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SCIENCE & TECHNOLOGY IN PUNJAB
Foreword

There is no alternative to Science & Technology for Socio-economic Development. The Punjab State Council for Science & Technology since its inception in 1983, has been  serving as a focal point for planning, promoting and carrying S&T activities and acting as a Nodal Agency for science & technology. It is carrying out its activities in  the areas of Environment, Biotechnology, Science Popularization, Water Management and Construction & Building Material Technology, reaching out to the rural areas and villages as well as the privileged urban populace. This is in line with the Science & Technology Policy of the Govt.  of India which is anchored around abiding belief that S&T should grow, green, be ethical, have a human face, be gender sensitive, be region and context specific, reflect our biodiversity and empower the community as a whole. The Council has attempted to  formulate an S&T policy for the state under  the chairmanship of Hon’ble Chief Minister of Punjab vide which it resolves to support science & technology in all its facets while recognizing its central role in raising the quality of life of the people of the state, particularly, the disadvantaged sections of society i.e. the rural areas by creating employment, protecting the environment by making use of indigenous technologies. The Council commits to the advancement of knowledge. It wants this knowledge to be at the service of humanity as a whole, and to produce a better quality of life for present and future generations.






(Dr. N.S. Tiwana)







Executive Director

Preamble

Science is a comparatively late product of the general development of human civilization. The roots of science ran deep, stretching back to the period before the appearance of civilization. No matter how far back in history we go, there were always some techniques, facts and conceptions that were scientific in character. Science and technology have been an integral part of Indian civilization and culture over the past several millennia. India was the fountainhead of important foundational scientific developments and approaches. These cover many great scientific discoveries and technological achievements in mathematics, astronomy, architecture, chemistry, metallurgy, medicine, natural philosophy and other areas. 
In the region of Punjab, development in Science & Technology progressed well before the dawn of modern civilization. The people of the Indus valley civilization had attained a reasonably good level of agricultural practices, system of measurement and computational techniques for constructions and commercial transactions, town planning, public hygiene, water supply, public bath, drainage system etc. After the dawn of the Christian era, science & technology progressed at the same pace in Punjab as in other parts of India. During the period prior to the annexation of Punjab by the British, the region had made considerable progress in S&T through building of forts, bridges, roads, laying of gardens, manufacture of arms, ammunition and industrial advancement through textiles, leather goods, ornaments, wooden articles, pottery, paper etc. After the annexation of Punjab by the British, scientific and educational development gained momentum. The external face of the province changed rapidly owing to the construction of canals, roads and railway lines.  After Independence, Punjab made rapid strides in all spheres of science & technology as a number of universities, dairy industries, textiles, machine units, heavy industry, medical & engineering colleges etc., came up. Modernization of agriculture, diffusion of small industries, 100% electrification, a network of irrigation canals, dams & reservoirs, rural link roads along with green and white revolutions have made Punjab the number one state of India.
With the encouragement and support that has been provided, there is today a sound infrastructural base for science and technology in the state. These include research laboratories, higher educational institutions and highly skilled human resource. The key role of technology as an important element of development is also well recognized. On the national level, the Scientific Policy Resolution of 1958 and the Technology Policy Statement of 1983 enunciated the principles on which the growth of science and technology in India has been based.  

 In view of the achievements of the state in the field of Science & Technology and for the future all round development of the state based on scientific & technological framework, it would be worthwhile to plan a course of action with the method of science. This is planned to be done by having a Science & Technology Policy for the state. This has become necessary because our science and technology system has to be infused with new vitality if it is to play a decisive and beneficial role in advancing the well being of all sections of our society. The state of Punjab recognizes its role in raising the quality of life of the people, particularly of the disadvantaged sections of society, in creating wealth for all, in making the state globally competitive, in utilizing natural resources in a sustainable manner, in protecting the environment and ensuring security. It is hoped that this policy will  emphasize self-reliance and also sustainable and equitable development. It will embody a vision and strategy which is applicable today, and would continue to inspire us in our endeavors.
Science & Technology Policy

Resolution

The role of Science & Technology is of special importance  keeping in mind the economic and social importance. Intelligent use of Science & Technology could go a long way in ensuring optimum use of economic and human resources.

The aim of Science & Technology Policy of Punjab is to foster, promote and sustain the cultivation of science and scientific research in the state and to encourage individual initiative for dissemination of scientific knowledge, recognize the work of research scientists and technologists and ensure that the scientific talent of the state is encouraged to find full scope in scientific activity.  The policy also aims to secure for the people of the state all the benefits that can accrue from the acquisition and application of scientific knowledge. The Policy strives to ensure that efforts in science & technology are not restricted to scientific laboratories and academic institutions but percolate to the users so that science, technology & innovation increasingly become part of the everyday life of our people as well as transform rural Punjab. 
Aims of the Policy:


The policy aims at having high quality scientific institutions capable of providing research & training facilities in areas of interest like environment, biotechnology, nanotechnology, IT, Geo-informatics etc. In case if the state is unable to create such facilities, necessary support should be sought from institutions in the other states/countries through partnership and co-operation/ facilitation of scientific training, sharing, promoting dissemination of scientific information, exchanging scientific knowledge and data and jointly addressing problems of inter-state/global concern. Research specially aimed at addressing the basic needs of the people shall be the prime concern. Careful impact studies shall be performed to ensure a better planning and implementation of development projects.

