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CHAPTER 2

REVIEW AND ASSESSMENT OF THE NINTH FIVE YEAR PLAN PROGRAMMES OF THE CENTRAL S&T DEPARTMENTS/ AGENCIES 

2.1          The broad features vis-à-vis  the objectives and thrusts in the S&T during the Ninth Five Year Plan have already been spelt out in the previous chapter ( vide para1.1).To achieve these 9th Plan objectives, a number of measures /initiatives have been taken in the past which include the following. 

Strengthening of R&D activities through creation of new research facilities, introduction of concept of basic research missions, enhancement of fellowships etc.

· Attracting young Scientists by awarding Swarnajayanti Fellowship for research, BOYSCAST Fellowships, Kishore Vigyanik Protsahan Yojana, National Bioresource Awards and Promotion of Youth Leadership in Science for school students. 

· Strengthening S&T infrastructure in the universities & academic institutions through FIST programme.

· Promotion of indigenous technology using STAC and IS-STAC mechanisms and also through the programmes of PATSER, TDB, Homegrown Technologies etc. Individual innovators have also been supported under newly instituted Technoprenure promotion programme.

· Number of Science and Society related programmes were implemented to demonstrate application of S&T for improving quality of life by creating productive jobs, reducing drudgery, improving health and environment in the areas of blacksmithy, carp breed hatchery, low cost preservation and processing of horticulture products, food irradiation, application of radio-isotope and laser for the diagnosis and treatment of various diseases, use of PFZ maps for fishing activities using GIS coastal management etc. 

· Creation of awareness on intellectual property rights and diverse aspects of patents.

· International S&T cooperation with 50 countries in selected areas of mutual interest to facilitate interaction to scientific research, to develop advance technologies and to take mutual advantages of complementary scientific and technological capabilities among the participating countries.

The funding of the S&T programmes remained mainly through the budgetary support by the Scientific Departments/Agencies of the Central Government. The financial contribution of the industry sector in R&D is about 28% of total R&D expenditure

Some of the significant achievements made by the Central S&T Departments/ Agencies during the Ninth Five Year Plan are given below  :

Department of Space        

2.2

The major thrust of the space programme during the 9th Five Year Plan has been towards strengthening the space based services for socio-economic development of the country.  The development of Geosynchronous Satellite Launch Vehicle (GSLV) towards achieving self reliance in launching INSAT type of satellites is one of the major targets set for 9th Plan in the launch vehicle area.  The Earth observation systems during the 9th Plan is oriented towards building state-of-the-art satellite systems configured for applications related to land and ocean addressing both emerging national needs as well as global service requirements. In the area of satellite communication and meteorology, the efforts during the 9th Plan are directed towards augmenting the INSAT system with additional capacity and newer services through development and launch of third generation INSAT satellites based on the demands indicated by the users. A number of studies and experiments are also planned in the areas of Space science and environment.  Besides these, significant progress in industry participation, policy initiatives, international co-operation, commercialisation of the space capabilities and human resource development are also targeted during the 9th Plan period. 

2.3

  The operationalisation of PSLV with the successful flight of PSLV-C1 on 29th September 1997 is a major milestone in the Indian Launch Vehicle programme and it has established the self reliance in launching IRS type of satellites. The successful launching of PSLV-C3 on 22-10-2001 placing three satellites in orbit has further strengthened India’s capability to tap the vast global potential that exists for launching satellites.  The successful launch of the first development flight GSLV D1 carrying GSAT satellite on 18th April, 2001 is a major land mark in Indian Space programme.  The launch of IRS-P4 (Oceansat) on 26th May 1999 has opened-up new vistas for ocean development and coastal studies. The launch of INSAT-2E, the most advanced communication satellite India has made so far, in April 1999 and launch of INSAT-3B, the first in the third generation INSAT satellites, in March 2000 are significant achievements which have enhanced the INSAT space segment capacity for developmental and other applications.

2.4

     The schemewise salient features of Space Programmes are indicated below : The launch vehicle programme is directed towards development of cost-effective launch vehicles to achieve self-reliance in launching Indian Remote Sensing and Communication satellites. The first operational flight of PSLV-C1 on 29th September 1997 successfully carrying IRS-1D into orbit has been a major milestone in the Indian Space Programme during the 9th Plan. This has established self-reliance in launching IRS type satellites. Following this, the subsequent flight PSLV-C2 on 26th May 1999 has placed three satellites in orbit viz. Indian IRS-P4 (Oceansat) and two auxiliary foreign satellites TUBSAT and KITSAT. The third operational flight PSLV-C3 which took place on 22nd October, 2001 has successfully placed in orbit the Technology Experiment Satellite(TES) in addition to two foreign piggyback satellites like BIRD of Germany.  The PSLV C2 & C3 have established the multiple satellite multiple orbit launching capability of PSLV, besides being commercial flights. The PSLV has now been productionised with substantial industry participation. The first development flight GSLV D1 is successfully launched on 18th April 2001. The GSLV project with complex developments involving cryogenic stage which is first of its kind to ISRO,  is a major step towards achieving self-reliance in launching 2T INSAT type of Satellite.
2.5 The Earth Observation programme is oriented towards building state-of-art

 remote sensing satellites along with necessary data reception, processing and interpretation systems as a part of the National Natural Resource Management System (NNRMS) of the country. While IRS-1D provided the continuity of space based remote sensing data for the user community in India and abroad, IRS-P4 has provided vital data for ocean and coastal studies. The data from IRS-P4 has been used for potential fishing zone forecasts, ocean state forecast, medium range weather

forecasting and other applications of national importance. Further, a Technology Experiment Satellite (TES), taken up to demonstrate advanced technologies for future high resolution imaging systems, has been successfully launched on 22.10.2001 on board PSLV-C3.  The work on IRS-P6 (Resourcesat) for resource management applications and IRS-P5 (Cartosat) for urban and rural applications is in progress and the launch is targeted in 2002-2003 onboard PSLV.

2.6
     The remote sensing applications have grown over the years to cover diverse themes as a part of National Natural Resources Management System (NNRMS) for which Department of Space is the nodal agency. The data from IRS satellites have played a vital role in implementing several national missions in key areas of social development. The network of international ground stations receiving the IRS data has been expanded with addition of 7 ground stations during 9th Plan. Important applications of IRS data are in waste land development; generation of developmental action plans for sustainable development in specific areas from selected 175 problem districts; characterization of the bio-diversity at landscape level in bio rich areas of North Eastern Himalayas, Western Himalayas, Western Ghats and A & N islands; land slide risk zonation using satellite maps along the important tourist and pilgrim routes in Himalayas of Uttaranchal and Himachal Pradesh; national mission on drinking water; seasonal snowmelt runoff estimation; operationalisation of satellite remote sensing based Crop Acreage and Production Estimation (CAPE); Coastal Regulation Zone (CRZ) mapping, Environment Impact Analysis, Wetland Mapping, Grassland Mapping; disaster management support; forest cover mapping; drought monitoring; and flood monitoring, land use/land cover mapping; mineral targeting etc.

