, encrypted chips and so forth. It is not always necessary 
to look for state-of the-art sub-micron technologies to configure present day hardware. It 
is time that Indian industries look at the existence of local capabilities and capacities to 
significantly contribute to the hardware sector through value addition route.  

As benefits of Internet are increasing, so are the threats: threats to security of information 
and privacy. Identifying specific technologies, systems and structures to be established in 
areas of protection, surveillance-& monitoring and certification in the context of 
information security has therefore, became imperative and urgent. I strongly feel that 
India can play a dominant role in the development of information security market related 
software products that can be useful to the entire IT industry not only in India but world 
over.  

Rural Industries 

Two-thirds of Indians live in villages and I do not see a significant demographic shift 
taking place in India in the foreseeable future. So, obviously, rural development is 
essential. Each one of us has perhaps a different definition of a ‘developed’ India. My 
definition is: ‘when the quality of life in our rural areas becomes comparable to that in the 
non-urban areas of already developed countries.”  

An increase in agricultural productivity is essential for rural development, particularly in 
areas where this productivity is currently low so that the people living there can go above 
the poverty line. But that is not enough. We have to create jobs in rural areas outside the 
primary farm and related sectors. And this is being done in the Tenth Plan. Value 
addition by food processing (fruit products, potato chips, fish products, etc.) for instance. 
Materials scientists can improve the materials and the materials processing techniques 
used in rural industries. Technology Information, Forecasting and Assessment Council 
(TIFAC) of the Department of Science and Technology has done some interesting work 
on the use of coir, bamboo, etc. in rural industries. I suggested earlier this year to the 
Materials Research Society of India that they should have a subject group on ‘Materials 
for Rural Development’ and this group is being formed. Another interesting development 
is the Workshop on Rural Pottery’ held jointly by TIFAC and the Akhil Bharatiya 
Gramodyog Mahasangh (All India Rural Industries Federation) on 19” June, 2002, at 
Jaipur, where we brought together rural potters and the ceramics specialists of the Jaipur 
Ceramics (Private) Limited, who make world class bone chinaware. It was demonstrated 
how the rural potters could, with minor changes in their equipment and processing 
techniques, go from traditional terracotta to much higher-valued glazed terracotta and 
stoneware. I am happy to see that you have a Centre for Rural Development 
&Technology here.  

 



Academia-Industry interaction 

Increased academia-industry interaction is also essential for India’s rapid development 
and the IlTs have an important role to play in catalyzing this increase. Infact, synergy 
among S&T - related systems is an efficient and cost-effective mechanism and for India 
today, a very important one for rapid development. Indian Industries can be broadly 
classified in terms of their size - large, medium, small, even tiny-and in terms of their 
location like rural industries. Successful application of S&T in each of these must be 
viewed differently.  

I inaugurated last month in Delhi a meeting of the Industry-Institute Networking Forum, 
a joint initiative of the CSIR and CII. The meeting was about how India has to become 
more competitive in cost and in quality and how to sustain the competitiveness. 
Obviously this requires stronger interaction between academia (I include national 
laboratories also in this) and industry. In already developed countries and in some fields 
in India itself, this interaction is strong.  

Take nuclear technology, for instance. All the requirements for our Pressurized Heavy 
Water Reactor Plants are supplied by Indian companies. The systems in these reactors 
have been continuously upgraded. We are also able to build commercial-size heavy water 
plants, reprocessing plants and fuel fabrication plants, based on technologies developed 
in our R&D centers and of current international standards. This indicates that, when a 
product or a process, however advanced, has been fully researched and defined, Indian 
industry has responded very well.  

One can talk of similar successes in the context of our satellite launch vehicles and 
defence equipment. CSIR labs like NCL, IICT and IIP and some University Departments 
like UDCT have also been very successful in interacting with industry. Experience of 
DST through its technology development mechanisms of TIFAC and TDB, contains 
successful examples in market driven mature sectors as well. The question is how to 
multiply these success stories, and it is also necessary to analyse the cases where we have 
failed. Also, we need to address as to how much of the industrial production and services 
sectors can be modernized with technological inputs from our academia (as against 
imports.)  