Among many issues that need urgent attention, are to work towards a better public understanding of science & creation of science – society interface societal support and appreciation leads to more public funding for scientific research which is incidentally, abysmally low in the developing countries.


The main policy objectives are to advance scientific temper and fully integrate science & technology into all spheres of national activity on a sustainable basis. It would foster scientific research in universities and other institutions and create suitable employment opportunities in the S&T sector. Women would be ensured full and equal participation. There would be necessary autonomy and freedom of functioning for academic institutions. Full potential of science would be harnessed to accomplish national strategic objectives with encouragement for research & innovation in areas of relevance for the economy and society. Mechanisms would be strengthened for technology development, evaluation, absorption and up gradation from concept to utilization.

Science & Technology have profoundly influenced the course of human civilization. Science has provided us rememberable insights into the world we live in. The scientific revolution of the 20th century have led to many technologies which promise to herald wholly new era in many fields. As we stand today at the beginning of a new century , we must ensure fullest use of these developments for the well being of our people.

The policy stands the need to enhance capacity building in natural disaster preparedness and mitigation of its effects. Institute and industry cooperation shall be promoted to enhance responsiveness to the needs of industry as well as support from industry to the education sector. Science teachers at all levels would be involved in informal science education and will have access to continuous updating of their knowledge for the best possible performance of their educational tasks. NGOs would play an important role in sharing their experiences on the various issues being handled  by S&T Institutes of the State.
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GEOGRAPHICAL PARAMETERS
Area: 50,362 sq km (Punjab occupies 1.54 % of India's total geographical area)

Latitude: 29'30'' N to 32'32'' N; Longitude: 73'55" E to 76'50" E
Location: North-West India
Borders: 
West: Pakistan (International Border); North: Jammu & Kashmir (India); North-East: Himachal Pradesh (India); South: Haryana, Rajasthan (India)
Topography:
Punjab, located between the Indus and Ganges river, is largely an alluvial plain irrigated by canals. Punjab's arid southern border edges the Thar or Great Indian Desert. The Shivalik Ranges rise majestically in the North. Four rivers Ravi, Beas, Satluj and Ghaggar flow across the state in southwest direction. Several small seasonal tributaries branch out from these rivers.

Punjab-(Granary of India)- Some Facts
Enterprise and endeavour, these two words symbolize the essential spirit of the people of Punjab. Since Independence, over 5 decades, the state has earned its epithet: "of Granary India" through the enterprising spirit, and untiring toil of its people.
Its average growth rate of 10% is amongst the highest in the country, clearly reflecting the progressive economy of the state .Punjab also boasts a 58% literacy rate and the highest per capita income in India. Today's Punjab has become a land of boundless opportunities, offering distinct advantages for investment and industry. 
Since the recent liberalization of India's economy, Punjab has started making its mark on the global business mainstream, with major players from around the world forming joint ventures in the field of agri-business.
Privileged by nature and the dynamism of its people, Punjab is a land of rivers, fertile soils and steady achievement. With its inimitable style of transforming every potential opportunity into a success story, the state was the first to translate agricultural technology into the "green revolution", recording highest growth rate in food production. From a minor producer it emerged a major rice surplus state. Providing the impetus for the "White revolution", during Operation Flood, it was Punjab that recorded the highest per capita availability of milk.
Today's Punjab has over 1.97 lakhs of small and medium industries and about 653 large scale industries. It leads in the manufacture of machine and hand tools; printing and paper cutting machinery; auto parts and electrical switch gear. The state also provides more than 75% of the country's requirement for bicycles, sewing machines, hosiery and sports goods. At par with the highest quality standards in the world, these products have carved a niche for themselves in markets across the globe
Science & Technology in Punjab

Progression through S&T

The S&T requirements of the state are met by the Punjab State Council for Science & Technology, Chandigarh (PSCST), which is an autonomous body registered as a society on 21st July, 1983 under the Societies Act XXI of 1860. 

From a humble beginning in 1983, the Council has come a long way. The Council now serves as a focal point for planning, promoting and carrying out S&T and Environmental activities/programmes in the identified areas.
  In addition, it also assists the Department of Science & Technology, Ministry of Environment & Forests, Government of India and Central Govt. Agencies in all technical matters related to the above mentioned areas in the State.

The main policies and strategies of the Council are –

· To test and assess new concepts and methods, particularly in terms of environmental impact    through :

· Demonstration projects.

· Sponsored research.

