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preface

the scientific advisory council to the prime minister (sac to 
pm) was reconstituted in december, 2009. the first term of sac 
to pm between January 2005 and January 2009 saw several of 
its recommendations being implemented by the Government. 
some of these included passing of the science & engineering 
research Board (serB) act (2008) through the parliament and 
the subsequent constitution of the serB in June, 2010. some of 
the other important happenings are the initiation of department 
of health research and formation of earth commission and the 
ministry of earth sciences, initiation of a new Institution for 
animal Biotechnology and five new Indian Institutes for science education & research in addition to 
new Indian Institutes of technology.

the reconstituted sac to pm had its first meeting in december 2009 and has since met 13 times till 
march, 2011. the council had an initial meeting with the hon’ble prime minister wherein it reviewed 
the successes achieved and the challenges that the s&t sector faces today. the council apart from 
the expertise available within itself has made use of experts in different fields from academic and 
industry sectors to discuss specific issues thoroughly and arrive at proper recommendations.

this Bi-annual report provides a summary of the various important issues discussed and the 
recommendations made by the council during the last 11 months of the first term of sac to pm 
and around 15 months of present term of sac to pm. It is encouraging that many of the council’s 
recommendations are being actively acted upon by the Government. In this process, new institutions 
of science and technology have been created and new initiatives being supported. 

the council set itself the task of preparing a road map for Indian s&t and presented a vision 
document entitled “India as a global leader in science” to the hon’ble prime minister on 18th 
september, 2010. the document has been widely circulated. this roadmap has paved way for the 
council to think beyond the present. the council has recently recommended certain essential steps 
to improve the higher education scenario in the country and has discussed them in detail with the 
hon’ble minister of hrd. the checklist to improve higher education sector is a part of this report. 
several other issues pertaining to higher education have been discussed by the council. a synergy 
is being built between the ministry of hrd and s&t. the ministry of hrd has since set up an s&t 
advisory committee to advise the ministry on issues of importance.

the council deliberated on a new s&t based structure for forensics in the country and prepared a 
background paper in consultation with director, centre for dna fingerprinting and diagnostics, 
hyderabad. the document has been passed on to the home secretary for further discussion and a 
new structure is likely to come up to take care of the crucial national needs in this sector. 

Based on the advice of sac to pm and an inter-agency meeting, the Government has revised 
emoluments of research fellows in science and engineering. on specific issues such as data Intensive 
scientific discovery and high performance computing, the council had the advice of experts in 
organizing brainstorming workshops/discussion meetings for arriving at recommendations. thus, 



Scientific AdviSory council to the prime miniSter Bi-AnnuAl report 2011

6

a national workshop on data Intensive scientific discovery has made important recommendations 
for action in this important area. the council has suggested setting up of regional centers in high 
performance computing. 

the council is now planning to build models of support that may create a proper innovative 
ecosystem in the country which may lead to young people taking teaching, research, and other 
innovative pursuits. 

the council has deliberated on issues related to selective improvisation of 10 to 20 Institutions to 
ensure there place in top 100 Institutions/universities in the world. this would be a good programme 
for the year of science declared by the prime minister. It also suggests that a few departments of 
chemistry be provided adequate support for improving facilities during the International year of 
chemistry (2011). there are several other issues which the sac to pm is concerned with related to 
solar energy, issues related to social sectors and education in rural areas. the council is planning to 
review the major national programmes and recommend one or two important areas to be taken up 
as national missions for the next 5-10 years.
 
the council is thankful to shri Kapil sibal, the earlier minister of science & technology and earth 
sciences for his unstinted support and to shri prithviraj chavan, minister of state (Ic) for s&t and es 
for his encouragement. 
 
the council is most thankful to hon’ble prime minister for his support in giving effect to the 
recommendations of the council. with the continuing support of the prime minister, we hope to 
succeed in bringing about significant improvement in the science & technology scenario of the 
country.

c.n.r. rao
chairman
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executive summary

Scientific Advisory council to the prime minister (SAc to pm) has been actively engaged in 
developing a vision and road map for India emerging a global leader in science. the council prepared 
and presented a vision document entitled “india as a Global leader in Science” to the hon’ble 
prime minister on 18th september 2010. In his foreword for the vision document, the hon’ble prime 
minister has said, “the document brings out clearly that for india to become a knowledge-
based society and to be a world leader in science, we would need to redouble our national 
efforts to promote scientific temper, strengthen S & t infrastructure, expand our educational 
base, establish centers of excellence, foster a culture of innovation and channelize greater 
investments in research and development”.

the vision presented by the sac to pm has now been accepted and several actions recommended 
by the council in realising the goals have been initiated. (annexure-I)

SAc to pm has championed for the establishment of a new mechanism of funding basic research 
in the country. the council had recommended earlier the establishment of national science and 
engineering research Board (nserB) as a body similar to the national science foundation (nsf) of 
the united states of america. the serB has now been established through an act of parliament and 
its constitution notified in June 2010 (annexure-II). the Board held its first meeting on 21st march 
2011 and the advisory council to the Board constituted by the Government will meet on 6th may 
2011. the Board is expected to start functioning in its rented premises shortly. the serB is hoped 
to embark upon the development of new paths and help in the de-bureaucratization of science 
funding mechanisms.

SAc to pm has made some important inputs to the development of policies and legislations 
pertaining to the higher education sector. the ministry of human resource development has 
proposed a “national council for higher education and research (ncher)”. sac to pm discussed the 
proposed bill extensively and made some important recommendations to mhrd through one of the 
members of the council. several modifications suggested by the sac to pm have been incorporated 
by the ministry of human resource development in the ncher Bill.

SAc to pm accords high priority for the development of well planned strategy and road map for 
addressing the challenge of large expansions in the enrolment of youth into higher education 
without loss of quality and excellence in educational systems. sac to pm has identified essential 
steps for planning the progress of higher education sector of the country. the council has engaged 
also in fruitful dialogue with the hon’ble minister of human resource development and made 
some specific recommendations, which have been well received by mhrd. the formation of an 
advisory council to the hrm and preparation of a vision for education form some of the important 
recommendations of the council. (annexure-III) 

SAc to pm had made an important recommendation to the mhrd for rejuvenating research in 
the university sector in the country. the constitution of an empowered committee to identify and 
support research in the university departments was proposed by the sac to pm. such a committee 
has been constituted and it meets regularly. Based on the recommendations of the sac to pm, 
mhrd and uGc have supported research in more than 450 university departments recognized 
by special assistance programme with a fund of rs.180 crores. a special provision has also been 
made for supporting departments not yet recognized under special assistance programme and 
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a financial support to the tune of rs 45 crores has been extended to such departments. Based on 
recommendations of the empowered committee, 2800 Bsr doctoral fellowships and 280 dr d.s. 
Kothari post doctoral fellowships have been supported. networking centres/ summer–winter 
schools and faculty recharge schemes have been mounted. there is already evidence of impact 
for the all the programmes suggested by the sac to pm for rejuvenating research in the university 
sector. (annexure-Iv)

SAc to pm has attached high significance to the development of special training and motivational 
programmes for teachers in high schools, colleges and universities. the chairman has initiated 
dialogues and discussions with the hon’ble minister of human resource development. It has been 
decided that the ministries of human resource development and science and technology will 
jointly develop suitable programmes with the advice of sac to pm and integrate the new schemes 
into the 12th plan programme of the country. 

SAc to pm has addressed a felt need of the country for strengthening r&d inputs into forensic 
science by establishing institutional mechanism for linking main stream scientists in the knowledge 
domain with the scientific staff of central forensic science laboratories (cfsls). on the basis of 
several suggestions made by sac to pm, the home ministry initiated an internal review process for 
cfsls. at the invitation of sac to pm, dr Gowrishankar, director cdfd has prepared a concept note 
on institutional mechanisms for forging linkages between main stream scientists and the scientific 
staff of csfls under the home ministry. the concept note has been sent to home secretary on behalf 
of the sac to pm by the secretary dst in January 2011 (annexure-v). further discussions in forging 
alliances between the ministry of home affairs and ministry of science and technology as conceived 
in the concept note are ongoing.  

SAc to pm has foreseen the emerging opportunity for the country in the use of science as a 
diplomatic tool in development of nation’s external affair relationships. the department of science 
and technology was assigned the task of preparing a concept note. the note thus prepared was 
discussed by the council which recommended strongly that the proposed alliance between the 
ministry of external affairs and ministry of science and technology should be further followed up as 
proposed in the concept note. (annexure-vI)

SAc to pm had proposed an intervention in the area of research and development on aeronautics, 
especially taking into consideration of high growth rates in civil aviation industry in the country. a 
national aeronautics Board was proposed (annexure-vII). a committee has now been constituted 
under the chairmanship of dr madhavan nair formerly chairman space commission and current 
chairman of research council of national aerospace laboratory Bangalore for further developing 
the programme.
 
SAc to pm has been making several and important recommendations with respect to enhancement 
of fellowships and attraction of Indian diaspora for research in the country. In order to attract talented 
youth for doctoral programmes and careers with research, sac to pm considered it important to 
enhance the value of doctoral fellowships in harmonious manner across the country. Based on the 
recommendations of the sac to pm, the doctoral fellowships have been enhanced from rs 12000/- 
plus hra per month to rs 16000/- plus hra per month with effect from 1st april 2010. this has been 
welcomed with appreciation by student community. (annexure-vIII)

parameters for the Jc Bose fellowships and ramanujan fellowships have been improved taking 
into account of general revisions in pay scales after the sixth pay commission report was accepted. 
J.c. Bose fellowship has been increased to rs.25,000/- per month with annual contingency grant 
upto rs.10 lakhs. sac to pm has recommended that the term of the ramanujan fellow should be 



Scientific AdviSory council to the prime miniSter Bi-AnnuAl report 2011

9

for a period of five years at a monthly remuneration fixed by dst from time to time. the ramanujan 
fellow in addition to the salary should also be paid house rent allowance (hra) taking rs 75000/- 
as the basic pay. the annual contingency grant provided to these fellows has been enhanced to 
rs.10.00 lakh per year. the recommendations of sac to pm are under process by the department of 
science and technology.

SAc to pm has been making many important recommendations concerning the promotion of 
research and development in medical and bio-medical areas. the council played an important part 
in the establishment of new department of health education and research (dhr). the council has 
been advocating for interagency programmes of research involving dhr, dBt and dst. following 
a brainstorming meeting involving more than 150 experts, a series of initiatives under interagency 
programmes was identified and presented to the sac to pm. the council strongly recommended the 
short & mid term initiatives along with setting up of Inter-agency task force for long term planning. 
(annexure-IX)

SAc to pm has discussed at length the importance of agricultural research and identified several 
needed interventions for reinvigorating r&d in the area of agricultural sciences (annexure-X). the 
council members have decided to take up this issue regarding enhancement of investment in 
agriculture with the hon’ble prime minister in the presence of hon’ble minister for agriculture.  

SAc to pm has identified the importance of solar energy research for the country. dr p rama rao, 
formerly secretary - department of science and technology was requested to prepare a concept note 
on the nature of solar energy research to be promoted in the country (annexure-XI). the report of dr 
rama rao was discussed at length by the council and specific recommendations have been made. 
the solar power systems; whether solar pv or solar thermal, require substantial capital investment 
in terms of land and other infrastructure. the council also noted that solar energy generation has 
attracted unprecedented number of private players. after detailed deliberations, the council made 
the following recommendations.

(i) ensure that necessary land and infrastructure for connection to distribution systems for 
photovoltaic generated power are provided by the state governments on priority.

(ii) ensure that state governments put in place appropriate policies keeping in view the large scale 
entry of private developers.

(iii) ensure that research and development in solar energy is promoted with vigour, adequate 
funding and efficient management.

(iv) to set up a few units of solar thermal power generation in the country in collaboration with 
overseas institutions with established track record.  

SAc to pm has made a strong recommendation for the initiation of diamond Jubilee India chair 
(dJIc) to commemorate 60th year of India’s declaration as a republic. the department of science and 
technology has been developing the scheme and seeking necessary approvals of the Government 
as a national scheme.

SAc to pm has evaluated the need for mission mode programmes in some areas of national interest. this 
includes a) a national programme on data intensive discovery; and b) peta and exa scale computing. 

data Intensive computation in r&d supported by high computational power is becoming necessary. 
the council advised a discussion meeting on this topic among a group of experts and scientists. 
such a discussion meeting, coordinated by professor spenta wadia and professor narashima was 
held during 2-11 february, 2011 in Bangalore (annexure-XII). major recommendations emanating 
from the expert group meeting are: 
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1. access to a shared super-computational infrastructure is necessary.  
2. a national platform for Inter-disciplinary and inter-institutional collaboration on multi-

disciplinary scientific problems using large data needs to be created.
3. Growth of local/ regional networks wherever possible so as to provide high speed last mile 

connectivity which was identified as severe lacunae in the existing infrastructure should be 
encouraged.

4. Innovative financial models for academia industry interaction needs to be developed and 
positioned.

5. a mechanism is necessary for negotiation and acquiring of licensed software on national basis 
so that it can be shared within the scientific community. 

6. national projects like national archives of data which can be shared on the network needs to be 
encouraged.

7. capacity building and human resource development in this area.

SAc to pm discussed the recommendations of the expert group meeting and dr Khakhar has been 
directed to prepare and submit a proposal for gaining access to the crl facility of tata group of 
companies. dst has been advised to negotiate with tata group for providing access for a group of 
researchers in data discovery mode to the crl facility on payment basis.  

peta and eXa scale computing facility is considered necessary for the country. a concept note for 
launching a national mission on developing exascale supercomputing capability has been now 
prepared by c-dac (annexure-XIII). sac to pm discussed the note and recommended strongly that 
the proposal should be submitted through the administrative ministry to the planning commission 
for inclusion into the 12th plan programme of India. a draft proposal on peta–scale computing is 
already submitted to d/o Information technology for support.
 
SAc to pm, in one of its meeting with the honble prime minister had emphasized the value of 
possible sensitization of the chief ministers of various state Governments to the national perspectives 
on science and technology and the need for support to research and development. the hon’ble 
prime minister had agreed to convene a ndc meeting on s&t. In order to prepare the background 
paper, the items to be included in the agenda for this meeting were discussed in details and possible 
agenda for discussions has been proposed to office of the hon’ble prime minister. (annexure-XIv)

one of the members of the SAc to pm briefed the council about the need for national bio-security 
system and a policy. the council recommended that dr. Bhan and some members of the council 
may meet the cabinet secretary and apprise him of the current scenario related to bio-security. the 
council requested secretary dBt to coordinate this discussion on behalf of sac to pm.

SAc to pm has advised the establishment of a joint foundation between the ministry of science 
and technology and the ministry of rural development. after several discussion meetings with the 
ministry of rural development and consultation meetings with stake holders, the department of 
science and technology has constituted a council for science and technology for rural Industries 
(cstrI). under cstrI, two units, one in IIt madras at chennai and the other at neIst at Jorhat have 
been supported to develop pilot programmes of value to rural development.

on the whole, sac pm had made several important recommendations during the years 2008-11. 
It is gratifying that several of the recommendations made by the council have been accepted and 
implemented while actions on some of the recommendations are ongoing.
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Annexure i
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Annexure iii

essential steps for progress in higher education:  
a check-list 

the higher education sector in India is facing serious problems and challenges which include the 
big rush of young people to go for higher education, declining quality and indifferent performance 
of institutions, serious problems related to administration of the education sector and increasing 
global competition. these problems will probably get even more severe in the near future when an 
explosive increase in the number of young students aspiring for higher education is likely to occur. 
In spite of the variety of problems, India is also a land of opportunities with certain advantages, 
young India being a specially noteworthy feature. In view of the crucial importance of the higher 
education sector for the overall development of the country, we found it imperative to highlight 
the most essential aspects which need immediate attention in our effort to improve the status and 
quality of higher education and to ensure that the steps taken are the right ones. In preparing this 
short check-list, we have subjected the numerous important issues to distillation, and it is possible 
that some of the items of concern to some colleagues have not received due importance. 

