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FOREWORD

Indian National Academy of Engineering has completed twenty five years of its
existence during which time it has made significant contributions to build a strong and
developing India. The asset of the Academy is 700 plus fellows, 70 plus young associates, and
60 plus foreign fellows. The individuals are eminent, with marked track record of
contributions that have made India and the world find engineering solutions to many
challenges. Many individuals in the Academy have built institutes of excellence, executed
large programmes and built a credible foundation of competence for us to leap forward and
build India of our aspirations through our actions and dedication.

The nature and tenor of aspirations can vary at Government, organisation and
individual levels. | have an aspiration too, which | wish to share with you: “India, to emerge in
next ten years, as a country where all the citizens have quality life and stature matching with
their competence and character. The citizens work in a cohesive and ethical way, with shared
goals and objectives to achieve sustainability with equity. The country is secure internally
and externally. The country respects other countries and their citizens. Also the citizens of
India are inspired by commitment and compassion to improve the earth planet”.

We all know the differences between aspiration and reality. We face real and unique
challenges in areas of water, healthcare, education, energy, food, infrastructure, security,
etc. These challenges are intertwined with one another in a complex manner. In addition,
sustainability of progress and equity has placed unparalleled demands requiring imaginative
as well as realistic solutions from scientists, engineers and policy makers.

Science is made visible and practical by engineers. Technologists and policy makers,
along with the citizens define the path of progress for the nation. It is the multidisciplinary
vector, vision and competence of the teams which make a nation grow in stature and flourish
in credibility to bringin the desired changes for realising the aspirations.

INAE - 2037 document, prepared under the leadership of Prof. Prem Krishna and his
colleagues of the team and with the involvement of a large number of Fellows have
envisioned future India in some key and vital areas of challenges and opportunities. Prof.
Prem Krishna and his colleagues have done acommendable job through introspections, and
analyses focussing on fresh perspectives. Though future is generally known to be
unpredictable, we must be aware of the challenges and the possibilities, and perceive the
future in best possible manner while being prepared for breakthroughs, transformative
innovations and discoveries made possible by extraordinary persons of merit, which would
change notonly the path but even the trajectory and the destination of India by 2037.

INAE - 2037 also maps a road that lies ahead for the Academy to pro-act, initiate and
work for building the requisite expertise and evolve the mechanisms to contribute to the
growth and prosperity of the Nation.



It has been perceived that education, science, technology, innovation, policies, and
collaborations within and outside India, etc. have to work in a cohesive manner in a team
mode to convert challenges to opportunities. The Academy is in a unique position to work
with industries to suitably address the challenges facing India today and to take up the
leadership role in fostering and developing select emerging technologies of relevance to us.
Itisinthis context that INAE-2037 (2037 AD is the year when the Academy shall be 50 years
in existence) becomes a reference source material to discuss and work out the details and
improve on the vision contents. It is also important for the country to decide the agenda, set
the pace and scale up the performance and get away from disadvantageous directions and
unproductive paths. For this to happen in time in India, we need to identify directions and
evolve methods. Itis my firm belief that in this context the Academy is the most competent
body ofimmense value and relevance to the country.

I am looking forward to the fellows; young and not so young, and to my friends in our
sister academies worldwide (under the auspices of Committee of Academies of Engineering
and Technology Sciences) and our collaborators through the medium of bilateral
collaborations with foreign academies to participate in a conscious and judicious manner
with well-defined strategies to build a better and sustainable India and the Planet Earth. As
an example we may cite our collaboration with CAETS on clean energy technologies and with
foreign academies on advanced manufacturing, clean coal, solar energy and health care etc.
thatare significant engagements of merit and growing importance to us.

| wish to have your suggestions and whole hearted participation to meet the growing
challenges to fulfill the aspirations of India. Itisindeed true that India of the future will face
numerous challenges, and is full of opportunities and excitement. India would be what we
aspire for and try to achieve. The country has provided us with opportunities which are as
enjoyable as nuts, but we have to crack these nuts to enjoy the fruits. We, in the Academy,
have the experience and the intellectual resources to offer and demonstrate robust
solutions, and suggest viable course for building a strong and prosperous India which is
secure, and inclusive, respecting the dignity of human life and appreciating the grandeur of
nature.

| wish my fellow colleagues in the Academy a magnificent year 2014.

Baldev Raj
April 2014 President, INAE



PREFACE

The Indian National Academy of Engineering (INAE) completed 25 years of its
establishment in 2012, which was celebrated with a range of activities spread over a year.
When releasing a coffee table book entitled “Glimpses of Indian Engineering Achievements”,
dealt with the recent history, was released it was decided to envision the future engineering
scenario of the country and to draw up a road map of future activities of the INAE. This
VISION document is the outcome of this decision. The vision period would see the Academy
completingits 50illustrious years.

A committee consisting of the undersigned, Prof. Arun K De, Prof. S C Dutta Roy, Dr. K
V Raghavan, Prof. C V R Murty and Dr. Alok Nath Dey was set up for the purpose of
preparing VISION — 2037 document. Based upon the initial ground work made by the
committee, views drawn from the various sections of the Academy and from a study of
similar publications, a draft document was prepared by Dr. K V Raghavan and the
undersigned. This was presented to the fellows in a meeting held at Delhi on April 18, 2013,
which also marked the culmination of the yearlong Silver Jubilee celebrations of the
Academy. Valuable suggestions were received, and the draft document found wide
acceptance.

Avital component of VISION - 2037 document is the scenarios presented on various
important sectors of engineering activity by subject experts. These sectoral scenarios
provide important future projections. The effort for writing on the following topics by the
following colleagues is gratefully acknowledged: Prof. Purnendu Ghosh — Food and
Agriculture, Prof. SKBhattacharyya—Habitat, Dr. KV Raghavan —Energy, Dr. Rajeev Shorey
— Healthcare, Dr Nagesh lyer — Education, Dr. Sanak Mishra — Manufacturing, Prof. A B
Bhattacharyya — Electronics and Communication, Prof. P K Sikdar and Dr. S Gangopadhyaya,
Road, Mr. V K Agarwal - Railways. A note on Manufacturing by Prof. Manoj Tewari also served
asagood resource.

The document has been finalised by an Editorial Committee consisting of the
undersigned, Dr. KV Raghavan, Prof. SS Chakraborty and Prof. Purnendu Ghosh.

The ideas and suggestions received from time to time from the Fellows are gratefully
acknowledged. | also wish to place on record the support received from Brig. S C Marwaha
and Brig. Rajan Minocha and their team at the INAE office, particularly Mrs Pratigya Laur,
who helped in coordinating this activity.

Prem Krishna
April, 2014 Chair, Vision Document Committee
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VISION, MISSION AND VALUES

The 20th century witnessed lasting imprints of science and engineering in all spheres of human
activity. The additional challenges for the 21st century are in sustaining, indeed in enhancing these
imprints, under growing ecological, societal and economic constraints; all targeted towards holistic
development. India, the largest and the second most populous democracy, is fully committed to
employing science and technology for effectively meeting its future human and infrastructure
development needs.

The Indian National Academy of Engineering (INAE) has been closely monitoring the emerging
advancesinvarious engineering fields in India and abroad against the backdrop of internationalization of
engineering knowledge and its utilization. The Academy has discerned glimpses of the major challenges
before the Indian engineering community in vital areas viz. enhancing quality of life, facilitating
sustainability, improved domestic and overseas connectivity, both physical and virtual, and ensuring safe
and secure environment against external and internal threats. The magnitude and complexities of the
associated tasks are enormous due to their great engineering challenges as well as entrenched economic
and social barriers. Promoting engineering excellence through creative human endeavours in all these
spheresis one of the perceived mandates of the Academy. Fully convinced of the outstanding capabilities
of its fellowship and its inherent strengths in developing shared values, teamwork, creative knowledge
and strong academic linkages, INAE now endeavours to chart its own growth path for the next 25 years.
As the apex Body of Indian engineering, the Academy tunes its own Vision to that path of development.
The core issues are highlighted in Figure-1 and it brings out the interconnected societal and engineering
challenges.

THE VISION

In spite of a mileu of uncertainties and roadblocks, INAE foresees significant potentials to
emerge from the Indian growth picture in 2037 and beyond. From an engineering perspective,
sustainable living in India means enhancing the ability of its people to meet their basic necessities of
food, housing, water and sanitation with reduced disparities and increased equality of outcomes.
Foremost among the Indian challenges are those related to providing quality education, innovation
centred research, aspiration-driven manufacturing, worldclass expertise in electronics and
communication and value engineered public services. The growth of socioeconomically vital sectors
has to be driven through efficient mobility and connectivity through multimodal road and high speed
railway networks, well connected airways, low carbon energy automobiles and access to space and
deep-sea environments for socio-economic benefits. The INAE foresees the need for more robust and
technology backed disaster warning systems supported by failproof mitigation measures for ensuring
secured lives for its people.

An effort is made by the INAE to prepare a broad roadmap for its endeavours till 2037 with the
properidentification of the future role of Indian engineering in facilitating solutions for the most pressing
problems of the nation. With its shared values, teamwork of its creative fellowship and strong national
andinternational linkages, the INAE has crafted its long term visionin the envisioned areas to become:
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e An internationally accredited Engineering Academy in achieving, upholding and enriching
Engineering excellence at individual, group and institution levels employing high ethical
normsinits practices

¢ A nationally-acclaimed academic body with profound interdisciplinary engineering
capabilities to bridge the gap between

o Engineeringand scientificdisciplines
o Academy, R&D andindustry

e A Forerunner in networking and broad-banding the Indian institutional knowledge in
frontline engineering areas through the processes of reengineering and revitalization

e A highly competent and professionally managed academic body probing the impact of
contemporary engineering advances on the society, industry, government and other
stakeholders

e An institution with exceptional capabilities in framing, developing and advising on
implementation of engineering, science and technology policies by the government and
international bodies and

e An acknowledged leader with unique abilities to formulate national level engineering
research development roadmaps, new pathways and portfolios in areas of high relevance in
envisioned areas.

THE MISSION

It is imperative that anchors and guide posts have to be established by the Academy in order to
bring higher clarity of achieving its vision through operationalization of the envisioned tasks during the
next 25 years. Perhaps an issue of deep-seated importance is the need to work on the socio-political
canvas to create an adequate degree of sensitization to highlight the importance of engineering for all
round growth of the nation encompassing all facets of development in envisioned areas. Without this, it
may be well-nigh impossible to make the needed headway. The INAE is committed to adopt a mission
mode approach to serve the engineering community and the society at large through its well directed
programmesin envisioned areas by:

Evolving policy framework for Government of India specifying set of principles and long term
goals that form the basis for its planning and development processes.

Enhancing socio-political awareness of engineering profession through interaction with experts,
stakeholders and administrators onissues that affect large sections of the Indian society.

Collaborating with other academies in interdisciplinary areas where major transformational
change hasto be broughtinthrough jointaction

Fostering leadership in frontier technologies to build a sense of confidence in the ability of the
academy to respond to major developments in new engineering frontiers with internal intellectual
strength.

Evolving trans-disciplinary networking to execute programmes in areas of high national
importance which require inter-institutional collaboration to solve complex engineering problems



Leveraging innovation with growth through execution of specific programmes which can place
Indian engineering science ahead of global competitors

Nurturing creative talentin frontier engineering areas in formative years of education or research
for attractive career advancement

Fostering research/studies to create new knowledge leading to industrial innovation in new
productand process development areas

Facilitating industry driven education in frontline application areas like nanotechnology,
microelectronics, product engineering etc., for human resource development for R&D and manufacture

Enabling competitive manufacturing to support growth in newly developing marketsin emerging
products of high consumerimportance and

Participating in International Council of Academies of Engineering and Technological Sciences
(CAETS) and otherinternational bodies in a sustained manner in areas of synergic interests.

THE VALUES

With hard work, untiring efforts, perseverance even under adversity and committed fellowship,
the INAE will strive to achieve academic, intellectual, social and moral excellence in all its activities.
Fuelling this conviction are INAE's core values of inquiry, engineering proficiency and accountability. The
INAE passionately believes that they will ensure rewarding and inspiring engineering outcomes
contributing to nation building.
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ROADMAP FOR REALISING THE VISION

The future of India, which emerged from the shackles of a prolonged foreign rule only about six
decades back, is full of exciting opportunities and daunting challenges. However, envisioning the state of
the country twenty five years hence is fraught with uncertainties, given the pace of technological
changes and developments. Whereas it is obvious that the population, already large, is set to go on
increasing with the estimated number of nearly 1.4 billionin 2022 and 1.6 billionin 2037, it is known that
whatever the requirements of our society for a better living are, they are in very short supply. This is
evident in the large difference between India's world rank in terms of Gross Domestic Product (GDP) and
Human Development Index (HDI) - 10th in the former and 134th in the latter. Moreover, in terms of
innovativeness, the nation projects itself poorly, the Global Innovation Index (Gll) ranking it at 65th. The
complexity of our society presents itself in a unique and very wide spectrum of languages, religious
beliefs, vocations and economic levels (and the huge disparities therein). The state of the political and
governance system of the country continues to be in transition after centuries of imposed rule over the
country. The vagaries of the world economic order impose additional complexities and so also the
changing climatic and environmental systems, casting a shadow over the sustainability of life itself as we
know iton earth.

However, from this milieu of uncertainties, some significant prospects emerge from the Indian
growth picture (up to 2037) which need to be given due consideration. India has become the third largest
economy in the world perhaps only behind USA and China. India will also enjoy a unique demographic
dividend as compared to several developed countries in the world in terms of an impressive ratio of
working age (15-64 years) / non-working age (0-14 & 65 and above) population. The other obvious trend
is India's fast growing urban population to become 600 million strong in 2037, i.e., almost twice the
current population of the US. Alongside these developments is the burgeoning Indian middle class with
its purchasing power nearly doubling between 2010 and 2025. Of course, India needs to turn all of these
toits real advantage by ushering a high growth policy regime which is holistic, inclusive and sustainable.
The effort by INAE to envision "Scenario 2037"is made against this background and to draw a roadmap
forits future activities contributing to the growth of relevant engineering science and technology.

1. BASICTENETS FORSUSTAINABLELIVING

On an engineering and technological perspective, sustainable living may mean to enhance the
ability of the Indian population to meet its basic necessities with reduced disparities and enhanced
equality of outcomes. Novel resources have to be developed which prevent or reverse the current level
of environmental degradation. The eight Millennium Development Goals (MDGs) of United Nations
Organization (UNO) have to form part of the blue print of Indian growth which needs to be mainly driven
by human resources and basic infrastructure. Evolving Innovation driven engineering approaches for
promoting sustainable development in the context of India reducing the levels of crunching poverty to
be achieved not merely by resource transfer but through providing and empowering habitat provisions
with disaster preparedness and mitigation occupying a prominent position. The nation, with its long
shorelines, large wetlands particularly in the Gangetic delta areas, is vulnerable to effects of climate
change, and extreme weather events in particular. Concern for such negatives and action against the



same must form a significant component of sustainable development. Further, it will not be long before
there will be a clamour for India to reduce the energy intensiveness of its economy and to reduce its
carbon emissions. Focus must be on what may be called carbon-light construction and manufacturing.
Along with innovations, our systems will also have to change. Business As Usual (BAU) scenarios will not
getusontothe highly desired, indeed essential steep growth curve. The systems to be changed cover the
gamut - starting from education, to human resource development, to research and development, to
intensifying technical and engineering input into policy discussions, to acknowledging a development
perspective in resource allocation to facilitate national growth.