· To coordinate the States Scientific and technical efforts through :

· Identification of priority areas

· Preparation of science & technology plans

· Policy formulation 

· Assistance for policy implementation

· To accelerate progress of science & technology in Punjab through:-

· Participation in National, regional & International for a

· Manpower Development

· Promotion of Non-governmental organizations

· Organizing of exhibitions, lectures, seminars 

· Publications.

The Council is working to achieve the following objectives:-

· Promotion/Awareness, Education & Training Programmes 

· Technology Development & Transfer

· Pilot/ Demonstration Projects

· Conservation & Management of Ecologically Sensitive Areas

· Consultancy for Pollution Control

· Incentives to Young Scientists 

· Preparation of Technology Plans

· Promotion of innovations through awareness about IPR issues

The Council has divided its activities into various thrust areas for taking up projects relating to Popularization of Science, Environment, Biotechnology, Construction and Building Materials Technology and Water Regime Management.

Science & Technology has played a crucial role for the socio-economic upliftment of the state, therefore, a strategy to achieve the goal is extremely necessary in the form of a policy to meet the demands of the state. The objectives of the S&T Policy are: 
· To ensure that the message of science reaches every citizen of the State so as to build scientific temper and make use of S&T and its application for human welfare
· To make sustained efforts for technological innovations for improvements in  agriculture, nutrition, water, health, energy and environment
· To foster scientific research in priority areas such as, agriculture, biotechnology, water management etc applicable to the State
· To preserve and protect the natural resources and biodiversity of the State
· To establish an intellectual property rights regime to maximize the incentives for generation and protection of intellectual property rights
· To promote international S&T cooperation for achieving the goals of state development and security
· To ensure fullest involvement of scientists and technology in state governess for addressing the scientific enquiries into all areas of public policy making.

Science & Technology

The Challenges
There are many challenges which are sought to be handled with Scientific & Technological interventions. Some of these are:
· Food security and employment generation.

· Sustainable development and use of biodiversity and non timber forest produce.
· Intellectual property protection and patent literacy.

· Increased production system and post harvest technologies.

· Adoption of modern tools of biotechnology.

· Adoption of space technology (Application of Remote Sensing) for natural resource management.

· Generation of product and services which have national and international market.

· Improve the status through S&T in such market-oriented commodities in which State is leading.

· Socio-economic up-liftment of rural population through S&T interventions.
POLICY OBJECTIVES


Recognizing that Science and Technology is a powerful tool for economic prosperity of the State, the following elements are enunciated in its Science and Technology Policy:

· To promote and practice science in all disciplines at school and college levels in order to foster scientific literacy in the State.

· To promote and practice science for identifying problems and offering solutions through Science and Technology interventions with the help of national R&D agencies.

· To promote and ensure full participation of woman scientists and technologists in all areas of Research and Development.

· To harness modern scientific and technology advances so that rapid progress is made in the field of agriculture, food and water security to bring modern health care to the people of the state.

· To ensure inter-connectivity of all state level research and technical institutions and use information technology for its access and knowledge sharing.
· To promote S&T based NGOs along with effective coordination amongst departments in order to take up programmes to the grass root levels.
· To ensure that the message of science reaches every citizen of the state, man and woman, young and old, so that we advance scientific temper, emerge as a progressive and enlightened society, and make it possible for all our people to participate fully in the development of science and technology and its application for human welfare. 

· To mount a direct and sustained effort on the alleviation of poverty, enhancing livelihood security, removal of hunger and malnutrition, reduction of drudgery and generation of employment, by using scientific and technological capabilities along with our traditional knowledge pool. 

· To vigorously foster scientific research in universities and other academic, scientific and engineering institutions; and attract the brightest young persons to careers in science and technology, by conveying a sense of excitement concerning the advancing frontiers, and by creating suitable employment opportunities for them. Also to build and maintain centres of excellence, which will raise the level of work in selected areas to the highest international standards. 

· To encourage research and innovation in areas of relevance for the economy and society, particularly by promoting close and productive interaction between private and public institutions in science and technology. Sectors such as agriculture (particularly soil and water management, human and animal nutrition, fisheries), water, health, education, industry, energy including renewable energy, communication and transportation would be accorded highest priority. Key leverage technologies such as information technology, biotechnology and materials science and technology would be given special importance.

· To establish an Intellectual Property Rights (IPR) regime which maximises the incentives for the generation and protection of intellectual property by all types of inventors. The regime would also provide a strong, supportive and comprehensive policy environment for speedy and effective domestic commercialisation of such inventions so as to be maximal in the public interest. 

· To encourage research and application for forecasting, prevention and mitigation of natural hazards, particularly, floods, cyclones, earthquakes, drought and landslides.

· To promote international science and technology cooperation towards achieving the goals of national development and security, and make it a key element of our international relations. 

· To integrate scientific knowledge with insights from other disciplines, and ensure fullest involvement of scientists and technologists in national governance so that the spirit and methods of scientific enquiry permeate deeply into all areas of public  
policy making. 
· To inculcate the spirit of enquiry and convey the excitement and joy of doing science to young minds.
· To improve status of science education in the state.