2.7

     The Indian National Satellite System (INSAT) established in 1983 with launch of INSAT-1B is providing operational space services in the areas of telecommunication, TV broadcasting and meteorology. INSAT-2E heralded new capabilities such as global beams and capacity lease to international telecommunication organization. (INTELSAT). INSAT-2E is the most advanced satellite in INSAT-2 series and is a fore-runner in technology for the forthcoming INSAT-3 series. Another significant achievement of the 9th Plan period is the successful launching of INSAT-3B on 22nd March 2000 which is providing Fixed Satellite Services (FSS) in extended C-band and Ku-bands and mobile satellite services in S-band.  The INSAT-3B has augmented the private VSAT networks and the NICNET services.  One of the transponders in the satellite is also used for setting up Education and Training Network in Andhra Pradesh.  The INSAT-3C satellite is now ready for launch while the work on INSAT 3A, 3E and 3D are in progress. With the growth in INSAT system, the application services have also been expanded to include additional DD channels/ regional services, expansion of the VSAT networks for remote rural communication and business communications, educational channels, several news gathering services of DD, communication services in strategic applications, developmental communication networks in different States, Mobile satellite services, internet services, Search and Rescue services, VSAT services using C band and Ext-C band, meteorological services  and host of other services. One of the important applications of INSAT system has been the satellite based interactive network for rural development. Towards this, a pilot project undertaken in Jhabua, a tribal district of Madhya Pradesh to demonstrate the developmental communications and training for rural development, has been successfully completed. Other services introduced in the INSAT system relate to the tele-health to make available expert medical expertise to remote and rural areas; and Flood forecasting through 100 real time hydrometeorological data collection platforms.

2.8

     Another important initiative of the 9th Plan is setting up of a North-Eastern Space Applications Centre (NE-SAC) at Shillong as an autonomous body under DOS to provide access to high technology space infrastructure for focussed development activities of North Eastern States. 

2.9
    
     In the area of International co-operation DOS has acquired a significant role as a result of other countries recognizing India’s achievements in the areas of satellite technology, space applications and the operational capability to launch satellites.  India’s contribution to international and regional bodies dealing with technical and policy matters related to space has also been significant. India hosting the second ministerial conference in New Delhi in 1999 on Space applications for sustainable development on behalf of the United Nations Economic & Social Commission for Asia & the Pacific (UN-ESCAP) was a significant event in this area and the resolution of the conference known as “Delhi declaration” was issued by the Ministers launching the second phase of ESCAPs regional space applications programme identifying common denominator projects under minimum common programme of the region. At the initiative of UN, India has also established a Centre for Space Science and Technology Education for Asia and the Pacific (CSSTE-AP) with a view to provide capacity building opportunities in space science and technology for the countries in Asia and Pacific region. 

2.10

   There has been significant progress in marketing of the space capabilities developed through the space programme.  Two important achievements in this direction are the leasing of eleven 36Mhz transponders onboard INSAT-2E to International Telecommunication Organization (INTELSAT) and launching of four foreign satellites of Belgium, Korea and Germany onboard India’s Polar Satellite Launch Vehicle (PSLV-C2/C3).   Several other export contracts for providing space services and supply of space hardware  have also been executed during the plan period.

2.11

   A number of policy initiatives have also been taken by DOS. A policy framework for satellite communication in India including provisions for use of INSAT capacity by non-governmental parties and also provisions for Indian satellite systems to be established by private sectors has been evolved and approved by the cabinet. A remote sensing data policy taking cognisance of the role and issues relating to availability of high resolution data for development purposes has also been evolved. The Department is also working on the adoption of a map information policy with reference to the usage and digitisation of Survey of India toposheet. A National Spatial Data Infrastructure is also being conceptualised with a co-ordinated approach to provide access for the map information of the country in computerised digital GIS format to facilitate developmental planning and decision making. 

Department of Atomic Energy (R&D Sector) 

2.12

    The projects being pursued under the R&D sector of the Department of Atomic Energy (DAE) envisage comprehensive research on several areas related to nuclear energy and its applications for the benefit of the society. The programmes are being pursued by a dozen constituent units and aided institutions. This sector provides much needed research support to the peaceful applications of nuclear energy for the improvement of the living standard of the citizens of the country.  Review of the progress made in various areas of R&D sector are highlighted below. 

2.13

   Nuclear power programme involves a long-term strategy for exploiting the indigenous nuclear fuel resources in the country. It consists of setting up of Pressurised Heavy Water Reactors (PHWRs) in the first stage, Fast Breeder Reactors (FBRs) in the second stage and Thorium Based Reactors in the third stage. The first stage is already in commercial domain with demonstrated excellence in performance standards. However, sustained R&D support to continually upgrade technology for safe operation at high capacity factors, life extension and further improvement of economic viability will be a regular ongoing programme. Investments made in R&D in this area have resulted in India mastering all aspects of this difficult technology and the power reactors and fuel cycle facilities are operating well. So far161 billion units of eco-friendly electricity have been produced from the power plants with 49 billion units being added during the IX plan period. 

2.14

     All the technology objectives for Fast Breeder Test Reactor have been realized and  the reactor is operating very satisfactorily with its advanced Plutonium-Uranium Carbide fuel, far exceeding its originally stipulated performance standards.  Design of 500 MWe Prototype Fast Breeder Reactor (PFBR) is progressing well. Construction of PFBR is planned by December 2001.

2.15
          Bhabha Atomic Research Centre (BARC) has made good progress towards the design and development of AHWR, which aims to utilise the vast thorium reserves in the country. The design of this reactor incorporates advanced safety features such as negative void coefficient, pumpless primary circulation, passive decay heat removal, large heat sink allowing 3 days grace period, passive containment cooling and passive containment isolation. Various activities are being pursued to ensure completion of the detailed project design report on schedule by March 2002.  As a part of setting up of a critical facility for AHWR and 500 MWe PHWRs, detailed design of various systems has been completed and preliminary safety analysis report has been prepared.  Tenders for Civil construction activities have been floated. Process design and detailed engineering for the Advanced Reactor Experimental Facility have been completed. Tender for Civil construction activities has been floated.  Ordering of major / important equipments is done and fabrication of the equipment is being followed-up with the suppliers.

2.16

Under the nuclear Fuels and Materials Development Programme, progressive introduction of mixed fuel (MOX) in Tarapur is going ahead and performance of the fuel in the reactor has been as per design. Construction of a new shielded hot cell facility for post irradiation examination, revamping and augmentation of fuel fabrication facilities, development of PFBR fuel, development of prototype High Speed Rotors, development of plutonium based fuels and their characterisation, augmentation of MOX fuel fabrication facility at Tarapur, development of telerobots, telemanipulators, and related projects being pursued have made very good progress and are expected to be completed by March 2002.