1. with several million additional students likely to come up for higher education in the next two 
to three decades, it is necessary to make a serious manpower planning effort so that young 
people get directed to different areas of study, instead of all of them going for standard 
university courses in science, engineering and other subjects. how do we ensure that there 
is a wide variety of course packages and flexible curricula? how are we going to handle the 
surge of young students? how do we ensure that undergraduate education is relevant to 
employment, well-rounded and at the same time sufficient for taking up higher studies? there 
is manpower mismatch in many countries with too many professionals in some of the subjects, 
with employment opportunities getting fewer. It is not unlikely that there will soon be excessive 
production of ph.ds in some of the countries. at the same time, there could be shortage of 
people in some sectors. a group needs to be appointed by mhrd to prepare a vision document 
which foresees the problems 20 years hence. 

2. It is widely recognized that quality up-gradation requires the greatest attention if India has 
to become a global leader in science and technology, and other creative endeavours. today, 
there is not a single educational institution in India which is equal to the best institutions in 
the advanced countries. It is important that in the next 10-15 years, several of our educational 
institutions are in the top 100 in the world. much effort is needed if India has to emerge as a 
major contributor of higher quality research. as a step forward, around ten higher educational 
institutions could be provided all the support required to enable them compete with the best 
of institutions in the advanced countries. this would be a good programme to initiate in the 
year of science (2011-12) declared by the prime minister recently.

3. It has been said that we have an examination system but not an education system. examinations 
have got increasing importance in the last few years. one is not talking about the final annual 
examinations alone. entrance examinations have become a menace. IIt entrance examinations 
have the reputation of being difficult and purposeful, but they have also had a negative effect 
on young minds. young people suffer so much to succeed in these entrance examinations, 
and in the process lose excitement in education itself. those who do succeed would have got 
exhausted and are not able to perform as well as young people with fresh minds. 
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 even after getting a good degree, students have to take ever so many entrance examinations to 
go for higher studies. for example, one hears of a proposal to have a qualifying or accreditation 
examination for medical graduates and postgraduates. when will young people stop taking 
exams and do something worthwhile? It is important to relook at the entire examination system 
including the system of final examinations, entrance examinations, qualifying examinations, 
selection examinations, and so on. for entrance examinations related to admission to higher 
education institutions, there should be only one national examination which should be able to 
assess the eligibility of the candidates. note that us institutions take young people from India 
based on one Gre examination.

4. administration of the education system requires a serious overhaul. there is urgent need for 
restructuring institutions and reforming administration. the indifferent manner with which 
educational institutions are being handled may destroy even the system that we have. what is 
unfortunate is that educational and research institutions are administered by people with Ias or 
similar administrative backgrounds, many without any real interest in education. even technical 
education is administered routinely by administrators trained in bureaucratic practices. unless 
this situation is changed, it will be difficult to improve the quality of educational institutions. 
even more serious is the direct intervention of governments in administering institutions, 
particularly those run by the states. for example, governments choose vice-chancellors of 
universities. universities are overloaded with work related to the conduct of examinations. 
some of them are too large because of the affiliated colleges. there should be guidelines as to 
the maximum number of students in educational institutions. 

 state governments should be persuaded to support higher education with greater care as 
well as investment. administrative autonomy, dedicated budget for r&d, recruitment and 
promotion of faculty are some of the other issues that require attention. 

5. considering that there are already many colleges of engineering, management and so on, how 
do we plan for educational institutions in the future? how many university type institutions 
should/can be there in the country? It would seem counter-productive to allow uncontrolled 
increase in the number of government-supported colleges and universities without careful 
consideration of manpower requirements. 

 should we not differentiate curricula for general-purpose basic degrees from degrees with 
subject specialization? how, where and for what purpose should the central government 
establish the so-called quality institutions or central universities? 

 how do we ensure acceptable quality of most of our higher educational institutions? what 
would be the best way(s) of rating institutions? Is it not necessary to separate affiliating and 
unitary universities? would it not be useful to establish tertiary education authorities both at 
central and state levels? how do we keep abreast of “futuristic practices” in education? 

 what should be the criteria and procedures for appointment of chairmen of Governing bodies 
of institutions, directors of national institutes and vcs of central universities etc.?

6. It is well established that education is effective only when teachers get the prominence and 
recognition. a country which has succeeded in making the teaching profession an important 
one in society is finland. If India wants to succeed in education, it should give greater 
importance to the teaching profession and accord due respect to teachers. this would involve 
providing good emoluments and amenities as well as continuing education opportunities to 
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teachers. teaching profession should be sought after by young people. high-quality continuing 
education and training programmes for teachers at all levels should be provided on a massive 
scale.

7. we need the best talent for many of our efforts in the country. It is likely that some of the most 
talented young people are in rural India. In order to tap this talent and provide opportunities to 
young children in rural India, we must increase the number of fully supported residential schools 
up to higher secondary level in rural India. Best of these students should get opportunities to 
pursue higher studies in the best of our institutions.

8. the examination system as well as the reward system seems to have destroyed creativity in 
young people. we need highly creative and innovative people to take up challenges in science 
and other subjects and also to tackle problems related to national and global needs. It is 
therefore essential to see that everything we do in the education sector promotes creativity. 
It is noteworthy that many of the advanced countries (e.g., u.K.) are making serious efforts to 
promote creativity and innovation amongst the youth.

9. we need to create an atmosphere where there are barrier-free connectivities amongst 
educational institutions within the country as well as internationally, to promote fruitful 
collaboration and cooperation, quality upgradation and synergy in performance. 

10. we should seriously consider a possible scenario wherein the young India advantage enables 
India to emerge as the provider of trained manpower for the entire world in the next 20-30 
years. this could be a worthwhile national objective. 

 It is possible that planners, policy makers, administrators and the general public may react to 
this check-list by saying that one is already aware of these issues and that there are agencies and 
committees looking at them. What is required is a serious application of mind to these and related 
issues, to ensure that major transformations are brought about in the country that would create a 
healthier higher education scenario. It is only when we bring in such a transformation in the higher 
education that we can hope to meaningfully compete with neighbouring countries such as South 
Korea, Singapore and China.

 In order to prepare ourselves to face many of the problems and challenges in the higher education 
sector, it is important that an action-oriented document on higher education is prepared as early 
as possible. The document should be able to provide a roadmap for the higher education sector. It is 
hoped that the Ministry of Human Resources Development will soon set up a task force to prepare 
such a document. It is desirable that the document becomes available in the next 12 months. 
What may also be necessary is for MHRD to declare higher education as a national mission 
for the next decade and designate capable individuals to be in-charge of each important 
item listed above to oversee that changes for the better occur without much delay.
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Annexure iv

rejuvenating research in universities
activities of the empowered committee for Basic 

scientific research (Bsr) in Indian universities 

preamble 

the previous sac-pm had recommended to the mhrd to look into harnessing the universities to 
produce, through a quantum jump, quality ph.d’s throughout India. the committee constituted 
by the mhrd, consisting of professor m.m. sharma (chairman), professor G. mehta, professor p. 
rama rao, professor Kota harinarayan, professor s.p. thyagarajan, made many recommendations 
which were accepted in toto by the mhrd and the committee was converted into an empowered 
committee (ec) and entrusted the implementation to the uGc, associating the chairman of the 
uGc. the key assignment was to trigger excitement in the university system to carry out research 
vigorously. the ec meets frequently and has, so far, held forty meetings.

infrastructural development Grant

the universities have a serious lacuna in terms of power supply, water supply, safety measures, 
fume cupboards, bench tops, flooring, etc. all the departments which are recognized under the 
special assistance programme (sap) of the uGc have been supported and this covers nearly 450 
departments and a total sum of about rs. 180 crores. a number of non-sap departments, based on 
a rigorous appraisal, have been supported with a total grant of rs. 42 crores. the members of the ec 
make personal visits to selected departments for on-spot study of the utilization of grants.

BSr doctoral fellowships (df)

there has been a remarkable progress and over 4800 df were sanctioned and as of now nearly 2800 
are in position and some departments, on the basis of the past performance, have 15 df per year. 
there is a great enthusiasm through this endeavour.

dr. d.S. Kothari post-doctoral fellowship (dSK-pdf)

In order to give a proper fillip to the research programme, this innovative scheme, completely 
outsourced, for the first time, through pune univ., with professor s. Gadre as the coordinator, with 
on-line applications, and a rigorous review system, has been implemented with great success. the 
decision is given within 6 to 8 weeks and so far nearly 400 pdf were sanctioned and nearly 240 are 
in position. the value of pdf is higher than the usual GoI pdf’s.

networking centers / Summer-Winter Schools

nine departments, covering different disciplines, have been covered and about rs. 40 crores has 
been sanctioned. all departments are acquitting themselves well.
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faculty recharge

this crucial activity faced several serious difficulties in implementation, first with Insa and then in 
J.n.u. after a lot of follow-up and appointment of professor r.p. Gandhi as coordinator and professor 
(mrs.) s. nangia as associate coordinator and help of Jnu, it has been now possible to launch this 
important activity. an innovative procedure will be followed with rigorous refereeing and powerful 
selection committees and interviews to select highly accomplished persons. a proper mou will be 
signed with the recipient universities.

Support for colleges

In order that proper B.sc./ m.sc. students come for research it was considered prudent to support 
colleges which have been identified as “ potential for excellence” (cpe) and autonomous colleges 
(ac) through Infrastructure Grant to improve their laboratories. about 1500 science departments 
of nearly 190 cpe have been supported. In addition nearly 600 science departments of 77 colleges 
have also been supported. In all about rs. 120 crores have been spent on this activity. 210 ac’s have 
been supported with a total grant of about rs. 55 crores. 610 nacc accredited colleges have also 
been supported with a total grant of rs. 61 crores. thus the spread has been enormous and these 
will surely show results in coming years, as it has created a lot of enthusiasm. 

concluding remarks 

ec has worked systematically and met frequently to provide support to universities. however, there 
is considerable weakness in the system of universities to absorb grants and utilize in time. there is 
also lacuna in sending utilization certificates on time. last year at the meeting of the uGc/mhrd 
with vc’s, state ministers, secretaries, it was emphasized to give consideration, in a vigorous way, to 
the activities of the ec. on 24th / 25th march, 2011, prof. p. rama rao, brought out the importance of 
the faculty recharge and this seems to have been well received.

the chairman, ec, would like to thank members of the committee, the chairman, uGc, prof.  
p. prakash, addl. secretary, uGc and his staff for their total commitment to these activities. the sac-
pm deserves our grateful thanks for ushering this much wanted activity. we also thank the mhrd, 
GoI, must sincerely, for providing generous grants for activities of the ec. 

m m sharma
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Annexure v

concept note on Improving forensic science 
activities In India

i. preface: this concept note has been prepared at the request of the scientific advisory council 
to the prime minister (sac-pm) following a presentation to it by dr J Gowrishankar, director, 
cdfd on 22 november, 2010.

ii. introduction: the inadequacy, both qualitative and quantitative, of forensic science activities 
at present being undertaken in the country, and its consequent negative impact on the criminal 
justice delivery system, has engaged the attention of various constitutional and Govt. agencies 
in the last few years, including sac-pm itself. at present, forensic science is under the ambit of 
the law enforcement agencies of the states and the centre, and the problems and difficulties 
of such an arrangement include the following:

	 •	 cultural: the rigid command structure in law enforcement agencies is often at odds with 
the non-hierarchical and disruptive (“irreverent”) cultural ethos normally expected for 
scientific activities.

	 •	 technical: the heads of law enforcement agencies are from the Ips or Ias, often with little 
knowledge of science.

	 •	 potential conflicts of interest: Ideally, forensic investigations must be undertaken by an 
agency which is independent of the police and the prosecution, so that they are seen to 
be impartial.

 therefore, a view that is gaining increasing acceptance is for forensic science activities in the 
country to be managed or overseen by the ministry of science and technology, of course with 
close operational linkages maintained with the law enforcement agencies that come under 
the ministry of home affairs. It is noteworthy in this context that the national academy of 
sciences of the usa, in its 2009 report that was commissioned by the federal legislature, has 
also made similar strong recommendations for transfer of all forensic science laboratories in 
the usa from the administrative control of law enforcement bodies to that of an independent 
science agency. 

 the concept note below discusses three issues in this context, namely, (i) what are the 
alternative administrative structures that can be considered for implementing the new 
arrangement (of science agency oversight and/or control of forensic science); (ii) what are 
the alternative mechanisms that can be considered for effective delivery of forensic science 
services in support of the criminal justice system; and (iii) what is the road-map and time-frame 
for implementation of the above.

iii. Alternative administrative structures: three alternative administrative arrangements can be 
envisaged by which forensic science activities are overseen by the s&t ministry. 

 the first is to continue with the existing system but to put in place an alliance mechanism 
between mha and mst, perhaps by creation of an oversight body that is co-chaired by 
secretaries from the two ministries, that would closely monitor and direct the forensic science 
activities in the country.
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 the second is to bring all the existing, and in future expanded, activities of forensic science 
under the ambit of one of the existing agencies of the s&t ministry, which could be dst, csIr, 
or dBt.

 the third alternative would be for creation of a new department of forensic science (dfs) to 
be headed by a scientist/technologist. In one variant of this third alternative, the dfs would be 
under the mha, whereas in the other variant it would be under the mst.

 In the cases of the second alternative as well as both variants of the third alternative, once 
again there would be the need to establish alliance mechanisms between mha and mst, to 
enable co-ordination to ensure that the investigative agencies are obligated to send the cases 
for forensic investigations rather than doing so at their discretion, as is the current practice.

 of the various alternatives above, the first would appear to be just an incremental improvement 
that may be insufficient to take care of the criticisms of the existing system. additionally, 
given the scale of the required operations (discussed below), one could reasonably support 
the suggestion for creation of a new dfs; and locating the latter in the mst would have the 
advantage of more effective co-ordination of its activities with those of the other science 
agencies of mst such as the dst, dBt, and csIr.

iv. Alternative service delivery mechanisms: Irrespective of the structure by and through which 
forensic science activities shall be administered, three alternative mechanisms for undertaking 
the expanded services can be envisaged, which are not mutually exclusive. 

 the first mechanism is through forensic science laboratories and autonomous institutions/public 
sector enterprises, both existing and newly created, of the central and state Governments. In 
the expanded scale of operations (see below), this would require the establishment of a cadre 
of over a thousand forensic scientists. furthermore, the general experience has been that it is 
quite difficult to sustain standards, quality, enthusiasm/motivation, and academic rigor and 
independence in the provision of high-technology services (which is what forensic science 
activities represent), when such service activities are divorced from other academic pursuits 
such as research and technology, in a Government organization.

 the second approach is for forensic science activities to be undertaken in existing academic 
and /or research institutions. several successful examples exist in other countries where 
forensic investigations are performed by faculty in university departments, such as in the 
dept. of forensic medicine at the university of copenhagen, denmark; the Institute of forensic 
medicine at university of Berne, switzerland; and the dept. of forensic and Investigative 
Genetics at the university of north texas health science center, usa. of these, the Institute in 
Berne is of interest in that it is highly multidisciplinary, encompassing departments for forensic 
medicine, forensic chemistry and toxicology, physics/Ballistics, forensic Imaging etc. In all of 
the examples above, the faculty engage themselves both in academic work including teaching 
and research, as well as in forensic investigations, and the academic affiliation has ensured the 
independence of their service activities. In this country as well, the cdfd, hyderabad would 
represent a successful example of an institution whose faculty undertake both research and 
forensic service activities, where the two activities support one another and each in turn is 
enriched by the other.

 the major advantage in this second approach, apart from providing the academic rigor and 
independence for the service activities, is that a large cadre of permanent Government officials 
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does not have to be created. one possibility, therefore, would be to announce a request for 
proposals (rfp) after sensitizing the academic community through a write-up in a journal such 
as current science, and then to have an expert committee short-list and identify departments/
investigators with the required competence and motivation to provide these services in a 
decentralized manner (after a suitable training and orientation programme). It must be noted 
that the rfp in this case would be for provision of services and not for research (which by 
definition has uncertainty in attainment of its goals), and therefore is more likely to succeed 
provided proper care is taken in the selection and monitoring of groups/individuals.

 the third approach for forensic service delivery is through public-private partnerships (ppp), 
for which again successful examples exist in several other countries. the ppp model would 
have the following features:

	 •	 The	public	partner	(Government	agency)	would	provide	the	required	funds	to	the	private	
partner(s) who would undertake the forensic activities.