· To 

· Need to create a better image for science & generate strategies for media interactions. For this, there is need for both print & electronic media to take science to masses.

· Partnerships between academic, government research institutions and industry.

· Revival of traditional methods of water conservation, harvesting

· Promotion of education in science & nurturing scientists.

DEVELOPMENT THROUGH S&T IN EMERGING AREAS
Rural Environment Improvement

For Rural Environment Improvement, the Punjab State Council for Science & Technology (PSCST) has identified some significant interventions in the form of under ground sewerage, sewage treatment, management of cow-dung and garbage. The technologies specifically demonstrated for the above purposes are:
1.
Sewerage. 

(i) Madhopur Technology- This low cost technology is used for laying sewerage system in villages with small bore sized pipes at shallow depths. The project in Madhopur (Distt. Fatehgarh Sahib) was commissioned in September as sanctioned by DRDP for laying sewerage system in village in 2003. The technology is being replicated in 60 villages of the State and  it is proposed to provide sewerage in 1500 villages every two years. 

(ii) 
Cost effective technologies for quality drinking water – The South Western districts of Punjab have saline underground water and as such, the water supply schemes have been based on surface water. But there are areas where surface water is not available and people have to drink unpotable ground water. Cost effective technology of desalinization of underground water in the south-western districts of Punjab by reverse osmosis technology has been demonstrated for providing mineral quality drinking water to the villagers.

2.
Sewerage treatment- Various technologies for low cost treatment of sewerage have been demonstrated, both from the point of technical and financial aspects and acceptability by the masses:

(i) 
Duckweed technology –This technology is being replicated at 20 sites in districts of Ropar, Fatehgarh Sahib, Ludhiana, Nawanshahar, Moga and Hoshiarpur.

(ii) 
Constructed Wetland Technology for wastewater treatment has been  implemented in collaboration with CH2M Hill, Canada, at village Pipal majra (Ropar) and Shekhupura (Patiala). This is further being replicated at 28 sites in district Patiala and Ludhiana.

(iii) 
Further, installation of stabilization ponds, oxidation ponds, aerated lagoon and oxidation ditch for treating the sewage has been completed. This would also expose the engineers of the State to different types of technologies for sewage treatment.

(iv) 
Vermiculture Biotechnology is being promoted for effective management of cow-dung, garbage and agricultural waste in the rural areas.  PSCST has successfully demonstrated this technology in districts Bathinda, Ludhiana, Ropar, Moga, Jalandhar and Patiala .  


The above technologies have a great potential and should be replicated for the improvement of rural environment in Punjab.

Pollution Control:

Consultancy Cell set up in PSCST has provided yeoman service in ten categories and has also undertaken the following important projects: 

· Consultancy services were provided to rice shellers, brick kilns, cupola furnaces and induction furnaces for replication of technologies 730 units replicated the designs during the year. 
· Core competency & expertise is available with PSCST for providing consultancy services for air and water pollution control in brick kilns, cupola furnace, rice shellers, induction furnaces, rolling mills, tanneries, tickling units nickel chrome and zinc plating units and saila plants.  More than 4000 industrial units have been benefited by the above technologies. 
· Technology for utilization of fly ash in clay -fly ash bricks has been developed.
The technologies developed by PSCST for pollution control should be implemented in the state for effective pollution control in industrial units.
Biotechnology.

Biotechnology policy has been framed in Punjab and Punjab Biotechnology Promotion Board has been set up to make Punjab a Biotech Destination. A Biotech Park is proposed to be set up in the State. DBT, GOI has recently sanctioned a component of the park i.e. Biotechnology Incubator with facilities for common extraction of medicinal/aromatic plants. This incubator has also testing and certification facility for agro products, which is extremely essential for export of agro- produce in the State. Promoting cultivation of Medicinal & Aromatic crops in 9 villages in Shivalik area has been taken up. Processing unit for value addition of medicinal and horticultural crops has been set up and extraction facility for aromatic crops is being set up at Talwara. The market tie-up is being provided through involvement of a local cooperative society.

Biotechnology, thus, is an area which holds great promise for the future development of the state.
Intellectual Property Rights.

A patent information centre is functioning in PSCST. This centre provides services for protecting the intellectual property rights, guiding entrepreneurs and individuals for patenting products and processes and creating awareness about IPRs. This centre also identified geographical indications of the State. The Patent Information Centre (PIC) is responsible for creation of awareness about IPRs, especially Patents, copyrights, industrial designs, etc.   It has been equipped to conduct patent searches for universities, industries, government departments and R&D institutions in and around the State.  The center also guides innovators with respect to patenting of their innovations and analyzing patent information  to suggest new R&D Programmes.  The PIC is jointly supported by TIFAC and the State Government.