1.1 Foodand Agriculture

The demand for food will be increasing due to population increase and shift away from cereals
and pulses towards fruits and vegetables, dairy products i.e. high value and protein rich foods. A second
green revolution underpinned by technology and driven by markets and partnerships will be the most
effective response to meet these demands.

The Academy is best positioned to facilitate interactions between stake holders, policy makers,
industry, agri- R & D units. While arable land is a scarce resource, reclaiming fallow or saline lands for
agriculture is possible, by engineering intensive interventions. However, in this effort, the Academy will
focus on smooth connections between production and the social institutions of production - agriculture
and agrarian, to ensure holistic development while satisfying the increasing demands of society.
Efficient market access to agricultural products, going beyond transportation and reaching into storage
of perishables is also a concern of Indian engineering community. Agricultural engineering to boost
productivity in agriculture sector must occupy our minds. The Academy will work in coordination with
other agencies of the government towards enhancing crop productivity, irrigation access, efficient use of
water and fertilizer to foreclose the possibilities of food scarcity. In a similar vein, it will also interact with
agri-processing industries to ensure technologically most effective value addition to agri-products that
also enhances the profitability in agriculture. The Academy's involvement will then cover the gamut of
agricultural activities, however, based on the need to improve crop productivity through engineering
andtechnology. The Academy perceives a long-term inclusive sustainable development.

Saving on losses during agricultural operations is interlinked with renewable energy and smart
grids to realize optimum results which should benefit farmers and nation's common citizen. Nutrition at
affordable cost needs to be metin ascientific manner keeping in mind food habits and culture in different
parts of the country. Organic food, genetic crops, waste land and climate change resistant agriculture,
novel processing, value addition etc. offer a number of frontiers which need to be crossed in a
comprehensive manner.

1.2 PovertyAlleviation

Poverty manifests itself as a cause of sustaining itself. Contributions towards poverty alleviation
efforts must include engineering solutions for ennobling habitats, creating every kind of opportunity and
facility needed for economic growth and all round development - be it mobility, water supply, sanitation,
solid waste disposal, power, communication and irrigation. INAE intends to focus on the development of
indigenous capabilities in maximizing the utility of engineering interventions in alleviating the poverty
and in enabling an individual's creativity and enterprise to contribute to national development.
Innovations, in the nature of both blue-sky thinking and Jugaad will play the anchoring role in such
economic transformations of society. Offering employment of the kind that is inviting, challenging,



probing and visibly productive is a sure and effective way of lifting the poor out of poverty. Engineering
education, enriched by dynamism and innovations, offers this opportunity. Even artisan training, skill
development programmes and diploma education in engineering are stepping stones to climb up the
ladder of increased opportunities and social status. Engineering education also offers a roadmap for
reducing inequality in society, as may be reckoned by Gini coefficient.

1.3 Habitat

The fabric of life itself is critically affected by the availability or otherwise of safe and comfortable
living spaces for the Indian population. The housing shortage at the end of 11th Five Year Plan was
around 26.5 million units and much of what is available is deficient in quality. There is an urgent need to
address this issue both for rural as well as urban areas. Added to this is the challenge of finding enough
urban space to cater to the rapid urbanisation of India's population, which may rise to 40% in the middle
30s. By 2037, there may be close to 100 cities with a population of over 1.0 million. This will also require
good quality high-rise construction to accommodate the increasing numbers of households. An
estimated 10 million houses need to be added each year. The magnitude of the problem is further
compounded on account of unplanned growth of human settlements and ineffective land management
in most of the urban centres which calls for their removal / resettlements. The requirements of housing
that are emerging, as mentioned above, will also throw up the issues of dire shortage of skilled technical
manpower and engineers, particularly in civil engineering and allied fields. There are likewise the issues
of natural shortage of construction materials and energy saving to be considered. It is obvious therefore
that massive efforts are needed with the best of administrative and engineering inputs reinforced by
long term political vision. A paradigm shift in engineering approach in terms of pre-fabricated building
components, partially mechanised construction technologies, cost effective and sustained building
materials and disaster resistant design will enable the more efficient use of scarce urban land high in
consonance with the population densities specified in scientifically drafted master plans.

In each of the above cited basic realms of development targeted for sustainable living, the role of
INAE will be to facilitate enhanced awareness on sustainable living, help governments evolve more
comprehensive policy frameworks for implementation and devising ways and means of assisting
academic and R&D institutions in putting their multidisciplinary engineering knowledge to such
nationally challengingissues.

1.4 Waterand Sanitation

Availability of and access to water of required quantity and quality is one of the chief elements of
sustainable development. Water resources in India suffer from major spatial variations and this has given
rise to demands for tempering such variations. The parameter for minimum availability of potable water
istaken as 40 litres / capita / day through at least one pump for 250 persons within a distance of 1.6 km or
100 meter of elevation difference. The magnitude of social and technological problems in meeting this
target in India is so great that robust engineering measures are urgently required. The remediation of
water bodies from industrial pollution is still a major multidisciplinary engineering task with socio-
political and economic challenges. Evolving appropriate policy framework and promoting trans-
disciplinary networks for undertaking them on adequately scaled up level have been envisaged by the
INAE. Itisalsoa matter of great concern that the level of investment in sanitation is very low in India
by minimum international standards. Rural sanitation coverage in 2008 was reported to be around
21% and no major Indian city is known to have a continuous potable water supply for drinking and



sanitation purposes. The present state of water supply and sanitation has adverse impact on the public
health as evidenced by nearly 80% deaths in poorer sections of Indian population occurring because of
unsafe drinking water, inadequate sanitation and poor hygiene. Engineering solutions to these problems
will be addressed by the INAE through a strong medicine-biology-engineering interface.

1.5 Energy

The current Indian energy scenario is very complex with the country heavily dependent on
imported fossil fuels. Indian electricity market is the sixth largest in the world dependent primarily on
coal, natural gas and hydroelectric resources. From technological perspective, the gas and oil production
require highly specialized engineering expertise to exploit their full potential through secondary
recovery options. India has sizeable renewable energy options in the form of solar, wind, hydro and
biomass resources. High priority has accordingly being given by the government for their rapid
development. India has to make a transition to low carbon energy economy at a sustainable speed. India
has also been making significant progress in the nuclear energy field. The country is endowed with
outstanding nuclear engineering expertise in pressurized heavy water, fast breeder and more advanced
versions of reactors. The Indian power grid system is one of the most extensive in its geographical
coverage.

From environmental considerations in general and climate change in particular, the phasing
out of fossil fuels is gaining momentum in India. By 2037, the transition to low carbon energy
technologies would have progressed to a reasonable extent. The transformation process will present
several S&T challenges which require engineering ingenuity of high order to overcome them. The
Indian energy scenario for 2012-2037 is highlighted in Sectoral Scenario 3. The INAE had taken several
initiatives in the past for promoting the cause of Indian energy sector. The INAE vision on engineering
of Indian energy systems covers a wide spectrum of activities including integration of knowledge,
facilitating development of low cost energy systems, restructuring engineering education, measures
to protect the intellectual property with high innovation content and enhancing research culture. The
challenges include creation of substantial engineering knowledge base, improving the efficiency of
energy end use systems and devices and development of sustainable hybrid energy systems leading to
a smooth low carbon energy transition. The INAE currently hosts the CAETS Energy committed at
international level and provides leadership to evolve viable options to achieve transition t low carbon
economy.

1.6 Healthcare

The Indian healthcare sector, consisting of fully equipped government and corporate hospitals
and attached medical colleges, medical infrastructure in thousands of medical centres established
throughout the country, specialized medical diagnostic units and medical devices industry, will be
around USD 160 billion by 2017. It provides unique opportunities as well as challenges to Indian
engineersin terms of design, development and revamping of medical facilities and their automation, skill
development in biomedical engineering areas and in product/process standardization activities. The
future trends in Indian health care sector will be directed towards meeting the fast changing aspirations
of its customers, insurance driven practices, revamping of existing medical facilities, emergence of
wearable devices industry, high growth of state of art start-ups, further strengthening of medical
tourism, rising trends in telemedicine and remote diagnosis and large scale private sector entry in
medical education.
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The INAE envisions the emergence of wearable devices sector, larger scale applications of
innovative wireless, engineering and bio-sensors, big data, voice user interface and allied devices in
Indian health sector by 2037. A proliferation of new start-ups and much greater convergence between
medical, information technology and engineering professions is anticipated by 2037. The INAE is keen to
evolve several mission mode initiative in this area.

2. SYSTEMSTOIMPROVE QUALITY OF LIFE

Foremost among the Indian challenges in this area must necessarily be met to ensure better
quality of life for its people in terms of wealth creations built environment, quality of services and social
belonging. India has a low global ranking in the Human Development Index (HDI) of the United Nations.
It provides indirect measure of quality of life. Sustaining the continuing advancement of growing Indian
population in various spheres of activity while still improving their quality of life is a multidimensional
task embracing social, environmental and economic concerns. Its socio-economic dimension includes
hard factors like infrastructure and consumer amenities and soft factors like systems for their efficient
operationalization. It encompasses factors like clean working environment as specified by the well
accepted biophysical parameters, the engineering quality of built environment, system reliability and
efficiency, sustainable development and allied factors. Its economic dimension implies security of
income, access to quality education, and new economic growth opportunities. Good governance of
these systems contributes to improved quality of life.

2.1 Engineering Education

The Indian engineering education system has not kept pace with that of economic growth and
rapid urbanization. Besides, India has still a sizeable illiterate population (26%). Serious efforts are being
made to improve the situation with the government's resolve to provide education to all under the Right
to Education Act. Engineering education cuts across most of the facets of social and economic
development of the country. The efforts made since independence, both in the private as well as public
sectors, had given rise to a huge expansion in engineering education sector. The private sector has been
particularly active. The increase in capacity has been most noticeable since the decade of the 90s, rising
almost 15 times. Also remarkable has been the growth in numbers of women entering engineering -
almost 10timesinthe last 40 years. Despite the rise in numbers of engineering college graduates, there is
already a demand - supply gap that persists, borne out of the steeply increasing demand for engineers
required for national development. Furthermore, quality remains a great concern, in particular as far as
ability to perform for the growth of the industry. Contributing to this state of engineering education is
also the deficient schooling system. Faculty shortage, and lack of competence, continue to constraint the
system. As far as engineering education is concerned, India has entered the age of distributed
intelligence in which knowledge has to be imparted to a wide cross section of its people. The vision of
engineering education in the 21st Century will be predominantly based on an integrative approach in
which analysis and synthesis have to be sensitive to societal needs and environmental fragility. Within
this context, engineers have to shoulder highly challenging responsibilities and avail of the emerging
global opportunities. Anin-depth understanding of basic and social sciences is vital for inculcating critical
thinking in various engineering disciplines. Universities and engineering institutions have to evolve more
novel interactive mechanisms and partnerships with the student community for directing their creative
knowledge to multiple real time application areas. Balance between social sciences, art and literature,
economics, science and technology should prove to be a potent hybrid mix to create increasingly better
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skill sets to meet challenges. Another important aspect is discovering the right mix of improved
technology and academic learning at different levels for different subjects of pursuit.

INAE proposes to assume greater participation in engineering educational quality improvement
through mentoring the young faculty and the students and helping in continual evolution of the curricula
and study material for the future generation of engineers to contribute more effectively to the
socioeconomic development of Indian people. A prime need is to bring in greater flexibility to enable
innovation. It is also imperative that the industry, academic and R&D organizations work together in a
spirit of 'firm" hand-holding.

2.2 Innovation Driven Research

Creative engineering research contributes to the "innovation portfolio" of the nation. One of the
recurrent negative statements about Indian engineering is the sparse publication record and also low
patents. The Academy intends to be the torch bearer for taking engineering to the poor of the society,
showing them the opportunities that beckon them - an enhanced "Patent Portfolio" will be aniirresistible
attraction in road shows, particularly targeted at the engineering researchers. This will be done in the
mood of a crusade, but no compulsions, just focused promotion, in the interest of the people, of society,
indeed of the nation.

The INAE is keen to sensitize Indian engineering community to pursue engineering research
which is tuned to meet the quality of life enrichment demands of Indian population. The areas like low
carbon energy, health care and disaster mitigation assume greater research relevance in the coming
years. The most obvious research area for achieving environmental sustainability of products and
processes of public importance is the discovery and development of eco-effective engineering designs
for them at affordable cost. Intense global competition has to be faced by the Indian engineering
community during their large scale deployment. Innovation has to be the hallmark of such research
efforts.

2.3 Manufacturing

Indian manufacturing industry has made tremendous progress during the last 50 years and had
been contributing significantly to the enhancement of the quality of life. Its share of global trade has
been steadily increasing. However, its contribution to Indian GDP has been stagnating around 15-17% for
the last several years. It is rather low for the Indian economy considering its size and global stature. A
higher growth is imperative to create the projected 7-8 million new jobs each year outside of the
agricultural sector. It is essential that the Government of India come up with a more proactive national
manufacturing policy. A more conducive ecosystem needs to be created for boosting technology
development and manufacturing excellence.

In order to realise the full growth potential of manufacturing by 2037, the country has to set for
itself higher aspirational goals to be at the forefront of global manufacturing with its goals focussed on
improved global share, higher levels of the value chain, international recognition of 'Made in India' brand
and higherimpact (25-30%) on Indian GDP, better employment record and inclusive growth in all regions
of the country. The new technology domains include near net shape manufacturing, non-traditional
manufacturing techniques, nanotechnology applications and micro factory concepts. Government's
positive role is vital in growth-driven tax restructuring, R&D commercialization including technology
incubation, revitalizing technical education as per industry's needs and modernization of labour laws
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with focus on skill enhancement. Industry has to contribute more significantly to the intellectual
property generation and protection through strong government-industry-academia partnership. INAE is
eager to facilitate (a) creative application of modern engineering concepts to the design of novel
manufacturing processes (3D Printing, additive manufacturing, for example) and their automation /
control, (b) sensitize the management of the Indian manufacturing industry to develop capabilities to
compete in the global industrial ecosystem in advanced manufacturing including application of Big-Data
with right scenarios leading to smart factory, environment surface, sustainable and manufacturing etc.
and (c) a much more active role in enhancing the industry orientations of engineering education and
research.

2.4 Electronics and Communications

Electronics and communications have emerged as powerful tools to empower human race to
establish a knowledge driven society. Last three decades witnessed tremendous developments in nano
scale electronics and systems on chip, photonics and optoelectronics, wireless and communication
devices and allied areas. India provides a huge market for electronic components and assembled
systems. The major elements of design ecosystem viz., EDA software support exists in the country. On the
hardware front, Indian industry has, so far, not shown adequate dynamism in the semiconductor
manufacture. The R&D base is fairly weak. The special incentive package from Government of India is
now available for fab manufacture in India. New initiatives have to be taken by the Indian manufacturers
inthis sector.

