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FOREWORD

As we have entered the next millennium, we, the engineers need to contemplate our next move very cautiously as we
anticipate a new dawn to usher where the limits of engineering and technology will be tested time and again and pushed
beyond all limits..Around the world today, there is a discussion and debate on designing the future of societies and nations
in the new context that is going to emerge. However, speculating what lies ahead of us in the next few centuries is an
arduous task; especially since the dynamics of technological, economic and societal growth changes very rapidly.

As we look back, one finds that India's achievements in the post-independent era are sizeable. We have functioned as a
nation in spite of the cultural, social, political, economic and religious diversities and integration of states. We have a
vibrant democracy, an independent judiciary, and a diversified and widespread industry. We lacked economic or military
clout, yet we contributed significantly to the establishment of an equitable world order. Inspite of all that we have
achieved, several formidable challenges still remain.

Exploding population, widespread poverty, illiteracy, squalor, ruptures & cleavages based on region, religion, language
and gender threatening the social fabric, urban congestion, wounded ecosystems, critical power and energy situation.
Another dimension to the challenge has been added by globalization in terms of both economy and geopolitics. Never 
before in the history of mankind, did a country with democratic dispensation had to feed so many poor and teach so many
illiterates and also simultaneously compete with the most advanced countries for a place under the sun. We enter the next
millennium, therefore, with a great challenge. Inspite of the problems, we have all the pre-requisites to convert them into
opportunities. For this, we need a fresh thinking. We need a new vision of India. This vision cannot merely be a derivative
of the past. It has to be, of course, based on the reality of the present, but it has to have a boldness, ambition and hope, 
which is commensurate with the aspiration of this great nation. I am confident that Indian S&T can play a vital role in
setting up the new vision and also making it happen.

The Institution of Engineers (India) which had been striving relentlessly in pursuit of excellence in the field engineering
and technology long before independence hit upon the idea of organizing the 'Indian Engineering Congress', which
continues to remain the apex activity of the Institution since its inception in 1987. The aim was to attract an enlarged
participation of technical fraternity from within the country and abroad and to provide a forum for effective and
purposeful interaction amongst member and non-member engineers and public dissemination of knowledge as well as the
experience to infuse new thinking. One of the salient features of the Congress is the presentation of the Memorial Lectures
which are delivered by doyens in the field of engineering and technology on state-of-the-art themes of topical interest. 
Through this publication a modest attempt has been made to compile all the Memorial Lectures delivered over the last
decade which may be of immense value for the entire technical community.

S L Garg, FIE

President

The Institution of Engineers (India)
AN ISO 9001 : 2008 CERTIFIED ORGANISATION

(ESTABLISHED 1920, INCORPORATED BY ROYAL CHARTER 1935)
8 GOKHALE ROAD, KOLKATA-700 020

“93 Years of Relentless Journey towards
Engineering Advancement for Nation-building”



PPREFACE

The Institution of Engineers (India) was founded in 1920 in response to the felt need of the government of training technical
th

manpower for building infrastructure in the country at the beginning of the 20 century. Realizing the need for a multi-faculty
integrated approach for technical manpower development, the government decided in favour of the Institution to embrace all the the
faculties of engineering prevalent at that time. The Institution of Engineers (India), has realized that engineers make huge
contribution across the world in the present globalized economy, but their role is generally not properly understood. Engineering
solves global problems and improves health and wealth of nations. Engineers help address the enormous challenges the humanity
faces including that of 2 billion people without access to basic amenities.  These propositions drive The Institution's mission of
“putting engineering at the heart of society”.

Public engagement has been recognized by The Institution an important aspect of its functioning, and therefore, its 104 Centres in
India and 5 chapters abroad conduct activities by involving the society. Memorial Lectures were initiated in 1960 to bring in the best
of the engineering personalities in the country to focus attention on emerging technological and engineering achievements, and also
pay tribute to the outstanding engineering personalities who have made landmark contributions in India.

These seven Memorial Lectures, delivered every year during the Indian Engineering Congress the apex activity of the Institution,
have given opportunity for the distinguished and eminent engineers from planning, policymaking, academics, research and industry
to highlight engineering achievements in India and abroad. These lectures present enormous amount of state-of-art knowledge and
reflect the current intellectual pursuit in the field of engineering. Wealth of knowledge has emerged over the last 50 years.  A
synthesis of these lectures reflects outstanding engineering inputs for development. The Institution discovered that Memorial
Lectures presented in the New Millennium, i.e., from 2000 to 2011, reflect the current approach for taking humanity forward.

The deliberations on various occasions, including the Memorial Lectures have indicated that in the New Millennium rather than
seeking a “silver bullet” solution, i.e., the one engineering answer to save the world; will prefer to have a “silver shotgun approach”
i.e., an integrated 'solutions – based engineering portfolio options', all travelling in the same direction. The engineering profession
has to now focus on the creativity and ingenuity that has delivered today's incredible levels of human and industrial development so
that the same can be directed to the task of delivering sustainable engineering and development solutions.

The Collection of Memorial Lectures presented at the Engineering Congresses during 2000 – 2011 present a significant overview for
engineering fraternity to draw upon. Realising the moral responsibility of reaching out such available knowledge to engineers, in
particular, and people of the country, the Institution is privileged to dedicate this compilation to the Society.

I wish everyone a valuable reading.

Pradeep Chaturvedi, FIE
Chairman

R&D Committee, IEI
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Advancement of Engineering in India in New Millennium

This lecture was founded by the Maharashtra State Centre of the Institution in 1957-1958 and the

first few lectures were delivered in Bombay. Later, the lecture was transferred to the Institution

headquarters in 1960, to be delivered during the Annual Convention of the Institution,

redesignated as the Indian Engineering Congress. Born in 1861 at Chikkaballarpur in former

Mysore State, Sir Mokshagundam took the B A Degree from Madras University in 1880 and

received engineering education at the then College of Science, Pune. Early in 1884, he was called

upon to undertake the execution of the water supply and drainage of Sukkur in Sind (now in

Pakistan). In 1899, he was placed in charge of Poona Irrigation District. The Indian Irrigation

Commission of 1901-1903 appointed him to tour the country and to advise the Government of India

on measures to implement and extend schemes of cultivation by irrigation. In 1906, he was

deputed to Aden to prepare a proposal for sanitation, water supply and roads. After 28 years of 

service, he took voluntary and premature retirement in 1909. Then at the pressing invitation of the

Maharaja of Mysore, he accepted the services in Mysore State as Chief Engineer. His scheme for

the Mysore Iron and Wood Distillation Works, Bhadravati, using wood charcoal for reduction of iron

ore received shape in May 1918. In the words of Gandhiji, 'the Krishnarajasagara alone, which is

one of the largest of its kind in the world, would perpetuate the name of Sir Visvesvaraya'. At the

advanced age, he prepared a flood control scheme for Orissa and was called upon to advise on the

Tungabhadra Project. One of his last assignments was the selection of suitable site for the rail-

cum-road bridge across the Ganga in Bihar (the Mokamah Bridge) opened on May 1, 1959.  He 

received the title of CIE in 1911, KCIE in 1915 and Bharat Ratna in 1955. He was honoured by a

number of universities and he was recipient of the Durga Prasad Khaitan Memorial Gold Medal

awarded by the Royal Asiatic Society, Kolkata. He had the distinction of being the Honorary Life

Member of the Institution, Honorary Member of the Indian Science Congress Association and

other reputed learned association. He died in 1962 at the age of 101 years. To perpetuate his

memory, the Institution is also observing September 15 — his birthday — as 'Engineers Day' each

year to inspire members of engineering community to his ideals.

Sir M Visvesvaraya Memorial Lecture

This lecture was instituted in 1966 by the illustrious metallurgist-philosopher Late Prof Guru

Prasad Chatterjee in memory of his father Late Nidhu Bhushan Chatterjee. In Nidhu Bhushan, we

find a man, who without being an engineer in the conventional sense, had the urge to serve the

mankind through his knowledge of science coupled with great inspiration derived from his

knowledge of meta-physics. Although Late Shri Nidhu Bhushan got admission to the Bengal

Engineering College, Sibpur (West Bengal), now known as Bengal Engineering and Science

University, through a stiff competitive examination, he could not complete his studies on

pecuniary ground. He wanted to be an engineer, since he believed that one with love for scientific

studies should alone become an engineer, who has better opportunities to prepare himself for a

better service to his fellow beings and the society. With a strong determination, Late Nidhu

Bhushan, a science graduate, could raise himself to the position of an Inspecting Accountant in

the Finance Division of the Central Public Works Department (CPWD). He continued to serve the

society, never caring for name or fame. Late Nidhu Bhushan was a firm believer in the fact that 

only fundamental discipline in life can help man to set around from within to face life with no fear or

frustration.
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Taking into consideration the unique contribution of late Bhailal Bhai Patel, popularly known as

Bhaikaka, the Council of The Institution of Engineers (India) decided to institute an Annual Lecture in

his name to be delivered at the Annual Convention of the Institution, now redesignated as the Indian 
th

Engineering Congress. The first lecture was delivered at the 56 Annual Convention of the Institution

held in 1976. Born in Sersa (Gujarat) in 1880, Bhaikaka saw the famine of 1900 and his heart was filled

with grief at the sight. His intense desire to remove the poverty arose out of the sad memories of the

famine and source of inspiration in the creation of Vallabh Vidyanagar. Bhaikaka went to Pune in 1908

for engineering studies and took the LCE Diploma in the year 1911. After working for a short period in

the then Baroda State, he joined the Public Works Department of the Bombay Presidency and worked

for about 12 years. He was then appointed as engineer in Canal Section of the Sukkur Barrage Plan.

An efficient and adventurous young man, Bhaikaka had several opportunities to show his originality of

ideas and prowess and became the Executive Engineer of the Project. The successful completion of

the Sukkur Barrage Canal brought him an invitation from the Government of Afganistan to work as the

Engineering Adviser. But Sardar Vallabh Bhai Patel insisted his shouldering the responsibility as the

Chief Engineer ofAhmedabad Municipality and he accepted the post. His creation of the Hill Garden as

a site for public recreation, from the stones that were left out when an old fort was levelled down, was

one of his remarkable achievements. During 1942, he resigned from the job in the Ahmedabad

Municipality and came to Anand (Gujarat) and as the President of Charoter Education Society, Anand,

was instrumental in establishing the Charoter Vidyamandal and the Charoter Gramoddhar Sehakari

Mandal Ltd in 1945. Bhaikaka , as the Chairman of the Charoter Vidyamandal, wrote to the Education

Department of the then Bombay State for the establishment of a University and the Sardar Vallabh Bhai

vidyapeeth was established in 1955 with Bhaikaka as its First Vice-Chancellor. The spirit of service of

humanity, persistence and undaunted endeavour were deep-rooted in this person. Bhaikaka breathed

his last in 1970. A man of vision and devoted service Bhaikaka organized educational institutions and

administered them ably.

Sir Rajendra Nath Mookherjee was the first effective President of the Institution, to commemorate the

contributions to the nation as an engineer, the Council of The Institution of Engineers (India) decided

to institute an Annual Lecture to be delivered at the Annual Convention of the Institution, now

redesignated as the Indian Engineering Congress. The first lecture was delivered during the

Diamond Jubilee Celebrations of the Institution. Sir Rajendranath Nath Mookherjee had the vision of

an engineer and the comprehension of an intellectual. Born on June 23, 1854, he rose on the Indian

scene in the nineteenth century and continu8ed to serve the engineering profession till the thirties of

the twentieth century. He died on May 15, 1936. The life story of Sir Rajendra Nath is the story of a

great businessman, equally great at heart, generous of instinct and charitable of soul, who brought

glory to everything he touched. Born in typical middle-class family, Sir Rajendra Nath lost his father 

when he was six. Having matriculated from the London Missionary Society's Institution of Kolkata, he

joined the engineering department of Presidency College, Kolkata. The satisfactory execution of the

construction of Palta Water Works for the city of Kolkata, gave him the confidence and experience that

enable this self-made man, in later life, to build an industrial colossus and a trading conglomerate. Sir

Rajendra Nath was the president of the Indian Science Congress in 1921 and in 1931, the Calcutta

University conferred on him the honorary degree of Doctor of Science. He was the First President of

The Institution of Engineers (India) during the session 1920-21. He was knighted after his successful

construction of the Victoria Memorial Building at Kolkata. Deep interest of Sir Rajendra Nath

Mookherjee in all kinds of social welfare work brought into being many a charitable institution.

Essentially a man of science, Sir Rajendra Nath practised technology for the development of this

country.

Sir R N Mookerjee Memorial Lecture
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The lecture was instituted to perpetuate the memory of Dr Ajudhia Nath Khosla, a distinguished

engineer –administrator of the country and was first delivered at the Second Indian Engineering 

Congress held in 1988.  Born in 1892 at Jallunder (East Punjab) and graduated from Dayanand 

Anglo Vedic College, Lahore in 1912, Dr Khosla was the President of the Institution during 1948-49

and 1949-50.  His first assignment was the survey and investigation connected with the Bhakra

Dam project. The Bhakra Dam has been built on the very axis line marked by him in 1917. During

his brief stint with Mesopotamia Expeditionary Force in Iraq as a Commissioned Officer (1918-20),

he made his important contribution to the engineering by the invention of 'Khosla Disc' for

precision levelling across rivers and wide valleys. In 1943, he was appointed chief Engineer and

Secretary to the Government of Punjab, followed by appointment as the first chairman of Central

Waterways, Irrigation and Navigation Commission and also the Additional Secretary to the

Government of India in the Ministry of Works, Mines and Power. Dr Khosla initiated investigation of

the water and power potential of the river valleys as a whole and several individual projects,

namely, the Bhakra, Chambal, Damodar Valley, Hirakund, Kosi, Narmada and Tapti have been

completed. Special mention is necessary of the Hirakund Project on the Mahanadi River which he

conceived in 1945 soon after assuming charges as Chairman, Central Waterways, Irrigation and

Navigation Commission. The Mahanadi Valley Project was completed in early 1957- a record time

of 12 years between conception and completion of a project of this magnitude. Dr Khosla thus may

well be called ' the Father of the River Valley Projects in India'. As a Special Secretary to the

Government of India during 1953-54, he led the Indian Delegation to the United Nations for the

Indus Water dispute with Pakistan. These negotiations led to the World Bank proposals which

latter formed the basis of the Water Treaty between India and Pakistan. He was a member of the

Rajya Sabha from April 1958 to October 1959 and a member of the Planning Commission in 1959.

In 1962, he was appointed the Governor of Orissa. This appointment was a historic event for the

engineers of this country.

Prof (Dr) Amitabha Bhattacharyya, President of the Institution during 1976-78, occupied the

centre stage in its affairs over two decades. A many splendoured personality, Prof (Dr)

Bhattacharyya's untimely death in June 1992 created a void which would take years to fill. In

grateful appreciation of the monumental work done by him to promote the cause of the Institution,
rd

the National Council , at their 563 Meeting held at Hyderabad during July 1992, resolved to

institute this lecture to perpetuate his hallowed memory. Prof (Dr) Amitable Bhattacharyya (born

on November 12, 1931) was a distinguished mechanical engineer, an eminent educationist and

an acknowledged authority in the fields of production engineering, metal cutting and machine

tools.  He had been honoured nationally and internationally for his outstanding contributions to 

the cause of engineering and humanitarian services. Prof (Dr) Bhattacharyya was a staunch

advocate for the development of indigenous technology for the welfare of the common people. A

persuasive teacher and an eloquent speaker, Prof (Dr) Bhattacharyya had travelled widely on

many professional and academic assignments. An active and constructive social worker, Prof 

(Dr) Bhattacharyya identified himself with the aims and aspiration of numerous social and cultural

oganisations and served them with great distinction. As an ardent advocate for advancement of

engineering, Prof (Dr) Bhattacharyya served its cause through various organs and activities of

The Institution of Engineers(India) over three decades. During his Presidentship, the Institution's

activities expanded and diversified in many areas of interest including rural development.
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Dr A N Khosla Memorial Lecture
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This memorial lecture is instituted this year by the Institution in memory of Prof C S Jha. Born on

July 1, 1934 Prof Jha obtained his BSc (Honours in Physics) from Patna University and thereafter

obtained his Doctorate from IISc Bangalore in Electrical Technology and subsequently PhD in

Electrical Engineering from Bristol University, UK. Late Prof Jha had been a dedicated teacher and

researcher and had introduced several innovations in his classroom and laboratory instructions. 

He has worked consistently to help his students develop creativity and problem solving skills,

acquire communication ability and an awareness of quality, safety and reliability standards in their

discipline, and retained an attitude for life long learning. During his long academic career, Prof Jha

occupied various prestigious posts in different Govt. organizations like Director of IIT-Kharagpur,

Education Advisor (Technical) to the Govt. of India, Vice Chancellor of Benaras Hindu University

and so on so forth. He was also appointed as Chairman of Recruitment and Assessment Centre of

Defence Research Development Organization, Govt. of India. Prof Jha had been very actively

involved in the policy formulations of The Institution of Engineers (India). Since his election as a 

Fellow in the mid seventies, he had been a member of the Council and of Committee for

Advancement in Technology and Engineering of the Institution. Considering outstanding

contributions in various research and developmental works in the field of electrical technology, the

Institution at its 663rd Council Meeting in Hyderabad during March 2011 finalised to institute a

Memorial Lecture in the name of late Prof C S Jha, to be delivered during Indian Engineering

Congress, the main apex activity of the Institution each year.

12 Advancement of Engineering in India in New Millennium
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I am overwhelmed by the invitation extended to me by the Institution of Engineers (India) to
deliver the 44th Sir Mokshagundam Visvesvaraya Memorial Lecture. Many luminaries have 
delivered the Annual Visvesvaraya Memorial Lecture in the past - the list of speakers includes
giants like Dr. Raja Ramanna, Mr. Hiten Bhaya, Dr V S Arunachalam, Dr. R A Mashelkar and
Dr. A P J Abdul Kalam last year. This is the "Who is Who" of the Indian corporate/scientific
world. I am delighted and honoured to be in such august company. At the same time, I cannot
hide my apprehension and the trepidation in my heart in being a virtual non-entity in this
hallowed club. I only hope that I will be able to do some justice to the onerous task in front of
me.

Since this lecture is in memory of Sir Visvesvaraya, perhaps the big-gest and certainly the
earliest innovator India produced. I shall spend some time recounting the contributions made
by this great visionary and planner. Visvesvaraya was born in the Kolar District of Karnataka

th
on 15 September 1861. Hs is regarded as the path-finder in planning and pioneering the

th
industrialisation of India. It is befitting that every year. 15 September is celebrated as
Engineers Day in India to commemorate the birth anniversary of this great Engineer-cum-
Statesman who can equally well be described as Statesman-cum-Engineer. Independent India
has produced very few engineers who can rub shoulders with this legend.

Visvesvaraya was educated in Bangalore and Pune - he became an expert in civil and irrigation
engineering. When in 1912 he was the Dewan of the Mysore State, he introduced several
constitutional reforms. He separated the executive from the judiciary and in 1916, went on to
establish the University of Mysore.As if this was not enough, he also encouraged the growth of
private industry in the State. It is for this type of unique forward thinking, which many of us in
India are not comfortable with even today, that we pay homage to Visvesvaraya. How we wish
we had many more Visvesvarayas to guide India's continued march towards industrialisation.

Since returning to India in 1972, I have been fortunate to work for only one company, namely
Tata Steel, which has recently become the lowest cost steel producer in the world. It is a matter
of great pride for all of us in Tata Steel that Sir M Visvesvaraya was associated with the Steel
Company for a number of years. He joined the Board of Directors of Tata Steel in 1927 and
remained a Director for 27 years. During this time, Tata Steel greatly profited from his wise
counsel, by the modernity of his mind, and from his ideas on good management. He gave
valuable advice and guidance towards the establishment of the Technical Training Institute in
Jamshedpur, re-organisation and reforms to improve the working of the Steel Works, etc. In
each case, the meticulousness with which Visvesvaraya undertook his work was truly amazing.
Almost 75 years ago, he was passionately advocating quality (today's TOM), curtailing
wastage (today's value engineering), encouraging comparison with other existing steel plants
of the world [today's benchmarking), and even preaching sound industrial relations (the
Statesman in Visvesvaraya). It is incredible that most of the modern concepts of business

Chief Technology Officer, TATA STEEL, Jamshedpur

IIndustry, Academia and Innovation
Dr Amit Chatterjee

Advancement of Engineering in India in New Millennium 13



The Institution of Engineers (India)
th

1
6

In
d

ia
n

E
n

g
in

ee
ri

n
g

C
o

n
g

re
ss

,
K

h
a
ra

g
p

u
r,

D
ec

em
b

er
0

1
-0

4
,

2
0

0
1

T
h

e
4
4
th

S
ir

M
V

is
ve

sv
ar

ay
a

M
em

o
ri

al
L

ec
tu

re

management were actually envisioned by Sir Visvesvaraya several decades ago. He was a great
innovator and in each task he took upon himself, innovativeness was the key.

thSince the 16 Indian Engineering Congress is being held at lIT Kharagpur - one of, if not the
premier educational institute of India - and since I am from Tata Steel - the first and foremost
name in Indian industry - for my talk, I have decided to focus on industry-academia
interactions, with particular emphasis on innovation, which was so close to Visvesvaraya's
heart.

Let me begin by defining innovation. Innovation is the outcome of two distinct steps - firstly,
the generation of an idea or invention; and secondly, the conversion of that invention into
business. Mathematically, and I am sure Visvesvaraya would be the first one to approve of it, it
is possible to represent innovation as Innovation = Invention + Exploitation. Invention
encompasses all steps aimed at creating new ideas and getting them to work. Exploitation
includes all stages of commercial development, including focusing of the ideas generated
towards specific objectives, followed by evaluation of those objectives. Thus, while Invention
through extremely difficult is the outcome of a brief moment of inspiration and magic,
exploitation is more involved and needs time. The overall management of technological
innovation is a science by itself. It includes the organisation and direction of human and capital
resources towards effectively: (i) creating new knowledge; (ii) generating technical ideas
aimed at new and enhanced products, manufacturing processes, as well as services; (iii)
developing those ideas into working prototypes; and finally (iv) transferring them into
manufacturing, distribution, and use by mankind at large. Although these steps were not so
clearly enunciated earlier, when we look back at the early part of the Twentieth Century, it is
clear that Visvesvaraya championed the cause of innovation management in his lifetime
stretching from 1861 to 1962.

Technologically innovative outcomes take many forms - incremental or radical in degree;
modification of existing entities or the creation of entirely new entities; embodied in products,
processes or services; oriented towards consumer, industrial, or governmental use; and based
on various single or multiple technologies. Whereas invention is marked
by the discovery of a state of new existence, usually in a laboratory or at best at a bench-scale
level, innovation is characterised by first use (in manufacturing or in a market).

Most organised scientific and engineering activities, certainly within any given manufacturing
segment, stretch beyond the idea-generating stage. This may not always produce radical
breakthroughs, but result in a broad base of incremental technological advances, sometimes
leading to major technical changes. Research conducted so far in the area of technology
management has focused primarily on incremental product innovations oriented toward
industrial markets. Neither the less frequently arising areas of radical innovation nor process
innovation has received much attention. This is unfortunate. If in India we wish to become truly
self-sufficient, greater attention has to be focused towards radical/process breakthroughs. Only
then would India be able to produce tangible results in science and technology and make
Visvesvaraya happy in his heavenly abode.

Though innovation deals with new ideas, as a process, it is not something new. In fact, we can
draw lessons from the achievements of our ancestors. Archaeologists excavating the ancient
Minoan palace at Phaistos, on the island of Crete, chanced upon one of the most remarkable 
objects in the history of technology.At first glance, it seemed quite unimposing; in fact, in some
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ways, downright ordinary - just a small, flat, unpainted, circular disc of hard-baked clay, 6.5 
inches in diameter. However, closer examination revealed that each side of the disc was
covered with writing, resting on a curved line that spiralled clockwise in five coils from the
disc's rim to its centre. Some etched vertical lines delineated groups of signs, possibly
constituting words, neatly divided into a total of 241 letters. The writer must have planned and
made the disc with utmost care, so as to start writing at the rim and fill-up the available space
along the spiraling line, yet not run out of space on reaching the centre.

Ever since it was unearthed, the disc has posed a mystery for historians of writing. The number
of distinct signs (45) suggests a syllabary rather than an alphabet, but it is still undeciphered,
and the signs are unlike those found in any other known writing system. Not another scrap of
the strange script has turned up since its discovery. What is important to note is that the Phaistos
disc anticipates humanity's next efforts at printing, which similarly used cut type or blocks, but
applied them to paper with ink instead of clay without ink. However, those next efforts did not
appear until 2500-3000 years later in China and Europe. Why was the disc's precocious
technology not widely adopted anywhere? Why was its printing method invented around 1700
BC in Crete and not at any other ancient centre of writing? Why did it take thousands of years to
add the ideas of ink and paper and arrive at a printing press? The disc thus constitutes a
threatening challenge to historians.

Fortunately, not all inventions get buried in history. Any major breakthrough in the sphere of
weapons and transport for example, is immediately put into use, perhaps because it provides 
direct means by which, certain people can expand their realm and conquer others. Similar is the
case in many other significant technological advances ranging from printing presses to glass 
and steam engines. In most cases, it is not individual inventiveness; but, the receptivity of the
entire society to innovation, which is the deciding factor. Some societies are hopelessly
conservative, inward looking, and hostile to change. That's the impression many have
collectively even today of the developing world. For them, people who seem perfectly
intelligent as individuals, appear to live without making any impression on their society. They
perceive a paradox. This paradox really does not exist because, in many cases, the problem lies
not with the individuals, but their societies. India would certainly be a case in point. Although
still perceived by most as a developing country, the inherent talent of Indians is recognised all
over the world. They prosper overseas, though they often do not succeed to the same extent
within India. Clearly societal factors playa role. How many of us can recall having met an
unsuccessful Indian in the US or UK? lIT Kharagpur has a fraternity of at least 500 in the New
York area alone that are all creme-de-la-creme of US society!

Another component of innovation, which needs a closer look stems from the oft-repeated
saying "Necessity is the mother of invention." This denotes that inventions supposedly arise
when a society has an unfulfilled need or some technology is widely recognised as being
unsatisfactory. Would-be inventors perceive the need and try to meet it. Someone finally comes
up with a solution superior to the existing, unsatisfactory technology. The tragedy of the hero
who perfected the stamps used for the Phaistos disc was that he or she devised some-thing that
the society of the time could not exploit on a large scale. Though this happened several
centuries ago, it is unfortunate that in India even today, academic research often results in
wonderful papers and does not in any way affect society. Of course, our recent IT experience is
different, particularly in Southern India where it has certainly resulted in revolutionising
society. Once an inventor has discovered a use for a new technology, the next step has to be to
persuade society to adopt it. Merely having a bigger, faster, more powerful device for doing
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something is no guarantee of ready acceptance. There are innumerable examples of
technologies, which were either not adopted at all, or were adopted only after prolonged
resistance e.g. the US Congress's rejection of funds to develop supersonic transport in 1971, the
world's continued rejection of an efficiently designed typewriter keyboard, Britain's long
reluctance to adopt electric lighting, and so on.

In a way it is heartening to note that only a few inventions conform to the theory that necessity
is invention's mother i.e. that major inventions are responses to perceived needs. In reality,
most inventions are made by people driven by curiosity or by a love of tinkering, in the absence
of any initial demand for the product that they have in mind. Once a device is invented, the
inventor has to find an application for it. Only after it is in use for a considerable time, do
consumers come to feel that they "needed" it. In some other cases, devices invented to serve 
one purpose, eventually find use in other, unanticipated areas. It may come as a surprise to learn
that inventions made prior to any idea of its ultimate use, include most of the major
technological breakthroughs of modern times - ranging from the airplane and automobile,
through to the internal combustion engine and electric light bulb. Thus invention is more often
the mother of necessity, rather than the other way around. A good example of this is the history
of Thomas Edison's phonograph - the most original invention of the greatest inventor of
modern times. When Edison built his first phonograph in 1877, he published an article
proposing ten uses to which his invention might be put. They included preserving the last
words of dying people, recording books for the blind to hear, announcing clock time, and
teaching spelling. Reproduction of music was not high on Edison's list of priorities. In fact,
when using a phonograph to play music at the drop of a coin created jukeboxes, Edison
objected to what he felt was a debasement of his serious invention. Only twenty years later, did
he reluctantly concede that main use of his phonograph was to record and play music.

The motor vehicle is another invention whose utility seems obvious today; yet it was not
invented in response to any demand. When Nikolaus Otto built his first gas engine in 1866,
horses had been supplying people's land transportation needs for nearly 6000 years,
supplemented increasingly by steam-powered railroads. There was no crisis in the availability
of horses, nor any dissatisfaction with railroads. Because Otto's engine was weak, heavy and 7
feet tall, it did not score over horses. Not until 1885 did the engines improve to the point that
Daimler got around to installing one on a bicycle to create the first motorcycle and waited ten
more years to build the first truck. Till 1905, motor vehicles were very expensive and perceived
as unreliable toys for the rich. Public contentment with horses and railroads remained high
until World War I. when the military concluded that it really did need trucks. Intensive postwar
lobbying finally convinced the public of its own needs and enabled trucks to begin to supplant
horse-drawn wagons.

Inventors often have to persist with tinkering for a long time in the absence of public demand,
because early models perform too poorly to be useful. The first cameras, typewriters, and
television sets were as awful as Otto's seven-foot-tall gas engine. Edison's famous invention of
the incandescent light bulb on the night of October 21, 1879, improved on many other
incandescent light bulbs patented by other inventors between 1841 and 1878 (including one
from India). Similarly, manned, un-powered gliders preceded the Wright brothers' manned
powered airplane. All this is not to deny that Watt, Edison, the Wright brothers, Morse, and
Whitney made significant improvements and thereby, increased or began the commercial
exploitation of inventions.

16 Advancement of Engineering in India in New Millennium



The Institution of Engineers (India)
th

1
6

In
d

ia
n

E
n

g
in

eerin
g

C
o

n
g

ress,
K

h
a
ra

g
p

u
r,

D
ecem

b
er

0
1

-0
4

,
2

0
0

1
T

h
e

4
4

th
S

ir
M

V
isvesva

raya
M

em
o

ria
l

L
ectu

re

Fortunately for us, during the past decade at least, the Holy Grail of success in business has
been innovation. Managers have gone after it with all the zeal their training has instilled in
them. It has become clear that what fosters creativity does not always look like rational
management to many experienced executives. In fact, many creative practices go beyond the
counterintuitive - they seem downright weird. Managing for creativity means taking most of
what is known about management and standing it on its head. It means placing bets on ideas
without much heed to their projected ROI. It means ignoring what has worked before. It means
taking perfectly happy people and goading them into fights among themselves. For success in
business, innovation is crucial; yet in most companies, it isn't, and never will be, their primary
activity. Companies are overwhelmingly focused - and correctly so - on the more immediate 
task of generating wealth quickly from tried-and-true products, services, and business models.
It is for the future that companies must look at innovation. The IT sector which had such a
glorious innings until very recently, has already begun to look at innovative ways of pruning
cost, improving customer satisfaction, etc. to come out of its present downturn.

The right balance of what organisation theorist James March has termed exploitation of proven
knowledge versus exploration of new possibilities varies from industry to industry. But, even
in companies that are taken as role models for encouraging innovation, only a small percentage
of effort is usually devoted to generating and testing new products and services. This
comparative rarity helps explain why practices that support innovation may seem odd and
provoke discomfort and why managers hesitate to use them even when they should. At least
when I was a student, well-known professors frowned upon not conforming to norms. From
what I hear, the situation has not changed even today. May I use this opportunity to make a plea
to academic institutes like lIT Kharagpur not to stifle the youth and allow some to be different
(and sometimes difficult). They could have that vital streak of creativity so lacking in many. To
foster creativity, it is important that people do what they think is right - rather than what they are
told or what they anticipate their superiors want. This can drive their superiors crazy and get
them into deep trouble. But, it could also force organisations to try ideas that may otherwise be
rejected as a waste of time and money because it comes from those who are not looked upon as
"conventionally bright."

3M is regarded as one of the most creative organisations in the world - the invention of the Post-
it slips, which we all use so extensively today, focused global attention on the positive outcome
of creativity in 3M. This did not happen by chance, although the invention of these slips may
have been a result of a certain amount of serendipity. 3M's former CEO William McKnight, for
example, once ordered a young employee to abandon a project he was working on, insisting
that it would never work. The employee disregarded the order and went on to invent the
masking tape - another of 3M's breakthrough products. His perseverance also laid the
foundation for 3M's defining product - Cello tape. 3M never fired such employees who did not
follow the orders of their superiors. I hope Indian employers are listening.

It is clear that creative work, which gives birth to innovation, often has to be sheltered from the
cold light of day. This is like growing a tree - after planting a seed in the ground, it does not have
to be dug every week to see how it is doing. It is important to distinguish between what is right
for routine work and what is right for creative work. When known procedures are used by well-
trained people failure does signal improper training, weak motivation, or poor leadership. But
applying this standard to innovative work stifles intelligent risks. Evidence demonstrates that it
is impossible to generate a few good ideas without also generating a lot of bad ones. Former 
Time Warner Chairman Steve Ross had a philosophy that people who did not make enough
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mistakes should be fired. Few companies tolerate failure, let alone reward it. This is certainly
true in India. In this connection, it is worth remembering that research has shown that starting
from the initial step - a bright new idea - those that survive all the way to successful application
are less than 1 percent. Further, even in environments renowned for encouraging innovation,
2000 attempts are required to get one hit. Even after that, those that survive long enough to
compete for entry probably fail 95 percent of the time.

Traditional thinking about the management of innovation focuses almost exclusively on
internal factors - the capabilities and processes within companies for creating and
commercialising technology. Although the criticality of these factors is undeniable, the
external environment for innovation is at least as important. For example, the striking
innovative output of Israeli firms is due not simply to more effective technology management,
but also, to Israel's favourable environment for innovation, including strong university-
industry linkages and a large pool of highly trained scientists and engineers. The most fertile
location for innovation also varies markedly across fields. The United States was an especially
attractive environment for innovation in pharmaceuticals in the Nineties, while Sweden and
Finland have seen extraordinary rates of innovation in wireless technology (Ericsson and
Nokia).

The local environment matters for success in innovative activity - Dr. Reddy's Lab is perhaps
the best example in India.

The vitality of innovation in a location is shaped by the innovative capacity of a nation.
National innovative capacity is a country's potential as both a political and economic entity - to
produce a stream of commercially relevant innovations. It is not simply the realised level of
innovation, but also, a reflection of the fundamental conditions, investments and policy
choices that create the environment for innovation in a particular location. We in India have to
be aware of this fact if we expect institutes like the IITs and our world class Business Schools to
deliver innovative solutions. Our national capacity is not in doubt - an unsuccessful Indian
outside India is a rarity. Nobel Prize winning work carried out in India is scarce; yet several
Indians working overseas have either already received, or are strong contenders for this
coveted prize and several others. This is true not only in science and technology, but even in arts
like music and literature. If we have to ensure that fertile Indian brains and talent flourish
within India. it is vital that we make the environment in India conducive to innovation.

Recently, I visited the Jack Welch Technology Centre in Bangalore - a mini US type
organisation "transplanted" into India. It employs almost a thousand Indian researches
originally trained in institutes like the IITs, many of whom subsequently obtained
MTech./PhD. degrees in the US. These Indians are successfully undertaking cutting edge
research funded by GE from the US. If changing the environment in a small pocket can do this.
I am convinced that it should be possible to extend it to other places in India, provided, and this
is the big if, we as a nation have the will to do it.

While the innovation infrastructure sets the basic conditions for innovation. it is ultimately
companies that introduce and commercialise innovations. Innovation and the
commercialisation of new technologies take place disproportionately in clusters - geographic
concentrations of interconnected companies and institutions in a particular field. The cluster-
specific innovation environment, of which Bangalore/Hyderabad are good examples as far as
software development is concerned, is captured in the "diamond" framework, which was
introduced.
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The competitiveness of a cluster and its innovativeness depend on the quality of the diamond in
a country.Astrong innovation environment within national clusters is the foundation for global
competitive advantage in many fields, from pharmaceuticals in the United States to semi-
conductor fabrication in Taiwan. The relationship between the common innovation
infrastructure and a nation's industrial clusters is reciprocal: strong clusters feed the common
infrastructure and also benefit from it.Avariety of organisations and networks can link the two
areas. A particularly important ingredient is a nation's university system, which provides the 
bridge between technology and industry. Without strong linkages, upstream scientific and
technical advances may diffuse to other areas and even other countries more quickly than they
can be exploited "at home". On a global scale, although the early elements of VCR technology
were developed in the United States, it was three companies in the Japanese consumer
electronics cluster that successfully commercialised this innovation on a global scale in the late
Seventies. Of course, taking advantage of the national environment for innovation is far from
automatic, and different industries based in the same location will differ markedly in their
success at innovation - the foundry industry which has prospered around Howrah is a case in
point. Nevertheless, sharp differences in innovative output in different locations suggest that 
location does exert a strong influence. Could this be one reason why Karnataka, Andhra
Pradesh and Tamilnadu have gone so far ahead of us in Eastern India? Being from this part of
the country, and delivering thisAddress in Kharagpur, I certainly hope that this is not the case.
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Improvements made by countries in their respective national innovative capacity are the result
of concerted efforts along several dimensions. For example, Denmark and Finland have made
major gains in innovative capacity since mid-Eighties by substantially increasing their R&D 
work force, raising R&D investment (particularly in the private sector) and emphasising
policies that support open international competition and strong intellectual property
protection. They joined Sweden in establishing a region of world-class innovation. However,
had Denmark and Finland simply raised R&D expenditure without addressing the other areas,
they would have had a much more limited impact.

National innovative capacity is not the same thing as short-term competitiveness. Japan, for
example, continues to improve its environment for innovation, as it has since the early
Seventies, despite continued economic stagnation and difficulties in reforming other aspects of
its economy. Conversely, several western European countries, including the United Kingdom,
France and Italy, have at best maintained innovative capacity, despite some success in current
competitiveness. The new centres of innovative activity are emerging outside the traditional
countries (USA and Europe). Singapore, Taiwan, South Korea and Israel have made
substantial investments in upgrading their innovating capacities over the past decade, which
has resulted in a large increase in patenting rates. Even a country like Ireland has established
the infrastructure and industrial clusters consistent with strong innovative activity. Can India
follow these examples?

To do this, we have to realise that capturing locational advantages in innovation involves more
than sending delegations or establishing R&D listening posts. Companies must proactively
invest to tap into the strengths of their local environment. This involves such things as active
participation in industry associations, investing to build deep relationships with local
universities, cultivating and assisting programmes that train skilled personnel and paying
particular attention to the local customers. In this connection, I am happy to report that Tata
Steel has recently established a relationship with lIT Kharagpur for "training" technical
professionals, who may have become outdated, by exposing them to fresh academic inputs and
even new laboratory experimentation techniques.

Since I work in a steel company, it will only be in the fitness of things if I devote some time to
the subject of the role of innovation in the steel industry. The world produced around 850
million tonnes of steel last year but, the halcyon days of growth are certainly a thing of past. 
What has recently kept the steel industry from growing at the same rate as it did earlier? A key
reason is the neglect of one of the major drivers of growth and value creation i.e. innovation,
particularly product innovation.At 12 percent, the average share of revenues earned from steel
products that are less than five years old is well below that of other traditional industries. In the
construction industry, for example, companies typically earn 2.5 per cent or more of their
revenues from products developed in the last five years. Curiously enough, the most
compelling proof that innovation pays has come from panies typically earn 2.5 per cent or more
of their revenues from products developed in the last five years. Curiously enough, the most 
compelling proof that innovation pays has come from within the steel industry itself. In terms
of overall business performance, innovative steel companies have achieved two to three times
better results than their less innovative counterparts. I am happy that Tata Steel belongs to the
first category and, therefore, it is not surprising that Tata Steel was recently declared the
Number One company amongst twelve leading steel producers all over the world including
such big names as Usinor, Nippon Steel, China Steel, US Steel, Posco, etc. Top business
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performance by steelmakers is associated with four interlinked elements of successful
innovation management (Exhibit 2) :

�Aclear and deep understanding of customer value.

�Superior technical skills.

�Strategic networks.

�An innovative, entrepreneurial business environment.

The development of tailored blanks for car doors is a prime example of product innovation in
the steel industry. Prior to this innovation, doors comprised at least three or four elements: the
inner and outer door panels, hinge reinforcement, and an edge plate. By working with
customers intensely during the development phase, innovators found a way to simplify the
design of the car door by integrating these parts' functionality into one laser-welded tailored
blank. This reduced the number of parts and resulted in saving of weight, the number of tools
required, and processing costs without limiting door functionality.

Branding - which reinforces customer value with the promise that the customer can always buy
the consistent, defined value from the brand-name manufacturer - was not widespread in the 
steel industry. Yet, despite the perceived "sameness" of many steel products, some companies
have managed to replace the commodity image with a brand. SSAB, a steel producer of high-
strength materials in Sweden, has branded its products for end use in the machinery and
construction sectors. These users have begun to associate the brands with consistently
outstanding quality, and are willing to pay a price premium. Branding of products like steel is
an innovation already gaining ground in India following the reality of competition.

Innovation also requires investments in skilled people i.e. talented employees. A recent study
has revealed that compared with the less innovative companies, the innovators in the steel
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industry employed more engineers, scientists, technicians, sales people with technical
backgrounds, and sales people with experience in production and operations. These innovators
also spend more time training the members of their R&D staff. The R&D personnel also have
more diverse backgrounds than their counterparts in less innovative companies as illustrated in
Exhibit 3. Although this data are from the steel industry, it should be applicable to industries 
across the board.

It is heartening to note that a close interface between private and public sector R&D in different
areas is beginning to emerge even in countries like India. Both the private and public sectors are
becoming partners in the whole process of R&D, right from design and diagnosis till the final
outcome. Reasonable investment in R&D is sometimes a stumbling block in India to undertake
meaningful R&D (e.g. in the pharmaceutical industry). Further, industry is not keen to invest in
R&D unless its innovations are adequately protected and rewarded by way of assured ROI.
This will become critical after India joins WTO. In these changed circumstances, it will
become even more essential to encourage R&D funding by industry. Hi-tech industries in
advanced countries are allowed to generate investable surpluses through their own rational
pricing structure and profit margins. This way they are able to meet a substantial part of their

Exhibit 3 : Academic specialisation of R&D personnel in the steel industry (as reported
by an International Survey on Innovation in Steel)
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R&D investments through internal accruals. In developing countries, while this could be tried,
it may also be necessary to address funding issues through supplementary inputs from financial
institutions/venture capitalists and the Government, in terms of soft long-term loans or by
forming joint ventures with industry.

Industry investment in fundamental R&D undertaken in academic institutions is crucial for
establishing rapid product development cycles and for introducing new products. Many
companies have reengineered themselves to fulfill this objective, but are worried how to
transform the knowledge and the ideas generated into rapid product development,
since immediate assistance from academia is not always available for the latter.

Strategic relationships with what can be termed "research universities" have provided industry
in USAwith success on both human and knowledge capital. This is a model we may consider in
India. In the US, there has been phenomenal growth in industry-funded R&D in educational
institutes. so much so that the private sector's contribution is now greater than that of the
Government in universities like MIT. Though industry participation has increased, academia
has continued to remain in the forefront by developing a range of flexible. innovative
approaches tailored to the interests of industry. This has not unfortunately happened in India.
During personal discussions with professors in high-class Indian institutes. I have been
informed that they find it commercially/professionally more attractive/satisfying to go
overseas during vacations/sabatical in order to conduct research for industry in those countries
or to interact with other educational institutes. In their view, this ensures a change in scene in
life in general and also guarantees success (e.g. in terms of a world-class publication).
Obviously, a radically new approach is called for to correct this trend. Perhaps, greater
emphasis requires to be laid by industry on using academic institutes to undertake research,
which has a direct bearing on business results.Academic institutes, on their part, must get ready
to face this challenge. Renewed emphasis on maximising value generation from this type of
cooperation, which can be amicably distributed since it would have a positive impact on the
bottom line of companies, may be the answer.

Industry is now providing about 69% of US R&D funding and the Government only 25%,
which is a reversal of the percentages forty years ago. Private funding of R&D increased by
more than 10% in the year 2000 compared with the previous year. It is worth mentioning that
the US Government spending on R&D during the period 1995 to 2000 was essentially flat. Out
of the total of around 260 billion dollars spent on R&D in the year 2000, around 60% was
utilised for development research, 23% for applied research and 16% for basic research work
undertaken almost exclusively in academic institutes. Furthermore, development research is
becoming more tightly targeted towards obtaining tangible business results within given time
schedules, which are becoming shorter and shorter. These trends highlight the need for new
models of interaction between industry, universities and government laboratories in terms of a
greater number of strategic partnerships/alliances. Industry-academia interactions should
develop as corporate partnerships to foster economic development, with universities providing
the appropriate manpower and fundamental inputs. Renowned educational institutes overseas,
like Mil, have already made changes in their academic curriculum and even designed new
courses to cater to these requirements.

In India, there is little doubt that knowledge, and some times deep knowledge which is not
available anywhere else, exists at least in pockets. However, such knowledge in isolation can at
best result in inventions - innovations do not come into the frame. The National laboratories, 
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funded by the Government, are also in the process of creating niches for themselves by
targeting select areas. Although, this type of expertise needs to be nurtured and encouraged, in
the final analysis, it has to be converted into wealth i.e. by closing the loop and making the
results of research applicable to society. There is no doubt that in this area, industry has a role to
play. The establishment of adequate communication channels between scientists/professors
and industry appears to be the need of the hour. To begun with, it may be beneficial to identify
product and technology based expertise available in the country in different institutions and
make this known to industry. Industry instead of having a self-motive and product-centered
approach should encourage wider coverage and have the genuine desire to promote R&D
infrastructure development in laboratories/educational institutes. Enhancement of industry's
R&D infrastructure in parallel, both in the private and public sectors, would add to the
effectiveness of the industry's involvement in the total programme. This may lead to Centres of
Excellence emerging in selected disciplines and a "win-win" situation for the nation.

Government's support for R&D should continue to come in the form of incentives, soft loans,
research grants / funding of key R&D projects. For greater involvement of industry in
meaningful R&D, the Government should come up with rational measures conducive to R&D
in a timely manner. Government's involvement in this type of interaction should be restricted
to that of a 'facilitator' - bureaucratic procedures should not stand in the way. Research
laboratories / academic institutions could even get involved in enterprises to provide analytical
solutions, software expertise and scope for continued research on specific topics for potential
product/process updates. This would prevent Indian industry from looking at partners
overseas to undertake such tasks. It has to be recognised that long-term science and technology
research must provide for long-term prosperity for any industry that funds it.At the same time,
academia reaps the benefit of undertaking research, which does not end only in a research
paper, but the results become more tangible. It needs to be noted that research partnerships
amongst university and industry have resulted in success stories overseas - the Internet,
Human Genome Project, etc. are examples. So far, there is no major success from this type of
strategic alliance in India.

Before concluding, I would only like to reiterate that in today's globalised world, competition
is unavoidable. The customer cannot be taken for granted - each customer has a very wide
choice of goods and services. To exist in this situation, we need to work together and form
clubs, or else we will perish. These clubs must have dedicated members from academia,
research institutes and industry to provide the basics of innovation. Whether these innovations
have long-term impact on society at large may not be under the direct control of the
participating agencies. Nonetheless, there are examples in countries overseas and in some
pockets in India that it is possible to leave footprints on society. If we can arrive at a concrete
plan of action to make the fruits of innovation more widely available to every Indian, I am sure
we would make Visvesvaraya proud. We have to draw lessons from the approach he adopted
during his lifetime's century. Visvesvaraya was successful because he was not only an
engineer, but also, a statesman. All engineers in India would require these statesman like

st
qualities if India has to make it big in the 21 Century.

I would once again like to thank the Institution of Engineers (India) for having given me this
opportunity to deliver the 44th Sir Mokshagundam Visvesvaraya Memorial Lecture. I shall
treasure this experience all my life; I only hope that you in the audience would reflect on it, at
least briefly.
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Engineers, from time immemorial, have evinced their capability for great technological feats
that have transformed the world around us. As we move into the 21st century, our expectations
have soared to new heights and we are looking for a cascade of innovations that will help
enable us to face the challenges of wealth creation and sustainable development. While the
leverage of technology can and do effect miracles, environmental responsibility imposes
severe constraints as engineers of today and tomorrow have to hone their eco-skills in
developing technological solutions that are environmentally compatible as well with
acceptable risk. Technological cornucopia, which engineering professionals largely subscribe
to, assures us of the expanding potential of innovations for the greater good of mankind. In the
midst of such promising vistas, events such as of the Black Tuesday, the 11th of September,
2001, often rudely shatter our dreams; major natural and man-made catastrophes from time to
time also make us painfully aware of the risks and uncertainties of the world around us and of
the large technological systems that we design with meticulous care using the best of
engineering judgment. Like the principle of indeterminism, we have to live with risks and
uncertainties, especially the residual risk, despite significant advancements in our insight and
understanding of systems, their interactions and even of the 'butterfly effect' of sensitive
dependence on initial conditions. In view of the pervasiveness of risk in contemporary society,
their quantification and mitigation are issues of concern. Engineers, as the architects sculpting
the global landscape, have to address the question: how safe is safe enough!

As a concept, risk gives meaning to things, forces, or circumstances that pose danger to people
or to what they value. Predictably, the analysis of risks of various kinds has been at the center of
a number of fields of study in science, including social sciences, and technology and the
domain for analysis ranges from high finance to transport, and energy production to sports.
Ulrich Beck coined the term "risk society" to underscore the fact that in the contemporary
world, society is beleaguered by an assortment of risks; there is also a globalization of risk in
the sense of intensity (e.g., nuclear holocaust) and in terms of the expanding number of
contingent events which affect everyone or at least very large number of people on the planet.
As society is taking leave of the past, of traditional ways of doing things and is opening itself up
for a problematic future, there is heightened awareness of risk as risk.

Risk analysis is all about predicting events that have not happened, combining the probability
of occurrence of an event and the consequences of the event should it occur. Engineers, as the
final arbiters of their designed structures, have to depend ultimately on the tool of risk analysis,
despite all its imperfections. The probabilistic analysis approach (PRA) surfaces major
definitional and interpretational issues of the meaning of probability and of risk and thus far
engineers have sought to address the issues of technical risks due largely to equipment and
structural failure. There are extensive studies on risk analysis for dam safety, for instance,

RRisk and Uncer tainty in Contemporary

 Society - Role of the Engineer ing Professional

Prof Ajoy K Ghose 

Former Director, Indian School of Mines, Dhanbad 
Past President, The Institution of Engineers (India)
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based on qualitative methods, event trees, Baye-sian approaches with probabilistic
characterization of judgment, and reliability approaches with probabilistic characterization of
parameter uncertainty, all of which look very elegant, but in the final analysis defining the
acceptable risk criteria is a judgmental consideration. Uncertainties associated with
engineering problems could be divided into' two groups: aleatory (inherent) and epistemic
(lack of knowledge) uncertainty. Aleatory uncertainty represents the natural randomness of a
property. The variation in the ocean wave height and the variation in the soil property in the
horizontal direction are aleatory uncertainties which cannot be obviated. Within the epistemic
class of uncertainties, one finds data uncertainty (due to instrumental or human limitations),
model uncertainty (due to imperfections of a model) and statistical uncertainty. Quantification
of these uncertainties in turn call for reflection and engineering judgment and accounting for
uncertainties, even if the process requires judgment, is by far preferable to ignoring them.
Engineers, especially civil engineers, often provide for uncertainty by a strategy of
"conservatism". This means that they recommend decisions or actions that leave a wide margin
for any errors, if the actual risks turn out to be greater than they predict. It is often argued that
risk analysts should instead present their best available estimate to decision makers, along with
an explicit characterization of its uncertainty.

The commonly used definition of risks, which engineers often use, is R= P(E) x C(E) and risk
insights have been derived from careful and extensive considerations of operating experience,
research, and the aggregate results of a PRA. Recent approaches have argued for including a 
multiplier for some risks so that the consequence term is Cx, where x>1. Even today, we are 
hesitant to begin a risk analysis using the now famous triplet of questions, raised by Kaplan and
Garrick in their oft quoted paper "On the quantitative definition of risk" published in Risk
Analysis (Vol.1, pp.11-28, 1981) :

�What can go wrong?

�How, likely is it ?

�What are the consequences?

Perhaps one could more realistically and appropriately useAnticipatory Failure Determination
suggested by Kaplan in 2001: "If I wanted to make something go wrong, how could I do it?"
Threat analysis resorts to this basic approach, but surely it excludes from its purview the
ramming of the World Trade Center by a plane! In fact, a vital but essential missing element is
the impact of human actions (deliberate. or simply an error) in all such probabilistic risk
analysis approach. This has been forcefully demonstrated in the case of Chernobyl, where the
design flaws in the RBMK made the accident possible, but operator errors took the reactor to
high danger regime. At Three Mile Island nuclear power plant in 1979, the PORV design did
have a control weakness, but the operators not understanding the system led to destruction of
the reactor. Even Bhopal and Exxon Valdez are cases in point. Integrating human factor
analysis into risk assessment for plants and facilities is imperative which engineers sometimes
are oblivious of. Organizational tendencies, such as, to disregard warnings about possible
dangers, often exacerbate risks. This was dramatically highlighted by an analysis of the
catastrophe of the US Spacecraft Challenger in 1986 when 7 astronauts lost their lives.Adirect
cause was a brittle rubber sealing ring which, according the expectations and warnings of the
rocket manufacturer, fractured under low temperature conditions. Even one-day before the
take-off, the engineers had warned and protested against take-off plans. These were shrugged

26 Advancement of Engineering in India in New Millennium



The Institution of Engineers (India)
th

1
6

In
d

ia
n

E
n

g
in

eerin
g

C
o

n
g

ress,
K

h
a
ra

g
p

u
r,

D
ecem

b
er

0
1

-0
4

,
2

0
0

1
T

h
e

3
6
th

N
id

h
u

B
h

u
sh

an
M

em
o

rial
L

ectu
re

off and the engineers silenced by a clinching statement: "Take off your engineering hat and put
on your management hat" The take-off was authorized and the catastrophic accident ensued.

There are contentious issues of public acceptance of risk analysis which engineers may parade
or tout as the acceptable risk levels are often beyond the comprehension of the lay public.
Statistical probability concepts are heavy to digest. For air travel, the risk statistics of persons

-5 -4range from 1 x 10 death/year, 3 x 10 for road accidents, and to 2 x 10 for parachuting, figures
which are essentially gobbledygook for the layman who tends to have a suspicion of misuse of

th
these figures. A 19 century quote often attributed to Benjamin Disraeli, the then British Prime
Minister, captures the public aversion to such figures: "There are three kinds of lies: lies, damn
lies and statistics".

It is commonplace to express the risk of any activity by two measures: individual risk and
group or societal risk. The first indicates the probability of an individual losing his or her life
due to a mishap occurring as a result of that activity while the second applies to a group of
persons. Engineers are guided by the prevailing guidelines of different nations on the risk
criterion that would be applicable. The Health and Safety Executive in the U.K., for instance,
has a shaded scale of criteria from a broadly acceptable region, via a tolerable region to an
unacceptable region in which risk cannot be justified. Between the tolerable and unacceptable
region, interventions from control measures become imperative. The maximum tolerable risk

-5(TOR) to any member of the general public for an existing large-scale installation is 10  per 
year. In the acceptable region, risk should be minimized according to the ALARA (As Low As
Reasonably Achievable) or ALARP (As Low As Reasonably Practicable) principles. In most
land-use planning problems, for example for the sitting of a facility, the problem reduces to the
structure posing a threat on one side and targets vulnerable to effects on the other and risk is to
be determined as a function of the distance between a target and a threatening object/structure.
We could also look at the problem from the other way around where given a target density
around the threatening structure, one has to determine the number of potentially damaged
targets. In the Netherlands, the Ministry for Housing, Land Use Planning and Environment
(VROM) was the first to legislate a criterion as a law. The law passed in 1988 set the tolerability

-6limit for individual risk due to process industry hazards at 10 per year which presupposes that
the external safety of a chemical plant should be such that the chance of being killed outside the
perimeter/fence of a new chemical plant should at maximum have a value of once in a million

-3years. Group risk tolerability limit has been put at 10 per year which means that an incident at a
plant site with 10 fatalities in the public community outside the plant
area may only happen once in 100,000 years and with 100 victims only once in 10 million
years.

With the environmental armageddon just round the corner, engineers have to be increasingly
involved in decision-making in environmental risk issues of urban centers. The litany of
environmental problems is long and unending and for an inhabitant of a mega polis like
Kolkata or Chennai, where hydra-headed problems that surface range from safety
of drinking water (arsenic poisoning?), safety of building from seismic effects, fires and toxic
chemical releases from plants and tanneries, overload of environmental contaminants from
vehicular emission, to risks of high tides and long-term health risks of lung cancer amongst
many others. Characterizing the risks and aggregating the same would hold out a fearsome
spectre and engineers may be called upon to mitigate or eliminate some of the problems at least.
In sheer desperation and burdened with such onerous responsibility, an engineer may look for a
respite and take refuge in a restaurant only to be suddenly reminded of polluted fish, unclean

-3
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chicken or meat from a polluted abattoir. He has to decide whether to plump for 'unsprayed
vegetables' (?) or simply plain boiled rice! This may sound somewhat facetious, but life has
certainly become risky and awareness of risk must seep into the action of almost everyone. We
should also make a distinction between voluntary and involuntary risks and known risks and
the unknown ones. Currently, methodologies are available to optimize measures of risk
reduction. In the process industry, a systematic approach dubbed as Layer of Protection
Analysis (LOPA) has been developed in which the contributions of independent risk reduction
steps are determined to reach a target value of residual risk. One can weigh the costs of the
layers against the benefit, including the costs of business interruptions.

Engineering professionals will be increasingly called upon to address the risks and hazards
associated with the changing landscape of social and technological systems which are
becoming overly complex. be it in engineering design of facilities, or in environmental safety
or even in product design. The tools of risk analysis help them to broaden their vision using
better spectacles as it were providing an 'assurance exercise' for mapping the hazards and
finding the way to go about in mitigating them. The key to improved decisions in the face of
uncertainty for the engineering professionals should be the precautionary principle, the broad
definition of which is embedded in Principle 15 of the June. 1992 Declaration of the Rio
Conference on Environment and Development:

"In order to protect the environment, the precautionary approach shall be widely applied ...
Where there are threats of serious or irreversible damage, lack of full scientific certainty shall
not be used as a reason for postponing cost-effective 'measures to prevent environmental
degradation ."

Even if this surfaces conflicts between moral, ethical and organizational responsibilities, the
Code of Ethics of engineers mandates that the responsibility for the safety, health and welfare
of the public must be stressed and even considered to be of paramount importance.

The engineering professionals are increasingly making decisions in which they explicitly
consider risks and it is their responsibility to undertake effective risk characterization for
translating the best available information about a risk into languages that could be understood
by the non-specialists. Coping with a risk situation requires a broad understanding of the
relevant losses, harms and impacts or consequences to the affected people at risk, which is
often multi-dimensional. The success of risk characterization depends critically on systematic
analysis that is appropriate to the problem; this in turn should lead to better risk decisions.

In the welter of risks and uncertainties that confront the contemporary society. the elusive goals
of sustainable development call for a new mind set of engineering professionals who have to
evaluate risks of their actions as they build bridges and high-rises, dams and exceptional
structures; the engineers can ill afford to contribute to large eco-logical footprints of high risks.
There are wide-ranging debates and controversies on global warming from fossil fuels of
catastrophic accidents from nuclear and large hydropower plants of high-level radio-active
disposal, which are enmeshed in complex technical, social, ethical and political issues. The
engineer as a professional must have a healthy agnosticism with a sense of limits of one's own
competence. prepared to accept the responsibility of management of risk for all his actions and
creations.

While the Nidhu Bhushan Memorial Lecturer is expected to dwell on a subject related to
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science, philosophy and religion. I have traversed an area which is transdisciplinary, being on
the periphery of science and philosophy. In the uncertain world of today, we live in the midst of
many sankats or difficulties. Some of these are dharma sankats, the moral 'dilemmas of
designing risk-free complex technological systems. Much is being demand so today from the
engineer of all breeds; he has to be more global, more learning-oriented, more
environmentally-focused more team driven, more productive and of course more competent 
for decisions under uncertainty and risks. We must clearly know and realize that with all our
efforts for risk minimization, we work with the inexactitude of probabilities!
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On the night of 2nd October, 16 years ago, when I got on the bus from Jaipur to Bheekampura
with four of my friends, we only had a single agenda, which was 'to fight injustice against the
people' and we only knew one way to do it, by spreading literacy in the villages. So we
promptly started a literacy drive.