2.17
           BARC contributed significantly towards the development of several control and instrumentation systems for the nuclear power plants being set up by Nuclear Power Corporation of India Limited (NPCIL). Systems developed by BARC include programmable digital comparator system, dual processor hot stand-by process control system, dual processor hot stand by reactor regulating system, channel temperature monitoring system, on-power fuelling control system, supervisory control and data acquisition system (SCADA) and several others. BARC has handed over three channel inspection systems (BARCIS) to NPCIL for their field use and operators from the sites have been trained to operate the system. ANUPUM Supercomputer developed by BARC is being continuously upgraded. 

2.18

In the area of technology Development for Nuclear Recycling a facility for the separation of Uranium-233 from thoria and thorium targets irradiated in Dhruva and Cirus reactors has been completed and is undergoing commissioning trials. Procurement of bulk material for the new Fuel Reprocessing Plants at Tarapur and Kalpakkam is in progress. Waste immobilization plant at Trombay for the treatment and immobilization of high level waste from the reprocessing plant at Trombay is expected to be commissioned by March 2001. The revamping and refurbishing of Waste Management Facilities at Trombay, Tarapur and Kalpakkam has made significant progress and will be completed by March 2002.

2.19

Indigenous effort for the design and development of turbo-expanders, helium compressor, cryo-heat-exchangers and simulation rigs, which are critical equipment for decontamination and upgradaing of heavy water are in various stages of progress. Construction of a desalination plant at Kalpakkam to demonstrate the feasibility of coupling a desalination plant with nuclear reactor is progressing well and is expected to be completed by March 2002.

2.20 
     BARC continued to work on the development of safety related technologies for PHWRs. For the environment surveillance and monitoring in and around all nuclear facilities, environment surveillance laboratories are being upgraded. Procurement, installation and calibration of mini SODAR (Sound Detection and Ranging), RASS (Radio Acoustic Sounding System) and other tower stations have made good progress and are to be completed by March 2002.

2.21

The Radiation Technology Applications include health care, agriculture, food preservation, industry and research. Important programmes under health care include: setting up of a Radiation Medicine Centre (RMC) at BARC in Mumbai, which has become the nucleus for the growth of nuclear medicine in the country; comprehensive treatment for cancer and allied diseases at TMC; a regional radiation medicine center at Kolkata as a part of Variable Energy Cyclotron Centre (VECC); radiation detection interface and software to estimate the percentage of labeling of radiopharmaceuticals at RMC; upgradation/modernisation of major equipment like MRI, X-ray machines, mammography, orthopatograph and ultrasonography machines.

2.22           Application of radiation to agriculture has resulted in the release of 22 improved varieties of seeds; of them blackgram (urid) accounts for 95% of the cultivation of this pulse in the State of Maharashtra. On a conservative estimate, these varieties contribute over Rs 1000 crores in a year to the GDP. One spice irradiator is already operating at Navi Mumbai to treat items requiring high doses. Poton irradiator at Lasalgaon, near Nasik is being set up by BARC and will be completed in the year 2001. It will be used to treat items requiring low doses. 

2.23       Applications of radiation technology for industry span a wide range including radiography, water hydrology, gamma scanning of process equipment, use of tracers to study sediment transport at ports and harbours, flow measurements, pigging of buried pipelines etc. On a conservative estimate, savings to the nation due to isotope application related services like Gamma scanning, Blockage & Leakage detection, RTD studies and sediment transport studies account for over Rs 2000 crores per year.   More than 6000 technicians have been trained in the use of radiography and they have found employment in India as well as abroad. To enhance the analytical capabilities of isotope hydrology laboratory, computer aided tomography facilities for advanced industrial NDT applications, isotope processing facilities and shielded lead cell set up for development of radio-pharmaceuticals, sophisticated instruments are being procured.  Procurement, installation and respective commissioning will be completed by March 2002. 

2.24                The areas that are receiving attention under technology development are lasers and accelerators. Besides the Synchrotron Radiation Source (SRS) Indus-1 at CAT, the second SRS namely 2.2 GeV Indus-2 is expected to start by the middle of 2002. The other machines under development at CAT are : a 750 keV, 20 kW DC accelerator which can be used for radiation processing of paper pulp, surface modifications, paint and resin curing and other industrial applications; a radiotherapy machine; two types of accelerators for radiation processing of agricultural products and sterilization of the medical products; an Electron Beam (EB) Centre at Kharghar, Navi Mumbai in collaboration with SAMEER which is being set up for further enhancement of facilities for commercial application of EB irradiation etc. The heavy ion accelerator program and the radioactive ion beam programme is also progressing well at VECC. The Laser Programme which has industrial and medical applications developed a surgical CO2 laser system and a dozen of them have been supplied to various hospitals. Other developments in this area include : designing a high repetition rate pulse TEA laser which gives peak power of more than 1 MW at 500 Hz repetition rate and several types of Nd : YAG laser suitable for R&D and medical applications.


2.25               Important technologies transferred to other Agencies are: development of finite element based software package specially tailored to rotor dynamic analysis of turbo-pumps required for indigenous development of cryo-engines and Nickel-Titanium shape memory sleeves for the lightening insulator assembly for LCA; constricted arc plasma generator for testing strategic thermal protection systems for rocket motors and re-entry simulator devices; development of a pipe inspection gauge for monitoring the health of cross-country oil pipelines for Indian Oil Corporation etc.

2.26                 Some of the programmes under basic research pertain to setting up of TACTIC array at Mt. Abu; the design and development of MACE, BEST, MYSTIQUE telescope facilities which are in progress; Seismic monitoring and data processing facilities; up-gradation of KALI-5000 system to produce intense particle beam; technologies on plasma nitriding equipment and medical waste pyrolysis units which have already been passed on  to the industrial partners; work on SST project, the ADITYA experiment and a number of basic plasma experiments etc. Efforts have also been made to establish a synergy between the national laboratory system and the university system.  Through Board of Research in Nuclear Sciences, research projects have been  funded in the universities as well as national laboratories besides setting up of major centres in the academic institutions.  