Strategy and Implementation Plan

Keeping in view the broad objectives of the policy, it is essential to spell out an implementation strategy that will enable identification of specific plans, programmes and projects, with clearly defined tasks, estimates of necessary resources, and time targets. Some of the key elements of the implementation strategy will be as follows: -

1. Science and Technology Governance and Investments 

Suitable mechanism will be evolved by which independent inputs on science and technology policy and planning are obtained on a continuous basis from a wide cross section of scientists and technologists. It will utilize the academics and specialized professional bodies for this purpose. These inputs will form an integral part of the planning and implementation of all programmes relating to science and technology, as also in government decision making and formulation of policies in socio-economic sectors.

A greater integration of the programmes in socio-economic sectors with R&D activities will go a long way in ensuring a wider, more visible and tangible impact. This will call for a certain percentage of the overall allocation of each of the socio-economic ministries to be devoted for relevant programmes and activities in science and technology. The State will  be encouraged and assisted in the use of science and technology for developmental purposes through mechanisms set up for this, and in establishing linkages with national institutions for solving their regional and locale-specific problems.

A concerted strategy is necessary to infuse a new sense of dynamism in our science and technology institutions. The science departments, agencies and other academic institutions, including universities i.e. the science and technology system as a whole, would be substantially strengthened, given full autonomy and flexibility, and de-bureaucratized. 

Mechanisms will be established to review on a continuous basis the academic and administrative structures and procedures in the science and technology system at all levels, so that reforms could be effected to meet the challenges of the changing needs. 

State Government would make necessary budgetary commitments for higher education and science and technology. It will, through its own resources and also through contribution by industry, raise the level of investment to at least 2% of GDP on science and technology by the end of the Tenth Plan. For this, it is essential for industry to steeply increase its investments in R&D. This will enable it to be competitive, achieve greater self-reliance and self-confidence, and fulfill goals. 

2. Optimal Utilization of Existing Infrastructure and Competence 

Science and technology is advancing at a very fast pace, and obsolescence of physical infrastructure, as also of skills and competence, take place rapidly. Steps will be taken to network the existing infrastructure, investments and intellectual strengths, wherever they exist, to achieve effective and optimal utilization, and constantly upgrade them to meet changing needs.

3. Strengthening of the Infrastructure for Science and Technology in Academic Institutions 

A major initiative to modernize the infrastructure for science and engineering in academic institutions is required. It would be ensured that all middle and high schools, vocational and other colleges will have appropriately sized science laboratories. Science, engineering and medical departments in academic institutions and universities and colleges will be selected for special support to raise the standard of teaching and research. To begin with, a significant number of academic institutions, specially the universities, as also engineering and medical institutions, would be selected for this support to make an impact. Flexible mechanisms for induction of new faculty in key areas of science would be developed. Constancy of support and attention will be ensured over at least a ten-year period.

4. New Funding Mechanisms for Basic Research 

The setting up of more efficient funding mechanisms will be examined, either by creating new structures or by strengthening or restructuring the existing ones, for promotion of basic research in science, medical and engineering institutions in the state. 

Creation of world class facilities in relevant fields will be undertaken, to enhance our international competitiveness in areas where we have strengths, opportunities or natural advantages. Indigenous expertise will be used to the maximum extent possible. This would help in nurturing high quality talent and expertise in experimental science and engineering. 

5. Human Resource Development 

The number of scientists and technologists, while being large in absolute numbers, is not commensurate with the requirements in quality and when measured on a per capita basis. The demand is bound to increase in the coming years with more intensive activities involving science and technology. There is need to progressively increase the rate of generation of high quality skilled human resource at all levels. This process would naturally entail reversing the present flow of talent away from science, by initiating new and innovative schemes to attract and nurture young talent with an aptitude for research, and by providing assured career opportunities in academia, industry, Government or other sectors. In order to encourage quality and productivity in science and technology, mobility of scientists and technologists between industry, academic institutions and research laboratories will be ensured.

Schemes for continuing education and training of university and college teachers in contemporary research techniques and in emerging areas of science will be strengthened and new innovative programmes started.

It will also be ensured that higher education is available to the widest possible section of creative students, transcending social and economic barriers.
6.
Career Progression for Scientific Staff:

There is a need to progressively increase the rate of generation of high quality S&T human resources and  to motivate the staff engaged in Science & Technology in the state. For this purpose, the following focused programmes and initiatives should be taken up to encourage the S&T staff:

a) Nurture and retain research talent in academia, industry and publicly funded R&D by assured career progression

b) Mobility of scientists and technologists between industry, academic institutes and research laboratories to encourage quality and productivity in science and technology.

c) Providing S&T staff with a share of the benefits arising from their intellectual pursuits

d) Providing partial assistance for attending/ presenting papers in  national and international conferences/ meetings

e) Assured funding by state and R&D institutes for undertaking research projects for socio-economic development and for mitigating location specific problems through interventions of science & technology.

f) Women scientists in the state are  relatively new entrants in the field of science and engineering. Despite considerable increase in the enrolment of women in higher education, their share in science and engineering education is still quit low. A recent study on R&D projects in the state of Punjab by PSCST has brought out that  women representation as faculty members involved in teaching and research is less than one-twelfth in the best institute of higher education in science and engineering. Yet despite their small number, women in science and engineering represent the growing pool of women intelligence. The problems facing women S&T staff needs to be addressed and efforts made to solve them so that women academic scientists are able to contribute to their fullest. Enhancing participation of women in R&D projects through schemes such as  women scientists facility to rejoin the mainstream of R&D after a break period and other similar schemes should be taken up.