But the people suffered from a severe scarcity of water. The region that once sustained the eco-
system of the 'Aravalli' had become barren. It was rare to find young people in the villages, all
of them had fled in search of employment, women trudged long distances to fetch a mere pot
full of water. Crops failed regularly, lack of vegetation led to soil degradation, monsoon runoff
washed away the topsoil. I remember there was not a single blade of grass in the region and we
often stumbled on the carcass of cattle. Barely 3% of cultivable area was irrigated. Life was
difficult and hardship endless.

One day, Mangu Lal Patel, the wise old man of this village told me 'we do not want your
literacy, we want WATER'. But where was the water? I did not know anything about water.

Mangu explained to me about the rich tradition in this region of building 'johads', which were a
prime example of the ingenuity of inexpensive simple traditional technology that was quite
remarkable in terms of recharging ground water of the entire region. 'Johads' are simple mud
and rubble concave shaped barriers built across the slope to arrest rainwater with a high
embankment on three sides while the fourth side is left open for the rainwater to enter.

The height of the embankment is such that the capacity of the 'johad' is more than the volume of
run off coming from the catchments based on a rough estimation of maximum possible run off
that could come into it. Therefore, the height varies from one 'johad' to another, depending on
the site, water flow, pressure etc. In some cases to ease the water pressure a masonry structure
called 'Afra' is also made for outlet of excess water. The water storage area varies from two
hectares to a maximum of 100 hectares.

The water collected in a 'johad' during monsoon is directly used for irrigation drinking and
other domestic purposes. The advantage of this structure is that apart from arresting and storing
rainwater, is in improving moisture level at the sub-soil level in the field, particularly in down
stream areas, which recharges ground water and wells.

The distinctiveness of this structure is that it is based on simple and cheap technology with
locally available labor and material. All the estimations are based on villagers experience and
intuition, without any physical measurements.

When I went to Bheekampura in 1985, this unique traditional water management system was
still alive in the collective subconscious of the people but as ecological management had been
takeover by the State, the people remained alienated from the local environment. On the advise
by Mangu Patel, we became a catalyst to building 'johads', the local authorities were dead
against us as we by-passed all bureaucratic channels and dealt with the people directly to fulfill
their requirements in the manner they decided.

''JOHAD' - A Structure of Community Self-reliance
Shri Rajendra Singh

Head, Tarun Bharat Sangh, Jaipur
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The first 'johad' took three years to build, in the fourth year we built 50 'johads', in the fifth year
we built almost 100 and this year we built a 1000 water structures and in total we have built
4500 'johads' in 1050 villages.

No engineer was called for consultation; we were guided entirely by the traditional wisdom of
the people who have maintained the ecological balance for generations. These water structures
were built with the active participation of the community in its construction from identification
of the site to the design of the structure and by contribution in the cost of its construction and
later in its maintenance, which ensured that all the structures were need based.

As a result, water became abundant; more water meant better crops, better conditions of soil,
education and rich community life. It helped forestation in the area and development of wild
life. Five rivers of the region started flowing perennially after decades of drought, a direct
result of the increase in the water table due to recharging ground water of the entire region
through numerous projects of small traditional 'johads'.

Prosperity retuned back to the region, agriculture became productive and due to availability of
fodder cattle rearing started, resulting in increased production of milk. Higher water levels also
meant less money on the diesel for pump set. In 1985 only 20% of the agricultural land was
cultivated, now it is 100%, and villages started selling surplus grains in market for the first
time. Studies have shown that an investment of Rs 100 per capita on a 'johad' raises the
economic production In the village by as much as Rs 400 per capita per annum.

As villages mobilized themselves to improve their quality of life by contributing in building 
'johads', this participation of the people promoted the community to become self-reliant
optimizing social cohesion and emotive bonding in the community. Since, people realized that
members were responsible not only for individual but also collective action, they became more
aware of their rights taking on an activist stance to stop employment of children in the carpet
industry and fought a legal battle up to the Supreme Court of Indian to stop indiscriminate
mining on forest land.

An enlightened and active community also enforced self-discipline for the common good of
the village. They strictly enforced their own rules to stop deforestation, hunting wild life and
consumption of liquor. The development of community participation through the 'gram sabha'
or village assembly, gave each and everyone an opportunity to freely discuss, decide and
Implement a common decision taken for the general benefit. This process also made them
reflect on the problems of others in their community and help each other in solving them. While
the community became active In social and economic Change, the crime rate dropped in the 
villages as economic conditions Improved, education and health consciousness was created
and overall quality of life improved of the entire region.

This momentum in the community caused by the construction of 'johads', has encouraged the
villagers to go further looking for innovative methods of social Change. Now the greatest
challenge before them is to sustain those traditional values that started this movement in the
face of the transformation of the community due to progress and prosperity.

EEMPOWERMENT

When we work on people's priorities one important process takes place. The centre of power
shifts from the establishment to the people because people's decisions take front seat. This
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amounts to empowerment of people. However this empowerment, if it impinges in any way on
self-interest of the powerful elite, will be opposed. This empowerment in these circumstances
will not take place without struggle or community joint action. We as NGOs cannot fight it out
unless the community is fully involved.

Therefore, we can say that for community leadership to be effective among its constituents,
this shift, this empowerment, is essential. People should be able to decide on their own
priorities and implement them. This can be illustrated by example of formation of Arvari
Sansad.

AARVARI SANSAD (PARLIAMENT)

From 1986 onwards we have been helping people to build johads. These johads are traditional
earthen dams. These small scale, low-cost structures do not look like very much, but taken
together in hundreds and thousands they have changed the face of our part of India. TBS has
helped people build almost 4500 johads, check dams and like structures for water harvesting.
In 1995 we were amazed to find Arvari river flowing even at the peak of summer. We had been
building these structures over the years in the catchment area of this river without realizing that
we were in fact recharging the river through percolation underground. Since then
four more rivers have become perennial.

When there was plenty of water in Arvari, there was natural growth of fish which went on
multiplying. Seeing this the government wanted to get hold of fish and brought in a contractor.
The people resisted and the Government had to cancel the contract. It is not that the local
people wanted control over the fish. Far from it, they are all vegetarians and do not eat fish, but
they realized that today it was fish and tomorrow it would be water. The government through
the contractor was intruding into community's domain, its right over the use of water. Water as
a resource was developed by them and they wanted to have full control over it. If they had
allowed that intrusion to succeed, the leadership would have failed the community to protect its
right over water. But since they resisted and won, one can see the shift in the centre of power as
far as control over use ofArvari water is concerned.

Then there was fear that intrusion having taken place once could take place again. Besides
there were differences over sharing of Arvari waters within the community. This led to the
formation ofArvari Sansad (Parliament) representing 72 villages and it has framed 11 rules for
use of Arvari water. This Parliament meets 4 times a year. God willing, this Parliament will
have its own building and a temple before long.

In this example, you see community leadership in action in protecting a resource.

�First, people work on their priority, ie, water, and develop this resource through rain
water harvesting.

�Second, when resource is fully developed there is an intrusion to demolish the concept
of people's right over water.

�Third, community puts up a strong resistance and removes intrusion.

�Fourth, community consolidates and takes responsibility. It gets a mandate from 72
villages.
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�

cooperation between different constituent groups.

In all this, workers of TBS function as facilitators with leaders of gram sabhas. The people
come out stronger when working through their gram sabhas and their leaders. But all this is
possible when every member of village community has a feeling of ownership. This feeling of
ownership is very important and is a product of one's contribution, participation and sharing.

CCONTRIBUTION

One most critical ingredient in building leadership and management of resources is the
contribution the leader and each member of his community makes. When we are making
'johads', contributions of each section of the community has to be decided. As a matter of
policy, TBS will not associate itself with any structure building till contribution aspect is sorted
out. Contribution may come in the form of free labour from poorest of the poor or cash from the
better off. This contribution determines participation and the ownership of the resource being
developed. When we are dealing with very poor communities, it becomes very difficult to
convince people to make contribution. There have to be series of dialogues with them, till they
agree. Beneficiary contribution used to be 25% of total cost initially, but it now varies between
35% and 75% depending upon benefits that will accrue to the concerned people.And of course
there are cases where people have built structures themselves and asked for technical advice 
only from us. Contribution involves the concept of ownership, of asset created, and if one owns
an asset created and if one owns an asset, he will ensure its long term safety and maintenance.

TECHNICAL TRAINING

We have 45 workers on our staff who have responsibility for works in different areas of
Rajasthan. We get requests from other States of India for advice and we depute these workers.
These workers are picked from villages where we have worked. They are hard core village
youth. In the past we tried to employ well-educated urban youth, but since facilities they are
used to are not available in villages, they left after a few months. Most of our present workers
have studied upto high school in village schools and we provide training, exposure and work
experience on sites. Our creed is 'Do not expect others to do what you cannot do yourself', a 
learning-by-doing technique at the geographical site. They have to examine:

�detailed features of the landscape

�catchment area

�the reservoir for storing water

�suitable site, if a new one

�soil type

�the possible benefits

Some years ago we ran training courses also for our workers to impart technical knowledge. 
Duration of this training varied from 6 to 9 months. Today these workers are as good as any, if
not better, as far as building of water harvesting structures is concerned.

Finally, a lesson - the community initiated work unites people and builds bonds of
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GGRAM SABHA AND BHAONTA VILLAGE

Promotion of village institutions to look after works during implementation and maintenance
is also responsibility of our workers. And the primary institution in this respect is gram sabha
(village representative body). Earlier we had problem with women joining and participating in
gram sabha activities, but gradually male resistance to their participation got softened.

In Bhaonta village, gram sabha is very active and women have formed a Mahila MandaI
(Women's Committee) for themselves. This MandaI works as an associate to gram sabha and
discusses problems specific to women as well as to voice general concerns. The gram sabha of
this village is very progressive and received an award of Rs 1 00 000 from the President of India
for being most friendly to the environment.Asenior worker of TBS belongs to this village. This
gram sabha is known for high degree of awareness on water, land and environment issues, and
has a development fund of its own for maintenance of structures, etc.

Gram sabhas generally have following functions to perform:

�Meet once a month onAmavasya (new moon night)

�Make rules on cutting of trees, protection of pastures, forest lands, use of water, crop
patterns, alcoholism etc.

�Punishment for breaking rules

�Building a fund for future development or maintenance needs.

Here TBS may help but does not run gram sabhas. TBS has also instituted a Friend of Trees
Award which is given annually to eco-friendly active gram sabhas.

PADYATRA

There are times when you can find workers of TBS and men and women leaders from different
villages going round for weeks from village to village carrying banners and shouting slogans
about conserving water, saving forests and planting trees. In the evenings where they halt they
talk of ways to make gram sabhas effective with local people. These foot marches have become
popular and more and more people want to join them.

Where the literacy is low and people poor, this tool is very effective in establishing
communication.

JOHADSAND DROUGHT

Rajasthan is a drought-prone state and there are years when rains. are half of average rainfall.
And one of the main features of our johad building activity is that villages which have built
water harvesting structures are able to withstand the rigors of drought much better. When we
started working, our area was classified as 'dark zone' by the government. By 'dark zone', they
imply it has severe water shortage and underground water table has receded to difficult depths.
The same area after 10 years of our work on johads was classified as 'white zone' which means
it does not need attention of Government during drought and its underground water levels are
satisfactory.
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RREGENERATION OF VILLAGE NIMBI

Nimbi is a village near Jaipur. Its land had been overtaken by sands shifting from the Thar
Desert in last 100 years.About 200 years ago a big tank was constructed but it had become non-
functional due to silting. In 1996, after TBS was approached by people from this village, Nanak
Ram of TBS took charge of the action plan. The tank was desilted and repaired. The good
monsoon of 1996-97 did the rest, leaving a massive reservoir of water. The next three years saw
low rainfall but Nimbi's reservoir literally pulled this village out of acute poverty. Moisture
content of soil increased and agriculture prospered. Today millions of rupees worth of
vegetables and fruits are exported to urban areas, and the Jaipur Dairy sends its van regularly to
fetch milk. Till five years ago this village had nothing to sell except its labour to the outside
world.

GET RESULTS

Here, I would like to quote anAmerican management guru*.

'Good intentions, good policies, good decisions must turn into effective action ...... Work is not
being done by having a lovely plan. Work is not being done by a magnificent statement of
policy. Work's done when it's done. Done by people. By people with deadline. By people who
hold themselves responsible for results'.

What Mangu Lal Patel told me in 1985 was no different. He simply said, 'Do not talk too much.
Dig tanks and build johads. You will get results'. I now invite you to Rajasthan to see the results
yourself.

*Peter Drucker: Managing the Non-Profit-Organization
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PPROLOGUE

I want to thank the Institution of Engineers (India), for providing me with this opportunity to
deliver the 14th lecture in the Dr A. N. Khosla Memorial lecture series, during the 16th Indian
Engineering Congress being held at Kharagpur. I am very happy to be amongst the galaxy of
eminent engineers of the country, who have gathered here for this four day long Congress and
to convey to them my views and concerns in the subject of Water Resources (WR), which was
the mission of Dr Khosla's life.

His contributions to the WR Sector of India, indeed have been many splendoured, intense and
extremely fruitful for the country. His professional career spanned for almost six decades of the
last century. Looking back, one is amazed to see how much did he achieve, when the present-
day tools like PCs and internet, were not on the scene. But that is indeed the characteristic of
great souls. There may be a few amongst you who knew him well. I was not that fortunate but I
must recall here the face to face opportunity of interaction with him that I got in my early career
in sixties on the Sardar Sarovar Project. At that time, I was assigned the task to show to him on
drawings and charts, the extensive and comprehensive investigations that were carried out by
us for the project, under the inspiring leadership of Dr C.C. Patel. He was escorting 'The Khosla
Committee' appointed by the Government of India (Gol) on a visit to the project, for
considering and recommending a plan for the Narmada Basin Development. I remember how
thrilled we youngsters were when he appreciated our work, saying that it's quality and
thoroughness was second to none in the world. You are probably aware that the Committee
finally endorsed our proposals. Unfortunately, the report did not receive unanimous
acceptance from the States and hence the matter went to the 'Tribunal' for a lengthy winding
process of adjudication. The Tribunal verdict was almost identical. Still the project languishes
due to complications that were raised causing even after a lapse of 40 years, precious waste of
water resources that hold a promise to transform lives of crores of our people, like what
Bhakra-Nangal did earlier. The price people of our country have been compelled to pay by
some shortsighted, selfish and misguided people is indeed enormous.

SECTION I

The Last Decade

During the last few years, the WR sector saw some quick developments. As a follow up to the
Brundtland Commission, Dublin conference, and basically due to Rio Earth Summit, (Agenda
21, Chapter 18) in 1992, need for integrated and sustainable development and management of
water resources (IWRDM) came to be recognised by all countries. But in the face of continued
and galloping increase in population particularly in economically weak countries of the
developing world, the mismatch between supply and demand became acute. Several apex
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organisations like the World Water Council (WWC) a policy think tank, Global
Water Partnership (GWP) an action oriented facilitator, and a forum like the World Water

1
Forum (WWF) were set up almost at the same time. The 1. WWF was held at Marrakesh in 
Morocco in 1997 alerting people and politicians alike about the developing crisis in water

nd
sector. With the approaching end of the 2 millennium, the prophecies of doom particularly
related to water sector became shriller.

The efforts of these institutions however culminated into the worldwide introspection and
reappraisal of WR sector to enable evolution of a 'Long Term World Vision for Water, Life and
Environment in 21 st century presented at the 2nd WWF in The Hague. The engineering
community, professional organisations and Government Departments dealing with water and
related infrastructure came under critical scrutiny as never before, by the economists, social
scientists, ecologists, ideologists and media. As a result, the sector emerged as a critical thrust
area for the future, needing all the care that the world could provide. The sector vision water for
food and rural development (WFFRD) in addition to those for 'people' (drinking
water/sanitation) and 'nature' (eco-systems) comprised the three main components of the
global vision. The GWP proposed a 'framework for action' (FFA) also at the Hague. A
ministerial conference was held along with, which proclaimed that water security will be the
principle concern of the world in future. Hopefully, fresh-water would go up in priority from
Chapter 18 in 1992 to a higher slot at Rio+10 World Summit on Sustainable Development
(WSSD) in September 2002 at Johannesburg, preceding the 3rd WWF in March 2003. A
preparatory international conference on Freshwater is being held at Bonn in this week.

IWRM and not IWRDM has become the buzz word of the water people, in spite of the
importance of 'D' standing for 'development' which unfortunately is at a lowly place on agenda
of the developed world. Management replaces 'D' and also brings in socio-economic-financial-
trade-ecological- human rights as issues, pushing it to the background. To manage water better,
it has to be developed and be available! IWRM defines challenge before the world as
maintenance of balance between human and ecosystems meaning between livelihood needs
and resource needs. It aims at holistic management, participatory approach, involvement of
women and consideration of water as an economic good. At other places Governance,
inclusiveness, participation, networking, communication, devolution are the
keywords. Science, Technology and Engineering (S& T&E) seem to have become 'dirty'
words. Those possessing these instruments or promoting them are considered as 'villains' and
as the 'arrogant' ones, who want to conquer the nature, destroy the traditional systems, values
and cultures and of course the environment! How stupid we can become, or really how 'smart'
to unleash another design to conquest the gullible world. Let us examine through this lecture.

Asymptomatic onslaught and systematic attack on the WR sector came towards the end of the
decade under the guise ofWCD.

Dams around the world constitute some of the most visible and spectacular creations of the
engineers around which, the WR sector has grown. One can't think of WR sector without
thinking of dams as you heard me making reference to SSD while mentioning Dr Khosla.
Notwithstanding the myriad direct and indirect benefits the society has been able to harness
due to the dams, they have attracted adverse attention during the last 3 decades. It seems some
sections of societies can't withstand achievements of others and they try to destroy them, like
WTC buildings for instance. The World Bank which was funding less than 5% of worldwide
dams but exercised lot of clout in other socio-economic sectors with developing countries on
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one hand and the International Union for Conservation of Nature (IUCN) an avowed critic of
dams launched the World Commission on Dams (WCD) in 1998. Ostensibly, WCD was asked
to evaluate development effectiveness of dams, to propose options to dams and to lay down
criteria and guidelines for future dam building; after reaping the benefits due to dams for
centuries, as if the whole development due to dams had taken place in vacuum of ignorance.

Several funding agencies and Governments of developed countries, which had completed their
dam building, readily joined the effort. The WCD was a suo-mote venture without support or
concurrence of the main stakeholder nations. Developing world mostly remained skeptical and
mute to the overtures of WCD, right from the beginning. Predictably, a damaging report was 
brought out by the WCD in November 2000, which was summarily rejected by the developing
countries, which were still building and needing many more dams. The global professional
organisations also condemned the report as biased, distorted and impractical. The World Bank
itself could not muster enough support to enable acceptance of the report. The venture turned
out to be a misadventure. Still the authors of the report are trying to salvage something out of
the wreckage, of course with the help of some innocent and gullible people or vested interests.
The process of improvement in decision making about dams undoubtedly will continue
amongst the dam building engineers, like any other socio-economic activity of the mankind in
spite of such antagonistic efforts.

WWater and Habitats

Solar energy sets in motion a" the bio-geo-chemical cycles on the earth. Hydrological cycle is
at the centre-stage because water is life. Since man started walking, he started relying on the 
natural resources of water, land and biomass around him, initially just to survive the hostile
surroundings and later for sustenance. Human habitats spread out on the earth's surface initially
wherever food could be gathered and later where it could be produced. Survival and growth of
mankind in the face of adverse environment was due to man's ingenuity in meeting with the
food requirements. Forests were cut, lands were protected and reclaimed, and cultivation was
started. Early civilizations grew along major rivers of the world, with agriculture as the focal
point around which, the nomadic mankind gravitated. But towns, cities, metros and mega-
cities grew out of needs of people for more organised life through co-ordination, defence,
governance, and later with the industrial revolution. The original small habitats remained
'rural'. Rural populations remained agriculture-centric though benefiting from the industrial
revolution. The urban ones got differentiated according to the needs of centralisation. The rural
areas continued to grow food and feed the urbanites. Collection, process, storage to take care of
lean seasons, transport, distribution, trade, market etc. for food gradually got centralised and 
concentrated in urban areas. But the process triggered infrastructure development in rural
areas. Such activities with spread at both locales together, constitute rural development and
well being.

Rural-Urban, An Interactive Divide

Right up to the 17th century, the rural folks remained employed on agriculture related
activities, the urbanites getting employed more and more in manufacturing and services sectors
catering to production of consumer goods of higher value. Agriculture production remained
farm and family oriented in many countries, under-organised, lowly valued, contributing a
lower proportion to the Gross Domestic Product (GDP) of a nation, as compared to a smaller
population remaining engaged in other sectors producing a larger share of GDP. The rural
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populations largely remained relatively poorer as compared to the urban people. Due to
increasing pressure on land, landless people grew in numbers. Due to lack of jobs and deficit in
availability of water and food for the growing populations, migration towards urban habitats 
grew, providing labour force but also causing growth of impoverished pockets in urban areas.
Poverty, hunger, malnutrition and unemployment both in rural and urban areas got intricately
associated. A poor person often remained unemployed, hungry, undernourished and unhappy,
even when at times adequate food was available globally, simply for want of buying capacity
and accessibility to food. But due to extreme variability in availability of water, people
continued to suffer hunger and at times starvation due to famines. With the growth in human
population, the process became complex. Today, we depend on water for satisfying our
requirements for drinking, food, energy, fibre, municipal, industrial, navigational and
recreational needs. Fulfillment of the human needs through balanced development and
management, means economic we" being, health, sanitation and a good quality of life. Failure
can result into poverty, hunger, malnutrition, unemployment, exploitation and deprivation.
Success also means a good environment through ecological care and sustenance.

This picture changed significantly during the 20th century due to rapid spread of irrigation,
drainage of water logged farmlands and improved flood management in cropped areas. The ill
effects of marginal land holdings, continuous fragmentation and resulting landlessness,
unemployment, malnutrition and poverty were reversed. They, however continue to stalk
many societies even at the beginning of the 21st century, where irrigation and drainage are
neither developed nor managed adequately. The development has to be sustained and it has to
ensure sustenance of the resources, it harnesses. The IWRDM encompasses integration of
different facets, viz. development and management; demands and supplies of all needs;
facilities from mega to micro scale; science - technology - engineering; ecological, socio-
eccnomic, administrative, legal, cultural and other issues.

FFreshwater Occurrence and Use

Out of the total water available on earth, only about 3 % is in the form of fresh water. Further, if
we leave out perma-frost regions and very deep fossil waters, a very small part of about 0.03 %
remains accessible for human use. It is available in the form of rain and snowfall (only 10% in
depth considered rain equivalent), runoff of floodwaters generated over a few storms
sometimes spanning a few days in a year, enabling its use round the year. running through the
drainage systems into the oceans and through the natural hydrological recycling process of
evaporation, transpiration and condensation.An appreciable part of it gets lodged in snowcaps
and natural lakes and is utilisable subsequently in case of the former, through snowmelt
reaching a river system. A sizeable part is retained in surface soils and used up for biomass
generation.Another part seeps into the ground feeding natural aquifers.Amajor part appears in
the river system downstream and is drained through streams and rivers into seas, unless
captured in man-made storages or withdrawn for use. If runoff time for the surface water is few
days, that of ground water appearing in river system and outflow in oceans is in months. Both
together constitute the renewable or dynamic water resources of the country. They can't be put
to beneficial uses unless they are developed. The downstream process constitutes
management. Development and management go hand in hand. Better management assists
maximisation of fruition from the developed waters. Both call for intellectual, financial,
economic, administrative, sociological, political, legalistic inputs from the society.

Humans are at the centre of the ecology. The word 'eic(k)os', in Greek, means home. Economy
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deals with management of our home i.e. this planet earth; ecology means science of home.
Both are complementary not contradictory. One sustains the other. Besides human needs, those
for cattle on which humans are dependent for meat, milk and animal power are also met with.
Animal and plant life, both need water for survival, growth and procreation. Of all these uses,
water that is used for growing food, supporting plant life and biomass is considered
consumptive, because it is converted into water-vapour through evapotranspiration processes;
because it is no more useable unless it is condensed in the form of rain again. Water evaporates
from snow-caps, glaciers, water bodies, reservoirs, and river systems continuously all through
the year, which again is bracketed with 'consumptive' package. 'Consumed' water is that which
is put back into the atmosphere, for productive purposes such as transpiration needs of crops
for food production, (irrigation globally accounts for more than 70 % of water withdrawals)
and ecosystems which provide goods and services for sustenance of life. Evaporation from
waste and fallow land is also consumptive use but remains non-productive. That from
reservoirs is considered as unavoidable loss but is accounted under productive use.

Most of the human demands are non-consumptive. They comprise major parts of domestic,
industrial, power generation, navigation and recreation needs. Water flow and its drop from a
height is used to run turbines to generate hydropower. Water is simply used as a dilutant,
solvent or facilitator in manufacturing processes or as a carrier of goods like coal slurry, or
human waste, or materials and goods as in navigation. A little component of water gets built in
human products and is lost for reuse. Most of it appears as 'water', albeit in degraded quality.
The other uses therefore pose a challenge, of a different sort, that of making the used waste-
water fit for reuse. We have world wide, either failed miserably or not reacted timely, to the
problem. Water is recycled continuously through transpiration through biomass and
evaporation from land, river systems and oceans, besides precipitation through condensation,
rain and snow. The eco-system depends upon consumptive use of water. A river basin or
watershed or catchment area is a naturally closed entity for assessing available waters from
precipitation, which are highly variable in space and time and planning beneficial uses for
people wherever they need it. Where available precipitation is excessive, land has to be drained
to get beneficial uses out of it.

For any use through a scheme in a river basin, water is drawn from a river-surface-water (SW)
system directly or indirectly through a surface reservoir or from ground-water (GW). Such
total quantum gets accounted through evapo-transpirational consumptive
productive/beneficial use (ET), or a part is returned to the river system, or a part goes back to
GW and a part goes to atmosphere through excess deployment. The latter three components
have to be minimum to attain maximum efficiency. Ideally therefore, conjunctive use of
surface and ground waters is to be ensured to attain this objective. Renewable water resource of
a basin, comprises surface and GW both, because conceptually it is assumed that all the water
that infiltrates into ground is either withdrawn, or appears in the surface system as base flow or
appears in swamps, besides a small component which flows out to oceans. Undoubtedly, some
small quantum seeps deep into static ground water resource. In hard rock areas with high
ridges, basin boundaries of both SW&GW match. But in delta regions they overlap. In absence
of a better method both are considered as confined within a basin. Surface reservoirs also lose
water through evaporation and transpiration by plant life around the reservoir. It is accountable
as unavoidable ET against the withdrawals from the reservoirs for serving the multiple
purposes.

Often, some parts of a river basin depending on orography and direction of moisture laden
winds, are surplus in availability when compared with needs/demands, while some others face
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deficit. It may be that a surplus region of a basin may be just adjoining or physically contiguous
to a deficit region of an adjoining basin. Transfer of water between such regions, within and 
outside a river basin across high ground between such regions or on basin boundaries, to
remedy such imbalances has been practiced by mankind for a long time. It mostly involves
construction of storages for holding/impounding waters and raising their elevation to enable 
transfer across high ground. Diversion structures involving little or no storage are also
constructed for withdrawals through canals and by pumping, where the river flow quantum is
adequate and where high ground is not encountered. Incidentally storages wherever
constructed invariably absorb and reduce flood peaks downstream in the basin, enabling better
flood management.

SSECTION II

Water Availability and Agr iculture

Fresh-water is a finite, naturally renewable resource received by way of precipitation, but is
significantly unevenly distributed in time and space. Hydro-climatic conditions of a region
therefore set the limits for its availability. Luckily, the freshwater availability on the earth has
been constant although needs of populations it has to support have kept growing. Starting with
Malin Falkenmark and Shiklimanov, Peter Gleick and Kulshreshtha and UN agencies, efforts
were started to identify norms for yearly water availability and its adequacy to meet human
needs per capita. Falkenmark, Lundqvist, Widstrand in 1989 ranked countries according to per
capita annual water resources (AWR) in each country. They defined classes of shortage on the
basis ofAWR. ForAWR 1700 cub m and above, shortage will be local and rare; for 1000 cub m
and below, it will hamper health, economic development, well being; and for 500 cub m and 
below, water availability will be a primary constraint to life. This is considered as a Standard
indicator of water scarcity and is most widely used and a referenced indicator. Other
researchers have gone by these indicators without much questioning. UNCSD 1997 study by
Raskin and others defined scarcity in terms of percentage of annual withdrawals to AWR. This
is considered as UN indicator. If the % is greater than 40, the country is considered water
scarce.

It is estimated that between 2000 and 2025AD, the global average annual water availability per
3capita will fall from 6600 m to 4800 , Due to uneven distribution of water resources, some 3

3billion people will live in countries - wholly or partly arid or semi-arid having less than 1700 m
Countries or regions are broadly considered water stressed when the annual per capita

3availability is between 1000 - 2000 m With availability below 1700 ml, a country is deemed
'water scarce' and with less than 1000 m', it becomes 'severe'. In 1990, eighteen countries in the
world were 'severely water scarce', a number that could swell to 30 by the year 2025. Most of
these are located in Asia and Africa, and are already facing food shortage. Further, there are 12

3
countries with availability less than 500 m This number too is likely to increase to 19 by 2025.
More than 1 billion people including one third of the population of China and India live in arid
regions facing water scarcity. Similarly, 350 million people mostly in Sub-Saharan Africa face
severe scarcity, and ought to embark upon massive water development projects to meet
with their water needs. They suffer from lack of recognition of variability of precipitation in 
space and time in tropical regions, need for its development by means of storages, and incorrect
quantification of AWR by the funding agencies and the Governments alike. These attempts to
develop indicators helped in identification of critical areas and assess prognosis for future in 
past. Things changed dramatically after 1996 with deliberations in WWF.

3m
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IIWMI Studies

IWMI in 1997 for the first time gave the assessment a new dimension of 'water withdrawn'
from the river systems, consideration of the renewable surface and ground water together and
consideration of water use efficiency for determining needs of the societies. Countries with
weather systems of monsoons like ours had been following such mode of assessment. IWMI
work of 1999 went a step further. It worked out the need for additional withdrawal by
individual countries to meet with their food needs in the year 2025 AD, after assuming a
significant improvement in water use efficiency in irrigation and using the saved water for
covering more area under irrigation. Globally speaking, the effort is useful in highlighting
stressed areas better than before, but the geographic generalisation of availability and its use in
large countries with complex river basins is misleading. The effort obviously needs firming up
on basin or regional level. In a subsequent study, IWMI considered 45 selected countries and
grouped them into 3 basic categories of projected water scarcity.

Group I: Consists of countries that face physical water scarcity to meet their needs in 2025,
even if highest feasible efficiency and productivity of water use is ensured. Indeed, many of
these countries can not even meet their present needs. This category includes countries in
Middle East, South Africa, and drier regions of western and southern India, and north China,
covering 33% of total population. The option is to invest in expensive desalinisation plants,
increase irrigation efficiency, recycle waste-water and import more food.

Group II: Represents countries that do have sufficient water resources to meet 2025 needs, but
which will have to increase water supplies through additional storage, conveyance and
regulation systems, by 25% or more over their 1995 levels to meet their 2025 needs. About
45% of the total population lives in these countries.

Group III: Consists of countries that need to develop less than 25% more water supplies to meet
their 2025 needs, which will not be a problem as most of these countries are developed
countries and cover 22% of the population.

Agriculture, Food, Economy

Food consumed by mankind comes from crops, or from animals, birds, fish-meat, milk and
milk products. Crops are used for providing cattle feed by way of grains or crop residue itself.
Cropped foods are relatively economical and are mostly poor peoples' foods. Meat and dairy
foods are derived from products of crop foods and hence more expensive. Proportion of
consumption of meat and milk, normally grows with economic well being. But growth of both
types of food requires proper water management by either water application in the right dose
and in right time through irrigation, during the critical growth periods of crops, or by removal
of surplus water by drainage, as the basic inputs. Besides other infrastructural needs comprise
seeds, fertilizers, pesticides, agricultural implements, mechanised farming, energy for
pumping, credit. Irrigation increases productivity, cold-storage, animal power, animal
husbandry services, market, transportation, other services for maintenance, which bring
prosperity and in turn facilitate installation of infrastructure. But conversely, good
infrastructure does help improve the productivity. Not long ago, the first Green Revolution
increased the global food production dramatically. Water availability being variable in space 
and time the human well-being is intimately dependent on its supply, use, disposal and reuse.
Like any socio-economic activity in face of finite resources, growth and sustained yield from
agriculture per unit of water and land calls for adequate financial and human investments.
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Survival, development, growth of rural economy and well being thus becomes synonymous
with water, food and agriculture. Besides planning another green or evergreen revolution, a
blue revolution or as some like to call it, a rainbow (multi-coloured) revolution tied up with
optimum development and use of water is coming. Irrigation and drainage indeed promote
sustainable rural development, which should permeate through the porous and interactive
divide and pervade global economy. A balance of course is to be found between the
requirements of the society, acceptable side effects and sustained development.

LLand Productivityand Food Sufficiency

Storages or diversion structures are constructed for withdrawal of irrigation water according to
the availability. Water quantum used for production of food worldwide is about 70% of total 
withdrawal. Presently irrigation covers more than 250 Million ha i.e.17% of world's arable
land, but is responsible for 40% of crop output and employs 33% of population in rural areas.
Basin boundaries often don't match with national or administrative boundaries within a State.
Basin plans therefore face competing demands for sharing of available waters, benefits and
costs of such plans. Uses themselves are of different complexion; some are consumptive,
others non-consumptive. The plans therefore aim at integration of uses, demands, supplies,
size of structures required, other available resources and institutional arrangements.

The world population is likely to grow at least for another 50 - 60 years and will then probably
stabilise. So will the food demands. The mix of foods consumed-cereals, meat and dairy
products - and the level of calorie intake is expected to undergo change with reduction of
poverty. Food needs will therefore exceed projections based on growth in population alone.
Demands for water will increase causing shortages in regions, which are presently comfortable
with availability. The growth in shortage could be avoided if on one hand withdrawals are
increased and on the other, water use efficiency is increased reducing the ill effects of low
efficiency. Large populous countries would continue to strive for maintaining self-sufficiency
in food production, because their shortfalls in case of droughts, will be too large to be covered
by world trade. Nevertheless every country would attempt to increase productivity of cropped
lands with water that could be made available by improving water use efficiency and increased
withdrawals. More people would move away from agriculture sector to manufacturing and
services sector in rural areas to enable faster economic growth. Water for food sufficiency and
security will lead to rural well being through better livelihood, health, employment,
stabilisation of rural populations, education, transportation, communications and human
productivity. It will insure societies against natural disasters and provide a more sustainable
livelihood. Irrigation, drainage and flood management no longer should be considered as
options but as needs of society which also ensure protection of environment.

Sustainability

The IWRDM while meeting with needs of human and natural systems has to sustain the natural
cycles. The classical definition of sustainable development encompasses decision-making by
present generation, without compromising capacity of future generations to take appropriate 
decisions according to their perceptions. Agenda 21, Chapter 18 on Fresh-Water laid down as
programme areas: IWRDM, assessment, protection, drinking water and sanitation, urban
development, food and rural development, impact of climate change. Unfortunately, the
IWRDM unlike manufacturing sector, is a long gestating and long drawn complex process,
spanning may be a couple of generations. Lessons can be learnt only after lapse of quite some
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time. Present decisions have to be tailored in light of experiences derived so far and have to
address likely problems of future generations. If those decisions are not taken now, not only 
capacity of the future generation is thwarted, but, their existence itself can be jeopardised.

Some opponents of the presently evolved model of IWRDM claim that it is unsustainable and
that it has caused intractable problems, which are irreversible and will compromise interests of
future generations. This is a facile argument that has been advanced throughout the history of
mankind. Each generation has to make own decisions in light of existing situation. It must
ensure sustainability of the product, of the natural resources it uses, and carrying capacity of
these resources. IWRDM depends not only on natural resources, but also on man made ones
including finance. The sector is sustainable if it uses them judiciously, ploughs back the fruit
into the development process and ensures adequate economic returns. Following is my list of
sustainability issues. Sustainability of the mankind for whom the IWRDM is carried out, no 
doubt has to be at the centre of the stage as laid down in the first out of the 27 principles on
which theAgenda 21 is based.

�People: present and future stable population, its survival and fulfillment of its basic
minimum needs; removal of deprivation, account for limit to capacity of people to
suffer it; removal of poverty, hunger, malnutrition, unemployment, lack of hygiene
and sanitation; reduction of migration in search of livelihood; proper rehabilitation
and resettlement of displaced people.

�Water: loss of storage volume due to siltation; fall of ground water table; recession of
glaciers and reduction in snow-melt; effect of global warming on incidence of drought
and floods, quality degradation; salinity ingress in coastal areas; treatment, recycling.

�Land: water logging and salination, wetlands and marshes, drainage and reclamation,
protection for water sheds, prevention of soil, river and coastal erosion, inundation due
to floods and sea level rise, advance of deserts, pollution of land due to solid and fluid
waste, submergence, incidence of landslides; loss of fertility and productivity of land.

�Biomass: conversion of wasteland into areas covered with energy plantations, social
and irrigated forestry, biosphere conservation zones, use of glass houses; conservation
of bio-diversity, gene banks, tissue culture.

�Product: level, quality and safety of food production; balanced composition, level of
services and affordability; generation of wealth to sustain growth and development for
people.

IIndicators

Sustainability has to be measurable in terms of indicators. Carrying capacity of natural
resources is one such indicator advocated by some like the Ministry of Environment and
Forests (MOEF) in Gol. The concept remains nebulous, excepting perhaps use in some studies
carried out for Damodar river basin and the National Capital Region of Delhi. The
sustainability indicators should be able to quantify the level of sustenance of the system and 
identify the limit to which it can renew itself. The assessment has to be in economic terms. to
enable social benefit cost analysis. UN Committee for Sustainable Development has laid down
following indicators for the issues highlighted inAgenda 21.

Driving Force Indicators:Annual withdrawals of SW and GW. Domestic consumption.
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State indicators: Ground water reserves. Foecal coliform content. BOD of water bodies.

Response Indicators: Coverage to waste water treatment. Density of hydrological network.

Unfortunately, all these cover only domestic water sector and water quality but practically no
ground for irrigation, which globally accounts for 70 % of the total water use. It is necessary
that we urgently develop them for assessment. Following forces and indicators are suggested.

Driving Force: Intensification or expansion; going back to nature, demand management etc.

Risks: Limits to potential for development; carrying capacity; with and without development;
before and after development.

State: Slow - long term, fast- short term, extrapolation, errors.

Responses: S&T & engineering, socio-economic, ecologic, mid-course corrections,
evolutionary.

But it is not enough to lay down such classification. Following are some concrete suggestions.

Status of development: Reduction in availability and supplies.

Fulfillment of minimum needs: Total production, productivity, quality of product Water, land,
soil, biomass, fauna: Control, management, reversal, prevention of degeneration.

The discussion leads us to economic sustainability of WR projects. The present method of
economic analysis considered for their approval has been often assailed by some, claiming that
the advantages are exaggerated, while disadvantages are minimised. In practice, they claim
that reversal occurs. Actually, assessment of secondary and tertiary benefits is often difficult.
On the other hand, costs increase due to often egalitarian concerns about social and ecological
impacts. Basically WR projects are taken up, as there are no options. The BC analysis should
only enable their prioritisation. Services provided cost and hence should be priced. Full cost 
should be recoverable from somebody- may be Governments, may be consumers. Costs can be
subsidised. But if they are shared by the beneficiaries in proportion of benefits, there is no
subsidy. For instance, when irrigation is subsidised and if farmers don't get benefits because of
market competitiveness and their weak bargaining position, it is the consumer who is benefited
due to low food prices. It is sharing of costs and serves national goals. Whether water is a social
good or not is being debated in spite of the strong views expressed on both sides. Complexities
of the issues need to be acknowledged because unlike other public welfare activities, the WR
projects remain inescapable. Every society has to make up its mind to pay costs involved in
providing requisite services. Standard practices however ought to be evolved to avoid
stalemates.

SSECTION III

Indian Scenar io

Water Resources, Inter-relations, Uses

In India, the annual precipitation is 1170 mm against the world average of about 1110 mm, but
it varies from almost zero in the deserts, to 11000 mm in depth in north-east. At a very small 
number of places it rains for as much as 200 days a year; at others it rains for less than 100 days
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within 100 hours of a year. One therefore has to make efforts to make the water available where
and when it is not naturally available in right quantity and albeit quality. The rain and snow
together contribute about 4000 billion cubic meters (BCM) of water. An additional
approximately 400 BCM flows in from neighbouring countries. Because of high rates of
evaporation, a quantum of about 2200 BCM is lost to atmosphere, about 300 BCM seeps into
ground and only about 1900 BCM of water is available for use. But due to topographic
limitations, only about 1100 BCM can be developed, withdrawn and put to use. Apart from the
inflow from neighbouring countries, a small part flows out to other countries as well. This
average availability is considered fairly constant. At present, about 630 BCM of water are
withdrawn altogether from run of the rivers, from storages which are filled up during monsoon,
and which is pumped from ground water. The balance of 480 BCM can still be developed to
make it available for withdrawal. The rest presently flows down unused to oceans contributing
to interflow with ground-waters. The quantum that seeps into ground eventually appears in
drainage system, apart from a small component, which goes deep underground or directly
flows out to oceans.

Fortunately, the National Commission on Integrated Water Resources Development
(NCIWRD) set up in 1996 by Gol completed and submitted its report in 1999, which is awaiting
acceptance and implementation, starting from the 10th plan, which is on the anvil. Hope our
country gathers enough prudence to do so expeditiously. We saw during the run up to the new
millennium, continued shortage of funds for the WR sector. The public investment in the sector
dropped from over 22 % of the budget in early plans to about 6 % in recent plans,
notwithstanding mounting needs due to population, which is almost three times now. It has
resulted into thin spreading of financial resources causing time and cost overruns and
disruption of cost economics. We also saw a continued lack of funds for O&M, nor a will to
price the water adequately to meet with at least partially the costs involved. Some WR projects
got embroiled in controversies and public interest litigations. Meanwhile, the Sardar Sarovar 
and the Tehri dams, the symbols of anti-dam lobby's frustrating efforts, continue to suffer.
Public and not so public figures have taken sides and different voices have become subjects of
everyday attention.

It is estimated that presently, out of total water utilised in India, 83% is used for irrigation, about
4.5% for drinking and municipal use, 3% for industry, about 3.5% for energy development
besides other activities, which account for 6% use. This is a rather simplistic way of putting it.
The process is complex and assessments are difficult because the uses overlap, unconsumed
water is reused again and again and is often not correctly accounted. More work on these
assessments is required.

RRiver Basins, Water Use Efficiencyand Water Balance

Assessment of balance for renewable water is to be carried out basin by basin. But data to
achieve the objective are mostly not maintained. All the same, the Central Water Commission
(CWC) with the help of some major States and under the leadership of Mr.A. D. Mohile former
Chairman of CWC, did outstanding work in this respect and assessed: the quantities available,
quantities stored, withdrawn and deployed for different purposes. This is not a one-time job. It
needs to be improved substantially. Undoubtedly lot remains to be done on this front. The CWC
exercise suggests the water balance for the country as a whole, as it would be without human
intervention in a pristine condition. In the second stage, the exercise shows the present status of
water balance. The effort then depicts the water balance in future with several assumptions to
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ascertain whether globally speaking, India's water wealth is adequate to meet with the needs as
presently assessed or not. The assumptions are both on the data front and on the side of the
processes involved. There are some generalisations as well. Some aspects of the balance can be
visualised qualitatively. But the exercise for the first time indicates quantitatively, what is in 
store for us. For meeting with increase in demands, the exercise indicates the following
certainties.

�increase in withdrawals of both SW and GW,

�· increase in numbers of storages,

�increase in ET for consumptive use,

�reduction in seepage to GW, reduced return to base-flow,

�reduction in base-flow and flow to oceans.

The WR professionals have set in motion several efforts to increase water use efficiency. It is
assumed therefore for instance that, SW use efficiency for irrigation would go up from present
level of 40 to 60 %. The GW use efficiency dependent as it is on pumping energy in usually
higher and would go up from 70 to 75 %.As a result, the seepage to GW, return to surface flow,
return of base flow from GW and consequently outflow to oceans should be less than present.
ET from all sources should increase meaning increase in productivity per unit of water
deployed for irrigation. We should envisage the needed food production coming from both
increase in irrigated areas and because of increase in water use efficiency.

TTime Frame, Numbers and Means

Assessment of water resources required for meeting with the needs of the society has to be
based on the right time span. India's population is likely to stabilise around the year 2050 AD
around a minimum of 1350 to a maximum of 1580 millions. Requirement of water at that point
of time for different needs will be as follows.

for growing food and feed at 420 to 500 million tonnes = 628 to 807 BCM

drinking water plus domestic and municipal use for rural population at 150 Ipcd and for urban
population at 220 Ipcd = 90 to 110 BCM

hydropower and other energy generation = 63 to 70 BCM

industrial use = 81 to 103 BCM

navigational use = 15 BCM

loss of water by evaporation from reservoirs = 76 BCM

environment and ecology = 20 BCM

Total water required will be about 973 BCM.As water available is about the same, we would be
having a hand to mouth position in the year 2050. The assessment for the year 2025 will of
course be relatively comfortable. The assumptions are as follows.
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�

transfers will be implemented after 2025 and well before 2050 AD. Renewable GW
alone will be used.

�Surface water use efficiency will go up from 40 to 60 %, GW use efficiency will go up
from 70 to 75% in 2050.

�Net area under irrigation will go up from 53 Mha to 80 Mha, with cropping intensity 
going up from 140 to 150% for intra-basin development stage. It will go up further to
90 Mha with cropping intensity of 155%.

�The productivity of irrigated land would go up from present level of 2.5 to 4.0 T/ha, that
for rainfed area from 0.8 to 1.5 T/ha.

LLand Use andAgriculture

This discussion leads us to another important facet of availability of land. Present land
resources in million hectares, their use and distribution in different categories is as follows.

Geographical area = 329, Reporting area = 300, Drought Prone =1/3rd, Flood prone =1/8th,
Forest = 68, Net sown area = 142, Gross cropped area =188, (Cropping intensity = 132%), Net
irrigated area = 53, Gross irrigated area = 75, (Irrigated cropping intensity = 141%), Fallow =
24,Area unavailable for cultivation = 41, Other uncultivated area = 29.

More and more land, will be occupied by urban habitats and the industry, in the future. More
land will go under submergence of new reservoirs, some of which will be waste-land and some
forest land besides some cropped land. Some land will be allocated to displaced people from
different developmental projects, for rehabilitation and resettlement. We need to bring more
waste land under crops and more cropped land under irrigation. It will largely come from the
stock of rain-fed land in the country.

The continuing emphasis on soil and water conservation implicit in the watershed
development concept, will help us convert waste-land into productive agricultural land. More
land would be taken out of sub-subsistence grazing while improving
productivity of existing grazing lands. This will be in tune with organised feed stock trend for
raising the cattle. Similarly rainfed land productivity will be enhanced through watershed
development and restored to more productive agriculture. Degraded forests will also be
restored through watershed development effort. A very large size of fund is being provided in

th
the 10 plan for such effort through budgets of various departments. Watershed development in
catchment and command areas of WR projects, will help augmentation of soil moisture to
some extent. It is not an alternative to storages. In rain-fed areas which will be
covering 213'd of geographical area of the country, even in ultimate stage of irrigation
development, micro watershed development has potential to boost food grain productivity
from present 0.75 to say 1.2 T/ha.

SECTION IV

Ir r igation, Drainage, Flood Management for Food & Human Sustenance

The rise in population in developing countries is much more rapid as compared to the

All intra-basin development will be completed by the year 2025 AD. Inter basin
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developed world. In 1960, out of the world's 3 billion people, 67% were concentrated in the
developing world. In 2025, more than 80% are expected to live in developing world. The
majority of these people will live in flood prone and or delta areas. This will have critical
implication for food requirements, labour supply, and per capita land availability besides fresh
water availability. With nearly the same water and land resources base, we shall have to grow
enough food to additionally feed 2 billion people. Considering the increased demand resulting
from expected increase in the standard of living, there will be need to double the level of food
production. In addition, it will call for much strengthened flood protection, better management
and drainage measures.

Bulk of the population in the developing world lives in rural areas and is employed on
agriculture. The proportion is reducing gradually. A small minority of the rural people in the
developing world owns large farms. Majority has small land holdings. Others are land-less and
work as labourers in farm related activities. But the rural population is predominantly poor,
unlike in the developed world, where the rural areas have developed fast by adoption of
advanced technology in agriculture early on due to the industrial revolution and provision of 
irrigation and/or drainage facilities wherever needed and possible. Many countries equate
poverty only with calorie intake through food for adequate nutrition. Rural development and a
secured livelihood for rural populations of today, therefore, are synonymous with eradication
of poverty through employment generated from agriculture and related activities.

Agriculture needs water, which is provided by rainfall fully at some places or in excess in some
lands. In these cases, drainage of land is required to enable agriculture. In the latter cases where
needs are partially met with by rainfall, supplemental irrigation would have to be provided
through wells, canals, ponds, and tanks either by gravity flow or by pumping. Moisture in the
soil profile being essential for dry food crop production, its availability has to be maintained at
a desired level by replenishment either through local conservation measures or by irrigation, 
otherwise moisture stress leads to not only reduction in yield but sometime even to complete
loss. Supplemental irrigation however becomes necessary for survival of crops even in humid
tropics in winter and summer if rains fail. For the arid and semi arid areas, irrigation is an
essential input for farming, even during the rainy season. The provision of irrigation facilities
which can make all the difference to a good harvest and watershed development of rainfed
areas, together make the agriculture in a river basin sustainable and productive.

Irrigated agriculture yield often is more than 2 to 3 times that of rainfed agriculture. The critical
role of irrigation for food security in arid and semi arid areas is evident from the fact that almost
one third of the globe area is accounted by arid and semi arid areas and yet the world has been
able to largely feed its billions. Even in temperate and humid zones, with timely irrigation
during critical periods of growth, when plant is most sensitive to soil moisture deficit, yield of
crops may double or even treble. The World Food Summit in 1996, estimated that 60% of extra
food required to sustain the world in future must come from irrigated agriculture, which needs
more investments and sustained efforts at expansion and improvements.
The vision WFFRD also similarly estimated increase in irrigated area even after assuming
significant increase in water use efficiency. The Challenge of improving the lot of poor rural 
population hinges on the success of these efforts.

While water is an essential input for agriculture, the potential benefits can not be attained under
excess moisture or salt concentration in the root zone. Thus investment in drainage not only has
its direct impact of increasing crop yield but it also maximizes the benefits from other inputs.
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The irrigation and drainage schemes therefore play a critical role in increasing crop yield,
improving rural household income and strengthening rural infrastructure through improved
communications and road systems, better healthcare, education facilities for rural
communities. Irrigation canals often serve as the only source of potable drinking water for the
rural areas of the developing world. Properly functioning drainage channels also improve
sanitation and disposal of wastewater in rural areas, wherever possible.

The planning for achieving the objective of food security has to focus on generation of
employment opportunities and consequent rural poverty alleviation. Both have contributed to
economic growth of such societies. The poor land-less rural people in particular get better
employment opportunities in construction and maintenance works of irrigation schemes.
Irrigation also plays a major role in protection of rural people from natural disasters like
droughts, famines, floods and cyclones. The increased agricultural production from irrigated 
areas and infrastructural improvement act as powerful magnets to attract investments in rural
agri-based industries. The rural development thus becomes synonymous with agricultural
development. The linkage becomes apparent every time drought strikes, when the whole rural
economy comes to a grinding halt due to set back in agricultural production. The multiplier
effect of irrigation arrests this tendency besides reversing the migration of rural people and
helps improve the urban environment because of reduction in pressure there. In some water
scarce areas, the available potential of water resources has still not been tapped due to several
reasons including financial weakness. These causes have to be obviated. The absence of
appropriate measures makes such areas more vulnerable to scarcity and growing demands due
to population growth.

Among the world's poor, more than 800 million people do not have adequate access to enough
food. This number would increase as the world population is set to reach 8 billions by 2025.
With most of the increase occurring in developing countries, food needs in these countries
would result in great pressure on the agricultural sector to increase overall production and
yield. Though advances in bio-technology and genetic engineering may help to increase food
production from available land and water resources, the irrigation and drainage expansion and
modernisation shall have to play the pivotal role in increasing the food productivity per unit of
land and water. It is however necessary to ensure that irrigated agriculture remains a
sustainable endeavour.

IIncreasing Withdrawal to Bridge Mismatch Between Demand and Supply

The potential water resource available in various regions and countries to meet the requirement
of 2025 is extremely varied. Many people feel that demand management instead of increase in
supply will solve the problems. What has become apparent during the vision study for WFFRD
is that supply and demand management has to go hand in hand for removing the mismatch. But
particularly in developing countries where supply side belt is already tight, demand side is
unmet and there are problems due to large variability.

According to IWMI, as compared to 1995, 31 % more gross irrigated area has to be brought
under cereal cultivation and water supplies used in agriculture have to be augmented by 15 - 
20% over the next 25 years, even under an ambitious assumption of improvement in irrigation
efficiency. It is so, because there is severe limitation in the capacity of developing countries to
achieve maximum efficiency in irrigation schemes at present level of financial inputs in
modernization and improvement of the scheme. The need for doubling the food production
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therefore calls for more gross area to be brought under cereal cultivation by accelerating the
rate of development of storages of water resources wherever potential is yet untapped, in
addition to redeploying water saved by increasing the water use efficiency. Availability can
also be augmented by recycling the used and waste-waters after due treatment. The added
withdrawals with the help of storages, basin by basin, could remove the mismatch between
availability and demand. Links may have to be provided between reservoirs to transfer water to
deficit areas. Also, in order to meet. with loss in live storage worldwide by about 0.5% every
year, additional storages have to be built. Many dams are aging fast and they need raising and or
replacement. With impending climate change and increase in variability of precipitation,
occurrence of droughts and floods will be more frequent. It will call for more carryover storage
to sustain present level of services. Thus on the balance many more storages will have to be
built.

Though considerable scope for exploitation of ground water still exists especially in surplus
surface water areas, it would need substantial investments on energy and entail repetitive cost.
A large component of groundwater is derived from surface water and hence both need to be
considered conjunctively. The efficacy of watershed development as an economic option to
enable artificial recharge is however severely limited. A discrete mix of mega to micro-scale
surface water storages in addition to in-situ conservation measures are called for to augment 
availability in a cost-effective manner.

BBasin Planning for IWRDM

Water flows through river systems covering areas across political boundaries. There are several
countries relying on flows arriving from upstream countries. For example Bangladesh, Egypt,
Iraq, The Netherlands, Syria, Turkmenistan, and Uzbekistan depend on upstream countries for
two thirds or more for their surface waters. Conflict often arises if water sharing between
upstream and downstream user countries is not agreed to jointly and if excessive withdrawals
are made by one. Similar situations do occur even in shared basins within countries. River
basin conflicts in such cases can be tackled by the IWRDM approach through river basin
authorities charged with powers implement decisions. For large basins, the approach can be
even applied for sub-basins as has been shown successfully in countries like India and China.
The plan has to indicate availability of water on a short, medium and long term basis, and the
allocations for various uses as per inter-sectoral priority within a political region.

The question of low water use efficiency for individual schemes in a basin often arises. The 
IWMI study has recently shown that maximisation of basin level water use efficiency is more
important, because it can be different than that realised scheme to scheme, because excess or
regenerated water is reused downstream. Every scheme allows withdrawal and deploys it with
differing efficiency. For an irrigation scheme, more efficient use means less percolation to GW
and less return to the river system, which in turn would mean less availability down stream and
vice versa. For a given combination of dams I withdrawal facilities, the terminal structure
finally affects the basin efficiency. If it allows minimum water flow to the downstream, the
basin efficiency is high. One therefore can plan for. maximum carryover storage in a terminal
dam.

Good financial discipline requires high efficiency for each of the schemes to realise adequate
returns. But hydrologically, it may not be always necessary and practicable as WR
development takes place over a period obtaining differing efficiency. In a water short basin, a
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joint strategy has to be agreed upon for using water more efficiently, increasing its productivity,
for adding high value crops to the crop pattern, and providing additional water for other non-
consumptive sectors. Many in-basin or inter-country differences on sharing of water have
caused problems in development of water resources. There are however several developments
round the world in recent times, such as in the Danube, Indus, Nile, Mekong, Rhine and
Ganges-Brahmaputra- and Meghna basins, which are encouraging.Arecent UN convention on
international watercourses, which is enshrined on the principles of equity, is under ratification.

While allocating requisite quantities of water, the basin authorities have to ensure that the
quality is also of desired level. Where degraded, it is to be made good through identification and
treatment of flows emanating from point and non-point pollution sources. Where practicable,
beneficiation of low quality waters by means of fresh waters would have to be implemented.
Most of the non-consumptive uses are amenable to treatment, recycling and reuse. The twin
principles viz. "polluter cleans or pays" and "user pays in one form or the other" if adopted,
often pay rich dividends. While talking of payments, another maxim "subsidise the good, tax 
the bad" also may be kept in mind. Most of the pollutants eventually travel into the estuarine 
regions and often result into the demand for freshwater releases to flush them and take care of
local eco-systems. Such releases often prove more expensive than treatment of pollutants at
source. Also if done by depriving established utilities, social tensions develop. The pollutants
sometimes degrade the ground water. These issues are best tackled through judicious basin
plans.

Cultivated lands and standing crops in several countries round the world suffer damages
because of floods arriving from upstream river basin areas, largely due to absence of adequate
regulation facilities, by way of storages, lack or failure of flood embankments etc. Deltas and
coastal lowlands of many countries face flooding, inundation and or congestion at outfalls into
the sea. Some countries also face the fury of cyclones in the coastal areas. They would have to
be protected where feasible and politically and environmentally acceptable. In many countries,
reclamation of such lowlands has become necessary in view of Shortage of arable lands. The
schemes for construction of structural measures like dikes and drainage works, their
modernisation, raising and strengthening where required would have to be implemented as an
integral part of a comprehensive master plan which also provides for non-structural measures
wherever feasible to reduce damage potential. The implementation of such plans would ensure
integration of basin-wide flood management and drainage to protect the delta zones and coastal
area against inundation and congestion of drains.

Basin plans have to ensure that overall, the positive impacts are maximised and negative ones
minimised and have to strive for a proper balance between human and
environmental/ecological needs. Lastly, where a mismatch between demand and supply can
not be removed by basin approach, inter-basin transfers will be required. There were many such
efforts made in the past and many more will be in pipeline, as within basin development reaches
an optimum. In fact at several places, inter-basin transfers of water have been made for a long
time, within sovereign countries and sometimes with co-operation between two countries.
Such co-operative efforts will all the more be necessary in future.

IImproving Water Productivityin Irrigation

In the developing countries, while significant efforts are directed towards expansion of
irrigated area attention is to be paid for improving the on-farm water management to achieve
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the maximum possible water use efficiency. This will be not only for ensuring maximum
productivity per unit of water and unit of land but also to reduce the substantial gap between 
irrigation potential so far developed and utilised.

Some claim that water scarce countries should aim at only high value crops for export while 
importing low value food crops, thus importing virtual water. The concept has to be considered
in depth in context of poverty incidence in such countries.Also, one has to carefully look at the
world food production and trade trends and the size of needs. Increasing water productivity
calls for changes in crop varieties. Also steps are necessary to transfer the tested irrigation and
drainage technologies from the developed world to the developing countries. An IWMI study
of 50 irr igation systems round the world shows a wide variance in
productivity. Considerable improvement in productivity is possible in some large systems with
well-designed inputs.

Some of the available options for improving the productivity of irrigated lands are listed below:

�establishing water users organisations for involvement of farmers in management and
collection of fees, reducing irrigation subsidies and/or introducing conservation
oriented pricing, strengthening the training and extension services; in short adoption of
a discrete combination of structural and non structural measures;

�improved operation and maintenance of irrigation and drainage systems; using
controlled groundwater table management while improving the quality of drainage
effluent;

�employing furrow irrigation; furrow diking to promote infiltration and reduce runoff;
employing surge irrigation techniques even in furrows;

�adopting water conservation methods like tillage, to reduce evaporation from land or
changing the planting dates to match with periods of low evaporation rates and
improving drainage by surface or sub surface methods and recycling of drainage and
tail water;

�increasing pressure, sprinkler and micro irrigation systems, instead of open gravity
flow taking advantage of low energy, precision application systems to cut evaporation
and wind-drift losses; adopting better irrigation scheduling and improved canal
operation to ensure supply, when it is crucial to crop yield;

�involving private sector companies in developing cost effective technologies and their
promotion particularly in developing countries;

�promoting and adopting results of agronomic researches like: selecting crop varieties
with high yield per unit of water; switching from crops consuming more water to those
consuming less i.e. better matching crops to climate conditions and to quantity of water
available; sequencing crops to maximise output under conditions of soil and water
salinity; introducing water efficient crop varieties.