Department of Biotechnology

2.27                The main thrust of the Biotechnology programme during the 9th  Plan was on research support on long and short term basis leading towards excellence, new products or processes, large scale demonstrations, validation of R&D leads, involvement of user agencies and industries, technology development and transfer, innovations for patenting purpose and high quality research publications. Emphasis was also laid on establishing new centres of excellence, facilities, programme support in priority areas, expansion of bioinformatics network and human resource development. Efforts were made to ensure that biotechnology tools are utilized to harness the biological wealth for societal and economic benefit of the country on an environmentally sound basis. Some of the new initiatives in bio-technology research include : establishment of National Bioresource Development Board; setting up of New Autonomous Institutes and Facilities such as National Brain Research Centre and National Centre for Plant Genome Research at New Delhi; National facility for Virus Diagnosis and Quality Control of Tissue Culture raised plants etc. Programme on Genomics; network programme on Bioprospecting of Biological wealth; setting up of a Women’s Biotechnology Park at Chennai; setting up of a Biovillage at Mocha, Porbunder etc; setting up of a Patent facilitating cell etc.  The activities on the genomic research, tissue culture for plants and embrio transfer techniques in animals being done in the field of agriculture will also be reviewed and programmes in bio-technology formulated accordingly.

2.28                  Product and Process oriented biotechnological research and development for application in agriculture, health sector and industry for the benefit of society have been given a major thrust. Basic research was supported through R&D projects to develop expertise and understand basic biological processes for further applications in protein engineering, drug and molecular design, identified potential molecules for development of vaccines and diagnostics for infectious diseases. Some of the achievements in plant biotechnology are : joining the International Rice Genome Sequencing programme with a commitment to sequence 10 Mb of chromosome 11 in a period of five years; development of markers for high quality protein content and cloning/modification of triticin gene with enhanced lysine content in wheat, development of molecular methods for hybrid seed mustard, production of transgenic plants of tobacco with viral resistance etc.

2.29            Biofertilizers programme consisted of transfer of technologies to four industries producing mycorrhizal and rhizobial biofertilizers for mass multiplication and distribution. Biopesticide formulation technologies have been transferred to the industry under the integrated pest management programme.

2.30          In animal sciences, embryo transfer technique in camel was standardized and a new protocol for camel superovulation was developed for the first time; seven different types of transgenic mice carrying antibiotic markers, Hepatitis-B antigens, inter-leukin genes and other markers have been developed and a new rabies vaccine for animals has been produced and is being tested for technology transfer.

2.31         Under Plant Tissue Culture, molecular diagnostic kit has been developed for detection of Bunchy Top Virus in Banana. The Micropropagation Technology Parks are serving as a platform for transfer of proven technologies and training in tissue culture. So far 6.5 million plants have been produced and planted in 7500 hectares in 17 states. Technologies for 10 species have been transferred to the industry. A satellite park has been setup in North-East for popularization of technology and production of planting material for the region. 

 2.32           Considerable progress was made in the areas of Bioprospecting and Molecular taxonomy; seri biotechnology; medical and aromatic plants; biodiversity conservation; medical and food biotechnology. Fourteen genetic clinics were established for providing molecular diagnosis and counselling for the common genetic disorders such as beta-thalassemia, Duchenne Muscular Dystrophy (DMD) and other haemoglobionpathies prevalent in the country to the affected families. About 13,845 affected families so far have been benefited from these units for genetic diagnosis including prenatal diagnosis and counselling for major genetic disorders. In the programme on functional genomics, powerful computational capability for handling large scale human genome sequence data, robotic methodologies for genotyping and PCR based diagnostics for common genetic disorders have been developed.

 2.33            During the 9th Plan four Jai Vigyan National S&T Missions in the areas of development of new generation vaccines, biotechnology for herbal product development, coffee improvement and establishment of mirror sites for genomics were launched and the targets set for the programmes in accordance with the objectives envisaged have been accomplished. About 25 technologies have been transferred to different industries. These include, diagnostic kits for HIV, Hepatisis, Dengue, assessment of reproductive hormones, Japanese Encephalitis, Vaccines for leprosy, drug formulation for septic shock, plant tissue culture protocols, formulation of biofertilisers, high protein gene from Amaranthus and bioremediation technology for mine spoiled dumps and crude oil spillage.

2.34             Fifty five centres set up under the BTIS net and six Interactive Computer Graphic Facilities have continued to disseminate information to the researchers under the Bioinformatics programme. The main focus of HRD has been to generate in large numbers highly trained scientists/students through consolidation of 38 PG/PD/one year diploma courses and 19 additional courses including one time support for strengthening PG programmes. About 800 students were trained so far and five bioscience career development awards and three women bioscientist awards given to eminent scientists during 1999-2000. For the year 2000-2001, six bioscience career development awards have been announced.

2.35             Some significant contributions were made by the Autonomous Institutes in basic research and development of new products and technologies. At NII, New Delhi, one Australian, two American and one Canadian patents were granted and a biosafety level-3 facility has been established. A number of studies conducted at NCSS on cell culture, tissue banking and engineering have resulted into the development of biocompatible synthetic matrices suitable for controlled drug release ad immuno isolation of islets and dermal equivalents for transplantation for burn patients. Centre for DNA Finger-printing and Diagnostics (CDFD), Hyderabad started a new born screening program for diagnosing in born errors of metabolism under which every child born in 4 government hospitals in the city is screened for metabolic errors. National Brain Research Centre (NBRC), New Delhi was established in 1999 with the main aim to undertake, aid, promote, guide and coordinate research of high calibre in basic and clinical neuroscience. At the National Centre for Plant Genome Research (NCPGR), New Delhi which started functioning from 1st April, 1998 a novel gene, AmA1 from Amaranthus hyprochondriacus has been used for generating transgenic plants of agronomic importance. Transgenic potato with high nutritional quality has been developed with the introduction of AmA1 gene. The relevant technology has been transferred to Cadila Pharmaceuticals for industrial production of animal feed supplement. 

 2.36              During the 9th Plan National Bioresource Development Board (NBDB) was set up under the Chairmanship of the Minister of Science & Technology with the main objective of developing a policy framework for effective application of biotechnological and related scientific approaches for research & development and sustainable utilization of bioresources especially for the development of new products and processes. DBT has been collaborating with various State Governments to establish Biotechnology parks and to implement other biotechnology related activities. Thus the programmes undertaken by DBT has resulted in a wide variety of societal benefits to the former in terms of developing transgenic crops, biofertilizers, biopesticides; vaccines for certain diseases, low cost nutritious food, genetic diagnosis cum counseling units etc. 

 Department of Science & Technology

2.37            The activities of the Department of Science & technology are primarily focussed towards Scientific Research, Technology Development, Socio-economic Development, Scientific services, International cooperation and Supporting Autonomous S&T Institutions. The achievements are briefly indicated below :

2.38          Efforts to strengthen R&D infrastructure and encourage research in diverse areas of Science & Technology were continued. Some of the major R&D programmes supported include : sub-Himalayan Cenozoic sediment studies using FT dating techniques, macromolecular crystallography, bioorganic chemistry, Raman spectroscopy study on strongly correlated systems and fullerness, laser application in high resolution molecular spectroscopy, non-accelerated particle physics, photo-chemistry in jet-cooled clustera etc. Some of the major Research facilities/centres of excellence and Programmes established are : National Centre for Computational Fluid Dynamics at IIT-Chennai; Facility for Technical Acoustics at IISc, Bangalore; Facility for Laser Scanning Confocal Microscope at BHU-Varanasi; X-Ray facility for Structural Biology at IISc-Bangalore (with DBT); National Single Crystal X-Ray Diffractometer Facility at University of Hyderabad; cross flow turbine technology for microhydel application etc.