	 •	 The	private	partner(s)	would	create	the	infrastructure	and	hire	the	personnel	as	needed	
for the purpose. 

	 •	 An	alternative	model	would	be	for	the	public	partner	to	create	and	own	the	infrastructure,	
and for the private partner only to hire the personnel who will deliver the services by 
operating the infrastructure so provided by the public partner (ie., an operations-contract).

	 •	 Quality	issues	and	confidentiality	issues	would	be	governed	by	the	conditions	imposed	by	
the public partner.

	 •	 In	 crime	 investigation	 cases,	 it	 is	 expected	 that	 the	 public	 agency	would	 send	 coded	
samples to the private partner’s laboratory for forensic analysis following established 
procedures for maintenance of chain of custody. the laboratory would then analyse the 
samples and communicate the data back to the agency. sample decoding, data analysis 
and their interpretation would be done by the public agency which would submit the 
report to the courts and also defend the same during examination/cross-examination. 

 as mentioned above, these three different approaches for forensic investigations are not 
mutually exclusive, and hence could be combined to varying degree in the overall strategy.

v. roadmap of and timeframe for implementation: In the discussion below, the example of 
dna profiling alone is considered since this would in any case represent the major component 
of forensic investigations in criminal cases today, and furthermore it is also illustrative of all 
the other disciplines of forensic science. It is estimated that approximately 100,000 cases per 
year can potentially benefit from dna analysis in India, to undertake which there is need for 
around 1000 dna examiners (the international average being 70-100 cases undertaken/dna 
examiner/year). (a dna examiner is a technical officer, and around 8-10 of them can function 
in a laboratory under the supervision of one faculty member/scientist). at present, there are 
< 10 forensic laboratories with dna analysis facilities, with < 20 examiners in total and < 500 
cases being done per year. hence, the need is for an approximate 100-fold increase in the scale 
of operations. 

 the timeframe for achieving this would be around 5 to 10 years if all three mechanisms of service 
delivery are made operational, or longer if the model of public forensic science laboratories 
alone is employed. over this time-frame, it is expected that the service activities would be 
rolled out and expanded fairly uniformly across all the geographic territories, making use of 
the provision that establishment of “union agencies and institutions for scientific or technical 
assistance in the investigation or detection of crime” is included in the union list of the seventh 
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schedule of the constitution. since law and order is a state subject, all state Govts. would 
also need to be taken on board so that Government orders are issued in the respective states 
making it obligatory on the part of crime investigation personnel to send forensic samples to 
the concerned laboratories. the rfp model (approach 2 in section Iv) would be particularly 
suitable for the scaling up of activities across all the states in a time-bound manner. 

 the complete administrative structure of the dfs may also be expected to be established over 
a period of around 5 years. to begin with, its operations could perhaps be initiated through a 
Board that is established in an existing department of mst (much like how dBt was set up from 
the erstwhile nBtB in the 1980s). It must also be emphasized that the dfs would engage in 
co-ordination of all activities related to forensic science including service delivery, liaison with 
mha, training (of technical officers, crime investigation officials, police, judiciary), research, 
reagent manufacture and supplies (since these are at present imported and very expensive), 
establishment and enforcement of quality standards etc. 

vi  Summary of recommendations:

 1. establishment of a Board, later to be converted to a department of forensic science in 
the ministry of science & technology to administer all activities associated with forensic 
investigations in the criminal justice system.

 2. establishment of an alliance mechanism between the ministries of home affairs, law, and 
science & technology for co-ordination between forensic science and the other activities 
necessary for efficient delivery of criminal justice.

 3. 100-fold expansion of forensic investigation services including through rfp and ppp 
models.

 4. timeframe of 5 to 10 years for implementation.
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Annexure vi

role of science diplomacy in  
external relations of India

introduction

the science advisory council to the prime minister has recently developed the Indian vision for 
the emergence of India as a global leader in science. the Indian vision for science has provided a 
road map for India becoming a leader in the scientific world and become a knowledge provider for 
the world. there is an aspiration in the country. our youth population and talent base offer unique 
advantages in global knowledge economy.

the scientific advisory council to the prime minister foresees the possibility and strategic advantages 
of building science as a diplomatic tool in forging international alliances and partnerships. this 
background note has been prepared for institutionalizing the internal alliances between the ministry 
of external affairs and the ministry of science and technology of the Government of India. 

context

It is widely known that technological changes play critical roles in the growth of per-capita incomes 
of most countries. the Indian science system is learning to connect knowledge to wealth generation. 
several major companies of the world are establishing research and development base in India. 

the recently enunciated science vision of India has made a strong case for strengthening and 
investing further into research and development. demographic dividend of India is seen as an 
important advantage of the country by many developed countries in building alliances through 
science. 

although India has developed a good base for science and technology, there is a need to improve the 
quality of our scientific institutional base. India’s position in scientific outputs as well as innovation 
index could be vastly improved through strategic international scientific collaboration. India is 
establishing a large number of new universities, Indian Institutes of technology (IIts) and Indian 
Institutes of science education and research (IIsers). If Indian institutions were to emerge as global 
leaders in some branches of science in shorter time span, international s&t cooperation would be 
essential.

Science as a connecting Bridge between nations

science is global. performing scientists are truly global citizens. therefore, Indian science sector 
could play a major role in developing strategic alliances with developed countries in europe and 
americas. there is a matching enthusiasm in the developed economies for forging mutually gainful 
alliances with India.
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Advantage india

India offers advantages in the development of affordable innovations. the bulk drug industry, 
vaccine production, nano car and many more developments in India are attracting global attention 
for development of technologies and creation of extremely affordable innovations. India’s strength 
in space and atomic energy is widely recognized. many developing countries look up to India for 
developing their own technological base. many advanced countries with well developed science 
and technology system have started to value the ability of the country in cost optimization of high 
technology products.

indian Science Sector for enabling partnerships with developing countries

India has enjoyed a robust economic growth during the last decade. public investments into research 
and development are increasing. there is now a potential for the country to make investments to 
building strategic alliances with select countries through the tools of science and technology. It 
may be gainful proposition to invest asymmetrically into some developing countries both resources 
and s&t outputs with long term advantages. “Giving may be gaining” in some select international 
partnerships where giving through science may amount to long term investment.

Synergy through indian Science Sector with Strategic partners

It is now becoming possible for India to invest into equal and reciprocal partnerships with some 
countries by virtue of advantages of Indian science and technology sector. when India is in a position 
to invest, we should be able to negotiate terms and conditions of sharing of intellectual properties 
generated out of joint research and development. such investments would add to the national 
prestige on the one hand and contribute to the global competitiveness of technology base of the 
country on the other. symmetrical partnerships with co-investments and reciprocity principle into 
science sector with some developed economies would be of high value.

technology Acquisition for Accelerated Growth

technology acquisition through international partnerships is an area. there is an emerging 
opportunity to build partnerships with well developed innovation ecosystems in the world to rapidly 
develop our own innovation ecosystem. technology acquisition fund coupled with an ecosystem 
to rapidly develop cost optimized solutions through global partnerships would provide for India a 
unique leadership space.

Science diplomacy

there is now a possibility to leverage science and technology as a tool in diplomacy and building 
strategic alliances and partnerships with both developing and developed economies. the Indian 
science sector could play a vital role in science diplomacy. technology diplomacy, technology 
synergy and technology acquisition could form three pillars of Indian strategy for developing 
science diplomacy as a tool in strengthening of our external relations.

many countries in africa and other regions of the developing world value the Indian science and 
technology sector. they seek India to play the soft leadership role among the developing economies 
in several areas of science and technology. India has adopted the small and medium enterprise sector 
as the growth engine. the Indian model suits the developing countries with widely distributed raw 
material base. technologies for decentralized production offer advantages of low capital investments 
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for every job created. this also follows from the Gandhian model of decentralized production and 
consumption. 

If India could play a traceable role in strengthening of r&d institutions in many parts of the developing 
world, leadership position through technology diplomacy would be a natural consequence. India 
could share technologies for forewarning of natural disasters like cyclone, tsunami, flood etc, it 
would earn for the country significant goodwill and support from developing countries. strategic 
technology partnerships with developing countries are valuable tools in technology diplomacy.

enlarging the engagement of Indian science and technology sector with select countries under 
technology synergy model could provide mutual advantages to India and our partnering countries 
in both scientific developments and socio economic benefits. Indian strength flowing from talent 
base and youth population provides a strong dividend for technology synergy with developed 
economies.

recommended Actions

some important lead actions to leverage the potentials of science, technology and Innovation 
sector of the country in building science diplomacy could be considered. they are

General 

•	 There	are	only	science	counsellors	only	in	four	countries.	For	India’s	global	presence	and	impact	
through science sector, we would need at least additional 20 science counsellors in carefully 
selected countries and regions.

•	 We	would	need	a	special	advisory	mechanism	for	developing	strategic	relationships	based	on	
mutual benefit. 

•	 An	institutional	mechanism	is	needed	for	undertaking	due	diligence	of	our	technology	partners	
based on science diplomacy policy.

•	 Establishment	of	an	Alliance	Office	between	Ministry	of	External	Affairs	(MEA)	and	Ministry	of	
science & technology.

 
technology diplomacy

•	 Establishment	 of	 a	 long	 term	 fellowship	 scheme	 for	 citizens	 of	 the	 developing	 world	 to	
undertake doctoral and post doctoral research in the institutions in India to be administered 
nationally with a provision for 100 fellowships a year.

•	 Creation	 of	 Technology	 fund	 of	 Rs	 4500	 crores	 for	 developing	 countries	 for	 promotion	 of	
technology partnerships to build over a period of five years through synergy between mea 
and ministry of science and technology. 

•	 Special	 package	 for	 developing	 countries	 for	 strengthening	 of	 their	 own	 R&D	 institutions	
through sharing of technology and experience in select areas of mutual interest.

•	 Assistance	 to	 least	 developed	 countries	 in	 developing	 science-led	 development	 policy	 by	
creating 60 positions under technology up gradation fund to be implemented through 
collaboration between mea and ministry of science and technology. 

technology Synergy

•	 Establishment	 of	 an	 institutional	 mechanism	 for	 undertaking	 scientific	 assessment	 of	
opportunities for technology synergy partner countries.
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•	 Establishment	 of	 bilateral	 fund	 based	 on	 the	 principle	 of	 reciprocity	 and	 co-investment	 of	
matching funds and equitable sharing of intellectual properties.

•	 Establishment	of	a	suitable	advisory,	oversight	and	monitoring	mechanisms.
•	 Selection	of	projects	of	national	importance	in	areas	like	water,	climate	change,	environment,	

energy, food and health security related challenges.

technology Acquisition

•	 Establishment	 of	 a	 technology	 observatory	 in	 the	 country	 to	map	 specific	 technologies	 of	
national interest.

•	 Creation	of	 technology	acquisition	 fund	under	Public-Private	Partnership	complete	with	an	
efficient management system.

•	 Leveraging	strength	in	areas	of	core	competence	of	India	in	areas	like	aeronautics	(with>75%	
growth),	biotechnology	(>35%	growth),	auto	components,	telecommunication	and	other	high	
growth sectors based on high technology areas.

•	 Constitution	 of	 special	 National	 Advisory	 Council	 for	 acquisition	 of	 high	 technologies	 to	
develop a policy framework.

Way forward

science offers a handy and soft tool for building diplomatic relationships with strategic allies in the 
modern world. the Indian science sector has reached a stage of development in which it could play 
a more effective and critical role for India’s foreign policy makers. this note defines the context and 
enlists some specific recommendations for the Government of India to consider. an institutionalized 
alliance between the ministry of external affairs and the ministry of science and technology is the 
next best way forward. 
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Annexure vii

the future of Indian aeronautics

the sac to pm had deliberated extensively on the civil aviation sector which had attracted attention 
due to an extraordinary boom in that sector over the last few years. according to the dGca, a total 
of about 415 aircraft were likely to be introduced into service during 2007-12 and projections for 
the next 20 years indicate that India may need about a thousand medium sized aircrafts for civil 
aviation sector. thus it was imperative for the sac to pm to look into this sector in a meaningful 
and coordinated way. apart from this, in terms of number of aircraft the Indian air force is the 
fourth largest in the world (behind only us, russia and china) which does not operate its own 
fighter designs. considering the r&d along with design and manufacturing component the council 
constituted a sub-committee with professor Kota harinarayana; dr Kiran Karnik; dr rishi Krishnan; 
dr v sumantran; professor roddam narasimha; dr c.G. Krishnadas nair and dr t.s. prahlad as its 
members.

the sub-committee had few meetings and its recommendations were presented to the council in 
one of its meeting held in 2007. In the report of the sub-committee the importance of air power 
was widely acknowledged so also the civil transport which is vital for the communications network 
and transport of men and material across country. the importance of the affordable civil aviation in 
the large stretches of India, particularly the north-eastern region; the leh - ladakh area; the islands 
of andamann & nicobar and lakshdweep etc. are now well established and it plays a key role in 
national integration – economically, culturally and politically. In fact the report states “the state of 
aeronautical technology in any country is often an indicator of the state of technology in general 
in the country.” this is due to significant spin-offs that have emerged from the aviation sector in 
the past and also likely in the future. moreover it has been pointed out by the sub-committee that 
research in this sector is multi-disciplinary and involves interconnected scientific and technological 
pursuits. It borrows from and also advances many branches of engineering, including mechanical, 
structural, aerodynamic, electronics, electrical, chemical, thermal, material and other fields.

as argued above, the sub-committee also pointed that aviation and aerospace span a wide range 
of modern technologies that are of critical importance to our country. moreover these technologies 
are hi-tech and require matching hi-tech inputs from the manufacturing industries, aerospace 
products and parts involve the highest number of hi-tech input industries. additionally, advances 
in several materials technologies are driven by the aerospace industry’s quest for lower weight 
and emissions. the recent growth of the Indian civil aviation industry is driven by the growth of 
the economy, deregulation of the industry, the aggressive plans of low-cost carriers, and the large 
investments being made or proposed to be made in civil aviation infrastructure. and hence the 
sub-committee had suggested that the Indian industries initiate design and manufacturing part of 
aircraft components in the country, something similar to acma, since this would give rise to hi-tech 
manufacturing capability in the country.

the sub-committee wanted India to play a major role since Indian organizations have some 
outstanding talented designers and technologists with tradition of team work and project 
management skills that are crucial for success in these ventures. the country however lacks the 
marketing skills of hi-tech aeronautical products in International arena. But keeping in view the huge 
market size of aeronautics products globally and the fact that Indian manufacturing sector has risen 
to the global hi-tech standards, the sub-committee has suggested that the Indian manufacturers 
work in tandem with International players and also that the Government should encourage private 
industry to enter in a big way and actively promote public-private partnerships. however a boom 
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in aeronautical design services for foreign manufacturers may well develop in the near future, 
as experience with outsourcing builds up through such companies as honeywell and the Indian 
software majors. the industry, if properly orchestrated can create large employment opportunities 
not only in the semi-skilled sector but also in high-growth design and manufacturing industry in 
the civil aerospace sector. from an economic standpoint, this industry would be able to deliver 
value addition to the economy, high technology employment, new technological capabilities with 
possible spillover benefits, and also enable us to attract foreign direct investment (fdI).

the sub-committee further suggests that the argument for the support of semiconductor industry 
by the Government is also appropriate for the civil aviation sector. It recommended that the 
Government should constitute a national aeronautics commission to look into the issue and come 
up with a national strategy for r&d in this area along with manufacturing of the aircrafts. It should 
also, in parallel, build a concerted effort involving policy support, national initiatives, research 
capacity-building, human resource development, and marketing efforts that will be essential if 
India is to succeed in building a strong position in the aerospace domain. the sub-committee had 
proposed an aeronautics mission for the country for the next 20 years or so with its main objective 
being bringing in a unified and focused approach for aeronautical development in the country 
involving all the stakeholders. 

the report of the sub-committee concluded that the aeronautics mission under the umbrella of 
a national aeronautics commission can lead India to become a key player in global aeronautical 
developmental activities. this will facilitate in elevating the technological and economic strength of 
the country, and creating a vibrant national aeronautical enterprise that will both enhance national 
security and create national wealth.

the Government had recently acted upon this report and has set up national civil aviation 
development programme (ncadp) – high powered committee under chairmanship of dr madhavan 
nair with dG-csIr as co-chairman and cabinet secretary, secretary – m/o civil aviation, scientific 
adviser to raksha mantri, director – nal, shri damodaran, dr sumantran, shri firodia and professor 
narasimha as members. the committee would suggest the plan of action for the Government on 
civil aviation projects. the council felt that this was a step in the right direction.
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Government of IndIa

ScIentIfIc advISory councIl
to the

PrIme mInISter
ProfeSSor c.n.r rao

chaIrman

SAC-PM/02/08-410
JAnuAry 21, 2008

FAx: 011 23086857/23019545

Dr. Manmohan Singh
Hon’ble Prime Minister of India
South Block
nEW DELHI 110 001

Dear Dr. Manmohan Singhji,

re: Aeronautics in India
-------------

During the last year, this Council has closely examined the future of aeronautics in India, 
first through a sub-committee consisting of several experts from within SAC-PM as well  
as outside, and then through various discussions within SAC-PM itself. There is 
widespread agreement on giving greater attention to civil aeronautics, which falls outside  
the scope of the Ministry of Defence and of the Ministry of Civil Aviation, but would  
gain considerably by coordinated national policies that make the best use of the strengths 
available in the different ministries. We distinguish here aviation, which is concerned  
with flying as an operation, from aeronautics, which is the science and technology of  
design and manufacture of aircraft.