GGovernance, Legal and Institutional Issues

Traditional small sized societies managed their own resources including water, because per
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capita resource surpluses were available. Rulers still had a co-ordinating role and scores of
centrally planned, implemented and administered large sized schemes date back to centuries all
over the world. After the industrial revolution accompanied by industrialisation and
urbanisation of the societies, no doubt, the exigencies of the situations demanded more
organised centralisation. Gradually, the planning, development, withdrawal, uses and disposal
of waters got transferred to Governments of the individual countries and to local-self
Governments. Irrigation of farms by means of water drawn through dams, canals and wells or
drainage of lands prone to water-logging grew with active involvement of institutions and legal
procedures set up by the Governments. Functionaries of Governments or institutions charged
fees for the water supply and recovered them by way of land revenue or in kind, by way of levy
in form of farm produce. Water disputes were heard by Government or Institution functionaries
or courts of law and resolved as per law of the land.

Due to the complexities involved, irrigation, drainage and flood management are likely to
continue to be with Governments in the countries of the developing world for quite some time.
Legal positions also might not undergo much change, excepting that the concepts of water
rights will be debated along-with other rights on natural resources. But the main likely change
will relate to basic human rights like right to food, water, employment and livelihood. All
required changes in the institutions will flow from these changes. An overall change in
complexion of the sector will occur as all shades of rural development activities are woven
around WR. While centrallsation at apex level will continue, there will be much more
decentralisation lower down to facilitate the final use of water for rural development. Even in
case of environmental concerns, a holistic view will be possible, only if centralisation at
national level exists. But it will call for complete decentralisation, as one goes to local level. On
the whole, a much more participatory process involving stakeholders will evolve, for not only
the decision making, but also for implementation, operation and maintenance.

Following institutional and legal aspects of WR sector are under debate and need serious
consideration.

�Ratification of UN convention on non-navigable water courses. Participation in global
processes/conventions related to IPCC, desertification, UNCSD, WTO, WFS,
population, poverty, ECOSOC, UNDP, UNEP, UNESCO, FAO, WWC, GWP,
international organisations.

�Adoption of a comprehensive water policy covering all types of consumptive and non-
consumptive uses and institutional arrangement for its implementation to provide
framework for sound decision making. To consider sector-wise legislation like
irrigation acts, drainage acts, etc.as a basis for such policy. It should cover and endorse
IWRDM and take care of effects of natural disasters and their possible intensification
due to climate change and socio-ecological concerns like R&R, deforestation,
biodiversity, water quality, land and soil erosion, landslides etc.

�Adoption of legislation, instituting basin approach and authorities for surface, and
groundwater rights of stakeholders, establishing appropriate administrative machinery
for implementation in catchment and command both.

�For a country like India, a fresh-look at centre-states-concurrent list in constitution.
Need to improve Inter State Water Disputes Act for speedy resolution of disputes. A
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fresh-look at River Boards Act. Institution of independent conflict resolution
mechanism

�Putting in place an appropriate mechanism for conflict resolution both for intra basin
and inter basin water sharing and transfers. To set at rest controversies about alternative
options and evolve a basket of solutions for different scenarios.

�Enabling environment, public awareness, political will and commitment, creation of
inst and giving appropriate roles to them.

�Development of practical WR management instruments.

�Financial evaluation. Investment needs for remaining development; improved O&M;
rehabilitation, modernisation and replacement of old facilities. Avoidance of thin
spreading of resources. socio-economic analyses and prioritisation.

�Data bank. HRD for development, R&D, construction and its management
mechanisation, indigenous consultancy development, Risk analyses, Opportunity
costs.

SStakeholder Involvement, Youth and Women's Participation

Irrigation, drainage and flood management works, were undertaken in most of the countries by
the Governments or the rulers of the nations as public welfare activities. In many instances,
they were started as famine and drought proofing protective measures and were considered as
most important duties of the State. Due to this background and due to the complex nature of the
issues involved, most of the water development projects in these countries adopted and
continue with a 'top-down' planning process. In recent past, efforts have been made to
introduce water management with involvement of the stakeholders in decision making. It is
now recognised that it is necessary to create an environment, where the users are 'empowered'
in management of water to maximise productivity, for the well being of the society. Most of the
countries where population is still growing have majority of young people. Bringing about
awareness amongst them in a focussed manner in respect of WR sector is an important task, as
they will be the leaders of tomorrow, which is so critical. All stakeholders of different
disciplines, will no doubt be increasingly involved in decision-making processes, so that they
own, know and be responsible for the operation and maintenance of a system.

Women traditionally were not involved in management of irrigation schemes, while they were
more dependent on irrigation water for their farms, where they put in lot of labour. They indeed
manage the domestic requirement of water including that for vegetable gardens as well as
tending of livestock. They have to be provided a big say in water management through water
users associations along-with other stakeholders.

User participation should be a central principle in identification, planning, implementation,
operation and maintenance, as well as monitoring and evaluation. For this purpose it is
necessary to activate existing community based institutions and creating new dispensations.
NGOs and women groups can be instrumental in organising water users in the process and
ensure that they all share costs and benefits. User organisations, when formed, have to be
strengthened by legal backing of 'Establishment' to permit transfer of functions as well as
assets, and defined water rights.
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FFinancing IWRDM, Modernisation, Rehabilitation and Replacement

Basin wide IWRDM calls for correct assessment of both surface and ground water resources in
terms of quantity as well as quality, their sharing, development, conservation, abstraction,
recycling and reuse, in context of equity for users. It therefore calls for formulation of a
financing policy, from development and implementation of master plans to ensuring optimum
utilisation, to pricing, cost recovery, operation and maintenance, safety, modernisation, and
replacement. Financing is required at all stages including institution and capacity building,
decision support systems, information technology, automation, research and
development, economic analysis, risk analysis and other aspects.

All these issues constitute investment in future prosperity for which besides the national
Governments, public participation and well-designed privatisation is necessary. Multilateral
and bilateral funding although it concerns less than 10% of total investment may act as a
catalytic agent for resource mobilisation. While it is desirable that the water sector is run as far
as reasonably possible on economic lines, by way of generating revenue from the services
provided to sustain the services and future development needs, it is not easily possible in
developing countries due to prevailing socio-economic conditions. It is also necessary to
acknowledge that most of the developed world has been blessed with favourable climatic
conditions, which allow them to grow crops under rainfed conditions. Further agriculture is
also highly subsidised. As such the production from irrigated agriculture in developing
countries if subjected to full cost recovery principles will be much costlier. The predominance
of small landholders and a large force of unemployed landless make the problems more
difficult to handle. There is a widespread fear that treating water as an economic good in these
countries can result in cash-rich industrial sector purchasing as much water as possible
regardless of the price of water, reducing its availability for agriculture and thus endangering
food security. The issue of cost recovery or pricing is to a certain extent linked to the economic
status of a country, though partial or preferably full recovery of the operation and maintenance
component will have to be the objective. The concept of full cost pricing or recovery is to be
seen also from the point of view of subsidised global food prices, their impact on poor and
marginal farmers of developing countries and food sufficiency - security concerns of large
countries. The approach will have to be extremely cautious.

Large scale funding is required to provide for projected additional withdrawals of water as well
as for the requirements regarding drainage and flood protection. But on the water management
side, again lot remains to be done. Lack of regular annual maintenance results in systems
falling into disrepair, increasing thereby the likelihood of breaches, and silting of distribution
channels and congestion of drains. There is urgent need for modernisation of several large
irrigation schemes in Asia besides replacement of old schemes, which will not only improve 
efficiency of performance, but also result in water savings which can be used for bringing more
areas under irrigation which were uncommanded earlier. Financing of such schemes has a great
potential to increase agricultural production. Sometimes, relatively small outlays on
modernisation for instance on head-works, distribution structures and drainage outlets, can
help raise production substantially even in small irrigation schemes. Participatory approach
whereby farmers get motivated to offer their services in kind, if not in cash, helps greatly in
modernisation efforts and have to be attempted in a big way in future.

The vision in all the three components envisages need for a higher level of funding in the next
25 years. One estimate calls for enhancement of present level of funding by at least 40%, not
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only for new infrastructure but also for replacement, modernisation of aging systems and
imparting sustainability to them.

EEquity, Efficiency, Efficacyand Economy

For IWRDM to become sustainable, it ought to have these four important components in the
services provided. They are interdependent and bring in optimisation in use of natural
resources, increase productivity per unit of land and per unit of water. They ensure that the
fruits of IWRDM reach all stakeholders by way of supply of water when, where needed and 
that too in right quantity of right quality.

Low water use efficiency can be attributed to low level of technology, land management as well
as deficiency of operation and maintenance. For instance in irrigation sector, lining of canals
and distribution system or use of low pressure pipes for distribution wherever feasible as well
as introduction of efficient on- arm facilities and practices can help achieve better efficiency.
Adequate and efficient drainage is necessary to sustain high crop productivity and conserve
land resources. It is also necessary to set up a system of real time monitoring of flows and water
demand. Adoption of water saving sprinkler and drip irrigation systems may help to achieve
not only better utilisation of scarce water resources, but also better output of crops due to
application of the correct quantum of water at the critical stages of growth. Utmost economy in
deployment of financial resources will therefore be a key word in the future. It would mean
need for enhancement of productivity, water use efficiency, reversal of degradation of land and
water resources already deployed. It also would mean enhancement of standards for new areas
of irrigation and drainage and sustainable development of the rural area, for which financial
resources ought to be earmarked. The major blame attributed to WR sector, is inequity in
supplies because of technological deficiencies exacerbated by political and administrative
weaknesses. Several solutions have been envisaged to obviate the ill and remove the
imbalance. But the progress will be slow. To bring about efficiency, economy and equity in an
effective manner in WR sector will be the key to the resolution of opposition and moving ahead
to meet with the tremendous challenges facing the sector.

SECTION V

Resolving Controversies and MovingAhead

Every human activity causes impacts, mostly to achieve some predetermined goals, sometimes
leading to harm to some. On the balance, the impacts have to be positive. Alternatives have to
be considered to minimise the latter, but proven ones can't be discarded. Progress can't be
achieved by stalling ongoing implementation of decisions, as time is the essence. In the next 50
years, much more is to be achieved than what was achieved in the last 50 years. Adverse
manifestations of WRD are to be removed. But it is to be realised that many are due to thin
spreading of available meagre resources or due to deferment of some components of well
thought out plans. So far, indigenous funding has largely taken care of needs, the world over.
More investments are required in the next 50 years for rehabilitation of old systems, besides
building additional needed. It has to come only from economic development and not by
remaining stuck in controversies. Solutions are to be implemented and movement ahead
ensured. Dams remain at centre-stage of innovations for WR sector. Major issues being voiced
and debated are listed below.
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SSome Objections

Some people object to the top down planning and lack of participatory approach and/or lack of
involvement of affected people, in planning, implementation and management processes. But
don't see the many times more people who are benefited. Their rights and risks are ignored.
Some believe that only small-scale development can suffice in full harnessing of the basin
waters such as Narmada! An exercise in past had for instance indicated that only about 15 % of
planned water could be put to use if only micro and minor projects were constructed
accompanied by a lower reliability, more evaporation loss etc. Some others believe that micro
scale harvesting is a viable alternative. Simple calculations disprove this concept.

The concerns are however more real on downstream side where on canal projects management
has been tardy, causing problems such as: water logging & salinisation of crop land, inequity in
supplies, farmers going in for cash crops rather than food crops thus utili sing more waters and
causing ill-effects and low irrigation efficiency. The issues of inequity, inefficiency,
insufficiency and low productivity are listed as faults for all water use sectors.

Achievements and Need for Resolution of Difficulties

From a net importer of food grains 50 years ago, the country's status of self-sufficiency in this
decade is due to inputs of water and green revolution. India now has got the largest net area
under irrigation surpassing that of China, but still it is a small proportion of cultivated area. So
far, only about 50% of the controllable flow potential has been utilised. Drinking water supply
covers 90% of urban and 97% of rural areas, but mostly inadequately. Sanitation water supplies
are unsatisfactory and sewage waters are rarely recycled. Industrial water supply is a growing
need, though at present fairly well covered. Hydropower potential of the country is tapped to
the extent of 18 % only. In-situ harvesting and soil & water conservation effort has picked up
momentum during the last couple of decades and has provided drought protection to some rain-
fed areas and has dispersed the benefits to wider areas, which otherwise would not get
irrigation.

Flood control is in-built as a major component but in only a few reservoirs. Most of them offer
the advantage incidentally Inland waterways are under development and may need more
regulated release in future. Yet several dam projects are slowed down during the last decade, 
because of agitations, repeated fasts unto death, Jal-Samarpan threats, and such movements by
NGOs and activists. Rate of growth of area under irrigation has reduced. food production has
almost plateaued. Unless solutions to these problems are putting place, the situation can grow
into a crisis.

Deficiencies

Sometimes submergence of valuable forests and good agricultural land takes place under
reservoirs. This needs to be minimised. Some reservoirs have been silted up at a higher than
designed rate. Some dams have failed due to unsafety. Displacement and R&R is not carefully
planned and implemented. Catchment area treatment is picking up. While supplies have largely
kept pace with demands, in future, the gap might increase with rapid growth of demands. Water
use efficiency and hence productivity is low. Wastage of water is pervasive. Water logging and
salinisation of land has taken out irrigated areas from production. Gap between potential
created and that utilised remains significant. Irrigation supplies are not equitable between head
and tail of canals. Command area development is deficient Waste-water is not adequately
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treated for reuse. Health problems have arisen due to poor quality and stagnation of such
waters. For flood management, non-structural measures are not deployed extensively along-
with structural ones. Flood embankments have caused problems at some places, but have
proven immensely beneficial at several other places.

DDifficulties in Development

Development of remaining potential is beset with many difficulties. Equitable sharing of
waters of inter-State rivers, construction of joint projects, sharing of costs and benefits,
displacement of people and their rehabilitation due to submergence, lack of a common
rehabilitation and resettlement policy including issues of allocation of land for land required 
for public purposes, environmental concerns, loss of forest cover and land etc are some of the
major issues faced in construction of dams. If dams are not built, environmental degradation 
occurs and perhaps faster than before, migration takes place in their absence such as from
Nepal to India, resettlement problems of such people and their impoverisation continues. Thus
social and environmental cost of building dams is often less than not building them. Wherever
water resources development reached, local population got stabilised, migration was reversed,
poverty was reduced, economy was strengthened due to secondary and incidental benefits.

SECTION VI

Var ious Voices

All these deficiencies no doubt need remedy. But they are not all pervading. Every technology
and engineering facility have faced some difficulty or the other, which require treatment and 
upgradation of technology. This indeed constitutes the cycle of development. One cannot wish
it away. Due to the remedies, the cost of development will increase. But the benefits also will
increase.

Some advocate that these are systemic deficiencies, which cannot be remedied and hence this
system of development, which is economically and socially indefensible should be discarded.
They argue in different voices. "The water sector is a failure and a disaster" and hence
altogether de novo alternative approaches are called for. Go for only micro or minor scale
development. Go for only ground water. Adopt total participatory approach. Don't grow cash
crops. Exclude rich farmers from irrigated areas. Use sprinkler and drip only. Don't use
chemical fertilisers and pesticides. Don't go for GMF. Don't join WTO. Don't build large dams.
Stop on-going large dams. Remove or reduce the height of large dams. Decommission dams.
Use run-of- the- river mini and micro hydel plants. Scrap flood embankments. Don't displace
people from their habitats for so called development. Don't destroy their culture.

Baby, Bath and Towel

But it is like throwing the baby with the bath and the towel. Bath water and towel have no doubt
required to be changed. Deficiencies have to be removed. Alternatives have to be proven to be
cost effective. It should be possible to put them in shape in the available time and most
importantly, it should be possible to harness all the water resources in a sustainable manner.
This is simply not possible by condemning everything. Limits of alternatives, the track record
and the time constraint have to be well understood before taking desperate actions. The wish
list of opponents of WR sector is long! I deal with some of the major ones.
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SSmall against Big Dams

Depending on location and economical-hydro-geo-technical considerations, a large or a small
dam is built on the basis of well-tested concepts.Aterminal reservoir in a basin is made large!)t
depending upon site conditions, to capture as much water as possible. In a basin, a discrete
combination of large to small or mega to micro scale facilities is required. Some times with
such combination also, full potential cannot be developed.

Claims that only small size (or some claim only large) of dams be adopted are wrong. Only
small dams don't capture all that water. In each basin, even if one wants, all dams can't be of 
only large or only small size. Each size has its advantages and deficiencies. Planning tries to 
maximise advantages and minimise deficiencies to the extent possible. Size-wise capital cost
of facilities in US$ per 1000 cub m storage, after Keller and Seckler is as follows.

Large storages: 8 to 110 US$, medium and small: 50 to 350, micro: 160 to 600, dug: 500 to
1200, desalination: 600 to 2000.

O&M costs differ for each size. Economic analysis has to account for opportunity costs and
should help prioritisation of each scheme. Apart from cost: the issues of: mortality, reliability,
dependability, submergence, displacement of inhabitants, loss of forest and cultivated land,
adverse impacts, multiplier effects are to be considered while making the decision. A recent
study of proposal to revive the old tanks of south India indicates that contrary to popular
perception, it will be economically too expensive.All said and done, the National Commission
has concluded that for the year 2025, it is necessary to complete all remaining intra-basin
development. Inter-basin transfers will be required beyond for meeting with the needs of 2050
AD. Large dams will be specially necessary for such transfers.

Micro Watershed Development versus Dams

Both cater to different functions. The former captures rain in situ and supplements/conserves
soil moisture for a longer period, whereas the latter hold the run-off in storages of surface
waters and make it available through canals for irrigation. The former has a crucial role in
treatment of catchment area and non-commanded areas of irrigation schemes. It recharges
ground water for use in local drinking water needs. Also, it provides soil moisture to replace 
may be one or two irrigation waterings, in kharif season. Its main role therefore is important for
the vast rainfed areas of the country, which will not be irrigated even in ultimate stage of
development.

The former successfully operates within a narrow band of meteorological phenomena of
intensity, duration, antecedent rainfall, potential evaporation, infiltration capacity dictated by
topography, geology, slope, vegetative cover etc. Its contribution to increase in productivity of
cropped land is rather limited. Both therefore are considered as complementary and not
adversarial. Sediment generation is reduced in the former case. But erosion and deposition in
downstream continues due to hydraulic phenomena. Dams hold bed load of sediment in the
designed pockets. The economic analysis accounts for such facility. Peak flood is reduced for
local watersheds but not for a group. Although claimed, it does not have impact on generation
of floods.

Reduction of Flow into Oceans due to Dams

Dams hold floodwaters and release through the year according to needs. With all the
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development, runoff into seas no doubt will reduce. A part of storage will be lost into
atmosphere due to evaporation. Globally speaking, when all the proposed dams are built,
reduction in outflow from the land into the oceans will be of the order of 0.1 million BCM as
compared to say 3000 million years ago. It will be offset to some extent by snowmelt from
polar regions and glaciers due to global warming but would amount to a reduction of 0.003 % to
the volume of the oceans which is about 3600 million BCM. The likely ultimate reduction is
therefore not expected to cause any disruption of the hydrological cycle or sedimentation and
erosion phenomena in the oceans.

Reduction ofRiver Flowand Degradation ofQuality

River flow in post monsoon season reduces if regulated releases are not planned through
sluices and or hydroelectric power-houses. Degradation of river water quality is mainly due to
waste-waters which ought to be released after treatment. Releases only for flushing pollutants
don't constitute economically prudent decision making.

Safetyand Seismicity

All dams are rigorously inspected, maintained, repaired and rehabilitated. Safety record of
India is at par with the world. Dam break analysis is done for old dams while refurbishing them,
so as to visualise and introduce appropriate safety measures.

Dams are designed for destabilising forces released due to native seismicity. Mega dams have
been built in more severer seismic zones in the world. Reservoir Induced Seismicity (RIS) is
debatable. But such forces don't exceed native forces. For new dams, aseismic design features
are used. Rigorous analysis, both probabilistic and deterministic is adopted according to the
needs.

Submergence ofLand, Flora, Fauna and Bio-diversity

Cost of submergence is considered in BIC analysis. Compensatory measures are taken to
neutralise adverse effects. Special sanctuaries are created. Bio-diversity can be taken care of by
preserving specific genes in nurseries or gene banks.

Water Logging and Land Salination

Deferred construction of drains where essential, over-dose of irrigation waters and lack of
adequate drainage causes these problems. Presently, about 10 % of irrigated area in India is
affected by the twin malady. Specific investments are required to reclaim the affected lands.
Structural and non-structural measures are being implemented. More efficient water
application can reduce the problem considerably.

Run-of-the-River Hydropower Stations

They can be built downstream of large storages on perennial rivers for reuse of waters released
through main power stations. Damage due to sediment also is reduced due to such facility.

Their reliability in post monsoon season is low, requiring shut-downs. Cost per unit power
therefore goes higher.
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Solar and Non-conventional Energyas an Alternative to Hydropower

Although undoubtedly the ultimate inexhaustible source of the future, the alternative sources at
present are still in development stage. Present costs are unaffordable. In case of bio-mass based
gasifiers which are claimed as options for hydropower, the largest generator in place is of 3 or 5
kw in capacity. They require land for growing bio-mass and hence their costing is of doubtful
nature to replace hydropower.

Displacement and Rehabilitation

People living in submergence have to be displaced before dams rise during construction. They
have to be rehabilitated in better conditions than before and have to be provided with land
where available and wherewithal for resuming their livelihood at the new location. Certain
minimum provisions are to be prescribed as per guidelines for project authorities by the
Government of India. Each State might have different laws I regulations detailing the
individual provisions. Displaced people need alternative means of earning livelihood, rather
than getting lump-sum compensation. The package for rehabilitation and resettlement needs to
be evolved after consultation with the stakeholders. Several countries have by now appropriate
national policy in place. In India, it should be available soon. Meanwhile many projects have
adopted liberal policies and have implemented them.

SSECTION VII

An Emerging Cr isis?

WR like other natural resources can be shared and administered for use to enable maximum
good of maximum people. Long term averages like the global exercises described tell of a long
term scenarios. Such availability is greatly affected by yearly variations and within a year in 
space and time. It is further affected by extremes of the cycle viz. floods, droughts and cyclones
which have higher incidence in tropical climate as compared to temperate one. The global
warming and consequent climate change looms on the horizon and threatens to exacerbate
these phenomena further. When basic needs of growing societies do not get satisfied, scarcity
manifests. It degenerates into a crisis if not remedied. As implementation and fruition is
lengthy, long term water plans have to accommodate basic needs of the ultimate likely
population. Short-term plans have obviously to fit within them. A crisis can extend beyond
availability and affect development, augmentation, conservation and management. All water 
activities from planning to modernisation and replacement of facilities created, have to be
directed to avoid development of a crisis situation, while ensuring fruition and avoidance of
degradation of the resource base itself. Management of all these call for interventions normally
woven in multipurpose development plans.

Water sharing within a river basin or between basins, can be harmonious if pressure of needs
does not exist. Population density of the region can exacerbate the situation. Crisis situation
can degenerate into a war like situation, if not dealt on time and with prudence. By and large,
water has acted like cement and has enabled peace-making. Adequate laws, acts, conventions
and institutional arrangement to implement are important.

Like in India, the emerging crisis elsewhere is not of waters, but is in mind and attitudes, it is
due to promotion of negative thinking rather than encouraging proactive mid-course
corrections, due to lack of courage to make mid-course corrections, due to not following
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rational thinking and shedding romanticism. Crisis is of capacity in rising above the
controversies, doing some pragmatic thinking and acting decisively in deciding what path to
take. Crisis is in advocacy of dumping one proven option in favour of another, emotion-
appealing, look-good alternative.

The country has passed through such situation, when we were only 35 crores and still were
short of food grain production, when the country was commonly affected by famines and
floods. No more. The efforts of last 50 years undid the crisis. It was not a bed of roses, anyway.A
repeat performance is called for. This time, we need a 'blue' revolution (water-centric) if
necessary accompanied by a second green revolution. If there are dark clouds, there are silver
linings and openings, as well.

First - There is still enough unharnessed water available in the country basins. Intra-basin and
inter-basin transfers of water, can augment availability.

Second - The opponents of present model have proposed alternatives. Their professional
evaluation can alone enable decisions about choices.

Third - Schemes in progress must not be delayed endlessly all through the construction phase.
They must be completed once undertaken, even if necessary after paying economic and social
cost involved. Comparisons of dams with bombs or temples with tombs are funny and futile.

Fourth - Efforts at improvement in water management and efficiency being made first time in
an organised manner must be accelerated.

Fifth - Fourth dimension - time - is the essence. World's and India's population might stabilise in
another 50 years. We are at half way since independence. There is no time to lose.

TTHE PROSPECTS, ISSUESAND DESIRED STEPS

The following paragraphs provide lists for different sub-sectors.

Drinking Water and Sanitation

Urban areas: Quickly build the planned reservoirs. Deploy dedicated pipelines. Keep outlets
for en route villages. Integrate surface and ground waters. Augment the latter to the possible
extent by in-situ conservation. Improve treatment works. Capture all used water, lead it away
and treat. Plan and use treated water for different needs. Implement policy of zero untreated
releases. Improve O&M. Reduce losses. Rehabilitate old systems and modernise them, where
necessary. Implement zero effluent norm for Industry. Evolve appropriate pricing and recovery
mechanisms fitted within the policies of water basin/district authorities. Integrate fresh water,
waste water and flood water systems. Ensure equity in supplies to the extent possible.
Use hand pump water for secondary uses.

RuralAreas: Plan regional water supply schemes rather than individual ones to effect economy.
Tubewells ideally suited for regional ones. Base them where possible on en route urban
schemes. Plan underground check dams for villages on banks of sandy streams. Deploy
compartmentation within village tanks to reduce evaporation losses. Adopt harvesting
techniques around them and sink wells for tapping filtered waters. Where hand pumps are in 
use don't allow deeper bore or tubewells around them. Repair facilities immediately. Lead away
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sullage for kitchen gardens. As chemical treatment is not yet largely possible, ensure fluoride,
iron, arsenic and organic sources of pollutants.

IIrrigation,Agriculture, Rural Livelihood, Well-being

Plan conjunctive use of surface and ground waters. Improve O&M of canals and structures.
Ensure volumetric releases in rotation through Warabandi. Promote irrigators associations to
take on O&M, recovery of charges, collection of produce, marketing, facilitating credit,
implements, fertilisers, pesticides, agri-advice. Start from tertiary component of distribution
system. Increase productivity of land and water by ensuring optimal balance of food crops, cash
crops, vegetables, fruits, flowers according to the soil's compatibility. Deploy mechanisation in
farming, pressurised irrigation systems, water saving devices, micro irrigation, glass I plastic
houses for saving crops from frost damage and better yields. Where possible, encourage dairy,
fish farming, pork and poultry rearing to supplement rural income and nutrition - which still
stands at 80% of minimum needs for about 1/3rd of India's population. Bring equity, efficiency,
economy and sustainability to irrigation uses, soon.

Ensure balance in cereals, carbohydrates, minerals, vitamins while the shift from cereals to
meat and milk takes place with economic growth. Go for plasticulture, biotechnology,
GMF/GMO wherever necessary with caution. Promote agri-based industry to wean away over
crowding on smaller land holdings and employ land-less thus stabilising populations in rural 
areas and triggering economic revival. By increasing productivity, proportion of people
employed in agri sector would move to manufacturing and or service sector, thus causing
growth of GNP/GDP in turn allowing more investments in rural economy. If cereal production
rises from say 2 tonnes/ha to 5 tonnes/ha, food security will be ensured while releasing land for
value added crops I bio-mass. lnduct crop insurance and ensure real time advice as the monsoon
advances. Provide roads, markets, fuels, energy needs, fertilisers, seeds, implements, animal
power, milch cattle, bio-gas plants, cold storages. Irrigation for rural development and food is a
multidisciplinary business and needs to be tackled as such in future.

Watershed development in catchment and command both, will help augmentation of soil
moisture to some extent. It is not an alternative to storages. In rain-fed areas which will be
covering 2/3rd cropped areas even in ultimate stage of irrigation development, micro
development will boost productivity to some extent. Soil conservation goes hand in hand with
water conservation. Build the movement to encompass natural disasters.

By following the strategy chalked out, India will, not only maintain food security but become
exporter of high value agro-products, to raise contribution of agriculture to GDP. We have
entered WTO as a part of globalisation, liberalisation and anti-isolationist process. Convert
blind opposition into enlightened self interest.

Hydropower

Very few dams store water for producing HP alone. Mostly they are multipurpose and
electricity is generated by releases for other purposes. Yet 80% of the potential is yet to be
developed. Equivalent potential is awaiting development in Nepal through development of
storages of waters, which otherwise are causing flooding and devastation in India and Nepal
both. Where snow melt is available, run-of-the river plants can work, but sediments cause
damage to runners and hence storages prove necessary for trapping sediment and passing
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cleaner water through turbines. In such cases, successive plants can use the releases for
generation of HP.

As yearly renewable resources are used, HP is most economical and eco-friendly. It Is available
on tap and hence is used for meeting peak demands thus stabilising power systems. By pumping
water back into the reservoirs during off-peak hours, same water can be used over again, thus
allowing recycling of the resource. Presently about 30% of total energy generated in the
country is used for irrigation pumping. HP is about 20% of total production. Both are
complementary and have to be developed and used as such.

OOther Uses

Navigational needs are small, but optimisation requires "jacketing of rivers and investments. 
Recreation is incidental at reservoirs and on river-fronts. For the latter, it is necessary to
improve water quality by ensuring treatment before releasing waste-waters. Everybody lives 
downstream of somebody and is to be cared for by way of ensuring quality and quantity
supplies. Eco-systems along streams-rivers and estuaries- backwaters- wetlands and coastal
areas need water releases. Costs involved are enormous. A balance is to be achieved between
human needs, containment of adverse impacts on eco-systems and costs for ensuring
sustainability of water uses. Over pumping in coastal areas has caused salinity ingress, which
has to be reversed by restraint on pumping and by recharge. Conjunctive use of surface and
ground waters can improve the in-land situation.

EPILOGUE

In past, the green revolution ably supported by irrigation, has helped in production of enough
food for the growing population of the country. To make the revolution evergreen, we have to
plan for needs of the ultimate likely population of the country. This objective can be achieved
through second green revolution as claimed by many. But water can become it constraint, if not
prudently developed and managed. In fact to enable maximum productivity consistent with
sustainability concerns, water has to be used much more prudently than before. This would be
possible through a water revolution or a BLUE REVOLUTION as brought out in this lecture
note. The lecture strikes a very optimistic note. It avers that it is not only possible for the world
and India to meet with the ultimate needs of the population adequately, but the second green 
revolution can make it an ever-green one if it goes on hand in hand with a blue revolution. A
country like India can increase the agricultural growth rate with GDP to put itself on the course
of becoming a leader in economic terms during the next century. The task however is not easy.
From funding to conflict resolution, strong will and confidence will constitute the basis for
such achievement.
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I consider it a great privilege to be invited to deliver Dr Amitabha Bhattacharyya Memorial
Lecture. I thank the President, IE(I) and the National Council for the same.

It was during my Presidents hip of the IE(I) that its Council resolved to establish Dr Amitabha
Bhattacharyya Memorial Lecture in view of the great contribution made by him for about two
decades to the growth of the Institution of Engineers (India).

It was my great pleasure to work in close association with Dr Bhattacharyya in The Institution
of Engineers (India) for a long period. I recollect his passion of bringing the Institution to the
forefront in the National and International arena. His visions, particularly in regard to
development of engineering educational standards and improving the standards of publication,
are extremely noteworthy. He also brought the Institution to the forefront of international
relationship by establishing international tie-ups and organising many World Congresses and
International Meets. He held the Chairmanship of the Committee on Engineering and
Education of WFEO for a long time and his contribution in that capacity is still remembered 
with great appreciation.

I take this opportunity to pay my most respectful homage to the memory of Dr Amitabha
Bhattacharyya.

Dr Bhattacharyya was the Founder Chairman of the Rural Development Forum of The
Institution of Engineers (India) and he was highly involved in addressing the various
programmes for rural development and poverty alleviation. Touching this subject which was
close to the heart of Dr Bhattacharyya, I am reminded of what Mahatma Gandhi had dreamt 
about rural (village) upliftment :

'If my dream is fulfilled and every one of the seven lakhs of villages becomes a living republic
in which no one is idle for want of work, in which everyone is usefully occupied and has
nourishing food, well ventilated dwellings and sufficient khadi for covering the body and in 
which all villagers know and observe the laws of hygiene and sanitation, such a state must have
varied and increasing needs which it must supply unless it would stagnate'. The Gandhian
concept of rural development was based on achieving self sufficiency of villages in which
everyone would have adequate food, shelter, clothing, proper hygienic and sanitation facilities
and every person willing to work, is provided gainful employment.

India is predominantly rural country. about 75% of its total population live in rural areas as per
1991 census. The objectives of rural development are very broad and to mention a few are as
under:

I. Development of human resources including

a. Literacy, more specially female literacy, education, and skill development

SSustainable Development

Prof G P Lal

Past President, The Institution of Engineers (India)

Vice President, World Federation of Engineering Organisations
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b. Sanitation and public health measures, and

c. Family limitation;

II. Land reforms;

III. Development of the productive resources of the area;

IV. Infrastructure development; and

V. Special measures for alleviation of poverty and bringing about significant
improvement in the living conditions of the weaker sections of the population.

POVERTY

Poverty has been defined and identified in various terms by various experts and agencies. One
simple definition is that "Poverty Line" is a line which divides the poor from non-poor by
putting a price on the minimum required consumption levels of food, clothing, shelter, fuel and
health care etc.

The poverty scenario today is explained by conditions where millions of women, children and
men are suffering from poverty, chronic hunger and deprivation. Poverty reduction can be
achieved if we propose and demonstrate sustainable pathways for achieving the national goals
of food, drinking water, health and education for all. At the same time, poverty alleviation has
to be linked with environment protection and achieving a policy for a better common present
for all members of the human family in order to achieve a better common future.

It is with this background that the United Nations Environment Programme (UNEP) has
pointed out that unless we take immediate steps to halt habital destruction and genetic erosion,
we will be entering the second age of mass species extinction. In such a prevailing mood of
despair, there is a need to launch an initiative for poverty alleviation.

The approach for reduction of poverty comprises of judicious exploitation of natural and
human resources while absorbing the State-of-the-Art technologies in every sphere of
engineering activities. For this, the policy-makers need to understand the problems with clear
mind and utilise scientific temperament along with strong commitment and zeal to fight the
problems being faced by the mankind. The target set by the World Social Summit is that by
2015 poverty should be reduced by half at the global level. To achieve this it is advised to have
the following approaches:

�switch over to the market based economic development where the poor are not
excluded from the market but are brought into the market;

�adopt the sustainable development concept in all developmental activities;

�fight poverty at all levels, through national and international support; and

�the developed countries to provide technology and financial assistance within the
framework of International Treaties and Conventions.

I would wish to quote extracts from the WHO Report" Policies to Reduce Poverty and
Accelerate Sustainable Development', 2000.
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'India reduced poverty substantially since the mid-1970s as growth rose and human
development indicators improved. In the mid-1990s growth increased sharply and human
indicators continued to improve. Yet, poverty race declined only marginally. The
inconsistencies between the national accounts and the national sample surveys that are used to
measure poverty suggest that this may be statistical RT fact. Partly the slow down may also be
explained by the higher average inflation in the 1990s compared to the 1960s, specially the
more rapid increase in food prices.

More fundamentally, while some states were able to take advantage of the stabilisation and
reforms to speed up growth and poverty reduction, others increasingly lagged due to poor
governance, infrastructure, lack of human development, lack of physical adjustment and
compression of development spending.

Should the recent developments be taken as evidence that stabilization and reforms have
worked against the poor? We would argue not. First, there continues to be some reduction in 
poverty, particularly in the urban areas and in some states. Second, and more importantly, the
issue is not reforms and stabilization which were clearly needed to correct an unsustainable
situation, but incomplete, and partial reforms. In particular, it is generally agreed that
agriculture, which may have lost its impetus in reducing poverty, remains the least reformed,
most distorted sector. Lack of reforms of labour and product markets limit both the rate of
growth and its labour intensity. Reform of India's anti poverty programmes are now underway,
but has taken place too recently for the benefits to show up ...moreover further institutional and
governance improvements will be needed to make the programmes fully effective.
Institutional and governance issues also arise in social sector services. Finally, at the state
level, differences in governance and fiscal adjustment have led to differences in human
development, infrastructure and private Investment that contribute to the differences in growth
and poverty reduction across the states .. .’

Against this backdrop, there is a concern that poverty reduction will continue to stagnate unless
a second phase of reforms occurs.

PPOPULATION

Global population is still increasing at over 2% per year and this increase is occurring mostly in
developing countries. Malthus had warned more than two centuries ago about the socio-
economic chaos that may occur due to this population increase. Today many experts believe 
that the fears of Malthus may still come true, unless the growth of both population and
environmental degradation can be arrested.

One of the problems in the developing countries in matter of poverty reduction has been the
higher rate of population growth. United Nations projection of world population in 2050 is any
where between 7.7 billion to 11.1 billion as against the population of 6 billion in October 1999.
The population growth in developing countries is faster as compared to growth in the
developed countries as would be seen in the Table below which shows the projected population
in 2010 and 2025 on base population of 1992 population.Arough calculation also indicates the
population doubling time in years of some of the countries.
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From the table it would be seen that the average doubling time of population in developing
countries is 34 years whereas the same is 148 years for the developed countries. This
population growth is setting off many of the efforts for poverty alleviation and so one of the
important issues is to contain the population growth. It has also been identified that while all 
people are affected by environmental degradation, the poor tend to be the most vulnerable to
environmental degradation.

SSUSTAINABLE DEVELOPMENT APPROACH FOR POVERTYREDUCTION

Linkage of sustainable development with poverty has been in the forefront since 1972. Even 
recently, in a Report issued at the end of 1998, the United Nations Environment Programme
(UNEP), the World Bank and the National Aeronautics and Space Administration summarized
why the environment is important and should not be considered in isolation. The Earth's
physical and biological system provides humans with essential goods and services. A set of
physical, chemical and biological process link global environmental problems so that changes
in one have repercussions for others. Actions taken to meet human needs have local, regional
and global consequences. The same driving forces - population size, consumption levels and 
choice of technologies underlie all global environmental problems. All people affect the
environment, and vice versa, but the rich have a disproportionately higher impact and the poor
tend to be the most vulnerable to the effects of environmental degradation.

GLOBAL CONCERN FOR ENVIRONMENT

The challenges of eco-development have emerged as a matter of global concern since the last
four decades, which have been discussed and deliberated upon at a series of UN Conferences.
The first such deliberation took place at the UN Conference on the Human Environment in
Stockholm in 1972, which spurred a series of activities and events in the form of the following:

�UN World Conference on Environmental and Development (the Brundtland
Commission) in 1987;

�Emergence of the concept of Sustainable Development in the Brundtland Commission
Report of 1987;
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�

Summit) held in Rio de Janeiro in 1992;

�Follow-up of the Rio Conference recommendations, particularly its Agenda 21 during
1997 (Rio + 5);

�Further proposed follow-up during 2002 known as (Rio + 10 Summit);

�The 55th General Assembly of UN in 2000, has decided that during September 2-11,
2002 a 'World Summit on Sustainable Development' would be held in Johannesburgh
SouthAfrica; and

�This 2002 Summit is expected to review and identify what new challenges and
opportunities have emerged since the Rio Conference 1992 and come out with
policies to assure a balance between economic development, social development and
environmental protection.

CCONCEPT OF SUSTAINABLE DEVELOPMENT

This concept was enunciated in the United Nations World Commission on Environment and
Development (the Brundtland Commission) Report Our Common Future in 1987. The Report
has defined sustainable development as development that meets the needs of the present
generation without compromising the ability of the future generations to meet their own needs.

It further proclaimed this concept as a workable objective for everyone around the world, at all
levels, namely, international, national or regional and that with the adoption of this concept the
conclusions that would be fundamental would be the following :

�sustainable development is a global issue;

�poverty and environmental concerns must be addressed together;

�significant improvements in the material standard of living of developing countries are
a precondition to sustainable development; and

�significant opportunities exist to improve environmental quality and human
development through scientific, engineering, and technological (SET) developments
and institutional reforms.

This concept was given a formal shape in the form of Agenda 21 of the United Nations
Conference on Environment and Development (UNCED) and popularly known as the Earth 
Summit held in 1992 at Rio de Janeiro. Agenda 21 contained as international action plan for 
sustainable development.

EARTH SUMMIT 1992 (RIO CONFERENCE; 1992)

The Earth Summit in 1992 made history by bringing global attention to the following major
challengers :

�that the planet's environment and development were intimately linked with economic
conditions and problems of social justice;

UN Conference on Environment and Development (popularly known as the Earth
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�

each other for sustainable outcomes in the long term;

�that if the environment is abused and resources are over-consumed, the people suffer
and economies deteriorate; and

�that if the people are poor and the national governments are weak, the environment
suffers.

Sustainable Development Concept has made efforts in the direction of meeting these
challenges, but still the gravity and consequences of the challenges continue to exist. Today it
has become clear that internationally,Agenda 21 has largely remained an action plan on paper,
as is evident from the situation that both the global environment and the human condition have
deteriorated.

PPROPOSED WORLD SUMMIT ON SUSTAINABLE DEVELOPMENT-2002 (RIO +
10 SUMMIT)

The target of sustainable development is difficult and no clear indicators are available that can
be universally applied. Every region has its own priorities and accordingly the indicators used
for measuring success of the implementation of sustainable development initiatives. By 1997,
ie, at the stage of Rio + 5, the United Nations General Assembly decided that by 2002, the
formulation and elaboration of national strategies for sustainable development which reflect
the contributions and responsibilities of all interested parties should be completed in all
countries, with assistance provided, as appropriate, through international cooperation.

The regional priorities for sustainable growth vary from region to region and for this purpose
round tables/discussions were organised at different regions recently for preparation
for the Johannesburg Summit.

(i) Europe and NorthAmerica Round Table during June 6-8,2001,

(ii) LatinAmerica and the Caribbean Round Table during June 18-20, 2001,

(iii) African Round Table during June 25-27, 2001,

(iv) EastAsian and Pacific Round Table during July 9-11,2001, and

(v) Central and SouthAfrica Round Table during July 30 -August 02, 2001.

In these round tables/discussions, for sustainable development ideas that emerged varied from
consumption, waste, climate changes, stronger administrative infrastructure, food,
agriculture, energy technology base, transport, infrastructure, peace and stability, poverty
reduction, inadequate finances for sustainable development, drug trafficking, cultural values
etc.

During 2001, a ten-year review of progress achieved in the implementation of the outcome of
the UN Conference on Environment and Development has recommended that at a Summit
Level Meeting the following areas should be reviewed:

�initiatives for encouraging global commitment to sustainable development, and

that the social, environmental and economic outcome could be met in a balance with
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�

environmental protection, as these are interdependent and reinforcing components of
sustainable development.

The World Summit on Sustainable Development - 2002 is expected to review and identify what
new challenges and opportunities have emerged since the Rio Conference 1992. These
are as follows:

�identified major accomplishments;

�identify major constraints hindering the implementation of Agenda 21 and propose
specific time bound measures to be taken and institutional and financial requirements
and identify the sources of such support;

�address new challenges and opportunities that have emerged since the UNCED within
the framework ofAgenda 21; and

�address ways of strengthening the institutional framework for sustainable
development and evaluate and define the role and programme of the work of the
commission for Sustainable Development.

WWORLD CONGRESS ON SUSTAINABLE DEVELOPMENT - TECHNOLOGICAL
CHALLENGES FOR THE 21ST CENTURY

While many seminars and conferences have been held on the subject, I would like to mention
about the World Congress organised by The Institution of Engineers (India) in collaboration
with World Federation of Engineering Organisations (WFEO) as a measure of IE(I)'s effort on
the subject. The Congress was addressed by the Prime Minister of India, Shri Atal Behari
Vajpayee and ended in publication as Kolkata Declaration. The Prime Minister had said –

' …….we are also committed to rapid economic development and creation of infrastructure for
sustained grow1h. The present infrastructure is expected to expand at a much more accelerated
rate. This expansion is especially necessary in the energy, telecommunications and transport
sectors.

But all these development activities must not be allowed to result in severe depletion of natural
resources and degradation of our environment. We must synergise our needs with the
availability of natural resources'.

The Prime Minister further advised that attention be focussed on the following key areas:

�access to information on State-of-the-Art technologies;

�a framework for dissemination of information on the sources of availability of
environmentally sound technologies;

�development of guidelines for transfer of technologies; and

�training of personnel to undertake technology assessment for the management of such
technologies.

steps for ensuring a balance between economic development, social development and
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The Panel Discussion on 'New Directions for Sustainable Development' resulted in
formulation of the 'Kolkata Declaration' which gave thrust on the following areas:

�Enhance Institutional and Participatory Capacities for Improved Convergence of
Economic Grow1h and Environmental Protection,

�Resolve Contradiction between the Overpopulation of the Developing World and
Unsustainable Consumerism of the Developed World,

�Improve Environmental Education, Information and Communication,

�Support Infrastructural Development to Improve Health and Education of the Poor
with International Cooperation,

�Stress Scientific, Engineering, Technological and Social Issues of Environmental
Management and Minimize Political Role,

�Support Environmental Planning and Management (EPM) to Eliminate Strategic
Threats to Water Resources andAquatic Life,

�Support Sustainable Strategies for Energy, and

�Provide Expertise, Information and Communication for EPM.

Mention of engineering/engineers may be highly missing in the Rio Summit document but
when it comes to blame it is said that the engineers are the cause of world environmental
problems. The discharge of sewage into open water with minimal treatment, the thermal power
plants discharging pollutants in the atmosphere, the big dams diminishing fish migration,
disturbing the ecology and creating rehabilitation problems, highways with traffic congestion
are all the product of the engineers. The engineers have to explain this to the civil societies and
participate with them in the global environment, principles, ethics and policies to make them
respectable partners in the future built environment. To increase the visibility of Engineers the
WFEO has taken keen interest in the Earth charter dealt below.

EEARTH CHARTER AND ROLE OF ENGINEERS

Beginning as early as 1945, during the formation of the United Nations, discussions began
about the need for an earth ethic. In 1972 at the UN Stockholm Conference, where the current
environment declarations were initiated, discussions continued about an earth ethic, and in
1982 The World Charter for Nature was adopted by the UN General Assembly. The 1987
Brundtland Commission Report, 'Our Common Future', also described the need for an Earth
Charter. During the 1992 Earth Summit, the Earth Charter was to have formed the ethical
foundation upon whichAgenda 21 and other Rio documents were to have been based.

A new Earth Charter initiative began in 1994 by Maurice Strong, Chairman of the Earth
Council and Mikhail Gorbachev, Chairman of Green Cross International. An Earth Charter
Commission was appointed and numerous drafts have been developed and circulated among 
the nations of the world.ABenchmark Draft II was distributed in October 1998 and was revised
as a result of the work of many National Earth Charter Committees and Regional Conferences.
Another Benchmark Draft II was published in April 1999. As a result of a broad global review
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and a virtual conference for further discussion, a new draft was released on November 15,
1999.

The final Earth Charter was launched on June 29, 2000 at The Hague. The resulting Earth
Charter is more a document of values, rights, social responsibilities and spiritual living than
one of methods of improving the quality of life. Though there are fewer principles having
engineering implication but engineers may like to address many of these with the interest in the
issue and values the WFEO.

EEARTH CHARTER DRAFT PRINCIPLES

The November 15, 1999 Draft contains sixteen principles as did the previous draft. There are
additional sub-principles which now number sixty-eight. Although most principles have
indirect engineering implications, eleven of the sixteen principles have direct engineering
implications. Thirty-two of the sixty-eight sub-principles relate to the works of engineers. It is
clear that the objectives of the Earth Charter principles cannot be accomplished without
engineering knowledge and support. Therefore, it is clear that practicing engineers must
become knowledgeable of the Earth Charter principles.

The 16 Principles are stated below, eleven marked (with asterisk) are having engineering
implications.

1. Respect Earth and life in all its diversity;

*2. Care for the, community of life with understanding, love and compassion;

3. Build societies that are free, just, participatory, sustainable and peaceful;

*4. Secure Earth's bounty and beauty for present and future generations;

*5. Protect and restore the integrity of Earth's ecological system, with special concern
for biological diversity and the natural processes that sustain life;

*6. Prevent harm as the best method of environmental protection, and when knowledge
is limited, apply a precautionary approach;

7. Treat all living beings with respect and consideration, and protect them from cruelty
and wanton destruction;

*8. Advance worldwide the study of ecological system and the dissemination and
application of knowledge that enables communities to care for Earth;

*9. Adopt patterns of production, consumption and reproduction that safeguard Earth's
regenerative capacities, human rights and community well-being;

*10. Ensure that economic activities, including world trade, support and promote human
development in an equitable and sustainable manner;

*11. Eradicate poverty, as an ethical, social and environmental imperative;
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12. Affirm and promote gender equality as a prerequisite to sustainable development

*13. Establish transparency and accountability in governance, and provide access to
information, inclusive participation in decision-making, and access to justice;

14. Honour and defend the right of all persons, without discrimination, to a natural and
social environment supportive of their dignity, bodily health, and spiritual well-
being;

*15. Integrate the knowledge, values and skills needed for promoting sustainable
development into universal education and life-long learning; and

*16. Create a culture of peace and cooperation.

RROLE OF ENGINEERS IN SUSTAINABLE DEVELOPMENT

Many of the critical environmental problems we face today, as outlined in the Rio Declaration
1992 and subsequent discussions arising out of various round tables! discussions relates to
unfair use of World's resources, undue pressure on region's biodiversity, technology transfer,
public participation in governance etc. And to add to the list of problems and challenges is the
challenge of poverty, particularly existing in the developing countries. Various aspects and
issues relating to these challenges, particularly environment and poverty, have been
deliberated upon earlier.

Let us identify and spell out what role the engineers have to play in addressing these
challenges. While scientists have been playing a significant role in understanding and
developing policy to support decision makers, the applied knowledge of the engineering
community has been largely absent from the policy debate, in spite of the fact that engineers
use science to plan, build and operate the infrastructure which may directly contribute to
solutions for these challenges.

Sustainable development approach to arriving at solutions for these challenges has been
globally accepted. For this, the nature of development in future will demand a new role for
engineers - not just their traditional problem solving role - but as leaders of the
interdisciplinary teams involved in the decision-making process itself and as agents of change.

In this new role, engineers will have to play the role of facilitators of sustainable development
which will be achieved through:

a. broadening the education of engineers and finding new ways to doing more with less
resources, less energy consumption and less waste generation,

b. focus on new manufacturing processes and equipment, expanded use of recyclable
materials and the development of regenerative/recyclable products and packaging,

c. broader understanding of political, economic, technical and social issues and
processes related to sustainable development,

d. information exchange through global communications network to share ideas,
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conduct business, develop sustainable engineering solutions and technological
innovation, and

e. working on a global scale to promote public recognition and understanding of the need
for sustainable development.

One of the significant objective of the new role of engineers will be to achieve an ecologically
sustainable world for future generations.
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TThe Development of Cable-suppor ted Br idges in 
Hong Kong - My Personal Exper ience

Ir Dr C K Lau

DIRECTOR

Department of Civil Engineering, HKSAR 

PRESIDENT

Hong Kong Institution of Engineers

SUMMARY

Hong Kong has completed 3 large span cable-supported bridges, namely, the 1377 m span
Tsing Ma suspension bridge, the 430 m span Kap Shui Mun cable-stayed bridge and the triple-
tower Ting Kau cable-stayed bridge with main spans of 448 m and 475 m, respectively.
Detailed design for the 1418 m span TSing Lung suspension bridge is underway. An
international bridge design competition concludes a 1018 m span Stonecutters cable-stayed
bridge of which detailed design has began for construction in 2003. New bridge schemes
linking Hong Kong with Mainland China includes fewmajor bridges with span over 1400 m.

INTRODUCTION

The economy of Hong Kong SAR is largely based on trading which in turn rely heavily on its
airport and port facilities. In recent years, there has been rapid development in China and in
South East Asia generally. The region has become the most popular tourist destination in Asia,
and the most attractive trading economy in the world. Hong Kong's airport is one of the busiest
airports in the world. It also has the world's busiest container port and a fine harbour to receive
vessels of all sizes from around the world.

In order to enable Hong Kong to achieve continuous economic growth and to maintain its
important role as an international centre for business, shipping, aviation and tourism well into
the next century, Hong Kong has completed on a programme of infrastructure development in
1997 called as Airport Core Programme which is one of the world's largest infrastructure
programme at a cost estimate of US$21 billion. An important part of the programme is the
building of a new international airport at Chek Lap Kok to replace the existing airport in the
urban area.ADisney Theme Park is being built at North Lantau for opening in 2005.

Building the new airport required the construction of a number of high-capacity transport links
to serve the airport as well as the new industrial and residential developments proposed at
Lantau. The route comprises two major bridges, namely, the Tsing Ma suspension bridge and
the Kap Shui Mun cable-stayed bridge. The two bridges have double decks for road and rail
traffic and open to traffic in 1997.

The fast growth in the cross border traffic required the construction of a direct link between
Shenzhen and the western territory of HKSAR. The outstanding structure in this link is the Ting
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Kau cable-stayed with its 3 single legged towers with main spans of 448 m and 475 m. The
elegant Ting Kau Bridge after its completion in 1998 has always attracted the interest of visitors
who compare it with the neighbouring Tsing Ma suspension bridge and the Kap Shui Mun
cable-stayed bridge. It is another good example of modern bridge design thus creating an
ensemble of bridges, which complement each other.

A western corridor was planned to a new boundary crossing at Shekou of Mainland China and
included a 1418 m span suspension bridge, the Tsing Lung Bridge. The detailed design of the
bridge, having twin shallow streamlined boxes deck has been carried out and construction of 
the bridge is scheduled for 2004.

An international bridge design competition for the Stonecutters Bridge, a major element of a 
trunk road linking eastern and western parts of the territory, was completed in September 2000.
The winning scheme is a cable-stayed bridge with chimney-shaped towers and a main span of
1018 m. Detailed design based on the winner's scheme as a reference scheme has begun. The
construction of this world's longest cable-stayed bridge is scheduled for 2003.

The rapid economic growth in the Pearl River Delta in the Mainland China calls for the need for
the construction of new crossings linking Hong Kong with the Mainland. The proposed routes
require many large scale cable-supported bridges of spans even over 1400 m.

TTSING MABRIDGE

The Tsing Ma Bridge has a main span of 1377 m and is the world's longest suspension bridge
carrying both road and railway traffic. The upper deck of the bridge carries a dual three-lane 
carriageway and there are two tracks of railway and a dual one-lane emergency roadway in the
lower deck. The two anchorages are gravity structures and take the load of the main suspension
cables at either end of the bridge.

The Tsing Yi Tower Foundations are Simple spread footings on rock and the Ma Wan Tower is
founded on precast concrete caissons resting on a prepared rock sea bed in approximately 12 m
depth of water. The two towers of 206 m height are of reinforced concrete and each tower leg is
6 m wide and tapers from 18 m to 9 m in the longitudinal direction. Each was slip formed in 
about 3 months.

The main cables were constructed by aerial spinning method. Each main span cable consists of
80 strands of 368 number 5.38 mm and 11 strands of 360 number 5.38 mm galvanized high
tensile steel wires. The total length of wire is 160000 km, enough to circle the earth four times.

Extensive wind tunnel tests have resulted in the adoption of faired edges and central ventilation
openings for the deck to improve aerodynamic stability during typhoons. Structurally, the deck
section is a hybrid arrangement combining both truss and box forms. Two longitudinal trusses
to the full depth of the deck at 26 m centres act in conjunction with the steel orthotropic decks of
the upper and lower carriageways to provide the vertical bending stiffness. Plan diagonal
bracings at the upper and lower levels enable the trusses to provide lateral bending stiffness.
Cross frames of Vierendeel form are provided at 4.5 m centres with every fourth frame being
supported from suspenders. A stainless steel cladding along the outer edges of the deck is
provided in order to control air flow across the deck. The final external appearance is therefore
of a box with faired edges having continuous gaps along the top and bottom surfaces. Internally,
it presents the appearance of conventional trusswork.
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The deck is suspended from the main cables at 18 m centres. The suspenders consist of 2 lengths
of 76 mm diameter wire ropes which are wrapped over grooved cable bands clamped onto the
main cables. The carriageway at the upper deck is surfaced with 40 mm thick mastic asphalt
over waterproofing and the lower deck receives a special 7 mm thick epoxy layer. The total
steel required for the deck is 50 000 tones and was fabricated overseas, assembled in Mainland
China, then transported to site and erected in sections weighting 1000 ton each.

The Tsing Ma Bridge contract was awarded in May 1992 for a contract period of 50 years.
Construction is based upon the Engineer's Design. The contract was awarded on a fixed price
lump sum basis at about US $900 million.

KKAP SHUI MUN BRIDGE

The Kap Shui Mun Bridge contract was awarded on a 'design and build' basis because various
cable-stayed bridge designs of similar spans and construction methods were available
internationally. There was also sufficient time available for tenderers to prepare their own
designs. On a design and construct contract, the tenderers compete by producing the most cost
effective designs commensurate with their specialist skills and their resources.

The structural scheme proposed by the successful tenderer is a 430 m main span cable-stayed
bridge with a steel/concrete composite main span, concrete side spans and concrete towers. On
completion, the bridge became the world's second longest cable-stayed bridge carrying both
road and railway traffic. The four side spans are of 80 m each, giving a 750 m overall length
configured with 80-80-430-80-80 m spans.

The 150 m high towers are of reinforced concrete structures. The Lantau Tower is founded on a
shallow spread footing on rock and the Ma Wan Tower is founded partly on 4 m diameter hand-
dug piles and partly resting on rock, the contractor constructed the concrete side spans by
incremental Launching from the outer ends towards the towers.
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consist of 51 to 102 parallel mono strands of 15.7 mm diameter sheathed 7 wire strands with a
2tensile strength of 1770 N/mm after galvanizing. The total weight of cables is about 2400

tonnes and their total length is 11 km. The corrosion protection measures include zinc
galvanizing, grease and 1 mm extruded PE sheathing. In addition, each cable is enclosed in an
HDPE pipe.

The Kap Shui Mun Bridge and Ma Wan viaduct contract was let in November 1992 for a
contract period of 4.5 years on a fixed price lump sum basis at about US$210 million.

TTING KAU BRIDGE

The triple-tower Ting Kau Bridge has an overall length of 1177 m with the two cabled-stayed
main spans measured at 475 m and 448 m, respectively. The bridge has been designed to carry a
dual four-lane expressway and comprises three single leg concrete towers. The central tower is
located roughly in the middle of the Rambler Channel and the other two towers sit on the shore
line.

The 200 m high central tower is stabilized with longitudinal stay cables connecting the tower
head to the deck close to side towers in addition to the transverse stabilization cables. The
towers are protected by ship impact protection systems which will ensure that all vessels are
prevented from striking the bridge supports. From these towers, four planes of stay cables
radiate downwards to support the bridge decks which are of composite steel and concrete
construction.

The deck is formed from four longitudinal 1.5 m deep L-shaped steel plate girders, one on each
edge of each carriageway structure, with steel beams spanning transversely between them at
4.5 m centres to form a simple grillage the 230 mm thick pre-cast concrete deck panels are
placed on top with in-situ strip between. The cross-girders are extended at 13.5 m intervals to
link the two separate carriageway structures which are separated by a continuous gap of 5.8 m.
The contract was also awarded on 'design and build' basis to the lowest tender on a fixed price
lump sum at US$225 million. The Ting Kau Bridge was opened to traffic in May 1998, 45
months after the contract was signed.
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TTSING LUNG BRIDGE

The Tsing Lung Bridge has a main span of 1418 m and will carry dual three-lane carriageway
with full width hardshoulder at either side.

An Investigation and Preliminary Design Assignment was carried out in 1999 and
recommended a suspension with span of 1418 m having a deep split-Severn type of deck.
However, the consultants employed for the detailed design of the scheme proposed alternative
deck configuration consisting of twin shallow streamlined boxes connected together by
transverse box girders at 30 m centre, like the Messina Crossing in Italy.

The innovative form of deck using twin, shallow, streamlined and vented boxes has many
advantages including significant reduction in the weight of the deck, hence, the loadings on the
cables, hangers, towers, anchorages and foundations; improved aerodynamic efficiency; easy
fabrication as units off-site in controlled workshops; and easy for transport etc. The new deck
scheme is innovative, economic and very pleasing in appearance. Apart from the benefit of
safety, the provision of hardshoulder would enable inspection and maintenance operations to
be carried out without frequent lane closure on the bridge deck. Construction is scheduled for
2004 and it will take 5 years to complete.