2.39              The Monsoon and Tropical Climate (MONTCLIM), Indian Climate Research Programme (ICRP), Bay of Bengal and Monsoon Experiment (BOBMEX) were taken up under Earth System Sciences. A programme on drug development was initiated for promoting collaborative R&D in drugs and pharmaceuticals involving national laboratories, industries and academic institutions and 30 research projects relating to new chemical entities/ formulations to treat diseases like cancer, arthritis, diarrhoea, gastritis, pancreatitis, tuberculosis, hepatititis-B, rabis and inflammation were funded. This funding has further resulted in establishing 4 national facilities for identification of immunomodulating potential of herbal products and extracts of natural origin, pharmacological testing, characterization of crystals, medium throughput screening in different national laboratories.

2.40         Efforts to encourage young scientists include : launching of Swarnajayanti Fellowships; Kishore Vaigyanik Prothasahan Yojana with active support from IISc-Bangalore, IIT-Mumbai and AIIMS-New Delhi, fulfilling the need of sophisticated analytical instruments such as ICP, WMR, EPR Mass Spectrometer XRD, TEM, SEM etc to the Scientists in the country from academic and R&D institutes and users from industries etc. 

2.41       Technology Development Programmes have been pursued through the Technology Development Board, TIFAC, and Advanced Research Centre. The Technology Vission 2020 reports brought out by TIEAC have documented for the first time in comprehensive series on S&T in India covering 12 science departments besides releasing 31 reports on frontier technologies like transgenic seeds, recombinant DNA products, bio-degradable plastics etc. and TIFAC’s networking of high performance computing facilities at 7 engineering/research institutions has been launched for taking up selected technology demonstration projects in different fields. This benefitted  a large number of scientists, engineers and students and also forming the basis for Technology Mission Mode projects in the areas of sugar technologies, fly ash utilization, advanced composites and New Millennium Technology Mission project.

2.42               In response to the new WTO regime, a Patent Facilitating Centre (PFC) was set up which has helped in making patent awareness in the country. Under Technopreneur Promotion Programme (TePP) started jointly by DST, DSIR, TIFAC, several projects relating to Zeolite based Catalytic Converter, Next Generation Membrane Oxygenerator etc. were supported.

2.43               Through the IS-STAC mechanism twelve Joint Technology Projects have been taken up in the areas of Column Flotation Technology for Ore Benefaction and Pilot Enrichment Plant for Helium from Hydrothermal sources etc. As a measure of promoting S&T for Socio-Economic Development, Rural Technology Parks have been set up in North-Eastern Region; a number of need based S&T projects were supported in several places including hilly reasons in farm and non-farm sector in a number of areas like inland aquaculture, sustainable agriculture, solar/bio-mass based energy devices/systems, post harvest technologies, land-based activities, women’s health, income generation activities and Drudgery removal, Rural engineering etc. Three women Technology Parks were also set up at Dehradun, Manipal and Barmer. A major  breakthrough was achieved in the form of a project on food security by installing fish aggregation device in Andaman Island for primitive tribal group. Some new programmes initiated during the Ninth Plan include : Technical Human Resources Development skill upgradation through vocational training in association with UNDP; National Facility for Science & Technology Based Entrepreneurial Innovation (Innovation Centre), National Project for International Business Information & Research (International Business Centre) and Technology, Innovation and Management Information Services (TIME IS), a complete web-site for techno-preneurs.

2.44                  Project mode support  to tackle State specific problems  was provided to  the State Councils which include high mortality of layer and broiler birds at Namakkal, Chennai; drying of large cardamom at Sikkim; documentation of medicinal plants at Rajasthan (Thar) and Madhya Pradesh; documentation of traditional fishing crafts and gears at Manipur; cultivation of Ginseng by tissue culture technique at Manipur and use of hydrams for irrigation purpose in Himachal Pradesh; demonstration plants for Cupola furnace in Bihar; solar passive housing technology in Manipur etc.

2.45                As a part of  S&T Communication and Popularisation Programme, National Children’s Science Congress (NCSC) were organised 4 times; a television serial ‘Kudratnama’ was telecast; and Telecast of video programmes on different scientific topics were made.  Vigyan Prasar continued its efforts to promote and propagate scientific and rational outlook in the society through S&T communication. As part of NRDMS Programmes, 15 GIS Database Centers were set up planning Atlas for some districts of Gujarat were prepared; and Coordinated programmes in the areas of SAR Interferometer ground water modeling, coastal zone management and conservation and Bio-geo database and ecological modeling initiated.  

2.46            As a nodal department for international S&T cooperation, the programmes undertaken by DST include : setting up of an Indo-US S&T Forum;  launching of  DST-NSF programme; supporting technology oriented projects  on surface engineering of components; steel for automobiles; special plastics processing and pharmaceuticals development under Indo German programme; DST-DAAD Project based Personnel exchange Programme; taking up of several joint projects in the fields of Advanced Materials & Manufacturing Technologies; Information Technology; promoting S&T Cooperation among SAARC & BIMSTEC countries; etc. Agreements were also concluded with Third World Academy of Sciences (TWAS) & International Centre for Theoretical Physics (ICTP).

2.47                      Scientific services in the areas of meteorology, survey and mapping have been provided to the user agencies through the India Meteorological Department (IMD), Survey of India (SOI), National Atlas and Thematic Mapping Organisation (NATMO) and National Centre for Medium Range Weather Forecasting (NCMRWF). Significant achievements of IMD are : the commissioning of two Doppler Radars at Chennai and Calcutta; installation of 10 High Wind Speed Recorder; Cyclone Warning Dissemination System; Current weather Instrument System at Ahmedabad & Guwahati airports; new instrument for measurement of Runway Visual Range at New Delhi and Kolkata; upgradation of its seismological network through establishment of National Seismological Data Centre at New Delhi which has been connected online to Global Seismological Network; and installation of a new computer, which may be commissioned by the middle of 2001. In view of modern technologies and multi-disciplinary approach being adopted in planning process, Survey of India (SOI) is expected to supply multifarious scientific data and large scale maps at frequent intervals. It introduced digital cartography techniques in its circles and units to create Digital Cartographic Data Bases (DCDBs) from the topographical maps.  