After considering various options, and taking into account suggestions which came from  
a meeting with the national Security Advisor, Mr. M.K. narayanan, SAC-PM has a 
draft report which proposes a national Aeronautics Commission reporting to the raksha 
Mantri. There have been however some differences of view about the structure of such 
a Commission, its chairmanship and its functions. I write this letter to seek your advice  
and guidance, in broad terms, on how vigorously we should pursue a vision in 
aeronautics that will at one and the same time enhance the security of the nation and  
create wealth. We feel that a coordinated effort which includes both civil and military 
aeronautics, and both public and private sectors, is now essential if India has to gain the  

Contd...
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Government of IndIa

ScIentIfIc advISory councIl
to the

PrIme mInISter

SAC-PM/02/08-410
JAnuAry 21, 2008

benefits of the facilities and talents that it undoubtedly possesses. While the SAC-PM 
would prefer setting up of an Aeronautics Commission with you as the Chairman, it is 
possible that you may feel that you do not have the time needed to guide it. In such a  
case, SAC-PM would suggest that such a commission be headed by a technocrat, and  
have adequate powers to guide the important area.

I would be grateful for your views and advice on the matter before we proceed further.

With best wishes and personal regards,

  yours sincerely,

  (C.n.r. rao)
  national research Professor
  &
  Linus Pauling research Professor
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Government of IndIa

ScIentIfIc advISory councIl
to the

PrIme mInISter
ProfeSSor c.n.r rao

chaIrman

SAC-PM/04/08-454
August 11, 2008

FAx: 011 23316745

Mr. Kapil Sibal
Hon’ble Minister for Science & Technology
Government of India
Anusandhan Bhavan
2, rafi Marg
nEW DELHI 110 001

Dear Sibalji,

If you remember in our last meeting with the Prime Minister, it was decided that we 
should have an Aeronautics Advisory Board or Commission to ensure a good future for the 
aeronautical industry in India. To establish such a Board or Commission, it is necessary to 
have cooperation from both the civilian and military sectors. you were kind enough to offer 
to take the necessary steps to see that such a structure is established. I am just writing this 
to recollect this decision so that we may have such a structure in the next few weeks.

With best wishes and personal regards,

  yours sincerely,

  (C.n.r. rao)
  national research Professor
  &
  Linus Pauling research Professor

Address for Correspondence: Jawaharlal Nehru Centre for Advanced Scientific Research, Jakkur P.O., Bangalore-560064. India
Tel.: 91-80-23653075, 22082761   Fax: 91-80-22082760   E-mail: cnrrao@jncasr.ac.in
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Annexure viii

a.20020/11/97-Ifd
Government of India

ministry of science & technology
department of science & technology

technology Bhavan, 
new mehrauli road,

new delhi 110016

dated the 31st march, 2010

office memorAndum

Subject :  revision of emoluments and revised guidelines on other service conditions for 
research personnel employed in r&d programmes of the central Government 
departments / Agencies.

In supersession of this department’s o.m. of even number dated 06.08.2007 on the above subject, the 
matter has been further considered by the Government and the following are the approved revised 
emoluments and guidelines on service conditions. this o.m. is applicable to the research personnel 
working on r&d programmes funded by the central Government departments / agencies.

i)  Junior research fellow (Jrf)/ Senior research fellow (Srf) 

Sl.  designation & revised emoluments 
no Qualification emoluments  per month 
  per month for  after 2 years 
  first 2 years / Srf

1. Junior research fellow (Jrf) leading to phd rs 16000/- rs 18000/-
 post Graduate (pG) degree in Basic sciences and  
 net qualified
 or
 Graduate degree in professional courses and Gate  
 or equivalent qualification  

2. Junior research fellow (Jrf) leading to phd rs 12000/- rs 14000/-
 post Graduate (pG) degree in Basic sciences who  
 have net qualified for lectureship  

3. Junior research fellow (Jrf) leading to phd rs 18000/- rs 20000/-
 post Graduate degree in professional courses  

Government of IndIa

ScIentIfIc advISory councIl
to the

PrIme mInISter

SAC-PM/04/08-454
August 11, 2008
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the local institution should review the performance of the fellow after two years through an 
appropriate review committee constituted by the head of the Institution. the fellowship in the slab 
after 2 years of research experience may be provided after successful assessment by this review 
committee.
 
the earlier “Guidelines for selection of non-net qualified Jrf/srf” issued vide dst office 
memorandum no.12(1)/76-Grs dated 30th July, 1990 stands withdrawn. 

In programmes where there is a need to engage research personnel at a level higher than Jrf/srf 
and such need has been accepted by the funding agency, the remuneration for such personnel may 
be fixed as indicated below.

ii) research Associates (rA)

research associates may be fixed at a consolidated amount at one of the 3 pay levels given below, 
depending upon the qualifications and experience. the Institute / organisation concerned may 
decide the level in which a particular associate should be placed based on the experience. the 
Essential	Qualification	(EQ)	for	RA	is	as	follows:

eQ: doctorate (phd/md/mS/mdS) or equivalent degree or having 3 years of research, 
teaching and design and development experience after mvSc/ mpharm/ me/ mtech will 
be eligible for award as rA.

Sl. no category revised emoluments per month

   1. research associate I (ra-I) rs 22000/- 

   2. research associate II (ra-II) rs 23000/- 

   3. research associate III (ra-III) rs 24000/- 

the stipend of research fellow/associate is exempt from the payment of income tax under 10(16) of 
It act, 1961.

Service conditions:
 
1. dA and ccA: Jrfs, srfs and research associates will not be entitled to these allowances. 

2. house rent Allowance (hrA): all research fellows may be provided hostel accommodation 
wherever available and those residing in accommodation provided by the Institute will not be 
eligible for drawing hra. wherever provision of hostel accommodation is not possible, hra 
may be allowed to all the above categories viz., Jrf, srf and ra as per central Government 
norms applicable in the city/ location where they are working. the fellowship amount may be 
taken as basic for calculating the hra. 

 
3. medical Benefits: the research fellows and research associates (Jrf/ srf/ ra) will be entitled 

for medical allowance as applicable in the implementing institution. 
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4. leave and other entitlement benefits: the Jrf/srf are eligible only for casual leave while 
research associates are entitled to leave as per rules of the host institution. participation of 
any of these categories (Jrf/ srf/ ra) in any scientific event/ workshops in India or abroad will 
be treated as “on duty”. the travel entitlement for Jrf/ srf/ ra for participation in scientific 
events/ workshops in India will continue to be the same as earlier i.e. 2nd ac by rail. maternity 
leave as per Govt. of India instructions issued from time to time would be available to female 
candidates in all categories. 

5. Bonus & leave travel concession: Jrfs, srfs and research associates will not be entitled to 
these allowances. 

6. retirement Benefits: Jrfs, srfs and research associates will not be entitled to these benefits. 

7. publication/patent: the results of Jrf/ srf/ ra’s research work may be published in standard 
refereed journals at the discretion of the fellow or his Guide. It should be ensured by the fellow 
that the assistance provided by the funding agency of Government of India is acknowledged 
in all such publications. 

8. encouragement for pursuing higher degree: students selected as Jrf/ srf may be 
encouraged to register for higher degrees and the tuition fees to undertake these studies may 
be reimbursed to the student from the contingency grant sanctioned under the project grant, 
if required.  

9. obligations of Jrf/ Srf/ rA: 
 a) he/she shall be governed by the disciplinary regulations of the host Institute where he/ 

 she is working.
 b) the Jrf/ srf/ ra must send a detailed consolidated report of the research work done during  

 the entire period of fellowship on completion of the tenure/ resignation of the fellowship  
 at the earliest.

10. date of effect: the revision in emoluments come into effect from 1.4.2010 for all categories of 
Jrf/ srf and research associates. 

11.  central Government departments / agencies are requested to ensure that the above guidelines 
are followed in regard to the remuneration and other benefits to the research personnel 
engaged in r&d projects funded by them. they are also requested to circulate these orders to 
their attached and subordinate offices and also to the autonomous institutes funded by them. 

12. the above may be used as guidelines by csIr, uGc etc. 

(l indumAthy)
director (finance)

to
1. all ministries / departments of the Govt. of India. 
2. all heads of divisions of dst
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Annexure iX

Biomedical and health research

health is a major driver of economic development and social contentment in any country. to achieve 
optimal health for its people, India has unique challenges due to its large population, demographic 
transition, vulnerability to out breaks and epidemics in an increasing globalized world, and the social 
and economic vulnerability of large sections of its people.

the health challenges relate to major, as yet not controlled infectious diseases, reemerging and 
emerging infectious diseases, as well as chronic diseases such as diabetes mellitus, heart diseases, 
cerebrovascular diseases specially stroke, cancer and health problems associated with growing 
aging population. mortality in women and children is unacceptably high, and progress slow. specific 
nutrient deficiencies that are widespread, add to the risk for poor health and early death.  why have 
we not come further, faster? while many of these are incredibly hard problems, the effort has been 
too small and the resources too few. 

Biomedical and health research is an essential component of any effective health care system. Indian 
biomedical research system has served us well despite resource limitations, but given the enormity 
of the challenge ahead, major strengthening is an unavoidable imperative both in scale and quality. 
the Government of India, in a laudable initiative, and in full recognition of the emerging situation, 
has recently established the department of health research (dhr) in the central Government. In 
recommending the move, the sac to the honourable prime minister has visualized that the dhr 
shall, in addition to the Indian council of medical research, engage the best of the medical college 
system, research institutes and universities to generate knowledge about major diseases and 
catalyze development of affordable preventive, diagnostic and curative health care technologies 
and products and find innovative ways to delivery of health care across the country with effective 
engagement of state systems and community.

the effort to build a new mission for biomedical and health research is critically compromised by 
lack of resources; financial, human, institutional framework and governance.

there is critical shortage of quality researchers in multiple areas of biomedical research. different 
scientific disciplines relevant to biomedical research are not effectively linked, nor are the institutions 
that harbour talent of different types. there is insufficient opportunity for medical students and 
faculty to learn science and clinical translational research and little incentive to pursue a research 
career. measures are therefore, required to be taken on a mission mode, rather than on incremental 
scale.

long term initiatives:
 
1) an inter-agency task force convened by dhr be established to create a long term action plan 

for strengthening biomedical and health research in the country.

 It should address resource needs, education and training in research, incentives to attract 
medical people into research, career path and institutional reform, linkages across disciplines 
and institutions related to medicine, science, engineering and academia - industry partnerships. 
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Short and mid-term initiatives-:

1. ten to fifteen best research oriented medical institutes in the country be upgraded as Institutes 
of excellence in biomedical and health research. these should have a separate dean for research, 
a research advisory council, and research governance through a society or a foundation 
separate from the governance of the hospitals with a dedicated research budget, core research 
manpower and centralized major equipment facility. 

1 (a) these centres of excellence should forge links amongst scientific, medical, social, engineering 
disciplines and for health policy and implementation research with health economists within 
and across institutes. 

2. at least one medical college in each state be strengthened in health research to serve as centre 
for transfer of technology to end users so as to contribute to an effective health care delivery 
system through local institutions and state health services. this platform will also serve as 
local hub of epidemiological/ public health research. state health systems have to be effective 
partners in public health research and implementation.

3. Inter-departmental mission of biomedical and health research, may be launched around the 
following medical priorities:

 i) tuberculosis 
 ii) viral infections with potential for outbreaks
 iii) diabetes, cardiovascular and chronic neurological disorders
 iv) maternal and child health 
 v) affordable health technology
 vi) Innovation in health care delivery
 vii) diseases preventable through measures like vaccines, environmental interventions etc

4. It is important to create synergy among various science agencies/ departments – those mainly 
involved in basic science and or innovation on one hand (eg dst, dBt, csIr/dsIr, drdo) to 
those with major application on epidemiology, public health (eg Icmr). thus the effort should 
be on establishing mechanisms to evaluate technologies for improving health care at individual 
& public health level ; fostering academia-Industry link: creating processes & cell to link 
developers with industry for translation of leads into products/processes and establishment of 
a rapid clearing house mechanism for evaluation of health research technologies including the 
commercial applications.

5. a strategy be evolved for science and health research education and training for medical faculty 
and students.

 programmes such as md-ph.d, masters in science and integrated clinical translational oriented 
ph.d programmes as well as mid- career specialized training to medical teachers must be 
established. this will require changes in existing rules of the medical council of India. 

6. a career path for biomedical researchers is a priority on the lines of “InspIre” programme of 
dst.

7. attracting medical and biomedical faculty to research requires flexibility in medical faculty 
career paths. 
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 the faculty size of academic medical colleges that are centre of excellence in research should 
not be based on number of beds but on academic requirements. the proposed task force 
should create criteria for assigning centre of excellence status to a medical institution and 
norms for faculty size and working condition for faculty. provision for dual appointments in 
biomedical and science establishments should be considered.

8. fifty chairs in biomedical research should be established. 