g) Encouraging scientists of the state to frame joint projects for socio-economic development by bilateral S&T cooperation and relationships with more developed countries such as USA, EU, UK, Russia, Australia, Canada, Israel, Korea, etc on the basis of equality and partnership to realize mutually beneficial values.

h) Developing new schemes aimed at  demonstration and adaptation of relevant and appropriate technologies/ replicable models for empowering rural population and improving quality of life in rural areas through time bound action research projects.
i) Providing Core support to Science and Technology based Field Groups and organizations to nurture S & T personnel to take up challenges to work on rural problems,  and location specific problems with proper interface and support from relevant S & T institutions/laboratories and local community. These groups should be encouraged in developing cost effective technological solutions in farm as well as non farm sectors ranging from natural resource management, housing, renewable energy, agriculture & post harvest processing, rural engineering with a possibility for micro-enterprise development at the village level. 
j) Faculty Development Programmes (FDPs) should be designed to train and develop professionals engaged in S&T so that they can further guide and motivate young S&T persons to take up science as a career. These  programmes may include process and practice of development of entrepreneurship, personal and interpersonal skills, creativity, problem solving, achievement motivation training, resource and knowledge based inputs etc. The professionals trained under FDPs could be faculty of science/engineering colleges, polytechnics, and entrepreneurship development organizations. 

7.
Mobilization of Youth for study and  careers in science:

Dr. APJ Abdul Kalam, Ex-President, Republic of India had once said that the most important ingredient for realizing a prosperous society is the ignited minds of the youth using science and technology as a powerful tool. Therefore, there is a urgent need to attract talent and youth to careers in science, technology and innovation and making opportunities available to the youth. There is a need to create an environment in which such opportunities exist, by making science more friendly and accessible to young generation. The following schemes could be taken up by the state to mobilize youth for taking up careers in science & technology:

a) Implementing of schemes of  Ministry of S&T, GOI such as recently launched INSPIRE, (Innovation for Science Pursuit for Inspired Research), a programme to reach out to the young talent and help them to pursue their interest in science from the school stage to post-graduate level. 

b) Enhancing the utilization and deployment of scientific endeavors and outputs by youth through schemes such as Small Business Innovation Research Initiative (SBIRI), Fund for Accelerating Start-ups in Technology (FAST), Technology Business Incubators and the like. 

c) Synergizing the competencies of the private sector and the National System of Innovation through vigorous public private endeavors such as Pharmaceutical R&D Support Fund, TDB, NMITLI and establishment of Shared Facilities such as Agri-Food and Bio-technology clusters, Advanced Aeronautics etc.

d) Scheme for Committed Young Professionals: To enthuse young scientists to apply their expertise to issues relevant to society action research projects may be granted to young scientists (upper age limit of 35 years for men, 40 years for women) with the objective of (a) attempting a field implementation of an idea, or (b) developing new techniques for solving problems which do not have clear-cut solutions at present. Young scientists' should be encouraged to pursue innovative research ideas, which have direct bearing on social problems in selected voluntary organizations, academic institutions or research laboratories.

e) Science and Technology Entrepreneurship Development (STED) Projects-STED Project of DST, GOI aims to bring socio-economic development in a region by promoting the entrepreneurial temper and motivating the unemployed youth for establishing micro enterprise based on innovative skills and technology. The project involves a detailed scientific survey of a selected district/region for identification of opportunities, matching of the material and the human resources of the region and usage of Science & Technology inputs for efficient utilization of the opportunities. Unemployed science graduates of the state should be encouraged to take up such projects.

f) Entrepreneurship Awareness Camps (EAC): Entrepreneurship Awareness Camp (EAC) should be conducted in the premises of an academic institution to create awareness amongst students of the college about various facets of entrepreneurship and the merits of pursuing it as a career option. These camps are organized by educational institution or professional bodies specializing in entrepreneurship development. It also provides an opportunity to the students to interact with various experts in industry and banking. 

g) Entrepreneurship Development Programme (EDP): The Entrepreneurship Development Programme (EDP) is an important innovative break-through in the strategy for developing human resources for promoting economic progress in India as well as in other underdeveloped countries. The EDP is an innovative approach in which those persons who possess certain identifiable qualities of entrepreneurship are counseled, motivated and trained to strengthen their self confidence, seize a business opportunity, initiate an enterprise and be the masters of their own i.e. to become 'entrepreneurs' instead passively waiting for a suitable employment. Such programmes may encourage the youth entrepreneurs of the state.