STONE CUTTERS BRIDGE

Stonecutters Bridge is a major element of the dual 3-lane trunk road linking the new airport at
Chek Lap Kok at the west to the Sha Tin New Town at the east of HKSAR. The bridge will be
visible from the harbour, from the peak of Hong Kong Island as well as from West Kowloon.
Because of the prominent location of the bridge, an international bridge design competition
was organized in 2000 to establish the exact form of the structure in order to provide a fitting
landmark in the harbour and a gateway to the container port. Apart from the possibility of
getting an innovative and attractive design, the competition will secure a reference scheme for
detailed design and construction.
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The announcement of the design competition was made in November 1999. 31 teams
comprising 103 companies or individual designers from various parts of the world expressed
their interest. Later 16 teams were prequalified on the basis of their long span bridge experience
and the CVs and capability of the proposed designers in the teams. Prequalified teams were
invited in January 2000 to enter stage 1 of the competition.

In February 2000, stage 1 entries were received, 11 teams submitted 2 schemes, the remaining
5 teams submitted 1 scheme, making a total of 27 schemes. 22 of them were cable-stayed
proposals, 2 were suspension bridges and 3 were of the hybrid type. The schemes were
assessed by the Technical Evaluation Committee (of which I was the Chairman) and Aesthetic
Evaluation Committee to a 70% technical and 30% aesthetic weighting. The schemes which 
scored the highest aggregated marks were selected to enter stage 2 of the competition. Five
schemes were selected after the final meeting held inApril 2000. The five stage 2 submissions,
all suggested cable-stayed type bridge form, were received in July 2000. Apart from a more
detailed report, they included a medium size model and a small size model to be fitted into a 
background model of the surrounding area.

In early September, the winner was selected. It is a cable-stayed bridge with chimney-shaped

towers and with a main span of 1018 m. The bridge deck consists of twin box girders
interconnected by transverse girders. Consultants had been employed in early 2001 to carry out
the detailed design of the bridge. The bridge scheme is scheduled to commence in 2003 and for
completion in 2008. Upon completion, it will be the world's longest cable-stayed bridge.

DDEEP BAYCROSSING

The dual 3-lane crossing links the Shekon at Shenzhen in the Mainland China with the Deep 
Bay area in Hong Kong side. The total length is 5 km and in the form of viaduct with span of 75
m, but at the two navigation channels, cable-stayed bridge are to be built. The two cable-stayed
bridges all had a main span of 210m with only one side span of 95 m. Detailed design is in hand
and the anticipated completion date is 2005/2006.

LlNGDING YANG CROSSING

The rapid economic growth in the Pearl River Delta and the Guangzhou-Shenzhen-Zhuhai
Triangle, as well as the ever expanding economic and commercial ties between the Mainland
China and Hong Kong call for the need for the construction of a major expressway across the
Lingding Yang (Lingding Yang Ocean) and linking up east and west sides of the Pearl River
estuary.
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The proposed project consists of 23 km of viaduct over water and 4 km approach road. Both the
expressway and the bridges will carry 6 traffic lanes. There are four navigation channels,
hence, requiring 4 major bridges.

The East Lingding Channel is about 1.5 km to the west of Hong Kong with a designed
navigation capacity for 200 000-DWT, hence, a suspension bridge with a minimum span of
1400 m is required. The West Lingding Channel has 100 000-DWT navigation capacity
requiring a bridge of 920 m main span. The other two channels require bridges of span 300 m
and 140 m, respectively.

Feasibility design of the crossing and design competition on the forms of bridge structures
were completed. However, there is no definite plan for the construction of this crossing.

HHONG KONG-MACAO-ZHUHAI CROSSING

The alignment of the crossing is almost parallel to that of the Lingding Yang Crossing but is at
much further south. The total length of the crossing on viaduct structure is about 30 km and the
carriage width can carry dual 3-lane traffic.

At the west of the Lantau Island in the Hong Kong side, there exists a wide and deep valley in
the sea. For bridge option, it requires a main span of 2 000 m. However, a submerged tunnel 
scheme could be considered as a better choice. Feasibility study of this project would be put in
hand very soon.

CONCLUSION

I have been extremely lucky to get involved in these five bridges and the experience gained
from the development history of cable-supported bridges in Hong Kong has few points of
interest.

The Tsing Ma Bridge is the first long span suspension bridge built in typhoon area that requires
the deck structure to be aerodynamically stable in winds up to typhoon speed, meaning the one-
minute mean wind speed of 95 m/s. As a result, streamlined box deck section with central
ventilation openings has been proven to be successful. In addition, the double deck
configuration can provide safe access for high speed rail and vehicles under abnormal weather
conditions.

The adoption of 'Design and Build' form of contract for the Kap Shui Mun Bridge and Ting Kau
Bridge resulted in time saving and financial benefits. It has also demonstrated that 'Design and
Build' contract arrangement can give a simple and quick as well as an economical and
aesthetically pleasing solution to difficult environment.

The Tsing Lung Bridge, using the twin shallow streamlined boxes deck, represents an
innovative step in the development of long span suspension bridges. The shallow and
streamlined design, with span-to-depth ratio in excess of 600, is characteristiced by reduced
torsional stiffness, such that, the frequency separation of the vertical and torsional modes is
reduced. This effect is counteracted by a better balanced of the aerodynamic focus on the
vented twin-box cross section compared to conventional box girder scheme.

The international bridge design competition for the Stonecutters Bridge produces a 1018 m
span cable-stayed form of bridge. It will be a breakthrough in the cable-stayed bridge
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technology. Had the traditional procurement procedure was adopted, the client would have
received much less number of bridge options and the scheme would likely be of more
conventional design.

Now, the visitors can stand on a single sheltered viewpoint and enjoy the master engineering
achievement of the graceful Tsing Ma Bridge, Kap Shui Mun Bridge and Ting Kau Bridge.
Few years later, they could compare them with the new neighbour, Tsing Lung Bridge from the
same viewpoint. Adding the Stonecutters Bridge, these five bridges will make Hong Kong to
become a life museum of modern long span cable-supported bridges and will" surely increase
the public appreciation of the skill of engineers and contractors from around the world.

The plan to connect Hong Kong, Shenzhen, Macao and Zhuhai by viaduct will not only
physically link up the Pearl River Delta but also will enhance the economic development of the
area. To build such huge project over the sea is not easy and can be considered as a big
challenge to the bridge engineers.
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EEnd Product Manufacture and Food 
Extrusion Technology

Dr S K Mukherjee

Hony Life Fellow and Past President
The Institution of Engineers (India)

I am deeply indebted to the Council of the Institution of Engineers (India) for giving me the
opportunity to deliver Dr Amitabha Bhattacharyya Memorial Lecture this year. Dr
Bhattacharyya although roamed in the golden nimbus of higher science and technology but his
feet was firmly entrenched in ground reality - specially to extend succour to the deprived and
toiling masses. I am referring to his effort to establish the rural technology centre to introduce
technology to the most important sector in rural area - food processing to impart nutrition and
to prevent disease prevention for the masses based on resources locally available. This attitude
greatly influenced my activity and what little contribution towards food-processing I made is
solely based on his inspiration and provocation. I take this opportunity in offering my deep
seated regards and admiration to the memory of Dr Bhattacharyya. I am really honoured to be
associated with this memorial lecture.

Eighteen years back in this great city of Patna I was installed as the President of this august
Institution and I recall what I expressed as an engineer and what our society would expect from
us. The time was just before seventh plan and now we are just commencing the tenth plan. The
ground situation changed, the public sector then was in a commanding position in economy
while now these are commodities to be quickly disposed to inject strength to our economy
some critics say for firefighting purpose for our economy and not for permanent solution of our
economic problems. One fact is apparent that whatever inefficiency (read misuse) of economy
we incurred we have to repay it by borrowing from future bequeathing our family silver or
lodging our future economy. We elders may not feel the heat so much but surely our progeny
would have to face the music.

I would recall two points I mentioned in my presidential address in 1984, e g.

�End Product Manufacture (EPM) - a strategy where large companies supply
components to small industries who will make a complete product for home
consumption and exports.

�Food processing based on extrusion technology to supply 'ready to eat' food for
nutritional project, mid-day meal programme, 'food for work' scheme and community
feeding programme.

End Product Manufacturing

Advancement of Engineering in India in New Millennium 87



The Institution of Engineers (India)
th

1
7

In
d

ia
n

E
n

g
in

ee
ri

n
g

C
o

n
g

re
ss

,
P

at
n

a,
D

ec
em

b
er

1
9
-2

2
,

2
0
0
2

T
h

e
1
1
th

D
r

A
m

it
ab

h
a

B
h

at
ta

ch
ar

yy
a

M
em

o
ri

al
L

ec
tu

re

I would again dwell on these two subjects as these are more relevant now to our economy even
further.

End Product Manufacture (EPM) as explained before, is to divide the manufacturing process
into two parts - the first part managed by large units which are energy - intensive and pollution-
prone - to make components and the second part, which is labour intensive one, for assembling
or processing to complete products. An example may be cited - manufacture of agricultural
pumps and diesel engines. Now these are manufactured by small industry with inefficient
design, low efficiency, lower initial life and no steady supply of spare parts available to
farmers. The result is that the farmers have to use more diesel producing pollution - the
situation aggravated when there is break-down and non availability of proper spare parts in
time to make the situation precarious with down-time. Nationally, you may gauge how much
extra diesel is burned unnecessarily polluting the environment. Imagine now - if the
components are economically designed and manufactured by large organised sectors it will
require less materials for fabrication, spare parts easily available and repaired pumps/engine
will regain its original efficiency meeting the energy-economy and pollution standard.

There will be two further gains for EPM - marketing will be easy because of assured quality,
small scale units will have stock in complete marketable condition which will be valued higher
than the components and bank will allow higher loan against this stock. The small scale units
will get proper acceptance of his labour and skill in the assembled complete product as
collateral by banks.

You will appreciate that EPM is a sure way to utilise the natural skill and productive capacity of
our artisans to create wealth for our economy. This natural skill is well exhibited in once
flourished mechanical industry in Howrah, diesel-pump industry in Rajkot or gold-smith and
diamond-setting units in Mumbai/Surat to give some examples. How unfortunate is that these
naturally grown skilled persons are being displaced from their profession by the WTO regime
induced globalisation. In order to mitigate the situation EPM can play a significant part with
the help of research institutions to offer economic and efficient design and planning
experts including banks to formulate financial package and marketing experts to develop
production planning. In fact, this system will give the research institutions an opportunity to 
help the economy directly by providing energy-efficient and pollution free designs of pumps,
diesel engines, agricultural implements.

This example of pump-diesel engine can be extended to other area of consumer goods like
shoes, clothes even drugs and pharmaceuticals including herbal drugs and most importantly in
food processing. I think I am able to impress upon the fact that to strengthen the economy the
natural skill and entrepreneurship should be properly utilised which would include the
technically trained people and skilled persons of village craftsman to create wealth for the
nation. In this context I may mention the call address of Chinese President Jian Jeminis in
recent communist party congress to include the private entrepreneurs, employees of foreign
funded firms, self-employed and free-lance professionals to join in the economic development
of nation and a political will is essential for this development in India also.

All these proposals are directed to enhance the productive-power of a nation to create wealth
for subsequent distribution to the nation and unless wealth is created at the desired rate we
should be prepared to accept distribution of poverty. This brings the question of manufacturing
vis-a-vis service sector. There is some rejoicing in India that our service sector now occupies
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50% of GDP but manufacturing occupies only 15%. Predominance of China in manufacturing
is far ahead of us attracting 47 billion dollars of Foreign Direct Investment (FDI) far surpassing
of ours of only 2.3 billion dollars. Thus, China enjoys a stable economy assuring steady growth.
However, rejoiced we are for our claiming information technology dominance our situation is
always vulnerable as we are solely depending upon the economic situation of the customer-
countries specially USAand if it sneezes we will catch cold.

My assertion to manufacturing by the proposed EPM scheme would ensure the steady growth
by inducing complementarily of large industry with small-scale industry. The inefficient
running of public sector units are not due to deficiency in productive technology only but also
for their marketing strategy. A marketing strategy for the components/constituents
manufactured by them for the small-scale industry to make a complete marketing product by
them should be based not on charity but by sound economic and marketing principle. Some
fiscal assistance however, may be allowed to large scale industry in view of the benefits
accrued nationally due to energy-saving and environmental gain as explained in diesel-pump
project.

Now I come to the area of food processing. In a recent seminar at Kolkata on economic progress
of India it was indicated by the number of television sets sold but in fact, it should be indexed on
how many Indians go to bed hungry. In a newspaper report it is indicated that a third of India
goes hungry every night (The Statesman, October 27, 2002). It may be appreciated how serious
it is for a nation. Our great visionary and reformer Swami Vivekananda once propounded that
god comes to a hungry man in the form of a plate of rice. These facts establish food with many
faceted features in economy, religion, health, political freedom and well being of a nation. I
would like to discuss contribution of technology in this situation. Let me delve a little in
fundamental of food processing - daily course of cooking in household by burning fossil fuels
in urban area' and wood-oven in rural area. The objective of cooking is to gelatinise the starch
of cereals and de-nature the proteins (animal proteins, seed and pulse proteins) so that, human
system can assimilate it. About 50 years back a new system of cooking was evolved in
developed countries which use mechanical energy to cook cereals and proteneous materials by
subjecting these to pass through high shear system under pressure in an equipment called
extruder which, in simple term, is an Archimedean Screw rotating in a barrel. Nowadays, two
screws are used and the feed materials pass through these screws cooking it instantaneously by
the heat shearing effect. The energy consumption of extrusion-cooking is almost 10% of what a
wood-oven would require - 1 kg of cereals would require 1.3 kg of wood to be burned. Take the
case of rural people who may be given free grain as in 'food for work' scheme but he has to
collect wood locally, destroying the environment. Forest cover in India is a bare 10% - far
below the targeted 34% and dwindling continuously for simple reason of daily cooking and to
some extent for lumbering.

Aglaring example is Sub-Himalayan region causing the area barren as a result of deforestation
resulting in loosing top soil and flood in plain land. The people have to travel longer year after
year to collect fuel wood for cooking. In early time of human history when fire was discovered,
Homo sapiens learnt to cook food. Extrusion technology, by using mechanical energy (shear 
cooking) can be regarded as second generation of cooking technology.

The other advantages of extrusion cooking are

�The products are bacteria-free
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�

healthy

�Extrusion-cooking kills anti-nutritional factors in legumes, cereals, pulse-proteins and
tubers

�It has a long self-life of 3 months and above

�It is amenable to good packaging

�This mechanical cooking process is instantaneous and there is no loss of products as 
off-grade products can be recycled

�There is no effluents

�No indoor pollution

�As explained, technology is highly energy-efficient

You may consider that I am introducing an alien food-culture in this country like the exotic
extruded break-fast cereals of western countries. But in urban India this food culture is already
dominating our household thanks to multinational companies' intense propaganda through
electronic media on noodle products. Out next generations already accepted it. This
convenience food originated from China, invaded South-East Asia and entered Indian sub-
continent, exported to Europe and America. According to international food experts Asian
noodle will be world-dish very soon. Here is a challenge to our food research institutes and
home science colleges where considerable funding has been made by Government. Now is the
time for these institutes to pay back their debt to the nation by managing projects like school-
feeding programme, mother-child projects, community nutritional projects by involving
themselves throughout the project period and not producing only a small sample of extruded
projects (and plethora of research papers) stating this is not their mandate to do the extension
service. A political will should prevail on this project to include this programme by research 
institutions at least for quality control and development of extruded products with acceptable
ethnic taste based on local raw materials as supplemental food and staple food. India has an
enormous source of cereals and reasonable amount of oil seed and pulse-proteins to be utilised
in these projects.

Another important area of extrusion technology is using natural herbs and spices in the
extruded food which is marketed as nutraceuticals in advanced countries (enjoying a 64 billion
dollar market in USA alone). A poor country like India will be immensely benefitted by
nutraceuticals by using natural products co-extruded with cereals to produce a calorie-dense 
product both for nutrition and disease prevention. A micro-nutrient intervention project can be
benefited by using extrusion technology as the micro-nutrients are evenly distributed if co-
extruded with cereals and irreversibly mixed - locked in gelatinized starch.

Nutrition is a neglected sector in India. We allocate a large sum for health sector involving
drugs and medicines but very little attention is given for prevention of disease through food
intake by nutraceutical route. Hippocrates expounded long ago that 'let food be our medicine
and not medicine our food', the latter path we are following towards a pill popping nation

It kills anti-growth factors in cereals and proteneous materials making food more
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(which our urban elders almost become). Extrusion technology offers excellent opportunity
furnishing calorie as well as disease prevention effect as extruded food.

Food is not only restricted to its use as daily intake but it is a great economic factor involving
health and productive power of nation. Unfortunately, classical economic study involves price
of food up to the retailer's shop. But the ultimate destination of food is on the platter involving
the cooking energy and its detrimental effect on environment as explained before. When
considering extrusion technology this cooking energy factor should be considered on 'plough
to platter' basis' with the concomitant benefits of energy-saving and pollution abatement.
Another bane of developing country is pilferage and distribution logistics of perishable
products. This technology amply solves these problems as it is a single-step process, easily
measurable system of input-output producing a shelf-stable product.

Everything said and done on the process of extrusion, now I will dwell upon its delivery
system. The technology requires the machine, eg, twin screw extruder to process the cereals,
oil seeds, pulses, tubers like potato and cassava, to make the extruded product which can be
crunchy products and subsequently pulverised to form instant soup.

Now poor man's food is only carbohydrates and extrusion technology can make it a balanced
'ready to eat' product by co-extruding with proteneous oil-seeds. Twin screw extruders in
foreign countries are highly capital intensive and of higher rated capacity. Developing
countries cannot afford to purchase, operate and maintain this equipment. There is need for less
expensive, low rated capacity of twin screw extruder with sturdier design and control systems
suited to the skill of local people. Here is the area where engineering design comes into play
and it is now possible to develop such equipment suitable for developing countries - tried and
tested by leading research institutions.
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AAcademia-industry Interaction

Dr R Chidambaram
Principal Scientific Adviser to Government of India

It is a great honour to be invited to give the Sir Mokshagundam Visvesvaraya Memorial
Lecture and I am grateful to the Institution of Engineers and the organizers of the Indian
Engineering Congress for this opportunity. The legendary engineer Sir M Visvesvaraya was
also a great applied economist. Shri P R Brahmananda says: "He is known as the progenitor of
the concept of national of holistic economic planning and of the idea of industrialization as the
sole priority instrument for achieving for India a higher level of economic development akin to
that of the then leading western countries." This is still true today, though there are many other
things to be done. My definition of a 'developed' India is "when the quality of life in rural India
becomes comparable to the quality of life in the already developed countries". And for this to
happen, technology has to be taken to rural India. So we need large-scale industrialization and
we also need to downsize technology to suit rural needs. For both of these, increased interaction
between academia and industry is essential. That is why I have chosen this topic for my lecture
today.

The Need

The purpose of technology development is to create national wealth; to improve the quality of
life, particularly of the disadvantaged sections of society; and to enhance national security -
national security should be viewed in a broader perspective, military security definitely but
also food and nutritional security, health security and environmental security. Industry has an
important role to play in developing technology, encouraging indigenous technology
development and exporting indigenous technology products and services. I have paraphrased
the modem futurologist Alvin Toffler's famous statement some years back: "Yesterday,
violence was power, today wealth is power and tomorrow knowledge will be power" to say that
"Today, more than at any time in history, 'Technology is Power', and this will continue to be so
in the foreseeable future". I say this because all the sources of power Toffler mentions have
their foundations in technology. And technology domination is sought, by companies and by 
countries, through the instruments of Intellectual Property Rights and Technology Control
Regimes. India should also see that it stays in the forefront of technology development.

Our R&D priorities must match our technology goals, except in basic research. Basic research
is a cultural necessity; the highest intellects must be permitted to work on important problems
of their choice. It must also be remembered that the highest technology is required in the
equipment and facilities used for basic research in frontier areas.

Inevitably, some of the frontier areas of basic research will be determined by the technology
imperatives of the developed countries. On the other hand, it is useful to remember that the
foundations for the two highest-level technologies that have been developed in India-atomic 
energy and space - were laid by two basic research physicists, Homi Bhabha and Vikram
Sarabhai.

Advancement of Engineering in India in New Millennium 93



The Institution of Engineers (India)
th

1
8

In
d

ia
n

E
n

g
in

ee
ri

n
g

C
o

n
g

re
ss

,
L

u
ck

n
o

w
,

D
ec

em
b

er
1

8
-2

1
,

2
0
0
3

T
h

e
4

6
th

S
ir

M
V

is
ve

sv
a
ra

ya
M

em
o

ri
a
l

L
ec

tu
re

In a recent paper on 'Patterns and Priorities in India R&D', I had suggested high priority for four
kinds of research:

(1) Globally competitive basic research;

(2) Mission-oriented applied research and technology development;

(3) Country-specific applied research (problems which would not be of importance to other
countries); and

(4)Applied research oriented to Indian industry.

Of course, there are linkages and overlap among the above categories.

Viewing broadly, one can answer the question: "What kind of R&D is important for India?" by
saying:

1. Globally competitive basic research (without too much concern about its impact on
Indian technology).

2. Research and development that feeds into Indian technology - industry needs, and
requirements of critical technologies.

TThe Success Stor ies

There are some technology areas like atomic energy, space, and IT (information technology) 
software where the world no longer views India as a 'developing' country.

Per capita electricity consumption is an important measure of development. For the next 20
years, India will have to rely mostly on coal-based thermal and hydroelectric power but, if a
long-term view is taken, then nuclear becomes an inevitable option to satisfy India's future
energy needs. The difficulties in building big hydroelectric plants, the fact that our coal
reserves are finite, and that renewable energy sources such as solar, wind, and biomass, by and
large, give small packets of energy, all point to this.

Over the years, the improvement in the performance of our pressurized heavy water reactors 
(PHWRs) - the first stage of our three-stage nuclear power programme and the mainstay of the
Indian nuclear energy programme at present has been spectacular. Last year, a report by the
CANDU Owners' Group revealed that, in the calendar year 2002, among the PHWRs around
the world, the unit in Kakrapar (near Surat, Gujarat) had the highest capacity factor (98.4%),
and that the average capacity factor of the Indian PHWRs' was 1 % more than the average
capacity factor of LWRs (light water reactors) in the United States.

Nine reactors are under construction today to add 4460 MWe to the present 2720 MWe. The 
target set by the Department of Atomic Energy in 1995 for the year 2020 of 20000 MWe seems
achievable. Gestation periods are coming down and there is good internal resource generation
in NPCIL. Over the past 10-20 years, the industrial infrastructure of India has improved
tremendously to enable achieving such good capacity factors. The enhancement in the quality
of services and equipments supplied by the nuclear manufacturing sector is symptomatic of
India's present industrial potential. The fast breeder test reactor (FBTR) has worked extremely
well since it was commissioned in 1985 and work has now started on the 500 MWe prototype
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fast breeder reactor (PFBR) and this is the beginning of the second stage of our nuclear power
programme. The third stage is to move on to thorium, because India has the world's largest
reserves of thorium while it only has modest reserves of uranium. The success in the atomic 
energy programme was the outcome of successful interactions between academia and
industry. However, the driving force for these interactions came from the Department of
Atomic Energy. The issue is: can we have a similarly strong academia-industry interaction
when the driving force has to come from the industry? So far there has been a mindset problem
in both scientists and industry leaders, which has prevented this from happening in significant
measure; however, this is changing in the current liberalized environment. Technology
transfer from abroad is becoming more and more difficult because foreign companies can set
up shop here and are less willing to share technologies.

I have been told by many industrialists that, even in joint ventures, the foreign companies are
trying to buyout the Indian partners! The good news for the Indian scientists is that Indian
industry will therefore, in the future go more and more to Indian R&D for new technology.
However, mature industries and new industries require different mechanisms and approaches.
The approach for mature industries like steel, fertilizer, sugar, and textiles has to be different
from, say, the pharmaceutical industry, where someone is trying to discover a new drug
molecule. If it is a new industry or a new product or process, research can be undertaken in
somewhat isolation in the laboratory and the results of the research transferred to the industry.
On the other hand, if it is a mature industry then, like Dr J J Irani of Tata Sons says, 'the
scientists have to work in the actual plant environment.' That is, scientists have to improve the
quality of the product or to improve the energy efficiency of the process or seek other ways to
reduce the cost. If industry begins to interact actively with academia (for convenience, I am
using the word 'academia' to mean the national laboratory system as well as the universities
and other research institutions, but excluding in-house research centres in the industry), it can
also play a greater role in guiding academic activities in the direction of industry interests, be it
human resource development, R&D prioritization, or choice of areas of international co-
operation.

TThe Initiatives

At the end of several academia-industry interaction meetings in the PSA's Office, we came up
with a series of recommendations to the industry and to the academia; one of these
recommendations is the following. Very often people with degrees in engineering don't go in
for research and technology development, even though they may have a talent for it, but opt for
jobs in IT, management, or just go abroad. Now, if the industry were to send some fresh
employees (from among those they recruit during placement interviews in academic
institutions), the most talented among them, to do research with professors whom the industry
respects and in institutions that they respect, and pay them company salaries, then there would
be greater scope for industry-oriented research. Although the employee might not be
addressing the company's problems consciously, subconsciously the company's products
would always be in his thoughts and actions in his professional interactions. Over a period of 4-
5 years, he could evolve into someone very useful for the company's product or process
development.

Dr J J Irani and I have sent a joint letter in this context to about 50 private sector enterprises and
20 public sector companies, and the reaction from industry leaders has been positive. Even
when a technology is imported, academia expertise should be utilized by industry for
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technology assessment, upgradation, and absorption to ensure that the acquired technology is
suitable for indigenous raw materials and indigenously fabricated equipment.

SMEs (Small- and Medium-Enterprises) have to be dealt with differently. Large enterprises
generally have their own R&D centres, but SMEs do not have the resources for trying out a new
idea or process and for carrying out R&D. Thus, the concept of 'incubation centres' is very
important for SMEs.

There must be flexibility in the rules of the academia to encourage interaction with industry,
and this is beginning to happen. The IITs (Indian Institutes of Technology), the IISc., etc. are
willing to play a more proactive role.

TTheAutomotive Sector

The process of creating a user-friendly database of professors and scientists, who are willing
and capable of interacting with industry, has started with the automotive sector. This was a
suggestion from one of the members of the industry during the academia-industry interaction
meetings I referred to earlier. A core group for R&D in the automotive sector, appropriately
called CAR, has been formed and one of its first recommendations was that we should not stop
with the database of scientists. There was also a need to identify emerging frontier technologies
in the automotive sector. Tomorrow's car, with 40% of its cost formed by microprocessors and
sensors, is going to be a virtual computer on wheels. So work has to be done on embedded
systems and we may be able to lead in some areas, if the Indian software ability is married to the
automobile sector. In the area of vehicle Telematics, the global auto-companies have failed to
find a successful business formula, but we may be able to demonstrate in India that a shared
paradigm - of open software and common interfaces! Standards will allow more people to
participate. The increased volume will enable several types of business to profit, including
infotainment, insurance, medical aid, fleet and traffic management, customized public
transport etc. The range can be expanded with imagination. The core-group is paying special
attention to India-specific needs in the use of alternate energy sources (Biodiesel and
combusting of Hydrogen, instead of fuel cells) and for making vehicles and roads safer through
typical low cost Indian solutions. The country's strength in materials technology will be
utilized to develop vehicles that are light, efficient and safe. The core group is also studying
how all the components that go into the vehicle can recycled, and this may lead to new thinking
in what goes into the making of an automobile in the first place, as several plastic and glass
components are difficult to recycle.

If this is successful for the automotive sector, then TIFAC (Technology Information and
Forecasting Assessment Council) of the Department of Science and Technology, which is the
secretariat for this effort, would carry out similar exercises for other important technologies.

Technology Foresight and a National Perspective

The choice of technologies for development requires technology foresight - forecasting plus 
assessment based on social, economic, environmental and security issues, and on availability
of national resources and infrastructural strengths. The answers to some questions may be
different for India and the developed countries; in other words the technology foresight
analysis has to be done on a national perspective. For instance, the question whether fast-
breeder reactors are necessary may have different answers for India and the United States.
Americans, at the moment, say 'no' because uranium prices in the world market are running
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cheap. Why should they bother to re-process, namely cut open the spent fuel and take out the
more expensive plutonium? They are putting away their spent fuel as waste in the Yuccah
Mountains, but the plutonium is not running off anywhere as it has a half-life of 24 000 years!
Also, the later the spent fuel is re-processed the easier it is to re-process, because other radio 
activities would have died down. However, India cannot afford to wait because it has limited
resources of uranium and thus has to switchover to thorium as early as possible, and to do this
you have to go via the fast breeder reactor route. Again, consider rural food processing. Why
should the Americans be concerned with this when whatever processed food is manufactured
in their big factories is able to reach everywhere? However, this issue has a different
significance for India.

So what are the critical technologies for India today? India's technology requirements span a
wide range. It has to continue to develop strategic technologies - nuclear, space and defence
related. National Security also requires development of technologies related to information
security, counter terrorism, and of "dual-use" (sic) technologies denied to India under the
Technology Control Regimes. Technologies related to food and nutritional security, energy
security, health and water security, environmental security, advanced manufacturing and
processing, advanced materials, information technology and biotechnology, and rural
development-related technologies are all important for us.

TThe Impor tance of Rural Technologies

Two meetings were held in the PSA's Office on rural technologies, and two approaches were
identified:

1. Collect all information on successful dissemination of technology in rural areas. The
NIRD (National Institute of Rural Development), Hyderabad, has prepared a directory
of rural technologies (four volumes) and is now selecting 20-25 among them, which
have been most successful in the field. (There is also a directory of CSIR- developed
technologies and there is a directory prepared by CAPART).

2. Find the problems in the field and identify technology solutions.

The ideal thing is for the two approaches to converge. So we have on the one hand a list of all
technologies that have been successful, at least in the laboratory, and that will hopefully be
successful in the field. On the other hand, there are a large number of non-governmental
organizations and governmental agencies, which are familiar with rural problems, which
require introduction of science and technology to solve them. These classes of efforts have to
be brought together.

I think that there is practically no technology needed for rural development that is not available
among Indian scientists or in Indian industry; the problem is to transfer it or to downsize it, if
necessary. Normally any technology is enlarged to benefit from economy of scale. If we
increase the size then there is economy of scale even for nuclear reactors; instead of 225 MW,
build 500 MW or 700 MW plants and the overall cost including manpower cost per MW comes
down. On the other hand, what we lose in economy of scale, by downsizing a technology for
rural use, we can gain from the fact that the source of raw material - be it leather, milk, grain or
anything else - is scattered and distributed. An international conference was held during 7-9
October 2003 in Bhubaneswar at the Regional Research Laboratory, a CSIR laboratory, on the
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'Downsizing Technology for Rural Development' and there were excellent presentations, I also
think that there is no rural industry, for which there is not a modem counterpart. If we can
encourage experts from modem industry to help their rural counterparts, it can help to
transform rural India. The inescapable conclusion is that if technology is to drive rural
development, the academia and industry must get together and interact with the other agents of
rural development like government agencies and Sand T NGOs (non-governmental
organizations). The present efforts, often fragmented and needlessly duplicated, must be
synergized in order to nucleate new initiatives and to strengthen existing ones. The PSA's
office has conceptualized RuTAGs (Rural Technology Action Groups) that could provide the
mechanism and the S&T support needed for this synergy.

The RuTAG structure is conceived of two parts:

(a) A Central RuTAG consisting of top scientific and technological experts in the
country, who can provide advice and assistance to rural entities in any part of
the country.

(b) A local RuTAG synthesized at a geographical mode of each targeted rural
entity, which will synergise the efforts of the NGO's and the governmental
agencies and canalize the technology support from the Sand T institutions and
the corporate sector.

TThe Need for Coherent Synergy

Every Sand T effort towards national development or national security requires synergy
among the concerned parties and coherence collectively among all the efforts. 'Coherent
Synergy' is a new phrase I have coined! Every synergetic Sand T effort, including enhanced
academia-industry interaction, gives a momentum for development and momentum is a
vector. All vectors must point in the same direction for fast growth. Synergy in any effort has
local coherence, of course, but 'coherent synergy' implies global coherence. If we can bring
'coherent synergy' in all our efforts, then India can develop very fast.

The Prime Minister has envisaged an 8% annual GNP growth rate and the management 
guru C K Prahalad considers even higher growth rates possible. And I agree! In any 
physical phenomenon, the initial growth rates are very fast and then saturation sets in. 
Economic growth is somewhat similar. The United States, for example, cannot grow at six 
or eight per cent because it has already reached a very high level of development and there 
is not much space to grow; that is why its growth rate has flattened out. China has grown 
fast recently, because it is in the initial stages of growth and so can India.
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TTechnology and Development

Former Vice Chancellor,

JNT University, Hyderabad

Dr P Dayaratnam

CATEGORIZATION OF DEVELOPMENT

The theme of the Engineering Congress is ‘The Role of Engineer for All Round Development
of the Country’, so it is worthwhile to examine the factors that affect the development and also
look at different types of developments. Today, the nations are categorized into two major
groups; Developed and Developing nations. The development that is talked is normally of the
economic development. The development can be in many aspects, however, ultimately the
economic development matters for any country. All round development may mean
development in Agriculture, economy, technology, industry, commerce, defense, optimal
utilization of natural resources, education, culture, environment, quality of life, international
relations, etc.Anation may be developed in some sectors and lag behind in others. The primary
developments are normally classified in to three groups and they are:

�Technological development

�Industrial development

�Economic development

Engineers play vital role in the primary developments. Agriculture is also an important
component in the development of a nation, but it intern depends very much on technology and
industrial developments. All the three primary developments are interdependent to a limited
extent. Industry grows with technology and vice versa. The technology is developed from
industry and the industry is developed from technology. Most technologies are born out of
intuition of genius or industrial innovations or scientific discoveries; however, the technology
or engineering is built on science, education and industry. There are several exceptions to this
rule. The aviation technology was born out of intuition of Wright brothers. Joseph Aspdin who
invented the wonder building material Portland cement was a brick layer; and the cement
technology has gone through many improvements and transformations since then. Today the
world per capita consumption of Portland cement is more than 280 kg. It is next to production
of food grains. Similarly innumerable developments and theories were formulated out of the
intuition and innovation. The technology and industry are like chicken and egg situation. Each
draws strength from the other for development. Technology is the application of scientific
knowledge to variety of activities. It is a force that drives the development of industry and
economy of a nation.

Even though there is no rigid yardstick to measure the development, but some basics are
available. Practically, all countries that are technologically developed are also industrially
developed and almost all of them are economically advanced. Technological development of a
nation doesn't depend on the abundance of natural resources. Countries like Japan, Korea and
Singapore are the classic examples having the technological cutting edge. Application and
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export of technology or its products leads to economic advancement. Technology is the most
desired tool for economic development. Russia on the other hand even though technologically
developed in many fields but its economic development is not matching with its technology.
Further it is a nation with considerable natural resources with relatively small population.
There are many blessed countries with abundance of natural resources with least natural
hazards. Countries whose per capita income and living standards are high are considered as
economically developed ones. Many Gulf countries may not be technologically advanced but
are blessed with rich oil reserves, so they are considered in the category of economically
advanced nations. India is a nation with reasonable natural resources and with a large
population; further natural hazards like draught and floods coexist in the country. The main
solution for economic development is the technology development. Technology development
in the nation should be for competitive in export of products and trained manpower at the
global level. Human resource is our best strength and can be a real resource if the people are 
trained in technology. Practically all professions such as Agriculture, Engineering, Medicine,
Media, Industry, Finance, Management etc are dependent on modern technologies. India to be
a developed nation, a dream of the Nation; technology is the key to the solution. The
technology is not only involves the industry but very much dominant in the service sector. The
percentage contribution Industry to the gross national product is about twenty five percent,
similarly contribution of the service sector to the GDP is of the order of fifty two percent.
Considering all these aspects, the direct or indirect contribution of technology to the GDP may
be estimated to be more than eighty percent. Therefore, a nation to be a developed one,
technology is the key player. A quotation from Ignited minds by Dr APJ Abdul Kalam,
President of the Nation is worth remembering at this point.

"In Assam the sight of mighty Brahmaputra almost mesmerized me. Its vast expanse of water
filled me with a strange sense of helplessness too-the river's untapped flow was taking a
gigantic mass of the water into the sea. It made me think, that as a nation too we were failing to
utilize our tremendous energies."

KKeys to the Technology Development

There are number of success stories of technology development in the nation. Irrigation and
Power, space and missile technology, rural telecommunications, nuclear technology are some
of the examples. Important basic tools to be implemented for successful development of
technology are:

�In-house technology development and self reliance,

�Free from bureaucracy and change in mindset,

�Treat a failure as a challenge to success,

�Importance to long term goals,

�Speed and reliability of work,

�Accountability with privileges,

�Quality in Technical Education,

�Technology a business and a vicious circle.
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There are no short cuts and easy solutions to development of technology in a nation.

IIn-house Technology Development and Self-reliance:

Very often, technology is imported at a lower price compared that of in house development.
However, unless one sweats and takes the challenge to improvise the technology at the local 
level, it is not possible to grow in the technology. Some imports of technologies are inevitable
but total package imports as black boxes, not only kill the initiatives and also make the nation
technology dependent. The total dependency of import of a technology leads to bondage.
Technology export countries are the main developed nations; therefore India must create the 
reliable technologies at competitive price. Even if one is not able to export, let there be no total
technology dependency on outside sources. India has missed the industrial revolution, so there
is a setback in technological innovations. Irrigation, Railways and to some extent low cost
recycling of wastages are some of the simple technologies in which India has strengths.
Improvisation of modem tools of management and information technology to these
technologies helps to reach the global market.

A statement from Dr A P J Abdul Kalam, the President of India taken from his book, Ignited 
minds is:

"Knocking at others' doors will be futile. Instead of importing theories and
transplanting concepts we need to grow our own solutions. Instead of searching
for answers outside we will have to look within for them".

Free from Bureaucracy and Change in Mindset

The governance of many organizations and even the country is influenced by bureaucracy. It
succeeded in the pre-independence era for obvious reasons. Support and survival was the aim
of the governance at that time but not the development and freedom. Very few departments in
India are free from bureaucracy and governed by the professionals. Railways, Space and
missile, and Atomic Energy etc are good examples. India is able to maintain the giant network
of railways at the lowest cost because of the least interference from the bureaucracy. Some
failures' are inevitable even though not desirable, but then the successful maintenance of the 
system is a great achievement. Similarly the space and atomic energy technologies are the other
successful stories that prompt the developed nations to watch the trends in India. Too many
rules, long ladders of commands and absolute authority were acceptable in the pre-
independence era. Such a mindset kills the initiatives and breeds inefficiency. Professional
governance based on the knowledge and technical knowhow is the key to efficiency and
advancement. It is well known that work to rule, is no work at all, therefore, too many rules
provide easy escapes for non-accountability and may even create chaos. Similarly great
engineers like Sir Visvesvarya, Dr Khosla, Dr AP J Abdul Kalam and the other great engineers
who pioneered technology development were free from the bureaucracy.

AQuotation from'Ignited Minds' byDr AP J Abdul Kalam

"Scarcity of resources is not the cause of our problems, Our problems originate in our
approach to them. We are spreading our resources too wide and too thin. With our
resources and the money that we spend we could accomplish three times what we do, in
half of the time we normally take, if we were to operate in mission mode with a vision
for the nation".
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TTreat a Failure as a Challenge to Success

Every activity has two faces. An activity has a starting point and finishing point. The activity
may be completed successfully or incomplete or may even end up in failure. The incompletion
of an activity is also a failure. There is always a probability of not able to complete an activity in
spite of the best efforts. Every failure to achieve the target teaches us a lesson. An analytical 
mind must be able to assess and synthesize the failure and find ways and means of avoiding
such failures. Calculated risks must be taken in the unknown zones of activity, otherwise it
becomes a no-activity and a failure. Individuals, Organizations and administration need to
accept the failure as a challenge to success.

Impor tance to Long-term Goals

Instantaneous solution to a problem is not necessarily permanent solution. Instantaneous
solutions are required at times. However a nation must look for long lasting solutions. Research
and development is the primary tool to solve nagging problems and provide lasting solutions.
Even though for a given time and environment, a solution may be best suited, however no
solution is permanent, especially in the global situation. Global competitiveness makes the
process of solutions very dynamic. In such a situation, the technology dependence on other
countries makes the nation dependent on others and leaves it far behind others. Research and
development within the universities, R & D establishments, or in the industry must be given 
adequate weightage.

Speed and Reliability of Work

Twenty first century is the electronic century. Computerization of most operations and
communications through electronic media has raised the expectations of the common man.
Instant solutions are expected by the public. A student appears for an exam and expects
immediate announcement of the result; similarly a person buying or selling a product and
expects instantaneous returns. Civil engineering projects, in fact most engineering projects
needs time for planning and execution. Major irrigation, highway and bridges; infrastructure
development and environmental control projects take considerable time. Some of the
operations in such projects are not in the hands of the engineer. However, the public
expectation of speed of completion of a project must be met by using modern tools of
management and machinery. Decision making is often bogged down by formalities and
hierarchy. In addition to taking long time of completion, a number of inconveniences are
generated to the public during the process. The speed of work helps in minimizing such
inconveniences. Reliability of performance of a product or service is vital locally and global.

Accountability and Pr ivileges

Sustainable technology must be supported by Industry and Research and development
laboratories. Policies of the Government are important in creating initiatives by the industry
and R & D establishments for technological development. Some organizations consider the
research and development as a luxury or give a low priority; and are concerned more about
production and product acceptability. R & D institutions and laboratories must have the
freedom of managing the projects and at the same time be accountable to schedules, quality and
acceptability in the competitive world.
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QQuality in Technical Education

Technical education is the back bone for technology development. Historically, the earlier
years of technical education in the country has prepared the students primarily for
employment. In the first three decades of independence, most of the engineering graduates or
diploma holders were hired by the government or public sector undertakings. Employment in
the private sector has grown gradually and now a major and important provider. Further, the 
technical education was the privilege of elite few till about fifteen years ago. The number of 
engineering and management institutions got multiplied during the last fifteen; and now the
common man has access to such education. The quantity is multiplied at the cost of quality in
many institutions. A wide spectrum of quality exists in India, starting from those that meet the
international standards to those that are not acceptable for any standard. Engineers must be
employment generators rather than seekers. The technical education must have the following
characteristics:

�Broad based under-graduate and specialized Post-graduate courses,

�Robust system to withstand perturbations,

�Flexibility in training and opportunities,

�Diversity in curriculum and regulations,

�Reasonable opportunities for upgradation,

�Reasonable industrial exposure,

�Improved management and communication skills,

�Academic autonomy for institutions.

Large numbers of young people are seeking engineering and management studies. Private
sector has come in big way to provide the educational facilities. However the rapid explosion
of engineering colleges is not matched by the availability of qualified teachers. To contain the
exploitation of the common man in engineering education by the vested interests, the
governments and the universities have come with variety of controls, checks and norms.
Privatization of education is certainly a welcome thing; and hopefully more initiatives and
innovations are likely to come from the private sector. If the business exploitation is the aim of
a college, then there is a big danger of the student not getting its share and the poor are put to
disadvantage. While the concept of technological university is excellent, but enlarging to an
unyielding level is hurting the quality of the education. Further, research and development that
is expected of the university is taking the back seat because of the volume of problems in the
management of examinations and evaluation of the affiliated college students. Teaching,
curriculum, R&D is left behind because of over centralization of the educational policies.
Establishment of many colleges brought in certain amount of redundancy in the openings of 
technical education. This helps in reducing the undue problems of seekers of seats in colleges.
However to survive in the market and attract talented students and teachers, quality and
economic viability of a college has to be maintained at an excellent level.

Industry and professional bodies seem to be neglecting the proactive role in the technical
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education and training of the manpower and R & D activities. Even though the nation may
survive with import of technology at reasonable price at this point of time, but dependency
leads to helplessness as it was the case with East India Company, a trading company becoming
a ruler. The global and local economies are dictated by the technologically developed nations in
another two to three years as the WTO policies being implemented. Unless the quality of
technical education is improved, the unemployment situation in the nation is going to be the
major problem. Production of food and availability of goods are important, but lack of
employment opportunities to the masses leads to poverty and crime.

TTechnology -ABusiness and Vicious Circle

Technology has become a tradable product and process, and a service'. Ideas and knowledge are
playing powerful roles in the business. Communications, information technology and
computers have introduced a new dimension to the business. Products and processes become
outdated with the dominances of the information technology and computer applications.
Developing nations can't afford the luxury of changing models and technology at high
frequency. Up gradation of technology even before it picks up, is putting a heavy toll on the
developing nations. One buys a technology, and by the time it is operational, a new technology
is introduced, spares parts of earlier technologies not available in the market. The words like 
obsolescence, modernization, up gradation, latest technology and software etc have become
catch words in the sellers market. The developing nations have to succumb to the trends setters
dominated by the developed nations at high price. Technology is tending to be monster, playing
a negative role in the humane values of understanding of the nations, a powerful tool to exploit
the technologically developing nations.

CONCLUSIONS

The key to economic development is the development of technology irrespective of the
availability of natural resources. Lack of technological competence of a nation, leads to
inefficient use of the natural resources including manpower and environmental degradation. In
the ever expanding communications and competitive world of globalization, technology
dependence on outside the country leads economic dependence on the technology advanced
nations. Indiscriminate purchase of technologies may appear cheaper at this point of time but
leads to loss of freedom of a nation. Development of in-house technology is a must for a nation
to be independent politically and economically. Human resource is the strength of India, and 
the growing service sector contribution to the gross domestic product must be recognized and
put to the right technology. Technology is not only a tool for economic development; but a
tradable product from which wealth can be accumulated, stability can be improved and
political global dominance can be achieved. The keys to technology development are: In-house
technology development and self reliance. Free from bureaucracy and change of mindset.
Acceptance of failure as a challenge to success. Speed and reliability of work, Quality in
Technical Education, and Technology a business solution. Scientists, Engineers, Technologist
and Professionals play the significant role in the technology development and sustenance
which leads to economic independence.
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EEnergy Options for India

Chairman & Managing Director,

Oil and Natural Gas Corporation Ltd., 

Chairman, ONGC Videsh Ltd.,

Chairman, Mangalore Refinery & Petrochemicals Ltd

Mr Subir Raha

The Homage 

Watching Dr Amitabha Bhattacharyya walk tall in the campus of my alma mater, Jadavpur
University, in the late Sixties, I could never even dream of the honour to stand in his name at the
Indian Engineering Congress. Our batch mates in Mechanical Engineering would worship him
for his brilliance. If I remember correctly, for the first time in India, specialization in Production
Engineering was introduced in Jadavpur University, thanks to Dr Bhattacharyya's foresight. He
was committed to the cause of India. We would watch him personally conduct Bratachari
dance practice on the sports field, single-mindedly promoting a great tradition. As a professor,
he would not only teach the theory and practice of engineering but also instill ethics and values
among all of us. Intensely committed, deeply patriotic, professionally outstanding, Dr
Amitabha Bhattacharyya remains a role model for all of us. I am sincerely grateful to the
Council of the Institution of Engineers (India) for the privilege granted to me.

My chosen discipline was Electronics & Tele-communication Engineering; my chosen
profession is management in the Oil & Gas Industry. In the hallowed tradition of the National
council of Education, Bengal, Dr Bhattacharya was one of the great teachers who guided us to
think "India First", always and every time, before our individual, sectoral interests and
concerns. Today, in this august assembly of distinguished engineers, let us discuss the Energy
Options for India.

The Challenge

We, one billion Indian citizens, constitute some 15% of the human population. The energy
consumption in India is 3% of the global total. This mismatch represents the negative
differential in the Quality of Life of the Indian People. The aspiration for a better Quality of Life
cannot be denied or controlled. This is a historical inevitability, as proven by the collapse of the
doctrine of centralized, state-controlled planning, and the on-going demolitions of walls and
boundaries between nations. Half a century after Independence, we Indians stand at the
threshold of an unprecedented opportunity to evolve into one of the Top Three Nations of the
World in the next half-century. The World recognizes this potential. We must build on this
opportunity, and we must do it the First Time Right, because there may not be a second chance,
ever.

Conventional wisdom is that the Quality of life of the American People sets the global bench-
mark. The per capita annual energy consumption in the USA is 8.55 (Tonnes Oil Equivalent) 
TOE. The global average is 1.68 TOE. The figure for India is 0.32 TOE. This is the distance that
we have to travel, providing clean, reliable, economic energy at 25 times the current availability
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to every one of the billion Indians. We need to do many other things as well, but everything we
do requires energy.

OOption 1: Oil & Gas

We have 15% of the World's population but 0.5% of the World's Oil & Gas reserves. In contrast,
the countries in the Middle East hold 65% of the Oil & 36% of Gas reserves.

Because of the obvious advantages, we are increasingly using Oil & Gas in all sectors. The most
serious issue, to my mind, is that the historical experience of assured availability at controlled
prices has diluted the motivation for investments in conversion efficiency and conservation.
There is no significant initiative for conservation, because of the subsidies and the controls
which isolate the Indian consumer from the pressures of the global market. In three decades
after the Oil Shock of 1973, the industrially developed nations have achieved conservation of
the order of 15%, whereas our performance remains around 3%. At current level of
consumption in India, every percentage point represents one million tonnes of Oil & Gas. We
will always be a net importer @ 70% or even more if we consider the potential growth in
demand, and therefore, we must adopt global prices, as well as global practices in conversion
and conservation.

The taken-for-granted availability of artificially-priced Oil & Gas has also removed the
incentive for investments in substitution. It is only in the transport sector, other than Railways,
that there is no substitutability for petrol or diesel or CNG or Auto-LPG for road transport, jet
fuel for air transport and diesels or fuel oils for sea transport; similarly, substitutes are not
available for all lubrication and feed-stock requirements. For all other fuel uses, electric power
from the grid is a substitute. Because of artificial pricing and unreliable availability of electric
power, we have built a huge capacity in captive generation for industrial, commercial and
household requirements, using Oil & Gas with scant regard for efficiency of conversion as well
as conservation. This is an absolutely lose-lose proposition.

The prognosticated availability of 0.5% of global Oil & Gas reserves in India is located in 26
sedimentary basins covering more than 3 million square kilometers. Our current production
comes from less than 20% of this area. More than 50% of the area is either unexplored or poorly
explored. Sincere the 'easy oil' has already been discovered, incremental explorations require
increasing investments.

The next big discoveries are expected in deep waters on both coasts, and perhaps in the
logistically difficult on land areas. Talking about deep waters, we plan to survey and drill in
water depths up to 3 km. This calls for cutting-edge technology, big money and big risks. To
give you the perspective, we in ONGC have launched Project Sagar Sammriddhi in August this
year, with the objective of discovering 4 billion tonnes of Oil plus Oil-equivalent Gas in the two
decades of 2001-20. The investment is of the order of 1 million US Dollar every day. These
investments and inevitable risks can be sustained only by global market pricing of Oil & Gas.
The temptation for below-market pricing, by compulsion, to obtain short-term advantages will
take India back to the DarkAges.

Option 2: Coal

We have 7% of the World's coal reserves, but import increasing quantities because of quality 
constraints. Coal-based generation, in any case, involves the challenge of pollution control.
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The artificial pricing of Oil & Gas in the domestic market, besides all the other undesirable and
unsustainable consequences, has damaged the case for investment in Clean Coal technologies.
Even to reach the global average of 1.68 TOE per capita energy consumption per year, we have
to achieve a five-fold increase from the current level of 0.32 TOE. There is no choice but to
exploit our coal and lignite reserves with accelerated investments in Clean Coal technologies.
The Kyoto protocol provides a window of opportunity for India; we must not waste this
through inaction.

A large part of our domestic coal reserves, lying in depths of the order of 1 kilometre, is
considered unmineable. Therefore, like deep waters exploration for Oil & Gas, Underground
Coal Gasification (UCG) is a priority for us. There are major advantages when we take the
potential to covert coal into synthetic fuels, fit for use as fuel and feed-stock without any
change in the existing engines and conversion processes. UCG inherently addresses the issues
of environmental pollution and site restoration. In ONGC, we have initiated actions to develop
and exploit UCG and down-stream technologies, in association with the Department of Coal,
Council of Scientific & Industrial Research (CSIR), and Gujarat State Petroleum Corporation
(GSPC).

OOption 3: Renewable Energy

In today's discussion, we have focused on 90% of the energy basket, as may be seen from the
following tabulation of global and Indian patterns of usage. The area of concern, although in 
the long term, is that this 90% consists of fossil fuels i.e. Oil & Gas, and Coal.

So far, our national effort in development and application of renewable energy has not yielded
any result of significance. With imported technology, some wind-power firms are coming up,
but the total capacity, in the national context, is negligible. Solar street-lights, water heaters and
cookers are still curiosities. One does not even hear of the Biogas campaign any more.
Hydrogen fuel cells and geo-thermal technology are still demonstration events, Bio-fuels, as of
today, are only on paper.

One reason, to my experience at the Indian Institute of Petroleum, is that we do not focus on 
commercialization as the corollary of experimentation. Excellent developments are either not
marketed at all, or the marketing effort is either incompetent or inadequate. I am referring to the
practice of marketing in the holistic sense of converting an idea into a saleable product, and then
actually delivering it to meet the needs and wants of customers, in a profitable manner. The
other reason is that the efforts are individualized or localized, scattered, and often duplicated 
among academic institutions and independent- or company- research laboratories. It is also true
that notwithstanding the tax-breaks provided by the Government, Indian companies do not

Energy Basket (% ) 

G Ilobal ndia

Oil 37.5 30.2

Gas 24.3 7.8

Coal 25.5 55.6

Nuclear 6.5 1.4

Hydro 6.3 5.2
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make any meaningful investment in R&D, preferring to buy commercialized R&D from
overseas, perhaps developed by Non-Resident Indians.

Setting up one more Task Force does provide a convenient escape from the reality of the
problem; in any case, there are reports from all kinds of committees on all conceivable issues
on some shelf or the other, consolidating the wisdom of five decades!

What we propose to do in ONGC is to set up a world- class facility for academic- and applied
R&D on all forms of energy, and manage it on corporate terms, graduating from a cost centre to
a profit centre in each technology over definite time-frames. We will provide best-in-class
facilities including professional support for commercialization. We have already acquired the
site in New Delhi, and hope to commission the "ONGC Energy Centre" as a national node for
profitable R&D within the current Plan period.

TThe Best Options

To all of us engaged in the pursuit of technology, the challenge of going from 0.32 TOE to 1.68
TOE to 8.55 TOE per capita annual energy consumption by our fellow citizens provides the
best option for putting our collective knowledge, skills and experience to the test.

The Institution of Engineers (India) could perhaps take the lead among all the Institutions in 
different professional disciplines to organize the national effort for promoting the Quality of 
life for all Indians.

Such an initiative will surely be a precious contribution to the memory of Dr Amitabha
Bhattacharyya, a great teacher and a great leader.
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TThe Challenge of Change

Shri K V Kamath

CEO and Managing Director
ICICI Bank Limited

The impact of change can create major discontinuities for business organisations. A glance at
the last 30 years tells us a story of change driven by technology - the phenomenal expansion in
computing power and the communications revolution. Time and distance are dead today and no
business can rely on these as a barrier to competition. These revolutionary developments have
created sophisticated and informed customers and competitors. Businesses have to cope with
faster erosion of competitive advantage, quicker commoditisation of products, enhanced
customer expectations and shorter business cycles.

Organisations must constantly examine their strengths and weaknesses, their competitive
positioning, their long-term strategy and their portfolio of businesses. Based on this ongoing 
analysis, they must change their structures and reallocate their resources optimally, to
maximize the value that they deliver to their stakeholders. The art of managing change hinges
on the organisation's ability and willingness to learn, anticipate the future and implement
strategic change to' enable it to continue to successfully compete under all conditions.

Approach to strategic change requires leaders to realign the strategy, structure, process,
technology and people of the organisation to fully capitalise on available opportunities.

While every major change has to be initiated and managed separately and systematically the 
organisation must have a basic structure and philosophy that supports change. Organisations
must be flexible and amorphous, able to change shape and form easily. They must have a
culture that encourages innovation and the challenging of conventions and existing
procedures, at all levels. They must have a mindset that welcomes change as an opportunity for
improvement, rather than as a threat to existing 'comfortable' situations. For this, investment is
required in continuously revitalising people, organisation and relationships within an
organisation, and democratising information. In the process, change leaders must ensure that 
the people in their organisations continue to learn, unlearn and relearn. The employees need to
master new skills and knowledge with the increasing advance of technology. They need to be
able to adapt to new structures which organisations bring in to stay flexible and fluid.

THE ICICI EXPERIENCE

Till the 1990s, lClCI was a single product project finance company with limited need for or use
of technology. It operated in a segmented financial sector with limited scope for
entrepreneurship and gave loans to companies operating in a protected environment. In the
1990s, however, a series of challenges confronted ICICI. Indian industry was going through a
process of deep structural change, trying to cope with liberalisation and competition.
Technology and the advent of the world wide web were changing business paradigms across 
the globe.
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lCICI responded to these developments with a multi-pronged strategy. We identified tile key
growth opportunity for the future - consumer banking, recognizing the under - penetration of
retail lending in India and the importance of this segment in propelling economic growth. We
realised that technology was the key to capitalising on this opportunity profitably. We
pioneered the delivery of financial services using technology in India. And, more importantly,
we did not limit it to a niche customer segment or restrict it geographically, we scaled it up and
rolled it out across the country. We have consciously chosen a technology architecture that is
flexible and scaleable, without building legacies that could hamper future innovation.
Technology is ingrained in our products, services and business processes; indeed, we have
changed from a bank using technology to a technology company offering banking products and
services. As a result we were able to increase our customer base from less than one million to
over 10 million in four years; less than 30% of customer transactions now take place at the
branch, compared to about 90% four years ago; and we have a 30% market share in retail
lending in India. We have not allowed this success to breed complacency and continuously
seek new opportunities for our growth and evolution. In the last two years, our two key
initiatives have been to expand our presence outside India and deepen our presence in rural
India. We believe that India's rural economy and the country's growing international linkages
will be our future growth engines.
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NNuclear Power for Energy & Environment Secur ity

Introduction

Let me begin by expressing my gratitude to the Institution of Engineers for this opportunity to
pay tributes to the memory of Sir R.N.Mookerjee. I have chosen to speak on a topic that I think
is important for development of India and where our domestic R&D efforts are well poised to
meet the challenge.

India is the largest democracy with nearly one-sixth of world population and low per capita
income. In recent years, it has witnessed an impressive growth rate in GDP. Development
aspirations of its populace demand that this growth rate be sustained for a long enough time so
as to enable them to have decent enough quality of life. This necessitates a matching growth in
the availability of energy. Further, the development process, is also driving, as expected, a shift
in energy use from non-commercial energy sources to commercial sources, particularly
electricity. This phenomenon is similar to what has been witnessed by the developed countries
in the west. But the situation in India is more complex because of high density of population,
continuing growth of population and demographic shift from rural to urban areas.

Let us look at the global picture first. The world's population crossed 6 billion marks in the year
1999. Most current estimates suggest that around 2 billion people will be added over the next 30
years with another billion in the following 20 years. The two factors namely, rise in living
standards and the increase in the world's population are rapidly depleting the energy resources
within the earth and producing vast amounts of waste products particularly when energy is
produced using fossil fuels. That means the situation has come to pass where humankind can no
longer afford to make unmindful use of resources.

Stabilization of population at as low figure as possible is a crucial issue. When we visualize
what the world may look like with 9 billion people, it becomes clear that the challenge of
enhancing standard of living of the larger fraction of poor and underdeveloped societies would
require out-of-box thinking. We cannot afford to harm Mother Earth including the environment
anymore.

The concept of sustainability calls for exploitation of available resources to improve the quality
of life of people without harming the interest of future generations, both from the point of
availability of resources as well as degradation of environment beyond the inherent corrective
capability of natural processes. While environmental burden has to be kept within the limits of
self-correction and geographically well distributed, development aspirations of people have to
be given a place of supreme importance in all decision making processes. After all “poverty is
the biggest polluter" and is the source of several conflicts.

Nuclear Power –An Inevitable Option

Nuclear technology is an option, which can provide a million fold increase in energy per unit of

Chairman, Atomic Energy Commission 
and

Secretary to the Government of India,
Department of Atomic Energy

Anil Kakodkar
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mass extracted from the earth in an environmentally benign manner. Access to such large
energy with minimum use of earth resources and negligible or minimum adverse impact on
earth's environment is the challenge before the Technological community. I believe, we have 
reached a point where we need such quantum jump solutions in several areas without which
maintenance of life sustainability itself would be under threat.