The INAE is concerned about the lack of major industrial initiatives for the basic electronic
hardware manufacture in India. On its part, efforts will be made by the Academy to sensitize the industry
and the government to draw a mole balanced electronic technology roadmap for India, provide
academic support and take promotional measures for semiconductor design, prototyping and
manufacture and product development in microelectronics area. The Academy will also work with
academicandresearchinstitutionsin these areasto initiate or strengthen the hardware efforts.

2.5 ValueEngineered PublicServices

INAE realizes that the developing world is stepping into a completely unexplored and an
uncertain era of 21st century. This is due to the rapid unsustainable growth achieved in several Asian
countries, particularly China, and India amidst worsening environmental and energy scenarios. The
extraordinary progress made in the developed world in multimodal transportation, information and
communication engineering and automated healthcare has created a greater divide between rich and
poor nations. These factors will make the enrichment of quality of life of Indian people in the future much
more challenging than in the recent past. Innovative engineering breakthroughs have to be made and
successfully applied on large scale to realise the legitimate dreams and expectations of the Indian
people.

Value engineering of public services has a vital role to play in enhancing the effectiveness of
public utility services considering the fact that several Indian cities are labouring under unaffordable
service cost structure. The concepts of frugal engineering are most relevant for improving the
functionality of Indian consumer durables. INAE proposes to take initiatives in creating appropriate
knowledge hubs, to provide access to innovative thinkers in select areas and help in evolving and
adopting new engineering networks comprising academics, non - governmental bodies and social
entrepreneurs offering multiple perspectives. The Academy particularly strives to foster invention in
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university engineering education with reference to innovative public utility systems with enhanced
efficiency. Successful Indian models in healthcare, societal services etc. will be examined and improved
with precision, effectiveness and relevance in the coming decades.

3. MOBILITY AND CONNECTIVITY

Mobility and connectivity have direct influence on the growth of several socioeconomically vital
sectors including industry food, healthcare, shelter and energy. The ability of people to reach quickly
different locations for their professional, recreational, medical and domestic purposes is accordingly a
fundamental requirement. The need for enhancement of their mobility is indisputable and will have to
be widespread to positively influence all walks of life and professions.

INAE has recognized the paramount importance of mobility and connectivity to achieve equity in
the Indian society. It will strive to enhance the spirit of curiosity on intelligent systems amongst young
engineers, to sensitize the eminent engineers and institutions to explore and research the new frontiers
of mobility and connectivity related knowledge and identify from time to time the intellectual and
implementation barriers that block the entry of new engineering /technologies. Most obviously, the
Academy proposes to sensitize the government to evolve forward-looking policies to remove formidable
political and socio-economic obstacles. It is keen to establish an expert forum not just to convey the facts
of engineering but also suggest the ways by which engineers acquire new knowledge through the tools of
strong science-engineering interface. The forum will also focus on enhancing public understanding of
mobility and connectivity engineering and importance of adopting new technologies.

3.1 Roadways

Road transport is most vital to the growth of Indian economy since it contributes nearly 5% of its
GDP. The total length of national highway network is around 72,000 km in 2011 with 30,000 km of new
highways being under planning and implementation phases. In addition, state highway and rural road
networks provide the secondary and tertiary connectivity. According to a McKinsey (2010) report, India
needs 2.5 billion km of roads and 7,400 km of subways by 2030. Indian road infrastructure needs huge
public investment and has to be planned well in advance to make the right engineering choices for
making it suitable for a multimodal transport system. The Indian society is constantly developing with
increasing needs and complexity of road infrastructure is accordingly growing. The current Indian
scenario, government and industry interventions, the demand and investment projections and safety
aspects of Indian road systems are highlighted in sectoral scenario 7.

The INAE Vision 2037 on Indian roads reflects the future needs of Indian society with emphasis on
sustainability, human safety during construction and use and multimodal user acceptability. The
academy anticipates that the future road design and development technologies will cross the civil
engineering boundary into physics, chemistry and other relevant sciences. Smart engineering concepts
based on lifetime engineering are needed for fast, efficient and hindrance-free maintenance of Indian
roads. The academy will make serious efforts to inspire and enable the Indian engineering profession to
develop appropriate communication systems for the future Indian road users.

3.2 Railways

Indian Railways is one of the largest railway networks in the world (SS-8.1) comprising 115,000
km of track over a route of 65,000 km and 7,500 stations. It entered one billion tonne select club in freight
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movement joining Chinese, Russian and American railways. For faster and better organised connectivity
by rail, the west and east dedicated freight corridors are being planned, and along these are expected to
come a number of smart modern cities. These dedicated corridors will be unhindered by cross-
movement of traffic. Another development of significance will be the high speed rail (HSR) facility
envisaged along certain long routes .High speed movement is just not merely about reduction in travel
time but an overall change of attitudes towards travel and its utility. In some sense, it is expected to have
a profound influence somewhat similar to what modern telecommunications have had. The rapid
multimodal transportation in urban centres in India has not made much headway. An attempt is being
made to correct the situation by introducing metro-rail transport in Delhi, Mumbai, Kolkata, Chennai,
Bengaluru, Hyderabad, Jaipur, Kochi and other cities. This is a potential growth area for other urban
centres in the future. Projection of Indian railway expansion and modernization is highlighted in SS-8.2.
The INAE will strive to provide knowledge leadership in frontier rail technologies and evolve trans-
disciplinary knowledge networks to execute study programmes on fast rail travel.

3.3 Waterways

India has an extensive network of inland waterway sources viz., rivers, canals, backwaters and
creeks with total navigable length of 14,500 km. However, freight and passenger transport through this
mode is highly underutilized. The total cargo moved by inland waterways is hardly 0.15% of the total
inland traffic in India compared to more than 30% in Bangladesh. There are only 6 national inland
waterways in India. Efficient and widespread inland water transportation (IWT) is vital for India to reduce
congestion in other modes of freight and passenger transportation. The major constraints in the IWT
development are diversion of large quantities of river water for irrigation, excessive silt loads on
waterways, inadequate river conservancy measures and lack of adequate navigational aids and terminal
facilities. All of them require novel engineering solutions for future development.

In recent years, Indian Merchant Shipping Act was amended to facilitate seamless integration of
river-sea trade using coastal ships. In 2011, NTPC awarded a major contract for transporting 3 million
tonnes per annum of imported coal to its power plants by waterway. Similar arrangement is expected for
thermal power stations in Assam. India's first container transshipment terminal at Kochi is expected to
boost coastal shipping. Even though, these are positive signs, much needs to be done by adopting novel
engineering options to develop Indian IWT on global standards. India has been blessed with a coastline
of 7500+ kms and Indian ports owe their existence to the projection afforded by natural bars and spits on
the Indian coasts. Approximately 90% of Indian trade by volume and 70% by value is moved through
maritime transport India is among the top 20 leading countries having large number of merchant fleets
(1000+ ships) with 10.1 million gross tonnage hand by capacity. Indian shipping employs 35,000 officers
and 110,000 seafarers. The modern day shipping involves ocean management, ports, logistics, ship
building, supply chain management and ship management. Engineering staff provides the most crucial
rolein theirmanagement.

INAE has noted the need for rapid development of both inland water and sea transportation in
India by 2037. Incremental short term solutions are not likely to contribute to their sustainable growth.
Engineering challenges in this field mainly concerns maximization of transportation efficiency, new
material development, structural design and improved propulsion systems and development of highly
efficient, integrated and reliable transportation vehicles. Though shipping is a fuel efficient method of
moving bulk freight, it is estimated to account for 3% of global carbon emissions. The academy has
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accordingly recognized the need for research on major maritime strategic frameworks viz., high
efficiency hybrid drive systems, green retrofitting concepts, underwater noise suppression use of smart
materials and structures, online corrosion and fatigue monitoring, robotic testing and inspections of
vessels, intelligent communication networks for unmanned navigation and allied areas.

3.4 Airways

In recent years, India has witnessed unprecedented growth in air traffic and this trend will
continue. Indian aviation market will become world's third largest after US and China by 2020. The
current annual passenger load is162 million. The civil air transport was ushered in India as early as 1932
by Late JRD Tata. Tremendous growth was recorded in India in civil aviation after the independence and
particularly during the first decade of the 21st century. In recent years, excellent infrastructure facilities
have been provided to major airports in India leading to enormous opportunities for airlines, aircraft
manufacturers and engineering service providers to develop their commercial activities. Many private
companies have entered the fray in the manufacture / assembly and maintenance transport aircrafts.
Several overseas multinational organisations are making India a preferred destination for setting up
design, manufacture and knowledge intensive service centres in collaboration with Indian agencies. For
the first time, India has successfully flight tested light combat aircraft (LCA) and will be going into
production phase shortly. An advanced light helicopter (ALH) is already in production and is entering the
export market. The design, development and manufacture of aircraft call for multidisciplinary aerospace
engineering knowledge of high order. With the access to new knowledge on MEMS, material and
nanotechnologies, composite materials, intelligent devices and modelling and simulation platforms,
India is well placed to design, develop and manufacture 150 seat passenger aircraft in the foreseeable
future.

The INAE envisions that the Indian aerospace industry acquires state - of - art capabilities to build
hypersonic aircraft and develop morphing airframes to enable aircraft to fly like birds flapping their
wings. The academy proposes to contribute intellectual inputs to establish much stronger education and
research base in aerospace and allied engineering fields. The Indian aerospace and allied engineering
specialists have to play a lead role in aircraft engineering, airport design and air traffic management. The
academy will play aninspirational role in these endeavours.

3.5 Intermodal Transportation

The overall Indian transportation demand by all modes of transport for passenger and freight is
likely to double by 2037.There is a strong need to develop intermodal transportation system that could
maximize passenger convenience and h improve mobility with seamless transition among land, water
and aerospace domains. The modern technologies for gathering, storing, processing, managing, reusing
and communicating information through temporal, geographical, environmental and situational modes
have to be employed for design of such systems.

The INAE envisions that the Indian engineering community facing and overcoming successfully,
engineering challenges in intermodal transportation for ensuring highest seamless mobility for Indian
population with minimum environmental damage. The academy proposes to sensitize the government
and other stakeholders to promote academic and applied research on new materials, structural design,
efficient propulsion system with low carbon fuels and development of highly efficient, intelligent and
reliable transportation vehicles for intermodal transportation. Special efforts will be made to develop
modern engineering curricula for undergraduate and post-graduate courses to cover this field.
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3.6 MobilePhones

Though mobile phones entered India as late as 1995, its market has achieved significant growth
toreach 221.6 million unitsin 2012. The smart phone sales is growing at 35+% per annum. India's mobile
value added solution (MVAS) market is expected to become double to USD 9.5 billion by 2015. The
government is setting up National Optical Fibre Network (NOFN) to provide broad band connectivity to
250,000 village self-governing bodies. A recent study has shown that big data is the key differentiator for
achieving customer-centric business culture in India. The INAE shares this vision.

3.7 Automobiles

The Indian automotive sector is one of the larger markets in the world and is also one of the
fastest growing. Due to its strong forward and backward linkages with key segments of the Indian
economy, this sector has a strong multiplier effect. This industry is also a significant employer. The
passenger car and commercial vehicle segment is the sixth largest in the world with an annual
production touching 4 million units in 2012, and the two and three wheeler market share registered a
good growth. In tune with international emission levels, Government of India has prescribed the
automobile vehicle emission standards. Interestingly, Indian automobile sector has been able to
restructure itself, absorb latest technologies, effectively align itself to global markets and realize its true
potential much better than many other sectors. Engineering has played a key role in placing Indian
automotive industry on a high pedestal. There are some areas of concerns too in Indian automobile
industry in terms of spiraling fuel costs, slow supporting infrastructure development (for e.g., roads)
which have not kept pace with the growth of the automobile sector, high taxation, slow progress made in
goods and service tax amendments and lack of well engineered disposal systems for used automobiles.
The INAE will strive to provide leadership in frontier engineering knowledge relevant to the Indian
automotive sector.

In terms of mobility and connectivity, the current situation in automobile sector in India can be
termed as operating below its true potential in all sub-sectors except for a few. High regional imbalances
and slow new technology entry are greatest barriers for further growth. The major challenge for India is
to keep pace with the fast growing countries in the world in terms of speed of engineering and
technology applications. Another constraint is the slower rate of economic growth as has been the
recent experience and the overall challenge of finding the required investment. Further, the overriding
problem will continue to be the acute shortage of skilled manpower, particularly to build modern
infrastructure for enhanced connectivity and mobility. The INAE envisions the following for 2037:

e Minimizing digital divide to make connectivity affordable even to remote regions with high
development potentials

e Smart power grids driven by intelligent collection and distribution systems for intermittent
renewable energy.

e Increased reliability, security, inter-operability and profitability of multimodal transport and
communication systems.

e Prompt removal of uncertainties in the development of major supporting infrastructure
projects to minimize major implementation delays

e Special focus on intelligent systems to enable smarter services and seamless communication
and transport links.
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These challenges need to be addressed holistically by the INAE fellowship from different
disciplines employing modern tools of product engineering, smart connectivity technologies and
intelligent logistics to supportthe infrastructure development.

3.8 Space

The successful launch of its first satellite in 1980 through a launch pad in a coconut plantation in
Kerala provided the impetus to India's space programme. The operationalization of polar and
geostationary launch systems enabled India to possess one of the largest constellation of remote sensing
satellites in the world to provide space based data for agriculture, water resources, urban development,
mineral prospecting, ocean resources and disaster management. India is self reliant today in space
technology and is capable of offering globally competitive launch services to 12 developed nations
earning USD 2.2 billion through its commercial arm (ANTRIX). India successfully sent Chandrayan
spacecraft to moon in November 2008 to become the 4th country in the world to do so. India's 100th
space mission took place in 2012 to place French and Japanese satellites into the space. India has
become the first Asian Country in November 2013 to launch a spacecraft to Mars. Interestingly, instead
of directly flying to Mars, the 350 tonne spacecraft will orbit earth nearly a month to build up the
necessary speed to sling shot its way out of earth's gravitational pull to embark on its 400 million km
journey.

In terms of utilization of space technology, the ISRO has taken several initiatives, the most
notable being the establishment of the Indian Regional Navigation Satellite System (IRNSS) to provide
GPS information to India and other countries in the region extending up to 1500 km from its boundary.
Several Indian companies have the necessary expertise to undertake sophisticated technology required
for space systems. India has been participating in major international assignments involving United
Nations (UN), Committee On Space Research (COSPAR), Committee on Earth Observation Satellites
(CEOS) and others. In terms of human resource development, India has established Institute of Space
Technology (1IST) to offer a wide range of undergraduate, post-graduate, doctoral research and overseas
training programmes. INSAT/GSAT satellites support tele-education programmes of ISRO to provide
distance education, digital interactive class rooms, multimedia and nonformal school and college
education courses in India. The space based data are provided for Indian agriculture, water resource
management, urban development, mineral prospecting, environment monitoring, forestry
preservation, drought and flood forecasting, ocean resource exploration and major disaster
management programmes.