9. Inter-institutional virtual centres of biomedical and health research must be encouraged with 
a view to link science, engineering, medicine, academia and industry.  the department of 
Biotechnology, department of science & technology and department of health research can 
all support such initiatives through clinical translational research network awards. partnership 
with other science departments such as drdo, dare, dsIr, doIt etc would be important in 
selected areas



Scientific AdviSory council to the prime miniSter Bi-AnnuAl report 2011

85

Annexure X

Brief note on dynamics of change in agricultural 
research, presentation to made before the 

sac to the pm on 22 may 2010 at IIsc, Bengaluru 

a meeting of the sac to the pm is scheduled to be held at the IIsc on 22 may 2010, wherein a 
presentation on dynamics of change in agricultural research is to be made by dr s. ayyappan, 
secretary, dare and dG, Icar. 

the presentation broadly deals with the national agricultural scenario, the position of Indian 
agriculture in the global context, how our agricultural research and education system has responded 
to the various agricultural challenges through technological interventions, our achievements and 
our ongoing research programmes for a scientific and sustainable growth of Indian agriculture. 
established in 1929 as a registered society, the Indian council of agricultural research is the apex 
body at the national level for planning, executing and coordinating agricultural research and 
education in the country. under the aegis of the Icar, a network 97 research and 54 education 
institutions with a combined strength of about 25,000 scientists has been developed in the country. 
these institutions constitute the major component of national agricultural research system. certain 
programmes/schemes such as the all India coordinated projects and Krishi vigyan Kendras for are 
unique and highly successful models of technology generation and subsequent assessment and 
refinement respectively. 

today we are among the leading producers of wheat, rice, fruits, vegetables, milk, poultry and fish. 
development of technologies for improving the soil - water efficiency especially the conservation 
agriculture, high yielding crop varieties/hybrids, breeds with improved productivity, vaccines 
and diagnostics, diversification of agriculture etc. have significantly contributed towards these 
achievements. with continuous infusion of technologies the decades of 1970s and 80s the agriculture 
in India witnessed a very encouraging growth. the decades of 1990s brought about the concerns of 
natural resource degradation, drop in growth rate of total factor productivity and the stagnant farm 
incomes. 

responding to the changing needs of agriculture, over the years, the research approaches have also 
evolved from being commodity centric to more production to consumption and market oriented so as 
to make agriculture a strong component of national economy and an instrument of socio-economic 
change. the future of agriculture now depends on the level of application of advanced and frontier 
areas of science i.e biotechnologies, space science, information and communication technologies, 
in research. these are both, knowledge and capital intensive. the country would require state of 
the art agricultural research and educational institutions to generate appropriate technologies and 
to develop highly skilled and competent human resources. enhanced public investments, suitable 
marketing mechanisms and infrastructure for farm produce are needed, sooner than later, to put 
Indian agriculture on a higher trajectory of growth. 
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Annexure Xi

Jawaharlal nehru national solar mission

A. General information pertaining to solar photovoltaic technology

solar photovoltaic (pv) technology is built-up over a number of stages. the crystalline silicon chain 
consists of the following stages :

(a) polysilicon (feedstock)
(b) Ingot
(c) wafer
(d) cell
(e) module
(f ) Balance of system [comprises inverters to convert dc to ac, cabling and substructures, epc 

(erection, procurement, commissioning and installation)]

presented below are numbers about the utilization of solar pv technology at present.

A.1. current installed capacity in india of grid connected renewable energy (re) sources totals 
15,543 mW (source : mnre). the break-up of the total is given below :

wind power : 10,890 mw; small hydro (up to 25 mw) : 2,520mw; cogeneration (bagasse): 1240 mw; 
biomass power : 820 mw; waste-to-energy : 67 mw; solar pv : 6mw.

this may be compared with the 2007 data from the nmcc (chaired by dr. v. Krishnamurthy) 2008 
report : the installed capacity of re was 11,225 mw out of which solar pv accounted for 3 mw.

the point to note is that while the ramp up of re capacity in the last two years is impressive, it is 
mostly	accounted	for	by	wind	(70%)	and	small	hydropower	(16%)	sources.	The	share	of	solar	PV	was	
nearly zero and has not changed in the last two years.
 
A.2. World production of grid connected Spv power 

at the end of 2008, grid-tied pv installed capacity totalled approximately 13,000mw globally. It is 
estimated	that	the	sector	is	growing	at	30-40%	implying	a	cumulative	installed	total	by	the	end	of	
2009 of 17,000-18,000 mw. this is in line with current projections for the year.

A.3. domestic solar manufacturing capacity 

unfortunately there is little publicly available data on domestic manufacturing capacity. however, 
here below is a set of figures which provide a broad picture (most of the manufactured products are 
for the export market!).
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company capacity 

tata Bp solar module capacity   -   105 mw
 solar cell    - 128 mw

moser Baer crystalline solar cell capacity - 40 mw plans to scale  
 up to 240 mw.
 crystalline module manufacturing – 40 mw in  
 planning stages.
 thin film - 200 mw line under installation with the first  
 phase of the line recently commissioned.

signet solar proposed thin film applied materials plant of 300 mw.  
 no production as yet.

solar semiconductors module assembly capacity - 50 mw

reliance Industries limited 1Gw proposed project vertically integrated from polysilicon  
 to panels (not much appears to have happened).

Indian manufacturers either import wafers or cells as the input to their domestic manufacturing 
process (with the majority importing cells). certain companies such as lanco Group and reliance 
Industries have discussed establishing polysilicon manufacturing capacity in India, but no such 
projects exist today.

Indigenous capacity for production of solar energy materials is practically nil. 

A.4. how much silicon feedstock is needed for 1mW power? Will this quantity be available for 
20GW of capacity by 2022 as projected by the solar mission?

approximately 6-7 grams of polysilicon is required per 1 watt of pv, so 1 mw would need 6,000-
7,000 kg or 6-7 mt of polysilicon. the average polysilicon required has decreased from 10mt/mw in 
2006 to 6.6 t/mw in 2009 and is forecasted to reach 6.3mt/mw by 2012. this is achieved by thinner 
slicing of wafers (now down to ~ 200m) from ingots and less breakage of wafers/cells over the course 
of the manufacturing process. at the same time, global manufacturing capacity for polysilicon has 
increased significantly from 53,390mt in 2008 to forecasted 149,524mt in 2010 to 220,676mt by 
2012. this would imply global wattage capacity based on polysilicon feedstock of 7-8Gw in 2008 
growing to 23Gw by 2010 and 35Gw by 2012.

when one compares this quantum of availability of polysilicon with annual global demand projected 
at 6.2Gw by 2010 and 10Gw by 2012, there should be ample polysilicon supply to meet industry 
needs.	Thus	polysilicon	has	entered	 the	buyer’s	market!	This	demand	 is	driven	by	30%	of	global	
offtake	by	Germany,	10%	of	 total	each	by	 Italy,	 Japan	and	United	States	and	 the	 remaining	40%	
by 10-11 other countries. India’s growth as a major solar market is not expected to constrain the 
global supply chain in a way witnessed around 2005.
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A.5. What is the likely cost of Spv for 1000mW output?

solar pv is land-centric. 1 mw of solar pv crystalline silicon needs 3½ to 4 acres. and if it is amorphous 
thin film silicon, the land requirement for 1 mw could be higher at 5½ to 6 acres.

In order to install solar pv power generation at utility scales totalling 1000mw and installed in 
India by 2013, it is estimated that project capital totalling about rs.40,000 cr will be required. It is 
to be noted that, of the various stages in installing solar pv technology mentioned in the opening 
paragraph,	the	stage	(f ),	namely	balance	of	system,	takes	up	50%	of	the	total	plant	cost.

A.6. Solar thermal power

solar thermal power is often mentioned. the technologies for solar thermal power generation are 
either based on the concentrating trough principle or on the solar tower principle.

current installed solar thermal power capacity globally totals approximately 670 mw, almost all of 
which is in spain and in the united states. the largest concentrating trough units are in the mojave 
desert in the southwest united states, each with 80 mw capacity and totaling 350 mw, which have 
been in operation since about 1990. 

the largest power tower unit is in seville, spain with a capacity of 20 mw, which was completed 
recently in april 2009.

solar thermal power plants are expected to be cost-competitive and therefore are regarded as 
extremely promising. r&d work is ongoing in Germany, Israel, Italy, spain and the us. as a result, 
several new solar thermal power plants are expected to be completed soon. once engineering 
challenges are successfully and fully met, solar thermal power plants are expected to witness 
unprecedented growth.

no solar thermal plants are currently under construction in India. two 10 mw plants are in late stages 
of development in rajasthan as part of rrec’s (rajasthan renewable energy corporation) solar 
promotion scheme.

B.  proposals broadly spelt out in the Jnn solar mission document

B.1. targets

•	 Deployment	of	20,000	MW	of	solar	power	by	2022	which	is	to	be	accomplished	in	3	phases.

 phase I 1000 mw by 2013
 phase II 10000 mw by 2017
 phase III 20000 mw by 2022 (dependent on learning from the first two phases)

•	 The	mission	document	has	additionally	discussed	promotion	of	the	following:
 solar thermal power (100 mw capacity demonstration project based on parabolic trough 

technology), 
 solar collectors (7 million sq. meters by 2013 going up to 20 million sq. meters by 2022) and 

Solar	 lighting	systems	(to	cover	about	10,000	villages	and	hamlets	for	which	90%	subsidy	is	
slated to be provided).
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however, this note focuses on solar photovoltaic technology which is the only proven technology 
(over 40 years) in solar power generation. the effort is concentrated now on reducing cost of this 
technology, on enhancing performance and increasing its durability. 

B.2. observations

the main aim of the solar mission document is to create an enabling environment to promote 
predominantly private sector industrial investment in technology, manufacture and generation of 
electricity for lighting and heating purposes. most of it is to be grid-connected and a relatively much 
smaller fraction is for distributed application.

learning from the past experience of hurdles encountered by the developers, the mission document 
comes up with innovative new mechanisms to facilitate private enterprise making it good from 
their investment. the noteworthy innovation is to designate the ntpc (national thermal power 
corporation) trading company ntpc vidyut vyapar nigam ltd. (nvvn) as the nodal agency for 
entering into a power purchase agreement (ppa) with the solar power developers to purchase 
power fed to 33Kv-and-above grid in accordance with the tariff (determined for the year 2009-10 
as rs. 18.44/kwh) and ppa duration stipulated by central electricity regulatory commission (cerc).

the key driver of the programme is to impose a renewable energy purchase obligation (rpo) on the 
state	and	other	utilities.	The	RPO	may	start	with	0.25%	of	solar	power	(of	the	total	power	purchased	
by	the	utilities)	to	go	up	to	3%	by	2022.

the overambitious target of 20,000 mw, seemingly arrived at by wishful thinking, is to be appreciated 
in light of the main goal of the mission which is to motivate private investment. the gigantic target is 
to act as a driving force for the prospective developers, whose numbers may thus increase, to enter 
into the expectedly expanding domestic market.

while the above is laudable, the success of the mission will depend on (a) speed of administrative 
approvals, in particular for land acquisition by the developers; (b) alignment of the states and the 
centre (a remark made recently by the prime minister is noteworthy in this context: he said that 
everything cannot be or should not be driven by the centre alone).

B.3. research & development

the document recognizes that there is no significant solar energy r&d programme within the 
country. the Government proposes to launch a major r&d support initiative. the strategy comprises 
basic research for the development of innovative materials and processes as well as applied research 
for improvement of existing processes for enhanced performance and cost competitiveness of the 
systems and devices. for this purpose, the mission proposes the following:

(a) a high level research council 
(b) a national centre of excellence and
(c) the research council in collaboration with the national center of excellence to harness the 

existing institutional capabilities.

the proposals with regard to human resource development are the following:

•	 Involving	 IITs	 and	 premier	 engineering	 colleges	 and	 universities	 in	 designing	 specialised	
courses in solar energy. 
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•	 A	 Government	 Fellowship	 programme	 to	 train	 100	 selected	 engineers,	 technologists	 and	
scientists in solar energy research in world-renowned institutions abroad.

•	 Setting	up	a	National	Centre	for	photovoltaic	research	and	education	at	IIT	Bombay	drawing	
upon its department of energy, science and engineering and its center of excellence in 
nanoelectronics.

c. opportunities for research

this section will discuss opportunities that exist for basic research as well as for applied r&d at all 
stages of pv technology and its applications (based on my own understanding and so needs to be 
discussed).

•	 Process	innovation	to	reduce	energy	consumption	and	cost	of	processing	polysilicon	and	ingot	
making.

•	 Materials	research	to	increase	efficiency	(h) and durability. 
 (i) mono-crystalline si (workhorse material whose h	has	been	enhanced	to	15	to	20%).
 (ii) microcrystalline si (mcsi) (h	at	8	to	10%)	(2	to	3	mm film). 
 (iii) amorphous si (a–si) (h	at	8%)	(2	to	3	mm film).
 (iv) mcsi in tandem with a–si (h	touched	16%	at	lab	level).
 (v) cadmiumtelluride (cdte) (h	up	to	10%)	(lab	level	attained	15%)	(Least	expensive	of	all	

thin films but cd toxicity is an issue).
 (vi) copper Indium (Gallium) diselenide (cIs/cIGs). (h	~10%)	(19%	at	lab	level).
 (vii) emerging (dye-sensitized, organic, nano) materials.

•	 Thinning	down	mono-crystalline	wafers	using	new	technology	such	as	plasma	slicing	(thickness	
at present down to about 200 m and the aim is to go down to less than 100 m). this will reduce 
the feedstock cost.

•	 Considerable	opportunity	for	R&D	and	technology	innovation	in	the	course	of	indigenisation	
of balance of systems (like inverters and batteries). 

•	 It	is	to	be	emphasised	that	limiting	research	to	materials	alone	may	not	be	the	right	approach.	
experimental systems of the full technology package utilising every type of advanced material 
are to be investigated. this strategy has been followed by Japanese institutes and is worthy of 
emulation as it provides a first hand feel for performance of the whole package in each case of 
advanced material.

•	 Several	plants	could	be	assembled	with	imported	materials	and	systems	for	field-testing	under	
Indian conditions. each of these plants shall be based upon one type of pv material. this is for 
evaluating continuous performance and durability. this is critical because it is already reported 
that mono-crystalline (which is the workhorse material) suffers degradation at a more rapid 
pace in hot weather conditions unlike a-si which remains nearly stable. this factor favours a–si 
inspite of its lower efficiency under standard conditions. 

•	 Establishing	facilities	for	characterising,	quality	control	and	durability	testing	in	an	accelerated	
testing facility. so also techniques for online diagnostics during production as well as 
subsequent usage.

the last four items among those listed above are best implemented by industry in partnership with 
a public funded institution which needs to be an academic institution or a national lab or both 
together.

the dept of s&t is in the final stages of selecting proposals for collaboration under the Indo-eu 
programme. dst is best placed to provide updated information on this programme as well as their 
other initiatives in the area of solar energy r&d. 
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Annexure Xii

report of the Icts program “scientific discovery 
through intensive exploration of data” 

amit apte (convener)*, ravi s. nanjundiah (convener)† , vijay chandru‡, 
roddam narasimha§, and spenta r. wadia¶ 

april 8, 2011 

executive Summary
 
there has been an explosion of data available for scientific investigations, coming from observations, 
new experiments, and numerical simulations. at the same time, there are sophisticated models of 
complex systems, based partially on physical principles,but increasingly also based on the data. the 
main aim of the meeting was to bring together researchers working on understanding the interplay 
between data – observational, numerical, and experimental – and the theories and models that 
need the data, and how this interplay illuminates the scientific questions being investigated – in 
short, scientific discovery through intensive data exploration. 

the meeting was a programme of the International centre for theoretical sciences, tIfr, held at 
the Jawaharlal nehru centre for advanced scientific research (Jncasr), Bangalore, during 02-11 
february 2011. there were four keynote presentations, and about twenty invited presentations, by 
eminent researchers such as tim palmer, michael mahoney, tony cass, Ian foster, alok choudhary, 
srinivas aluru, ravi Kannan, umesh waghmare, and many others. they represented the following 
fields of research which make essential use of large data sets. 

1. computer science and statistical methods 
2. life and health sciences 
3. earth sciences 
4. astronomy 
5. high energy physics 
6. materials science and chemistry 

there were two panel discussions on “development and deployment of Infrastructure for scientific 
computing in India,” chaired by n. Balakrishnan (IIsc) and on “computational Genomics,” chaired by 
niranjan nagarajan (Genome Institute of singapore). 

recommendations for implementation 

there was a general consensus on (i) the inadequacy of the existing computational infrastructure 
for research using large data, and (ii) the necessity of a comprehensive plan for developing 
such an infrastructure, and most importantly, for developing trained manpower. the following 
recommendations emerged out of the discussions during the meeting. 

* tIfr centre for applicable mathematics, Bangalore apte@math.tifrbng.res.in 
†centre for atmospheric and oceanic sciences, IIsc, Bangalore ravi@caos.iisc.ernet.in 
‡strand life sciences, Bangalore chandru@strandls.com 
§Jawaharlal nehru centre for advanced scientific research, Bangalore roddam@jncasr.ac.in 
¶International centre for theoretical sciences-tIfr, mumbai/Bangalore wadia@theory.tifr.res.in 
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1.  actively encourage new paradigms of doing science and new paradigms of collaborations 
between industry and government organisations. 