h) Technology Based Entrepreneurship Development Programme (TEDP): Technology Based Entrepreneurship Development Programme (TEDP) is a programme in which training is given on specific products/technologies/processes, which have commercial viability and which have been developed by R&D labs or other academic institutions. Besides the hands on training, the potential entrepreneurs are given entrepreneurial, motivational and managerial inputs. The R&D institutions having commercially viable technologies get potential entrepreneurs as its takers and thus ideas/technologies get converted into wealth generating products and services. This programme should be taken up by the R&D labs or other academic institutions of the state.

i) Skill Development Training through Science and Technology (STST):Skill Development Training through S&T (STST) scheme of GOI aims at demonstrating the effectiveness of short term market oriented technical skill training in empowering unemployed youth to earn a sustainable livelihood. The programme should be taken up in the state through academic and technical institutions.

j) Nurturing Innovation: Popular programmes such as National Children's Science Congress, National Science Day and Motivational Programmes for Talented Students already being implemented by PSCST through RVPSP, DST, GOI are aimed to encourage bright students to select careers in science. All these programmes should be taken up more vigorously by the state through liberal funding to attract more students and to provide them incentives.

k) International Collaboration: Programmes such as Initiative for Research and Innovation in Science (IRIS) should be taken up to  promote and nurture the invention and innovation among youths and students of the state by joining hands with Confederation of Indian Industry (CII) and Intel India. The students can also participate in  International exhibition for Young Inventors (IEYI)in India and abroad. Selected projects are awarded summer internships at prestigious science institute in India

8.
Teacher training for science education:

To improve the Science and mathematics education in the State, there is a need to maximize the potential of Teachers through training and learning to help change their classroom practices, which in turn enhances student achievement. One of the guiding principles should be to transform the teacher into a ‘reflective practitioner’, a ‘thinker’ and a ‘learner’. Short and long term teacher training courses should be devised to make formal teaching more interesting for the students. The teacher training courses should focus on errors, misconceptions and conceptual difficulties faced by students in critical topics science and mathematics education.  
The PSCST under its science popularization division is taking up a number of training programmes  for improvement in teaching of science and mathematics teaching in the state through activities such as: learning mathematics through origami, low cost science teaching aids, workshop on aerodynamics, enhancing of science coverage in mass media, workshop on explaining of miracles, workshop on nature camps, workshop on S&T communication through puppetry, workshop on model rocketry, workshop on hydroponics, workshop on detecting food adulteration, project root & shoot etc. Many more activities such as teachers' workshop in innovative pedagogy, micro organisms: observe and learn, water resources & eco-systems management, perfect health mela, workshop for resource teachers on water & soil testing, module on social Insects, development of biology kit and 'Vaad Vivaad' Karyakaram are  also in the pipeline. These activities are regularly being organized with support from RVPSP, DST, GOI at the state and district level and should be taken up more vigorously.

9. 
      Technology Development, Transfer and Diffusion 

A strong base of science and engineering research provides a crucial foundation for a vibrant programme of technology development. Priority will be placed on the development of technologies which address the basic needs of the population; make Punjab industries — small, medium or large — globally competitive and economically strong.  Special emphasis will be placed on equity in development, so that the benefits of technological growth reach the majority of the population, particularly the disadvantaged sections, leading to an improved quality of life for every citizen of the state. These aspects require technology foresight, which involves not only forecasting and assessment of technologies but also their social, economic and environmental consequences. 

Emerging technologies identified by PSCST for Punjab, especially for Rural Environment Improvement and Pollution Control, are given separately in this document.
Intensive efforts will be launched to develop innovative technologies of a breakthrough nature; and to increase our share of high-tech products. Aggressive international bench-marking will be carried out. Simultaneously, efforts will be made to strengthen traditional industry so as to meet the new requirements of competition through the use of appropriate science and technology. Value addition, and creation of wealth through reassessment, redistribution and repositioning of our intellectual, capital and material resource will be achieved through effective use of science and technology.

Rigid Quality Standards, and Accreditation of testing and calibration laboratories according to international requirements, will be given an enhanced push to enable State industry to avoid non-tariff barriers in global trade.

10.
      Promotion of Innovation

Innovation will be supported in all its aspects. A comprehensive system of innovation will be created covering science and technology as also legal, financial and other related aspects. There is need to change the ways in which society and economy performs, if innovation has to fructify.

11. 
       Industry and Scientific R&D 

Every  effort will be made to achieve synergy between industry and scientific research. Autonomous Technology Transfer Organizations will be created as associate organizations of universities and national laboratories to facilitate transfer of the know-how generated to industry. Increased encouragement will be given, and flexible mechanisms will be evolved to help, scientists and technologists to transfer the know-how generated by them to the industry and be a partner in receiving the financial returns. Industry will be encouraged to financially adopt or support educational and research institutions, fund courses of interest to them, create professional chairs etc. to help direct S&T endeavours towards tangible industrial goals.

There has to be increased investments by industry in R&D in its own interest to achieve global competitiveness to be efficient and relevant. Efforts by industry to carry out R&D, either in-house or through outsourcing, will be supported by fiscal and other measures. To increase their investments in R&D, innovative mechanisms will be evolved.