Electrical, mechanical, electronics, information, communication, chemical and other branches of
engineering are enablers behind space exploration, satellite navigation and telecommunication
networking. These also provide competence in computing satellite pathways and engineering of new
space vehicles and launching systems. Engineering mathematics is at the core of data processing and
analysis and spacecraft orbital calculations.

The INAE envisions a highly challenging role for Indian engineering sciences in novel rocket
propellant development, cryogenic engine design, evolving new range of composite materials,
biomedical engineering of space health care systems and design of novel spacecrafts for manned space
explorations. The academy proposes to play a pivotal role in sensitizing and supporting academic and
researchinstitutions through transdisciplinary links with ISRO to take the Indian space engineering to still
higher level of academic excellence in the coming years. Research contributions are anticipated in the
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analysis of interplanetary space environment, in situ sensing instrumentation, big data analysis,
dynamics of space power systems, microgravity effects, and novel biomedical devices. The academy also
proposes to prepare bright young engineers to take up exciting leadership positions in aerospace system
engineering and space business management.

3.9 DeepSeas

Deep Seas (3000+ft below) is the darkest region of the ocean where sunlight does not reach and
plants cannot grow. It covers more than half of the planet earth and encompasses nearly 98% by volume
of all living space on earth. The harsh and extreme conditions (pressure, corrosive salt water and freezing
temperature) make deep sea exploration for minerals and energy one of the outstanding engineering
challengesin terms of remotely operated tools / techniques and vehicles and communication systems.

Gold, cobalt, nickel, copper, manganese and rare earth metal crusts of sizeable thickness have
been found in deep seas and international data bases exist on their size and locations. Shallow
submarine mining is one of the preferred techniques. To facilitate deep sea mining, International Seabed
Authority was established and 17 contracts have already been entered into for exploration of
polymetallic nodules. Their exploration in the deep sea provides an exciting future opportunities for
mineral exploitation. Engineering challenges lie in development of new equipment for deep sea mineral
mining. Mapping of these resources itself is a challenging task. Another interesting area is the
hydrothermal vents at the ocean crust which can act as gigantic batteries for energy generation.

The depletion of resources on land together with an increase in resource demand have
motivated several countries in the world to attempt deep sea exploration for minerals. Indian engineers
oceanographers and have been participating in most of the international explorations in the Indian
Ocean as well as in Antarctica. India's interest extends to both harvesting and post-harvesting
technologies and their application within Exclusive Economic Zone (EEZ). The INAE is keen that Indiais on
the forefront of international efforts in deep sea exploration of mineral and energy resources.

4. SAFETY AND SECURITY

History has shown that India is prone to national and manmade disasters quite frequently. It is
generally felt that the country is not adequately equipped to tackle these effectively. The Government of
India has established the National Disaster Management Agency (NDMA) to devise measures for
prevention, minimization and rehabilitation in case of national calamities. The natural disasters like
floods, tsunami, cyclones, earthquakes, droughts etc., pose major threats to India. The country requires
much more robust and technology backed timely warning systems and effective disaster mitigation
measuresin place. In case of manmade disasters, scientificand engineering analysis of such occurrences,
their consequences and emergency situations are being assessed through computer aided hazard and
risk analysis in India. Much more needs to done through the application of advanced science and
engineering tools to achieve further risk reduction in natural and manmade disasters and in evolving fail
proof response systems .Engineering research through remotely sensed data analysis, hazard and
consequence modelling, information mining/ analysis and structural design engineering is vital for
developing modern disaster mitigation tools. Detecting emergency threats due to disease outbreaks
through big data mining and monitoring is vital for the Indian society, INAE proposes to work with NDMA
and other scientific agencies to mitigate natural and manmade disasters in India in the future. The focus
will be to enhance our ability for fast detection of disaster onset, pre-assess the hazard potential of
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various types of events, risk reduction through a strong science - engineering interface and strengthen
Indian engineering capabilities in customizing the definitive designs to meet external and internal
threats associated with major disasters.

Cyberspace information is a national asset and needs to be protected at all costs. Cyber
threat is advancing faster than our efforts to cope up with its management. Engineering has played a
major role in evolving cryptographic, firewall, microkernel and other techniques to ensure data
protection. In future, coordinated efforts are needed in devising more robust cyber protection systems,
better cyber security standards and certification systems. Indian Engineering capabilities in information
and network security, disaster recovery and end user education have to be upgraded to face the
challenges unpredictable due to constantly evolving nature of cyber risks. INAE can play an important
role in facilitating science/engineering analysis of cyber disruptions and countermeasures, enhancing
public awareness of cyber crimes and execution of projects with concerned academic and research
institutes torecommend measures to be implemented at national level.

India is one of the vulnerable countries in the world as far as terrorism is concerned. Although
country has come a long way in countering terrorism, still it is not free from major threats. Our major
infrastructures are vulnerable to local disruptions which may lead to widespread failures. Terrorism is
also gaining from science and technology in terms of employing sophisticated methodologies by the
terrorists. However, science and technology alone can play a vital role in evolving counter terrorism
measures for threats emanating from conventional weapons, chemical, biological and nuclear aided
attacks. The engineering research and design opportunities are tremendous in areas like developing
effective countermeasures for attacks on electric power grids and information / data systems and
design/development of emergency response tools, blast / fire resistant buildings and structures, online
surveillance systems, air filter for chemicals and pathogens and decontamination systems. INAE
proposes to work with national bodies like Defence Research and Development Organisation (DRDO),
Department of Atomic Energy (DAE), Department of Space (DOS), Council of Scientific and Industrial
Research (CSIR) and Department of Science and Technology (DST) in facilitating new knowledge
developmentin counter terrorism measures.
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SECTORAL SCENARIO






$S1: FOOD AND AGRICULTURE

1.1 PREAMBLE

Global agriculture (food, non-food crop and livestock) has been growing at rates of 2.1 to 2.3%
per annum in the last four decades; in the developing countries growth rate was higher (3.4 to 3.8% per
annum). The future may see some drastic decline in the growth of aggregate world production, to 1.5%
per annum in the next three decades. In contrast, developing countries may experience some
acceleration.

1.2 INDIANSCENARIO

India has a strong agriculture base and it is currently producing enough to feed its people. The
demand and supply data indicate that there would not be deficit for foodgrains, particularly cereals. In
the case of pulses and oilseeds, the projections indicate that the country would have to depend on
imports.

The state of Indian agriculture is as follows:

Agriculture caters the needs of more than 17% of humans and 13% of world's cattle. Agriculture
consumes 70% of all freshwater and more than 40% of the planet's solid surface. India has only 2.3% of
world's land and 4.2% of world's water. About 80% of our landmass is highly vulnerable to drought,
floods and cyclones.

This sector contributes to 18% of GDP and supports 52% of our workforce.

Indian agriculture contributes to 8% global agricultural gross domestic product to support 18%
of world population ononly 9% of world's arable land and 2.3% of geographical area.

Agriculture contribution in the gross domestic product is declining in India. In 1990-91 it was 30
%. Itdeclined to 15.7% in 2008-09.

Agricultural GDP increased atan annual rate of 3% between 1998 tom 2012.
Indiaisthe third largest agricultural producer, behind China and the United States.
India's current farmerincome is 30-40% of its per capitaincome.

India's overall food consumption is expected to increase by 4 % per annum to reach Rs. 23 lakh
crorein 2030from 11 lakh crorein 2010.

The food and agriculture sector could potentially grow at 5.2 to 5.7% over the next 20 years. Such
improvements are expected to improve farmerincome by over four times.

During the last two decades, the average annual growth of agriculture sector was around 3% of
the overall average growth of the economy (6-7%).

The average size of the landholdingin 1970-71 was 2.30 ha.ltdeclinedto 1.32 hain 2000-01.
If thistrend continues, the average size of holding in India would be mere 0.68 hain 2020, and would
be further reduced to a low of0.32hain 2030.



Annually, India is losing nearly 0.8 million tonnes of nitrogen, 1.8 million tonnes of phosphorus
and 26.3 milliontonnes of potassium.

The water-table is lowering steeply in most of the irrigated areas, and water quality is also
deteriorating, due to leaching of salts and other pollutants.

Demand for foodgrains would increase from 192 million tonnes in 2000to 345 million tonnesin
2030.

Demand for milk and milk products would increase from 64 million tonnes in 2000 to 166 million
tonnesin 2020.

Demand for fruits and vegetables would increase from 48 million tonnes in 2000 to 113 million
tonnesin 2020.

India is one of the largest producers of oilseeds in the world but it imports around 55 to 60 % of
domestic edible oil consumption requirements.

The average per capita food consumption of the developing countries rose from 2110
kcal/person/day 30 years ago to the present 2650 kcal. It may rise further to 2960 kcal in the next 30
years.

1.3 PROJECTED SCENARIO

Various questions that the sector is going to face in the coming decades, as outlined in a FAO
report, include: How are the evolution of demand and supply in the next decades going to shape
agricultural markets? How are long-term growth prospects and the expected evolution of per capita
income going to affect agriculture and food production? Are the available land and water sufficient to
feed a growing population? What role can economic incentives and technical change play in shaping
supply? What are the priority areas where investment and research should be directed? How would the
use of agricultural products in biofuel production affect markets? How can climate change affect
production possibilities and markets?

The projections suggests that we need to strengthen significantly our agriculture base.

The world food production will have to double to keep pace with the population growth. It will be
possible to feed the world's nine billion people in 2037 at an acceptable cost provided everything from
high-tech seeds to low-tech farming practicesisin place. The task will be easier if extralandis broughtin,
more fertilisers and pesticides are available, agriculture output is less dependent on climate change, and
scarce ground water doesn't deplete that fast. Some of these provisions are impractical. “The world's
future need for food depends not just on crops, however cleverly they are engineered — the ecosystems
to supportthem must have a future too” is how experts see it.

The real challenge is to expand agricultural output in the limited land available for this purpose.
The challenge can be met by developing high yielding new crop varieties that use less water, fertiliser and
otherinputs. It means developing drought and heat-resistant crops.

The agricultural practices have undergone major changes in the recent past. The knowledge
intensive innovations have moved agriculture from 'cross breeding and hybridisation' to more precise
and selective 'single gene transgenic' stage. These developments have brought in many new
opportunities for the farmers. Besides developments in the conventional areas like developing plants
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which will not require external fungicide for their protection from pests and diseases, agricultural
scientists and engineers are working on methods to improve photosynthetic efficiency. They are also
working on developing plants with altered plant metabolism for better accumulation of the desired
products. Another area which is getting the attention of scientists is to better understand the role of
nitrogen fixing bacteria in order to capture atmospheric nitrogen.

An area that will need greater attention is “precision' agriculture based on remote sensing and
global positioning. Precision agriculture is “planting the right seed in the right place depending on the
field conditions or having the precise application of pesticides, nitrogen fertiliser or other inputs.”

To meet the challenges of this sector, we need both aboveground and underground revolution.
Researchers see inroots the second green revolution. Perhaps 'smarter roots' can provide solution to the
problems of hunger.

In spite of the fact that India is becoming more and more self-sufficient in food production, the
data indicate a general decline in the growth rate of technology, irrigated area, public and private
investment, and NPK use. The growth rate in the agricultural credit sector, however, is increasing. The
decline is due to various reasons. These are limited net sown area, depletion of soil fertility, water
logging, fall in the level of the ground water table, disparities in productivity across regions and crops and
increase in rain-fed and irrigated areas, decline in per capita land availability and shrinking of farm size,
land used for going for non-agriculture use, etc. Due to these factors farming is becoming a non-viable
activity.

Fresh water and top soil are major worries. We want crops that have much better water-
utilisation efficiency. We need to develop crops having greater tolerance to drought-like conditions, by
breeding or genetic engineering. The benefits are expected from the dissemination and adoption of
conservation tillage and reduced tillage methods. Drought tolerance, nitrogen use efficiency, and
herbicide-tolerant crops shall continue to get priority among scientists.

Both investment and efficiency in use of water are needed. Investment in irrigation, watershed
development, and water conservation by the community are needed by way of water management. One
of the prime requirements s to fill the knowledge gap in the existing technology.

While the dairy segment has been one of India's success stories, sustaining production growth
will require significant investments to ensure that the sector meets demand requirements by 2025. In
addition, substantial gaps in availability of livestock feed supply and competition for acreage from food
crops pose fundamental threats to necessary dairy production.

The trend towards increased food consumption per capita will continue. The demand for high-
value commodities (such as horticulture, dairy, livestock and fish) is increasing faster than foodgrains.
These commodities are all perishable and require different infrastructure for handling, storage value-
addition, processing and marketing. Projections indicate the need for increase in availability of non-
cereal food. It should, however, be noted that, in terms of non-cereal food like fruits, vegetables, milk,
meat and fish, India has not achieved self-sufficiency in terms of per capita availability. This represents a
huge investment opportunity across the food chain.

While fruits and vegetables, meat and poultry segments have seen rapid growth over the last two
decades, this is expected to stagnate with increased competition for usable land. In addition, the threat
of the more lucrative export markets could also divert food supply away from domestic food availability,
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or more critically, land away from segments such as food grains, edible oils and dairy products, which run
therisk of shortage by 2025.

Producing enough food for increased demand against the background of changing climate
scenario is a challenging task for agricultural research. Developments in molecular biology,
biotechnology, nanotechnology, information technology and geo-spatial technology are expected to
provide significant new opportunities for productivity enhancement. These developments are also
posing new challenges of capacity-building and human resource development. Massive efforts are
needed to improve agriculture infrastructure. According to FAO estimates, to meet the challenge,
investment throughout the agricultural chainin the developing world must double.

Growing energy crisis is a serious concern for agriculture sector and also for food security.
Efficient management of energy in agriculture for various operations is the key research and
development challenge. To efficiently manage energy, new sources of renewable energy need to
be explored. This includes producing biofuels (such as ethanol) from non-edible feedstocks that can
grow on low-productive areas and producing high-quality animal feeds from crop residues and waste
from food-processingindustries.

Our food consumption pattern is continually changing. Due to changes in consumption patterns,
demand for fruits, vegetables, dairy, meat, poultry, and fisheries has been increasing. India is self-
sufficient in cereals but deficit in pulses and oilseeds. India needs to alleviate the problems of
malnutrition. The malnutrition problem is much broader than that of access to food.

Wastage of grains is a big issue; between one-quarter and one-third of the food produced
worldwide is lost or spoiled. A recent report says that millions of tonnes of wheat and rice are at risk of
rotting in India due to poor and insufficient storage facilities. Better planning and implementation of
storage facilities to curb the wastage needs serious consideration of all concerned.

Food processing industry connects the two vital linkages —agriculture and industry. According to
one estimate, the turnover of the total food market is approximately Rs.250,000 crores, out of which
value-added food products comprise Rs.80,000 crores. This sector is expected to attract phenomenal
investment (capital, human, technological and financial) in the near future.

Much is, however, needed to improve the performance of this sector. It needs to deal with the
post-harvest losses. According to the estimates, post-harvest losses of selected fruits and vegetables in
our country are in the tune of 25 to 30%. Limited organized presence and poor infrastructure in the
procurement and supply chain are leading to wastage, unnecessary price-buildup and poor food quality
and safety. Lack of scale and modern technology limiting nutritional impact and value-add in the
processing stage. A three-pronged strategy has been suggested to reduce post-harvest losses— (i)
compress supply-chain by linking directly producers and markets; (ii) promote processing of food
commodities in production catchments to add value before being marketed; and (iii) develop small-scale
processing refrigerated chambers or cold storages using conventional and non-conventional sources.