 (a) there is need for computing infrastructure that can be shared and available for use by 
scientists across various institutes and universities. 

 (b) Inter-disciplinary and inter-institutional collaborations on scientific problems using large 
data could be a focus area for agencies such as nserB, dst, etc. 

2.  encourage the growth of dedicated high-speed networks for the data intensive sciences. 
 (a) connectivity to international networks through collaborative efforts such as the GlorIad 

should be pursued. 
 (b) strengthening of existing national academic and research network and creation of new 

ones should be a priority. 
 (c) local inter-institutional high-speed networks, coexisting with the above, need to be 

developed and existing campus networks need to be upgraded. 

3.  Innovation is required in the financial models under which academia and industry can work 
together. 

4.  pilot projects, emulating the success of projects such as the open source drug discovery 
(osdd), should be encouraged. examples include,but are not limited to, 

 (a) national virtual archive of data, including mirroring of datasets from around the world 
 (b) a community-owned network for sharing large datasets 

5. capacity building and human resource development through short term workshops, and 
dedicated long term initiatives for masters and doctoral programs. 

6. setting-up of a task force consisting of national and international experts from academia, 
industry, and non-governmental organisations, to develop a plan to implement these 
suggestions on an urgent basis. 

1  introduction – the need for data based scientific investigations 

the ever increasing computational capabilities, not only the computational speed but also the 
data storage capacities, have lead to an explosion of data available for scientific investigation. 
one part of this data is observational in origin. for example, satellites and extensive observational 
networks now routinely provide huge quantities of real-time data about the earth system, many 
large and capable telescopes provide astrophysical observations, and medical records give data 
about human health and medical treatments of various kinds the other sources of large quantities 
of data are laboratory experiments. the most notable examples are the large hadron collider 
(lhc), the genetic and biological systems experiments, and experiments in material sciences and 
chemistry. the third source of data is relatively new in origin and less conventional than the previous 
two – it is data obtained by numerical experiments, through computer simulations of realistic 
and more complex models of physical systems being studied. 

the other repercussion of the increased computational capabilities is that it is now possible to study 
sophisticated models of complex systems, such as those mentioned above. there are two types of 
models for such systems – either based on previously well-established physical principles, or based 
purely on observations of the system. the former of the two types of models need to use data in 
order to be applicable in realistic situations. the latter of the two types of model are fundamentally 
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dependent on data, without which their very construction will be impossible – the patterns and 
regularities, or lack thereof, in the observations lead to the models, which eventually are hoped to 
become part of a body of scientific theory. In both the above cases, data give fundamental insights 
into the properties of the underlying physical system, its functioning and its dynamics. 

this discussion clearly points to a dire need to investigate the interplay between data, used in the 
broad sense described in the first paragraph above, and the theories and models that need the data, 
and how this interplay illuminates the scientific questions being investigated – in short, scientific 
discovery through intensive data exploration. this was precisely the theme of the Icts program 
with the same title, organized in Jncasr during 02-11 february 2011. 

this report will summarize, in the following section, the proceedings of the meetings including 
various formal and informal discussions, and in the last section, point to specific implementable 
recommendations for developing infrastructure for scientific investigations based on the 
use of very large data and peta-and exa-scale computations, which are fast emerging as a new 
paradigm in the scientific endeavor. 

2  organizing committee 

the scientific organizing committee for this meeting consisted of the following researchers 
representing a broad spectrum of expertise in various scientific themes described above. 

•	 Amit	Apte,	TIFR	Centre	for	Applicable	Mathematics,	Bangalore	
•	 Vivek	Borkar,Tata	Institute	of	Fundamental	Research,	Mumbai	
•	 Vijay	Chandru,	Strand	Life	Sciences,	Bangalore	
•	 Ravi	Kannan,	Microsoft	Research	Labs,	Bangalore	
•	 Ravi	S.	Nanjundiah,	Indian	Institute	of	Sciences,	Bangalore	
•	 Roddam	Narasimha,	Jawaharlal	Nehru	Centre	for	Advanced	Scientific	Research,	Bangalore	
•	 J.	Srinivasan,	Indian	Institute	of	Sciences,	Bangalore	
•	 Spenta	R.	Wadia,	 International	Centre	for	Theoretical	Sciences,	Tata	Institute	of	Fundamental	

research, Bangalore/mumbai 

3 A summary of the proceedings of the meeting 

3.1  Scientific themes 

the following scientific themes were at the core of this program. 

1. technology and statistical methods 
2. life and health sciences 
3. earth sciences 
4. astronomy 
5. high energy physics 
6. materials science and chemistry 

the first one focused on the mathematical, statistical, and technological methods and infrastructure 
necessary for and applicable to the analysis of vast data. as discussed in the previous section, the 
main focus of the remaining five themes was the investigation of scientific questions using large 
data sets and computational resources. 
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3.2  Keynote lectures 

1. tim palmer, european centre for medium-range weather forecasts and oxford university, uK, 
“uncertainties in predicting our future weather and climate -from inadequate data to 
fundamental physics” 

 In this fascinating keynote lecture, prof. palmer described the fundamental mathematical and 
physical issues behind the uncertainties in climate and weather prediction problems. to quote 
the abstract of one of his lectures at the Isaac newton Institute for mathematical sciences in 
cambridge, uK: 

 putting this new science into practice, however, is not straightforward, and will require new 
computing infrastructure hitherto unavailable to climate science. hence, I will conclude with 
a plea to the governments of the world. let’s take the current stalemate of opinion as justifying 
a renewed effort to do all we humanly can to reduce existing uncertainties in predictions of 
climate change, globally and regionally, so we can move the argument forward, one way or the 
other, for the good of humanity. this will require a new sense of dedication both by scientists 
and by politicians around the world: by scientists to focus their efforts on the science needed 
to reduce uncertainties, and by politicians to fund the technological infrastructure needed 
to enable this science to be done as effectively and speedily as possible. (emphasis added, 
ref: http://www.newton.ac.uk/programmes/clp/seminars/120617001.html ) 

2. Ian foster, argonne national laboratory, usa, “What the cloud really means for science” 
prof. foster discussed how the biggest It challenge facing science today is not volume but 
complexity. he argued that establishing and operating the processes required to collect, 
manage, analyze, share, archive, etc., that data is taking a large part of the scientists’ time 
and killing creativity. with examples from the university of chicago and anl, he illustrated 
that in order to overcome this problem, we need to make it easy for providers to develop 
”applications” that encapsulate useful capabilities and for researchers to discover, 
customize, and apply these ”apps” in their work, which would have the effect of dramatically 
accelerating scientific discovery. 

3. tony cass of cern, Geneva, switzerland, “Worldwide data distribution, management and 
analysis for the lhc experiments” In this opening keynote lecture, tony cass discussed how 
the large hadron collider at cern tries to address the key physics issues such as the origin of 
mass, the nature of dark matter in the universe and precise details of the asymmetry between 
matter and anti-matter. the talk described the Worldwide lhc computing Grid, designed to 
effectively distribute and analyze the unprecedented data volumes of 15-25 pB per year, 
in particular reporting on the successes of the first year of lhc operation and on some possible 
future developments. 

4. michael w. mahoney, stanford university, usa, “Algorithmic and statistical perspectives 
on large-scale data analysis” prof. mahoney opened the lecture by comparing two 
complementary perspectives on data: one of computer scientists who tend to view the data 
as noiseless and focus on algorithms to speed up the computations, and another of natural 
scientists who often have, either explicitly or implicitly, an underlying statistical model in mind. 
he then described the ways in which, in recent years, ideas from statistics and computer 
science have begun to interact for solving large-scale scientific and internet data analysis 
problems, including examples of improved methods for (i) structure identification from 
large-scale dna snp data and (ii) selection of good clusters or communities from a data graph. 
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3.3 invited presentations 

the other invited presentations of the meeting discussed scientific research that is directly related 
to or makes use of large data and computations. the talks by sandeep sirothia and yashawant 
Gupta, discussed challenges in signal processing and computations for astronomical surveys and 
studies, especially with the advent of next generation telescopes. the talks by vijay natarajan, vipin 
chaudhary, soumen chakrabarty, and ravi Kannan illustrated various techniques for visualizing, 
annotating, indexing, searching, large data sets, as well as specific mathematical methods and 
hardware platforms for dealing with them. umeshWaghmare gave an illuminating introduction to 
the interplay between theory and computations in chemistry, in the context of the exciting research 
in designing new materials. a series of talks, by vijay chandru, Gyan Bhanot, niranjan nagarajan, 
ramesh hariharan, rahul raman, srinivas aluru, andreas dress, and Jayant haritsa, spread over the 
whole duration of the meeting, discussed the development of computational tools and their use 
in biological research, in cancer biology, genetics, and computational genomics. the talk by G. Bala 
discussed the challenges in dealing with massive datasets generated by comprehensive numerical 
climate models. 

the talk by Greg cole of center for International networking Initiatives (cInI), university of tennessee, 
usa, described in detail the GlorIad advanced science internet network, which connects scientists 
in us, russia, china, Korea, canada, the netherlands, India, egypt, singapore and nordic countries, in 
order to promote new opportunities for collaboration and cooperation among scientists, educators 
and students. he described the dynamic networks that change constantly with technology, the 
multitude of their uses in scientific endeavor, the partners in each of the countries, the possible 
way forward in Indo-us collaborations using this network, and community building efforts based 
on such a network. he also discussed the issues of the weakest link, metrics of performance, cyber 
security, monitoring networks, and the future network requirements for dealing with petabytes of 
data which is soon going to be very common in many scientific disciplines. 

most of these talks will be available in electronic format (the presentation files as well as videos of 
the talks) on the Icts website for this program. 

3.4 panel discussion on computational Genomics 

there was a special panel discussion on “computational Genomics” following the talk by niranjan 
nagarajan “data integration in computational Biology.” It was organized to provide a forum for 
conference attendees and expert panelists to debate and discuss issues regarding computational 
challenges in biology and genomics and the unique role that Indian engineers and scientists can 
play in this increasingly data-intensive field. the panelists were prof sowdhamini of national centre 
for Biological sciences of tIfr, Bangalore, prof. nagasuma chandra of IIsc, dr. hariharan of strand 
life sciences, Bangalore, dr. nagarajan of Genomics Institute of singapore, and prof. aluru of Iowa 
state university. 

the discussions began with a brief introduction of the panelists and their areas of interest -prof. 
sowdhamini and prof. chandra being biologists who have increasingly relied on computational tools 
for their work; dr. hariharan providing an industrial perspective and dr. nagarajan and prof. aluru 
the perspective of academics who work extensively in computational genomics. the discussions 
were free-flowing with active audience interest. some of the topics discussed included, modes of 
interaction for computer scientists and biologists in the field, role of multi-level modelling ideas in 
genomics, the lack of adoption of parallel algorithms as a solution to challenges in computational 
biology, and funding modes in Indian science. overall, the panelists felt that the discussions were 
thought-provoking and made the session more interactive. 
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3.5 panel discussion on “development and deployment of infrastructure for Scientific 
computing in india” 

this panel discussion was part of the Icts program “scientific discovery through intensive exploration 
of data” which was held during 02-11 february 2011: Jawaharlal nehru centre for advanced scientific 
research, Bangalore. the panel was convened by (and this report has been written by) amit apte, 
tifr centre for Applicable mathematics, Bangalore, leena chandran-Wadia, orf, mumbai, 
and ravi S. nanjundiah, centre for Atmospheric and oceanic Sciences, iiSc, Bangalore. 

the aim of the panel discussion was to explore the special scientific computing and infrastructure 
requirements of scientists in India working on the data intensive sciences. the broad areas include 
atmospheric sciences, Biological sciences, physics and astrophysics. the infrastructure that is being 
referred to includes 1) hardware, software, and services for scientific computing, modelling and 
simulation, 2) management of large databases including mirroring of large public databases available 
in different countries around the world, and 3) dedicated high-speed networks to interconnect all 
of these. 

the panelist are 

1. prof. n. Balakrishnan, IIsc Bangalore: panel chair 
2. dr. sharatBabu, cdac Bangalore 
3. dr. tony cass, cern Geneva 
4. dr. leena chandran-wadia, orf mumbai 
5. dr. Gregory cole, GlorIad, tennessee u.s.a 
6. dr. vasant Jain,Ge Bangalore 
7. prof. e.d. Jemmis, IIser thiruvananthapuram 
8. prof. nagasuma chandra, IIsc Bangalore 
9. dr. a. paventhan, ernet Bangalore 
10. dr. satyendra rana, tcrl pune 
11. dr. yogish sabharwal, IBm Bangalore 

the panelists and other participants discussed various aspects of computational and network 
infrastructure with specific emphasis on 

•	 Shared	and	local	Infrastructure	
•	 Role	of	government	bodies	
•	 Role	of	industry	
•	 Entrepreneurship	
•	 Training	and	capacity	building	efforts	

the specific recommendations arising out of this discussion are included in the executive summary 
and a detailed report of this panel discussion is in the appendix 1. 

3.6  participation from students, industry, and government labs 

we must stress that there was enthusiastic participation from the industry as well as government 
labs. all major players involved in high performance computing (hpc) or large data research such 
as cdac, crl, Ge, Infosys, IBm, microsoft, Intel participated. there was a special session where they 
highlighted the work being done by the industry in the field of research using large data. a session 
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was organized for the student participants to present the work they are doing in this field and the 
problems being faced by them. the participants represented a broad spectrum of problems ranging 
from bio-sciences to oceanography. 

4 discussion and implementable recommendations 

from the opening keynote lecture by tony cass describing the worldwide computing infrastructure 
developed by cern for the data from large hadron collider experiment in Geneva to be available to 
scientists across the globe, to the talk by Greg cole describing the GlorIad network and its utility 
and potential in connecting the global scientific community, until the last talk by G. Bala describing 
the peta-and exa-scale computing required for scientific use of the numerical data generated by 
the next generation of climate models, the discussions during the meeting made it clear that a new 
paradigm of scientific research based on the use of very large data and complex numerical models 
needs a computational infrastructure on a scale which is much larger than currently available 
in the country, as well as development of skilled manpower in order to make its effective use. 

specific implementable recommendations: 

1. there is need for computing infrastructure that can be shared and be available for use by 
scientists across various institutes and universities. at least some of this must be of the highest 
quality, and it needs to be upgraded frequently to keep up with the fast changes. 

2.  the access to the infrastructure must be through a unified interface which is easy to use. there 
must be ways for researchers affiliated to organizations which by themselves may not have 
adequate computational resources to access a “shared” infrastructure. 

3.  networking is a key area that needs immense focus and major thrust. end-to-end connectivity 
issues need to be tackled, since the weakest (or the slowest) link in a network ultimately 
determines its performance from the users’ perspective. 

4.  a unified solution needs to be found for dealing with (non-)availability of licensed software or 
to find open source solutions, for a large section of the scientific community, especially those 
sharing a common hardware infrastructure. 

5.  we also suggest development of ’national virtual archives’ for data on various topics including 
but not limited to biology, earth sciences, engineering, social sciences, astronomy, and other 
sciences. these could be archives where all data generated within the country with public 
funding could be deposited (after a statutory period during which the researcher who has 
developed the dataset gets exclusive usage). this could also include data generated by various 
public agencies through public funding (such as those generated by GsI/Imd etc). this along 
with good connectivity through nKn could go a long way in improving the quality of research 
in the country which at times is stunted due to lack of access to good data/connectivity. 

6. development of virtual communities and setting up infrastructure for it could be encouraged, 
a prime example being the open source drug discovery (osdd) project, which very effectively 
uses the high-bandwidth connectivity to bring together scientists, students, etc. a pilot project 
that could be taken up is the earth sciences virtual community, which shares observational, 
experimental, and numerical data, using common computational infrastructure, to work on 
inter-related scientific questions. 
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7. masters and/or doctorate courses in “applied computer science” could be developed at various 
universities, in order to deal with the issue of lack of trained human resources. 

