"Translating scientific research for national development"*
                                                                                                              Anil Kakodkar

Investments in the S &T system in the country are being progressively enhanced. We have a large pool of young talent that can be moulded into very capable researchers and developers. Then there is the twin challenge of enhancing India's competitive edge in technology terms and reaching the fruits of development to the needy people where again technology can play an important role. It is therefore important that we discuss the process of efficient translation of investments in the S & T system into development dividend. It is clear that we need greater integration between education, research, technology and entrepreneurship domains. Also we need to strengthen the support system for quicker translation of the latest in research to commercially robust technologies which may in fact involve a greater effort than we normally recognize. There is also a question of nurturing an innovation ecosystem that can pick up worthy ideas, regardless of their origin, and translate them into useful output that makes an impact.

When I joined Bhabha Atomic Research Centre (then Atomic Energy Establishment Trombay), I began my career there in the Reactor Engineering Division which was a part of Materials Group and Prof. Brahm Prakash was its Director. Those were the days when although Dr. Bhabha had clearly articulated the three stage program, conceptualizing and detailing the nuclear reactor configuration and developing the materials around which such reactors can be built was both a challenge and an excitement. Prof. Brahm Prakash was the pioneer who established the materials development activity of atomic energy programme on a very sound footing. That all key special materials needed for the programme were always developed indigenously and delivered in a timely manner, itself speaks volumes about the capability, contributions and leadership of Prof. Brahm Prakash. For a young entrant like me, Prof. Brahm Prakash was our first Group Director who spoke very little and had the respect of everyone around him. I am therefore very grateful to Banglore Chapter of Indian Institute of metals for this opportunity to pay respects to the memory of Prof. Brahm Prakash through this lecture. That I am able to do so, on his hundredth birth anniversary, is a matter of great privilege for me.
I have chosen to speak on the question of rapid translation of new findings out of research to national development because I consider this to be an area that needs greater attention. Even more important would be to address national development as a credible agenda for research. I would like to view national development in the broadest sense of the term, going well beyond just wealth generation through S&T inputs. 
There is today a very favourable climate in terms of support to S&T sector. Several new institutions have been established. There was a recent report that compared the salaries of faculty in 28 countries in dollar purchase parity terms. India was ranked fourth, above United States. It is therefore only appropriate to examine other factors that are important in S&T driven development. We should look at these factors at the level of individuals, institutions and the Government.

Education, research, technology development and commercial/societal deployment need to be seen as domains of a continuum in contrast to silos that they seem to have become in most of the cases. In addition to pursuits of excellence in each on these individual domains, teaching in an ambiance of high level frontline research benefits both teaching as well as research. Similarly, research in an environment of technological skills and expertise as well as with closer linkages with industry and society benefits all three domains. Often there are issues about dilution of rigour through mixing of cultures. Clearly the value systems for judging excellence in different domains differ. This is where enlightened mind sets among individuals in institutions become important. There must be ways of measuring the impact of work of an individual in domains of teaching, research, technology development and commercial/societal deployment with weightages appropriate to the institutional mandates and objectives. Doing this mechanically with rigid norms however could be a disaster. This is where enlightened mind sets become very important. Managed successfully, institutions with multiple connected domains provide greater opportunities to excel. Even more than the broader opportunity such an ambiance affords to its members, is the exposure and orientation of students to such a holistic ambiance where they have a greater possibility to choose and work on important problems that need to be solved rather than limit themselves to problems that can be solved. This is a major challenge that requires a cultural correction which should be continually stressed in spite of strong resistance it would meet arising out of the established mindset that has led to creation of opaque boundaries around individual domains. 