Health food and health food supplements are other rapidly rising segments of this industry.

To make India a global powerhouse in the food and agriculture sector, interventions suggested by
Cll include : accelerate sustainable yield improvements, promote win-win farmer-industry interaction,
scale-up food processing and exports, invest selectively in infrastructure with private participation,
nurture the next generation of agribusinesses, technocratsand entrepreneurs.
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To meet the challenges of this sector, we need to evolve a multi-disciplinary approach involving
biologists, agronomists, engineers, ecologists, policy makers, social scientists and farmers.

1.4 CONCLUSIONANDINAEVISION

The productivity of agriculture is low in our country. One of the reasons is small land holdings
of small formers. Accordingly, agriculture also needs to be taken up on 'co-operative' mode
(like Amul milk) or by private industry. The demand for food will shift away from cereals and
pulses towards fruits, vegetables, and dairy products i.e. high value foods and complex
proteins.

Lack of raw material suitable for food processing, to give the desired quality of the end
product, is one of the reasons for the growth of food processing industry slower than
expected.

Contract forming by private industry with buy-back guarantee, provision for seeds to give the
desired characteristics to the agricultural produce etc. will significantly improve the
situation.

Mobile food processing units will reduce the losses to the farmers during glut season and will
helpin moderating the pricesin the lean season.

Health and wellness foods are the current trend with huge potential. In fact, Indian traditional
foods, which vary in ingredients and taste depending on the region (as per Mother Nature),
are time tested health and wellness foods. They need to be promoted both with
standardization of process technology and machinery development for achieving uniform
guality under hygienic conditions.

The Academy is best positioned to mediate interactions between farmers, policy makers,
industry, agri- R & D units.

The endeavor of the Academy should be to focus on smooth connections between production
and the social institutions of production - agriculture and agrarian, to ensure holistic development while
the satisfying the increasing demands of society.

Efficient market access to agricultural products, going beyond transportation and reaching into
storage of perishablesis also a concern of technology and INAE will drive the efforts.

The Academy will work in coordination with other agencies of the government towards
enhancing crop productivity, irrigation access, efficient use of water and fertilizer to foreclose the
possibilities of food scarcity. In a similar vein, it will also interact with agri-processing industries to ensure
technologically most effective value addition to agri-products that also enhances the profitability in
agriculture.
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SS2 : HABITAT

2.1 PREAMBLE

In the present scenario, it is felt that there is a need to create safe, secure and affordable
habitat for the masses for the growth and development of the country, resulting in a more inclusive
society. The literal meaning of 'Habitat' is the area or natural environment in which living population
normally lives. A habitat is made up of physical factors such as soil, moisture, range of temperature,
and availability of light as well as biotic factors such as the availability of food and the presence of
predators (Source: Wikipedia). Hence habitat encompasses a number of facilities, which include
buildings, roads, sanitation, water supply, disposal systems etc., that are required to be created for
the living of human population. Also, it is necessary to create facilities from where the population
living in the habitat can get their food and other requisites for their livelihood. One of the important
necessities of mankind has been the habitat comprising of shelters including physical and social
infrastructure, which provide a decent living overcoming all the adversities of natural hazards. The
early civilisation has demonstrated the use of locally available material such as stones, wood and
others for the construction of shelters. To match the ecosystem, most of the civilisations grew along
the bank of rivers in plain areas and on high lands. As the civilisation has grown, the demand for more
congenial habitats has grown tremendously.

There is an upsurge of rural people migrating to the urban areas for their livelihood, better
education and better facilities and comfort. However, this has put an enormous pressure on the urban
system, for which the urban areas were not geared up and as a result the requirement for urban facilities
has increased manifold. However, with the passage of time as population continued to grow with better
quality of life the search for more comfort levels intensified. The newer materials and construction
technologies were employed using the natural resources which helped in constructing safer and durable
building structures but at the same time de-stabilized the eco-system. The rapid urbanization,
industrialization and population explosion are all attributed towards this switch over from traditional
sustainable building practices to brick, cement, and steel structures, which are not so sustainable.

2.2 GLOBALAND NATIONALSCENARIO

2.2.1 Global Habitat Scenario

In 2007, the global urban population for the first time equalled rural populationi.e. 3.3. billion. It
is expected to reach almost 5 billion by 2030 with an annual growth rate exceeding 1.75%. Thisis almost
twice the growth rate of world's total population. The population of rural settlements is expected to
contract after 2015 at an annual rate of -0.32%. The Europe and Americas experienced intense
urbanization during the middle of 20th century. The trend has now shifted to the developing economies
of Asia and Africa. As per UN-Habitat statistics, the annual growth rates are highest in sub-saharan Africa
(4.6%) followed by South Eastern Asia (3.8%), Eastern Asia (3.4%), Western and Southern Asia (2.9%) and
North Africa (2.5%). In contrast, the urban areas in developed countries are growing at 0.75% per
annum. Latin America is the most urbanized region amongst the developing countries with 77% of its
population (0.43 billion) living in cities. Asia has the largest urban populationi.e., more than 1.5 billion



people with 40% of its population urbanized. Asia and Africa will continue to dominate global urban
growth through 2030.

The scale of environmental impact of urbanization is a cause for global concern in the coming
decades. Rapid economic growth combined with inconsistant implementation of industrial emission
standards and increased use of motor vehicle transportation started to show a negative impact on urban
environment in several developing countries in Asia. To manage environmental, economic and
sociopolitical sustainability in these countries require polycentric forms of governance, environment
friendly legislation and its stricter implementation and a more rational approach to the planning and
management of human settlements. In many urban areas of developed and developing worlds, intra-
city inequalities have risen as the gap between the rich and poor has widened. Theinequality has a direct
bearing on the quality of human habitat. If the quality of housing and the existence of basic services are
considered as criteria for standard of living, the slums in several cities represent the highest physical
dimension of poverty. The degree of shelter deprivation in the slums depends on the access to water and
sanitation, nondurable housing, insufficient living area and insecure tenure.

The success of global millennium development goals depends heavily on how well cities in
developing countries performin the future. Housing durability enhancement, reducing overcrowdingin
urban households, establishing safe drinking water, health care and sanitation systems and increasing
the tenure security of settlements are the major challenges before the concerned national governments.
Education and youth employment greatly contribute to intracity inequalities. Innovative engineering
practices have animportantrole to play in enhancing the quality of human settlementsin urbanand rural
areas of the developing world.

2.2.2 Indian Habitat Scenario

Rapid urbanisation is taking place in India. Though the bulk of the population might still remain in
villages, the urban content is rising. The urban population of India is likely to grow from 285.3 million in
2001 to 360 million in 2010, 410 million in 2015, 468 million in 2020 and 533 million in 2025, as per the
projections based on past trends. Studies project that by 2030, the total urban population of India will be
590 million i.e. 40 per cent of the Indian population would live in urban areas (Mckinsey report). From
2001 to 2011 the housing stockin urban India grew by 50%i.e.26 million.

The number of metropolitan cities with population of one million and above has increased from
35in 2001 to 50 in 2011 and is expected to increase further to 87 by 2031. The expanding size of Indian
cities will be created in many cases through a process of peripheral expansion with smaller municipalities
and large villages surrounding the core city becoming part of the large metropolitan area. The
urbanization trend is going to have fundamental impact on the politics, economics and social situation of
the country. Critical issues that are required to be addressed include inadequacy of basic infrastructure
such as roads, sanitation and drinking water systems, transport, affordable housing, and an increase in
slums and squatters.

In order to increase quality of life and achieve comfort level in terms of power, accoustics,
environment, water and waste disposal, the people invade the territories creating imbalance in land
resources. High energy intensive materials based on finite natural resources have become the dominant
construction materials rather than locally available materials like wood, stone, adobe etc. Safe, secure
and adequate housingis a fundamental need of people. By investing in shelters, people, in particular the
low-income groups accumulate equity that can then be used as collateral, making them more credit-
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worthy for accessing finance through formal channels and also for generating income. Therefore,
housing has always been and continues to have important socio-economic implications in India that
determine the quality of life and welfare of people and places. Where houses are located, how well they
are designed and built, and how well these are weaved into the environmental, social, cultural and
economic fabric of communities are factors that, in a very real way, influence the daily lives of our people.

2.2.3 The Current Habitat - Status

As perthe Census 2011, the number of householdsin Indiaincreased from 19.2 millionin 2001 to
247 millionin 2011. There has been considerable increase in the housing stock from 187 million in 2001
to 245 millionin 2011, indicating a growth of 30.7%. Census 2011 also indicated that the gap between the
households and housing stock has been reducing (Fig.2).
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Fig. 2: Increment in Housing Stock

There has been a substantial improvement in the quality of housing stock. The country witnessed
a decline of 16 per cent in households using grass / thatch /bamboo/ wood/ mud/tiles as roofing
material. On the other hand, there has been a growth of 14 per cent in the proportion of households
using metal / asbestos sheets and concrete as roofing material. Similarly, there was a decline of 9 per cent
inthe households using thatch/bamboo/ wood/ mud/tiles for construction of walls and anincrease of 10
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per centinthe households using burnt clay brick and stone for construction of walls. The rural-urban gap
has reduced from 44 per cent in 2001 to 37 per cent in 2011. Approximately 86.6 per cent of the
households live in their own housing stock and 11.1 per cent on rental basis (Table.1). The ownership
pattern has remained almost constant in the last two decades, though the population has grown to 1.21
billion comparedto 1.02 billionin 2001.

Table 1: Distribution of Households by Tenure - Status
(Figures in %)

Status | 1991 2001 2011
Owned
Total 86.3 86.7 86.6
Rural 94.6 94.4 94.7
Urban 63.1 66.8 69.2
Rented
Total 11.8 10.5 11.1
Rural 4 3.6 3.4
Urban 34.1 28.5 27.5
Others
Total 1.8 2.8 2.4
Rural 1.5 2.1 1.9
Urban 2.8 4.7 3.3

Around half of the households have drainage connectivity out of which two thirds have the open
drainage and one-third has the closed drainage. Nearly, 47 per cent of the households have sanitation
facility within premises out of which 36 per cent households have water closet and 9 per cent households
have pit sanitation.

The data for accurate determination of the existing building stock in India is scarce. Similarly, no
system as such exists to determine the building areas of being added to the existing stock every year.
Different real estate and management agencies, research institutes and organizations bring out reports /
articles with estimation of existing building stock or estimated area added to the existing building stock
every year. There is a wide variation in the numbers estimated in these reports and there is no way to
cross check the accuracy of these numbers as all the estimations are based on secondary data and
different methodologies are used for arriving at these numbers. Table 2 gives existing building stock
scenario.

Table 2: Existing Building Stock

Building Category Area in 2011 (Million sq.m.)

Commercial 766
Residential 10,942
Total 11,708

Although the numbers from Census 2001 and 2011 show that the gap between household and
housing stock is narrowing, the actual shortage of adequate housing is much higher. High rate of
urbanisation and skyrocketing prices of land and real estate in urban areas have forced the economically
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weaker sections of the society to live in poor housing conditions (slums) characterized by congestion,
dilapidated building structure, and lack of basic amenities. Thus, a wide gap between the demand and
supply of housing currently exists, both in terms of quantity and quality in urban India. According to
estimates of the Technical Group constituted by the Ministry of Housing and Urban Poverty Alleviation
(MHUPA), the urban housing shortage in the country at the end of the 10th Five-Year Plan was estimated
to be 24.71 million for 66.30 million households. The group further estimated that 88% of this shortage
pertains to houses for Economically Weaker Sections (EWS) and another 11% for Lower-Income Groups
(LIG).

For middle and high-income groups (MIG and HIG), the estimated shortage is only 0.04 million.
During the 11th Five-Year Plan, the group estimated that the total housing requirement in Indian cities
(including backlog) by end-2012 will be in the tune of 26.53 million dwelling units for 75.01 million
households. If the current increase in backlog of housing is maintained, a minimum of 30 million
additional houses will be required by 2020 (Mckinsey report). With current population growth rate,
growing number of nuclear families, migration of people to urban centres, rising income levels, rapidly
growing middle class, low interest rates and present housing shortage, the housing industry is set for a
growth boom.

Housing shortage would not be a major problem if the mismatch between the people for whom
the houses are built and those who need them is reduced. However, there is an increasing shortage of
houses both in the urban and rural areas and the majority of the shortage pertains to the economically
weaker sections and below poverty line people. Table.3 shows the expected shortfall scenario in housing
duringthe 12th Five year plan period.

Table 3 : Urban Housing Shortage

Urban Housing Shortage as on 2012-2017

Category Shortage in Millions Percentage
EWS 10.55 56.18
LIG 7.41 39.44
MIG 0.82 4.38
Total 18.78 100.00

Rural Housing Shortage 2012-17 as per 12" plan estimates
Category Shortage in Millions Percentage
Below Poverty Line 39.30 90.00
Shortage other than above 4.367 10.00
poverty line
Total 43.67 100.00

By the year 2030, India is expected to be the rising economic powerhouse. As per studies, India
would grow to become the 3rd largest economy in the world in the next two decades. It is predicted and
supported through credible arguments that India may even achieve a trend growth rate nearer to 12% or
so, with certain conditions in place. In a report of the Royal Institution of Chartered Surveyors (RICS) on
'‘Real Estate and Construction Professionals in India by 2020- A demand and supply assessment of
specialized skill-sets in built environment', an estimation of the demand for real estate space for various
sectors has been made based on population growth estimation. As per these estimates, 4127 Million m2
of real estate space (which includes residential, retail, offices, hotels, healthcare and education sectors)
is expected to be built from 2012 to 2020.
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2.3 PROIJECTED INDIAN SCENARIO FOR 2037

2.3.1 Residential Sector

According to the 2011 Census, the total housing stock of the country is 245 million for 247 million
households and the housing stock in urban area is 78 million for 79 million urban households. As per
numbers from census held in 2001 and 2011, there has been a growth of 50% in the number of Urban
Housing Stock. By 2030, India will need up to 10 million new housing units per year for residential
purposes.

One of the key challenges in housing is to promote organized rental housing in urban areas on
account of projected increase in India's urban population from 377 million (31.2% share of total
population)in 2011 to 600 million by 2030 (43% of total population). People in urban areas generally live
in rental housing and this is the trend in other developed countries as well. With the expansion of [T,
insurance and banking, health care, education, transport and other services and industry, nearly 70% of
new jobs will be created in cities and most job seekers will be younger in age who would prefer to live in
rental accommodation because of their mobility from one place to another in search of better
opportunities and lack of affordability to own their own house / an apartment. Therefore, nearly 50 % of
housing demand in urban centres has to be met through rental housing in the coming years. For
achieving this, an appropriate policy, tax exemption, pro-rental housing laws and liberal finance for
encouraging development of organized rental housing will be required. For large scale development,
modern construction technology should be utilised to a great extent and this will play animportantrole.