At the present stage of development, however, no single energy resource or technology
constitutes a panacea to address all issues related to availability of fuel supplies, environmental
impact particularly climate change, and health externalities. Therefore, it is necessary that all
non-carbon emitting resources become an integral part of an energy mix - as diversified as
possible - to-ensure energy security to the world during the present century. Available sources
are low carbon fossil fuels, renewables and nuclear energy and all these should be subject of 
increased level of research, development, demonstration and deployment.

Forecasts by several agencies point towards a robust GDP growth in India over the next three to
five decades. A group in DAE has studied available information on GDP growth forecasts,
population growth trends with regard to energy-elasticity and electricity intensity of industries
and has developed a scenario for growth of electricity. It forecasts that electricity generation
will grow at 6.3%/yr in the coming two decades and will continue to grow till the middle of the
century, though at somewhat decreased rates. Even after five decades, per capita electricity
generation would reach only about 5300 kWh per year with a total generation of about 8000 
billion kWh. It may be recalled that historical electricity growth rates during 1981- 2000 was
7.8%/yr.

From the perspective of fuel resource position, one has to examine cumulative resource
expenditure.According to our study cumulative resource expenditure will be about 2400 EJ by
2052. The ratio of thermal equivalent of electrical energy to the primary commercial energy
will rise from about 57% in the year 2002-03 to about 65% in the year 2052- 53.

Power generation in India which was only 4.1 billion kWh in 1947- 48 increased to more than
600 billion kWh in 2002-03. Considering the past record, the future economy growth scenario
and likely boost to captive power plant sector as a result of changes arising due to Electricity
Act 2003, the target of generating about 8000 billion kWh per year by 2052 is achievable. The
study brings out several important conclusions with regard to fuel resource position and the
role nuclear energy has to play in India during the next five decades.

The essential conclusions are that considering our uranium resources and physical
characteristics of metallic fuel based fast reactors, nuclear energy can contribute about 25% of
electricity requirements by the middle of the century. Even after tapping full potential of hydro
and other renewable energy resources, it would be necessary to meet a significant portion of the
demand from fossil fuels. Considering our fossil resources and their projected usage, these will
get exhausted by the middle of the century unless additional resources are found.

It is, therefore, necessary to ensure that nuclear generation through fast breeder reactors and
thorium fuelled reactors is poised to replace coal based generation after 2050.

In this context, let me talk about the status of the nuclear power programme as it exists today.At
present, Pressurized Heavy Water Reactors (PHWR) form the mainstay of our nuclear
programme and we have 12 such reactors in operation and six under construction, which
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include indigenously designed and developed 540 MW units under construction at Tarapur.
The designs of these reactors have progressively evolved taking into account the needs for
indigenization, our own operating experience, operating experience in PHWRs outside the
country and progressive evolution of enhanced safety features.As India gains experience and
masters various aspects of the nuclear technology, performance of operating plants has
progressively improved to a level of world class excellence. The nuclear Power Corporation
of India Limited (NPCIL) has accumulated about 220 reactor-years of operational experience
free of any serious incident involving release of radioactivity to the environment. Nuclear
power technology in India has thus reached a state of maturity and the Department of Atomic
Energy continues to take steps to further its development. These steps are aimed at further
improving the safety and availability of operating stations, reducing the gestation period of 
plants under construction by using innovative management techniques, cost optimization and
development of new reactor systems.

In percentage terms, nuclear power contributes only about 3% of India's total electricity
generation, but it signifies the fact that India has the technology base on which it can build
further to provide long term energy security. India's modest reserves of uranium can support
about 10 GWe of PHWRs and in around four years from now, NPClL would have established
an installed capacity of around 4.5 GWe with PHWRs. Another 2.32 GWe would come from
light water reactors making a total of around 6.8 GWe as against the present capacity of 2.77
GWe.

Simultaneously, India is pursuing the fast reactor programme and in September 2003, the
Government of India approved construction of a 500 MWe Prototype Fast Breeder Reactor 

rd
(PFBR) at Kalpakkam. Hon'ble Prime Minister of India visited Kalpakkam on 23 October,
2004 to participate in a function marking Golden Jubilee of the Department ofAtomic Energy
and said, "Our nuclear programme takes a major step forward today with launching of the
commercial phase of the fast breeder programme. This is an occasion to celebrate and also to
reflect on our past achievements and also to look to the future with hope, courage and
confidence. The progress during past 50 years has made us proud".

Construction of the fast breeder programme will open up a vast source of energy for the
development of the country. It also reflects the fact that Indian scientists and engineers have
mastered the reprocessing technology to a stage where they feel confident about taking the
bold step of launching the fast breeder programme on an industrial scale. It may be recalled
that India has a 40 MWt Fast Breeder Test Reactor (FBTR) operating since 1985. FBTR is
powered by a unique mixed carbide fuel, which has already undergone a burn up of 123,000
MWd/tonne. Experience with reprocessing of carbide fuel from FBTR is also very
encouraging. The experience of operating the FBTR has given us the confidence of thinking
about a very large programme based on fast breeder reactor technology.

Our strategy for fast breeder reactors would involve setting up of mixed oxide based Fast
Breeder reactors in the early phase to be followed by metallic fuelled Fast Reactors which
would enable shorter doubling time. All these developments provide challenging
assignments to the scientists and engineers working in the Department of Atomic Energy and
other research institutions of the country. I can say with some degree of confidence that
developments in nuclear energy technology in India are comparable to similar developments
anywhere in the world. Rather in view of our fuel resource position, fast growing economy
and the fact that we have a large necessity - availability gap in terms of energy, the research
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efforts needed to provide energy security in India have no parallel in the world. This is what is
propelling u in DAE to nurture a strong and independent energy technology development
programme.

EEconomics of Nuclear Power and Environmental Concerns

The comparative economics of nuclear power plants depends on local conditions, discount
rates and availability of cheap fuels like coal and gas. Wherever fossil fuels are available at
reasonable prices, the setting up of thermal power plants is an option to be considered in any
techno-economic analysis. Issues to be considered in case of thermal plants include location of
coalmines vis-a-vis load centres, coal transportation, availability of railroads for
transportation, sulphur and ash content of the fuel and associated environmental impact.
Hydropower provides low cost electricity generation, but sites available for large projects are
limited and social impact is very high due to submergence of large areas. Gas prices are subject
to fluctuations due to market forces and form a sizable fraction of electricity cost produced
from gas fired plants. Therefore, the cost of electricity generated from gas fired plants can vary
a lot depending on the market conditions.

Generally only direct costs are used in comparative assessment of different electricity options.
However, the opinion is building up in favour of internalizing all costs of generation in any
comparative assessment of energy options and this would include, inter alia, the cost of impact
on environment and health and cost of setting up of infrastructure for fuel transportation which
is often subsidized. The largest environmental impacts associated with fossil fuels are carbon
dioxide and other forms of air pollution which can cause chronic illness. (See Fig I for
comparative green house gas emissions). The risks associated with these impacts affect the
entire planet. In addition, the volume of waste generated in case of energy generation from
fossil fuels is quite large (See Fig 2). Technically nuclear energy is far more benign and much of
the cost is already internalized in financial plans. For example, nuclear power operators are
required to provide funds for decommissioning of installations. External costs have been
estimated by a study conducted under European Commission's Externe project results and
reported in 1998 are summarized in the Table 1.

An internal study done by Nuclear Power Corporation of India Ltd. (NPCIL) indicates that
nuclear power is competitive compared to coal fired thermal power, when the nuclear plant is
about 1000 km from the pit-head. There are several regions in the country where such haulage
is involved. Being capital intensive in nature, the cost of nuclear electricity becomes more
competitive with the age of the plant as the capital cost depreciates. Interest during construction
(IDC) adds to capital cost of a plant and it is necessary to reduce the gestation period. PCIL is
working towards reducing the gestation period by adopting innovative project management
practices including having large EPC packages and the plants under construction will be
completed in about 5 years.

Climate Change and Associated International Conventions

To reduce the risk of global climate change, industrialized countries have made commitments
to reduce GHG emissions under a protocol, negotiated in Kyoto, Japan in 1997 as an addition to
the 1992 United Nations Framework Convention on Climate Change (UNFCCC). In the so-
called Kyoto Protocol. industrialized countries have agreed to reduce their collective emissions
during the period 2008-2012 by at least 5.2% below 1990 levels. So far no decision has been
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taken about carbon reduction commitments for the period beyond 2012, but statements have
already been made, that countries like India and China should also make carbon reduction
commitments. It is pertinent to note that per capita carbon emission in India is one tonne per 
year, it is 2.7 tonnes per year in China while for the industrialized countries, it is 11.4 tonnes per
year. Therefore, while negotiating at international fora we have to take a careful stand with
regard to accepting any carbon reduction commitments. At the same time, we have to adopt
policies wherein we use advanced technologies so as to minimize carbon emissions. Nuclear 
energy produces virtually no GHG emissions and should be an important part of our strategy to
reduce GHG emissions.

NNuclear Safety

Since the very inception, the Indian nuclear power programme has laid a strong emphasis on 
nuclear safety and radiation surveillance in the environment. The essence of our safety policy
was spelled out by Dr Bhabha, when he said. "Radioactive materials and source of radiation
should be handled in a manner which not only ensures that no harm can come to workers or
anyone else, but in an exemplary manner so as to set a standard which other organisations in the
country may be asked to emulate." This has really happened. In all industrial development
programmes in India, environment monitoring has assumed importance and statutory
regulations have been established. Systematic measurements of radiation levels in the
environment and related investigations have been undertaken by the DAE long before such
regulations were introduced.

Concern for safety pervades all aspects of the nuclear fuel cycle, in the design and engineering,
in plant operation, and in regulation of the nuclear industry as a whole. In design and
engineering, this includes adopting sound basic designs, adhering to appropriate codes and
practices, using fully tested materials and components, providing adequate margins and
failsafe arrangements, and facilitating maintenance and proper operation. Design of PHWRs in
India has progressively evolved. An example is the manner in which reactor containment has
evolved from the reactor near Kota (RAPS) to those at Kaiga.At RAPS we have a dousing tank,
at Kalpakkam (MAPS) vapour suppression pool was introduced, at Narora partial double
containment was introduced, and at Kakrapar full double containment was incorporated. At
Kaiga, for the first time a high strength concrete has been used for the containment dome. In a
s i m i l a r m a n n e r , o t h e r s y s t e m s s u c h a s s e c o n d a r y s h u t d o w n
system, emergency core cooling system have been evolved so as to ensure plant safety under all
anticipated operating conditions.

We have designed an Advanced Heavy Water Reactor, which besides using thorium, also aims
at enhancing safety to a level far higher than current safety requirements, which themselves are
very stringent. Examples of safety features include pumpless primary cooling system, operator
forgiving characteristics with a grace period of three days, passive containment isolation,
elimination of impact in public domain etc.

TheAtomic Energy Regulatory Board (AERB), an independent regulatory body in the country,
is responsible for licensing and regulation of all activities related to atomic energy. To provide
fillip to regulatory R&D, AERB has set up an independent Safety Research Institute (SRI) in
1998 at Kalpakkam. SRI conducts a substantial part of the research programme in an inter-
institution manner. Areas of research covered by SRI include nuclear plant safety, radiological
and environmental safety, fire and industrial safety.
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NNuclear Waste Management

With total protection of the environment as the overriding consideration, management of the
radioactive waste generated in the fuel cycle has received high priority in our nuclear
programme right from its inception. Based on indigenous materials and capabilities,
technology has been developed and is in routine use for the management of low and
intermediate level wastes meeting the stringent regulatory requirements and standards. No
waste in any physical form is released to the environment unless the same is well below
internationally accepted safe levels. Treatment of reprocessing waste has received
considerable attention because they contain nearly 99% of the activity generated in the nuclear
fuel cycle. Based on years of development studies, a long-term action plan has been
formulated for the management of these wastes.

In principle the Indian programme envisages two distinct modes of final disposition in respect
of radioactive wastes:

Near surface engineered extended storage for low and intermediate level wastes.

Deep geological disposal for high level wastes and alpha bearing wastes.

A waste immobilisation plant for the treatment of High Level Waste (HLW) has been
operational at Tarapur for quite some time and one more has been just commissioned at
Trombay. One more waste immobilisation plant is being set up at Kalpakkam. A solid storage
and surveillance facility (SSSF) has also been set up for interim storage of vitrified HLW.

As regards ultimate disposal, considering the present small size of the Indian programme,
considerable time is available before the need for a repository would be felt. However, studies
on establishing a repository are being carried out in an ongoing manner. An experimental
research station was set up in an unused portion of an underground mine located at Kolar near
Bangalore. In-situ experiments for examining the thermal, mechanical, hydrological and
chemical behaviour of the host rock under simulated conditions have been conducted.

High level waste disposal is often cited as show stopper for nuclear power. However,
technological solutions for long-term storage of high level waste do exist now. Several
countries have taken steps in this direction. Yucca Mountain, Nevada, has been approved as 
the site for a national repository for nuclear fuel and high-level radioactive waste in the USA.
Finland has also gone ahead with legislative approval for setting up a rock characterization
facility at Olkiluto power station. Further R&D in waste transmutation should soon make high
level waste storage a short term issue.

Conclusions

India has above 16% of the world's population and only about 6% of the world's coal reserves,
oil and gas being less than 1%. However, India has about 32% f the world's Thorium reserves.
We have large hydro potential, but its exploitation is beset with issues like displacement of
people and possible effects on ecology. Non-conventional sources, at present stage of
technology development, are suited essentially for decentralised small capacity plants. Large-
scale development of nuclear power is thus inevitable. India has developed comprehensive
capabilities in all aspects of nuclear fuel cycle and as far as nuclear technology is concerned.
India is a “developed country”.
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We believe that nuclear power is a clean source of energy. However, to make nuclear power
economically more competitive, nuclear Industry has to continue to improve existing
technologies, develop new technologies and adopt innovative project management practices to
reduce capital cost and shorten construction period.

There are several other areas of development which are also being pursued with a long-term
focus.Advanced Heavy Water Reactor for utilization of our abundant Thorium resources, High
temperature reactor systems to enable use of nuclear energy for production of hydrogen in
addition to electricity and desalination of sea water, accelerator-driven systems to enable
growth of power capacity with Thorium systems and of course the fusion energy technologies
are some of the important dimensions of this effort.
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Size of Indian IT market is approximately $20 billion.

Indian IT's contribution to GDPhas gone up from 1.3% in 1998-1999 to 4% currently. By 2008,
it is predicted to account for 7% of our GDP, Exports are predicted to grow by approximately
21% this year. Software and services export's contribution to India's total invisible receipts is
also continuously increasing, indicating the strength of the software sector as the driver of
overall foreign exchange reserves.

In 1997-1998, IT's contribution to overall invisible earnings was less than 18%. Now it is close
to 74%.Additionally, the share of software and services exports in India's exports has increased
to almost 22%. This share is predicted to increase to 35% by 2008.

Software sector exports grew at a Compounded Annual Growth Rate (CAGR) of around 32%
between 1998 and 2003 and are estimated to grow at 38% between 2003 and 2008.

Indian IT companies have pioneered the GDM. This is the basis of all offshore outsourcing.
GDM has gone mainstream and is globally accepted now.

Most importantly this industry has raised India's rank in the comity of nations.

The label 'Made in India' is now considered a seal of quality.

To date, this industry has employed an estimated 813500 professionals.

Countries and companies across the world are looking for partners who can bring them value.

Initially the India-advantage was based on cost-arbitrage. Now, however, it is quality,
productivity and rapidly scale able kills.

Better customer service and reduced time-to-market have become as important as cost.

Further, India has an enviable reputation with regard to offshore outsourcing.

According to Gartner. India was ranked as the primary country for supplying offshore IT
services by more than 70% of large U S corporations surveyed. Additionally, the UNCTAD's
World Investment Report 2004 ranks India as the second largest base for IT and IT-enabled
services.

Clearly the IT industry has a vital role to play in driving India's economic development and its
position in the world.

At the same time, a country like India, IT is important from a development point of view.

DDestination 2020 : The Role of 
It in India's Development

Shr i N M Nilekani

CEO, President and Managing Director

Infosys Technologies Limited, Bangalore
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UNDP : Technology is creating the potential to realize in a decade, progress that required
generations in the past.

In a country such a India, where:

�26.1% of population live below the poverty line

�51% of population do not have access to essential drugs

�35% of population is illiterate

�70% of population resides in rural areas

The power of IT should be leveraged to leapfrog poverty barriers, and promote economic and
social development.

lCT projects could be the most effective way of driving change: socially, by ensuring equal
access for all groups; economically, by creating new types of transactions and financial
instruments; and politically, by improving the quality, speed and responsiveness of the state
interaction with individual citizens.

In order for development to take place, it is imperative that our governance structures are
reformed.

A World Bank report, 'Doing Business In 2004' argue that red-tapism and bureaucracy are
closely allied with slow development and poverty. The reports asserts that very often, the
governments of developing countries tie their own people down in a thicket of regulations.

What is required is answerability, participatory democracy, a platform for professional
volunteerism and, most importantly, disclosure and transparency.

Through e-governance, governments can provide the required infrastructure to effectively
service citizen's needs.

An e-governance software platform can include important municipal applications like
property tax collection, ward works management, GIS, public grievance and redressal, trade 
licenses, etc.

Such a platform can enable urban governments to overcome the vicious cycle of poor
infrastructure, citizen apathy and corruption and inefficiency. It can provide universal access
of services, streamline institutional arrangements and institutionalize citizen participation.

Perhaps the most important aspect of computerization and e-government is bringing a change
to the mindset of the civil servants.

Clearly, e-governance is important for a number of reasons:

�It introduces transparency in data, decisions/actions, rules, procedures and
performance of Government agencies.

�Automates processes to take away discretion,

�Provides an entry point for simplification of rules and re-engineering processes,
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�

�Provides documentation to citizens for follow up,

�Centralizes data for better audit and analysis, and

�Enables unbiased sampling for audit purposes.

At the same time, IT can also be used extensively at a rural level.

Networked technologies in rural and underdeveloped regions can compensate for the absence
of infrastructure in the form of roads and financial institutions.

These information centres can allow new knowledge, services and resources to flow in and out
of regions over long distances, thus alleviating the disparities between urban and rural regions.

Once money begins to flow into these economies, the capital to finance basic infrastructure
including roads, dispensaries, sanitation systems and so on will be more easily available.

The Bhoomi project launched in India, to digitize rural land revenue records, is a resounding
success, making the process more accessible and transparent.

Today, the project serves about 7 mm farmers and connects 177 districts.

IT is also an important tool for development across other sectors.

E-Iearning is a cost-effective way of providing education at a distance.

The student based in rural regions will be able to access the best Libraries and Laboratories in
the world. The Carnegie Mellon University's Informedia project is already a step in the
direction of Digital Libraries.

The use of IT in rural banking and micro finance can impact a broad cross-section of the
population.

Handheld computers and smart cards can reduce the costs of providing loans, as well as
monitoring them. Reducing these transaction costs is critical for sustainability of micro-
finance schemes in the rural areas.

Further, in rural India, farmers are now using the e-choupal to go on-line and check prices for
their soya beans at the nearest government-run market, or even on the Chicago futures
exchange.

However, before this can happen, some issues that must be addressed.

The competitiveness of a country depends on the ability of its people to leverage technology.

Unfortunately, India is increasingly getting divided into people who do, and people who do not
have access to - and the capability to use - modern information technology.

India needs to increase penetration in terms of PCs and communication lines.

About 70% of India lives in the villages. Our villages, unfortunately, are characterized by poor

Builds accountability through greater access to information,
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Internet connectivity. Connectivity options to the rural areas can be improved by using
wireless access, corDECT, an advanced, wireless access system developed by the TeNeT
group of IIT Madras, Midas communications andAnalog Devices, is an instance of this.

In addition, cyber cafes in the urban centres, and village information kiosks in the rural areas
will enhance the reach of IT.

India has a large population with great linguistic diversity. Local language content will make
ICT more relevant and accessible to a broader cross-section of the population.

Nasscom predicts that the number of Internet subscribers will increase from 2.46 million
subscribers currently, to 7.18 million In 2005. This calls for additional investments in
bandwidth.

Education is fundamental for a knowledge-based industry like software.

It is predicted that there will be a need for approximately 1.1 million people by 2008. Supply of
professionals, however, based on current trends, will fall short by over 200000.

Unfortunately, in India, total enrolment in higher education is only 6% of the relevant
population (17-23 year olds).

We need to ensure an adequate pipeline of 'English-speaking' graduates. At present, India's
large English-speaking population is one of its advantages over countries like the Philippines
and China.

However, achieving proficiency in English in now gaining high priority in China. In Beijing
alone, there are over a thousand language training centres.

The software industry also requires good infrastructure and facilities. An open skies policy
could make air travel more viable for a larger section of the population, and also allow more
international flights out of IT hubs.

Guaranteed and steady electricity supply is vital for the growth of any industry. At present, we
rank 75th in the quality of our electricity supply (The Global Competitiveness Report).

With traffic expected to grow by around 10% per year, the requirement would be for 30000
km. It is obvious that money and effort need to be put into improving our road network.

IT has already helped establish that India can be globally competitive and a strong intellectual
contender. Clearly, we are firmly positioned in the information age.

The next 20 years will be focused on using the information age to drive India to developed
nation status.

In the words of Jeffrey Sachs and Nirupam Bajpai : India has a chance for a tremendous
breakthrough in economic development in this decade.

This is a great opportunity for us. If we can link our undeniable intellectual pool with the
challenges facing our country, the multiplier effect will be formidable!
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IIndian Engineer ing Science and 
Technology — a Movement

Prof S S Chakraborty

Managing Director

Consulting Engineering Services (India) Private Limited

It is a great honor for me to address this august gathering at the Indian Engineering Congress
th

and delivering this 48 Sir M Visvesvaraya Memorial Lecture.

Visvesvaraya is one of those personalities that make Indian engineers proud on the one hand
and, on the other, a little apprehensive too about their carrying on his tradition of "continuously
scaling peaks".

In his book, "Prosperity through Industry", Sir M Visvesvaraya has outlined that we are poor
because our "manpower" is untrained and marginalized and also that government's policythat
regulates and controls, is piecemeal and fragmented. What is more, our vision does not
necessarily include rural development, including the capacity for communities to come
together and co-operate. These are the areas that form the crux of holistic development. Rural
communities can take charge of their surroundings by bringing together their resources and
working together to make the needed improvement.

It comes to that our technological capabilities should benefit the whole spectrum of people and
regions. We should leave no pockets unattended. We are focusing on our rural areas,
appropriately leveraging our technological expertise. President Abdul Kalam's PURA
(Providing Urban amenities in RuralAreas) concept becomes workable in the capable hands of
our engineers, technologists.And, it is in this context very much that the theme of this congress
assumes significance.

Holistic, not item-wise, excellence is what should be aimed at. All the emerging areas of
technical endeavours sport this personality and these essentially include space technology,
nuclear energy, nanotechnology, bio-technology, communication technology, ITeS, renewable
energy and many others. We are in the process of forming a robust knowledge network among
like-minded research and academic institutions for cooperative efforts. Interested in orienting
the results of our technical education efforts towards societal needs, we would also
correspondingly increase our interactions with society, including the social and governmental
structures, to have our voice heard where they matter most.

We are in the midst of a global trade regime that does not necessarily support our national
ambitions. The global media space that both China and India are cornering for their forward 
movement — quite comprehensive in terms of primary, secondary and tertiary economic
activities — is a source of discomfort in the minds of the developed countries. Strings are being
pulled to keep us where we are.

We do remember the ministerials of WTO at Doha and Cancun. India became the de facto
spokesman (before G-20 was acknowledged as an entity) for the developing and the least
developed countries in spite of efforts to prise open this subset of the comity of nations by the
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developed countries. We could very well withstand the pressures and this is so because we
have the capability. And, this capability has to be quickly and continually enhanced for
retaining our position in the global arena.

A recent news item makes clear the speed required. Just a couple of months ago, we heard Mr
Nicholas Negroponte of Media Labs, MIT, USA, announcing a US$ 100 handheld/laptop
computer to be in the market next year or so, obviously without much of the bells and whistles
of the full scale items, meant for developing countries with an initial focus on African
countries. We should consider this a wake-up call. We cannot let the developed world, in the
guise of concern for the underdeveloped, occupy our space of operations. We have to move
fast.

The famous Moore's Law talks about computer processing power doubling every 18 months.
Recently, I read that similar break-neck speed is seen in memory capacities, in terms of GBs
per square inch. In the hard engineering fields, people are thinking of kilometer high buildings,
sea crossing spans of 5 km or so across the Gibraltar Straits at the mouth of the Mediterranean
Sea. We have oil tankers of astounding capacities. What about the new A-380 from Airbus or
the 350 km/hour speeds of the maglev train plying in Shanghai? Nanoscience is in the process
of turning into nanotechnology. We should get into it now, in a big way and with focus.

It is readily acknowledged that our infrastructure falls woefully short of what is required.
Transport provides an essential framework for our national economy. The problems are caused
mostly by three factors: inadequate investment, insufficient strength of reforms and problems
of management and operation. The government must move forward quickly on real estate
reform so as to attract both domestic and foreign capital for urban infrastructure renewal.
Shanghai's example of attracting foreign real estate capital/expertise in collaboration with the
government and their own real estate players, needs, be taken cognizance of.

Roads and railways should be a priority for the Government of India's resources/public
investment and open to private participation. It will reduce cost and cycle time of the supply
chain for imports/exports and goods sold in the country.Air and seaports are under upgradation
but need a break-neck speed. Urban transit system should be seriously considered to improve
our productive efficiency.

Let us consider the railways of the two countries, India and China — carried exactly the same
volume of Passenger Kilometer (314 billion Pkm vs. 315 billion Pkm), but Chinese railways
managed to carry 1,157 billion tonnes kilometer freight, or 4.5 times that of Indian Railways
(257 billion tkm). Although India's road network was more intensive than that of China's in
1992, the quality of roads in both countries was severely deficient relative to the standards of
modern highways in virtually all dimensions — pavements, road geometry and traffic
management. Over the succeeding decade (1992-2002), China leap-frogged India in both
railways and highways. We are adding 9 kilometer metrolines per annum in our congested:
cities every year vis-a-vis China's 40 kilometer or so.

While many differences between the situations in the two countries are recognized, it is argued
that the extraordinary economic growth in China created a dynamic momentum that broke the
bounds of inertia and overcame many impediments similar to those of India. If India is to
overcome its transportation bottlenecks and sustain its future economic growth, it too will have
to break the fetters and rise to new levels of performance in the creation and utilization of
transport infrastructure.
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We are taking initiatives in all forms of futuristic infrastructure. I would cite a recent article in
the New York Times that describes West Bengal as "acres of green paddies" with "Satellite
townships ... being built near the town of Burdwan, which would be only an hour from
Calcutta" with the completion of Durgapur Expressway. It also talk's of a "crosshatch of
elevated highways on the edge ofCalcutta."

The fast coming up and one of the largest Public-Private Partnership projects in the road sector,
the Second Vivekananda Bridge across river Hooghly, near Dakshineshwar, with
technological innovations of a high order, is another example. This unique bridge would also
help in establishing fast connectivity from the new satellite townships to the airport and also to
other regions of the State and northeastern India. Or, the Vidyasagar Setu — a standing
testament to the ingenuity of Indian engineers. An international structural engineering expert
mentioned how our innovation of steel-concrete composites in this project has pretty much
become a standard even in the developed world for all long-span bridges. This is the highest 
level and most sincere testimonial to our capabilities. Such initiatives would provide India the
leadership.

Our communication systems are getting better day-by-day. In fact, the mushrooming BPO
sector is an advertisement by itself of our communication capabilities. The developments in the
Information & Communication Technology sector are indeed astounding. It is on the strength
of I&CT, that the services sector, including ITeS and bio-technology, has become a dominant
feature of our export revenue. We started out on the lower rungs but have gradually climbed.

We are working on the power and water front. In the power sector, while new technologies are
being inducted, albeit at a slow pace, institutional reforms like unbundling generation,
transmission and distribution have provided a spurt to service delivery.

Our diverse terrain, in itself, is a motivator for technology initiatives to improve the standard of
living. Only recently, in the wake of the unprecedented and devastating rains in the state of
Tamil Nadu, our President A P J Abdul Kalam reiterated the need to inter-link rivers and also
the inter-basin transfer of river waters in two distinct networks, one, the Himalayan component
and the other, the Peninsular. There are many issues to be studied like the environment,
resettlement & rehabilitation, sociological benefits and costs. But, finally, when the initiative is
flagged off for implementation, it is the engineering marvel that would occupy center stage.
This is in continuation of the thoughts that Meghnad Saha drew the attention to at the Indian
Science Congress in 1934 with respect to the serious problems caused by floods.

We have recognized the debilitating effects of natural disasters and we are taking initiatives to
soften their impact. Our engineering community speaks with one voice on this and that is how
the standards of seismic design got revised as the situation demanded in the aftermath of the 
Bhuj earthquake. We are not proceeding as fast as we should be, however.

Our educational institutions have acquired unassailable reputation, thanks to the vision of our
leaders. New academic and research institutions that aspire to global leadership are being
created continually. Our venerable professional educational institutions are being upgraded to
meet the demands of the fast evolving society vis-a-vis the technology.

I would like to mention what happened to EADS, the consortium for Airbus. It set up shop in
Toulouse, France. There was, and continues to be, a high level of interaction between the
design and production facility and the University of Toulouse. In the process both gained. To
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some extent, we can see similar things happening in India also — interaction between industry,
research and educational institutions.

Scientific discoveries and technological innovations certainly unfolded even in the pre-
Independence era through distinguished engineering scientists such as Sir M Visvesvaraya, Sir
C V Raman, S N Bose, SARamanujam, J C Bose, P C Roy, M N Saha and others. The tradition
continues.

India's own satellites have soared into space on rockets indigenously designed; India's Super
Computers confront the most complex strategic and civilian challenges; bio-technologies
have produced the first leprosy vaccine. India has a comprehensive range of skills and
technologies on the cutting edge of engineering science in diversified fields such as:

�Remote sensing and communication satellites

�Solid propulsion fuels and systems

�Cryogenic engines

�Closed loop control and guidance systems

Now, we come to another crucial question and that is, "What is going to be India's emergent
role?"

We, the engineers and the technologists, are going to decide this. New fields are emerging fast
and furious. Even the traditional technology fields are sporting new looks. We are moving with
the technology times, but as in the case of development of infrastructure, accelerated efforts
are imperatives. There are a few technologies which are at nascent stages and getting in even
now would not be a great disadvantage, if we push forward with diligence.

I refer here first to nanotechnology. Innumerable applications are mooted for this technology
and some are coming true, albeit with stutters and stammers. Drug delivery is perhaps the most
attractive one yet, given its impact on the health of society. The other day, the Prime Minister
declared that with so many investing in HIV drugs, India could well be the "hub" of vaccine 
production for the developing world. We need special institutional structures to incubate
promising ideas. We may adopt four major thrusts in developing our capabilities and these are:

�Build and sustain a robust research base, preferably coordinated among academia and
industries and also geared towards identifying the appropriate areas of application.

�Focus on commercialization of technology — shorten the period of transfer from
laboratory to marketplace.

�Develop key elements of innovative technology cluster to capture the high value-
added elements.

�Commit ourselves to developing technology-capable workforce.

Realizing that research in the emerging fields is highly resource intensive, we need to develop
a less risk-averse funding system, say on the lines of venture capital with appropriate
regulatory mechanisms.
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On the energy front, we need to look at renewable energy systems more seriously. Yes, we are
in the top-drawer of countries investing in wind energy. India has one of world's largest
renewable energy capabilities with a total capacity of over 1500 MW added from non-
conventional renewable sources, such as:

�3 million family-size biogas plants

2
�50,000 m of collector areas installed for solar water heaters

�Largest development of 500,000 solar photo-voltaic system aggregating to about 40
MW.

The government should continue to move forward aggressively on identifying supporting
areas of additional renewable sources including clean technology and nuclear technology. It is
extremely gratifying to learn that India is now a full member of the ITER nuclear fusion
initiative to demonstrate the scientific and technological feasibility of fusion energy for
peaceful purposes.

But we also need to look at passive solar energy, tidal energy etc. Hydrogen economy would
soon be upon us.Are we ready or even preparing for it?

Bio-technology is another area where we need to lay strong foundations very fast if we do not
want to be left out. While there are serious doubts about the efficacy of genetically modified
organisms (GMO), we should not shy away from doing cutting edge research. We are blessed
with biodiversity galore. This is the type of technology that plays to our strengths and we
would be wise to leverage it to the maximum extent.

Defence research also helps in health, food processing, weather forecasting, avalanches
forecasting and light weight metals for the disabled (developed for Agni missile), or food
technology in the arid Ladakh-Leh region. Exim Bank is promoting development-funds for
expansion of food processing sector, namely, Agro Export Infrastructure Development Fund
(AIDF), Export Market Development Fund (EMDF), and Fund for Organic Agricultural
Products (FOAP).

Leather processing technologies have changed the industry's profile to an exporter of high-end
goods, without the closure of tanneries as in Tamil Nadu and West Bengal.

Even in demanding environments, we have dared international monopolies as we did in
Antarctica or in the field of deep-sea exploration or mining.

Environmental scientists are developing systems and technologies based on a more holistic
vision that recognizes the essential symbiosis of man and nature so as to reverse the damage 
done earlier.

The acknowledged powerhouse that we are in software, we have hardly registered ourselves
on the hardware radar. This is going to change in short order what with AMD, the world's
second biggest chip maker ready and willing to put up a fabrication facility in India. This is
very encouraging news. The upstream and downstream multiplier effects are sure to be
significant. Of course, on the software side we need to keep adding value to our products, like
from writing millions of lines of codes to offering financial research services.
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We need to innovate. Our methodology should focus on our own as well as on the needs of the
target market, be it the least developed or developing countries. While in the academic circles,
the publish or perish syndrome is much derided, in the technology and industrial fronts, there is
no gainsaying the importance of registering one's innovation through patents. The number of
patents Indian engineers get is minuscule compared to what people from the developed
countries do. This asymmetry has to be abolished.

I have tried to layout in broad brush strokes the efforts India has to undertake to get to the top of
the global engineering and technology enterprise. In this context, what Swami Vivekananda
said resonates well "We are responsible for what we are and whatever we wish ourselves to be.
We have the power to make ourselves."

The Indian engineering community subscribes to the above philosophy and has done itself
proud. "Leadership" in India would come by only when all those who have authority and
money, use them not only for their own gains but also for the benefit of those who lack them.
Participative "governance", rather than merely government, can drive the change. Public
participation, continuous and tireless hard work, are the instruments that only could provide
India the leadership baton where the world will watch the country as an embodiment of
vibrancy, equity, and intellect in a market-driven economy in an all-inclusive environment.
Redistributions from richer and more powerful groups to poorer groups that may face limited
opportunities should be pursued. Our ultimate goal is reduction of poverty through equitable
pursuit of prosperity and our engineering community will harness and manage the natural
resources with equity lens and demand level playing field.

Efforts at the required reforms must be accompanied by safeguards as appropriate for a country
of the size and income disparity such as India. Also, policy initiatives that contribute to the
growth of agricultural and manufacturing sectors, and therefore create employment, must be 
pursued rigorously.

India needs greater access to the developed countries' in its areas of strength such as
manufactured goods like textiles garments steel agri-products and more importantly in the
services sector such as I&CT, ITeS, ST, healthcare, contract research and clinical trials. Large
pool of skilled and talented people find access restricted in the developed countries in terms of
movement of people.

We engineers gathered here have to introspect and take appropriate measures. If we indeed are
under-achieving, it behoves us to identity "why" and act remedially. If we are ever to realize our
ambitions, we have to get out of the treadmill and run on solid ground together in the spirit of a
"movement", It is here our seamless engineering and technology capabilities, tempered by our
social and political systems, find relevance and resonance,

There is a clear path to lead us to global leadership in engineering and technology. We have 
the resources, the institutions and the mindset too. What we do need to work towards is 
however a fusion of our positives. This is the sine qua non for India's emergent role in 
global engineering and technology.
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SSmar t Structures and MEMS : An
Emerging Technology

Dr Vasudev K Aatre

Former Scientific Adviser to Defence Minister 
and

Ex-Director General, R&D, Ministry of Defence

Naturally Smar t

Material development has played a major role in the technological development. If we look 
back on the developments in the twentieth century, science and technology have made
amazing developments in the design of electronics and machinery using standard materials, 
materials which do not have particularly special properties — properties other than the normal
physical and chemical ones — like steel, gold, aluminum etc. We can well imagine the range of
possibilities if we can have materials whose properties can be manipulated by scientists. Some
materials have the ability to change their shape or size simply by adding a little bit of heat, or to
change from liquid to solid almost instantly when brought near a magnet. Smart materials have
one or more properties that can be dramatically altered. Most everyday materials have
physical properties, which cannot be significantly altered, for example if oil is heated it will
become a little thinner, whereas a smart material with variable viscosity may turn from a fluid
which flows easily, to a solid. A variety of smart materials already exists, and is being
researched extensively. These include piezoelectric materials, magneto-rheostatic materials,
electro-rheological materials, and share memory alloys. Some everyday items are already
incorporating smart materials (coffeepots, cars, the International Space Station, eyeglasses)
and the number of applications for them is growing steadily.

Smart materials and Micro-Electro-Mechanical Systems (MEMS) are the areas that have
attracted considerable attention of the scientific world in the recent years and have vast
potential for strategic and commercial exploitation. Major applications of smart technology
including those of MEMS cover areas from aerospace to automobile engineering, from
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biomedical systems to environmental control, from defence systems to a vast array of civilian
applications. Extensive research and development is going on in this field in many of the
advanced countries aimed at materials and processes, device design and fabrication,
application methodology, standardization etc.

SSmar t Mater ials & MEMSApplications

Smart material systems are non-living systems that integrate the functions of sensing,
actuation, logic and control to respond adaptively to changes in their condition or the
environment to which they are exposed, in a useful and usually repetitive manner. The basic 
idea is to build systems which mimic nature.

Smar t System

With the development of micromachining techniques, the era of miniaturing mechanical
systems like beams, cantilevers, gears, motors and pumps has led to the use of silicon and VLSI
technology to fabricate electro-mechanical systems incorporating mechanical and electronic
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devices on the same chip — system on a chip — and mass production of such MEMS, reliably
and at low cost has led to the popularity of this highly application oriented technology. In fact
even opto-electronic systems have been integrated with mechanical systems to yield MOMS,
MOEMS. As indicated, the application of this technology is wide spread — from aerospace to
biomedical, from automobiles to cosmetics — the potential business is estimated to be in
several hundreds of billion dollars.

AApplication Technology

Semi active vibration controls Piezo-ceramic stack actuators; PZT and MEMS
accelerometers; controllable fluids; magneto-
strictive mounts

Active noise cancellation Piezo-ceramic pick-ups and error sensors; PZT
audio resonators and analog voice coils; digital
signal processor chips

Chromogenic mirrors and windows Electro chromic (sol-gel, sputtered and vacuum-
evaporated oxide; solution-phase reversible
organic redox); suspended particle; dispersed
liquid crystal; reversible electrode position

Smart navigation/guidance systems Piezo-ceramic and MEMS accelerometers and
rotation rate sensors; quartz, piezo-ceramic and
fibre-optic gyros

Intelligent transportation IR, vision and fibre-optic sensors and
communications systems

Smart security systems Accelerometers; driver recognition chips

Smart safety systems Piezo yaw-axis rotation sensors (antiskid,
antilock braking); ceramic ultrasonic "radar"
(collision avoidance, parking assist); MEMS
accelerometer (air bag controls); electronic
stability control (four- wheel independent auto
braking)

Smart performance systems MEMS sensor systems (engine and dynamic
chassis handling, acceleration. pressure, fuel, air,
combustion, position): PZT combustion pressure
sensors

Smart comfort control systems Piezo polymer IR sensors: rain monitors; occupant
identification; HVAC sensors; air pollution sensors
(CO and NOx)
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MMEMS-Micro Systems — Micro Machines

132 Advancement of Engineering in India in New Millennium

In India also the fields of MEMS and Micro Systems have received considerable attention,
several programmes being launched in academic institutions and research establishments
in the recent years. Following the first international conference in 1996, a professional
society called Institute of Smart Structures and Systems (lSSS) was founded in India in
1998 to promote smart materials technology in the country. It was also felt at this time that a
well-focused national effort was required to coordinate the work in the country in the area
of smart materials research and development. This involved, on the one hand,
identification and prioritization of national requirements, strengths and weaknesses, and
on the other, channeling the limited resources for the right developmental tasks through a
synergised effort. Two major programmes were thus formulated and submitted for the
approval of the government; (i) the National Programme on Smart Materials (NPSM) and
(ii) the Development Initiative for Smart Aircraft Structures (DISMAS). The programmes
were sanctioned by the Government in July 2000 and January 2001, respectively.

The National Programme on Smart Materials, sanctioned in July 2000, is a joint
programme of five concerned scientific departments of the Government; namely
Departments of Defence Research, Space, Science and Technology, Information
Technology and Council of Scientific and Industrial Research. The main objective of
NPSM is the development of smart sensors, actuators and MEMS devices and associated
technologies of materials, processing, qualification and applications through a well-
focused effort. It is a 'Directed Programme' in the sense that projects tailored to meet the 
programme objectives are to be sought and sanctioned to institutions having necessary
expertise and facilities.

NNational Programme on Smar t Mater ials

Develop Materials and Devices

Synergise efforts by R&D institutions

Generate Road map for development
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Trigger applications through users

Five year Government funded programme

The Programme is being managed and monitored by a three-tier management structure as
given herein. Five PARCs were constituted to look after specific areas, namely, Materials
and Processes, Devices, Packaging and Qualification, Applications and Bio-medical
devices. A Programme Cell at the Aeronautical Development Agency, Bangalore
(responsible for managing the prestigious Indian Light Combat Aircraft Programme) is
responsible for the overall execution of the programme as per the directives from B-
SMART based on the recommendations from PARCs.
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While the national programme has established design and fabrication centres and
developed certain technologies and devices, conversion of the same to production and
establishing production is still sometime away. However, it is anticipated that the second
phase of the programme wos ld attack this problem. The establishments of design and
fabrication centres, workshops run by NPSM and ISSS have been very effective in
triggering R&D in this area, though industrial participation in this all important area is
minimal. There is clearly a role for the professional institutions like the Institution of
Engineers in developing and exploiting this technology lest India miss the Microsystems
revolution (which incidentally may be the precursor to the Nano revolution) like it did the
Silicon revolution.

NNature is the greatest Teacher
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Chairman, Ladies and Gentlemen,

It is indeed a great honour and privilege to be chosen by The Institution of Engineers (India) to
deliver this 49th Sir Mokshagundam Visvesvaraya Memorial Lecture in the 21st Indian
Engineering Congress. May I, therefore, thank The Institution of Engineers (India) and also the
organizers for bestowing this honour on me. I have chosen to speak on indigenous warship-
building predominantly because very little is known about this aspect of Indian Engineering
Enterprise beyond a small circle of people who are associated with it. Unlike the space
programme or missile development or the light combat aircraft, warship-building rarely ever
comes in the public glare of the media. There is an occasional write up at the time of launching
or commissioning of a vessel. Such articles seldom highlight the Engineering Enterprise
involved in production of a warship. Yet most major warships or submarines are complex
platforms costing upwards of Rs 2500 crores per piece and require astute engineering
ingenuity to design and assemble. Thanks to the initiative displayed by many engineers in the
country, we have emerged as one of the very few countries in the world capable of producing all
our needs in warships and submarines. This transformation from a 'Buyer's Navy' to a 'Builder's
Navy' is a major success story for the Indian engineering fraternity. I am lucky to have been
associated with this movement and would like to share with you the details of this success story,
so that you may also appreciate the entrepreneurship and perseverance displayed by fellow
engineers involved in this enterprise.

HHistor ical Background

Centuries ago, India was well-known for its capabilities to build wooden-hull ships. These
ships having excellent sea keeping qualities were widely used for trade across the seas. The 
influence that India wielded at sea during those years and the spread of Indian culture across the
globe that ensued are well-known. Even after the British came, initially East India Company 
and thereafter the British Government encouraged the building of wooden hulled ships. Indian
teak was found to be immensely suitable for the purpose and the craftsmanship of the Indian 
shipbuilder was of world class. One such vessel built in Mumbai is the second oldest floating
vessel in the world and is preserved as a museum in the United Kingdom. The vessel named 
'Trincomalee' was built in Mumbai in the year 1814. This situation changed when steel
replaced wood as the material for the hull in late 19th century. Although shipbuilding was one
of the motive forces of the industrial revolution in Europe, India, under the British Rule in those
years, was never exposed to the technology. All the building yards, therefore, slowly became
repair yards with very limited knowledge of modern warship building.

Chairman & Managing Director

Mazagon Dock Limited

Warship Building in India - 

Success of Indian Engineer ing Enterpr ise

Vice Admiral (Retd) S K K Krishnan, AVSM, VSM
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TThe Star t in the 60's

In the early 60's, when a decision was taken to nurture indigenous production of defence related
equipment, warships also figured as a thrust area. The first real venture in this direction was the
decision of the Indian Government to acquire shipyards like Mazagon Dock in the west coast
and Garden Reach Shipbuilders and Engineers in the east coast with the aim of starting warship
production. The project gained momentum when the Government decided to buyout the
complete design of the Leander Class Frigate from M/s Yarrow of UK. Building of the first
vessel started in Mazagon Docks in 1966 and the vessel was commissioned on 3rd June 1972.
This was indeed a landmark achievement.

Developments in Warship Production

The first Leander commissioned was followed by five more Leanders, the last one being
delivered in July 1981. Each of these had some improvements over the previous ones with the
last two being significantly modified to accommodate a much larger and highly capable anti-
submarine helicopter. Parallely, the nucleus of the Design Team at the Naval Headquarters at
New Delhi was expanded to form the Directorate of Naval Design, which then started
spearheading the design efforts for all future projects. The first such major project, small but
significant, was the Seaward Defence Boat Programme, which was built in GRSE, Kolkata.
Designed entirely in-house, it was the first success story for the Indian Designers. Closely
behind came a major success. The original Leander Hull was stretched by 10% in length and
10% by beam to form a larger ship with almost 800 t increase in displacement. This vessel
called 'Godavari' was a complete transformation from its predecessor, the 'Leander'. While the
'Leander' had no major weapon systems to speak of, the 'Godavari' had surface-to-surface
missiles, surface-to-air missiles, a close in weapon system, state-of-the-art sensors and a large
hangar to accommodate two Sea-King Anti-submarine Helicopters. Despite a significantly
larger size, these ships achieved the same top speed using the same propulsion system as the
Leanders. With the commissioning of the Godavari, the rest of the world stood up and took
notice of the capabilities of our designers and shipbuilders. Thus, it can be said that indigenous
warship-building came of age in December 1983, when the Godavari was commissioned. A
series of new designs and constructions followed. These included the Offshore Patrol Vessels,
Missile Boats, Corvettes, Landing Ship Tanks, Fast Attack Crafts, Extra Fast Attack Crafts,
Brahmaputra Class, which is an advanced version of the Godavari and finally the Delhi Class
Destroyer, which is one of the best fighting platforms in the world today. In-between all this, we
also built 2 SSK Submarines. In all, 80 ships have been built in the 40 years that have elapsed
since production of the first Leander started.

The Product Mix

The most important aspect of the Indian warship building programme has been the choice of 
the product mix. What started with the Leander Class Frigates at Mazagon Docks and Seaward
Defence Boats at Garden Reach Shipbuilders and Engineers Ltd has now matured into a well-
nurtured system that produces a wide variety of ships. Thus, we have frigates, destroyers,
stealth frigates, corvettes, missile boats, seaward defence boats, fast attack crafts, extra fast
attack crafts, offshore patrol vessels, landing ship tanks, landing ship utilities, et at and
submarines, being already produced by the three Defence Shipyards. In addition, an air
defence ship is already under production at the Cochin Shipyard. There are perhaps just three
other countries in the world which can claim such a diverse product range.
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AAModern Warship

The Modern Warship is a floating platform that can be deployed in the oceans far away from
our shores for independent actions over sustained periods against the enemy or any threat to the
interest of our nation.

It has a variety of sensors like radars, sonar, electronic surveillance measures, electronic
counter measures and digitised encrypted communication systems to locate the threat, identify
its impact and communicate to others, so that co-ordinated action can be initiated when
required. To act against the threats, it is equipped with sophisticated weapons like surface-to-
surface missiles, surface-to-air missiles, guns, torpedoes, anti-submarine rockets, etc. For its 
own defence, it has close-in weapon systems; rapid fire guns that can shoot down even a
missile. It is also equipped with decoys to avert weapons fired by the enemy and invariably one
or two helicopters, which can be tasked for a variety of roles from early warning to submarine
hunting or peace time missions of search and rescue.
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Integrating all these weapons and sensors on-board a small steel platform is not easy. The
platform is continuously exposed to the vagaries of the sea where it is continuously tossed
around by heavy waves. Unlike land based equipment which have a firm foundation, all
sensitive systems on-board a ship have to be continuously stabilized as the platform itself
moves perpetually in all the three directions. In addition, the warship has to be self-contained
for its own energy needs of propulsion and power generation and has also to provide hotel and
domestic services for all the crew members on-board. It has a series of platform related
systems, which include a combat action information organization for assessing the threat and
deploying the right weapon against it. It has an integrated ship data network and a platform
management system for all internal communications and monitoring of data. All these are
supported by a wide variety of other engineering systems and a large number of mechanical
and electrical machinery. Selecting all these equipments and locating them ideally within the
restricted steel hull, which should have optimal hydro-dynamic attributes and structural
strength, is indeed a difficult task. The ingenuity and enterprise of engineers is always put to
test while designing a warship. As a platform, it is more complicated than any other land based
systems because of the miniaturization that is required and the necessity to withstand shock and
the corrosive atmosphere. Technologically, the warship is as advanced as an aircraft and more
difficult to design and construct due to the complexities of equipment onboard and the
necessity to carry substantial amount of crew for a considerable length of time.

SStealth as a Feature in Modern Warship Design

Amongst the myriad features that need to be considered while designing a warship, stealth has
assumed considerable importance in recent times. Hence, I will pause to highlight this aspect
alone in some detail. Needless to add that there are many other equally important and more
stringent criteria that the designer has to consider and include while balancing the different
variables.
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A warship in motion in the waters of the open ocean radiates a variety of signatures that enable
the enemy to pick it up quickly. These include radar signature, underwater noise, magnetic
signature, extreme low frequency emissions, infrared signature primarily due to engine
exhausts, wake created by motion, etc.

The designer has to ensure that the effect of each of these individual elements is minimized, so
that the overall signature of the ship is reduced. Then and only then, the enemy will be drawn
closer and closer in his attempts to detect the ship, making him more vulnerable to attack by the
ship itself. There are a variety of methods of reducing each of these signatures and the art lies in
choosing the right combination that will be effective without adding weight or other side
effects which might affect other performance parameters of the ship.

SSubmar ine - The Ultimate Weapon at Sea

In maritime warfare, submarines occupy an enviable position. In terms of technological
prowess and engineering enterprise, producing a submarine has always been considered a
crucial yardstick while assessing maritime capabilities of a nation.

India entered this field in early 80's, when a decision was taken to build the German design SSK
Class Submarines. Two of them were built in Germany and two more were built in India. As is
understandable, a submarine pressure hull is made of special alloy steel which requires very 
high quality standards for welding and fabrication. Thereafter, almost all the weapons and
sensors that go into a warship have to be fitted in the submarine along with accommodation and
hotel services. The submarine also carries sufficient batteries for propulsion under water and
has excellent periscopes and specialized communication equipment. Two modern submarines
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were built and handed over in the mid 90's. Although there was a break thereafter, the
programme has started afresh and six submarines are right now on order to be built in India.
This places the country amongst a select group of nations which have such capabilities.

DDesign and Delivery of a Warship

Design of a warship starts with the NavalAuthorities defining the role they have to perform and
therefore the weapons and sensors that should be fitted. Always, the desire is to include the
latest and in most cases some technology which is as yet being developed. The designers,
thereafter, prepare a concept design, after carefully balancing more than fifty variables that
need to be considered.

These are then vetted and verified through a number of iterations before converting into
contract specifications, which can be handed over to the shipbuilder, who has to prepare the
detailed designs and production drawings prior to proceeding with the actual building and
integration activity. There is considerable amount of consultations and synergy between the
user, designer and the builder in each of these steps, to ensure that the user ultimately gets what
he needs. Finalizing the requirements and bringing them to the ordering stage takes about two
years and thereafter the building period varies from two years to seven years depending on the
size and complexity of the ship.
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IIndian Industry Par ticipation

Indigenization was the thrust of the warship building programme right from the beginning and
the Government set up a few organizations to nurture local manufacture of equipment and
systems for use on-board warships. These agencies interacted with the industries and both by
means of licensed production and ab-initio development, managed to indigenize a large
number of equipment and systems.

Developing and manufacturing an item for a warship is not an easy task. Unlike land based
equipment, all items for use on-board warship, have to be specially ruggedized to operate in
extreme conditions of the marine atmosphere, which is hot, humid and corrosive, have to
sustain continuous rolling and pitching at sea, have to be amenable to sea water cooling
wherever required, have to sustain underwater shock of phenomenal magnitude and in some 
cases capable of operating in submerged conditions. Developing such equipment requires
astute balancing of engineering ingenuity; metallurgical knowledge to select the right
materials, superior design skills to miniaturize systems, ability to choose correct shock-
isolation arrangements, cater to very high levels of insulation protection and above all endow
the product with immense reliability, so that it can continuously and reliably perform at sea
without any failures.

It should be stated with pride that the Indian industries rose to the challenges. Both the larger
engineering firms and more so, the small and medium enterprises participated with active
interest and today are capable of producing a majority of items that go into a warship. The early
beginnings saw a series of license productions like that of main steam turbines by BHEL,
boilers by the Naval Dockyard, radars by BEL, turbo-auxiliaries by HAL, turbo-pumps by
Triveni Engineering, main gear boxes by Walchandnagar Industries, etc. These were the major
supporters for the Leander and the Godavari programmes. Subsequently, a large number of
industries joined the fray and today we have HAL for Gas Turbines, Kirloskar Oil Engines and
Cummins Diesels, making most of the diesel engines, BHEL delivering Guns, Larsen and
Toubro making weapon mounting and a number of other major systems on-board, BEL
supplying entire radars, sonar and communication suites, Elecon supplying the main gear
boxes for the stealth frigates, SAIL manufacturing the steel for warship building, Burckhardt
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Compression India (P) LId supplying 400 bar HP air-compressors, Veljan Hydrair supplying
steering gears and stabilizers and a large number of small and medium vendors supplying
nickel-aluminium-bronze valves and fittings, electrical machinery and switchgears, the entire
requirement of cables and almost everything else that is required on-board. Till recently, we
were importing a few armaments and the computerized action information systems. With the
commencement of Project 28 - an indigenous corvette - being built at GRSE, Kolkata and
Project 15A - the new destroyer class - being built at Mazagon Docks, even these have come
within the indigenous umbrella. Thus, warship building in India has not been confined to just a
few designers at Naval Headquarters or engineers in the shipyards, but has brought together the
technological prowess and engineering ingenuity of a large number of engineers employed
through the length and breadth of our nation. In a way, warship building has achieved a
significant step in our greater aim of nation building.

CConcurrent Engineer ing

The greatest challenge for warship building is the fact that a number of equipment and systems
required for the ship are developed and manufactured while the shipbuilding programme has
already commenced. The shipbuilder as an integrator places orders for these equipment and
has to deftly manage the shipbuilding schedule, taking into account the development time for
each of these equipment. Almost all of them go through their own individual hurdles in
development and have to undergo extensive trials before being cleared for fitment on-board. 
For example, in the Project 15A Class ships currently being built in Mazagon Dock, the new
generation long-range surface-to-air missile system is being co-developed by DRDO with a
foreign participant. In this ship, we will also be installing the 'Brahmos' Missile System for the
first time. The shafting and propeller systems are being designed and developed by a Russian
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firm and the AK-630 close-in weapon system is under manufacture for the first time by the
Ordnance Factory Board under license from Russia. The Combat Action Information System
and the Integrated Ship Data Network are being developed by BEL separately. While the Sonar
is being manufactured by BEL, the Dome for it has been ordered on a German Company. A
European firm will be designing and supplying all ventilation and air-conditioning systems to
match the air-flow requirements of individual compartments. Only few major systems have
been mentioned here. There are more than 100 such items large and small, which are all being
developed paralllely and eventually have to be integrated into the ship.

The problem is acute with a developing nation like ours, where we are keen to promote Indian
industry participation and the industry by itself is getting exposed to some of the difficult
design requirements for the first time. Both the Ship-designer as well as the shipbuilder,
therefore, have to have a high level of multi-disciplinary knowledge to put all these together in
a cogent manner. Workmanship required in integrating all these systems no doubt needs a
special mention. All the systems on-board are installed and connected by workmen of the
shipbuilding yard. With these sophisticated systems, there is no room for any mistake
whatsoever. A series of checks and counter-checks, although time-consuming, ensure the
required reliability. The entire exercise of warship-building, therefore, is indeed mind-
boggling and definitely not meant for the faint-hearted.

PProject Management

After the design is completed and equipments are chosen, the next major aspect is the
production by itself. This is no mean task either. The shipyard has to have specialized facilities
for fabrication and erection of the hull and outfit the ship completely. Due to the wide variety of
equipment, systems and fittings that go on-board, the most advanced systems of project
management techniques are to be used, so that no minor element is ever lost sight of.

Success in shipbuilding can be achieved only by planning all activities and sequencing them in
such a manner as to ensure that the right item is available at the right time for fitment in the right
place. This by itself is a major supply chain management exercise apart from being a great team
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effort. In both these aspects, we as a nation have met with reasonable success as can be seen
from the final products at sea.

LLessons to be Learnt from the Success Story

Unlike many other mega projects associated with defence, warship and submarine building
have proved to be an area of unqualified success. There have been some problems in terms of
larger build periods and expenditure beyond the initial cost estimates, but the net result has
always been overwhelmingly positive. The technology level and performance particulars of
our ships and submarines are comparable with the best in the world and the costs incurred have
consistently been lesser than the import cost. More than anything else, most of the money spent
has been ploughed back into our own economy through the active participation of a number of
public and private sector industries. So, this transformation from a 'Buyer's Navy' to a 'Builder's
Navy' should be seen as a classic example of how success can be achieved in mega projects
involving high technology. One significant aspect that emerges is the fact that this entire
scheme of building warships has been controlled through a close synergy between the user and
the industry. It has never been seen as a process of Research and Development and did not have
to go through the steps associated with it. It was primarily driven by the concept design that is
generated by the dedicated design team created by the Navy as the user, with matching
enthusiasm by the shipyards who took on challenges of detailed design and system integration,
with some occasional help from foreign equipment suppliers whenever needed. Such a
direction of viewing mega projects as problems of applied engineering and realizing them
through direct interaction with the industry is far more result-oriented than considering them as
Research and Development Projects and dealing through laboratories. It is easier to assign such
a task to a specific industry, who could then invest in the required Rand D which will be need-
based. As a nation, we should perhaps separate the two aspects of Research and Development.
While research in primary subjects or future concepts should continue in laboratories,
development which is required here and now, should be steered directly through industry.

As experience shows in the case of warship building, industry can drive development in
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contemporary technology a lot faster than what can be achieved through a research
establishment. This is the thought I would like to leave with the audience as a major lesson
learnt from the 40 years of our engagement in warship building. I must add that such a grand
success in a national programme could not have been possible without the enterprise,
ingenuity and perseverance of a large number of engineers employed both by public and
private industries of the country. As mentioned earlier, warship building has quietly but surely
contributed to nation building in no small measure, and for this, an entire engineering
fraternity can be justifiably proud.
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I deem it a great honour to be invited to deliver the 28th Sir R N Mookerjee Memorial Lecture
during the 21st Indian Engineering Congress being held at Guwahati. Sir R N Mookerjee, the
Inaugural President of lEI, was a great Scientist, Engineer, Businessman, Philonthropher and
above all a humanist. Since in a few months we will be celebrating the Golden Jubilee of the
Space Age, which has totally transformed our world, I have chosen 'India in the Exciting
Frontier of Space' as my subject of talk today.

IIntroduction

It was just about 50 years ago with the launching of the first Sputnik in 1957, the humankind
entered the exciting new space age, primarily to explore the mysteries of the vast Cosmos and
understand the origin and evolution of our universe. The scientific discoveries made since then
have revealed the nature of the interplanetary space and our own earth's environment
controlled by the continuously flowing solar wind and the presence of exotic celestial objects,
such as, powerful radio quasars, x-ray stars, gamma-ray busters, pulsars and black holes some
of which weigh millions of t/cc, thanks to the extensive exploration by low earth orbiting
satellites, deep space probes, such as, Explorers, Pioneers, Surveyors, Voyagers and powerful
space telescopes, such as, Hubble, Chandra, Einstein and Rossi. For the first time in the history
of humankind, we have been able to see the exciting happenings in far off galaxies, including
birth of stars, massive outbursts and explosions and closely stare and explore comets, asteroids
and nearby planetary systems. In essence space has enabled us to reach almost the end of the
universe and go back to the beginning of time when the universe evolved with a big bang.