Nuclear technology in India has had to develop in a self-reliant way because of 
technology denial under Technology Control Regimes; the latter has in fact, been a 
driving force for self-reliant technology development. In many conventional industries, 
easy availability of technology has proved a disincentive for Indian industry to look for 
support from Indian R&D. But globalisation and liberalization of the Indian business 
environment are beginning to change perspectives. Technology transfer from abroad is 
going to perhaps become more and more difficult as India becomes more competitive. 
After all, Intellectual Property Rights, though essential for investment in technology 
development, is also a possible mechanism for attempting technology domination.  



We have, I feel, not differentiated clearly between technology transfer and technology 
upgradation. What are the differences in the working of academia with industry when the 
products/processes relate to greenfield industries or to new products in the international 
context, and when the technologies involved are more mature and the products more 
traditional, like steel or fertilizers or sugar.  

The heavy water programme of the Department of Atomic Energy is a good case to study 
in this context. When the Heavy Water Division of BARC, in cooperation with the Heavy 
Water Board, developed the H,O/H,S exchange process for producing heavy water, 
industrial plants were set up in Kota and Manuguru. Once the technology matured, the 
Heavy Water Board began to upgrade the technology making it more efficient, reducing 
the energy consumed per kilogram of heavy water, thus making the process more cost-
effective.  

Obviously, there is nothing basically wrong in the Indian system as such because 
mission-oriented agencies as well as national laboratories, IlTs and some University 
departments have interacted very successfully with Indian industry. This has to be 
strengthened. I am very happy to note that IIT Delhi attaches great importance to have 
close interaction with industry, and that personnel from industry are involved as expert 
members of the committees which vet changes in curricula as well as new academic 
programmes, in order to ensure that the teaching programmes and the curricula meet the 
changing needs bf industry. Some industry leaders are part of the honorary visiting 
faculty and, of course, Shri Vijay Kirloskar, a leading industrialist, is the Chairman of 
your Board of Governors. Several laboratories here have been sponsored by industry, 
including by some companies from abroad and industrial support has been received for 
some M.Tech programmes.  

Talking more generally about academia-industry interaction in India, I feel that Indian 
industry must also realize that ‘Knowledge is People’ and it must establish long-term 
partnerships with leaders in R&D, who work in areas proximate to their interests. Short 
term projects related to problem-solving, e.g. M.Tech projects, are useful but what I am 
talking about are long-term projects which enable major R&D facilities to be established 
in academic institutions.  

Industry must also realize the benefits from supporting basic research in the context of 
the IPR regime. Information access is liberal in basic research. Doors begin to close in 
applied research and are firmly shut during technology development.  

International S&T Cooperations 

I have been defining self-reliance for many years now as “immunity against technology 
denial”, particularly in high-technology areas. The success achieved by India in nuclear 
technology and in supercomputing based on parallel processors, against the technology 
denial from USA and others, is an example. ANUPAM-ALPHA supercomputer 
developed by BARC is now running the operational weather codes faster at the National 



Centre for Monsoon Research and Weather Forecasting of IMD at New Delhi at almost 
one-tenth the cost of the CrayXMP supercomputer.  

Today’s India should not view self-reliance narrowly as self-sufficiency and must go for 
international scientific and technological cooperation. But this cooperation must be on 
“equal partner” basis, not any longer on a “donor-recipient” basis this equal partnership is 
on the total balance sheet, not item-to-item; give on some and take on some. India must 
also participate in international ‘mega-science projects’ whether they are in high-energy 
physics or in genomics or in any other field. Such participation also has valuable 
technological spin-offs.  

Conclusion 
 
In the five decades and more since independence, India has laid a strong foundation for 
higher education and created an extensive and impressive multi-disciplinary R&D 
platform. The time has come to reap fully the benefits from this investment to implement 
our vision for a ‘developed’ India.  

Success breeds on success. And, as India goes forward confidently on its path of rapid 
development, it will leave a trail of successes, including those based on the efforts of 
young people like those in IIT Delhi after they have embarked on their careers. 
 
 
Thank you  

 