8. new methods have to be devised for recognizing the contributions of scientists who create or 
archive databases of great scientific value. such methods may include new practices in citation 
procedures and modification of current evaluation criterion to include credit for human 
resource development as well as creating public goods, which include novel computational 
infrastructure development, new methods of providing access to data, etc. this gives 
recognition to the time invested by the researchers in these activities. 

9. there is a immediate need to set up a dedicated research centre focusing on computational 
approaches to questions from several basic and applied sciences. this centre could be located 
in an institution which has expertise in various engineering and scientific disciplines. this could 
be along the lines of the computation Institute (a joint institute of the university of chicago 
and argonne national laboratory), which is “an intellectual nexus and resource center for 
scholars from multiple disciplines building and applying computational platforms for science,” 
but needs to be tailored to the needs of the country. 

10. there needs to be a conscious effort from the scientists as well as funding agencies to 
promote interactions between computer scientists, mathematicians, and those working in 
other disciplines, through frequent workshops or working meetings and also through calls for 
collaborative research proposals. a new multi-disciplinary journal or bulletin, focusing on data 
intensive scientific discovery, could be started in an effort to disseminate the results of such 
interactions. 

11. the immediate next step could be the setting-up of a task force consisting of national and 
international experts from academia, industry, non-governmental organisations, to develop a 
plan to implement these suggestions on an urgent basis. 
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Annexure Xiii

launching of sac initiated mission to  
develop national exascale 

supercomputing capability, capacity and  
Ict Infrastructure on Integrated national 

Knowledge network (inKn)
 

dr. vijay Bhatkar 

china leapfrogs!
 
holding its breath every year, supercomputing community awaits the announcement of top-500 
list in the sc supercomputing conference. this year, when top-500 list was unveiled at sc-10 in new 
orleans, china topped the list with its massively parallel supercomputer nudt yh mpp X5670 with 
a lInpac benchmark of 2.56 petaflop and peak performance of 4.70 petaflop installed at national 
supercomputing centre in tianjin. the third position was also claimed by china with dawning tc360 
at national supercomputing centre in shenzhen. In fact, china claimed 41 positions in top-500 
list as against India’s barely 4! miffed by India’s emerging prominent position in high performance 
computing, china had launched a massive supercomputing Initiative almost ten years later than 
India but it has now emerged as a major player next only to us. clearly, India has lost its initial 
momentum and is lagging significantly behind. even russia and many countries in europe are now 
ahead of India in this strategic technology.

exascale: the next frontier

In the meantime, supercomputing has moved from gigaflop in the late 80s, to teraflop in the 
late 90s and now petaflop level in 2010. the new frontier launched by the us in 2008 is exascale 
supercomputers – computers that can perform 1000,000,000,000,000,000 mathematical operations 
per second! It is visualized that exascale systems will become a reality by 2018 or 2020. developing 
exascale computers will have to spur several disruptive innovations. “It’s not the technology of 
exascale that is disruptive, but the things exascale makes possible that will be disruptive”, says thomas 
thurston, ceo of Growth science International. “exascale isn’t a disruptor; it is a foundation upon 
which a million disruptions can be based.” the us has now launched an exascale supercomputing race 
and the major players are us, china and europe. In fact, us now believes china, with its meticulous 
national planning and committed national funding of several billion dollars, might overtake it in 
this super race, paving way for a series of next generation technologies which the world will have to 
chase.

india’s initial lead 

us president, Barak obama in his central hall address in the presence of dr. manmohan singh, India’s 
pm and members of parliament, had made a special mention to India’s capability in supercomputing 
along with space research. Indeed, when India developed its first supercomputer param in 1990 
through sac recommended national initiative in the form of c-dac, India became world’s third 



Scientific AdviSory council to the prime miniSter Bi-AnnuAl report 2011

100

country to develop this capability and capacity next only to us and Japan. not only this represented 
India’s crowning glory on its fast growing It capability but also along with its acclaimed space 
and nuclear research programmes, it gave a golden hallow to India’s scientific achievements. this 
accomplishment was unmistakably mentioned by successive pms in their important international 
addresses. today, if one accomplishment stands out in India’s emergence as a global superpower, it 
is India’s strides in usd 180 Billion Ict industry topped by its capability in supercomputing. 

the credit for launching India’s supercomputing initiative goes squarely to science advisory council 
(sac) then chaired by prof. c.n.r. rao and its key members who piloted this initiative (dr. r.a. 
mashelkar, et al) when mr. rajiv Gandhi was the pm, in the backdrop of us denial that time. In 1987, 
sac had identified parallel processing as a scientific area in which India could not only excel but also 
lead in the global context. launch of c-dac about 20 years back marks the start of India’s voyage 
on to the turbulent seas of supercomputing. India’s first gigaflop supercomputer param 8000 was 
unveiled in 1991. It was built at a cost less than that of cray ymp, in a span less than three years, the 
time taken then to import and install large computing systems in India. the whole technology was 
developed from scratch including hardware, software and applications, except for processor and 
memory. further, developments of flowsolver by nal, anupam by Barc and anuraG by drdo, 
India chose the cluster architecture as early as in 1994 when it was not clear which architecture will 
eventually win the race; India achieved the terascale architecture capacity in 1998. param padma, 
built in 2002, reached the peak 1 teraflop performance and made it to the top 500 list. several high 
performance computing facilities were set up at that time at c-dac, pune and Bangalore, nal, Barc, 
IIsc, cmmacs, drdo, ncmrwf and other institutions. the IIsc supercomputing facility emerged as 
one of the largest supercomputing facilities in the country then. 

the focus then shifted to connecting the facilities as a grid. c-dac proposed the creation of Garuda Grid 
with a nationwide wan. the long voyage in hpc was of course not a smooth sailing by any reckoning. 
It was punctuated with several turbulences, with embargos on critical components, irregular 
funding, architectural debates, make versus buy dilemmas, loss of key talents to multinationals, self 
doubts, government apathy and bureaucratic hurdles during certain periods, and mad rush to build 
different systems without attaining a critical mass at a national level. nevertheless, India had by 
2005 firmly established its capability to design, develop and use terascale supercomputers. at this 
time several industries in the field of geosciences, vlsI design, biosciences, animation and gaming 
installed large supercomputers reaching terascale range, many of them then made into top 500 list.

march towards petaflop

In 2005, darpa announced its new initiative to develop next generation petaflop class 
supercomputers before the end of 2010 as a part of its high productivity computing system 
program (hpcs). darpa believed that hpcs is critical in the design and development of advanced 
vehicles and weapons, planning and execution of operation of military scenarios, the intelligence 
problems of crypto-analysis and image processing, and maintenance of nuclear stockpile besides 
contributing to us leadership in science and technology. In november 2006, darpa chose IBm and 
cray for phase III of hpcs to build petaflop supercomputers with a funding of usd 250 million each 
to build prototype petaflop systems by 2010. not to lag behind the us, Japan also announced its 
plan to build petaflop supercomputers. the new entrant to join the petaflop was china, having built 
a few teraflop computers earlier. It is widely believed that china launched its national program in 
supercomputing to beat India and emerge as a world leader in this field. It is understood that over a 
billion dollar funding has been committed to this initiative under a highly acclaimed chinese origin 
supercomputer architect, operating from both us and china.
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the year 2007 was a golden year for India when at the supercomputing conference sc-07 at reno, 
eka developed by computational research laboratory (crl), a unit of tata sons, made into top 10 
list as the world’s fourth largest supercomputer achieving lInpac benchmark of 117.9 teraflop. 
param yuva of c-dac, pune had reached lInpac benchmark 38 teraflop at that time. Both India 
and china had nine supercomputers in the top-500 list. In the coming years, India started sliding 
back in the global race due to lack of vision, inadequate investments and non-coordinated or rather 
fragmented approach at a national level. 

Building a petascale supercomputer first

Before embarking on exascale research, India will have to build a machine and facility that can 
provide a sustained petaflop performance in benchmarks and applications to reclaim its position 
in the supercomputing arena. current eka machine at crl has a lInpac benchmark of 132 teraflop 
and c-dac’s param yuva 38 teraflop. even the aggregate performance of top 10 supercomputers in 
India does not add to petascale! c-dac and crl certainly have capability to build petaflop machines. 
the main hurdle has been inadequate funds for building the machine and sustaining the operational 
costs year after year.

the most affordable and viable way from both cost and power perspectives is to build a hybrid or 
heterogeneous system. we have already experimented with these systems both at c-dac and crl. 
chinese system that topped the top-500 list employs a hybrid architecture based on popular Intel X86 
cpu blades with nvIdIa general purpose Gpus (GpGpus). many of the petaflop class systems being 
built are using nvIdIa Gpus. amd also has an offering on GpGpu. using high performance fpGas 
can also be considered for specific applications, like c-dac has done. the major challenge would be 
to build a scalable switching fabric. c-dac has developed its paramnet-II &III switching fabric which 
is a major accomplishment. we can also employ available infiniband switches and build a scalable 
network that can provide 8000 ports, as many as needed depending upon sustained performance 
planned. developing an integrated development and operating software environment is already 
within our reach. current petaclass applications that we are working on include direct numerical 
simulation of complex fluid flows, weather modelling and monsoon prediction at 1 km resolution, 
climate modelling for long term prediction, seismic data processing for oil exploration, whole cell 
simulation for computational biology, genome sequencing, drug design, cryptography and graphics 
and animation. a large scale applications development programme involving academic and national 
labs, has to be catalysed. International community from russia and other countries could also be 
invited in this effort.

Building a full-fledged petaflop machine will require a budget provision of usd 100 million or 
rs. 500 crores in the next 2 years, including funding for research and applications development. 
power requirement would be 6 mw with hybrid architecture. petascale development should be 
led by c-dac in partnership with crl and nvIdIa, all located in pune. simultaneously, a national 
program involving IIsc, IIts, IIIts, users such as IItm, Imd, Isro, nal, drdo, Barc, csIr labs as well as 
industries such as onGc, Ioc, auto industries, and animation industry has to be launched with 100+ 
application developers across India with phd and post-doctoral researchers. such an initiative will 
surely place India in petascale league to embark on the exascale mission.

launching india’s exascale supercomputing mission

simultaneously with building the petascale machine and facility on a national knowledge network, 
India needs to launch its exascale supercomputing mission. the us hpc advisory council has 
already published a white paper, ‘toward exascale computing’ that outlines a broad framework for 
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exascale. the goal of exascale is to be accomplished by 2018. already the software roadmap has been 
worked out. according to the Institute for architecture and architectures and algorithms (Iaa), the 
architectural challenges for reaching exascale are dominated by power, memory, interconnection 
networks and resilience. the 3p’s will continue to dominate the architecture namely, power, 
performance and programmability.

several disruptive technologies will have to be innovated to reach exascale. some of these include 
multicore processor architectures, memory connects, packaging technology, interconnection 
network with integrated optics, programming environments, storage area networks, zettascale 
storage systems, and most importantly power. power is one area in which significant breakthrough 
will be the most difficult to achieve. at current architecture, an exascale machine will require 7000 
mw! most exascale architects think that the power has to be brought down to the level of 20 to 50 
mw at most! clearly, disruptive innovations are required at several levels to achieve this. India should 
prepare a 10-year perspective on exascale and join international hpc community in exploring the 
exascale. It is hard to make a guess of the budget required for exascale mission, but a provision of rs. 
5000 crores (over usd 1 Billion) will have to be made for the next 10 years.

driven by applications

India’s petascale and exascale computing initiative should be driven by applications from day one. 
It should not be a monster machine waiting to bite applications. since end users are likely to be 
researchers in leading academic institutions and national labs, they will have to be brought on 
board as the machine or facility is being built. at present, as stated earlier, some of the peta-class 
hpc applications in India are direct numerical simulation of complex fluid flows, weather modelling 
and monsoon prediction at 1 Km resolution, climate modelling for long term prediction, whole 
cell simulation in computational biology, computational nanoscience, drug and vaccine discovery, 
agricultural biotechnology, and the like. the grand challenge problems of hpc will continue to 
be problems from computational chemistry, physics and biology, human genome , human vision 
simulation, brain research, laser optics, aerodynamic analysis, numerical weather prediction, global 
climate modelling, computational cosmology, and the like. the 21st century has been called the 
century of biology and indeed biology will be the major user of petascale computing. potential 
applications are bio molecular structural modelling, modelling complex biological systems, 
genomics, infectious disease modelling and customized patient care. major industrial applications 
include oil exploration, automotive design, aircraft design, circuit simulation in vlsI design, advanced 
materials development, and drug design. cryptography is another driving application. real media 
applications include animation, gaming, special effect generation, and creating immersive virtual 
reality. enterprise applications will be in very large databases, data warehousing and data mining. 
with next generation network spreading across the country providing convergence of data, voice 
and video as well as emergence of 3G and 4G mobile networks, whole new range web services 
applications will emerge requiring powerful music, video and gaming servers. providing software 
as a service is already before us. many game changing applications are expected to emerge that 
will require massive scalable It infrastructure. we see media convergence and image-video-audio 
text based social networking as a disruptive application. If we are able to create next generation 
social networking sites such as facebook.com or myspace.com with 100 plus million subscribers 
then these could be killer applications of initially petaflop-petabyte and then exaflops-zettabyte 
facility. applications development must be pursued with a strong partnership program with Isro, 
Barc, drdo, csIr labs and dot as well as with industry such as onGc, Ioc, automotive and other 
industries and academia covering tIfr, Jncasr IIsc, IIts, IIIts, IIsers, proposed central and Innovation 
universities and the likes.
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engine for discovery and innovation

traditionally, scientific discovery was done using the two pillars of theory of experiment. with 
ubiquitous deployment of high-performance computers (hpcs), a third pillar of ‘simulation’ has 
been added. the exascale mission can become an engine for discovery and innovation for India. 
Besides, India can spur several disruptive innovations in Ict through this mission. Innovation will 
be the single most important factor in determining success of an enterprise or competitiveness of a 
nation through the 21st century. It is now believed that high performance computing is becoming 
an instrument for competitiveness not only in traditional areas but also for entering into new areas 
such as nanotechnology, biotechnology and cognitive sciences. the emerging convergence of 
nanotechnology (nt), Biotechnology (Bt), Information technology (It) and cognitive technology 
(ct), what is known as nBIc convergence, opens up entirely new opportunities for discovery and 
innovations. India is aspiring to emerge as the r&d hub of the world and to fulfil this aspiration 
and address unprecedented opportunities for innovations and address global problems of climate 
change, international security and availability of high-performance computing scaling to petascale 
first and exascale by 2020 would be most critical for India. 

machine, infrastructure or service?
 
since exascale supercomputing will be a unique and unparalleled programme starting from 
petascale and reaching to exascale over a decade, whether it should be pursued as a machine, or 
as a data centre infrastructure, or a service needs to be seriously considered. since not only the 
capital expenditure (capeX) but also the operational expenditure (opeX) are going to be extremely 
high with a need for continual system up-gradation and replacements, it is imperative that the 
project is planned for economic sustainability and commercial viability with several spin off benefits 
emerging for all stake holders. In view of a variety of applications and workloads, the machine 
must be built not only for scientific and technical applications but also for business and enterprise 
applications including the emerging real media web applications with a powerful immersive virtual 
reality, animation and special effect generation facility. the project therefore should be planned 
simultaneously as an exascale supercomputer, a national high-performance supercomputing cloud 
infrastructure and as a commercial information utility service. It should be simultaneously planned 
as an Infrastructure as a service (Ias), platform as a service (pas) and applications as a service (aas).

the proposed exascale supercomputing facility should be seamlessly connected on the proposed 
Integrated national Knowledge network (inKn) and c-dac’s Garuda grid linking all high performance 
computing facilities in the country. next, it should be integrated with the national network of 
universities and colleges planned under the national mission on education through Information 
and communication technology which envisages 1 gigabit of bandwidth for 100 central/premier 
institutions of excellence, 10 mbps for each of the university departments of 360 universities and 
10 mbps for 18,000 colleges using all possible means including edusat and other broadband 
satellites of Isro, and wired and wireless infrastructure planned by Bsnl using next Generation 
network (nGn). It should also be connected to various state wide area network (swans) funded by 
department of Information technology for e-Governance. the exascale supercomputing facility thus 
can become a national Information Infrastructure connected on its national knowledge network.