Equally important is the vast reach and ability of space technology to instantaneously penetrate
even the remotest corners of the earth, which has enabled us to establish global communication
network, video-broadcasting, point-to-point and point-to-multipoint communication, fixed
satellite services, tele-education and tele-medicine. Space has become an essential part of
meteorological forecasting and disaster warning and management. Space technology provides
vital inputs for the management of earth's natural resources, including agriculture, forestry,
environment, soil and water, to achieve sustainable development. It is space technology
combined with the convergence of computer and communication that has initiated the most
powerful information and communication revolution.

Space has also become the fourth medium of war, much more powerful than land, air and sea.
While rocket technology is at the root of ballistic missiles and anti-ballistic missiles, Anti-
Satellite (ASAT) weapons of various types have been developed for efficient and accurate
delivery of weapons of mass destruction in space, air and from the ground. In spite of the five
treaties and five principles adopted by all nations under the United Nations Committee on
Peaceful Uses of Outer Space (UN-COPUOS), aggressive space powers can turn space into an

Chairman, PRL Council
(Former Chairman, ISRO and Secretary, DOS) 
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arena of serious confrontation to the greater detriment of the entire human species. In my talk, I
do not propose to deal with this aspect of space, but confine myself to the tremendous
challenges, excitement and satisfaction that the new frontier of space offers for the benefit of
entire humankind in India's context.

FFormulation of India's Space Vision

The Indian Space Program made a modest beginning with the establishment of an equatorial 
sounding Rocket Launching Station at Thumba, near Thiruvananthapuram in 1963, for
conducting scientific experiments in aeronomy, upper atmosphere, meteorology and
astronomy. Realising the vast potential of space technology for addressing many of the basic
socio-economic problems of the nation, such as, abject poverty, large scale illiteracy, poor
management of natural resources, unsustainable development and disaster proneness, India
soon focused its attention on developing a vibrant application oriented space programme, on a
self-reliant basis. The guiding vision for India's space program was clearly enunciated by Dr
Vikram Sarabhai, the father of the Indian Space Program, as 'there are some who question the
relevance of space activities in a developing nation. To us there is no ambiguity of purpose. We
do not have the fantasy of competing with the economically advanced nations in the
exploration of the Moon or the planet or manned space flight. But we are convinced that if we
are to play a meaningful role nationally and in the comity of nations, we must be second to none
in the applications of advanced technologies to the real problems of the man and society'.

During the decade of the seventies, the Indian space efforts were primarily geared towards
carrying out research and development in a variety of scientific and engineering disciplines of
relevance to launch vehicle and satellite technology, as well as conducting selected large scale
experiments in communication, education and remote sensing. During the decades of the
eighties and nineties, the experimental initiatives undertaken earlier were progressively
transformed into operational systems for providing nationwide services in communication,
navigation, broadcasting, education, weather forecasting and management of natural
resources. With its primary emphasis on large scale application of space technology on an end
to end basis towards national development, the Indian Space Programme has distinguished
itself as one of the most cost-effective and development oriented Space Programmes in the
world.

Development of Satellite Technology

The successful launch of ISRO's first technological satellite, Aryabhata in April 1975,
weighing 360 kg, named after India's illustrious astronomer, within a short period of two and
half years after the signing of the agreement with USSR Academy of Sciences, was a major
significant milestone, which made India the seventh country in the world to design and orbit its
own satellite in space. Concurrently, ISRO carried out the world's largest sociological
experiment called the Satellite Instructional Television Experiment (SITE) in 1975-76, using
NASA's ATS-6 satellite. In the SITE experiment, educational programmes were directly
broadcast to specially designed 10ft chicken mesh antenna to 2400 selected remote villages in
six states, for imparting education in health, hygiene, environment, better agricultural practices
and family planning. The yearlong SITE experiment, which clearly demonstrated the
capability of satellite TV medium for rapidly transforming our rural society, was followed by a
hardware oriented experiment called STEP during 1978-79, conducted with the Franco-
German satellite Symphony, thus paving the way for ISRO to embark on its own
communication satellite programme.
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Recognising the potential of space remote sensing for national development, particularly for a
predominantly agriculture based country like India, ISRO initiated remote sensing efforts in
the late 60's with aerial surveys using infrared and multi-spectral cameras. Beginning with the
survey of coconut plantation in Kerala for the detection of wilt disease, ISRO carried out
several aerial remote sensing surveys, such as, study of sugarcane plantation in Mandya
(Karnataka), soil and land use studies inAnanthpur (Andhra Pradesh), agricultural inventory in
Patiala, water pollution level in Godavari river and silting of some major reservoirs. The
establishment of Landsat receiving station at NRSA, Hyderabad in 1979 was the next major
step taken, which provided valuable experience to the Indian scientists in the processing,
analysis, interpretation and use of satellite based remote sensing data for various identified
applications.

Immediately following the successful launching of Aryabhata, ISRO launched two
experimental remote sensing satellites Bhaskara-1 and Bhaskara-2 in 1979 and 1981, each
carrying a two band optical camera and a Dicke Type, three frequency passive micro-wave
radiometer. While the optical cameras mapped India's forestry, land use and water bodies at a
resolution of 1 km., the radiometers examined the temperature, ocean dynamics and water
vapour content over the sea, to provide end to end experience in remote sensing paving the way
for ISRO to undertake the design of the state-of-the-art operational remote sensing satellites.
Parallelly ISRO also developed a fully three axis stabilised geostationary satellite APPLE
carrying 2C-band transponders, which was launched by Ariane in 1981. Through successful
orbit raising of APPLE from transfer orbit to geostationary orbit, placing it on its final parking
slot at 102!1E longitude and operating it for over two years to carry out various communication
experiments, ISRO convincingly demonstrated its capability to design and fabricate
operational communication satellites.

After extensive studies ISRO decided to design unique multi-purpose and highly cost-effective
INSAT satellite system combining communication, broadcasting and meteorology on a single
geostationary platform, instead of following the normal practice of building separate satellites
for each function. Even though the first generation INSAT-1 series of satellites had to be
procured from Ford Aerospace Communication Corporation of US in 1980's to meet the
immediate demand for TV broadcasting, ISRO confidently undertook the design, fabrication
and launch of the second and subsequent generations of even more complex INSATs which
have been in operation since 1990's. Unlike INSAT-1 series, which carried, 12C-band and 2S-
band transponders and a very high resolution radiometer (VHRR) with a resolution of about 
2.5 km in the visible and 11 km in the IR, the indigenously built second and third generation 
INSAT series of spacecrafts carried additional more powerful global coverage transponders,
Kuband transponders for providing fixed satellite services, more sensitive VHRR instruments
with a resolution of 2 km in the visible and 8 km in the IR, CCD Cameras with 1 km resolution,
disaster warning systems and data collection platforms. To date over 15 INSATs have been
launched of which nine of them are concurrently operating to cater to the widely varying and
demanding communication, broadcasting and meteorological services, making India the
proud owner of one of the largest communication satellite network in the world.

Following Bhaskara, ISRO decided to go on its own for building state-of-the-art first
generation operational remote sensing satellites IRS-1A and 1 B carrying multispectral
imaging cameras with a resolution of 36 m which were successfully launched in 1988 and
1991.These were followed by the second generation IRS-1C and 1D satellites in 1995 and
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1997, carrying multi-spectral cameras with an improved resolution of 23 m and a panchromatic
camera having a resolution of 5.6 m, which was the world's best at that time. A technology
satellite capable of imaging at 0.8 m in the panchromatic was also launched on PSLV in 2001.
This has been followed by Resourcesat, an improved version of INSAT-1 D and Cartosat in
2005 carrying stereo imaging cameras with a 2.5 m resolution.

DDevelopment of Launcher Technology

Starting with the development of a series of Rohini Sounding Rockets capable of launching 10
kg -150 kg payloads to an altitude of 60 km - 550 km for carrying a variety of scientific
experiments, ISRO embarked on the design and development of modest satellite launch vehicle
SLV-3 capable of launching a 40 kg Satellite into a low earth orbit. With the successful launch
of SLV in 1981, which orbited a small Rohini Satellite weighing 35 kg, India became the sixth
country in the world to have space launch capability.

Development of Augmented Satellite Launch Vehicle (ASLV), with two solid booster strap-
ons attached to the first stage of SLV-3, to enhance its launch capability to 150 kg was
undertaken immediately, which provided an unique low cost opportunity to develop and
qualify complex control technologies including closed loop guidance required for accurate
injection of satellite into a predetermined orbit. With the successful launch of ASLV in 1992
ISRO undertook the development of the operational Polar Satellite Launch Vehicle (PSLV) of
2.8 m dia, weighing over 300 t, which has now become the work horse for launching almost 
4000 kg into a low earth orbit or about 2000 kg into 900 km Sun Synchronous Polar Orbit
required for launching remote sensing satellites. Over 10 successful launches of PSLV since
1994 have fully demonstrated the very high reliability of the vehicle, which will also be used for
launching Chandrayaan Moon Mission.

Parallelly the development of Geostationary Satellite Launch Vehicle (GSLV) utilising proven
solid and liquid booster modules of PSLV for the first two stages with a cryogenic engine as the
third stage was undertaken. With the successful launching of 4 GSLV's into geostationary
transfer orbit ISRO has also achieved the capability to launch 2000 kg into GTO which will be
enhanced to upwards 3000 kg very soon with the new 20 t cryogenic engine which is already
undergoing its final validation tests.

Application of Space Technology

India has one of the largest domestic communication satellite systems with over 175
communication transponders on nine geostationary satellites providing a variety of
communication and meteorological services to the country. INSAT's have been very
advantageously used for providing long distance communication on 10000 two way speech
circuits, nationwide radio networking, business and computer communication and over 60 000
VSAT terminals for providing fixed satellite, emergency communication as well as search and
rescue services. Most dramatic impact of INSAT has been the rapid expansion of TV
dissemination with 1400 transmitters and a large number of direct reception sets providing
access to over 90% of India's population to national as well as regional services through 60
channels of telecasting. The rapidly expanding Direct to Home Television (DTH) service will
no doubt require doubling of INSAT capacity in the near future to provide our citizens reliable
access to high quality digital TV broadcasting services. Six developmental communication
channels are being effectively used for broadcasting educational programs both to the
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universities and educational institutions and developmental programs for rural areas.
Launching of EDUSAT in 2003 has greatly expanded the educational network and has become
a valuable asset for students particularly faced with poor educational infrastructure and lack of
qualified teachers. At present, under Edusat program, a total of 38 networks connecting 7600
class rooms in various states have already become operational.

Use of INSAT for providing specialized medical facility to even remote rural areas of the
country, is fast emerging as an important application of satellite communication system.
Telemedicine consists of customized medical software integrated with computer hardware
connected to a commercial VSAT at each rural location linked in real time to a super speciality
hospital through INSAT. Specialist doctor can access medical history, ECG, X-rays and other
relevant records of a patient in the rural area to diagnose the problems of the patient and advice
the patient and his paramedic at the rural end on the appropriate course of medical treatment.
Already about 150 remote area hospitals in several states such as Karnataka, Kerala, Jammu 
and Kashmir and North eastern states have been linked to 34 super specialty hospitals, which
has so far treated over 100000 patients in just a period of one year.

The INSAT System has become the primary backbone of round the clock, regular, half-hourly
meteorological imaging and continuous weather forecasting. The primary data from VHRR
received by the Meteorological Department at Delhi, is processed along with the data from
automated unattended data collection platforms located in inaccessible areas to derive
products like cloud motion vectors, sea surface temperature and rain precipitation. The
processed data along with cloud pictures are transmitted to about 40 Secondary Data
Utilization Centres (SDUC) located in various parts of the country for further dissemination.
During cyclones and other emergency situations, INSAT VHRR is capable of imaging every 5
min in the sector scan mode. Beginning with the INSAT-2 series, a search and rescue payload
was also added, which complements the efforts of COSPAS-SARSAT system and provides
real time detection of 406 MHz distress alerts within the Indian Ocean Region. Combining the
communication capability with meteorological inputs, INSAT's have been successfully
providing locale specific disaster warnings to the entire Eastern and Western coastal areas
since last 20 years.

IRS system has brought a sea change in India's capability in monitoring and management of its
natural resources. As of today India has the largest constellation of seven remote sensing
satellites (IRS-1C, 10, P3, Oceansat, TES, Resourcesat and Cartosat) in orbit, providing
synoptic, high-resolution imageries over the sub-continent. These form the backbone for
mapping spatial as well as temporal changes in soil characteristics, land use pattern, forest
resource, agricultural inventory, fisheries and wasteland. Methodologies have been developed
to identify underground water aquifers, map surface water bodies, estimate snow melt run-off,
delineate water logged regions and predict acreage and yield of all major crops using IRS
imageries. Regular bi-weekly bulletins demarcating potential fishing zones in the ocean, based
on ocean temperature and phytoplankton distribution, are routinely distributed to all the fishing
centres in the coastal areas to enable fishermen to obtain improved fish catch. Space remote
sensing has become the most important tool for urban planning, wasteland monitoring and
environmental management. Space imageries are extensively used for mineral prospecting,
coastal management and proper scheduling of command area irrigation. Extensive use of space
remote sensing has led to the development of National (Natural) Resources Information
System (NRIS) around GIS for facilitating developmental planning and decision making at
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National/District levels. Establishment of 6 Regional Remote Sensing Service Centres and a 
number of state level centers have ensured optimal usage of space imageries for carrying out a
variety of developmental tasks.

A unique application of IRS data is in the Integrated Mission for Sustainable Development
(IMSD), aimed at generating locale-specific prescription for the sustainable development of
the land resource at micro-level. Indian scientists have been able to successfully demonstrate
the feasibility of substantially enhancing agricultural productivity on a sustainable basis at
each watershed level through IMSD strategy by combining space remote sensing inputs, using
GIS based precision farming techniques and site specific agricultural practices based on recent
advances in biotechnology.

In order to provide basic services such as healthcare, education and information related to land
and water resources, agriculture and animal husbandry to the rural areas, ISRO has recently
initiated establishment of Village Resource Centers (VRC), in partnership with concerned
state, central agencies, institutions, universities, research organisations, self-help groups and 
Non Governmental Organisations. The VRCs are meant for delivering the benefits of space
technology directly to the communities at the grass root level, through a single window
delivery system for improving the quality of rural life. The VRCs can handle both dynamic and
generic information to empower rural communities by initiating acknowledge revolution in
rural India and enable them to enhance their economic security through sustainable
development and creation of agro- based industry.

As a part of its continuing quest to enhance capability and self-reliance, ISRO has also been 
carrying out development of air-breathing engines and reusable launchers for meeting the
challenge of drastically reducing the cost of space launchers. To-date ISRO has launched over
42 satellites, 21 of which have been from Sriharikota Space Port (Satish Dhawan Space Center)
using our own launch vehicles. The entire cost of India's Space Program since 1962 including
the total infrastructure built at various centers and the extensive user applications and services
in communication, broadcasting, management of natural resources, meteorological
forecasting and disaster management systems is just about Rs 25000 crores (or 9 billion US $),
which is half an year's budget of NASA.

FFuture of Space

In spite of the tremendous scientific discoveries since the onset of space age, there exist a large
number of unanswered questions on the origin and evolution of the universe with many more
new ones being posed afresh as we to unravel the mysteries of the universe. While we continue
to debate on the important subject of the existence of life and intelligence elsewhere in the
universe, scientists are still seeking answers to the question of availability of even life
supporting water on our nearest celestial neighbour Moon or planets like Mars. In the coming
two decades we will see a large number of Moon as well as planetary missions for detailed
exploration of their atmosphere, mineral resources, presence of water and He3' and
geophysical characteristics with the view to exploit their valuable resources to support human
activities on our own planet and eventually establish human habitats outside our earth.

India has scheduled the launch of ASTROSAT-1 in 2008, a multi-wavelength observatory
capable of exploring celestial objects in the visible, ultra-violet and x-ray wavelengths as a part
of its Astrophysical research. India has also scheduled a Moon Mission Chandrayaan in 2007-
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2008 which should provide some answers to the important questions of presence of water and
mineral resources on the Moon. Indian scientists have already started planning follow-up
missions to Chandrayaan, for intensive investigation of the Moon and exploration of Mars and
Asteroids.

In addition to exploitation of mineral resources including He3 on other planets to satisfy the
needs of growing earthlings, large scale utilization of solar energy to meet the energy demands
on earth has been engaging the attention of all space scientists since last two to three decades.
The technologies for collection of solar energy using high efficiency solar cells (with nano-
technology it is believed that the solar cells of over 50% efficiency can be manufactured) at
geostationary altitudes where the solar radiation is available practically all the time, conversion
into microwaves for beaming back to the earth wherever energy is needed and reconverting the
microwave energy back into electricity at suitably located microwave farms, have been already
developed. It is only a simple matter of economics which is holding up this project which can
be solved by drastically reducing the cost of space launches.

Furious attempts are going on everywhere to reduce the cost of space transportation by
developing reusable launchers involving Two Stage to Orbit (TSTO) or even Single Stage to 
Orbit (SSTO) launchers. Such launchers will also have to be air-breathing systems, which
carry only the propellant and acquire the needed oxidiser through air breathing at lower
altitudes, thus increasing the payload-carrying fraction from the present 2%-3% to at least
15%-20%.Areduction in the cost of transportation using reusable air-breathing rocket system,
from the present $30,000/kg to $3000 / kg or even less will of course reduce the cost of space
travel from the present $20 million to say $20000 per person which will naturally boost space
tourism in a big way.

Even on the question of life on other Planetary Systems, it is only about 10 years ago, that
scientists were able to actually discover exo-solar planets. Even though over 200 planets have
been discovered during the last decade, most of them are gaseous planets like Jupiter orbiting
around neutron stars. Only recently an earth like planet has been discovered but it is too cold to
support life, as it orbits around a red dwarf. We are probably eons away from discovering life let
alone our intelligent cousins, but when we do so we will probably achieve our crowning glory.

Even more exotic is the concept of space elevator to the geostationary orbit, first proposed by
Arthur C Clarke about twenty years ago, which now seems feasible with the availability of very
high strength nano-technology materials. An elevator to the geostationary orbit or even to the
Moon can be used as a staging point not only for space exploration but also for two ways, large
scale transport of men and materials. This will eventually help in large-scale colonisation of
Mars, which in principle is feasible to achieve in a thousand years. The global human
congestion in the energy, resource and opportunity starved earth can then be relieved by large
scale colonisation of Mars, hoping that peace will prevail between the earthlings and Martians
of 3000.

Space, with all its challenges, excitement and infinite variety is and will continue to be the most
exciting new frontier. Space technology is no doubt multi-disciplinary, exacting, demanding 
and highly complex but very challenging and satisfying physically and intellectually. I firmly
believe that the younger generation who are seeking challenges and who dare to dream and
back up their dream with hard work and commitment should get into space for the benefit of
entire humankind.
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Chairman, Distinguished members I bring you all greetings from The Institution of Engineers,
Sri Lanka. Before commencing on my presentation proper, I must first of all thank the
organisers of the 21st Indian Engineering Congress for having bestowed the honour on me to
deliver the 15th Dr Amitabha Bhattacharya Memorial Lecture. The theme of the Congress is 
'Challenges of Engineering for Sustainable 10% Growth and Beyond'. When the request was
made to me by Cmdr. Poothia, I decided to select the topic 'Water Supply in Sri Lanka', where I
hope to cover material most of which would be within the theme of the Congress Sessions.

AAncient Sr i Lanka

In ancient Sri Lanka water supply and irrigation were of a standard, that current Sri Lankans are
proud of. The communities of obtained their water requirements from rivers, lakes, tanks and
dug wells. Historical records indicate the existence of water supply and sanitation systems in
the towns of Anuradhapura and Polonnaruwa. Pots of water, made of stone known as
'pinthaliya' (merit water pot) were kept for the use of the people, while they traveled from place
to place. A cloth 'perahankada' had been used to filter the water. This practice is used even
today, when Buddhists offer 'atepirikere' to the monks, a 'perahankada' is one of the eight
items. Epidemics due to contaminated water have not been recorded, although deaths due to 
other calamities such as starvation have been common, indicating accessibility to safe drinking
water.

Storage and water conservation practices of ancient Sri Lanka were very developed and
comparable with any of the civilisations of that period. The numerous tanks, water conveyance
systems of which many are functional to this day, bear ample testimony. Water was used for
consumption, bathing, agriculture and aesthetic purposes. Meticulously designed ponds and
fountains added beauty to the cities. Nuwara Wewa and Tissa Wewa are two examples of tanks
constructed by the ancient kings for the use of the city folk. Many similar tanks were used to
provide water for irrigation purposes.

For the transport of water, slabs of stone were placed to form a rectangular duct. To make it
'water tight' the duct was encased in clay. From the 3rd century BC, clay pipes had been used in
the country. Drinking water wells were constructed with clay rings. It was also customary to
plant a 'kumbuk' tree close to the well, the roots of which is claimed to have the property of
absorbing salinity. Varieties of dried seeds such as 'ingini-ete' and 'murunga-ete' were used for
the purification of water.

Ancient Sri Lankans have also been very sensitive to sanitation. Latrines had cast clay closets
piped to a pit system. Evidence of these are seen in the ruins atAnuradhapura and Polonnaruwa.
At the Jetawana monastery complex, there had been a system to purify urine by passing
through pots of sand, lime and charcoal prior to its discharge to the soil. The pots were placed
one on top of the other.

President,
The Institution of Engineers, Sri Lanka

Water Supply in Sri Lanka
D Lakdasa Taldena
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Rainwater collection had also been practiced in ancient times. The summit of the 5th century

rock fortress of Sigiriya is an example of a well engineered water garden. It consisted of a

central island surrounded by four L-shaped pools connected by underground conduits at

varying depths, which suggests an attempt to maintain different water levels. Rainwater was 

collected and transmitted methodically through horizontal and vertical channels shaped in the

rock. Fountains made of marble slabs were activated were activated by the deep water

conduits.

Agreater feat of harvesting rain water was the system of tanks constructed in the dry zone. The

rain water in the catchment area of a tank fed the tank. The tank also collected the water flowing

after use from the tank above. In this way, every drop of water was made use of a number of 

times before it flowed into the sea. The system of the village tanks is perhaps unique. Many of

the tanks still remain, while others have been destroyed.

CCurrent Situation

In more recent times water for irrigation purposes is controlled by the Department of Irrigation,

which has been functioning since British rule. Treated water for drinking purposes, domestic

and other use is now under the purview of the National Water Supply and Drainage Board

(NWSDB).

This is a statutory Board and has taken the functions of water distribution in urban areas from

the local authorities which did this function under British rule. By the end of 2005, the Board

was maintaining 291 water supply schemes and around 18,500 hand pump/tube well

installations and 12,900 rain water harvesting tanks have been constructed. Thus 29.5% of the

population is served with pipe borne water supply, another 8% using hand pump/tube wells and

a further 34% use dug wells and around 2% use other means such as rain water harvesting.

Although the NWSDB is a commercially oriented organisation, it operates as a service

organisation. Water is supplied through public stand posts to tenement gardens, public toilets

and public bathing areas free of charge. Maintenance of hand pumps installed in the dry zone is

also a free service by the Board.

APublic Utilities Commission (PUC) has been established and arrangements are under way to

have appropriate amendments in the NWSDBAct in order to bring the latter organisation under

its purview. This is being done in the interest of the public so that the quality, pricing and

efficiency of service will be under the scrutiny of the regulator. The water tariff taken as a

whole at present is just sufficient to meet the operational cost and debt service. In terms of

sustainability, the tariffs should generate revenue for the Board to be able to meet all O&M

expenditure, debt service payments and make available funds for new development works. At

present major projects are funded by donor assistance.

The following table indicates some of the features related to drinking water production and use

related to the NWSDB.
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DDonor Funded Projects for Water Supply

Donor agencies continue to provide the NWSDB with assistance by providing SLR 10,18�
million as foreign funds for capital works during 2005. The �overnment of Sri Lanka made a
contribution of SLR 5,945 million as counterpart funds and funds towards projects in the Small
scale Infrastructure Rehabilitation and Upgrading project (SIRUP).

The donors contributing foreign aid were - France, �ICA, ADB, �BIC, �orea, Australia/New
�ealand, �fW,Austria, DANIDAand NORAD.

Some of the major water supply projects completed or under construction are as follows.

�Third Water Supply and Sanitation Sector Project -ADB funded.

Total project cost US �140.2 million

Rural Water Supply Program consists of �34village sub-projects and 2�water supply
project projects in small towns have been completed. Project commenced in 2000 and to
be completed in 200�.

�Secondary Towns and Rural Community Based Water Supply and Sanitation Project -
ADB funded.

Total project cost US �8�.3million of which the foreign ADB component is US��0.3
million.

�xpand the existing water supply schemes at Polonnaruwa and �ambantota. Provide new
piped water supply schemes in Batticaloa and Mittur.

A detail of the water production cost is given below.
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The urban component aims to provide safe water to 9�9,000 people and the riral
component to provide 322,000 people with community based rural water supply schemes
in Polonnaruwa and Anuradhapura districts of the North Central Province covering 14
Pradeshiya Sabhas. Project commenced in 2004 and is expected to be completed over a 
period of five years.

�Anuradhapura �roup Town Water Supply Scheme - France andADB French funding was
used for the construction of the 4 M�D intake and treatment plant. ADB assistance was
used for overall improvements to the distribution network.

The scheme benefits an additional 120,000 people in and around the town of
Anuradhapura.

The project was completed in 2004.

�Improvements to the Matara Water Supply Scheme. - �ICA funding The objective was to
improve the water treatment facilities at Malimboda, transmission improvements and
expansion of the distribution network.

The cost of the project was SLR 1,5�8million and implementation was completed in
200�.

��alu �anga Water Supply Project - �BIC funding. The project was designed to use water
from the �alu �anga as a new water source to meet the increasing demand for water in the
southern part of greater Colombo. Stage I of the project which is almost complete, will

3produce �0,000m /d from the treatment plant and convey to selected areas through
transmission mains and reservoirs.

The total cost of the project is SLR 12,000 million.

3
The treatment plant is to be expanded and a further �0,000m /d to be extracted to feed
smaller towns in the �alutara district is under consideration.

�Towns North of Colombo Water Supply Project - �BIC funded.

The project is to establish a distribution network covering the areas of Ragama, Mahara,
�a-ela, �andana, Welisara and �kala.Apopulation of 350,000 is expected to be benefited,
with 20,000 new connections. The total cost of the project is SLR 5 000 million, and
construction activities commenced in 2002 and is almost complete now. Many of the new
connections have not been given due to a shortage of water.

��reater �andy Water Supply Project - �BIC funded.

The project includes the augmentation of the water supply within the �andy Municipal
Council and several surrounding Pradeshiya Sabha areas. The treatment plant will have a

3capacity 3�,��0m /d.

The total cost of the project is SLR 4,820 million with the construction contract awarded
in December 2003. Work on the project is almost complete.

�Integrated Water Supply scheme for the �astern Coastal Towns of Amparai District -
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Project funded by Australian new �ealand Banking �roup (AN�), export Finance
Insurance Corporation (�FIC) and City bank, Colombo.

The project is to provide water to the towns along the eastern coastal belt. The first part of
the project was completed in 2002 and the second part is expected to cost SLR 9,�35
million.

�Nawalapitiya,Amparai and �oggala Water Supply Project - �erman (�fW bank) funded.

The contracts have been awarded for the constructions in 2004, and construction work is
in progress. The Nawalapitiya treatment worksis 4500 m3/d, and expected to benefit
around 1�,500people. TheAmparai treatment plant of capacity �,500m3/d is expected to
cater to the urban council area of Amparai. The �oggala treatment plant is expected to
cater to the �oggala export promotion zone and surrounding townships with a population
of 3�,000.

The total cost of the project is SLR 2,�00million.

��reater �alle Water Supply Project - �orean assistance

The project is to construct water treatment facilities to provide water to a population of
1�0000 in the surrounding areas of the �alle Municipal Council. A salinity barrier has
been constructed across the �in �anga to prevent the intrusion of salt water to the intake
during dry seasons. An additional population of 40 000 within the �alle Municipal
Council area would also benefit from the project.

The total cost of the project is SLR ���2million and work on Stage I was completed in
2005. Work commenced on Stage II, which comprises of the balance part of the
distribution system in December 2005.

��ambantota, Ambalantota, Weligama and �ataragama Water Supply Projects - Austrian
assistance

The activities in this project are the construction of water treatment plants at Weligama,
�ambantota and �ataragama. 40,000 new connections would be provided for a total
population of 140,000.

The total cost of the project is SLR 1,820 million and work is in progress.

��andy South Water Supply Project - DANIDAfunded

This project covers townships in the South of �andy. The total population to be benefited
3

is about 330 000 with a total treated water supply of 53000 m /d. Water is to be distributed
using 18 reservoirs and about 300 km of distribution pipes. The total cost of the project is
SLR ���8million, and work has commenced in 200�.

�Nuwara �liya District �roup Water Supply Project - DANIDAfunded

The project covers �atton, �inigathhena, Maskeliya, Walapane and Nildandahena towns
and the surrounding areas. The population to be benefited is around 100 000. The contract
has been awarded in 200�.
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�

The project is to improve the water supply in �urunegala town and its environs. The
beneficiaries is a population of around �5,000.The new treatment plant is expected to give
an additional output of 11,000 m3/d. Tenders are being evaluated at present.

��reater Negambo Water Supply Project - Dutch �overnment funding The project is to
improve the water supply in and around Negambo town. An offer by a nominated sub-
contractor is being studied and evaluated.

��elani Right Bank Water Treatment Plant DANIDAfunded

The proposal is to build a 40 M�D treatment plant on the right bank of the �elani �anga,
almost opposite to the existing treatment plant at Ambatale. The water would be used to
feed the ever increasing demand in Colombo and its suburbs. Tenders are being evaluated
at present.

In order to be able to extract more water from the �elani �anga a salinity barrier has to be
constructed downstream of both intakes.

�Integrated Trincomalee Water Supply Project - funded by France

The project is to rehabilitate the treatment plant located at �antale which supplies
Tincomalee and its environs. As there is inadequate water available from �antalai tank, 
water is also to be extracted from the Mahaweli �anga. This water will be piped to
�antalai for treatment. Design work by a French Consulting firm is in progress which is
hampered by the hostilities in the area.

��affna Water Supply Project

3
�The project proposes to take 50 000 m /d of water from the Iranamadu tank to feed �affna

and its environs. Water has to be conveyed over a distance of about 85 km.

LLocally Funded Projects for Water Supply

I have listed the major foreign funded projects just completed, or where work is in progress or
where firm proposals are available. The government of Sri Lanka also has a capital works
program to fund water supply projects and 42 new such schemes are being constructed during
2005-200�.The following table gives an indication of such projects in the districts.

�reater �urunegala Water Supply Project - DANIDAfunded
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Many of the water supply facilities in the tsunami affected area had to be repaired. �arious
donors came to the assistance of the NWSDB to offer their services to carry out the repairs and
even to renovate and rehabilitate run down water supply schemes.

One of the targeted Millennium Development �oals (MD�s) that Sri Lanka hopes to achieve
is to halve, by 2015, the proportion of people without sustainable access to safe drinking water
and basic sanitation. By 200�,Sri Lanka has reached a high level (8�%)of access to improved
water sources. �owever, sub-national differences exist between sectors with urban (9�%),
rural (82%) and estate (�1%).These differences are reflected in the provinces and districts
where urban areas have better access. The lowest access (below �0%)is among populations in
the districts of Sabaragamuwa, Nuwara �liya and Badulla.

The goals in water supply have been set as �

Access to sufficient and safe drinking water to 85% of the population by 2010 and 100% by
2025,

Piped water supply to be provided to 100% of the urban population and �5%of the rural
population by 2010, and

Service levels and the quality of water to achieve national standards in urban and rural areas.

The table gives the proportion of households with sustainable access to safe drinking water.
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A draft Water Supply and Sanitation Sector Policy was formulated to provide guidance for the
NWSDB, Provincial Councils, Local Authorities, Lending Institutions �xternal Supporting
Agencies, N�Os and other Community Based Organisations. It covers the design and
implementation of programs, investment strategies to achieve the coverage targets, service
quality and cost recovery objectives of the government of Sri Lanka. Strategies have also been
developed to address the rural poor and marginalized groups in seven districts. These strategies
ensure that the poor in rural areas receive adequate water supply. The poor people are given
opportunities to provide their labour in lieu of cash and other contributions. Marginalised
consumers have been given the facility of getting individual service connections at
concessionary rate of SLR 13500/�, whereas the average service connection charge is about
SLR 13 500/�.

The NWSDB has implemented a program funded by the ADB to construct rain water
harvesting tanks in six districts, namely Anuradhapura, �ambantota, �alutara, �egalle,
Monaragala and Puttalam. Details are as follows.

The NWSDB has also carried out awareness programs on Rain Water �arvesting for the urban
and industrial sector in collaboration with Lanka Rain Water �arvesting Forum and the
Ministry of Urban Development and Water Supply. A National Rain Water Policy and
Strategies were formulated by the Ministry of Urban Development and Water Supply with the
NWSDB and-Cabinet approval was granted for the policies and strategies to be implemented
in the future.

WWater Tar iffs

The current pricing of water for domestic consumers is as follows.
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FFinal Remarks

I have briefly given the situation in Sri Lanka about water supply. It is seen that considering the
tariffs, the domestic sector is heavily subsidised, especially those households where the water
consumption is low. �ven taken as a whole, the policy of the government which is being
implemented by the NWSDB provides only for a return on the O&M cost and loan repayment.
The difference in tariff rates between the lowest block and the highest bock is around 40 times.
The policy does not identify the needy, where a subsidy is required. Up to now, there has been
generous foreign funding for most of the capital works. Whether this trend would continue in
the future remains to be seen.Anyway, in the case of loans, the government needs to pay back to
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the funding agencies. The water treatment plants and networks need to be replaced and
augmented at the end of their life times. The government will have to continue to be heavily
involved in the public sector in order to continue to provide safe drinking water to the people of
Sri Lanka.

The country needs to develop in-house design and construction capability in water treatment
plants. At present, even simple works, such as laying of pipe lines, construction of water
reservoirs are included in foreign contracts. The foreign contractors in turn sub-contract to
local contractors at a fraction of the money they receive.

There is a conflict of interest in the demands for water by both irrigation requirements and
drinking requirements. A further complication arises, when the water is used for electricity
power generation. When water is to be extracted from reservoirs for town water supply
schemes, the farmers complain. Such complaints are now becoming vociferous. This has
affected water supply to Anuradhapura and Trincomalee in recent times. In the case of
Anuradhapura, the source had to be moved to Thuruwila which is a tank 14 kms away. Also,
authorities had to agree that the waters at Thuruwila tank would be replenished from diverted
water from the Mahaweli �anga, before the farmers agreed grudgingly. A similar situation
exists at the �antale tank, where increased draw off is not agreed to by the farmers. The �antale
tank feeds Trincomalee. As a result, the additional water is now proposed to be extracted from
the Mahaweli �anga.

At present water for irrigation purposes is provided free to the farmers. The Irrigation
Department controls the distribution of water for such purposes in co-ordination with farmer
organisations. Farmers were up in arms when a comprehensive Water Policy Bill was to be
introduced to Parliament recently.

Thank you very much once again for enduring me for the past 20 minutes, and I hope you have
gathered some information about �Water supply in Sri Lanka�and I wish you all a pleasant day.
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SSpace Technology and
Applications in India

Dr G Madhavan Nair

Chairman, Space Commission
Secretary, Department of Space

I am extremely happy to deliver the 29th Sir R N Mookerjee Memorial Lecture. I consider it as a
rare honour and proud privilege to have been invited to deliver this lecture. Sir R N Mookerjee,
one of the illustrious sons of Bengal, starting from humble beginnings rose to positions of
eminence in the engineering scenario of the country through hard work and established himself
as one of the leading engineers of the country. Some of the projects executed under his guidance
still stand as testimony to his yeoman contribution to the field of engineering.

I pay my humble tribute to this great luminary who was the first President of The Institution of
�ngineers (India). I have chosen the topic for my lecture on the challenges posed in developing
the space technology and services in the country and how we harness this high technology for
the benefit of common man.

INTRODUCTION

India has carved out a niche for itself in the area of space technology in the international arena
through remarkable achievements in mastering complex technologies in a self-reliant manner.
The space programme started in the early 19�0sto conduct scientific investigation of upper
atmosphere and ionosphere over the magnetic equator that passes over Thumba near
Thiruvananthapuram using small sounding rockets. But soon, the visionary founder of Indian
Space Programme, Dr �ikram Sarabhai, realised the potential of space technology for national
development. �e believed that��We must be second to none in the application of advanced
technologies to the real problems of man and society�.

The space programme was well orchestrated through a planned strategy of first demonstrating
the efficacy of space systems using foreign satellites and developing experimental satellites,
establishing indigenous operational satellite systems with foreign launch services and finally
launch these satellites also using indigenously designed and developed launch vehicles.

DEMONSTRATION OF SPACE APPLICATIONS

In order to demonstrate the potential of space systems for national development, the US
Application Technology Satellite, ATS-�was used in the Satellite Instructional Television
�xperiment (SIT�) conducted during 19�5-��.SIT�involved deployment of direct reception
T� sets in about 2 400 villages across six states of India to receive educational programmes
covering agriculture, family planning, health and hygiene, etc. This was hailed as the world�s
largest sociological experiment using space technology and has played a significant role in
demonstrating the application of satellites for development of education for a large country like
India.
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Satellite Telecommunication �xperimental Project (ST�P) using Franco-�erman �Symphony�
satellite, was another major effort undertaken during 19��-�9to gain experience in use of
satellites for providing connectivity to remote and far flung areas for domestic
telecommunications.

In the field of remote sensing, India was one of the first few countries to establish a reception
station for receiving data from US remote sensing satellite LANDSAT. This helped India to
gain first hand experience in the reception, processing and application of space-based remote
sensing data. A number of joint experiment projects in remote sensing were undertaken using
the LANDSAT data with the participation of user departments in the country. Several remote
sensing experiments using aircraft mounted cameras were also conducted.

EEXPERIMENTAL SPACE SYSTEMS

While demonstration of space systems for several innovative developmental applications was
continuing, simultaneous development of space hardware was also undertaken. Aryabhata, the
first Indian satellite launched on April 19, 19�5by an Inter-cosmos rocket of the erstwhile
USSR provided experience in design, fabrication and operation of a satellite system. It was
followed by two experimental remote sensing satellites, namely, Bhaskara-1 and Bhaskara-2 
and experimental communication satellite Ariane Passenger Pay Load �xperiment (APPL�),
which were launched in the time frame of 19�9-81.APPL�was built in a record time in order to
utilize the free launch provided by M/s Arianespace in one of their developmental flights.
APPL�provided valuable experience in design, development, fabrication, integration, testing
and in-orbit operation of satellite based systems and their applications in various fields for
national development.

The indigenous development of the first Indian Satellite Launch �ehicle (SL�-3) and its
successful launch on �uly 18, 1980 was a landmark in making Indian space programme self-
reliant. SL�-3 paved the way for the subsequent Augmented Satellite Launch �ehicle (ASL�)
and operational launch vehicles, such as, Polar Satellite Launch �ehicle (PSL�) and �eo-
synchronous Satellite Launch �ehicle (�SL�).

OPERATIONAL SPACE SYSTEMS

Indian National Satellite System

Today, space has become an inseparable part of national infrastructure for providing reliable,
uninterrupted services in the area of T� broadcasting, telecommunications, meteorology and 

management of natural resources. India has established its own operational space systems —
Indian National Satellite (INSAT) system and Indian Remote Sensing Satellites (IRS) to
provide these services.

INSAT system established in 1983 is the largest domestic communication satellite system in
the Asia Pacific region with ten satellites in operation carrying more than 200 transponders for
communication and broadcasting services including direct-to-home service besides
meteorological instruments for providing meteorological services.

Today, more than 55 000 �SATs — both in private and government sectors — are operating

through INSAT. INSAT has enabled the expansion of television coverage with more than 100
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Doordarshan T� and 100 private T� channels. Direct-to-home (DT�) television services
have become a reality. More importantly, there have been several innovative applications of 
INSAT system. �DUSAT, launched in September 2004, is the first thematic satellite dedicated
exclusively for educational services. It is providing a wide range of educational delivery
modes like one-way T�broadcast, interactive T�, video conferencing, computer connectivity,
web-based instructions, etc. More than 30 000 classrooms are connected in the �DUSAT
network. Telemedicine is another example. Space-based telemedicine has enabled the people
in the remotest parts to access super speciality medical care. Already, there are 258 hospitals
connected in the telemedicine network including 21� in remote and rural areas and 42 super 
speciality hospitals in major cities.

Meteorological data from INSAT is used for weather forecasting and specially designed
disaster warning receivers have been installed in vulnerable coastal areas for direct
transmission of warnings against impending disaster like cyclones.

The major emphasis in the coming years will be to meet the growing demand for transponders
by progressively increasing the capacity to about 500 transponders. An Indian Regional
Navigational Satellite System (IRNSS), with a constellation of seven satellites is also being
established over the next six to seven years to provide navigation and timing services over the
Indian subcontinent. IRNSS will be an important component of the Indian strategy for
establishing an indigenous and independent satellite navigation system.

EEmpower ing the Society — Developmental Communications and Training

India is faced with the enormous task of carrying out development oriented education to the 
masses at their lower strata of the society. �mpowering this section of the society with
developmental communication, awareness programmes and training is very crucial to achieve
progress. Satellite communication technology has the capability to simultaneously reach out
to large population spread over long distances and is a powerful tool to support development of
education and training.

INSAT based one-way video and two-way audio interactive networks have been used for
distance education, training, continuing education and developmental communication.

Extending the Reach — EDUSAT Programme

The Indian education system is very vast and has many unique requirements. Some of the
issues include reaching the un-reached, continuing education, resource crunches and the need
for lifelong enrichment. For a great majority of people living in the countryside and in small
towns, it is often difficult to gain access to the benefits of quality higher education.

With the successful demonstration of several developmental and educational programmes, a
satellite for educational services, �DUSAT was conceived. Prior to the launch of �DUSAT, a
pilot project was undertaken through �isvesvaraya Technological University (�TU),
Belgaum, by networking about 100 engineering colleges using an existing INSAT satellite.

�DUSAT was launched by �SL� on September 20, 2004. With five �u-band transponders
providing spot beams, one �u-band transponder providing national beam and six extended C-
band transponders with national coverage beams, �DUSAT is specially configured for audio-

Advancement of Engineering in India in New Millennium 167



The Institution of Engineers (India)
2
2
n

d
In

d
ia

n
E

n
g
in

ee
ri

n
g

C
o

n
g

re
ss

,
U

d
ai

p
u

r,
D

ec
em

b
er

1
3
-1

6
,

2
0
0
7

T
h

e
2
9
th

S
ir

R
N

M
o

o
k

er
je

e
M

em
o

ri
al

L
ec

tu
re

visual medium, employing digital interactive classroom and multimedia multi-centric system.
It is primarily meant for providing connectivity to school, college and higher levels of
education and also to support non-formal education including developmental communication.

Important institutions making use of �DUSAT are, Indira �andhi National Open University
(I�NOU), University �rants Commission (U�C), National Council for �ducational Research
and Training (NC�RT) etc.At present, about 30 000 classrooms are in the �DUSAT network.

PProviding a Healing Touch — Telemedicine

Providing healthcare to India�s over one billion population, of which �5%live in villages, is a
formidable challenge. Satellite communication technology, combined with Information
Technology, provides the means to take the benefit of medical sciences to large sections of
people spread out in remote and inaccessible villages. Telemedicine is a confluence of
communication technology, information technology, medical engineering and medical
science. The telemedicine system consists of customized hardware and software at both the
patient and doctor�s end with diagnostic tools like �C�, �-ray and pathology provided at the
patient end linked through digital connectivity via INSAT satellites by �SATs. The medical
record/history of the patient is sent to the specialist doctors who, in-turn, will study and provide
diagnosis and treatment through video conference with the local doctor and patient.

Satellite based telemedicine network now connects more than 250 hospitals in remote and rural
hospitals including those in �ammu and �ashmir, North-�astern region and Andaman and
Nicobar Islands with 34 super speciality hospitals in major cities as well as a few hospitals of
the Indian Air Force. More than 3 00 000 patients have been provided tele-consultation and
treatment using ISRO�s telemedicine network.

INDIAN REMOTE SENSING SATELLITE SYSTEM

Indian Remote Sensing satellite system (IRS) was commissioned with the launch of IRS-1A, in
1988. With seven satellites in operation, IRS is the largest civilian remote sensing satellite
constellation in the world providing imageries in a variety of spatial resolution and spectral
bands. The latest, CARTOSAT-2, launched on �anuary 10, 200�, provides 1 m spatial
resolution.

The data from IRS is used for a variety of applications including groundwater prospect, large
scale mapping, crop acreage and production estimation, potential fishing zone forecasting,
biodiversity characterization, detailed impact assessment of watershed development projects,
generation of natural resources data/information, etc.

In order to reach space-based services directly to the rural population, establishment of �illage
Resource Centres (�RC) has been recently initiated with the participation of N�Os.  �RCs 
provide a variety of space based products and services, such as, tele-education, telemedicine,
information on natural resources, interactive advisories on agriculture, fisheries, land and water
resources management, livestock management, interactive vocational training towards
livelihoodsupport,etc. Sofar,about300�RCshavebeensetup.

Space systems also help in disaster management through creation of database for facilitating
hazard zonation and damage assessment, monitoring of major natural disasters using satellite
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and aerial data and strengthening the communication backbone for timely dissemination of
information and emergency support.

An important addition in the coming years will be the Microwave Remote Sensing satellite,
which will provide all-weather remote sensing capability important for applications in
agriculture and disaster management.

MMonitor ing Natural Resources — Remote SensingApplications

Remote sensing from satellites has opened up a new dimension of spatial data gathering for
inventory and monitoring of natural resources. The advantages of satellite-based remote
sensing techniques include synoptic view and repetitive coverage enabling change detection,
multi-sensor and multi-spectral data enriching the information content and digital capture of 
the data for objective and rapid interpretation using computers.

Several national missions in the key areas of social development have been carried out using
the IRS data. The applications cover diverse field of interest like water, agriculture, land use,
minerals, watershed development, disaster management, etc.

Towards Quenching the Thirst

More than 90% of rural and nearly 30% of the urban population in India depend on
groundwater for meeting their drinking and domestic requirements. �roundwater also
accounts for nearly �0%of the irrigation potential in the country.

Remote sensing data provides information on landform, structure, lithology, land use/land
cover, soil, drainage, topography, etc, which controls the occurrence/movement of
groundwater. �roundwater prospects of an area can be assessed using these parameters by
integrating them with the collateral data and field observations. Remote sensing based
groundwater prospect zone map serves as a base for further exploration using hydro-geological
and geophysical methods to locate well sites.

Under the National Drinking Water Mission, launched in 198�,remote sensing technology has
been used for preparation of hydro-geomorphological maps (showing groundwater prospects)
of the entire country on 1�2 50 000 scale. Further, under the Rajiv �andhi National Drinking
Water Mission (R�NDWM), groundwater prospect maps on 1�50 000 scale are being
generated for selection of well sites in all the habitations having drinking water problem. So far,
about 2 00 000 wells have been drilled and 4 000 recharge structures have been constructed. 
The success rate achieved in hitting bore wells based on remote sensing technology is about
90% compared to 30% to 40% before application of this technology.

Ensur ing Food Secur ity — ForecastingAgr icultural Output

India produces about 210 Mt of food grains from about 145 M�a cultivated area (both irrigated
and rain-fed). Timely availability of reliable information of agricultural output and other
related aspects is of significance for planning and policy making. Capabilities of the existing
system of crop forecasts and crop estimation have been greatly enhanced with the use of
Remote Sensing (RS) and �eographic Information System (�IS).
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Crop Acreage and Production �stimation (CAP�) using Remote Sensing was started in 198�.
Production estimates for principal crops like wheat, rice, sorghum, cotton, mustard and
groundnut are made using stratified random sampling approach. Under CAP�project, acreage
is estimated based on the discrimination of major crops using multi-date data and yield models.
Basic procedures, models and software packages for crop area and production forecasting,
using remote sensing and weather data have been developed.

The scope of the CAP� project has been further expanded by the project �Forecasting
Agricultural Output using Space, Agro-Meteorology and Land based Observations�or
FASAL. Remote sensing, weather and field observations are also used for making crop
forecasts under FASAL. CAP�has shown considerable improvements in terms of accuracy,
coverage and timeliness.

PPotential Fishing Zone Forecast

About seven million people living along the �500 km coastline of India are dependant on
fishing for their livelihood. A reliable and timely forecast on potential zones of fishing can
benefit the fishing community to reduce time and effort in fishing. Data from remote sensing
satellites, which have a synoptic view of the oceanic area, provides information on distribution
and abundance of fish. Satellite based Potential Fishing �one (PF�) forecast helps in deep-sea
fishing. An integrated approach has been developed for PF� identification using chlorophyll
and Sea Surface Temperature (SST) data.

The PF� advisory is generated and disseminated at present to �ujarat, Maharashtra,
�arnataka, �oa, �erala, Tamil Nadu, Andhra Pradesh, Orissa, West Bengal, Andaman and
Nicobar and Lakshadweep Islands. Presently, more than 225 nodes are receiving the forecasts
regularly. The feedback from �ujarat indicates an increase of about 100% in the catch in PF�s
located in 30 m to 50 m depth and �0%increase in catch in PF�s located at 50 m to 100 m depth.

Optimising use of Land and Water

With nearly �5%of the net sown area in India being rain-fed, characterisation and prioritisation
of watersheds are essential steps towards an integrated management of land and water
resources. Watershed characterisation involves measurement of parameters of geological,
hydrogeological, geo-morphological, hydrological, soil, land cover, etc, which is possible
through remote sensing. Remote sensing data facilitates mapping of land use/cover, geology,
soils and other features of watershed, which would assist in the study of land use pattern, water
potential, degradation, etc. This data, along with the ground based information, can be used for
assessing the land capability, irrigation suitability classes, potential land uses, suitable water
harvesting measures, monitoring effects of watershed conservation and development
measures, correlation of runoff and sediment yields from different watersheds and monitoring
land use changes and land degradation.

Space imagery has been used for watershed planning, development and monitoring. Important
initiatives undertaken so far are Integrated Mission for Sustainable Development (IMSD)
carried out during 199�-2001,monitoring and evaluation of watersheds treated under National
Watershed Development Programme for rain-fed areas, monitoring and evaluation of Sujala
Watershed Development Programme of �arnataka since 2002 and Development Planning for
�achchh District, �ujarat during 2003-04 after the �arthquake.
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RReclaiming Precious Land

India has a diversity of physical landscapes and different types of land that have various types
of utilisation. Due to increasing population, there is an excessive demand for land for
agricultural and non-agricultural applications. Wastelands can be brought under vegetative
cover with reasonable efforts.

Mapping of wastelands has been carried out for the entire country using IRS data. The maps,
organized topographic sheet-wise, provide details on 13 different types of wastelands at
district and village level. The Wasteland Atlas of India was released in 2000. These maps are
invaluable to retrieve information at village/watershed level for implementation of watershed
development programmes.

Protecting Biodiversity

With wide variations in the altitude and temperature, India has one of the most diversified
landmasses and is among the 12 countries identified as mega-centres of biological diversity.
The panorama of Indian forests ranges from evergreen tropical rain forests in theAndaman and
Nicobar Islands, the Western �hats, and the Northeast region, to dry alpine scrub high in the
�imalayas to the north. Of the estimated 45 000 plant species, some 15 000 species of
flowering plants has been so far described. It is third in Asia and eleventh in the world with a
share of around 11% of total floristic diversity.

India has taken many steps in strengthening the measures of biodiversity conservation and
sustainable use. Satellite imageries have been effectively used in biodiversity characterisation
at landscape level to create geospatial database on vegetation cover types, disturbance regimes
and biological richness. Four main biodiversity rich regions of the country �  North-�astern
Region, Western �imalaya, Western �hats and Andaman and Nicobar Islands have been
covered. The information system evolved facilitates in quick assessment of biodiversity and its
monitoring, assessment of nature of habitats and disturbance regimes therein, evolving species
� habitat relationship, mapping biological richness and gap analysis and prioritising
conservation and bioprospecting.

SELF-RELIANCE IN ADVANCED LAUNCH VEHICLES TECHNOLOGIES

Indian space programme has become self-reliant with the operationalisation of two satellite
launch vehicles, PSL�, mainly for launching IRS class of satellites in polar orbits and �SL�for
launching communication satellites into geo-synchronous transfer orbit. So far, PSL� had ten
consecutively successful flights including the one in April 200�that launched the Italian
A�IL�. �SL� can launch 2t to 2.5t satellite into �eo-synchronous Transfer Orbit (�TO) 200
km by 3�000 km. �SL� with four successful launches out of five launches has established
itself as reliable vehicle.

When India�s Polar Satellite Launch �ehicle (PSL�-C8) successfully launched A�IL�, a
satellite of the Italian Space Agency, in April 200�under a commercial agreement, the Indian
space programme achieved a rare distinction. From using the satellites of other nations to
demonstrate the application of space technology for societal benefits in the 19�0s, using
rockets of other space agencies to launch Indian experimental satellite and, later, operational 
satellites, to the present enviable status of building its own rockets to launch not only for Indian
users but also of other countries. The 350 kgA�IL�was precisely injected in the intended 550
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km circular orbit, unequivocally demonstrating the maturity in this complex technology.

�arlier, in �anuary 200�,there was another major landmark achievement. The Space Capsule
Recovery �xperiment (SR�-1) was launched by PSL� and later successfully recovered from
the Bay of Bengal. This marked the beginning of a new era for the Indian space programme �
that of not only providing a platform for the scientists to conduct experiments in the micro-
gravity environment of space and return the samples safely back to earth, but also,
demonstrating India�s capability in mastering critical technologies like aerothermodynamics,
recovery through deceleration and floatation system, navigation, guidance and control. All
these technologies are important for re-recoverable and reusable launch vehicles as well as to
undertake manned space missions.

Another major achievement which gave the country coveted status was the recent successful
testing of the cryogenic upper stage on November 15, 200�. Development of cryogenic
technology involved apart from the complexities in the fabrication of stage tanks, structures,
engine and its sub-systems and control components, CUS employs special materials like
aluminium, titanium, nickel and their alloys, bi-metallic materials and polyamides.

The immediate target is to complete the development of �SL� Mk III capable of
launching 4t class communication satellites. Technology development and demonstration
missions on reusable launch vehicle including space recovery technologies and air breathing 
propulsion are also envisaged.

SSuppor ting Disaster Management

India, with around 80% of its geographical areas vulnerable to cyclones, floods, landslides,
drought, earthquakes and other localized hazards, has been one of the most disaster-prone
countries in the world. In recent years, disaster management has attracted greater attention. The
emphasis is on risk reduction through mitigation, preparedness, prediction and early warning.

Space systems, INSAT and IRS, provide disaster management support for early warning, risk
information, impact/ damage assessment, preparedness and emergency communication. A
Decision Support Centre (DSC) has been established at National Remote Sensing Agency
(NRSA), �yderabad, as a single window service provider to deliver the space services for
disaster management.

INSAT Mobile Satellite Services (MSS) terminals are being put to use during emergencies.
The effectiveness of this system has been demonstrated successfully during the floods in
Assam and tsunami inAndaman and Nicobar Islands.

In the aftermath of the tsunami that struck southern parts of India on December 2�,2004,
transportable �SATs and INSAT Mobile Satellite Services (MSS) systems were deployed to
provide vital connectivity between the main land and Andaman and Nicobar Islands.
Telemedicine facilities, set up in the Andaman and Nicobar hospitals of these islands could be
effectively used for providing connectivity to super speciality hospitals on the main land. To
facilitate relief operations, satellite remote sensing data over the tsunami affected areas in
Tamil Nadu, Andhra Pradesh, �erala and Andaman and Nicobar were generated. To mitigate
the hazards of land slides in parts of �imalayas, a project on land slide risk zonation has been
carried out along the important tourist and pilgrim routes in �imalayas.
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IIMPARTING KNOWLEDGE TO RURAL SOCIETY � VVILLAGE RESOURCE
CENTRES

There are more than �00 000 villages in India and around �00million people live in
villages. Many villages are relatively deprived in terms of basic amenities and services,
especially those related to education, health, sanitation and empowerment. Use of satellite
based communication and remote sensing can help in providing services related to health care,
education, weather, land and water resources, agriculture, etc. To provide these space-based
services to the rural areas, setting up of �illage Resource Centres (�RC) in partnership with
state, central agencies and N�Os, Trusts was initiated in 2004.

�RCs are envisaged as the single window delivery mechanism for a variety of space based
services and deliverables, such as, telemedicine, tele-education, information on natural
resources for planning and development at local level, interactive advisories on agriculture,
fisheries, land and water resources management, livestock management, interactive vocational
training towards alternate livelihood, e-governance services, weather information, etc. The
�RCs also address variety of social aspects locally and even act as helplines.

CONTRIBUTING TO SCIENTIFIC KNOWLEDGE

Scientific exploration of space has gained impetus under the Indian space programme with the
initiation of the first mission to moon, Chandrayaan-1. The basic objective of Chandrayaan-1 is
the physical and chemical mapping of the lunar surface and to look for minerals and also
possibility of existence of water. Chandrayaan-1 will be followed by a multi-wavelength
astronomy satellite,Astrosat and climatic research satellite Megha-Tropiques.

COMMERCIAL SUCCESSES

The capabilities established under the Indian space programme have been used for commercial
gains which include leasing INSAT transponders to Indian and International customers,
providing access to data from Indian remote sensing satellites and launch services. A recent 
foray has been the contract with a �uropean company for joint development of communication
satellites for the international market.

CONCLUSION

The Indian space programme is unique in the world in that it aims at establishing space systems
that are of direct relevance to national development. Designed and established in a self-reliant
manner, the space systems are tuned to India�s specific needs. The application of the space
systems in almost all facets of human endeavour � communication, broadcasting, weather
watch, disaster management, tele-health, tele-education and optimum management of natural
resources, has made the space programme inseparable part of the infrastructure in the country.
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AAn Ever Exciting and
Rewarding World of

Chemical Engineer ing (CE)

Prof M M Sharma

�meritus Professor of �minence,
Institute of Chemical Technology,

Mumbai University

Chemical �ngineering is a lively, rapidly growing and exciting endeavour in which new ideas
and concepts are constantly generated to help increase the wealth of human society and to
enrich the human culture. Chemical engineers are versatile as they are tuned to micro or
molecular level as well as to meso or equipment scale and finally with the macro-scale
integrated plants. Chemical engineering has a tradition and culture of being an �evolving
discipline�and has fluidity.

Chiral engineering offer challenges for asymmetric synthesis and clever separations and is
crucial for future development of Chemical �ngineering. Likewise, Crystal engineering,
another branch of Chemical �ngineering is equally important. Other emerging fields in
Chemical �ngineering are Nanotechnology and Bio-transformations, which will be used for
immense value addition to the society. Direct conversion of monomers to polymeric products,
including fibres, looks promising. Cleaner and greener have become a lifestyle statement,
which requires intrinsically safe processes and plants. A cluster of emerging technologies is at
the interface of chemistry and material science, especially as applied to the electronics. It will
become necessary to push known polymers to higher performance levels.

Process intensification will require newer methodologies. Product engineering will become
very important and combo systems-reactor-separator will be deployed. Membranes and
adsorption based separations will play a much larger role. Micro reaction engineering will
become important for the manufacture of fine chemicals involving hazardous conditions.
Astute scale-up of chemical plants, involving techniques, such as, Computational Fluid
Dynamics (CFD), will become necessary. Water conservation and recycle will be crucial. �igh
level science and practical applications will continue to stimulate each other.
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DDelhi Metro —
 a Challenge and a Tr iumph

Dr E Sreedharan
Managing Director,

Delhi Metro Rail Corporation

INTRODUCTION

It is a great honour and recognition to anyone chosen by the Institution of �ngineers (India) to
deliver the Sir Mokshagundam �isvesvaraya Memorial Lecture. I am happy as this honour has
come to me to deliver the 51st Lecture of this series this year. This lecture has been instituted to
commemorate the life and achievements of a great visionary engineer and statesman who was
the recipient of India�s highest civilian honour, �Bharat Ratna� and is known as the Father of 
modern Mysore State (now part of �arnataka). Sir M �isvesvaraya was responsible for
building the �rishna Raja Sagar Dam, Bhadravati Iron and Steel Works, setting up Mysore
University and the State Bank of Mysore and was rightly hailed as the �Worker of Miracles�, the
�Bhagiratha of �arnataka�and the ��em of India�.Although hailing from a poor family, he was
brilliant in his studies, became an outstanding engineer and rose to become the Dewan of the
erstwhile State of Mysore. Sir �isvesvaraya was incredibly honest and dedicated to his work 
and set up high standards of efficiency, which he carried on displaying till his death at the age of
101 years. On this occasion it will be apt to remember a few incidents, which vividly bring out
the character and personality of this great man and which, I am sure, will be a great inspiration
to all of us.