2.48              Thirteen DST aided autonomous institutions continued their research activities and transfer of technologies to industries. Significant achievement of these institutions include : a folion spray beneficial to crop yield; development of a laboratory-scale process for microbial detoxification of cyanide and metal-cyanide complexes; Nanostructred Semiconductor and CMR Materials and Devices by IACS; establishment of the world’s highest observatory for optical astronomy in the Himalayas etc. Professional Science Academies continued their efforts in promoting Scientific activities such as publication and communication programmes in S&T areas and promotion of Engineering Education and Research in the Country.

Department of Scientific and Industrial Research (DSIR) including CSIR 

2.49           Important achievements of DSIR include : recognitition of 249 newly announced R&D units in industry and 104 new non-commercial Scientific and Industrial Research Organisations (SIROs); publication of 50 quarterly news letters; organisation of Annual National Conference on in-house R&D in industry; completion of 35 technology development and demonstration projects in the areas of digested organic supplement from agriculture waste, earth moving machinery,  cold rolling mill, ginger oil based on green ginger, upgradation of technology for solar photovoltaic cells, interactive voice response system, nuclear based moisture and density gauge etc;  under PATSER scheme resulting in commercialisation of products and processes  and also leading to filing of 20 patents; supporting of 30 projects under the Technopreneurer Promotion Programme (TePP) jointly with DST; continuation of National Research Development Corporation (NRDC) effort on development and transfer of indigenous technology through invention promotion programme particularly biodegradable plastic, rice husk particle board, glucose bio-sensor, spirulina algae, glycol based anti-freeze coolant, manufacture of shrimp food   etc.  development of various technology  by Central Electronics Ltd. (CEL)   like SPV technology, high through  put aluminium metallisation of UHE solar cells,  switched mode power plant, new ferrite  technology etc. and further strengthening of National Information System for Science & Technology (NISSAT) through sectoral information Centres on food, drugs & Pharmaceuticals,  chemicals, textiles; setting up of Value Added Patent Information System (VAPIS), launching of 100 short term courses on information science & technology. 

Council of Scientific & Industrial Research (CSIR)

2.50                CSIR, as a premier national R&D organization, continued to provide through its 40 Laboratories and 80 field centres scientific and industrial R&D of value not only for India’s sustained development but for meeting its strategic needs as well. Implementation of programmes in CSIR was done in accordance with a white paper on 2001 vision and CSIR’s mission statement that seeks to provide scientific industrial R&D that maximizes the economic, environmental and societal benefits for the people of India. The important  organizational reforms envisaged by CSIR are : re-engineering of the organizational  structure to enable CSIR to be more customer & market responsive; linking R&D to market place through alliances, networking & leveraging; stimulating intellectual property management in the CSIR & externally; investing in select high quality science; and refurbishing the ageing human capital.

2.51            The broad achievements of CSIR include : the total external cash-flow for the four year period 1997-2001 to cross Rs.1000crore and industrial production catalyzed is of the order of over Rs.17, 000crore; the number of Indian patents filed to be around 1400 and the foreign patents filed to be 650 in this period with the impact factor per paper increasing from 1.26 to 1.552.

2.52            Implementation of the Ninth Five Year Plan programmes/activities of CSIR was done in sixteen broad sectors viz. Aerospace; Biology & Biotechnology; Chemicals; Drugs & Pharmaceuticals; Earth Resources & Natural Hazards Mitigation; Ecology & Environment; Electronics & Instrumentation; Energy; Food & Food Processing; Housing & Construction; Information Products; Leather;  Machinery & Equipment; Minerals, Metals & Materials; Rural Development; and Exports of R&D and Services. CSIR’s significant acheivements in these sectors are as follows : 

2.53                    Under Aerospace sector the design fabrication and air worthiness testing of a 9-14 seater light transport aircraft was initiated and the first flight of the prototype is expected in the year 2001 itself; certification of the two-seater trainer aircraft – HANSA-3 designed and built by NAL, has been obtained and commercial production of the aircraft has commenced; R&D programmes include : a versatile universal  polymer  support developed by CBT; an efficient method to isolate and prepare in the pure form, large quantities of RNasin from discarded human placenta, developed by CCMB; Himalaya, a promising genotype of Mentha arvensis, developed by CIMAP through  cross pollination of Gomti and Kalka (varieties earlier developed by CIMAP) released for commercial cultivation; a new strain of  Withania (Ashwagandha), which is an important Indian Medicinal plant which yields about 14 quintals of dry roots/hectare against 8 quintals obtained from the check plant; a 30,000 TPA plant of Food Grade Hexane commissioned by M/s HPCL, Mumbai based on IIP technology; a process for catalyst free esterification and transesterification of vegetable oils for the preparation of lubricants, developed by IICT; mini refineries with capacities varying from  0.5 to 2.0 MTPA and self contained, skid mounted, low cost and low maintenance units congenial for installation in any location designed by IIP; mounting of a major coordinated drugs and pharmaceutical programme on the development and commercialisation of bioactive molecules helping to put in place state-of-art expertise and facilities for new drug design a new antimalarial drug  (EMAL) introduced in India for the first time developed by CIMAP & CDRI as an optimal epimeric mixture of (:( isomer Arteether (30:70 ratio); a new drug, Ablaquin for treatment of recurring malaria developed by CDRI, Lucknow now being manufactured and marketed by Nicholas Piramal India Ltd., Mumbai; Chamber Ventillation Technique developed by CMRI, Dhanbad using injection of high-pressure, high  stable nitrogen foam for the control of fires in the long wall panels in mines which was successfully used in putting out the fires in the Jhanjra colliery, Bihar, and saving a permanent damage to the costly underground equipments; a technology called Cokeless Cupola developed by NML to replace coke by natural gas fuel in foundries, reducing the emissions of polluting gases; a process for the treatment of the paper mill effluent water to separate the lignin developed by NCL; fluorescence based prototype kit for detection of adulteration developed by ITRC; a high quality synthesis system developed by CEERI, useful for the visually handicapped persons as a `reading' machine as well as for information retrieval in railways/airlines/tourism industry and toys with voice synthesis developed by CEERI; a technology for display of vital flight parameters at about the pilot's eye level developed by CSIO, Chandigarh; an eco-friendly mining method known as wide stall mining without stowing developed by CMRI for optimal recovery of coal; a simple retrofit technology for conversion of two stroke engines of petrol/diesel run three wheelers to CNG operable engines developed by IIP; pre-harvest and post-harvest technologies for export of Mango, Litchi, Strawberry, Guava and Grapes; controlled/modified atmosphere storage of fruits and vegetables; a process for extraction of ginger oil directly from fresh ginger by RRL,Trivandrum; development of alternate building materials which utilise wastes and economise on energy and are eco‑friendly; development by CRRI an Interlocking Concrete Block (ICB) pavement technique for special locations such as bus or container terminals, industrial roads, snow bound regions as well as for rehabilitation of old concrete surfacing; a Centralised Unit for R&D on Information Products to convert the dispersed and non-digital databases of CSIR to merchandisable information products; setting up of an technology proving of an economically viable fallen carcass recovery unit and a pilot demonstration plant commissioned at Melvisharam with support from NBB/MNE/UNIDO and CLRI/LTM in leather sector; development and fabrication of a 1 TPD expeller  by CMRI; fabrication of a powder x‑ray diffractometer at NPL; development of an environment friendly process for manufacture of synthetic Rutile development by NPL; a high homogeneity superconducting magnet with superconducting shims for radial and axial field corrections suitable for NMR spectrometer application; development of a low cost online water purification system  by ITRC which  quickly makes water free from bacteria as well as removes toxic metals like iron, chromium, lead, zinc and nickel to safe levels useful for small hospitals, clinics, schools and community centers; etc .
2.54                One of the important cotributions made by CSIR under S&T-HRD scheme is to foster, sustain and upgrade the stock of the highly specialized scientists, engineers & technologists required for R&D, in diverse disciplines of S&T in the country. The scheme has provided support to the academic community for research schemes, award of fellowships/scholarships and scientists’ pool placement. Other important scheme being implemented by CSIR pertain to modernization of CSIR labs; manipulation and management of IPR and technology management for corporate advantage, revamping and reengineering  of CSIR Headquarters and the establishment of a communication network between Headquarters and CSIR labs. Through construction of resudential buildings and  aminities, housing satisfaction of about 50% is expected to be achieved.