2.3.2 Commercial Sector

Based on the data available from secondary sources, the existing stock of commercial buildings in
India is estimated to be 766 Million Square metre. As per the report of the Royal Institution of Chartered
Surveyors (RICS), 960 million m2 of commercial real estate space is expected to be built between 2012
and 2020, with growthin construction at an average of 107 Million square metre per year.

Table 4 : Existing and Projected Building Stock

Health care 30 114 74%
Hospitality 70 450 81%
Offices 132 413 68%
Education 107 288 63%
Retail 346 378 8%

Note: Estimation of existing stock of commercial buildings has been made based on data
available from secondary sources and is not a representation of the complete building
stock in India. Estimated area of building stock in 2020 has been based on the estimations
made in a report of the Royal Institution of Chartered Surveyors (RICS) on 'Real Estate and
Construction Professionalsin India by 2020.

Increased revenues of companies in the services business, especially in the software and IT
services (ITES), as well as of IT-based business processes (BPO), have resulted in the recent growth in the
office buildings. According to the estimate of a consultancy firm Jones Lang LaSalle, up to 70% of the
demand for office space is driven by over 7,000 Indian IT and ITES firms, 15% is accounted for by financial
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service providers and the pharmaceutical sector, with the remaining 15% due to other sectors. Earlier
commercial properties were concentrated mainly in the CBD (Central Business District) areas in large
cities. However, with the emergence of IT-ITES, which has the requirement of large office space,
commercial development started moving towards city suburbs. It resulted in multi fold development of
city outskirts and suburbs. With influx of multinational companies (MNCs) and the growth of the services
sector (telecom, financial services, IT & ITES, etc.), the demand for commercial office space is expected
to grow furtherinthe comingyears.

2.3.3 Healthcare Sector

Availability of healthcare facilities in the country is expanding in a rapid pace. During the last few
years there has been a great change in the availability of health care facilities in the country. As per the
11th Plan, number of government hospitals increased from 4571 in 2000 to 7663 in 2006, that is, an
increase on 67.6%. Number of beds in these hospitals increased from 430,539 to 492,698 that is an
increase of 14.4% and in 2010 total number of beds was 577,000. Government of India aims to develop
India as a global healthcare hub. There has been a wide array of policy supportin the form of reductionin
excise duties and higher budget allocation for the healthcare sector. Due to increase in the levels of
health awareness, growing disposable incomes, focus on medical tourism, lifestyle related diseases,
there is going to be a strong demand for health care services in India. This will create requirement of
greater investment in healthcare infrastructure and increase in the number of healthcare buildings in
India.

2.3.4 Retail Sector

Growth in the organised retailing sector and entry of international retailers in India has led to an
increase in the demand for modern retail space. With growth in the economy, rapid urbanization, rising
income levels, availability of easy credit, brand consciousness, consumerism is growing in India. There is
an increasing demand for high class shopping experience resulting in a surge of upcoming organized
retail malls all over the country. Several shopping malls have come up in the last few years, initially in Tier
| cities and then in Tier Il and Tier lll cities as well. As per a recent study, the organised retail real estate
stockis expected to increase by more than double from 41million sq.ft. to 95 million sq.ft.

2.3.5 Hospitality Sector

Indian hospitality industry has witnessed a strong growth over the last few years due to
favourable economic and political environment. Strong growth in tourism - domestic, business and
leisure, has benefited the industry. India has also emerged as a medical tourism destination. According to
aresearch by the World Travel & Tourism Council, travel and tourism in India is expected to grow at 12.7
per cent per annum until 2019. As per Ministry of Tourism statistics, the total estimated supply of hotel
rooms is expected toreach 6.6 millionin 2020.

2.3.6 Educational Sector

The education sectorin Indiais considered as one of the major areas for investments as the entire
education system is going through a process of overhaul. The country has 544 university level
institutions, which includes 261 state universities, 73 state private universities, 42 central
universities,130 deemed universities, 33 institutions of national importance and five institutions
established under various state legislations. The country has around 79 centrally funded institutions,
whichincludes 16 Indian Institutes of Technology (11Ts), 11 Indian Institutes of Management (1IMs) and 30
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National Institutes of Technology (NITs). According to the Ministry of Human Resource Development, by
2020, to increase the percentage of students going for higher education from the present 12.4% to 30%
inthe country, India will need 800 more universities and another 35,000 colleges.

Emerging out of the above situation, placed below are some relevant statistics:
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590 million people would live in cities by 2030in India

270 million people would be in working class

91 million people would be in the middle class segment

70 per cent of employment generated will be in cities

Anincrease of 40 per centis expected inthe urban population

Urban India will drive a fourfold increase in the per capitaincome of India

38 million units housing shortage projected in 2030, a rise of around 13 million from 25
million housing demandin 2007.

$395 billion required as investment in affordable housing.

India requires 20 lakh units annually; however it manages to build less than 2 lakh dwelling
units peryeatr.

Annual outlay of around 150000 million rupees can help meet affordable housing shortage.

As per UN estimates, urban population is expected approximately 40 per cent of total
population.

Increasing investment in urban infrastructure from 0.7 per cent of GDP in 2011-12 to 1.1 per
centby2031-32.

Number of metropolitan cities with a population of above 1 million to go up to around 87 in
theyear 2031 fromthe current 50.

Cities with population of 5 millionto doublei.e. from 64in2011to 128in 2031.
Annual population growth to stabilise at 2.5 per cent during 2001-2031.

Five States are likely to be more than 50 per cent urbanized-Tamil Nadu, Gujarat,
Maharashtra, Karnataka and Punjab.

The UN population projections estimate that the urban population of India will be larger than
its rural population by 2045.

Cities will account for 70% of India's GDP in 2030.

2.4 INAEVISION

INAE is convinced that in order to improve the quality of life, it is of critical significance that the
Indian housing stock isimproved through urban renewal, in-situ slum improvement and development of
new housing stock in existing cities as well as building new townships to cater to the need of the housing

demand.

Housing demand is expected to be met through the building of new housing stock and integrated
and planned townships, up gradation of existing housing stock and replacement of old dilapidated stock
and redevelopment of slums.
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While addressing the above aspects, the major issues required to be looked into are related to
planning, material selection, technology and engineering designs, environmental regulations, life cycle
assessment of habitual materials and disaster resistant systems. To address these issues, it will be
essential to look into the policies, legislations to enforce use of locally available materials, legislation to
minimise use of natural resources in conjunction with the development of alternate energy efficient
affordable material and technology for effective implementation of the developments.

Itis anticipated that in next two decades and half, more than 40% of the population will reside in
urban sector. Itis possibly the natural process and, therefore, the urban areas need to be fully geared up
and equipped to take up this challenge of urbanization in terms of habitat. The densification of
population into urban areas would call for better infrastructure including housing and basic amenities
such as drinking water, sewerage, sanitation, drainage, roads, education and health. Due to large
shortage of land in urban areas, the tall buildings will be the dominant urban forms. To reduce pressure
onurban areas, it will be appropriate to develop facilities around rural areas so that the migration can be
reduced. Also, it is believed that the road which leads the villages to the city, the same road may lead the
citiestotherural areas. This reverse trend will be essential for future growth.

Considering the fact that a giant leap is essential to meet the challenges of intelligent sustainable
habitat, the following are required:

e Mechanizationinthe construction sector and miniaturization of construction equipments for
large usage.

e Use of prefabricated technology for efficient, sustainable quality products.

e Use of sensor technologies for smart and intelligent devices in the habitat sector for true
intelligent building.

e Use of embedded technology to enhance the quality of construction technologies and
supervision.

e Development of technologies by tapping alternative sources of energy for sustainable habitat
like solar, BIPV, wind, thermal etc. and material alternatives such as coarse aggregates and
sand etc.

e Useof controltechnologies to achieve disaster-resistant habitat system.

e Recycling of materials, especially waste material for useful products.

e Zeromaintenance & preventive maintenance.

e Sustainable in terms of natural resources, waste minimization, environment degradation,
ecological system, low energy, minimum life cycle cost and recyclable that should be in
harmony with nature.

e Environment sustainability of urban development which seeks to make cities sustainable
through improvementin energy demand and minimizing green house gas emissions.

e Quicker methods of construction and high performance materials.

All of them require engineering expertise of high order. INAE envisions an important role for itself
in promoting innovative ideas on developing cost effective and sustainable habitat systems for rural and
urban poor through intellectual interactions among the engineering community, encouraging research
institutions to develop novel materials and technologies for housing and insensitizing the government
on policy issues for effective implementation of safe, secure and affordable habitat in Indian cities and
semiurban areas.
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SS3 : ENERGY

3.1 PREAMBLE

The world's primary energy consumption is projected to grow by an average of 1.6 —1.8% beyond
2010 adding more than 40% to the current global consumption by 2037. Most of the growth is expected
in China, India, Brazil and other non OECD developing countries. Without a shift in the fuel mix, this
growth is bound to exacerbate climate change considerations.

The economic development of above countries in recent years has created a high demand for
energy that can be met only by expanding, on priority, the resource base of all fuels available with them
to minimize the high import cost burden of overseas energy supplies on their economies. However, the
fuel mix transition from nonrenewable to renewable type requires long gestation period in energy sector
since the factors like its availability, cost effectiveness, technology adaptability and market acceptability
areinvolved. Some developed countries, notably the US, are making efforts to utilize shale and tar sands
as transitionary fossil fuels.

3.2 CURRENTINDIAN SCENARIO

The current Indian Energy Scenario looks quite complex with the country's heavy dependence on
imported fossil fuels. To reduce its per capita carbon emissions, India has to turn increasingly to lower
carbon and renewable energy resources on a long term basis. Statistically India has 15 crore rural and 6
crore urban households. Indian electricity market is the sixth largest in the world.

From technological perspective, the offshore gas and oil production including secondary oil
recovery from depleted wells require greater engineering expertise to exploit full potential. Similar is
the case with electric power from larger capacity nuclear reactors. India has sizeable renewable
resources in solar, wind, hydro and biomass options. Government of India has been according high
priority to developing these resources for electric power generation. High level engineering knowhow
and expertise is required to achieve the goal. This is where INAE sees its contribution over the next
couple of decades make an impact, by advocating systems and procedures that propel the nation
towards renewables.

The Indian power grid is one of the most expensive power distribution systems in the world. Only
recently its southern grid has been integrated with the others that cover the rest of the country.
Engineering challenges are immense in minimizing the transmission losses and modernizing the
powergrid system to handle electricity from renewable and fossil fuels.

25% of Indian population still has no access to electricity. The average size of the rural and urban
householdsis4.5. The primary cooking fuels for more than 80% of rural households are firewood, animal
dung cakes and other agricultural residues, that are high GHG emitters and for 57% of urban households
are LPG, kerosene, firewood and coal. Indian household consumed a total of INR 810 billion worth of fuel
during 2004-05. Interestingly, household energy sources as well as the quality of concerned energy
supply services have profound influence on quality of life, gender equality and social ladder of the people
in India. Use of higher quality primary fuels has significant positive influence on social development
factors.



On the Indian commercial energy front, the electrical power sector is a fast growing component
(23% in 1990 to 38% in 2009). India has the third largest commercial energy demand after China and
USA. India's energy demand has more than doubled from 320 million tonnes of oil equivalent (Mtoe) in
1990 to 669 Mtoe in 2009 with a low per capita consumption. India's largest primary energy source has
been coal with ashare of 42%, biomass at 25%, petrochemical crude at 24%, and natural gas at 7%.

India satisfies its electricity demand primarily from conventional thermal power generation with
coal representing the lion's share (Fig.1). Nearly 83% of India's power generation capacity of about 154
GW perannum is handled by the public sector with the National Thermal Power Corporation Ltd. (NTPC)
accounting for 20% of the country's capacity and the private sector accounting for less than 17%. These
exclude captive generation power plants which contribute 19.5 GW. The per capita consumption was
704.2 KWh in 2007-08 against the world average of 2595.7 KWh. The Eleventh Five Year Plan had
provided a turnaround for private power producers in India. While the energy availability was 689 TWh,
the actual requirement was 774 TWh. Its peak power deficitis 12.1%, and overall energy deficit at 9.4%. It
has been reported that Indians spend about $6.2 billion every year to fuel and maintain power back-up
equipmentto secure themselves against frequent outages.

3.2.1 Non-renewable Energy

During the Eleventh Plan, India had added 78.7 GW of power with 76% from coal-based and 20%
from hydroelectric sources. India's increasing dependence on coal to meet electricity needs will
continue well into the distant future with some projections pointing towards 70% of electricity
generation from coal in 2030. However, most of these are expected to come from advanced coal
technologies that aim at tapping coal with higher thermal efficiencies coupled with less adverse
ecological impact. The advanced ultrasupercritical steam cycle calls for extensive indigenization of
materials supply and component design-cum-fabrication capabilities, both of which should auger
considerable business potential to Indian power sector. These are areas of high engineering challenges
and fitin nicely with what the Academy can help promote..

3.2.1.1 Coal

Though India has large coal reserves (200 billion tonnes), it is typically with high ash content (30-
45%) with calorific values in the range of 3,000-4,500 Kcal/kg; use of this coal for power generation is a
major technological, environmental and economic challenge India has to import 90 million tons of
coking coal in 2010 for blending and other applications in steel industry. The institutional framework for
R&D is not very strong in the country to evolve clean coal technologies for the future application.
Matching with the capacity expansion programme in the Indian power sector, the current level of coal
production (370 million TPA) which is predominantly managed by the public sector needs to be stepped
up in a graded fashion to achieve 1500 million TPA target set for 2030. [One needs to at least
acknowledge the socio-environmental effects of such scaling up, to the tune of 8% CAGR]

From the engineering perspective, the current coal mining in India is limited to a depth of less
than 300 m while 40% of its reserves are below this depth. Nearly 90% of coal mines in eastern India are
open cast. Though less dangerous for its workforce, they contribute to ecosystem damage, soil erosion
and deforestation. Underground coal mining has lesser environmental evils and higher potential to
access deeper coal resourcesin the future. It requiresadvanced engineering knowledge and technology
for underground mining beyond 300 m. This is an engineering challenge that needs to be solved in the
near future.
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The coal washing capacity created in the country is of the order of 240 million TPA. India's coal
beneficiation capacity has remained at 135 million TPA. Coal India and its associates are taking action to
set up new washeries (194 million TPA) for coking and non-coking coals with coal beneficiation as the
prime target. A good deal of commercial success has been achieved in India in clean combustion
technologies for coal. Indian power plants up to 500 MW capacity are based on pulverized coals (with
30'% combustion efficiency). Major initiatives have been taken to adopt supercritical coal combustion
technology with 55% efficiency in mega power plants with greater than 600 MW capacity. NTPC-BHEL
joint initiative has been reported in the coal gasification with IGCC concept. The liquefaction of coal
through FT synthesis of gasified coal is being investigated on pilot level in Indian R&D institutions. India
requires a well-integrated engineering infrastructure for its coal supply chain including modern
railroads, seaport coal handling systems and underground coal mining equipments seizeable amount of
FDlis required for establishing them at a fast pace.