Co-located or proximately located institutions with complimentary capabilities that are directed to some common institutional goals with arrangements that permit borderless interaction among its members create far greater capability multiplication than what would be possible otherwise. There are several examples of success realized through such an arrangement. Building of GMRT and recent high impact Indian contribution to building of LHC and its detectors are some examples of such synergistic strengths that are possible through borderless interaction among members of collaborating institutions. DAE-Mumbai University Centre for Basic Sciences is another example where faculty from several proximate institutions participates in teaching and guiding students, who undergo an integrated M.Sc. programme in an ambiance of high level research. First batch of students has just completed their course. It was gratifying to see that the quality of these graduates was outstanding as can be judged from their placement in some of the best institutions within the country and abroad. With co-located or proximately located institutions, mobility of scientists and researchers becomes much easier. In principle such objectives can also be realized through networking of institutions. However, creating conditions for mobility, particularly when extended periods of interactive working are involved, is a bigger challenge that must be addressed. 
Mobility of faculty/researchers/industry and society professionals across domains is crucial for translation of scientific research to national development. It is often not well recognized that translation of a laboratory development to robust marketable product could require efforts that are far larger than the development in the laboratory. Sustained handholding over extended periods is necessary for successful deliverables to the industry/society. We must also recognize that such mobility can’t be a one way traffic. Industry/society professionals interacting with research and technology domains or for that matter even teaching domain not only brings in the necessary exposure to the needs of industry/society, but more importantly contributes to a richer innovation environment. It also creates greater confidence among people in different domains leading to a better technology pull so essential for creating more favourable conditions for such translation. This is an area that needs policy correction in the Government and enlightened mind set among the institutions. Possibility of a researcher or an industry professional getting uprooted from his/her parent institution in case of a need to spend extended periods for establishment of translated technology in recipient institution is an impediment to productive translation efforts. 
Research in engineering and technology in the country needs considerable strengthening. Number of PhDs that we produce in this area is an order of magnitude smaller as compared to say USA or China. This is in spite of our having one of the largest S&T manpower. For Indian S&T system to make the required impact on national economy and national development, research in engineering and technology on a commensurate scale is necessary. While the scale up in engineering education at undergraduate level has been extensive, the quality of education and employability of engineering graduates by and large has remained a major issue. Not much scale up has taken place in as far as PhD level research is concerned. IITs have in past couple of decades stressed on engineering and technological research and are currently on a rapid growth path in this respect. They must thus lead national efforts to scale up research in engineering and technology. These efforts need substantial support in several different ways:
· Scale up in the faculty strength progressively to support an order of magnitude larger research programme without diluting quality. 

· Enhance support to research and development to accommodate larger number of PhD students.
· Recognise and liberally support groups capable of globally competitive research.
· Support multi-disciplinary, multi-centric coordinated research to address grand challenges before the country.
· Emphasise research on the interface of basic sciences and technology – Growth of basic sciences in IITs, establishment of IISERs and NISER and several multi-disciplinary programmes in IITs are some important initiatives that should help this process.
· Enlarge research infrastructure in IITs by way additional laboratories as also laboratories set up by technology dependent socio-economic programmes of national importance (such as coal, petroleum, metals and materials, fertilisers, value addition to food and agro products,  etc.) where IIT faculty and scientists of the laboratory can work hand in hand along with students. 
· Establish research parks / industry laboratories where both the industry as well as academic domains can work together – In India IIT Madras has recently established country’s only research park. In China apparently there are around 300. It is understood that a major initiative is on cards to establish such research parks not only in IITs but also in other institutions across the country.
· Engagements with undergraduate programmes in IITs as well as other institutions to attract bright students in adequate numbers commensurate with the intended scale up in research activity.    
Homi Bhabha National Institute (HBNI) is an initiative taken by Department of Atomic Energy to strengthen the basic research – technology development interface. Through the programmes implemented by mission mode agencies, we have done rather well in developing domestic capability in strategic areas. Developing such technologies indigenously was inevitable since these technologies are not easily available unless we are prepared to pay costs not only in terms of money but also in terms of strategic and political autonomy. However we now need to graduate further and be able to translate latest acquisitions in basic research to new, innovative and front line technologies ahead of other countries. Most advanced countries have such a capability.  Luckily, DAE has under its umbrella some of the top class basic research as well as technology institutions. By nurturing research on the interface of research and technology, there would be enhanced chance that these institutions would be able to come up with new and innovative technologies that we need for the future atomic energy programme. Since our atomic energy programme would need to move on a path necessarily different as compared to other countries, this initiative is very valuable. Today we have few people who can guide such research. The students working for their PhD on the interface of basic research and technology would choose to work under the guidance of two guides; one from the domain of basic research and the second from the technology domain. While the students undergoing this process would be the future innovator technologist who can engage themselves with frontline research and cutting edge technology alike, they also would become the bridge between their guides in two diverse areas thus leading to a stronger innovation ecosystem. India should become a strong technology power house once we have such people in sufficiently large numbers. This of course would necessitate our universities and institutions emphasising research on the interface of scientific research and technology development and being able to support such research. 