Department of Ocean Development (DOD)

2.55        The programmes and activities undertaken by the Department of Ocean Development which have been reoriented and revamped during the 9th Five Year Plan period relate to sustainable and environment friendly exploration and utilisation of marine living and non-living resources for the socio-economic benefit of the country. Some of the acheivements of DOD are highlighted below :

2.56          With a view to promote polar science and as a treaty obligation, scientific expeditions to Antarctica were undertaken on annual basis and various activities were carried out which include : commissioning of three component seismometer which recorded 360 seismic events, trial test of PFMC fuel cells and wind energy audit for application studies, establishing permanent GPS station, permanent analog VLF monitoring station, permanent environmental lab at Maitri,  Albedo and radiation budget estimation on one year round basis, mapping of seasonal variation of geomagnetic field and total magnetic field intensity, installation of two remote Automatic Weather Stations  with DCP which recorded various surface energy flux etc.

2.57             Under the program on Drugs from Sea 6 organisms possessing anti-diabetic/ anti-diarrhoeal, anti-hyperlipidaemic, anti-anxiety, anti-cholesterol, anti-bacterial and larvicidal activities were identified and 84 compounds having interesting biological activity and novel chemical structure, isolated. Marine living resources programme includes : acquisition of benchmark data on marine benthos in the shelf waters of India to undertake studies on impact of bottom trawling on marine benthos. Systematic collection of environment and productivity data of the Exclusive Economic Zone for summer, winter and inter-monsoon periods for possible correlations with fluctuations in abundance and distribution of living resources. 

2.58              Survey & Exploration in the CIOB mine site was continued for revalidation of relative concentration and quality characteristic of polymetallic nodules in different pre-determined blocks. As a part of the obligation as a pioneer investor, the Department relinquished 30% of the allocated 1,50,000 sq. km. area to the International Sea Bed Authority (ISBA). Environmental Impact Assessment study was carried out at CIOB and the impact of disturbance in the test and reference site is being monitored periodically to know the recolonisation effect of the benthic organism on the basis of the benthic disturbance report prepared. 

2.59

As apart of technology development for mining, a demonstration of shallow bed mining technology at a depth of 420 m in open sea off Tuticorin in March, 2000 was carried out wherein it pumped slurry and an improved ROV system is ready for test in Indian Water upto 250 meters depth which is capable of inspection of under water structures, pipelines, sampling etc. As a part of technology development for extrctive metallurgy, a demonstration pilot plant of 500 kg /day capacity is scheduled for commissioning at the end of first quarter of 2001. In order to revalidate the laboratory scale process package, demonstration campaigns were carried out at RRL (B) and BARC, Mumbai. 

2.60              Coastal and Marine Area management was undertaken by processing of data at National Marine Data Centre on Marine Pollution at Regional Centre, National Institute of Oceanography, Mumbai and disseminating the same to the Pollution Control Boards whenever necessary. Under the Integrated Coastal and Marine Area Management (ICMAM) programme, GIS based critical habitat information system was developed for Pichavaram mangroves, Gulf of Mannar, and Kadamat, Malvan and Gahirmata (Lakshadweep) and EIA guidelines were formulated for major coastal developmental activities and processes like construction of ports and harbours, assimilative capacity was determined for Tapi estuary(Gujarat) and Ennore creek (Chennai).    

2.61              Ocean Observation and Information Services were carried out by deploying the moored buoys, drifting buoys, current meter arrays and XBTs for undertaking oceanographic processes and validation of satellite data. An autonomous centre called  “Indian National Centre for Ocean Information Services” was established at Hyderabad, to cater towards generating and disseminating quality data and data products. 

2.62              The Coastal Community Programmes (Societal Programmes) taken up by DOD relate to distribution of 50 units of Integrated Fish Finder cum Navigation Guidance System (IFFNGS) for locating fishing shoals and the position of fishing vessels in the sea in the states of West Bengal, Orissa, Maharashtra, Pondicherry, A&N Islands, Gujarat and Lakshadweep. The Potential Fishing Zone (PFZ) advisories for generated and disseminated for the benefit of fishermen on biweekly basis.

2.63

    Significant programmes on island development are the project on shrimp culture which was completed; a pilot scale technology development for fattening of spiny lobster Panulirus homarus using live feeds (clams and mussel); and setting up of an seafront laboratory and a marine animal grow out system near Chennai and a laboratory at Port Blair to carry out studies on marine living resources, coastal environment, ocean observation and related areas in Ocean Science and Technology.

 2.64

       As a part of Marine Research and Capacity Building, DOD has been assisting the institutions, universities to create infrastructure facilities, taking up research and building up a skilled human resource base in Marine Sciences. 

2.65              National Institute of Ocean Technology (NIOT) completed the testing of a pilot plant of capacity of 1 MW, under took the work on design and manufacture of underwater thruster of 800 W power rating and 140mm diameter for operations at 1000m depth and underwater connector suitable for operations at 1000 metre water depth in coastal and environmental engineering; and taking up indigenous development of instruments/hardware for marine and oceanographic use. To create Ocean Awareness among public, DOD participated in a number of fairs/exhibitions and funded various seminars, conferences, workshops etc. 