end note

In 1987, scientific advisory committee (sac) under the leadership of its chairman, prof. c.n.r. rao, 
had initiated India’s supercomputing mission based on parallel processing architecture. through 
the launch of c-dac in 1988, India built its first giga scale supercomputer param 8000 in 1990. 
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simultaneously, several parallel supercomputers were built, namely anupam by Barc, anuraG by 
drdo and flowsolver by nal which was first to embark on the parallel processing path. By 1998, India 
started building terascale systems and now several such systems are operational. at the beginning 
of the 21st century, IIsc’s national supercomputing centre became India’s largest supercomputing 
facility. the year 2007 was a golden year for India’s hpc, when crl’s eKa system became world’s 4th 
most power supercomputer with 9 terascale systems in the top-500 list. coming from behind, china 
had caught with India in this year. with massive and sustained funding and visionary perspective, 
in sc-10, china has claimed the no. 1 position in top-500. India is now way behind china. china has 
41 systems vis-à-vis India with only 4 systems in top-500. lack of visionary leadership, subcritical 
funding, without long term road map, fragmented and uncoordinated approach are the main 
reasons for India’s punctuated achievements.

as demonstrated amply, India has capability and capacity to once again globally lead in 
supercomputing. sac should now launch India’s 10 year mission to build its exascale system by 
2020. led by c-dac with crl playing a commercial and production role and involving a network 
of academic and national labs, this should be a nationally coordinated mission. a full-fledged 
petascale machine and facility should be built first at c-dac with crl engaging the industry. 
simultaneously, exascale mission should be launched. the exascale system should be planned as a 
machine, infrastructure and service on an integrated knowledge network connecting India’s premier 
academic and research institutions. exascale mission can be a foundation on which India can build 
several disruptive innovations in the 21st century.

launched by sac, this mission can become India’s crowning glory of its usd 120 Billion Ict industry 
and of its advanced science, education and research. with multicore architectures now common 
place on laptops, desktops and even mobiles, parallel processing is already having a pervasive 
impact on the Ict industry. multicore programming is a new software opportunity for India and 
India can lead in this new software field. exascale initiative can also launch India’s hardware research, 
in vlsI, embedded systems, mobiles, networks and high performance computers.

a budget provision of rs. 500 crores is immediately required for the next two years to build a full-
fledged petascale facility and spur a broad based applications development and advanced research 
and education programme. eventually, a budget of rs. 5000 crores (about usd 1 Billion plus) would 
be required to reach the exascale supercomputing capacity and capability by 2020. the exascale 
projects have already been launched by usa, china and europe. Its time India launches its exascale 
supercomputing mission, once again as a sac initiative.

there was a general consensus on (i) the inadequacy of the existing computational infrastructure 
for research using large data, and (ii) the necessity of a comprehensive plan for developing 
such an infrastructure, and most importantly, for developing trained manpower. the following 
recommendations emerged out of the discussions during the meeting. 
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Annexure Xiv

Government of IndIa

ScIentIfIc advISory councIl
to the

PrIme mInISter
ProfeSSor c.n.r rao

chaIrman

SAC-PM/02/2010-592
June 18, 2010

FAx: 011 23086857/23019545

Dr. Manmohan Singh
Hon’ble Prime Minister of India
South Block
nEW DELHI 110 001

Sub: Topics for discussion in the national Development 
Council (nDC) meeting on Science and Technology

----------------

Dear Dr. Manmohan Singhji,

As discussed with you, I enclose a possible list of topics that can be taken up for 
discussion in the proposed meeting of the national Development Council devoted to 
Science and Technology. By the time we have the meeting, the document on ‘India as a  
global science power’ will also be available and can be used for possible discussion. I 
do hope that meeting on nDC on Science and Technology can be organized in the 
near future.

With best wishes and personal regards,

  yours sincerely,

  (C.n.r. rao)
  national research Professor
  &
  Linus Pauling research Professor

Address for Correspondence: Jawaharlal Nehru Centre for Advanced Scientific Research, Jakkur P.O., Bangalore-560064. India
Tel.: 91-80-23653075, 22082761   Fax: 91-80-22082760   E-mail: cnrrao@jncasr.ac.in
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1. Presentation of the vision document on India as a Global Power in 
Science prepared by SAC to PM

2. Science and Technology in Socio-Economic Development: Some 
Concrete Examples (MOST)

3. Science, Technology and Innovation inputs for Water, Food, Solar  
Energy and Health Care: Launching some mega initiatives

4. Formulation of S&T road Map by States and Vision for Technology led 
Development

5. Formation of State Level Science Advisory Councils (to the  
Chief Ministers)

6. State – Centre Partnerships in Promotion and utilization of  
Science (including rural development)

7. Strengthening of Science Education and research in State 
universities.

POSSIBLE TOPICS FOr DISCuSSIOn In THE nDC MEETInG On S&T
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compositions
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composition of scientific advisory council 
to the prime minister (sac to pm)

(01.04.2008 till January, 2009)

1.  professor c.n.r. rao chairman
 national research professor 
 linus pauling research professor & 
 honorary president
 Jn centre for advanced scientific research
 Jakkur,
 Bangalore – 560 064.
 

memBers
  
2.  dr r chidambaram
 principal scientific adviser to the 
 Government of India
 room no. 319, 
 vigyan Bhawan annexe
 new delhi – 110 011.
 
3.  professor roddam narasimha
 chairman, 
 engineering mechanics unit, 
 Jn centre for advanced scientific research (Jncasr)
 Jakkur
 Bangalore – 560 064.
 
4.  dr Bikash Sinha
 homi Bhabha professor, dae
 former director
 saha Institute of nuclear physics (sInp) & 
 variable energy cyclotron centre (vecc)
 1/af, Bidhan nagar
 Kolkata – 700 064.
 
5. professor Ashok Jhunjhunwala
 department of electrical engineering,
 Indian Institute of technology, 
 chennai – 600 036.
 
6. professor Sanjay G dhande
 director
 Indian Institute of technology, 
 Kanpur – 208 016.
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7.  professor Goverdhan mehta
 senior Bhatnagar fellow
 department of organic chemistry
 Indian Institute of science
 Bangalore – 560 012.
 
8.  professor p. Balaram
 director
 Indian Institute of science
 Bangalore – 560 012.
 
9. professor S.e. hasnain
 vice chancellor
 university of hyderabad
 central university p.o.
 hyderabad – 500 007.
 
10. professor m.m. Sharma
 2/3, Jaswant Baug, 
 Behind akbarally
 chembur, mumbai – 400 071.
 
11. dr Satish Kaura
 chairman & managing director
 samtel colour limited
 6th floor, tdI centre
 district centre, Jasola
 new delhi – 110 025

12. dr e.A. Siddiq
 plot no.81, “JasmIne”,
 happy homes colony, 
 upperapalli,
 hyderabad – 500 048.
 
13. dr v Sumantran
 door 7/1 valli ammai aachi road,
 Kotturpuram,
 chennai – 600 085.
 
14. dr Baldev raj
 director
 Indira Gandhi centre for atomic research (IGcar)
 Kalpakkam – 603 102.
 
15. dr K vijaya raghavan
 director
 national centre for Biological sciences (ncBs)
 uas-GKvK campus, Bellary road
 Bangalore – 560 065.
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16. dr p. rama rao
 Isro dr Brahm prakash distinguished professor
 flat 301, 9 naimisam, plot 22, srinagar colony, hyderabad – 500 073.
 
17. dr Kiran Karnik
	 Q	–	2A,	Haus	Khas	Enclave
 new delhi – 110 016. 
 
18. dr (mrs) Swati piramal
 director
 piramal health care ltd.
 piramal towers, Ganapat rao Kadam marg
 peninsular cooperative park, lower parel, 
 mumbai – 400 013.
 
19. professor t.v. ramakrishnan
 dae homi Bhabha chair
 department of physics
 Banaras hindu university
 varanasi – 221 005.
 

specIal InvItees
 
20. dr Anil Kakodkar
 chairman, aec & 
 secretary department of atomic energy
 anushakti Bhawan, csm marg
 mumbai – 400 039.
 
21. dr m.K. Bhan
 secretary
 department of Biotechnology
 Block 2, 7th floor,
 cGo complex, lodi road
 new delhi – 110 003.
 
22. dr Shailesh naik
 secretary
 ministry of earth sciences
 mahasagar Bhavan,
 Block12, cGo complex, lodi road
 new delhi – 110 003.
 
23. dr r.A. mashelkar
 director General 
 council of scientific & Industrial research
 anusandhan Bhavan, 2 rafi marg, 
 new delhi – 110 001.
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24. dr mangala rai
 secretary 
 department of agricultural research & education (dare) & director General
 Indian council of agricultural research (Icar), Krishi Bhavan, dr rajendra prasad road
 new delhi – 110 001.
 
25. dr n.K. Ganguly
 secretary
 department of health research (dhr) & director General 
 Indian council of medical research (Icmr)
 ramalingaswamy Bhavan, ansari nagar
 new delhi – 110 029. 

26. Shri m natarajan
 scientific adviser to raksha mantri & 
 director General
 defense research & development organisation (drdo)
 ministry of defence
 528-drdo Bhavan,rajaji marg
 new delhi – 110 011.
 
27. Shri madhavan nair
 chairman, Isro & secretary 
 department of space (dos)
 antriksh Bhavan, 
 new Bel road
 Bangalore – 560 094. 

memBer secretary
 
28. dr t ramasami
 secretary
 department of science & technology,
 technology Bhawan,
 new mehrauli road,
 new delhi-110016.
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composition of scientific advisory council 
to the prime minister (w.e.f december, 2009)

(sac to pm)

1. professor c.n.r. rao chairman
 national research professor 
 linus pauling research professor & 
 honorary president
 Jn centre for advanced scientific research
 Jakkur,
 Bangalore – 560 064.

memBers
  
2. dr r chidambaram
 principal scientific adviser to the 
 Government of India
 room no. 319, 
 vigyan Bhawan annexe
 new delhi – 110 011.
 
3. professor roddam narasimha
 chairman, 
 engineering mechanics unit, 
 Jn centre for advanced scientific research (Jncasr)
 Jakkur
 Bangalore – 560 064.
 
4. dr Bikash Sinha
 homi Bhabha professor, dae
 former director
 saha Institute of nuclear physics (sInp) & 
 variable energy cyclotron centre (vecc)
 1/af, Bidhan nagar
 Kolkata – 700 064.
 
5. professor Ashok Jhunjhunwala
 department of electrical engineering,
 Indian Institute of technology, 
 chennai – 600 036.
 
6. professor devang Khakhar
 director
 Indian Institute of technology, 
 mumbai – 400 076.
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7. professor p. Balaram
 director
 Indian Institute of science
 Bangalore – 560 012. 

8. professor Goverdhan mehta
 national research professor and 
 lilly-Jubilant Bhartia chair
 school of chemistry,
 university of hyderabad
 hyderabad – 500 046.
 
9. professor S.e. hasnain
 vice chancellor
 university of hyderabad
 central university p.o.
 hyderabad – 500 007.
 
10. professor m.m. Sharma
 2/3, Jaswant Baug, 
 Behind akbarally
 chembur, mumbai – 400 071.
 
11. dr ramesh A mashelkar
 csIr Bhatnagar fellow 
 national chemical laboratory
 pashan road
 pune – 411 008.
 
12. dr vinod K. Singh
 director
 Indian Institute of science education & research (IIser)
 transit campus, ItI (Gas rahat Building), Govindpura
 Bhopal – 462 023.
 
13. professor Sujatha ramadorai
 school of mathematics
 tata Institute of fundamental research (tIfr)
 homi Bhabha road, colaba
 mumbai – 400 005.
 
14. dr Baldev raj
 director
 Indira Gandhi centre for atomic research (IGcar)
 Kalpakkam – 603 102.
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15. dr K vijaya raghavan
 director
 national centre for Biological sciences (ncBs)
 uas-GKvK campus, Bellary road
 Bangalore – 560 065.
 
16. professor mustansir Barma
 director
 tata Institute of fundamental research (tIfr)
 homi Bhabha road, colaba
 mumbai – 400 005.
 
17. mr venu Srinivasan
 chairman & managing director
 tvs motor company ltd.
 Jayalakshmi estates, v floor, 8, haddows road
 chennai – 600 006.
 
18. dr p. rama rao
 Isro dr Brahm prakash distinguished professor
 flat 301, 9 naimisam, plot 22, srinagar colony, hyderabad – 500 073.
 
19. dr Kiran Karnik
	 Q	–	2A,	Haus	Khas	Enclave
 new delhi – 110 016.
 
20. professor B.K. thelma
 department of Genetics
 university of delhi–south campus
 Benito Juarez road
 new delhi – 110 021.
 
21. professor A.K. Sood
 department of physics
 Indian Institute of science
 Bangalore – 560 012.
 
22. dr (mrs) Swati piramal
 director
 piramal health care ltd.
 piramal towers, Ganapat rao Kadam marg
 peninsular cooperative park, lower parel, 
 mumbai – 400 013.
 
23. professor t.v. ramakrishnan
 dae homi Bhabha chair
 department of physics
 Banaras hindu university
 varanasi – 221 005.
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specIal InvItees
 
24. dr Sreekumar Banerjee
 chairman, aec & 
 secretary department of atomic energy
 anushakti Bhawan, csm marg
 mumbai – 400 039.
 
25. dr m.K. Bhan
 secretary
 department of Biotechnology
 Block 2, 7th floor,cGo complex, lodi road
 new delhi – 110 003.
 
26. dr Shailesh naik
 secretary
 ministry of earth sciences
 mahasagar Bhavan,
 Block12, cGo complex, lodi road
 new delhi – 110 003. 

27. professor Samir Brahmachari
 director General 
 council of scientific & Industrial research
 anusandhan Bhavan, 2 rafi marg, 
 new delhi – 110 001.
 
28. dr S Ayyappan 
 secretary 
 department of agricultural research & education (dare) & director General
 Indian council of agricultural research (Icar), Krishi Bhavan, dr rajendra prasad road
 new delhi – 110 001.
 
29. dr v.m. Katoch
 secretary
 department of health research (dhr) & director General 
 Indian council of medical research (Icmr)
 ramalingaswamy Bhavan, ansari nagar
 new delhi – 110 029.
 
30. dr vijay K Saraswat
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chronological dates of the meeting

meetings of the previous council

1. 28th meeting 21.04.2008 at Bangalore
2. 29th meeting 06.06.2008 at Bangalore
3. 30th meeting 04.09.2008 at new delhi
4. 31st meeting 25.11.2008 at Bangalore
5. 32nd meeting 16.01.2009 at new delhi

meeting of the previous council with hon’ble prime minister

1. 5th meeting 17.07.2008

meetings of the present council

1. 1st meeting 12.12.2009 at new delhi
2. 2nd meeting 25.01.2010 at Bangalore
3. 3rd meeting 12.02.2010 at Kalpakkam
4. 4th meeting 27.03.2010 at new delhi
5. 5th meeting 23.04.2010 at new delhi
6. 6th meeting 22.05.2010 at Bangalore
7. 7th meeting 16.07.2010 at new delhi
8. 8th meeting 18.09.2010 at new delhi
9. 9th meeting 28.10.2010 at Bangalore
10. 10th meeting 22.11.2010 at new delhi
11. 11th meeting 24.12.2010 at Bangalore
12. 12th meeting 10.02.2011 at new delhi
13. 13th meeting 09.04.2011 at new delhi
 

meeting of the council with hon’ble prime minister

1. 1st meeting 29.01.2010
2. 2nd meeting 18.09.2010

meeting of the council’s sub-committee with hon’ble minister for human 
resources development

1. 1st meeting 27.02.2010

meeting of the sac to pm with state councils’ of s & t

1. 1st meeting 27.03.2010
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