�As soon as �isvesvaraya became the Dewan of Mysore, one of his relatives went to him
for a favour. �e was a man whom �isvesvaraya liked and respected. �e was in
�overnment service, and wanted a promotion to a higher post�that would give him a rise
in salary of fifty rupees a month. �isvesvaraya said �No�. But, as long as the relative was
alive, he paid him a hundred rupees every month from his own pocket. What a rectitude
and what a compassion�

�In 1918 he decided to give up the Dewanship. �e had to give the Maharaja of Mysore his
letter of resignation. �e went to the palace in the �overnment car but chose to return in his
own car. What an edifying propriety�

�Sir M �isvesvaraya was famous for his integrity and probity in public life. �e was known
to use for official work, the stationery and candles supplied by the �overnment�for his
own private work he used stationery and candles purchased by him. Therefore, on official
tours he carried two sets of candles red for official use and white for his personal use.

�is dedication to work is summarised in his own words which I would like to quote.
�Remember, your work may be to sweep a railway crossing, but it is your duty to keep it so clean
that no other crossing in the world is as clean as yours�.

Sir M �isvesvaraya raised the dignity and value of the engineering profession to its highest
pinnacle and glory.

I have chosen Delhi Metro as the subject of my lecture since this is a unique project which has
drawn inspiration and values from the life and principle of Sir M �isvesvaraya.
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NNEED FOR AMETRO SYSTEM

The need for a Metro system in any developed city is determined by its population. All
developed countries start planning for a Metro when the population of the city nears the one
million mark and by the time the population level reaches two million, a Metro network is in
place. Density of Metros in the various continents are as follows�

Continent Length, km Population, Mn Length/Mn Population

�urope 284�.2 �5.10 3�.91

NorthAmerica 13�0.4 �0.15 22.�8

Asia 9�5.4 95.�3 10.08

SouthAmerica 4��.� �0.9 �.��

Africa 10.9 8.3 1.31

Total ��00 300.18 18.85

India(Delhi��olkata) �5 �1��81 14 ���20 4.05

�This shows that the world average is for every one million population of a city, there is 19
km of Metro line. �owever, against this standard, India�s standing is indeed very low at 4
km/million.

ADVANTAGES OF A METRO SYSTEM

The advantages of a rail based system for urban transportation are manifold as they can achieve
a carrying capacity as high as �0,000– 90,000 phpdt, require 1/5th the energy per passenger-
kilometer compared to a road based system, result in no air pollution in the city, lesser noise
level, and occupy no road space if underground and only about 2 m width of the road if elevated.
It also considerably reduces the traffic on the roads as well as road accidents and pollution. A
rail based system can carry the same amount of traffic as 9 lanes of bus traffic or 33 lanes of
private cars. It also reduces the journey time by 50% - �5%depending on the road conditions.
There is no denying that compared to a road-based system a rail-based system is more reliable,
comfortable and safe.

These were the basic reasons behind introducing a modern Metro system in the capital of our
country. Building the Delhi Metro posed a unique engineering challenge and was India�s
biggest urban intervention since Independence.

LESSONS FROM KOLKATA METRO

Delhi is the second city in our country to have a metro system. The distinction of having the first
metro goes to �olkata. The construction of the network in �olkata began as early as 19�3.
Commercial service on a 3.4 km section with five stations began in 1984 and the full 1�km
network with 1�stations became fully operational only in 199�. This gives us an idea of the
slow progress of construction and the resultant problems for citizens. During construction, the
central arterial road namely the Central Avenue was kept open for a long time. �eaps of mud
and construction materials blocked the carriageways resulting in daily traffic chaos. There
were incidents of ground subsidence and house collapses as well.

To cut a long story short, the �olkata Metro experience acted as a dampener for the spread of
the �metro culture�to other cities for a long time. But it taught us a very important lesson– what
not to do while constructing a Metro network�
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CCHALLENGES

Delhi is a sprawling city covering 1483 sq km with a population of 14 million today. It also
happens to be the capital of the country. The country did not have the expertise or the
experience to build a modern, world-class metro in a city like Delhi. Calcutta Metro was
constructed and is being operated by Indian Railways. The technology adopted for Calcutta
Metro is very old and that Metro is making an annual operational loss of about Rs 80 crores. A
number of studies were carried out to decide upon the configuration and technical parameters
to be adopted for the Delhi Metro and finally a three line configuration covering �5 km was
decided upon as the Phase-I of the Delhi Metro of which about 15 km is underground and the
rest elevated. A friendly gesture from the �apanese �overnment to extend a soft loan to cover
about �5%of the cost of the project emboldened the �overnment to finally clear the project in
199�.To cut through usual delays associated with a major project of this size being executed by
a �overnment department, it was decided that a special purpose vehicle under the name, Delhi
Metro Rail Corporation, with equal participation by the �overnment of India and the
�overnment of Delhi would be set up and this company was registered in May, 1995. DMRC,
though owned by the two �overnments. is not a Public Sector Undertaking either under the
Central �overnment or the State �overnment. This unique corporate structure has given the 
company a lot of latitude and freedom in decision making process.

Realising that the country did not have the experience or expertise to build a modern world-
class Metro, DMRC engaged international experts as general consultants to assist in planning,
design and implementation of the project. It was also decided that frontline technologies would
be adopted in all areas of metro planning and construction. The international consultants
brought with them international standards in safety and quality.

As per the �overnment mandate the Phase-I of the project, with a completion estimate of Rs
10,5�1crores, was to be implemented within a period of 10 years. Actual work on the project
commenced in October 1998 and the first phase was fully commissioned in December, 2005, 2
years and 9 months ahead of the schedule with no cost over-runs. Today, Delhi can boast of a
world-class Metro which can compare well with the best Metro anywhere in the world.

TECHNICAL INNOVATIONS

In completing the Phase-I of Delhi Metro, a number of new technologies were brought to the
country for the first time. On the civil engineering side, adoption of incremental launching
method for a continuous pre-stressed hollow single box girder of �20m length across �amuna
river was the fore-runner for many other innovations such as, (a) an extra-dose bridge of 92 m
span across live railway lines �a technology adopted for the first time in this country, (b)
extensive adoption of segmental pre-stressed girders for the elevated sections, (c) ballastless
track over the entire stretch�again a new technology for the first time, (d) continuous welded
rails from end to end and high speed turnouts enabling trains to change over from one line to the
other at high speeds. �arth pressure balanced tunnel boring machines were adopted also for the
first time for tunnelling through busy areas of the city causing no settlement of the ground or
damage to the overlying structures. The speed of tunnelling achieved was 28 m a day of fully
completed tunnel section.

On the signalling side, the concept of Automatic Train Protection and Automatic Train
Operations were introduced also for the first time in India. Under such a signalling system
there is no possibility of a train colliding with another and the speeds of the trains will be
automatically regulated based on the distance between the two trains. DMRC has also
introduced for the first time, modern, light weight, stainless steel rolling stock with pneumatic
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springs, regenerative braking, wide vestibules and automatic door closing systems. The entire
ticketing system is highly computerized with contactless smart cards for multi-journeys and
contactless tokens for single jouneys. In fact the automatic fare collection system of Delhi
Metro is the most advanced anywhere in the world.

PPROPERTY DEVELOPMENT

The concept of commercial exploitation by retailing outlets at station areas and also
commercial exploitation of air space above stations and car depots was adopted by Delhi Metro
in a serious way to raise resources for funding the metro construction and also to augment the
revenues to the system. This type of property development not only caters to the needs of the
commuters but also enhances the urban environment around the stations. Today nearly 30% of
DMRC�s revenues are from non-operational sources.

OPERATIONAL HIGHLIGHTS

The Delhi Metro makes 1300 train trips a day with �0 train sets (280 coaches) with a frequency
of 3.5 to 4 min, carrying an average 8 lakh people a day. This translates into about 80,000
vehicles off the road. �ach train has four coaches, which can be gradually increased to eight if
the need arises. The trains operate from �AM to 11 PM and the fare structure ranges from Rs �/-
to Rs 22/-, which is the cheapest in the world, except �olkata. The punctuality of the metro
trains is measured with a least count of �0 seconds and in most of the days 100% punctuality is
maintained. The system is completely barrier-free for physically challenged persons.

ENVIRONMENTAL AND SOCIAL BENEFITS

The Delhi Metro has also provided significant environmental and social benefits to the city.
According to a study conducted by Central Road Research Institute (CRRI), these benefits will
help to recover the full cost of Phase I by 2013. These benefits are a result of passenger time 
saved, fuel cost saved, reduction in capital and operating cost of vehicles, reduction in
environmental damage, time saving and less maintenance cost on infrastructure, reduction in
road accidents, improvement in road traffic conditions, etc. Since DMRC began operations in
December 2002, people have progressively shifted to the Metro from road-based means of
travel. According to estimates, the Metro today takes the load of 80,000 vehicles per day and
has saved 5�,858tonnes of petrol, diesel and compressed natural gas (CN�) by the end of 200�
already.

The Delhi Metro is also the first Railway project in the world to be registered by the United
Nations Framework Convention on Climate Change (UNFCCC) under the Clean
Development Mechanism (CDM), which will enable to claim carbon credits. Under the project
sanctioned on December 29, 200�, DMRC will earn 400,000 Certified �mission Reductions 
(C�Rs) over a 10-year crediting period for the use of regenerative braking system in its rolling
stock (trains). Under the regenerative braking system, whenever a train applies brakes, about
30% of the energy is regenerated back into the overhead electrical system thus resulting in
substantial savings, as this energy is again used for running trains. We have also introduced
system for water harvesting at all elevated stations of Phase-II.

FEEDER BUSES

To make its stations easily accessible to commuters, DMRC has introduced its own fleet of
feeder buses equipped with �lobal Positioning System (�PS) so that their movement can be 
tracked at all times. This service has proved very popular and more than 120 buses have been
introduced so far.
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PPHASE-II

After the completion of Phase-I project, DMRC is now engaged on the Phase-II of Delhi Metro
project which covers 128 km of which 35 km are underground and the balance is elevated. The
completion cost of the Phase-II project is about Rs. 20,000 crores and this has to be completed
by August, 2010, in time for the Commonwealth �ames slated for October, 2010. This would
mean 128 km of the Metro System have to be completed within a period of 4 � years. If we are
able to achieve this, this will be a world record in the speed of metro constructions.Already one
section of Phase-II was commissioned in March, 2008 and another section covering 8 km is
scheduled for commissioning in December this year.

HIGH SPEED AIRPORT LINE

The Phase-II of Delhi Metro project includes a high profile �igh Speed Metro Link from New
Delhi Railway Station to the Indira �andhi International Airport. This 22.5 km line, of which
15 km will be underground, is being implemented on Public Private Participation model in
which the civil works are being executed by DMRC at its own cost but the systems such as
signalling, power supply, track, rolling stock, etc. will be brought and installed by a private
concessionaire who will operate the system for a period of 30 years at the end of which the
whole line reverts to DMRC. Two City Air Terminals,one at New Delhi Railway Station and 
the other at Shivaji Stadium near Connaught Place are being set up where the air travelers can
check-in, take the boarding pass and use the �igh Speed Line to reach theAirport. The distance
of 22.5 km will be covered in a matter of 18 min against one hour now being taken for the road
journey.

For the construction of the Airport Line as well as for the underground portion of Phase-II,
DMRC will be using a fleet of 14 tunnel boring machines during the peak period which will be a
record for metro constructions in any city of the world.

FUTURE METROS IN INDIA

With the success of Delhi Metro, the Metro culture is now spreading to other Indian cities as 
well. The country today has the experience and expertise to plan and implement Metro System
without any foreign help. The Delhi Metro project is today seen as a model of how urban
transport systems can be successfully built in crowded cities. �isitors from the US, the U�,
�apan, South �ast Asia, South Asia etc, have toured the system to understand the DMRC
technologies and project management techniques.

Delhi Metro has also attracted the attention of other countries such as Ireland, Pakistan, Sri
Lanka, Bangladesh and �ietnam. DMRC has completed its first international consultancy
assignment, a SpecialAssistance on Project Implementation (SAPI) study for the �akarta Mass
Rapid Transit (MRT) System in Indonesia.

DMRC has carried out the investigations and studies for all the upcoming metros in the country
such as Mumbai, Bangalore, Chennai, �yderabad, �olkata (Second Line), �ochi,Ahmedabad
and Ludhiana.

Detailed project reports are now being prepared for Metros in Pune, Lucknow, Chandigarh and
�anpur.

Today, Delhi Metro has become the transport backbone of the city and is a fast, reliable, safe
and comfortable means of travel. Over the last four years, Delhi Metro has covered a fairly
large part of Delhi. Perhaps the greatest achievement of DMRC is that it has given Indians the
confidence to believe in themselves that they can efficiently build and operate the most
challenging and technically complex projects.
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The integrity and high principles which Sir M �isvesvaraya upheld throughout his
professional career have been the inspiration and guiding spirit for all of us in Delhi Metro
Railway Corporation, which is today well known for a very unique work culture and adorable
organisational values. We have only tried to carry forward the high ideals and professional
excellence which Sir M �isvesvaraya bequeathed to this country. Let his life and his
achievements be a beacon and inspiration to all �ngineers present here.

It has been a very satisfying task for me to deliver this 51st Sir M �isvesvaraya Memorial
Lecture. I wish to thank once again the Institution of �ngineers (India) for giving me this
opportunity and honour and I thank the audience for their patient hearing.

�ai �ind.
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IINTRODUCTION

Dear President Rear Admiral � O Thakare, dear members of The Institution of �ngineers
(India), fellow engineers, dear friends–

As far as I know, The Institution of �ngineers is probably the world�s largest interdisciplinary
engineering organisation. Therefore, I consider it a great privilege that you have invited The
Danish Society of �ngineers to be one of your associates and giving me the honour to deliver
the lecture in memory of illustrious engineer and educationist Bhaikaka.

I am also absolutely in no doubt that the future seriously belongs to you. India�s economic
growth over the last few decades has been extremely impressive and this development is going
to continue for many years to come. Today India is the fourth largest economy in the world.�ou
have the world�s second largest work force, combined with an exceptionally high level of
education. There is no doubt that India, in the decades to come, will undergo significant
development, which will result in greater prosperity for your whole population. �owever, this
cannot happen unless you engineers continue to be the necessary and crucial driving force
behind that development.

THE MAJOR POLITICAL CHALLENGES IN THE WORLD TODAY

In the last few months, we have experienced a growing anxiety, particularly in the financial
markets, an anxiety, which many believed was a thing of the past. Objectively, however, we
must conclude that the stable growth, which most of us took for granted, is perhaps not quite as
stable as we believed.

The guarantee of stable financial conditions is essential, if we are to guarantee economic
development in the future.At the same time, the anxiety on the financial markets must not deter
us from making business and exchanging services with each other. Increased commerce is the
best guarantee for peace and stability in the world.

It is in this context, the engineers have a very special role to play, in terms of both economic and
sustainable development.

The subject of this congress is ��nvironment and �cological Challenges �Role of �ngineers�. I
do not believe you could have chosen a more pertinent theme. The creation, in a sustainable
way, of increased economic prosperity and development is, in my opinion, the 21st century�s
greatest political challenge, not to mention engineering �

Over the last ten years or so we have seen that the environment has seriously begun to set limits
on the continued growth of our common prosperity. The greatest problem that affects us all is
probably global warming. We can now start to see and feel its serious effects. If we do not start

Major Political Challenges
in the World Today

Mr Lars Bytoft
Chairman

Danish Society of �ngineers
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to react and thus reduce the emission of greenhouse gases, the ultimate consequences will be of
catastrophic proportions.

In other words, we know that it is not a question of whether we will experience climate changes,
it is a question of the degree to which they will come to affect us.

In Denmark and the rest of Scandinavia, where there is a temperate climate, we will experience
a wetter and slightly warmer climate, which of course will be problematic in itself. But
countries such as India will be hit much harder and can expect many more floods, even worse
than those of today. �ou will also be victim to much more drought and water shortage than you
are now.

I am the first to admit that it is totally unfair that we, in the so-called �industrialised�part of the
world, are by far the greatest emitters of greenhouse gases, while countries such as India are
hardest hit by climate changes.

Therefore, I will do my best to see that Denmark and other western countries assume much
greater responsibilities for the reduction of greenhouse gas emissions, when, I hope, a new
agreement will be signed by next year at the United Nations�Summit Conference, COP 15, in
Copenhagen.

FFINANCIAL DEVELOPMENT AND ENERGYCONSUMPTION

A reliable and stable energy supply is, and will continue to be, crucial for economic
development. �istory has shown us that there is a close correlation between economic
development and the world�s energy consumption. A period that sees the industrialisation and
modernisation of society requires an increase in energy production. Therefore, it will be
morally wrong and a symbol of outmoded, misguided cultural imperialism, if developing
countries and emerging economies are not given the opportunity to increase their energy
consumption and to achieve the prosperity, which we in more developed economies have
enjoyed for many years. In fact, the International �nergy Agency predicts that, in about five
years�time, those so-called developing countries, who are presently in the process of
industrialisation, will have just as great an energy consumption as Organisation for �conomic
Co-operation and Development (O�CD) countries. I will go into this issue in greater depth
later.

For the past 50 years, we in the western world have not paid sufficient attention to the
environment and the use of resources. This means that today there is increased pressure on the
world�s resources and increasing number of environmental problems. That in turn compelled 
us to create a new form of energy supply, which does not lead to the environmental problems
we know today.

The UN climate panel IPCC estimates that the emission of greenhouse gases must be stabilised
before 2015 and decreased further by 50%-85% before 2050 in relation to the 2005 level, if the

� �average temperature on the earth is to be prevented from increasing by more than 2 C-2.4 C.

This is an enormous engineering challenge. Certainly viewed in the light of the present trend, in
which the emission of greenhouse gases increased by about 1% from 1990 and annually by 3%
in the period after 2000. But the challenge should also be viewed in relation to the demographic
and economic development we are witnessing.
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Whereas today there are more than six billion people in the world, by 2050 there will be about
nine billion, which represents a population growth of approximately 50%.At the same time, we
hope that economic development will continue and we will manage to wipe out poverty.�ou do
not have to be an engineer to realise that this is a gigantic task.

�conomic growth also means that the pressure on our natural resources and the discharge of
climate gases, all things being equal, will increase, if we do not initiate a radical change in our
energy systems. Further, to guarantee a reliable and sustainable energy supply means that we
must also develop systems in which the dependence on present geostrategic energy resources,
such as oil and gas, is more limited. Those resources anyway are increasingly available for
import only from a handful of regions in the world.

This can place us in an unfortunate and dependent relationship to non-democratic political
regimes, resulting in periodic breaks in our energy supply and ultimately threatening global
security. Not many nations are going to be interested in that.

In the worst event, the struggle for limited energy, agricultural and water resources, not to
mention the consequences of future environmental catastrophes, could lead to large sections of
the population being dispelled and increased conflicts and wars between population groups
over the remaining resources.

In other words, we risk undermining the very nature that is the whole foundation for our
livelihood.

EENGINEERS HAVE A SPECIAL ROLE TO PLAY IN ECONOMIC AND
SUSTAINABLE DEVELOPMENT

It is our duty as engineers to do whatever we can to prevent the above scenario from becoming a
reality. We must become better at utilising nature�s forces and potential. We must work with
nature and not against it. We must get better at understanding nature, her strengths, organisation
and eco-systems. We must use that knowledge in our day-to-day engineering work for the
benefit of mankind.

Throughout history, engineers have always been responsible for guaranteeing economic
growth, but our perspective has always been much more than a purely economic one. More
often than not, engineers have been driven by a desire to change the world and make it a better
place to live in.

There could not be a better illustration of this tendency than the man, whom this Memorial
Lecture is named after, Bhaikaka. The will to combat poverty �and the service of humanity�
were the vital forces in his work. This will to change the world is absolutely crucial, if together
we are to tackle the challenges in the area of energy.

In recent years, we in The Danish Society of �ngineers have drawn up a range of plans for a 
more sustainable future, that includes energy. We set ourselves the goal of reducing Denmark�s
emission of CO by 50% before 2030 and of becoming, by 2030, totally energy self-sufficient2

and creating four times as many jobs in the energy sector. People claimed this was impossible.

For 12 months, with the help from our members, we held a large number of seminars and
conferences on the subject of energy. We made active use of our members�skills to identify the
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energy technologies etc, that need to be developed, if we are to live up to the goal to establish a
more sustainable energy system.

It was a great success and today our energy plan is central to the cross-party political debate in
Denmark. So we believe our work was worthwhile.

Our experience of using our members�professional expertise in this way also led to the
establishment of the project �Future Climate-�ngineering Solutions.�This is a project in
which we are inviting our sister organisations from all over the world to devise national climate
plans. We are really delighted to have The Institution of �ngineers (India) on board this project.

EENERGYCONSUMPTIONAND ITS CONNECTION TO POLLUTION

When we take a closer look at the development in the global demand for energy, we can see 
that, till now, the O�CD countries have had the greatest energy consumption. �owever, that 
development is undergoing a change and the greatest demand for energy is now coming
increasingly from developing countries and emerging economies. The International �nergy
Agency has developed a so-called reference scenario, a scenario that shows the development in
energy consumption on the basis of political decisions made up to, and including, 200�.
According to this scenario, more than �0%of the world�s demand for energy in the period
between 2004 and 2030 will come from developing and emerging economies. In particular, we
can look forward to a very significant demand from India and China. The growth will occur
primarily as a result of the increasing demand for electricity and energy in the transport sector.
This also means that efforts to reduce greenhouse gas emissions will also encompass emerging
economies.

�owever, it will still be the O�CD countries, who have the greatest obligation to reduce
greenhouse gas emissions, because, in the future, O�CD countries will also have by far the
greatest per capita energy consumption. Personally, I also believe that O�CD countries have a
special responsibility to reduce greenhouse gas emission because of their greater prosperity
and because historically we have emitted enormous quantities of greenhouse gases.

The International �nergy Agency have recently published a report, �nergy Technology
Perspectives. This report constructs a scenario, the so-called �BLU�MAP�scenario, in which
the emission of greenhouse gases is reduced by half in 2050 in relation to 2005. In other words,
it is a scenario that attempts to reduce the emission of greenhouse gases, so that the temperature

� �will rise by a maximum of 2 C-2.4 C.

The good news is that it can be done. It will cost in the region of US�45/T. That is an awful lot
of money, but, compared to the expected global economic growth, and the harmful effects of
greenhouse gas emission, it really is not so scary. And anyway, the fact that it can be done is 
wonderful to know.

�owever, what concerns me most as an engineer is whether politicians have the will and the 
strength to agree on an ambitious and sustainable energy policy. My concern is even greater
when one takes into account that the scenario predicts that the greenhouse gas emission will
peak as early as 2012. That cries out for political action here and now. The later the emission
peaks, the more difficult it will be to achieve the goal by 2030.

If we look more closely at the technologies behind the BLU�MAP scenario, it is crystal clear
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that the greatest reduction of greenhouse gas emission (as much as 44% in the scenario) must
come from improved energy efficiency by end users. Those end users are principally, the
transport sector, the building trade and industry, where more effective processes are called for.
Power stations must also become more efficient and cut down on the use of coal for the
production of energy. 22% of the reduction in emissions must come from the expanded use of
renewable sources of energy. 19% must come from carbon capture storage and �% from the
development of nuclear power.

The focus on energy efficiency is due to the fact that they provide by far the cheapest solution in
relation to the effect. In fact, it is the case that end-use efficiency often has direct economic
advantages. �ou can also see this in this diagram. In other words, there is big point in picking
the low-hanging fruits, which are connected to the improvement of energy efficiency.

As you can also see from this diagram, improvements in efficiency in the power station sector
and the development of more renewable energy and nuclear power are relatively cheap. The 
expensive technologies are the implementation of carbon capture storage and the change from
oil to alternative fuels in the transport sector.

TTHE HISTORYOF ENERGYIN DENMARK

I will now give you an insight into the �history of energy�in Denmark, because it has, in many
ways, been a great success. Denmark is the only country in the world to have enjoyed economic
growth over a 35-year period, while at the same time, our energy consumption has been
comparatively stable. In fact, for a number of years our emission of greenhouse gases fell.
Unfortunately, however, in recent years that situation has changed.

In the 19�0s Denmark, like the rest of the world, was hit by a rise in oil prices. That was the
beginning of a relatively stable energy policy for a number of years and a great number of long-
term energy plans. Whereas, at the begining of the 19�0s, oil was by far the most dominant
source of energy in Denmark, the Danish government decided to focus on coal and gas for
energy supply. At the same time, and just as importantly, they improved energy efficiency by
building combined heat and power facilities and developing district heating. They also began to
support the development of new, renewable energy technologies.

As a result Denmark has gained a broader combination of energy, which means that we are not
as vulnerable as before in terms of the import of strategic energy resources and, at the same
time, our energy efficiency has improved radically.

Both combined heat and power and district heating deserve special commendation for this
development.

The development of district heating, together with combined heat and power facilities, is
definitely the single most significant factor in Denmark�s stable energy consumption. �uite
simply, it is a question of not wasting surplus heat from the production of electricity, but instead
using this heat for the heating of our houses. As you can see, heat and power production
supplies almost 80% of the heat in Denmark�s district heating and about 50% of electricity.

Regarding the other area of technology, I would like to draw your attention to the great Danish
windmill adventure. Today Denmark is one of the world leaders in the use of wind power. It was
not only due to the fact that the Danish government who began to focus on the whole energy
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issue in the 19�0s. The Danes themselves also showed great will and interest in developing new
energy technologies, particularly renewable energy technologies.

Awhole range of citizens, smiths and engineers began to experiment with the development and
construction of windmills. Initially these windmills were small and relatively primitive, but
gradually the Danish state subsidised their construction and, bit by bit, their quality improved
significantly. After a number of years, serious money was invested in research into windmills.
In the 1980s, and particularly in the 1990s, the development really took flight and Danish
companies developed the windmills, with which we are familiar today.

As you can see from the graph, today windmills supply almost 20% of Denmark�s electricity.
This makes particular demands on the Danish electricity system, which has to cope with large
quantities of fluctuating energy. Twenty years ago, one would not have thought it was possible.
But today we are in no doubt that we are able to manage much larger quantities of fluctuating
wind energy in our national grid.

The Danish energy system has become much more effective. We have also succeeded in
stabilising our overall energy consumption and reducing CO emissions. In addition, our2
prioritisation of the energy issue has meant that we have developed some of the world�s most 
competitive companies in the field of energy. Of course that includes windmills. �estas is the
world�s largest windmill manufacturer, but it also includes areas, such as, energy-effective
pumps, thermostats and enzymes used for the production of bioethanol.

As you can see, our export of energy technologies has grown significantly in recent years and
energy has developed into one of Denmark�s most important industries.

In my opinion there is no doubt that �green tech�will become more and more important all over
the world and Denmark�s experiences clearly indicate that one must be at the forefront of
development, if one is to reap the benefits in the form of growth, in terms of both industry and
employment. Countries, who do not take the climate challenge seriously, will eventually be
crippled. Their industries will be losers in the future competition to supply effective, climate-
neutral technologies to companies and citizens throughout the world.

As I have explained during my introduction, the Danish Society of �ngineers have developed
an energy plan that shows how we believe the Danish energy system should be developed by
2030. As I explained earlier, the goal was to show that Denmark can reduce the emission of
greenhouse gases by a minimum of 50% by 2030, at the same time developing Denmark�s
engineering industry to the benefit of both employment and export.

The success has far outweighed the expectations. In the plan, we showed that it is possible to
reduce CO emissions from the Danish energy system by as much as �0%in relation to2

emissions in 1990. The most important part of our plan has been the improving energy
efficiency, in the same way that the International �nergy Agency predicts, and our scenario
showed that it is possible to reduce energy consumption by approximately 30%. In our scenario
coal is more or less phased out and approximately 50% of our energy supply is based on
renewable sources of energy.

Particularly in our study, the calculations of the economic costs involved in the energy plan
were interesting, compared to a �business as usual�scenario, in which we imagine that
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decisions regarding energy policy are not different from those being taken today.

The study showed that the execution of our plan could save approximately �US 3 billion per 
year, mainly because our plan would involve a lower consumption of fossil fuels. �US 3 billion
may be does not sound very much to you, but for a small country such as Denmark, with about
�million inhabitants, it is a great deal of money. �ust try and calculate the sum in Indian terms.

I do not want to use a lot of time on the individual solutions and technologies involved in our
plan. I will just highlight some of the plan�s most important elements.

Our suggestions include better insulation of houses, which would reduce domestic energy
consumption by 50%. We are suggesting that the Danish state introduce an energy saving fund,
which would provide subsidy for energy saving in houses. We would also like to see much
more restrictive housing standards than the present ones. We are also suggesting that a large
part of the country�s road transport be transferred to rail. It is especially important to move
freight transport on to trains. But this will only happen if there is serious investment in the
railway system.At the same time it is important that, in the future, a great number of cars run on
electricity. The traditional internal combustion engine is totally uneconomic.

We take for granted that it will be both technically and economically possible to base our
present heat and power stations on fuel cells. Fuel cells are much more energy efficient than 
traditional power stations. �owever, that is going to need serious investment in the research
and development of fuel cells.

The final thing I would mention here is serious development on the windmill front, so that by
2030 windmills will contribute between 50% and �0%of Denmark�s electricity consumption.

EENERGYSUPPLYIN INDIA

In many ways our challenges on the issue of energy are very similar. Like Denmark, you import
an enormous amount of your oil, I believe, it is �0%,which I am sure you would rather be
without. If your present development continues, in 2025 you will be the world�s third largest
importer of oil after USAand China and you will be dependent on the Middle �ast.

Today a very large part of India�s electricity production is based on coal, so is Denmark�s. But
whereas Danish coal consumption is not particularly significant by international standards,
India is the world�s third largest consumer of coal.

I think it is also interesting that both Denmark and India are home to some of the major
windmill manufacturers��estas and Suzlon. As it happens, Suzlon has a fairly large
development department in Denmark.

�owever, although in some areas we are similar and face common challenges, we must admit
that the challenges facing India and other booming, emerging economies are very different
from those facing Denmark. So the solutions will also have to be different. Nevertheless,
despite the differences, I believe we can learn from each other�s experiences and I would now
like to share a couple of humble recommendations, based on our experiences in Denmark.

�ou will have to produce even more energy, if you are to guarantee your economic growth and a
good standard of living for your citizens. �ou will have to develop your electricity system to
meet the needs of approximately 400 million people, who do not yet have access to the
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electricity. �owever, despite the scale of the challenge, you have the advantage of being able to
draw on your own experience and that of others. In other words, you do not have to commit the
sins of the past.

If I was in your position, I would do everything to encourage energy saving and energy
efficiency. �nergy saving and energy efficiency will always be cheaper than building new
production capacity. I would also set high standards for electrical products, such as electric
bulbs, air-conditioning and household appliances, and make great demands on industry to
make their processes more efficient.

Another experience I can contribute from Denmark is that distributed local solutions can be
just as effective, cheap and flexible as systems dominated by large power stations. Small,
distributed electricity systems, in which electricity production is based on biomass, small solar
cells and small windmills, could may be provide a solution for the large areas of India, which
are not yet electrified.

Why should you construct expensive transmission lines to those areas that are not yet
electrified, when today�s technology can provide distributed systems�Local solutions could
also provide the means of developing employment in the area. For example, in Denmark we 
have several areas that aim at being based 100% on renewable energy, because it also creates
growth and work places for the area.

In India you are in the process of developing your nuclear energy supply and I know that
recently you entered into an important agreement with USA to exchange knowledge and
technology in this field. Without a doubt this is a step in the right direction. The development of
your nuclear power stations will be one of your best options for reducing your emission of
greenhouse gases.

Nonetheless, despite the development of nuclear energy, in future, most of the power stations
will also be based on coal. Therefore, it will be crucial, from both an economic and an
environmental point of view, to work hard to the running energy efficiency of these power
stations. I am aware that this is also the ambition of the Indian government in their 200�
Integrated �nergy Policy.

On this subject, I would also suggest that, in the future, you build combined heat and power
facilities. Whereas, in Denmark we use the surplus heat from heat and power production for
district heating, your option could be to convert the surplus heat to cooling for use in district 
cooling. Today district cooling is, without a doubt, a technological option and cooling based on
heat and power production is far more economic in terms of energy than traditional electric air-
conditioning.

My final recommendation is that you work heart and soul on the development and distribution
of electric cars. I am aware, and delighted, that TATA and R��A from Bangalore have both
developed their own electric cars. Besides the fact that electric cars are much more energy
efficient than traditional cars, their distribution will also play a vital role in the fight against
pollution in India�s cities. �lectric cars will also help reduce your oil imports. Further, I believe
there is no doubt that, in the future, electric cars will dominate the world�s motor vehicle
market. If Indian companies lead the way in this development, they will also get a large slice of
the future global car market.
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FFUTURE CLIMATE

As I mentioned before, the work of The Danish Society of �ngineers on developing a Danish
energy plan inspired us to start the project, �Future Climate �ngineering Solutions�. The
purpose of the project is to bring together engineering organisations from all over the world to
develop sustainable climate plans, based on the energy technology solutions of their own
countries.

Together we want to present a palette of innovative ideas and technologies, which will prove
that it is both technologically and economically possible to reduce the emission of greenhouse
gases to a sustainable level. It is our ambition to present the results of our work to the UN at the
Climate Summit in Copenhagen in December 2009.

In purely concrete terms, we have set ourselves the target of developing technology-based
climate plans, which show the possibility of reducing greenhouse gas emissions, so that the
world climate stabilises and the temperature does not exceed 2�C.

In addition to Denmark and India, the project includes��apan, Australia, Norway, Sweden,
Finland, �ermany, �ngland, Ireland and the USA. We started the project with a major
conference, followed by a Seminar in September. Now all the organisations have rolled up their
sleeves and are ready for work. In September next year each one of us will present a sustainable
climate plan at a final conference in Copenhagen. I look forward greatly to seeing the fruits of
our collective efforts.

A LACK OF ENGINEERS

As I have emphasised several times, we are faced with an enormous challenge in creating a
more sustainable energy system. The question is whether we have sufficient engineering
resources available.

We know many of the technologies, but most of them must be developed further and also
implemented. I am concerned that we, especially the O�CD countries, are going to experience
a lack of engineers to contribute to the development and implementation of new and better
energy technologies.

The lack of engineers is an enormous problem for the O�CD countries, who are going to lack
even more engineers in the future. The main reason is that fewer and fewer members of the
younger generation are choosing an engineering education. The problems are only exacerbated
by the small number of young people today, in contrast to the large number of people who are
about to retire.

This development is significant in Denmark, where 25% to 30% of our engineers will be
retiring in the course of the next �to 8 years, and where, in the same period, there will be a small
number of young people. Therefore, the Danish Society of �ngineers, together with the
government, public authorities, companies and educational institutions, are working to
encourage more young people to choose the engineering profession.

It will demand a lot of hard work. Therefore, I am delighted that, in the meantime, we have
succeeded in attracting a number of foreign engineers to Denmark.

Of course, many of these come from other �U countries, but approximately half of them come
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from countries outside the �U. In 200�approximately 1,400 engineers from non-�U countries
came to work Denmark and, of these, two-third of them (940) came from India. Indian
engineers find Denmark attractive, while Danish industry gets the benefits.

We, The Society of �ngineers are delighted with this influx, because it facilitates the creation
and development of competitive development environments and businesses in Denmark. Mind
you, at the same time, just as many Danish engineers find work abroad, so one could say that the
migration contributes to the creation of development, both for the individual engineer and for
our respective societies.

I also regard the association between our two organisations as an enormous benefit for our
�migrant members�, for whom both organisations will now be able to provide support, advice
and guidance.

But, at the end of the day, I continue to believe that we are facing a global problem in terms of
solving the world�s energy problems. We can point out the technical solutions, but the task is so
enormous, that it is going to take a focused and extraordinary effort to train those engineers who
can develop and implement them.

So, when we present our suggestions for a solution, I find it important that we also make our 
governments and authorities aware of the bottlenecks, where a lack of the right engineering
skills could easily represent.

CCONCLUSION

�lobal problems require global solutions. Although, broadly speaking, we know the
technological answers to the climate challenge, it will be political priorities, not just in one, but
in all the countries of the world, which will pave the way so that technology can do its proper
job.

It is our role as engineers to show politicians what technology can do. But, when all is said and
done, it is politicians who will create the conditions for the effective use of our solutions in the
struggle to create a better future for our planet. That is the goal of every single engineer.

Through projects like �Future Climate�we can show politicians all over the world that there are
solutions to problems, even global warming. But I also hope that the project will be an example
of how much we can achieve together, when we unite the skills of engineers from all over the
world. In Denmark there was once a popular advertising campaign for a telephone company. Its
slogan was, �Conversation encourages understanding.�I am of the same opinion.

We should, we must, converse much more with one another. I hope this new association
between I�I and The Danish Society will mean that we are going to have lots of discussions 
with one another. We can set an example for others.

We live today in a global world with enormous challenges, but also with possibilities. I believe
we can tackle these challenges, if we simply work together openly and honestly together. For as
long as both the will to make the changes and the competences to do so are present, then
everything is possible. And the engineers have always been known for both, and it is up to the
rest of the world to do the same.

Thank you very much for your attention.



Advancement of Engineering in India in New Millennium 193

th
2

3
In

d
ia

n
E

n
g

in
eerin

g
C

o
n

g
ress,

W
a
ra

n
ga

l,
D

ecem
b

er
1

1
-1

4
,

2
0

0
8

T
h

e
3
0
th

S
ir

R
N

M
o

o
k

erjee
M

em
o

rial
L

ectu
re

IICT and Inno�ation —
Ena�lers for Economic Transformation

S Ramadorai

Chief �xecutive Officer (C�O) & Managing Director (MD) 
Tata Consultancy Services (TCS) 

I travel far and wide in the course of my duties, but it not often that I get to see hidden treasures
as those at Warangal. This is my first visit to Warangal and I am truly amazed by what this town
has to offer. Obviously it takes more than a lifetime to discover India.

It is only befitting to host the 23rd Indian �ngineering Congress here, in Warangal, in
commemoration of the golden jubilee of the National Institute of Technology (NIT), Warangal.
Prof Rao, I would like to congratulate you on this occasion. I am honored to be invited amongst
intellectuals from the field of �ngineering, in a town that was once the seat of power, culture
and intellectual activity of the �akatiya Dynasty.

Warangal symbolizes an engineering feat that was accomplished centuries ago, when the entire

city was carved out from a single rock, lending it the name OOrugallu or EE�asila Nagaram �a

feat that even found a mention in the travel diaries of Marco Polo.

Since time immemorial, engineering accomplishments have had a profound influence on
societies and the advancement of civilization. �ngineering has a common language across the
world, and a common goal improving the quality of life. Organizations such as The Institution
of �ngineers play an important role in not only celebrating �ngineers but, more importantly,
bringing them together as a fraternity to collaborate with each other.

India ��Oppor tunities and Challenges

Never before in time has the world, and indeed India, required the services of this fraternity to
work on the challenges posed by our times�

Firstly, while our country has made great advances in the field of science and technology (our
nuclear capabilities and the recent launch of Chandrayaan bear testimony to this), we face a
challenging time at present due to the US recession. �owever, I believe that as a nation we have
reached a certain momentum of growth that will resume itself. Sectors such as IT, Power,
Infrastructure, Steel and Automotives will lead this growth. All of them are being forced to
transform themselves by the frenetic pace of market dynamics. These sectors need Change
Leaders that will bring in innovation and a new work culture.

Secondly, while the global ICT ecosystem is helping to build a more inclusive society, we still
face basic problems including poverty, illiteracy, low agricultural productivity, unemployment
and disease. India needs its best minds to address these problems.

Thirdly, at a global level, we have callously abused the abundant resources of the planet,
disturbing the delicate balance of nature. Nature is now fighting back. Collective action of
scientists, governments and engineers across the world is called for to address this issue.
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Addressing these three issues are the biggest challenges faced by the engineers today.
Fortunately, most engineers love challenges�in fact, they thrive on them. Today we are
empowered with new knowledge and new tools, including IT, which enable new solutions. The
scale and enormity of these challenges demands multi-stakeholder models involving IT
experts, domain experts, businesses and the government to come together in private-public
partnerships.

When it comes to private-public partnerships in the country, TCS has been leading the effort in
large transformational programs that impact the general public. We work with the �overnment
to implement these. TCS has helped metamorphose the working of the National Stock
�xchange and National Securities and Depositories ltd, to ease the worries of India�s
shareholders.

Over one crore people in Andhra Pradesh have benefitted through the National Rural
�mployment �uarantee Scheme. The Scheme guarantees 100 days of wage employment in a
year to every rural household across the country. TCS has provided an end-to-end IT solution
that integrates processes such as �nrolment of a Wage Seeker, Management of Funds and
SocialAuditing into a single framework, thus minimizing frauds.

The lives of entrepreneurs and businessmen in the country have been greatly eased by making
registration and other company related processes available online, via the MCA 21 project
implemented by TCS.

This model demonstrates that �overnment, technology experts and community development
staff can work together successfully.

SShor tage of Talent

All the private-public partnership projects I cited earlier are highly complex, are high tech and
impact a phenomenal number of Indians.As more such initiatives get under way, the effort will
require an enormous increase in the engineering workforce.

Corporate India is becoming professional�it is also eager to go global, in several industry
sectors. In the sunrise sectors, the scale and ambition of vision are very different from what
they were about a decade ago. As these sectors transform themselves, there is a golden
opportunity for professionals to lead this transformation, build world-class companies, and
create enduring value.Along with this are financial gains. The opportunities available in India,
together with the recession in the US, are in fact luring Indians working overseas back home, to
join Indian companies.

This pace of growth is not without challenges. Because organizations and the environment in
which they operate are changing fast, the chasm between the skills required and skills available
is widening rapidly. In the Power sector, for example, the total additional manpower required
for the 11th plan period is of the order of one million. In �Power �eneration�related projects the
requirement for entry level people is �,308but only 5,040 are available. The shortfall is about
31%.At senior levels the shortfall goes up to 34%.

There is a demand for 8,000 - 10,000 engineers in the embedded software and chip design
space, but the supply is just a third of that number. In telecom, the wireless segment, there is an
annual shortfall of 8,000 engineers. �ow will we as a nation address this shortfall�
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IIIT Bom�ay Study

To get a better handle on the problem by IIT Bombay undertook a study on the engineering
landscape in India. The study aimed to answer questions such as �

��as the engineering education system been able to provide, quantitatively and qualitatively,
the engineers required for the growth of the Indian economy�

��as it provided the research and development leadership required for our industry�

� In the context of globalization, is there a need to modify the higher engineering education 
system in India�

The study shows that against the sanctioned seats of �.5�lakh for Under �raduate �ngineering
education in India, only 2.3�lakh �ngineering degrees were awarded in 200�-08. This very 
clearly highlights the shortfall. In 200�,India awarded about 2.3�lakh �ngineering degrees,
20,000 �ngineering Masters degrees and 1000 �ngineering PhDs, which means a total of 2.58
lakh �ngineering degrees of all types. This is clearly not enough�The awarding of degrees is

also not evenly distributed across India. Five states �Tamil Nadu, Andhra Pradesh,

Maharashtra, �arnataka and �erala are said to account for almost �9%of the country�s
�ngineers.

It is estimated that about 30% of the fresh �ngineering graduates are unemployed even one
year after graduation�and this is even as many sectors complain of lack of talent. This clearly
points that there is definite scope to improve quality of �ngineering education.

Let us also look at the gender factor.At IIT Bombay, the percentage of women graduates to the
total is about 8% at the BTech level, 9% at the MTech level and about 1�%at the Doctoral level

including Science, �umanities and Management. Similar disparity exists among the faculty��

only about 10% of the IIT Bombay faculty comprises women.

�ender disparity in the �ngineering stream exists around the world, not just in India, and
special efforts are being made by institutions, �overnments and professional organizations to
rectify these. Some Indian states have provided incentives like free tuition for women studying
�ngineering.

Overall, the study rightly points out that India has the potential to be a leading research and
design hub in the world. For this, we need to have a mechanism to identify important areas and
disciplines that should grow, and develop policies and institutions accordingly.

Ne�Kind of Engineer

�lobalization has enabled a new place for India, the challenges facing our country are new, and
the market is highly dynamic and complex. In this scenario, the industry demands a new kind
of �ngineer.

Systems Thinking

This complexity demands a newwayof thinking�it requires a Systems Thinking approach to

macro level challenges and requires �ngineers to keep one eye on the big picture even as they
tackle specific tasks. Systems Thinking provides a conceptual framework that helps make full
patterns clearer and helps one to see how to modify these patterns more effectively. As Peter
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Senge says, it is a �discipline for seeing the whole�. This type of thinking is tricky to most of us
because we are taught to break problems apart, to fragment the world�This appears initially to
make complex tasks more manageable� but we pay a hidden price� we can no longer see the
consequences of our actions, and we lose our intrinsic sense of connection to a larger whole.
When we want to see the big picture, we try to reassemble the fragments and organize all the

pieces. The task is futile��similar to trying to reassemble the fragments of a broken mirror�

MMulti-disciplinaryApproach

Today�s �ngineers must also be able to view management activities through different lenses
and work with people from different disciplines and diverse fields such as business, banking
services and medicine. �ven the software development process can incorporate
complementary techniques from other disciplines such as accounting, product management, 
marketing, project management, economics, and organizational behavior.

Situations and problems we confront today demand composite responses and solutions. A
multi-disciplinary approach involves absorbing from multiple disciplines to define and apply
new ways of understanding complex situations.

The great advances of recent times ��nano devices, telecommunication communications and

genetic engineering ��affirm that these come about from people who understand engineering

systems as a whole.

Innovation-led Growth

India�s future growth will be driven not by cost but by innovation ��innovation in terms of

product offerings, process efficiency, value engineering and cost reduction. This has resulted
in areas such as engineering design and product development becoming a focus. An example
of how India is demonstrating its innovation capabilities is the work of Computational
Research Laboratories, a Tata �roup company in the Supercomputing arena. �ou may have
heard about the 1�0Terraflop supercomputer ��A, Asia�s fastest and till recently the 4th
fastest supercomputer in the World, built indigenously in the city of Pune.

An interesting innovation has been achieved in the architecture of this supercomputer.
Normally, rows of computer racks have alternating hot and cold aisles, cold air seeps through
perforations through the floor, cooling the blades and coming out as hot air through the hot
aisles. In the case of ��A, the racks were arranged in a circle with another concentric circle 
arrangement for coolers which blow cool air directly onto the blades and into the center. The
resultant hot air is sucked out from the ceiling. This way the cooling is far more efficient, uses
less power and the winning point is that the whole set up could fit into a 4000 sq ft area. Simple,
but ingenious�

The creation of the TATANano, a great feat of engineering, was possible because conventional
wisdom was challenged. Similar handles and mechanisms for the left and right-side doors�a
small engine which could sit under the rear seat enabling a smaller overall package�putting the
instrument cluster in the middle, not in front of the driver all of these are innovations that are
low-cost and future-oriented.

The Chandrayaan at 3�0Crore Rupees is the world�s cheapest Moon Mission. Its success is
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also a testament to the importance of innovation and planning in the success of low-gestation
�drawing board-to- deployment�projects.

All of these signal the era of Innovation in Indian engineering�they also have had the world look
at us with renewed respect.

TTCS��Addressing De�elopmental Challenges

�ven as we reach for the moon, there are millions here on earth for whom basic needs are
elusive. No country can afford a skewed growth. If India has to achieve a �-8% sustained
growth, it needs not just Corporate India but the rural sector, the agricultural sector to grow as
well.

It is these areas that badly need �ngineering talent. The �overnment, we and all of us together
have to find ways to make it an attractive option for �ngineers to take up these challenges.

At TCS, we have participated in nation building and large scale developmental projects right 
from our inception 40 years ago. Our technology expertise is used to live up to the values and
commitment of the larger goals of our business.

�ven as we worked with the top banks across the world, we realized that India�s rural population
of almost over �00million is heavily �under- banked�. The urban model would not work here.
So TCS built a prototype model for extending banking services to rural segments at a minimal
cost. Proving that banking can be conducted without a brick and mortar branch, agents are
provided with a handheld device to carry out the transactions at the field. Smart Cards were
issued to-unbanked customers and agents. These smart cards would store all the demographic
details of the customer and financial accounts like Loan, Deposit etc. Fingerprint would be used
for user authentication. This is a good example of an innovative solution arising out of
deprivation.

Last week I was speaking at the United Nations�Internet �overnance Forum in �yderabad,
where world leaders discussed how Internet Technologies should become more accessible to 
embrace the next billion new users, including their availability in local languages.

�quity of access to technologies is on the global agenda, and for developing countries this is a
great opportunity which is yet to be exploited.

�ealth is an area of great concern especially in the rural areas. Capitalizing on the power of the
Internet, TCS has created one of the web�s largest Tele�ealth portals. The portal completed
more than 2�,000Tele consultations and currently stores more than 45,000 Medical records
online. The site is used by more than 40,000 unique visitors each month. �owever, this is not
enough� Such initiatives need to be replicated and scaled up in every state until every remote 
corner of the country is covered.

The agricultural sector is another area that has not benefitted enough from technology. We at 
TCS are using the expertise gained from working with Telecom global giants in implementing a
project called M�rishi which means �mobile farmers�. We are using the mobile technology to
improve farmers�access to agriculture expertise including soil sensors and automatic weather
stations, �overnment schemes and market knowledge, in the process demonstrating
improvement in productivity and efficiency of farming operations. The software, in a local
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Indian language, is used by the farmer through easily affordable mobile phones. This project 
has been recognized as one of this year�s most innovative use of technologies by the Wall Street
�ournal.

The dichotomy within India is, in fact, a large opportunity waiting to be exploited by �ngineers.
The approach needs to envelope both the mind and the heart. While the problems are old, the
solutions can be new and path breaking and must exploit technology.

The mind and heart approach has seen some unusual results. The last thing you would expect
from an IT company is to devise a low cost water filter using rice husk that costs fewer than 100
rupees. This was the result of the enthusiasm and passion of scientists at TCS�TRDDC in Pune.
Today, the filter program is jointly undertaken by TCS, Tata chemicals and Tata Sons and the
team is working on the use of nano silver coated rice husk ash as a filtration medium. This
cutting edge technology has helped produce an inexpensive but essential utility for the masses.
When commercialized, this will help meet the need ofover�lakh villages for safe drinking
water.

CClimate��The Glo�al Challenge

One challenge that extends beyond the Indian shores is that of climate change. The �imalayas
and North Pole glaciers are melting and according to experts, parts of cities such as New
Orleans, countries like Mauritius and my own city, Mumbai, may no longer exist a few decades
from now. The threat is real and we are all directly or indirectly affected by changes in
availability of energy, power and water and are thus responsible for them.

This is an area which calls for engineering talent in capacity building and innovation in eco
efficient and less polluting outcomes in the practice of engineering. �ngineers must plan,
design and construct infrastructure and systems keeping this in mind. They must develop and
adapt technologies to reduce emission. Whatever we do now will have long lead times and the
effects will be seen only decades later, but we must act now.

Businesses too have realized their responsibility towards this cause. The �triple bottom line�
which includes environmental and social performance, is rapidly gaining recognition as a
framework for measuring business performance. It�s not just about stacking UP your revenues,
it�s also about stacking DOWN your carbon footprint�

In my industry, greening of IT involves practices such as energy efficient hardware, hosted
architecture and data center virtualization. �irtualization, as you may already know, refers to 
many computers performing as one. It may also include making a single physical resource such
as a server, an operating system, an application, or storage device appear to function as multiple
virtual resources. This leads to significant cost savings and optimizes resource utilization and
can improve power efficiency to about 98% from the 80% that exists today.

At TCS we take �reen IT seriously and are working towards a zero carbon footprint in the next
10years. We have �reen Building Initiatives for 3 new centers in India, waste water treatment
and rain water harvesting at our facilities. With tropical temperatures that we enjoy, in several
centers solar energy is used in the kitchens. As a result 22 Delivery Centers have been ISO
14001 �2004 certified
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CConclusion

I am sure the Institution of �ngineers would already be addressing many of the issues, through
a variety of technical activities and functions. I am also sure that Climate, �nergy,
�nvironment, �ducation, Communications, Digital Divide, Transportation, Agriculture,
Robotics are all areas where you are drawing focus.

�owever, one responsibility that rests with all of us is to ensure that the best minds enter this
field in the future. �our institution has the power to propagate to young professionals the need
for a new mind set for future engineers.

For school going students, we must pose future challenges that will inspire them to take up this
profession. We must attract their attention and then excite their interests by identifying
rewarding future opportunities in the field of engineering. Igniting curiosity and expanding
their learning horizons is what our schools should do.

The hunger for knowledge, the habit of questioning, the passion for doing things, the
exponential benefits of collaboration, a multi-disciplinary mind set achieved by inculcating
varied reading habits combined with a social consciousness is whatthis country needs from its
�ngineers.

We are living in the hyperspace of four dimensional space consisting of Science, Technology,
�conomics and Society. There is a very integral link among these four which needs to be
promoted consciously. Society uses Technology for promoting Wealth and �conomy.
�ngineering is the practice of technology and it is through technology Science flows. So, this
kind of link is to be very consciously built by �ngineers and Scientists, working together. The
technologies that need to be developed should address such �sues like poverty, pollution,
illiteracy, congestion in urban areas etc. TCS designed and developed an internationally
recognized �Adult Literacy Program�. Its development has taken into account cognitive and
linguistic principles, cutting-edge software technologies and some standard hardware
platforms. Similarly, it is not low technology but cutting edge high-technologies that are going
into making simple utilities that addresses needs of the rural people.

In India, due to our size, diversity and complexity, we do not have to go looking around for
challenges� these are in plenty. We just have to look around and we will find something that 
needs improvement. We also have great minds and great thinkers. We just have to find ways to
bring these together.

It is your fraternity that will determine the India of the future and its role on the �lobal Stage.
The l�I as a respected opinion leader can lead the way in inspiring and enthusing the
community towards the field, influence the �overnment and academia to enhance quality of
education and mould young professionals to industry needs.

The world�s eyes are upon us, India has the opportunity to become a superpower and we all
owe it to ourselves to take responsibility for it.

Thank you
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SSelf-reliance In  Emerging
 Defence Technologies

Lt Gen A K S Chandele� AVSM

Director �eneral, �lectronics and Mechanical �ngineering, 
Integrated �eadquarters of  Ministry of Defence (Army), �overnment of India

INTRODUCTION

To provide national security, the Indian military must be able to dominate the complete range
of military operations. �ey to achieving this full spectrum dominance, will be the ability of
defence forces to acquire technologies that enable it. Technological superiority being the
decisive factor in future battles, it is imperative to build indigenous technological capabilities
relevant to specific requirements. It is becoming increasingly important for a country like India
to be able to exercise its own independent foreign policy in the interest of its national security.
This can be achieved only through a sustained effort to technological self-reliance that would
not only enable the country to have an independent techno-military strategy for defence but
also provide the nation with the vital techno- economic strength.

In the complex matrix of achieving self-reliance, the role of Defence R&D is to provide the
�Critical Technologies�for defence needs and to build the �Core Competence�for enriching the
technology base in the country. An effective long term �Self- reliance�, implementation plan
therefore must advocate selective investments in �Critical Technologies�that would help in
realising the self-reliance objectives specific to national needs.

The development of technologies in line with a comprehensive and realistic security doctrine
could radically alter our entire strategic and tactical vision, not only on the conventional and
sub-conventional battlefield, but in every aspect of the national enterprise.

TECHNOLOGY FORECASTING

Technology forecasting enables to identify the likely opportunities and threats and to develop a
technological roadmap for the future. Technology forecasting is now getting importance in
India due to the structural reforms introduced in our economic system with a view to create a
market driven economy. Technology forecasting is used for the purpose of scanning the
technological environment, anticipating emerging technological changes and identifying
suitable technologies by evaluating various alternatives.

To enable the military to meet the challenges of future battlefield, we need to initiate research
and development in some of the emerging technologies like Nanotechnology, Directed �nergy
Weapons, Smart Munitions, Biomimetics, Micro-�lectro Mechanical System / Micro-Opto-
�lectro-Mechanical System,Artificial Intelligence andArmour Materials.

NANOTECHNOLOGY
– 9Nanotechnology is the miniaturization of technology to one billionth of a metre (10 m), to 

design and manufacture intelligent miniature machines, programmed to perform specific
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tasks. The reduction of size into the nanometre area often results in characteristic properties of
substances and materials undergoing changes which can be exploited for new applications.
Nanotechnology, the science of designing microscopic structures in which materials are
machined and controlled atom by atom, has the potential to produce further miniaturization of
weapons. The use of nanotechnology in defence equipment opens up ways to improve the
weapons, innovative materials and new application areas.

In vehicles and aircraft, conventional structural materials could be replaced by more rigid and
lighter materials. Improvements could also be achieved in direct (armour) and indirect
protection for military vehicles (camouflage through colour changes with �intelligent�surface
coatings). Important impact of nanotechnology can also be expected in the conversion and
storage of energy, ie, suitable membranes and catalysts for operating fuel cells, and enhanced
battery performance. There are many possible applications in military reconnaissance based on
the use of nanotechnology components in sensors, sensor systems and sensor networks.
Weapons and munitions are also being directly affected by the improved sensory capabilities,
enhanced computing power and storage capacity due to nanotechnology. Another option is the
development of nano scale powders for the use in propellants and explosives, enhancing the
energy yield and speed of explosion. The impact of nanotechnology is expected to be greater
than the combined influences that the silicon integrated circuit, medical imaging, computer
aided engineering and man made polymers have led in this century.

BBIOMIMETICS

Biomimetics (imitate life) is an inter-disciplinary effort aimed at understanding biological
principles and then applying them to improve existing technology. This process can mean
changing a design to match a biological pattern or actually using biological materials such as
proteins, to improve performance. The scope of biomimetics appear to vary widely depending
upon the specialized discipline of the investigator. �lectronic companies are supporting
biomimetic research with a view to learn the way biological systems process information.
Material scientists view biomimetics as a tool for learning to synthesise materials under
ambient conditions and with least pollution to the environment. �ngineers attempt to explore
the relationship between structure and function in natural systems with a view to achieve
analogous synthetic design and manufacture.

Another interesting case of learning to design from nature pertains to characteristic feature of
fish, which has the ability to accelerate very fast, has low turning radius of only about 10%-30%
of its body length, high velocity and the conservation of energy during a dive to lower levels.
The tail of the fish pushes the water backwards and creates a column of moving fluid called a
�jet�. The jet includes the vortices and derives its propulsive efficiency which is about 8�%.In
contrast, the propeller driven under-water ships reaches an efficiency of only 40%. It is the
body of the fish, rather than the tail, that creates the strongest vortices. Based on these
observations, a swimming machine with a flapping tail has been constructed and submarines
and boats with a flapping tail are likely to be seen soon.

Sensors capable of detecting electro magnetic radiation across the spectrum from the infrared
through the visible and into the ultraviolet regions have become integral part of military
weapon system. There are biological systems possessing sensing capabilities unmatched by
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current technologies. The infrared sensitive beetle (Melanophila acuminate) is attracted by fire
and smoke from 50 km away. The forest fires emit infrared radiation that the beetle detects
through a specialized infrared sensor known as the infrared pit organ or infrared sensilla. By 
understanding the mechanism and the biological process involved in this infrared sensor, one
could develop new and improved materials and sensors for various applications.

AARTIFICIAL INTELLIGENCE

Artificial intelligence (AI) is the capability of a machine to imitate intelligent human
behaviour. The conventional AI includes methods such as expert systems, case based
reasoning and Bayesian networks. �xpert systems process large amount of information and
provide conclusions. Case based reasoning is the process of solving new problems based on the
solutions of similar past problems. It has been argued that case based reasoning is not only a 
powerful method for computer reasoning, but also a pervasive behaviour in everyday human
problem solving.

Bayesian networks are used for modelling knowledge in medicine, engineering, image
processing, data fusion and decision support systems. The military application of AI includes
target extraction in images (pattern recognition), identification friend and foe, multilayer
neural networks, testing of intelligent systems, and autonomous robotic systems.

Use ofAr tificial Intelligence for Decision Ma�ing

Increasing amount of information available from surveillance, reconnaissance and target
acquisition systems makes it a near impossible task to collect and analyse. This job has to be
done by a computer. Computers are becoming more and more capable of making decisions of
which weapons to select and when to fire them. The concept of using computers for making
important decisions has been on the anvil for a long time. Neural cells are being utilised to
make smart decisions whether they are for force structuring, adopting the most suitable
doctrine or form of warfare.