12.            Indigenous Resources and Traditional Knowledge

Indigenous knowledge, based on our long and rich tradition, would be further developed and harnessed for the purpose of wealth and employment generation. Innovative systems to document, protect, evaluate and to learn from Punjab’s rich heritage of traditional knowledge of the natural resources of land, water and bio-diversity will be strengthened and enlarged. A concerted plan to intensify research on traditional systems of agriculture & medicine leading to commercialization of effective products will be undertaken and appropriate norms of validation and standardization will be enforced. 

13.       Technologies for Mitigation and Management of Natural  Hazards

Science and technology has an important role in any general strategy to address the problems of mitigation and management of the impacts of natural hazards. A concerted action plan to enhance predictive capabilities and preparedness for meeting emergencies arising from floods,  earthquakes and drought  will be drawn up. Measures will be undertaken to promote research on natural phenomena that lead to disasters and human activities that aggravate them. This will be with a view to developing practical technological solutions for pre-disaster preparedness, and mitigation and management of post- disaster situations.

14.            Generation and Management of Intellectual Property

Intellectual Property Rights (IPR), have to be viewed, not as a self-contained and distinct domain, but rather as an effective policy instrument that would be relevant to wide ranging socio-economic, technological and political concepts. The generation and fullest protection of competitive intellectual property will be encouraged and promoted. 

The process of globalisation is leading to situations where the collective knowledge of societies normally used for common good is converted to proprietary knowledge for commercial profit of a few. Action will be taken to protect our indigenous knowledge systems, primarily through national policies, supplemented by supportive international action. For this purpose, IPR systems which specially protect scientific discoveries and technological innovations arising out of such traditional knowledge will be designed and effectively implemented. 

The national legislation with regard to Patents, Copyrights and other forms of Intellectual Property will ensure that maximum incentives are provided for individual inventors, and to our scientific and technological community, to undertake large scale and rapid commercialization, at home and abroad.

The development of skills and competence to manage IPR and leveraging its influence will be given a major thrust. This is an area calling for significant technological insights and legal expertise and will be handled differently from the present, and with high priority. PIC centre established by TIFAC,DST,GOI at PSCST will be fully utilized for patenting and IPR. 
15.             Public Awareness of Science and Technology 

There is growing need to enhance public awareness of the importance of science and technology in everyday life, and the directions where science and technology is taking us. People must be able to consider the implications of emerging science and technology options in areas which impinge directly upon their lives, including the ethical and moral, legal, social and economic aspects. In recent years, advances in biotechnology and information technology have dramatically increased public interest in technology options in wide ranging areas. Scientific work and policies arising from these have to be highly transparent and widely understood.

Support for wide dissemination of scientific knowledge, through the support of science centres, planetaria, botanical gardens and the like, will be enhanced. Every effort will be made to convey to the young the excitement in scientific and technological advances and to instill scientific temper in the population at large. The lack of enthusiasm among students for higher studies in science and career in scientific research, if not arrested at this stage, may result in serious shortages of good quality teachers and research scientists.
Special support will be provided for programmes that seek to popularize and promote science and technology. Programmes will also be developed to promote learning and dissemination of science through the various national languages, to enable effective science communication at all levels. In this regard, the ongoing programmes undertaken by PSCST in association with NCSTC,DST, GOI would be utilized in addition to the initiation of new programmes for popularization of Science & Technology.
A closer interaction of those involved in the natural sciences and technology, social sciences, humanities and other scholarly pursuits will be facilitated to bring about mutual reinforcement, added value and impact.

16.        International Science and Technology Cooperation 

Scientific research and technology development can benefit greatly by international cooperation and collaboration. Common goals can be effectively addressed by pooling both material and intellectual resources. International collaborative programmes, especially those contributing directly to the state’s scientific development will be encouraged between academic institutions and R&D labs and their counterparts in all parts of the world, including participation in mega science projects as equal partners. 

17.            Fiscal Measures

Innovative fiscal measures are critical to ensure successful implementation of the policy objectives. New methods are required for taking up R&D activities, particularly in industry. New strategies have to be formulated for attracting higher levels of public and private investments in scientific and technological development. A series of both tax and non-tax fiscal instruments have to be evolved to ensure a leap-frogging process of development. The State Government shall have to  ensure that sufficient funds are allocated to the Science & Technology Department and also that matching grants for all shared schemes in partnership with Centre Government are released regularly. The formulation of a focused strategy and the designing of new methods and instruments requires inputs from economists, financial experts and management experts and scientists. For this purpose, the apex S&T advisory body will constitute a dedicated task-force to suggest appropriate fiscal measures to sub serve the policy objectives.

18.       Monitoring

Effective, expeditious, transparent and science-based monitoring and reviewing mechanisms will be significantly strengthened, and wherever not available will be put in place. It will be ensured that the scientific community is involved in, and responsible for, smooth and speedy implementation of all the R&D projects undertaken. This policy hopes to build a strong Punjab which uplifts the people of Punjab and humanity as a whole. 
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