3.2.1.2 Oiland Natural Gas

India has 0.8 billion tonnes of petroleum reserves (0.3% of the world reserves) offshore
production accounts for 53% of country's oil production. From engineering perspective, the offshore
production terminals require high level engineering expertise to exploit their full potential. India's
refining sector had undergone significant transformation beginning 2001 to attain 4.9 million barrels per
day of refining capacity in 2012. Indiais being promoted as regional refining export hub.

The Indian oil and gas sector is relatively more open and competitive than other energy
subsectors. Itisopento 100% FDI. Its growth, however, ishampered on account of commercially pricing
unattractive, underutilization of domestic resources and lack of external investments. In 2001,
Government of India laid out a long term vision for oil and gas sector with the basic objective of achieving
enhanced energy security and creating free market conditions within the country.

India's share of natural gas reserves is around 42 million cubic feet in 2011. Significant gas
discoveries occurred in 2002 in the KG basin off India's east coast. Currently, 80% of India's gas
production comes from offshore fields from the west coast. Onshore gas production is dominated by
Assam, Gujarat, Tamilnadu and Andhra Pradesh. Gas imports accounted for 28% of Indian gas supply. It
imports LNG through two terminals located off its western coast. Natural gas fuelsabout 10% of the total
installed power generation capacity in India. The Eleventh Plan called for 7,313 MW alone of gas-based
capacity addition, of which only 2,984 MW was commissioned by the end of June 2009 due to gas
shortage fromits gas fields.

3.2.1.3 Nuclear

India has envisaged a sustainable nuclear energy program which is based on three stages, with
each stage propelling the growth of the subsequent ones. The first stage is based on energy generation
from heavy water and pressurised heavy water type reactors the technology of which is sufficiently
mastered by the Indian atomic energy establishment including the in-core Zircaloy based fuel assembly
fabrication and heavy water production. The second stage revolves around fast breeder reactors
employing the mixed oxide fuels with predominantly austenitic stainless steel based core materials. The
signing of the Indo-U.S. nuclear deal in October 2006, following a waiver from the Nuclear Suppliers
Group, has opened up new opportunities for India in civilian nuclear field. The Indian nuclear market is
estimated to be worth $100 billion, plans are afoot to build 40,000 MW of nuclear capacity by 2020.
Government of India is keen to enhance the nuclear power share in the overall fuel mix from 3% to 25%
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by 2050. India has 17 pressurized heavy and 2 boiling water reactors with their total installed capacity at
4.54 GW which is equivalent to 3% of total installed power capacity in the country. Another 2.72 GW
capacity nuclear power plants are under construction.

3.2.2 Renewable Energy

India has access to sizeable renewable resources viz., solar, hydro, biomass, and wind energy
options. The legal, policy, and regulatory environments are also becoming more positive to enhance
renewables share in the energy sector. As of March 31, 2010, nearly 17 GW of grid-connected renewable
power was in place. Of this total, 11,807 MW was from wind energy with small hydropower projects
providing 2,735 MW and bagasse-fueled cogeneration plant generating1,334 MW. Currently less than 20
MW solar energy generation capacity has been installed. Off-grid and distributed renewable-energy
generation supplied an additional 404.56 MW electricity equivalent.

3.2.2.1 Hydro Power

The share of India's current hydropower generation capacity isaround 20% and it shareis likely to
go down by 2030 due to the emergence of other renewable resource options. The Eleventh Plan has
seen slippages of 5,200 MW capacity of hydro projects. Land-acquisition, resettlement and
rehabilitation issues have caused significant delays in hydro projects. Mini- and micro-hydel projects
with innovatively designed turbines offer good scope for further exploitation of this option for power
generation. Theirimpact on ecosystem in hilly regions in our country need to be carefully examined from
the experiences of recent unprecedented flood damage in Uttarakhand.

3.2.2.2 Wind Power

Interms of installed capacity of wind based generation, India ranks 5th in the world. Indian wind-
turbine manufacturing company Suzlonis the largest in Asia in terms of its market share and has installed
more than about half of the capacity in India. Future offers considerable scope for off-shore wind energy
development potential with active policy and infrastructural supportalready in place.

3.2.2.3 Solar

The National Solar Mission, has set a goal of generating at least 10% of power in India from solar
energy. It envisages increasing the production of solar photovoltaic panels to 1,000 MW from the current
235 MW per year and generating 1,000 MW of grid-connected solar power in 2017 up from the current
level of 10 MW. In December 2009, the Government of India unveiled plans to achieve 20,000 MW of
installed solar power capacity by 2022 under the Jawaharlal Nehru National Solar Mission for electrifying
thousands of villages, create jobs, help combat climate change and achieve grid parity pricing by 2022.
Thetargetissetto beachievedinthree phases.

3.2.2.4 Geothermal

Though the Indian potential is around 10 GW, no geothermal power plants were operating
anywhere in the country till 2011. However, five projects with a combined capacity of 250" MW are being
planned forimplementation.

3.2.2.5 WaveandTidal

No wave or tidal energy based power plants existed in India till 2011. However, four
demonstration projects for wave and tidal energy utilization for power generation are in the planning
phase.
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3.2.2.6 Combined Heat & Power Technologies

The combined heat and power (CHP) concept revolves around bagasse-based cogeneration,
largely in the sugar industry. India's CHP potential is estimated at 7,574 MW. With sugar sector expected
to contribute, 5,000 MW. The IEA estimates that CHP potential will reach 27,800 MW in 2015 and 84,800
MW in 2030.

3.2.3 Electricity Distribution

The Indian power grid is one of the most extensive power distribution systems in the world. Its
total transmission capacity is around 30 GM [????] at a voltage level of 110 KV. It covers more than 6.76
million kms of lines and over 282,000 MVA of distribution transformer capacity as of March 2008. It is
expected to grow at 3-5% annually. Technologically the Restructured Accelerated Power Development
and Reform Program (R- APDRP) of the Ministry of Power aims to reduce transmission losses to below
15%. Many urban areas have shown a decline in losses, but the situation in rural areas needs drastic
improvement. Further strengthening of the national power grid is envisaged through high- capacity
alternating current extra high voltage lines, 765-kV AClines, and high- voltage direct-current lines.

3.2.4 Investment Scenario

India needs to add about 200 GW electricity in next seven years. This obviously entails huge
investment, as much as an estimated INR 12700billion for power generation, INR 5,000 billion for
transmission and INR 8,000 billion for distribution. Mechanical and materialsindustries have a major role
toplayinachievingthese targets.

3.2.5 Energy Equipment Manufacturing Capabilities

Indian manufacturing sector has wide ranging engineering capabilities. India currently
manufactures wind generators of 1,600 kW per unit capacity. India has developed engineering expertise
for designing, constructing, and operating small hydropower plants. India has manufacturing facilities
for equipment and components used in solar PV systems, though there is a need for developing
engineering expertise for establishing megawatt-scale PV power generating systems. A number of solar
thermal applications have also been developed in India, which include water/air heating, cooking, drying
of agricultural and food products, water purification, detoxification of wastes, cooling and refrigeration,
heat for industrial processes, and electric power generation. Biomass based co-generation combustion
technology based on atmospheric gasifiers, India has significant native experience and expertise.

3.2.2 Indian Energy Scenarioin 2037

The 2006 integrated energy policy formulated by the Government of India projects a growth rate
of 8% until 2031-32 to sustain the overall economic development. India's energy demandin 2030is likely
to be double that of current demand. The likely growth trends in major non-renewable and renewable
feedstocks are highlighted in Fig.1.
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Fig.1: Anticipated Changes in Energy Mix Pattern for Power Generation
in India (2011-2030) as per on school of thought

3.2.3 Non-Renewable Energy Growth Prospects

The current trend shows that the Indian energy sector has already entered the efficient energy
utilization pathway. It is best for India to pursue high economic growth policies by simultaneously
exploiting alternative energy options through improved and newly acquired technological capabilities.

The alternative scenarios include new thrust to enhance extractable coal reserves, technological
upgrade of coal mining, strengthening coal R&D for cleaner processing, advanced engineering
techniques for deep coal seam mining, reduce the consumption of petroleum products in transport
sector by enhancing the share of public transportation, electrification of railways, enhanced freight
share by railways, more rigorous auto pollution norms, use of cleaner fuels including ethanol blending
and biodiesel, use of naphtha exclusively for petrochemical sector and employing natural gas
predominantly for power generation, and fertilizer production. Itis also to be noted that India's energy
sector is administered through a complex multi-ministerial structure consisting of ministries of power,
coal, petroleum and natural gas, new and renewable energy and atomic energy. The role of the ministry
of Environment and Forests is to develop environmental policies. There is need to integrate their
functions to evolve and implement long term sustainable energy policies with a single window
monitoring system.

3.2.4 Coal

Coal will continue to remain India's most important source for electric power generation
accounting for not less than 60% of energy mix under most of the development scenarios. This means,
India needs coal at around 4 times of the current production level viz., 1.6 billion tonnes/annum after
2030. The main focus in the coming years has to be given to the following to achieve efficient and
sustainable development of India coal sector to bring the country on to a reliable and cleaner energy
path.

a) Faster introduction of deep seam underground mining through the acquisition of overseas
advanced technologies to increase the production output much more rapidly andin a cleaner
fashion.
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b) The coal pricing based on its useful heat value has its own limitations in terms of coal
producers to improve quality and production levels. India has to adopt the international
practice of basing the gross calorific value to rationalize the price structure of imported and
Indian produced coals.

c) The Indian coal characterization system for its classification is primarily based on geological
evaluations without assessing the quality, mineability or extractiability of deposits. The INAE
interactions with the experts of Canadian Academy of Engineering in December 2012 had
identified the need to evolve an application oriented coal classificationin India.

3.2.5 Oiland Gas

India will continue to be heavily import dependent on crude oil with its low reserves. Even
though new oil discoveries may help the situation to some extent, the anticipated crude oil imports in
2030 is likely to be 6.85 million barrels / day (mbd) as against the current level of 2.5 —-3.0 mbd. The oil
demand could decrease by about 17% in case of successful substitution with other feedstocks or could go
up by 27% in case of no demand growth reduction.

Natural gas usage in India is expected to grow annually at 4.7% due to rising domestic production
and imports. Industrial activity will account for 50% and the power sector for 29% of the gas consumption
growth. The natural gas demand in India for power generation is projected to be 352 million metric
standard cubic meters per day (MMSCMD) by 2030 for the electric power sector and around 85.6
MMSCMD for city gas supply. The expected increase in domestic production is from 13.6 MMTPA to 73
MMTPA in 2037 assuring all the existing planned gas terminals in India would materialize. Its availability
through coal bed methane is not considered. India has a network of 13,000'kms of natural gas
transmission pipelines with a design capacity of around 330 MMSCMD and is expected to expand to
30,000" kms by 2037 with a total design capacity of 730 MMSCMD.

3.3.4 Renewable Energy Prospects

It has been optimistically projected by the Green Peace International that India's 35% electricity
demand will be met by the renewable energy by 2037. This is a huge opportunity area for Indian
engineers. Inthe context of India's current economic constraints, the future investments in renewable
technologies will be a win-win option since it provides reliable energy for 400 million people who have no
access to the electricity today. While renewable energy currently accounts for 10% of total power
generation capacity the wind power accounts for 11,000 MW. It has a potential of 48,000 MW by 2037
during twlifeth Five Year Plan, renewable energy based power installations of 30 GW capacity are
expected to come up. India has set for itself a very modest target of solar power generation at 20,000
MW by 2030. The country has also the potential to increase grid connected solar power generation
capacity to over 200,000 MW. India can avail international collaboration in tapping the full potential of
Rajasthan desert sun to achieve thisambitious target.

3.3.5 WindEnergy

India has been experiencing record years of new wind energy installations. Interestingly more
than 95% of Indian Wind energy developments had taken place in 5 states (Tamil Nadu, AP, Gujarat,
Karnataka and Maharashtra). Rajasthan is an emerging state with high potential. There are good
prospects for extending the wind energy installations to other states. The Twelfth Plan envisions
installing 15-17 GW of new capacity. The IEA has estimated total wind energy installations in India would
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be 66 GW by 2030 to produce 174 TWh per annum of power by 2030 and save 105 million tons of CO,. By
2015, thisindustry will see investments of the order of USD 6 billion /annum and by 2030, it will be USD 9
billion / annum. It will create jobs for 1.25 lakh persons by that time. Some other international bodies
have predicted that India could almost achieve 89 GW of wind power by 2020.

3.3.6 Hydroelectricity

Small hydropower projects of up to 25 MW capacity are the best options for Indian states like
Himachal Pradesh and Uttarakhand, and also for the Northeastern states. Itis possible to enhance the
installed capacity from the present level of 3,200 MW to 15,000 MW by 2037. Since it is largely private
investment driven, the future projects have to be carefully planned after a thorough environmentimpact
studies and following coastal zone environmental regulations.

3.3.7 Biomass Gasification

Itis predominantly to be developed as off-grid green power to rural and semi-urban areas. It can
play a key role in the future for electrification of rural and remote communities. It can also replace the
costly power generation sets based on furnace oil or diesel. There are good prospects to develop around
30,000 MW of power from biomass by 2037. The current challenges pertaining to urban waste
utilization for power generation have to be overcome through their organised collection, establishment
of a network of garbage based power stations around urban centres and getting over the teething
problems to facilitate their profitable operation.

3.4 INAEVISION FORENGINEERING OF INDIAN ENERGY SYSTEMS

The INAE proposes to develop a shared vision with stakeholders for evolving engineering
solutions that foster a cleaner and sustainable energy for India. Several ground challenges confront its
engineering community in order to be at the forefront of developing globally competitive solutions to
address energy engineering related issues in sectors like transportation, housing and industrial
manufacture. The scientific knowledge and engineering skills have to be integrated and coordinated to
evolve new energy sources, make existing energy generation and end use systems cleaner and improve
the adaptability of emerging technologies. Developing sustainable energy systems do mean
engineering of large and small systems with equally attractive efficiencies, restructuring energy
engineering education for generating young engineers with competitive edge of knowledge, sensitizing
engineering community in various disciplines on the collaborative advantage, initiating measures to
protect intellectual property with high innovation content and to maximize the application potential of
diverse energy systems. Emerging technologies in computer aided design and manufacture, novel
materials, intelligent robotics, nano technology, bio and chemical technologies, system integration need
to be developed with conventional engineering sciences to design more innovative products and
systems rather than isolated components. INAE will strive to act as a facilitator for young engineers to
take up challenging problems in Indian energy sector and to build their careers as individual inventors,
competent entrepreneurs and highly skilled employees of Indian corporate bodies in energy sector.

INAE has taken several initiatives in the past to promote the cause of Indian energy sector. A
brainstorming conference was held in Delhi in 2005 to facilitate stakeholders in the energy sector to
deliberate on the synergy based approach for its growth. A national conference on hydrogen energy was
held in the subsequent year to prepare a roadmap for introduction of hydrogen economy in India. A
specialist Forum on Energy was established in 2007 by INAE to provide an interaction platform on energy
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related matters. The Academy has been actively participating in the activities of CAETS Working Group
on low carbon energy technologies. In June 2013, INAE was chosen by CAETS to host the chair of its
standing energy committee constituted in 2012. This is a major international responsibility being
undertaken by the INAE in energy sector. The INAE also hosted Indo-Canadian joint initiative on clean
coaltechnologiesin December 2012.