2.66 

     Several activities were undertaken to promote/fulfil International Cooperation & Obligation. India continued to participate in the meetings of International Seabed Authority, Antarctic Treaty Consultative Committee, the programmes of Commission on Conservation of Antarctic Marine Living Resources, Scientific Committee on Antarctic Research, International Oceanographic Commission (JGOFS & GOOS), Regional Seas and Independent World Commission on Oceans and signed MOUs with a number of bilateral organization for undertaking joint ocean related programmes. DODs efforts lead to International Seabed Authority finally approving India’s application for plan of work for exploration of polymetallic nodules in the pioneer area.

Specific Issues of Scientific Departments 

Since the INSAT programme has attained the operational/commercial capability, it would be appropriate to segregate the same from the S&T sector and include it in a development sector like Communication. 

Space services should be provided to the users on cost sharing basis so that the INSAT system could be made self sustaining.

In the areas of remote sensing, there should be greater application of the remote sensing data/information by the development departments for designing, implementing and monitoring various developmental programmes. 

While providing R&D back up by the research institutions under DAE, efforts need to be accelerated for use of thorium.

DAE may tie up these technology development programmes with the societal development programmes of the concerned departments/ agencies so that the technologies/capabilities developed in the areas of nuclear science for societal benefits are harnessed optimally.   

To bridge the gap between converting the important results of basic research into technology development, there is need to highlight as to how far various R&D projects supported so far have led to technology development and their commercialization.  

Science and society related programmes need to be more closely tied up with the programmes of the development sectors, so that the programmes relating to poverty alleviation, employment generation etc. could be strengthened with S&T inputs and large scale applications of the new technologies could be explored.  

In respect of modernization and upgradation of autonomous scientific institutions under DST, a phased programme for modernization requires to be evolved.

To combat the menace of gregarious flowering of bamboos due to excessive green house gases there is a need to start a bamboo mission programme by DST so that the problem could be managed effectively. 

In respect of the R&D in drug industry being implemented by DST, DBT, CSIR and DOD there is a need to adopt a focused integrated approach by these departments through interaction so that duplication in terms of programme and investment are obviated. In the case of efforts relating to attracting young talent to science career, similar integrated approach is necessary.

While funding R&D programmes one has to work for more interface with industry so that dependence on budgetary support could be minimized.

Instead of several Departments like DSIR/DST/TIFAC and TDB taking up technology development programmes, to avoid duplication, they could be brought under one mechanism.

Similarly in regard to biotechnology programmes and modernization/ upgradation of the facilities in terms of equipment being undertaken by various S&T departments/agencies in their institutions, more interaction among various departments undertaking them is necessary. This would help in optimal utilization of any facility and avoid repeated investment of scarce resources.

Greater emphasis is needed on the critical tasks of consolidation of research results for technology development, demonstration and transfer, and taking up R&D programmes which have potential for market oriented technology development, in order that the benefits of these efforts are fully realized. 

It is necessary to ensure that the data on ocean observations are put to use in policy formulation, development programmes particularly in the areas of control of coastal pollution, marine fisheries, marine bio-diversity etc.    

The two long term programmes viz., Antarctic Research and PMN programmes are needed to be critically examined in the light of the experience and results obtained so far, and necessary mid-course corrections initiated accordingly so that only the need based activities are continued with optimum utilization of scarce resources.

General Issues

The national apex level S&T mechanisms have been constituted, which should play an active role in formulating the over all S&T policy and provide implementation guidance in an integrated manner for harnessing the benefits derived from the Science and Technology for development of the various sectors of economy.

To make basic research comparable to international standards in terms of publications, winning of awards and sophisticated facilities with specific indication of areas etc. It would be desirable to compare the past and present Scientific Citation Index  (SCI) so that standard of basic research could be assessed and gap areas identified and bridged. 

For implementing the thrust area research programmes in various disciplines, a single window mechanism may be evolved. Greater involvement and linkages are also required to promote basic research in the universities and academic institutions and specially around the outstanding scientists with a focus on strengthening of infrastructural facilities.  

Most of the research programmes, irrespective of discipline, must be/ required to be demand driven and based on market force so that the sophisticated research facilities and vast scientific and technological expertise could be utilized optimally for improving the quality and productivity of the goods and services. 

For integrating S&T with the socio-economic development, Science and Technology Advisory Committees (STACs)  set up in   various  Ministries/ Departments   need to be encouraged to take up an active role in providing the technology inputs necessary for the concerned sector.

With regard to patents, indication of exploitation of patent along with the filing in various countries and obtaining of patents would be quite informative to assess our technological capability particularly for commercialization of research.

So far as funding of the S&T programmes are concerned, contributions by industry and government are 28% and 72% respectively. In order to attract greater industry funding, national R&D institutions and laboratories should orient themselves in a greater measure to address the needs of the industries and take up industry specific problem solving programmes. 

In order to deal with the challenges posed by WTO, the S&T thrust need to be focused on (a) strengthening of intellectual property awareness, information, generation & exploitation mechanisms; (b) aligning of Quality Assurance Systems for S&T to international norms;  (c) widening the innovation base through supporting non-formal and grass-root level innovation; (d) intensifying the funding of knowledge/ innovation based industries; (e) exploring and initiating the export of S&T based services; (f) and deepening & strengthening linkages among and between different players in the innovation chain.

In the areas of patent and protection of intellectual property rights, efforts have to be made on providing the information relating to the aspects of exploitation of patent along with the filing and obtaining of patents to assess our technological capability particularly for commercialization of research.

The science departments must interface with their science and society related programme with the major development programmes like IRDP, TRYSEM etc. so that innovative S&T based programme could be enmeshed for better performance and higher return.  

The popularization of science and inculcating scientific temper amongst the society were continuing for quite some time by all the S&T Departments/ Agencies.  An assessment could be made as to the extent of achievement made in this regard particularly application of science in daily life and also understanding of scientific phenomenon in various spheres of life. Various programmes implemented by the Central S&T Departments may be reviewed on the basis of such an assessment.

There is a large scale migration of students from India to other countries or from one career option to another resulting in non-availability of specialized and trained manpower in the field of S&T.  There is a need to evolve an integrated scientific manpower development programme to curb such an outflow as well as to suit the national requirements.   

There are also some strategic concerns particularly relating to industries.  While the resources are limited, there exists a need to continuously evaluate strategies of optimal utilization and conservation of resources to deal with likely shortages in future.  New technologies relating to materials and processing need to be continuously addressed.  There also exists a need to assess requirements of equipments, products and services which fall under the category of strategic needs particularly technologies for the extraction of new energy sources and raw materials from diverse sources including the sea-bed.

Efforts made in some specific areas like combating cyclone, flood, landslide, earthquake etc. with S&T inputs need to be assessed particularly in the areas of research and its application in mitigation of natural disasters.

The concept of zero based budgeting need to be introduced in planning and implementation of various S&T programmes.This facilitates identification of schemes that would be continued, converge/integrate with other schemes of the same department or related schemes of other departments, and the schemes that need to be discontinued/weeded out due to non-relevance.    
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