New campus of BARC near Vishakhapattanam has been visualised as an institution that has academic (under the aegis of HBNI) and technology(run as a national laboratory) domains running with their respective value systems with full freedom and encouragement for members on either side to take part in the activities of the other domain. I believe, such an arrangement should enable maintaining institutional objectives in focus while allowing adoption of value system most appropriate to the individual domains, thus facilitating both translation of research and sustaining excellence. Such an arrangement then becomes like co-located institutions with a common top management that allows the flexibility of different management styles appropriate to different domains while the domains share some common objectives.

Our university campuses need considerable transformation. University campuses that are home to a large pool of talent, house up to date education programs leading up to frontiers of knowledge as well as research that pushes the frontiers of knowledge  and leads to cutting edge technology to addresses key challenges, promote engagement with society and industry to nurture an innovation ecosystem and create opportunities for students to get trained in the art of lifelong learning and addressing problems before the society; are the key to acquire credibility to guide national development. For this purpose, the campus infrastructure needs to accommodate a holistic set of activities covering a whole spectrum of innovation ecosystem in relation to society and industry. 

Such an ambience should also encourage societal engagement as a part of efforts to make knowledge activities in the university more relevant to society. Faculty at such campuses should orient their teaching and research in addressing some of the major challenges before the society in a coordinated interdisciplinary effort. In order to facilitate such objectives, it is important that the industry and institutions engaged in societal development are present on the campus or in an adjoining area and are fully engaged with university students and faculty. A model of engagement of university activities with the neighborhood in a rural setting being developed in BARC is shown in the figure below. Such a campus; ‘Cillage’-a learning and development eco-system that incorporates the best of a city and a village- can be a model for development for knowledge driven development of rural India. Such an infrastructure creates opportunities for students to study in an ambiance of real life activity based learning that is holistic and moulds research on the campus to be more focused to solving of problems before the society. Neighborhood benefitting from the research, development and demonstration activities of the campus is an added advantage.
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Such a campus should be self sufficient in terms of facilities for education, research, development and society outreach activities on one side and urban amenities including school education, medical, sports and entertainment facilities with employment/ work opportunities for spouses. It is important that through such and other possibilities, we create attractions for competent youth to find lucrative career and entrepreneurship opportunities as well as a highly satisfying way of life in rural India. This would accelerate rural development as well as help retard migration to urban areas. New campuses in rural areas should pursue such a model. 

One could develop models for development of university campus in urban areas following similar philosophy. Relevant industries, particularly their R&D should similarly have presence and engagement with the university on the campus with opportunities for students as well as faculty to participate in industry relevant/sponsored research, innovation and entrepreneurship. With the concept of SEZs taking roots, it would be important from a long term perspective to establish a comprehensive university campus at each SEZ that is being envisaged. Teaching and research at such campuses should be specially oriented to the needs of the industry in the SEZ without losing the character of holistic learning. Presence on several industries on the campus and in the neighborhood would add value to the learning process on part of students. Such university campuses, apart from supporting neighborhood industries with their technology development needs, would be important insurance against technological obsolescence.
Linkages with industries are an important factor in facilitating translation of laboratory development to field deployment. Mutual confidence between industry and a laboratory is the first prerequisite in this respect. A beginning can be made with some low stake engagements that demonstrate mutual benefit. Such an engagement period would also enable better understanding of each other’s strengths leading to deepening of the engagement. This could progressively take the form of consultancy, research project, contract research, joint development in a research park, incubation of new start ups etc.

Government policies have a very important role in overcoming entry barriers for market entry of a new technology. It is important that a limited part of the market is assured for the newly developed technology product provided it has been qualified in terms of preset specifications and is price competitive. Very large investment and efforts are usually necessary for products to reach this level. Some business assurance is therefore necessary for investments in a new product development. For areas of strategic importance to national development, models for appropriate public private partnerships need to be evolved and implemented. These could include support to pre-competitive research and competitive funding for product development that addresses a pre-specified functional performance. In case of development of large technology platforms where several sub-systems or equipment could be outsourced, joint development with industry could in fact be an added advantage. One can even think of a modularized development of several systems in diverse areas where standardized modules can be made use of. Indigenous development and production of such modules can then be undertaken. Offset policy or defense and other high value procurements should preferably be leveraged to facilitate such indigenous production including access to foreign markets to make domestic production viable. Relevant R&D laboratories should be tasked not only participate in product development but also in other aspects of development so that all critical elements of supply chain can be sourced within the country.