3.4.1 Engineering Challengesin Achieving 2037 Targets

The role of advanced engineering and innovative technologies will increase significantly in
coming years for harnessing renewable energy in India and to make the transition to low carbon energy
economy more sustainable. This can create millions of jobs in Indian renewable energy sector by 2037
and an economic stimulus of around USD 1 trillion. For example, solar energy can shift about 90% of
daily transportation needs from petroleum to electricity by increased use of hybrid automobiles. The
focus areas for future engineering knowledge generation in India are large scale centralized and
distributed renewable energy (solar, wind, hydro, biomass and geothermal) networks, and major and
microgrid power transmission systems which are resilient to power blackouts, development of ultra
large scale solar farms in sunny areas, development of solar powered electric vehicles and their charging
stations around the country and large scale solar power manufacturing facilities. Indian engineers have
to play a major role in adopting the advanced fuel cell technologies based on renewable resources for
generating heat and electricity. Indian engineering profession has also to facilitate cleaner production of
energy from coal, oil and natural gas during transition period.

The energy systems for transport and buildings in India offers immense challenges to the Indian
engineering community in making them energy efficient. The Indian buildings accounts for nearly 29%
of electricity consumption. By 2037, an estimated 1900 million m’ will be the constructed building space
in India as against 660 million m’ built in space currently. It requires reengineering of building envelope,
lighting, airconditioning, water heating and plumbing. One of the challengesistoincrease the efficiency
from 1 KW/ton of refrigeration to 0.5 KW/ton.

The Indian Transportation sector consumes around 27% of the total crude oil and its products.
This is likely to go up to more than 45% in 2037. At present 98.5% of energy for this sector is met by
conventional fossil fuel resources. The population of vehicles on Indian roads will be more than 300
million by 2037. India even with its per capita GDP in 2006 at USD 3310 has been experiencing a steep
increase in vehicle ownership rate. The engineering challenges in energy reduction and introduction of
renewable energy options in this sector will centre on fuel cell technology developments, use of hybrid
transport vehicles and providing necessary supporting infrastructure. Priority has therefore, to be given
to make road and rail transport systemsin India more energy efficient and less dependent on fossil fuels.

3.4.2 Perceived Indian Strengths
3.4.2.1 Indian Ingenuity

Since its independence in 1947, India has demonstrated remarkable resilience and ingenuity
in achieving economic and social successes. The green revolution, harnessing hydroelectric and
nuclear energy, globalization of information technology are typical examples of Indian successes in
agrisciences and engineering amidst tremendous regional and global competition]. For a country
that was highly protectionist and regulated, the Indian industry has shown its remarkable fighting
qualities in competing very effectively in various industrial sectors with global majors. The Indian
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takeover of overseas companies in steel, pharmaceutical and other sectors has demonstrated the
Indian supremacy in corporate management. The outstanding progress made by India in nuclear field
under international isolation and technology denial regime shows its national commitment to achieve
a global position of engineering strength in spite of heavy odds. These achievements should provide
lot of comfort to India as a nation to achieve smooth transition to low carbon energy systems by 2037
and beyond.

3.4.2.2 Demographic Dividend

India's current birth rate viz., 2.8% is likely to reach less than 1.7% by 2037. This evolution
minimizes direct effects on demand on available resources and also quality of consumptions. India's
window of opportunity under this head will be spread over a long time since its population control
measures are slow compared to China and other countries. Accordingly, India will not experience any big
crises over population aging till 2050. The country will continue to remain young in 2037. It has been
predicted that India will take a demographic advantage over China in 2037 by 10%. The demographic
potential will benefit India in real terms of its economic growth if it is accompanied by job creation and
development of engineering skills.

3.4.2.3 Primary Energy Intensity

Decreasing energy consumption per unit of a given activity is one of the major objectives of the
Indian energy planners. Energy intensity is a measure of the energy efficiency of a nation's economy and
is calculated as units of energy per unit of GDP. A comparative information on the likely changes in the
Indian primary energy intensity is given in Table 1. It shows that Indian household and transport energy
sectors will show marked decline in energy intensity as compared to that in the primary commercial
energy sector. This is due to increased efficiency of energy use, shift to better forms of energy and
change in life style of the people. The steady increase in the need of primary commercial energy in the
Indian economy is largely due toits increased demand, low indigenous production and high import costs.
There is a strong need to bring down this component of energy intensity by 2037 through substitution of
non-renewable with renewable energy with a strong indigenous base.

Energy Sector 1950 1970 1990 2010" 2030
Household 46 33 19 7 5
Commercial 18 23 28 32" 35"

3.4.3 Perceived Areas of Concerns

3.4.3.1 Environmental Footprint

The scale of projected growth of energy demand up to 2037 raises the environmental concerns of
increased CO, emissions which require adoption of CO, capture technologies (pre and post combustion
options) and subsequent gradual substitution with low carbon intensity technologies. Since India will be
relying fairly heavily on coal even in 2037, adverse environmental footprint will be a matter of concern if
proper corrective actions are not taken.
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3.4.3.2 Switchoverto Market Based Growth Models

The main challenge for the public sector dominant coal, oil and gas based energy sectors is to
totally switchover to a market based model in which Indian energy companies have to compete on a level
playing field with their global and national competitors and sell the energy at globally determined
market prices. The dismantling of controlled price structure isa major challenge for India.

3.4.3.3 Long Term Renewable Energy Prospects

While the short term prospects for the expansion and growth of renewable energy sector
remains quite strong due to government subsidies, their long term prospects may look less attractive if
the subsidies are either partially or totally withdrawn. A strong public — private understanding on their
long term growth becomes avital factor for renewable energy sector.

3.4.3.4 Infrastructure Weaknesses

India still suffers from major infrastructure bottlenecks in terms of housing, power transmission
systems, telecommunication links, rail and road transportation, townships etc. These require long terms
investments. They are vital for the future growth of Indian energy sector. The poor quality primary and
secondary education systems hamper blue coloured job creation in ruraland semiurban areas.

3.4.3.5 Good Governance

A good system of governance endowed with transparent administration with minimum red
tapism, efficient implementation of major projects, and effective legal system with minimum time
duration are vital for rapid future growth of Indian energy sector.

3.5 CONCLUSION

The Indian energy scenario presents a complex picture with several roadblocks for rapid growth
in the coming years. The academic community, the industry and the government have to share the
burden of taking the country forward in this difficult sector. The future transformation can come about
through endogenous engineering knowledge growth linked to innovation and willing to learn from past
mistakes. INAE stands hand in hand with the nation in achieving the desired growth parameters in the
energy sector.
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SS4 : HEALTHCARE

4.1 PREAMBLE

The Indian healthcare industry, which comprises hospitals, medical infrastructure, medical
devices, clinical trials, outsourcing, telemedicine, health insurance and medical equipment, is expected
toreach USS 160 billion by 2017.

On the back of continuously rising demand, the hospital services industry is expected to be worth
USS 81.2 billion by 2015. The Indian hospital services sector generated revenue of over USS 45 billion in
2012. This revenue is expected to increase at a compound annual growth rate (CAGR) of 20 per cent
during2012-2017, according toa RNCOS report titled, 'Indian Medical Device Market Outlook to 2017".

Further, the healthcare industry in India is experiencing gradual transition from paper files to
electronic mediums. The Indian healthcare assisted by IT market has been growing tremendously over
the past few years. Itis expected to grow at a CAGR of around 22.7 per cent during the period 2013-2015.

The hospital and diagnostics centre in India received foreign direct investment (FDI) worth USS
1,914.28 million, while drugs & pharmaceutical and medical & surgical appliances industry registered
FDI worth USS 11,318.32 million and USS 653.45 million, respectively during April 2000 to June 2013,
according to data provided by Department of Industrial Policy and Promotion (DIPP).

More so, the other related segments such as genetic testing market is expected to grow at a CAGR
of around 9 per cent during 2012-2017 and that of the diagnostic services market in India at a CAGR of
around 26 per cent during 2012-2015. All the growth is based on the foundation on huge investments,
fast expansion into tier Il & Il cities, and strong government support to strengthen the healthcare
infrastructureinthe country.

The Indian healthcare providers plan to spend Rs 5,700 crore (USS 897.64 million) on IT products
and services in 2013, a seven per cent rise over 2012 revenues of Rs 5,300 crore (USS 834.65 million), as
perareport by Gartner.

Several key trends are giving impetus to the growth of India's healthcare sector. Of these, medical
city is relatively a new concept that offers immense growth opportunities, in addition to the medical
tourism. India is also regarded as the most competitive destination with advantages of lower cost and
sophisticated treatments. Due to such promising factors, the medical tourism has great potential in India.

The industry in India is pegged at USS 1 billion per annum, growing at around 18 per cent and is
expected to touch USS 2 billion by 2015. India has witnessed an influx of patients from Africa, CIS
countries, Gulf and SAARC nations, Pakistan, Bangladesh and Myanmar, who mainly come for organ
transplant, orthopedic, cardiac and oncology related problems.

The hospital industry in India, at least in the Tier | cities, is cost-effective and has top notch talent
pool comprised of highly qualified Doctors and Nurses. It is therefore not surprising that the sector is
growing exponentially and is likely to see huge growth in the coming decades. What we see today is only
thetip of theiceberg!



4.1.1 Government Initiatives

The Government of India has decided to increase health expenditure to 2.5 per cent of Gross
Domestic Product (GDP) by the end of the Twelfth Five Year Plan (2012-17). 100 per cent FDI is permitted
for health and medical services under the automatic route.

In a recent initiative, 348 essential medicines will now come under price control in India. These
currently contribute Rs 13,033 crore (USS 2.05 billion) to the total annual salesof ~ Rs 72,762 crore (USS
11.46 billion), according to market research firm IMS Health's analysis.

Key developmentsinthe healthcare sector are as follows:
e Healthforallremains one of the priority sectors for the Government

e The Ministry of Health & Family Welfare has been allocated Rs 37,330 crore (USS 5.87 billion).
Of this, the new National Health Mission that combines the rural mission and the proposed
urban mission will get Rs 21,239 crore (USS 3.35 billion), an increase of 24.3 per cent over the
Revised Estimates (RE)

e Rs4,727 crore (USS 744.41 million) for medical education, training and research

4.1.2 Whatisthe Road Ahead?

The country's healthcare system is developing rapidly and it continues to expand its coverage,
services and spending in both the public as well as private sectors. This is creating a large market for
hospital information systems and other healthcare-related IT solutions.

The favourable demographic virtues offer an attractive market for healthcare providers and
investorsin India. Anincrease in foreign investment inflows and private equity (PE) dealsin the industry's
various segments have also been noted, in addition to the increased focus received from the
Government.

4.2 CURRENTINDIAN HEALTHCARE SCENARIO

There are several dimensions related to the Indian Healthcare sector. These range from efforts by
the Government of India and the Private sector to business, academic and user perspectives, capacities
and capabilities and investment scenarios.

Healthcare sector in India presents unique opportunities and challenges. It has been growing
rapidly over the last couple of years and is expected to double its size to USS 100 billion by 2015 from its
present level of USS 60 billion.

Among several challenges, shortage of skilled manpower has been identified as one of the most
critical constraints that the sector is confronting with. According to the High Level Group Report on
Universal Health Coverage, a substantial scale-up of the healthcare workforce is needed across cadre.
Thereis a need to increase doctor to population ratio from 0.5 to 1 per 1000 population and nurses from
0.9 million to 2.7 million by 2020. The report further accentuated that skilled support services should be
provided by suitably trained nurses and allied health professionals.

While there is a huge need and demand for skilled workforce, there are neither national
occupational standards nor any mechanism to streamline and standardize education / skill development
for Allied Healthcare and Paramedic Profession in the country. As a result, there is an inconsistency in the
competency level, affecting efficiency, productivity and delivery of services.
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The Healthcare Sector Skill Council is a unique initiative of the Confederation of Indian Industry
(CIl), with financial support from National Skills Development Corporation (NSDC), to bridge this gap and
play a proactive role in creating a vibrant eco-system for quality education and skill development in allied
healthcare spacein the country.

The Healthcare Sector Skill Council (HSSC) is a Not-for-Profit Organization, registered under the
Societies Registration Act, 1860. The Council has been promoted by Confederation of Indian Industry
(Cll) and leading Healthcare Industry Members representing both public and private sector, financially
supported by NSDC. The key objective of the Council is to create a robust and vibrant eco-system for
quality education and skill development in paramedics and allied healthcare space in the country. In
addition, the Healthcare Sector Skill Council serves as a single source of information on healthcare sector
with specific reference to Skilland Human Resource Developmentin India.

The Council is aimed to develop National Occupational Standards & Qualification Packs for
various job-roles in paramedics and allied healthcare, Identify skill-gaps, Design Courses and Training
Content, Set Standards, Put-in place an Assessment & Certification Mechanism, Accredit Training
Institutes, Provide Placement Support and Help Institutes Build & Upgrade their Capacity through train-
the-trainer programme.

4.3 INDIANHEALTHCARE SCENARIOIN 2037

4.3.1 FutureTrendsinHealthcare Industryinindia

According to recent studies conducted, the customer's (patient) aspirations are fast changing.
Customers are growing more aware of their health needs, demand quick response, and quality care less
waiting times, and above all - demand nearness of the healthcare unit to them.

Customers now demand better quality care; they however now do not want to travel much as in
earlier days.

Though the billing and pricing are important, they are not a very high priority now as insurance
reach is getting stronger (to the tune of 40 per cent among patients visiting an urban hospital). If this is
the window to the future of healthcare, then it leaves immense opportunity for existing hospitals across
the country to revamp and re-organize in order to woo back theirimmediate local drainage population as
the competition would heat up soon. The patients would have a lot to choose from, now being insured.
Public spending is likely to increase beyond 20%, there is room for everyone in the organized private
healthcare sector.

The entities who have noted this advantage to name among the other few are Apollo and Fortis
with its cumulative market cap of around $ 5 billion and this may be considered as a reflection of the
healthcare scenario of the present and future of Indian healthcare. Another shining example in India is
the Medanta Medicity hospital in Gurgaon, Haryana. The hospital boasts of top-notch Doctors who are
perhapsone ofthe bestinthe country.

India presently has a bed deficit of approximately 30 lakh beds as per the WHO recommendation
of four beds per 1000 population. Considering even a 250 bed hospital on an average, the country would
need 12,000 hospitals in the near future. As almost 80 per cent of this would be fulfilled by the private
players, a huge rise in IPO's and premium commanding players in the arena would flutter bringing in
interesting times for the healthcare industry.
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4.3.2 Opportunities

4.3.2.1 Emergence of Wearable Devices Industry

Let us first take a look at the United States. The wearable devices industry, which includes smart
watches and glasses, will be worth $19 billion by 2018. That is a big jump over the $1.4 billion the industry
is expected to pullin this year, according to Juniper Research.

Why such massive growth? Juniper points to two factors: Consumer demand and the rise of
subscription services. The latter is particularly the key. While most wearables are being sold solely as
devices right now, it won't be long until every wearable maker also offers a separate service component
to ge