Strategic decision making is a key aspect of planning for national development which also has a bearing on the technology choices. Unfortunately this has become an area where most technology decisions are driven by vendors rather than national R&D system. There are several examples where in past we did not adopt appropriate technology choices on grounds of non-availability of technology. We could not base our fertilizer production on our coal resources; development of clean coal technologies for power production still remains an issue; value addition to our ilemnite and rare earth resources is yet to be realized in spite of their strategic importance; we have missed the microelectronics revolution etc. The list is long. It is time we set our priorities right and task the R&D system to deliver requisite technologies in a timely manner so that national development can proceed on a sound logic. 
Government has now given a lot of thrust to development of solar energy as a source of clean energy supply in view of the climate change threat that is looming large. The tariff for photo-voltaics has come down to around Rs. 8/- per kWh. and the gap with commercially competitive power could close sooner than visualized earlier. Today, in villages where electricity has not reached or is not available for extended periods, kerosene is used for lighting. Aggressive promotion of solar lighting including with suitable one time subsidy arrangement can eliminate recurring subsidy that goes with kerosene to the extent it is used for lighting. Better quality of light would be a further advantage.
Similarly, shifting agricultural pumping from grid supply to stand alone solar power supply could save distribution companies from a very significant part of their revenue losses. This then could lead to reduction of tariff to industry, which otherwise is used to subsidize for agricultural pumping. This in turn should be a significant factor to spur the economy through lower energy input costs. One time subsidy to make stand alone solar pump sets thus makes eminent sense. 
Agricultural pumping can be made more efficient by efficient pumps driven by dc motors particularly using rare earth permanent magnets. While this would save on the inverter costs, the real gains can be realized if massive rare earth industry can be created in the country to provide low cost rare earth permanent magnets for the dc motors for such pumps. Rare earth based products are any way required for various strategic and commercial applications. This is just an example of the need for strategic decision making process in the government that cuts across departmental boundaries. There are a large number of such potential possibilities which do not even get off the ground since decision making process in the government is constrained by the individual departmental turfs determined by the allocation of business rules. There is thus a need for an empowered strategic decision making platform. 
Rural development is an area that perhaps should deserve our maximum attention, since relatively larger number of poor people are still in rural areas. There are opportunities for augmenting livelihood in rural areas particularly around agriculture and value addition to agro-products. Advanced knowledge based rural technology initiative (Akruti) of BARC is an effort to express rural innovation around new core technological ideas of relevance to rural development. Around a dozen such Akruti demonstration centers operating in different parts of the country are benefitting their respective neighborhood through spread of local innovations and livelihood based on such innovations. These centers after an initial one time financial support become self sufficient and could even lead to replication on their own. Existence of a Cillage (mentioned earlier) in the neighborhood could sustain the atmosphere of innovation by training more people and bringing in new ideas. In addition to attention to livelihood issues, by launching a neighborhood school education support initiative through the use of low cost long range (>10-12 kM) wireless broadband, one can also address the challenge of access to quality education. Akruti with knowledge back up from Cillage would also enable a formidable group identity to rural people which along with their individual identity can facilitate the process of financial inclusion in a better way. It is the expectation that such a frame work can replicate itself leading to local self planning and implementation of development. 
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Closing remarks:

As we have seen, there are several aspects to translation of our scientific research for national development. I am conscious about several initiatives that are being pursued on different aspects of such translation by several entities although I have talked around what I know and am familiar with. I do believe that greater mutual engagement between education, R&D and industry/society is the need of the hour and is in interest of all domains in furthering their own respective objectives. That is also the route to greater ability to translate our scientific research to national development.
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*Prof. Brahm Prakash memorial lecture, Indian Institute of Metals, Banglore Chapter, IISc, Banglore, August 21, 2012
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