DIRECTED ENERGYWEAPONS

Directed energy weapons have very useful capabilities in the battlefield. Charged or neutral
particles can travel close to the speed of light in vacuum, but travelling through air slows them
down to about 1000 km/s. A highly directional beam should be able to pick up and destroy a
single enemy target without damaging friendly forces nearby.

The function of a directed energy class of weapon is to place on target, sufficient energy to
inflict lethal damage or at least disable some critical component of the target. Laser directed 
energy weapon thus has two levels of applications, one for �lectro-Optic-Counter Measures 
(�OCM) where relatively low energy laser is used to disable hostile sensors or front-end
optics. The other is the use of high power laser for direct structural damage to attacking enemy
platform or weapon systems. A high-energy laser sweeping across the battlefield could be a
potent psychological weapon, particularly when inflammable materials catch fire. It may be
militarily useful against soldiers with little protective clothing. Attack on battlefield sensors
with modest-power laser beams, cause them to lose track of what they were observing.

Ahigh-energy laser takes somewhere from a second to several seconds to do enough damage to
�kill�a target, though actual times are classified and will depend on the type of target. An
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intense charged particle beam could do the job in a single short pulse. There are many types of
physical or mechanical damage that could be lethal to a military target. Missiles and aircraft
could be destroyed by rupturing fuel tanks and causing explosions, and enabling some critical
components to malfunction. As the intensities needed to cause mechanical damage are much 
higher, the requirement of making such high power lasers battlefield worthy is of importance.

The Tactical �igh �nergy Weapon is a high-energy laser weapon system that uses proven laser
beam generation technologies, proven beam-pointing technologies, existing sensors and
communication networks to provide a new active defence capability in counter air missions. It
can provide an innovative solution not offered by other systems or technologies for the
acquisition and close-in engagement problems associated with short-to medium-range threats,
thereby significantly enhancing coverage of combat forces and theatre-levels assets.

MMEMS�MOMS

Micro-�lectro-Mechanical System (M�MS) includes mechanical and electrical elements that
convert one form of energy into another, operating by transduction. The transducer is a device
that is actuated by energy of one form and supplies energy of another form. Transducers
encompass both sensors and actuators. Micro- electro mechanical devices are made of
extremely small parts or microchips. This miniature device comprises mechanical elements,
activators and electronics on a common silicon substrate, which is fabricated using micro
systems technology. Micro sensor converts a non-electrical quantity, for example, pressure,
temperature, gas concentration or magnetic phenomenon, into an electrical signal. Actuator
converts electrical signal back into non-electrical quantity.

Micro-Opto-�lectro-Mechanical System (MOMS) overcomes challenges posed by M�MS, it
offers higher bandwidth, lower cost, smaller size and an easier integration. M�MS pressure
sensors and accelerometers are being used for missile applications, rate gyro�s, and measuring
exhaust emissions.

BATS AND NANOBOTS �ROBOTS IN COMBAT�

Talking about robots in combat, such a robot, the PackBot – was actually deployed in Iraq and
Afghanistan. It entered caves, scouting around and reporting to human operators using
wearable computers. In the future, its role could accommodate combat duties and such robots
could be loaded with explosives to blow up locations not accessible to soldiers. Thanks to its
802.11b connection, the PackBot can also be operated over the internet, allowing remote
operations. Another DARPA (Defence Advanced Research Projects Agency) funded project, 
dubbed the �igh Mobility Tactical Microrobot (�MTM), is in the work. Weighing just 2 kg, it
is being designed for surveillance and reconnaissance. The �MTM has a camera on top of a
periscope to look around corners, in addition to an inbuilt homing device that will work even if
its 802.11b connection breaks.

SMART DUST

Smart dust can help reduce casualties, which was a primary goal during the Iraq war. The
central idea is to replace people with machines that could gather intelligence. In Iraq, the US
military used smart robots and small UA�s to reduce danger to personnel. Another DARPA-
supported technology, called �Smart Dust�, could possibly reduce casualties and gather
information even more effectively.
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Smart dust is an �autonomous sensing and communications device in a cubic millimetre�
package. A millimetre has not yet been achieved, but the goal is to package a light sensor,
power supply and circuitry, a communication device, and a programmable processor into a
small space. On achieving the desired apparatus, a plane can �spray�smart dust over a conflict
area. The specks would be light enough to stay afloat and monitor the movement of enemy
troops, or perhaps the presence of biological or chemical weapons. In a recent test, a smart dust
researcher controlled a drone about 20 cm long flew at 100 kmph for 18 min, carrying a camera
that sent live feeds back to headquarters�

SSMART MUNITIONS

Smart ammunition is the one, which, after being fired, can be controlled to a certain extent,
towards the terminal part of its trajectory, incorporating homing system, guidance system and
target seekers. The sensor fuzed ammunition has fixed intelligent sensor which identifies a
target and fires a projectile towards it.

The sensor used in this ammunition is a millimetric wave radar in which millimetric wave
frequencies of 35-94 ��z are able to penetrate poor weather conditions and battlefield smoke
to give high target signature resolution. The infrared detector sensor identifies targets through
their hot spots  and creates an image. Targets can be perceived through adverse weather and 
smog. The dual mode seeker sensor is potentially more cost effective due to its lower false
alarm rate and increased tolerance to counter measures.

The brilliant munitions employ multi sensors and have many steerable surfaces. Owing to their
bulk, these are delivered as sub-munitions by large caliber guns (203 mm) or by rockets. These
sub-munitions autonomously seek targets with freedom of flight direction enabling it to locate
targets within a large radius of the dispensing point. Also, these munitions provide first round
hit against a universal target set including hot and cold, stationery and moving, and hard or soft
targets.

ARMOUR MATERIALS

The armour materials presently in use and under development are steel armour, aluminium
armour, titanium armour, composities and ceramics. The synergistic combination of
aluminium armour with outer layers of hard steel has been adopted to provide greater
protection than that afforded by a single type of armour. Where space allows, the effectiveness
of aluminium steel combination can be further increased by separating the two armour layers
by an air gap. As an alternative to steel, there is also possibility of combining aluminium
armour with plates of titanium. The ballistic performance of titanium and the prospects of its
cost coming down have encouraged its greater use particularly as hard outer layer over softer
aluminium armour structures.

Ceramics are ballistically effective because of their hardness, which is considerably greater
than any other material, and also they are lighter than steel. Titanium diboride will serve as
protection against projectiles of the future having cores of tungsten cobalt composites.
Flexible ceramic armour, consists of small ceramic spheres embedded in an electrometric
matrix. The damage in this kind of armour would be confined to a relatively small area instead
of spreading across, which enables the armour based on them to withstand multiple closely
spaced hits.
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WWAY AHEAD

Research organizations must take initiative in developing these emerging technologies
required by army. Memorandum of understanding and agreements in the field of defence
technologies must be undertaken with major foreign partners. The technologies developed by
research agencies should be transferred to industry for production.

Where ever it is technologically feasible and economically viable, effort should be made to
locate and develop broad based indigenous supply sources both in public sector as well as the
civil trade for sophisticated and complex equipment. A significant change should be brought 
out in the role of private sector/ civil trade in the field of indigenisation, ie, from the role of
supplier of raw materials, components, and sub-systems, they should become partners in
manufacture of complete defence equipment/ systems. The defence industry sector, which was
so far reserved for the public sector, has now been opened up for participation by the Indian
private sector. The Indian companies are now eligible to apply for license to set up defence
industry for manufacture of all types of defence equipment. There is also a need for a major
overhaul to convert the defence PSU�s into unprotected competitive entities to succeed in the
new environment of economic reforms and open market competition. The self-reliance in
critical technologies should be a �National Mission�for a country like India, with co-ordinated
efforts at national level and commitment from R&D organizations in the country.

Technology change will revolutionize warfare in this century and India cannot remain a mute
spectator to this syndrome. The fact remains that countries that can expertise emerging
technologies and synergise the same with the innovative operational doctrines and
organizational adoption could achieve far high levels of relative military effectiveness.
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BBackground

India recognized the potential of space science and technology for the socio-economic
development of the society during the early days of space era and embarked upon development
of an ambitious space programme. Over the last three decades, India has achieved significant
progress in design, development and operation of space systems, as well as in using the systems
for societal applications like telecommunication, television broadcasting, meteorology,
disaster warning and natural resources survey and management. The Indian space programme
has become largely self-reliant with capability to design, build and launch its own satellites
using indigenously designed and developed launch vehicles, for providing space services to the
country.

The state of maturity of spacecraft development at ISRO has been amply demonstrated with
launch and maintenance of a series of remote sensing satellites in low earth polar orbit and
communication satellites in geostationary orbit. Launch vehicle PSLV has been
operationalized through successful demonstration of a series of flights to place spacecraft in
low earth polar orbit. The GSLV had three successful flights to place communication satellites
in geostationary orbit. The capability of PSLV to place a satellite in geostationary orbit was
demonstrated in 2002 when meteorological satellite, KALPANA-1 was launched. With these
developments, ISRO is in a position to embark on newer missions. Lunar and interplanetary
explorations provide such an opportunity. While managing the present there is a need to invent
the future.

In the new millenium international scientific community has considered several exciting
missions in space science and exploration. These have the prospect of expanding horizons of
our knowledge effectively and will provide benefits to the human society at large. In the Indian
context, one of the initiatives, which attracted debates and excited the imagination of a large
number of people, was the possibility of launching a lunar mission through an Indian launcher.
Groups of national scientists and technologists debated this in various fora under the aegis of
Indian Academy of Sciences as well as Astronautical Society of India (ASI). Based on these
interactions, and further study conducted by a National task team, the Chandrayaan-1 mission
came into being, a mission where science and engineering teams needed to work seamlessly to
realize the objective.

Mission Objectives

The overall objectives of the mission are summarized as

��Design, develop and launch a spacecraft in a lunar polar orbit using Indian launch vehicle.

��Develop expertise for planning and execution of mission and ground systems for sending
spacecraft beyond the orbit around the earth for future planetary exploration missions.

��High resolution imaging and chemical and mineralogical mapping of lunar surface to
understand the process of formation and chemical evolution of the moon.

M.Annadurai
Project Director, Chandrayaan-1 and 2,

ISRO Satellite Centre, Bangalore

Science and Engineer ing:
Chandrayaan-1 Exper ience
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�Systematic topographic mapping of the whole surface of the moon.

�To establish capability of planetary data analysis and also data archival and dissemination.

�To create expertise in development of detectors and sensor technology for planetary
remote sensing for future planetary exploration programme.

�To enhance India�s image in the international scene by being part of a select group having
capability to observe planets directly.

SScientific Payloads

Chandrayaan-1 carried the following science instruments developed by ISRO to achieve the 
science objectives,

�Terrain mapping stereo camera (T�C) in the panchromatic band, having �m spatial
resolution ( size of the smallest object that can be seen ) and 20 km swath ( width of the
picture).

�A hyper-spectral camera (HySI) operating in �00-�00nmband with a spectral resolution
of 1�nmand spatial resolution of �0mwith a swath of 20km producing data in ��spectral
bands ( colors )

�Alaser ranging instrument (LLRI) with height resolution of about 10m.

�A low energy (1-10keV) �-ray spectrometer (L��) for measuring the fluorescent �-rays
emanating from the lunar surface having a foot print of approximately 20km. This
instrument was realized as a joint effort by ISRO and Rutherford Appelton Laboratory,
�K

�A high energy �-ray (�0-2�0keV) mapping (H��) employing Cd�nTe solid state
detector with CSI anti-coincidence system having a foot print of approximately �0kmto
identify degassing faults or zones on the moon by mapping Rn�222�and its radioactive
daughter Pb�210�. This will enable us to understand the transport of volatiles on the
moon.

�A �oon Impact Probe (�IP) to be released to impact the �oon�s surface during the
�ission. �IP in turn carries three instruments, a mass spectrometer, a C- band altimeter
and a video camera.

Apart from the five payloads (T�C, HySI, LLRI, L�� and H��) and �IP discussed, five
additional instruments under international collaboration were accommodated in
Chandrayaan-1. They are,

��iniature Imaging Radar Instrument (�ini-SAR) fromApplied Physics Laboratory �SA
supported by NASA.

�Sub KeVAtom Reflecting Analyser (SARA) from IR�, Sweden, �A�A, �apan supported
by �SAand VSSC, ISRO.

��oon �ineralogy �apper (�-�) from �et Propulsion Laboratory and Brown �niversity,
�SA, supported by NASA

�Infra Red Spectrometer-2 ( SIR-2) from �ax Plank Institute , Germany, supported by
�SA

�Radiation Dose �onitor (RADO�), BulgarianAcademy of Science, Bulgaria.

Table 1 provides the summary of Chandrayaan-1 scientific instruments, their configuration
and objectives.

208 Advancement of Engineering in India in New Millennium
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TTable 1 Chandrayaan-1 scientific instruments and their  configurations

Payload Sensor Wavelength/ Spatial Objective
Configuration Energy Range Resolution

Hyperspectral Wedge filter � 0.�-0.�� micrometer �0 m �ineral
imager silicon detector with 1� nanometer mapping
(HySI) array  resolution

Infra red Grating 0.�0-2.� micrometer 100 m �ineral
Spectrometer spectrometer  mapping

(SIR-2)

�oon �inera Grating spectrometer 0.� - �.0 micrometer �0 m �ineral mapping
�apper  and HgCdTe  with 10 nanometer and resource 
(�-�) detector resolution identification

Terrain �apping Three stereo Panchromatic � m Topographic
Camera cameras using mapping
(T�C) silicon detector array.

Laser Ranging Pulsed Nd-�ag 10�� nm 10 m Topography
(LLRI)  laser with ( height)

optical system

�-ray �luorescence Swept 1-10 keV 20 km Chemical
 Spectrometer charged CCD mapping

(L��) (�g-�e)

Solar �-ray Si pin diode 2-10 keV � Solar �-ray
�onitor spectrum
(�S�)

High energy �-ray Cd�nTe 20-2�0 keV �0 km Th, Pb�210�
Spectrometer detector

(H��)

Synthetic Radar, 2.� Ghz 100 m Soil topography,
Aperture Radar scatterometer altimetery,

(mini SAR) And altimeter detection of
   Polar ice

Sub keV neutral �ass spectrometer 10ev - 2keV 100 m Atmospheric
Atom analyzer and solar neutrals (H-�e)

(SARA)  wind monitor composition,
magnetic

Anomalies.

Radiation Si semi- � � keV � Radiation
Dose �onitor conductor dose

(RADO�)

Advancement of Engineering in India in New Millennium 209
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TThe Spacecraft and Launch Vehicle

Spacecraft for lunar mission had a judicious mix of the technologies of remote sensing
satellites and communication satellites.

PSLV with enhanced performance was chosen for the Chandrayaan-1 mission to place the
spacecraft in 2�0km 22,��0kmorbit around earth. ��0N li�uid fuel motor similar to that
used in INSAT series of satellites was used for further orbit raising. The spacecraft was
cuboids in shape of approximately 1.�0mside, weighing about �2�kgat lunar orbit. The
spacecraft structure used in Kalpana satellite was adopted with minor modifications for
extending the thrust cylinder and incorporating an upper payload deck to accommodate �IP
and few other scientific instruments. The high gain antenna used for downloading the scientific
data to the Indian Deep Space Network (IDSN) was a dual gimbaled system.

The spacecraft was three-axis stabilized. The orientation of the spacecraft orbit was precisely
determined using star trackers and gyroscopes. Chandrayaan-1 had a canted (inclined) solar
array to maximize the solar power for the orbit around the moon, which was inertially fixed. It
generated about ��0Wof peak power and was supported by Li-Ion batteries for eclipse
operations. The spacecraft carried a bipropellant propulsion system to carry it from �PO
through lunar orbit, including orbit and attitude (direction) maintenance in lunar orbit. The
propulsion  system carried re�uired propellant for a mission life of two years, with ade�uate
margin. The TTC (Telemetry, Command and Tracking) system used microwave in the S-band
and the scientific payload data transmission in �-band. �igure 1 provides the spacecraft
configuration with payloads. �igure 2 gives the configuration of the polar satellite launch
vehicle with its capability.

Figure 1 Chandrayaan-1 spacecraft configuration with payloads
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TThe Mission Sequence

Chandrayaan-1 was launched by PSLV- �L, a variant of flight proven PSLV, from Satish
Dawan Space Centre, SDSC- SHAR. The spacecraft was injected into 2�0km 22,��0km
orbit. After separation from the launcher solar panel was deployed. The spacecraft was raised
to moon rendezvous orbit by five consecutive in-plane maneuvers at the perigee (closest
location to the earth) to achieve the re�uired ���,�00kmapogee. After the fifth perigee burn,
the achieved lunar transfer trajectory (LTT) orbit was computed using tracking data received
by the IDSN and a mid-course correction was imparted 2�h after the last perigee burn. The 
spacecraft coasted for about five days in this trajectory prior to the lunar encounter. During the
coasting phase the spacecraft was staying mostly in the sun-pointed mode and at the same time
ensuring good communication link to ground. The major maneuver of the mission, called lunar
orbit insertion (LOI) leading to lunar capture, was carried out at the peri-selene (nearest point
to the moon) part of the trajectory. The maneuver ensured successful lunar capture in a polar 
elliptical orbit of �00km ��00kmorbit around the moon.After successful capture and health
checks, the altitude was lowered through a series of in-plane corrections to 100 km near
circular orbit. �igure �details Chandrayaan-1 �ission Se�uence from launch to final orbit
ac�uisition. The failures of others were studied in detail so that we did not repeat the same
mistakes.

Payload Commisioning

�oon impact probe was released on 1� Nov 200�.All the three instruments of �IP, namely,
video camera, altimeter and the mass spectrometer have provided good data. Subse�uently all
other instruments of Chandrayaan-1 were commissioned one by one as �

RADO� � 2�Oct 200�, one day after launch.

T�C � 1�Nov 200�( in the moon orbit)

�IP � 1�Nov 200�

HySi � 1�Nov 200�

LLRI � 1�Nov 200�

Figure 2 PSLV-XL and its payload capability

Lift off mass ��1�t
Payload lift off capability
�SSPO � 1��0kgs
�GTO � 11�0kgs
��PO � 1�20kgs

(2�0km x 22��0km)
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FFigure 3 Chandrayaan-1 mission sequence

IO
�BO-1 �BO-2

�BO-� �BO-�

�BO-�(LTT)

OLO
LO-�
LO-�

LO-2

ILO

IO � Initial (�arth) Orbit � 2�� km 22,��0 km ILO (Initial Lunar Orbit) � �0� km ��02 km
�BO � �arth Bound Orbit LO � Lunar Orbit
�BO-1� apogee at ��,�00 km LO-2� 200 km  ��02 km
�BO-2� apogee at ��,�1� km LO-�� 1�2 km  2�� km
�BO-�� apogee at 1��,�00 km LO-�� 1�2 km 100 km
�BO-�� apogee at 2��,000 km OLO (Operational Lunar Orbit)� 100 km 100 km
�BO-� (LTT-Lunar Transfer Trajectory) � apogee at ��0,000 km

�� � 1�Nov 200�

SIR-2 � 1�Nov 200�

�iniSAR � 1�Nov 200�

CI�S � 20 Nov 200�

H�� � �Dec 200�

SARA � �Dec 200�(low voltage commisioning)

All the instruments functioned satisfactorily. �igure �shows for the initial data of some of the
instruments.

FFigure 4a. The close up pictures of the
moon's sur face taken by Moon Impact Probe
(MIP) on November 14, 2008 as it
appr oached it after separ at ing fr om
Chandrayaan-1 spacecraft, these pictures
are reproduced as received.

Figure 4b. the picture of moon's sur face
taken from lunar orbit by Chandrayaan-1
spacecr aft ' s Ter r ain Mapping Camer a
(TMC) on November 15, 2008 . The br ight
ter rain on the lower left is the r im of 117 km
wide Moretus crater.
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FFigure 4d. CIXS - fir st lunar spectrum
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-1Perigee region. Doses fall down to minimal values of 1-2 Gy.h

Chandrayaan-1, RADO�
22 October 200�

Perigee � 2�� km� Apogee � 22�00 km

Apogee Outer (electron) 
radiation belt (apogee). 

-1Doses reach �0000 Gy.h
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-1to values of ��0 Gy.h
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-2 1When D���1 nGy.cm .part
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-2 1When D���1 nGy.cm .part
mainly electron population

FFigure 4c. RADOM data
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FFigure 4e. Lunar crater let (BARROW H)
imaged by Chandrayaan-1 HySI camera (64
Bands) on 16 Nov. 2008.

Figure 4f. M3 composite image of the
Or ientale region

The image strip on the left is a color composite
of data from 2�separate wavelengths of light
reflected from the moon. The image strip on the
right is from a single wavelength of light that
contains thermal emission, providing a new
level of detail on the form and structure of the 
region�s surface

Figure 4g. M3 Lunar coverage outputs A: Moon Albedo map/the sun light reflected from
the sur face of the moon. B: M3 image where infrared light is absorbed by water and
hydroxyl molecules, largely concentrated towards the lunar poles. C: der ived moon
sur face temperature. D: Initial results of the mineral map.

A � Albedo

B � � m Absorption

C � Derived
Temperature , K D � �ineralogy

2�02�0�20��0
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IIndian Deep Space Network (IDSN)

�stablishment of IDSN was a vital element not only for Chandrayaan-1 but also to cater to
future planetary missions. The existing ISTRAC�TTC and external S-band network supported
slant range up to 100,000km during journey towards moon orbit. Beyond this range during the
mission profile and at lunar distance of approximately �00,000 km, IDSN was used both for 
TTC and payload data reception. The spacecraft position in orbit was determined using radio
fre�uency ranging techni�ue and computation of orbital parameters based on the measurement
of range and rate of change of range. Two ground terminals one with 1�mantenna and another
with �2 m antenna had been established at Byalalu village near Bangalore as a part of IDSN.
Though 1�m terminal was sufficient for Chandrayaan-1, �2m antenna provided further
margins and would cater to the futuristic needs also. �CIL, Hyderabad had the prime
responsibility of realizing �2mantenna with the technical contributions from ISTRAC, ISAC,
BARC and others. �igure �depicts IDSN antenna.

Compared to the International Deep Space Network stations of, Goldstone California, �SA, 
the Bangalore IDSN has 1�0longitudinal shift with respect to longitude and is centrally
located with respect to the other two DSNs, namely, Villa �ranca, Spain, and Perth, Australia.
�stablishing IDSN at Bangalore had the potential of commercial benefit since it could be
useful to international space agencies for their planetary missions.

Indian Space Science Data Centre (ISSDC)

The IDSN in Bangalore receives the payload data. The data in its raw form along with auxiliary
data is sent to Indian Space Science Data Centre (ISSDC) that has been set up in Bangalore.
ISSDC would process the raw data and convert it into user-friendly form. The data centre also
archives all the payload data and is the focal point for foreign payload teams as well.

Figure 5. Bangalore IDSN
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PPresent Status and the Road Ahead

Chandrayaan-1 Spacecraft along with all 11 scientific instruments was fully functional in its 
targeted 100km lunar polar orbit. All the newly built ground systems were fully operational.
The scientific outputs as derived from Chandrayaan-1 instruments data will be released after
due reviews by Chandrayaan-1 science team. The experience gained in realizing Chandrayaan-
1 mission will be fully utilized for the upcoming Chandrayaan-2 mission along with the
mission specific updates.

Summary

The technical objectives of the mission namely, a) to design, develop and launch a spacecraft in
a lunar polar orbit using Indian launch vehicle and b) to develop expertise for planning and
execution of mission and ground systems for sending spacecraft beyond the orbit around the 
earth for future planetary exploration missions c) providing high �uality data from all 11
science instruments amounting more than �TB of data volume have been fully accomplished
and initial findings like discovery of water, local magnetic field, radiation environment and
radar images of the lunar poles are �uite encouraging.

The scientific objectives of higher resolution topographic mapping of the �oon and imaging in
�-rays identified for the present mission are uni�ueexperiments in many ways and would
provide insight into the chemical composition of the moon and fre�uency of small impactors.A
comprehensive image and topography of the moon will be generated using data from
Chandrayaan-1 instruments in the coming months. Such a topography database would be
valuable for onward research, by both Indian and the international science teams. It will also
enable us to understand the lunar surface features for a more systematic planning of future
missions.

The Indian mission to the moon should be seen beyond the scientific results it has produced. 
Studies have shown that the moon could serve as a source of economic benefit to mankind and
could be of strategic importance. The moon can be both, a beacon and a focus for the next
generation of space exploration which will accrue new and important benefits, to the people of
all nations and the earth.

�ust a few decades back, man never imagined that he would set foot on the moon. Decades from
know, human colonies on the moon could become a reality. India should also be in the forefront
of this challenging and exciting endeavor. Chandrayaan-1 mission is a well thought out
mission in this direction and has lived up to the expectations paving the way for future lunar 
missions. The lessons learnt while managing Chandrayaan-1 could very well translate into a 
good message to the youth to be future leaders of different mindset. Chandrayaan-1 has
demonstrated a good team spirit between engineers and scientists, setting an example for other
ongoing projects in planetary science and as well for emerging interdisciplinary fields.
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I wish to thank the Institution of �ngineers for considering me worthy of delivering Bhaikaka
�emorial lecture on the occasion of 2�th Indian �ngineering Congress. I have been associated
with the activities of the Institution of �ngineers for a long time and is also a �ellow of the
Institution. I have been very proud to have received from the Institution of �ngineers, a number
of recognition over the years. I profusely thank them for all the kindness and affection shown to
me. As we all know the Institution of �ngineers (India) is the oldest professional body of
engineers in India. It was established (1�20)to promote and advance the art, science and
practice of engineering and technology amongst the members and the public at large. It works
closely with engineers, academicians, research workers and professionals. It had pioneered
the delivery of non-formal engineering education programmes in the country. It�s A�I� is
recognized as e�uivalent to a graduate degree in engineering by the Government of India.

IINTROD�CTION

In the context of �uality and its assurance and assessment in higher education, the research
revealed that the professional bodies may be entrusted with ensuring the public interest in the
absence of any effective checks on the activities of the professionals. The Institution of
�ngineers may define the specific competencies and underpinning knowledge re�uired for
their practitioners and the trend toward standards consistent with market demand.

The Institution of �ngineers is also on the forefront for introducing ethical code of conduct to
its members. In essence, professional ethics refers to the ethos, rules and principles
underpinning professional practice. A professional assuming a professional title, expressly
agrees to be bound by the rules of that profession. It is described as a synthesis of minimal legal
re�uirements and statements of ethical ideals, backed up with professional statements. A code
of ethics can also be a deterrent�that is, practitioners follow its principles otherwise they could
be �struck off�.

I am privileged to be at the campus of one of the best NITs in the country having great
reputation for academic achievements in teaching and research. I am in know of the many a
new and innovative steps taken by the institute after attaining Deemed university status in
2002. The institute is in its �0th anniversary year. It is an occasion for rejoicing and
introspection. On this occasion, I congratulate them for the high standards they have
established for themself and for maintaining it for over five decades. I also wish them luck.

While deciding to speak on this occasion, I considered it my duty to learn about the great man in
whose memory a lecture has been instituted. In this regards, I recall my visit to Birala
�ahavidyalaya, Vallabh Vidyanagar to address their convocation wherein I interacted with a
number of academics and senior citizens. I also went to W�B for further Information about this
personalatity.Available Information has been very large and presented in glowing terms.
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Creating World-Class Institutions
in India – Some Issues

Prof D P Agrawal
Chairman

�nion Public Service Commission, New Delhi
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I may summarise by saying that �Bhaikaka�, an imminent civil engineer in the service of
government, had earned a great reputation for his sense of values, discipline, dedication to duty
and absolute integrity. Once, Sardar Patel, the Iron man of India, advised him to go to the
villages and work for their regeneration.

Conse�uently, Bhaikaka saw that the most potent instrument to improve the sub-human life of
villagers was to bring higher learning to their very doorstep and thus the concept of
establishing institutions of higher education started taking shape. He was a great institution
builder and thoughtful institutional leader. He always chose the best faculty from all over the
world and also ensured training to teachers abroad. While setting an institution at Vallabh
Vidyanagar, he worked out an ingenious scheme and persuaded the farmers to donate their
land free of cost, saying, �Donate your land to us now� we�ll develop and use two-thirds and 
return you the remaining one third in course of time�. The response to it was overwhelming and
a total of ���acres of land was received in donation.

His love for natural environment was unparalleled and to it one can owe the lush-green, stately,
shady trees all along the roads in Vallabh Vidyanagar. Bhaikaka devoted himself to create an
institute of higher learning for serving the cause of education and through it the development
processes of villagers, an outstanding contribution in an area hitherto touched by a few.

It is in this background that I chose to talk to you on a subject which could have been dear to him
i.e. �How to build a world class institution�. Since we live an age of technology and an
environment where ac�uiring and managing knowledge is niche, I start by discussing the kind
of education needed in the knowledge economy.

EEducation for the �nowledge Economy

The ability to produce and use knowledge has become a major factor in development and is
critical to a nation�s comparative advantage. �ducation for the Knowledge �conomy (�K�)
refers to cultivation of highly skilled, flexible human capital needed to compete in global
markets. It re�uires a strong human capital base to be produced through education systems that
impart higher-level skills to a greater share of the workforce. These systems must foster
lifelong learning, must offer recognized certificates and degrees through internally accredited
institutions.

�K� needs to build a national innovation system, a network of firms, research centres,
universities, and think tanks that work together to take advantage of global knowledge �
assimilating and adapting it to local needs.

�K� encompasses a wide range of efforts, including secondary education that lays the
foundation of a healthy, skilled, labor force capable of learning new skills as needed and higher
education that creates the intellectual capital to produce and utilize knowledge. life long
learning, science� technology, and innovation and use of information and communications
technology (ICT) are some of the aspect of this education.

Institutions, those offer �K�, strength goes beyond research and development, allowing both
companies and entrepreneurs a chance to validate their technologies and get them out in the
marketplace. The culture of collaboration between academic institutions, entrepreneurs and
companies in these business sectors really makes any ambition achievable.
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Let us also appreciate that the world continues to get smaller and flatter, and now needs to get
�smarter.�It highlights the need to solve some of the most pressing problems of the world by
leveraging technology. smarter education will reshape learning around two key components of
any education system� the student and the teacher. Next wave of efficiency in education will 
come from adaptability of learning processes instead of inflexibility of university
administrative systems.

In such a paradigm of education ,setting global academic standards is a complex process and
need to keep the following in mind�

�Share promising national and international efforts in the development of world-class
academic.

�Share promising practices ,

�Highlight ways to improve academic standards, assessments, and accountability systems
and to ensure that schools and students actually attain those standards and

�to keep standards from narrowing the curriculum

NNeed for Higher Enrolment

With a growing number of young people, gains in school education and rising prosperity,
demand for higher education is rising rapidly. India would have the largest population by the
year 202�and population of its young generation (1�-2�years) already exceeds that of China.
This would put enormous pressure on the Indian higher education. Thus, improving access
without compromising on �uality and cost is the most significant challenge before India�s
higher education.

Consistently we need to develop a critical mass moving from higher secondary to
undergraduate institutions and to research universities.Among the millions of students in India
who go to school, only 12.��reach college. By contrast, in the �nited States, ���of students
go to college�among the �0 member countries of the Organisation for �conomic Co-operation
and Development, the average is ���. Therefore, we have targeted �0� of the cohort to get
there by pushing an additional �0 million students in higher education, by the year 2020. On top
of this is the massive increase needed in postgraduate enrolments catering for the need of
education system and also high technology industry.

Increasing access will re�uire the expansion of enrollment at existing institutions and the
creation of many new ones at all levels. Let us appreciate that top class universities will only
contribute a small fraction of the re�uired increase in enrollments throughout India, but they 
will play an especially prominent role in India�s future development.

Need for a Wor ld Class Institution

India is the most populous and vibrant democracy the world has ever known. The value of
universities has always been recognised in all societies that they have existed, the oldest being
India and China. �odern governments, too, recognise the key value of universities, and more
recently realised that increasing mobility of people, demands for advanced study, and the
dynamics of the research community, driving forward in areas such as high technology have 
heightened the role of universities.
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The great universities become economic drivers and play a huge role in their region. This is as
true for Stanford �niversity in the creation of Silicon Valley in the �S as it is for Cambridge
�niversity in the creation of Silicon �en in the �K and the same is about IIT Guwahati which
was established for the same thought in view as part ofAssamAccord.

India�s development context is also uni�ue�its economic agenda is deeply rooted in social
issues.

There is no doubt that India possesses a number of educational institutions that have made their
mark, and will continue to make their mark, on the world stage. But the dream to become one of
world�s economic powerhouses calls for expansion in India�s higher education system. The
need is a striking one.

In terms of �uantity, Indian higher education currently the third largest, would surpass the �S
in next the five years and China in the next 1�years to be the largest system of higher education
in the world.

However, In the list of top �00universities in the world, India has only a few IITs and the IISc.
China itself has 1�universities in the list. The �S tops the list with 1��,all of �urope has 210.

Keeping these issues at centre stage and the �uest for making India a knowledge super power,
the Government of India set up a Knowledge Commission. It made a number of
recommendations for achieving the objectives, which interalia included setting up of a number
of world class universities in the country . On acceptance of this report , it was decided by the
government to establish 1�innovation universities during the �Ith five-year plan (200�-2012)
aimed at world-class standards. These �niversities would be at the fore-front of making India
the global knowledge hub and set benchmarks for excellence for other central and state
universities. The first and foremost criterion for a university to be termed world class is the
�uality and excellence of its research, recognised by society and peers in the academic world.
The proposed institutes shall create more reliable and credible admissions processes and
autonomy in administration, teaching and research.

�veryone wants a world-class university. No country can do without one as the global war for
talent intensifies. In this process, the �uest for world-class status among universities has
become more prominent. Like in India, Pakistan announced its ambitious �S��.�billion
project to create nine world-class engineering universities in collaboration with �uropean
universities, with �0� of its academics and administrators coming from �urope. King
Abdullah �niversity of Science and Technology in Saudi Arabia is also one such ambitious
project.

WWorld-Class Institutions in India

�or an institution to be world class, there has to be a commitment for it. It must be backed by out
of box thinking and innovative approach in all the activities of the institution. We already have
examples of IITs and IISc Bangalore, who are considered part of the Ivy league institutions of
world for education and research. Research in these institutions is of global standards. The
elements that have gone to make them what they are encompass�governance arrangement, full
academic freedom and high �uality faculty and students and also the exhilarating academic
environment. These institutions are publicly funded institutes.
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In private sector, Indian Business School has emerged as an inspiration example. �uch is
written about the tremendous success of ISB model and also about the reservations of this
model. It has done things differently than one existing in India and positioned itself as institute
of high �uality with a price. It has charged much higher tuition, chosen the location in an
upcoming metropolis backed by the state government, designed one year programme rather
than two years and selected students with work experience only through globally accepted
G�AT scores. The faculty was flying global faculty under a visiting faculty model from
international b-schools . The institution also had partnership with global B-schools like
Kellogg, Wharton � London Business School which lend their names to it. �und-raising
principals were employed for building world class facilities on campus for academic who
re�uired significant upfront cost. ISB case proves that innovation re�uires relentless
conviction to achieve successful execution.

In the early years of technical education in the country, we also have examples of BITS, Pilani
and Thapar Institute , Patiala run by large industrial houses as philanthropy.

Proposed Vedanta �niversity has chosen Stanford �niversity, �SA as model for an ambitious
international institution in the state of Orissa. It aims to attract researchers, staff and students
from around the world. �ndergraduates will study diverse subjects including literature,
economics, music, arts etc. on the way to earning degrees, rather than focus exclusively on one
discipline.

There will also be a research and development park serving as an incubator for spin-off
companies. �ventually, it is hoped that this will evolve into a large research-cum-education
complex resembling silicon valley, the economic hub that surrounds Stanford.

��lobal Research Centres in India

Growth of Indian economy and resulting opportunities are attracting more global universities
to be a part of this growth story through their academic and research offerings. They believe 
that research collaborations and dedicated research centres of foreign universities would help
Indian universities in developing a culture and approach towards research which is both cutting
edge and rewarding. Likewise, foreign universities gain immensely from the research
engagement, networking, brand visibility and local presence in India. However, finding
effective research collaborations in India is not easy for top-tier foreign universities. This is
primarily because Indian universities lack the research culture and enabling environment.
Thus global universities, not wanting to dilute their brand, are going beyond research
collaborations and establishing dedicated research centers in India. Some examples are as
follows.

i. a high profile research academy partnered by �onash �niversity, Australia and IIT-
Bombay on the IIT Campus to undertake multidisciplinary research to provide
engineering solutions in areas including infrastructure, clean energy, water and
nanotechnology.

ii. �ounded in 1���,the �niversity of Pennsylvania�s Institute for the Advanced Study of
India in New Delhi undertakes research projects and engages scholars across a range of
institutions in to produce research relevant to the regional needs.
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iii. Harvard Business School (HBS) established the India Research Center (IRC) in 200�.It
seeks to play a proactive role in the social transformation of India by engaging HBS
faculty, sharing knowledge and best practices through research and case studies,
encouraging talent and skills among students who are managers in the making and with
leaders. IRC works to bring the best of Harvard to India and take the best of India to
Harvard.

CConcept of Wor ld-Class Institution

The modern university is a large, complex organisation with multiple stakeholders,
increasingly involved in a world of global competition. It is appreciated that a university is not
just classrooms but a live environment for thousands of people.

�ew have attempted to define a world-class university. The dictionary defines world class as 
ranking among the foremost in the world�of an international standard of excellence. At the
fundamental level, a world-class university contributes to the world through research and
innovations. A great research university is not built around students and scholars who inhabit
it, and the experiences and ideas they share to create advance knowledge and enable  young 
people to become critical thinkers and society�s leaders. It develops an environment that
facilitates learning and growth in all areas of human endeavor and teach young people how to
think not what to think.

Such universities are composed of many things�a distinguished faculty�outstanding resources,
library collections�state-of-the-art laboratories and computing resources�and a wide range of
extracurricular, cultural and athletic activities, to name just a few essential components.

Researches from these universities develop new ideas feasible to be converted to products for
human welfare and the advancement in �uality of life in communities across the world. The 
human capital produce by them are the next generation of leaders, leaders who will be able to
tackle new problems and new situations with maturity and flexibility and who see the world
with curiosity and an open mind.

World Bank in a report highlights that �becoming a member of the exclusive group of world-
class universities is not achieved by self-declaration�rather, elite status is conferred by the
outside world on the basis of international recognition�. �or world-class standards re�uire deep
commitment to global best practices adapted to the local context.

Academic freedom and an atmosphere of intellectual excitement are central to a world-class 
university. This means that professors and students must be free to pursue knowledge wherever
it leads and to publish their work freely without fear of sanction by either academic of external
authority. Some countries permit unfettered academic freedom in the nonpolitical hard
sciences, but place restrictions on it in the more sensitive social sciences and humanities.

There is also a view that in addition to starting new institutions, it is important to choose a
handful of institutions to nurture and propel towards becoming world class institutions. �fforts
should be made to highlight the importance of attracting and nurturing faculty that are research
pioneers in the fields��India must fund research on a strictly meritocractic basis and integrate
researchers into universities.�It may re�uire the universities to �break egalitarianism in
salaries�in order to be able offer competitive salaries to lure back faculty that have chosen to
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work abroad. Bill Green, C�O Accenture said �India does need world class institutions but
there is also a need to raise the water table in the tank.�

There is no universal recipe or magic formula for �making�a world-class university. National
contexts and institutional models vary widely. Therefore, each country must choose, from
among the various possible pathways, a strategy that plays to its strengths and resources.

Some suggested combination of conditions and resources for creating world-class universities
as follows.

1. Sustained financial support, with articulated accountability and autonomy.

2. Innovative and differentiated academic system.

�. An effective administration on the of lines of Global organizations.

�. Truly meritocractic hiring and promotion policies for the academic profession,

�. Arigorous and honest recruitment, selection, and instruction of students from world wide

SSome Character istics of Wor ld-Class Institutions

The best universities seek to educate students not to be experts in a particular field, but to be 
creative, flexible, and adaptive�to approach problems critically and to collaborate with others
to solve them�and to be able to understand different cultures and adapt to new environments.
�niversities train students not for a profession, but for life.

The guiding light in the creation of a course of study should be to stretch the minds of students
to the limit which is infinite. Professors must serve as mentors, as sources of inspiration, not 
merely as lecturers and graders.

Students, too, should not find their development limited to the classroom. Students should
learn over meals with their peers in university dining halls than they do in classrooms and
lecture halls. In addition, extracurricular activities- producing a play, singing in group, writing
for a campus publication help teach skills in teamwork, communication, and collaboration
that students later put to use as their careers develop.

Aworld-class university will accommodate a large number of disciplines and areas of study, to
ensure cross-fertilisation of ideas which comes from the gathering together of bright, higher-
energy people from a variety of backgrounds and traditions.

World-class universities recruit students and faculty without concern for national borders. This
enables them to focus on attracting the most talented people, no matter where they come from,
and open themselves to new ideas and approaches. Harvard, for instance, has a student
population that is 1��international�Stanford, 21��Columbia, 2��.At the �niversity of
Cambridge, 1��of the students are from outside the �uropean �nion. The �S universities
ranked at the top of these global surveys also hire significant numbers of foreign academics. 
Caltech, for example, has ���.

A factor of success is a combination of freedom, autonomy and leadership. World-class
universities thrive in an environment that fosters competitiveness, unrestrained scientific
in�uiry, critical thinking, innovation and creativity. Institutions that have complete autonomy
are also more agile, because they aren�t bound by clunky bureaucracies and externally imposed
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standards. As a result, they can manage their resources efficiently and �uickly respond to the
demands of a rapidly changing global market.

The new technology sectors and the venture capitalists have learned from universities and now
fund �incubators�to help researchers take their work toward commercial interest. Startups exist
within research clusters Silicon Valley, Silicon �en, Genome Valley and so on.

The best undergraduates. It is believed that a large and talented undergraduate population
offers an uplift to the institution, keeping everyone focused. It is worth viewing universities
themselves as having a transforming effect on undergraduates, such that high-school
performance may not always be the best indicator of university success it is therefore difficult
to select for success at the admission stage as the only viable policy to find the best students.
But it is agreed that world class universities may not accept mediocrity of student performance,
and utilise all sorts of mechanisms to ensure the fullest possible support to the widest diversity
of students.

WWhy Some of the �niversities are Wor ld-Class

The Principal �cGill �niversity�The first and foremost, I attribute �cGill �niversity�s
international standing to the �uality of our people. Our distinguished faculty have a long
history of success in attracting competitive research funding. And in the global race for talent,
smart people attract other smart people. �cGill draws outstanding students from around the
world.

Robert �immer President �niversity Of Chicago�The �niversity of Chicago is driven by a
singular focus on the value of open, rigorous and intense in�uiry. �verything about the
university that we recognise as distinctive flows from this�

�our education that embeds learning in a culture of in�uiry and analysis, thereby offering the
most empowering education to students irrespective of the path they may ultimately take.

�our commitment to attract the most original faculty and students, who can most benefit from,
and contribute to, our environment.

�our recognition that our contributions to society rest on the power of our ideas and the
openness of our environment to developing and testing ideas.

Vice-chancellor Australian National �niversity�The reputation of a university depends not on
the number of its students or the splendour of its buildings, but on the �uality of its members
and the nature of its contribution to learning ....

�alcolm Grant Provost �niversity College London ��niversities that excel in basic research
need also to think about how they can become more relevant to the society around us. That is
why we have launched a research strategy designed to facilitate cross-disciplinary interaction -
within and beyond the university �and apply our collective strengths to thinking afresh about

problems of global significance.

�niversities need to be focused and determined in delivering solutions to the challenges the
world faces. I believe it is willingness to take risks and push the boundaries of academic
�ndeavour .
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Tan Chorh Chuan - National �niversity of Singapore �At the N�S, we see each of our student
as a uni�ue individual. Our globally oriented education offers space, opportunities and
challenges for them to discover their talents, pursue their passions and realise their potential.
student exchange, entrepreneurial internships and double-degree and joint-degree
programmes with some of the world�s top universities. Our partnerships and alliances stretch
across the globe.

��niversity of Pennsylvania

How many first the university claim� Benjamin �ranklin�s vision for �niversity of
Pennsylvania of an education balancing the unfettered pursuit of knowledge with its practical
application.

Today, Penn focuses on increasing access, integrating knowledge, and engaging locally and
globally. Increasing access e�ualises opportunity, enriches educational experience and
educates leaders. Integrating knowledge through joint appointments of faculty and the creation
of collaborative centres expedites solutions to our most challenging problems. �ngaging
locally and globally, we advance the central values of democracy�life, liberty, opportunity and
mutual respect.

�niversity of �yoto

Ancient shrines and temples, traditional craft ateliers and high-tech companies flourish around
our campus, and this co-existence in a small space seems to be the source of the university�s
creativity.

The university focused on research rather than the production of government officials. Those
principles resonate today, and we are known for our commitment to academic freedom,
dialogue and originality. A long lineage of Kyoto scholars has rejoiced over what is unwritten
in books, reconsidered their preconceptions and created new ideas and vocabularies, creating a
uni�uely language-conscious campus.

�niversity of Houston

We are the most ethnically diverse major research university in the �nited States. That�s what
makes the �niversity of Houston a great university. Its faculty has received many accolades
Such as Nobel Peace Prize, National �edal of Science, Pulitzer Prize, �embership National
Academy of Sciences National Academy of �ngineering, American Academy of Arts and
Sciences etc.

�niversity attracts major research funding from top funding agencies, has cited research,
atmospheric research education research, S�RCC�The new science and engineering research
will help at the forefront of next-generation of research, including nanotechnology. with a
static- and vibration-free �clean room.�

Student achievements are most diverse. Students work in the surrounding community each
year through internships and other course-related programs. �H currently enrolls �2 national
merit finalists.

Community work include disaster relief summer camps design�build studio each year, this
College ofArchitecture Studio builds, from concept to completion, a new facility for local non-
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profits such as schools and little league teams. Vision Care �through the �niversity �ye
Institute and off-campus clinics such as the Good Neighbor Clinic, Public School Partnerships.

�ost of the alumni are head their own company or are presidents or chief executives of
businesses or corporations. Alumni are the �S Secretary of �ducation, congressmen and
legislators, the C�O of large companies, astronauts, judges, educators, actors and artists, and
many more. �H has the second-most alumni in the Texas State Legislature.

RResearch Focus and Innovation

As the principal source of basic research, universities play a fundamental and irreplaceable role
in encouraging economic development and national competitiveness. That fact, that
fundamental research occurs within the university rather than in government laboratories,
non-teaching research institutes, or private industry is an essential element of allowing a
university to realize its full potential. When researchers are isolated in research institutes,
students �especially undergraduates are deprived of exposure to first-rate scientists, their
methods, and their research.

The research undertaken in universities must drive national innovation and must move from
theory to practice, and the university plays a key role in this process as well commercializing
faculty inventions benefits both the university and the broader society. Standard measures of
research effectiveness include citation studies but also measures of research funding. Links
between universities and sponsors are well-developed, and indeed may include easy
movement between academic and commercial work settings.

�xcellence in research underpins the idea of world class-research that is recognized by peers
and that pushes back the frontiers of knowledge. Such research can be measured and
communicated.

In the words of the former President of Harvard �niversity, patents offer universities an
incentive to work harder to identify valuable ideas discovered in their laboratories.

World-class research re�uires substantial resources, and it is important to allocate these
resources to produce maximum social benefit through the strict meritocracy of peer review.

It is largely through their research performance, the university will build reputational capital.A
university perceived to be world class one generation may not be there in the eyes of the next
generation.

I am not in favour of closely targeting research to narrow national objectives instead advocate
for global research. Research be focused to the problems of human sufferings wherein
students involved in research that leads to practical outcomes gain much from the experience.

Lead scholars are the life blood of a world-class university. They provide vital academic
leadership. World-class universities have a coterie of prominent scholars who are also explores
the ideas and innovations that will fuel the economy in the next generation. Academic
environments, and other settings, which are dedicated to similar pursuits, offer the most
conducive environment for innovation to foster without the commercial imperative.

World-class universities, as research institutions provide resources to support leading edge
research, employ outstanding individuals, and maintain large, diverse and complete libraries.
They have modern e�uipment, often uni�ue.
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World-class universities are seen a research universities foremost, since it is with these

institutions, if you like the knowledge value chain begins�these are the incubators of future

possibilities, while other institutions may excel at teaching for instance, they transmit what

others have already uncovered.

Academic staff is generally re�uired to make significant contributions in their fields. And they

are suitably recognised for their contributions with time and incentive recipients of prestigious

awards.

CCommunity Interaction

Integral to the world class �niversity�s mission is a commitment to public engagement.

�niversity must foster closer links with the society in whose sphere it operates. Residents of 

the city must participate in scores of conferences, institutes, credit and noncredit courses, and

workshops presented on campus and statewide. The �niversity�s extension service keep

contact with residents. Research and class projects take students and professors outside their

classrooms and laboratories to share expertise and technical support with far. The world-class

universities also instill in the students social responsibility and an appreciation of service to the

community.

It shall be the endeavor to create a comprehensive strategy to engage with surrounding

community, partnering with public officials and neighborhood groups to better the city in

which we live. Our initiatives could include an internship program to allow students to work in

schools, community service organizations, and local government. redevelopment of the

downtown retail district. As a result of these actions, our community has been dramatically

strengthened.

Facilities

Ade�uate facilities for academic work are essential�the most advanced and creative research

and the most innovative teaching must have access to appropriate libraries and laboratories, as

well as to the internet and other electronic resources. Staff and students must have ade�uate

offices as well. Academic resources on campus must be among the finest in the world. The

�niversity library must be fully e�uipped with latest technology support including web based

support. It must also house, housing manuscripts, periodicals, and other non-print materials, 

and periodicals and journals. In addition to the main library, there should be departmental

libraries and divisions throughout campus. The library�s computerized cataloging system must

serve as the primary access to a large academic library. �sers worldwide should be able access

the online catalog each week.

Students have access to thousands of computer terminals in classrooms, residence halls and

campus libraries for use in classroom instruction, study, and research. Students and scholars

find the �niversity an ideal place to conduct inter- and multi-disciplinary research.

Other major facilities include the multipurpose assembly hall, stadium, big grounds for games,

the physical education building, recreational facilities on a university campus and a wide range

of cultural activity support  to name a few essential components. �any universities do have 

living facilities too.
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profits such as schools and little league teams. Vision Care �through the �niversity �ye
Institute and off-campus clinics such as the Good Neighbor Clinic, Public School Partnerships.

�ost of the alumni are head their own company or are presidents or chief executives of
businesses or corporations. Alumni are the �S Secretary of �ducation, congressmen and
legislators, the C�O of large companies, astronauts, judges, educators, actors and artists, and
many more. �H has the second-most alumni in the Texas State Legislature.

RResearch Focus and Innovation

As the principal source of basic research, universities play a fundamental and irreplaceable role
in encouraging economic development and national competitiveness. That fact, that
fundamental research occurs within the university rather than in government laboratories,
non-teaching research institutes, or private industry is an essential element of allowing a
university to realize its full potential. When researchers are isolated in research institutes,
students �especially undergraduates are deprived of exposure to first-rate scientists, their
methods, and their research.

The research undertaken in universities must drive national innovation and must move from
theory to practice, and the university plays a key role in this process as well commercializing
faculty inventions benefits both the university and the broader society. Standard measures of
research effectiveness include citation studies but also measures of research funding. Links
between universities and sponsors are well-developed, and indeed may include easy
movement between academic and commercial work settings.

�xcellence in research underpins the idea of world class-research that is recognized by peers
and that pushes back the frontiers of knowledge. Such research can be measured and
communicated.

In the words of the former President of Harvard �niversity, patents offer universities an
incentive to work harder to identify valuable ideas discovered in their laboratories.

World-class research re�uires substantial resources, and it is important to allocate these
resources to produce maximum social benefit through the strict meritocracy of peer review.

It is largely through their research performance, the university will build reputational capital.A
university perceived to be world class one generation may not be there in the eyes of the next
generation.

I am not in favour of closely targeting research to narrow national objectives instead advocate
for global research. Research be focused to the problems of human sufferings wherein
students involved in research that leads to practical outcomes gain much from the experience.

Lead scholars are the life blood of a world-class university. They provide vital academic
leadership. World-class universities have a coterie of prominent scholars who are also explores
the ideas and innovations that will fuel the economy in the next generation. Academic
environments, and other settings, which are dedicated to similar pursuits, offer the most
conducive environment for innovation to foster without the commercial imperative.

World-class universities, as research institutions provide resources to support leading edge
research, employ outstanding individuals, and maintain large, diverse and complete libraries.
They have modern e�uipment, often uni�ue.
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World-class universities are seen a research universities foremost, since it is with these

institutions, if you like the knowledge value chain begins�these are the incubators of future

possibilities, while other institutions may excel at teaching for instance, they transmit what

others have already uncovered.

Academic staff is generally re�uired to make significant contributions in their fields. And they

are suitably recognised for their contributions with time and incentive recipients of prestigious

awards.

CCommunity Interaction

Integral to the world class �niversity�s mission is a commitment to public engagement.

�niversity must foster closer links with the society in whose sphere it operates. Residents of 

the city must participate in scores of conferences, institutes, credit and noncredit courses, and

workshops presented on campus and statewide. The �niversity�s extension service keep

contact with residents. Research and class projects take students and professors outside their

classrooms and laboratories to share expertise and technical support with far. The world-class

universities also instill in the students social responsibility and an appreciation of service to the

community.

It shall be the endeavor to create a comprehensive strategy to engage with surrounding

community, partnering with public officials and neighborhood groups to better the city in

which we live. Our initiatives could include an internship program to allow students to work in

schools, community service organizations, and local government. redevelopment of the

downtown retail district. As a result of these actions, our community has been dramatically

strengthened.

Facilities

Ade�uate facilities for academic work are essential�the most advanced and creative research

and the most innovative teaching must have access to appropriate libraries and laboratories, as

well as to the internet and other electronic resources. Staff and students must have ade�uate

offices as well. Academic resources on campus must be among the finest in the world. The

�niversity library must be fully e�uipped with latest technology support including web based

support. It must also house, housing manuscripts, periodicals, and other non-print materials, 

and periodicals and journals. In addition to the main library, there should be departmental

libraries and divisions throughout campus. The library�s computerized cataloging system must

serve as the primary access to a large academic library. �sers worldwide should be able access

the online catalog each week.

Students have access to thousands of computer terminals in classrooms, residence halls and

campus libraries for use in classroom instruction, study, and research. Students and scholars

find the �niversity an ideal place to conduct inter- and multi-disciplinary research.

Other major facilities include the multipurpose assembly hall, stadium, big grounds for games,

the physical education building, recreational facilities on a university campus and a wide range

of cultural activity support  to name a few essential components. �any universities do have 

living facilities too.
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AAlliances, Networks and Internationali�ation

The last decade has seen a literal explosion in the signing of exchange agreements between
universities in different countries. With a new competitiveness, a new strategy on alliances is
needed for universities pursuing the world-class goal facilitating not only the normal array of
student and staff exchanges, but is moving �uite rapidly to.

�urther it is imperative for a world-class university to have a forward looking world-view
which is progressive and keeping abreast with the development of the world. Inward looking
will stifle academic and intellectual growth for no world-class university should be an island,
entire of itself.

World-class universities are involved all over the world, their students are in other countries,
participating in exchange programmes, their academics leading international research teams,
or editing the best journals in the world and gather knowledge of many cultures to answer the
�uestions . The benefits of making effective use of international networks and alliances and
form wider participative networks are understood and must be part of every significant
academic or business alliance. This re�uires considerable institutional flexibility, including�

��utual recognition of academic programmes for degree progression and graduation,

��ully-integrated academic programmes often leading to joint degrees,

��xtensive staff exchanges across all university functions, including administration,
finance as well as research and teaching and with the private sector,

�Open access to intellectual property, and courseware and

�Benchmarked performance and joint research.

�uality of Faculty

�aculty, not administrators, make a �uality university. Thus the �irst and foremost, a world-
class university must have a world-class faculty that, through its research, is making
significant contributions to the advancement of knowledge. It will be widely recognised as a
place where top staff will wish to congregate. Given the chance, staff from other universities
will migrate to the world-class university, and top faculty attract top students said Gandhiji.
The process is auto-catalytic.

These institutions act as magnets at a global level, drawing talent from all over. This means that
every possible effort is needed to create the right climate for building this sort of environment.
This includes not only pay structures, but openness of career progression in particular to higher
academic positions, research and teaching support, and sufficient career security to encourage
commitment.

And to attract and retain the best academic staff, favorable working conditions must be
available. These include arrangements for job security�many countries call it tenure �and
appropriate salaries and benefits, although academics do not necessarily expect top salaries. 
The best professors see their work as a �calling��something to which they are committed by
intellectual interest and not just a job.

What could be worrying for future is the acute shortage of teaching faculty in specialised and
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technical areas. I foresee that the worst sufferers would be the state universities as there could
be a migration of good faculty from such universities to the newly established central
universities and technical institutions.

The key �uestion is the availability of the �uality faculty pool. Three Chinese universities have
invited retired or semi-retired American professors and executive officers to staff their
universities. Singapore is also doing the same. These countries are paying well. They have the
confidence to hire foreigners.

��overnance

The governance of the institution is also important. World-class universities will practice the
art of good management. It goes without saying that a truly eminent university will be an
excellence in management driving first-rate administrative systems.

�y vision for educational administration in India is to e�uip Indian youth to meet the
challenges India faces �including e�uitable access to education, employment opportunity and
community development �and to contribute to addressing the issues of the region and the
world. India�s rich cultural heritage and diversity, strategic location, thriving economy and
huge pool of talent are tremendous assets. �ducation administrators have great responsibility
and opportunity to positively influence the growth of the nation.

Governance structure should be such that truly represents the interested stakeholders. They
must all as team have shred dream for the university to serve society and the country. The
government should act only as a facilitator through policy pronouncement. The governance
must be responsive and accountable to the academic community. It must take decisions and
manage funds in unbiased , honest and transparent manner.

World-class universities have a significant measure of internal self-governance and an
entrenched tradition, usually buttressed by statutes, ensuring that the academic community
(usually professors, but sometimes including students) has control over the central elements of
academic life--the admission of students, the curriculum, the criteria for the award of degrees,
the selection of new members of the professorate, and the basic direction of the academic work
of the institution.

Funding of Wor ld-Class �niversity

�any countries of the world now use fund allocation mechanisms to create competitive
environment and leverage change. �xperience has shown that clear financial incentives enable
public institutions to deliver better on goals set as per national policy objectives. Thus, besides
increase in level of funding, its use to ensure public funds are used to direct change becomes
important.

�ailing to invest in universities undermines long-term economic and social progress why
funding, indeed substantially increased funding, for higher education should remain a high
priority for governments.

Building world-class university is a Herculean task. Ade�uate and consistent funding must be
available to support the research and teaching as well as the other functions of the university. It
can be said that World-class status is not achieved on a tight budget.
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It is also understood that, a vast majority of public universities enjoying liberal funding even in
the �SA, where many private universities exist. Over �0�of the universities making the list
for engineering sciences are state funded. �ven in the private universities, a significant
proportion of research funding comes from the public sector. In the middle and low income
countries, only state-funded universities are able to do any scientific research of any
conse�uence.

Countries which fund universities solely from the public purse �uickly discover that they
cannot provide sufficient resources for rising educational demands and research infrastructure
investment, and soon must address tuition fees and other top-up charges. Invariably, though, 
these countries will also need to develop policies to reduce the impact of tuition fees on
students, for example, with tax-deductibility of such fees, or easy access to scholarships,
bursaries and loan programmes.

The cost of maintaining a research university continues to grow because of the increasing
complexity and cost of scientific research. �niversities are about the discovery and
transmission of new knowledge to students. The cost of research e�uipment which is at times
uni�ueis now a major budget item electron microscopes, N�Rs, mass spectrometers, nano-
structure fabrication etc all these re�uire planning and special funding. One thing is certain the
title of world-class won�t come at a discount price, and without world-class funding the goal of
reaching, and preserving. The availability of abundant resources sparks a circular chain of
events that allows institutions to attract even more top professors and researchers, and thus
even more money.

�nited States and to a lesser extent �apan have private research universities of the highest rank
exist. These top universities have sizable budgets. These institutions have several sources of
funding�government money for operational spending and research, contract research from
public organizations and private firms, and earnings from endowments, gifts and tuition fees.
Per student, the richest private universities in the �S receive more than ��0,000in endowment
income every year, compared with a mere �1,000-per-student at top Canadian universities.

The American tax system, which provides for tax-free donations to nonprofit institutions such
as universities, is also a major factor in permitting the growth of world-class private
universities. Research universities have the ability to generate significant funds through a
variety of means, but there is no substitute for consistent and substantial public financial
support. Without it, developing and sustaining a world class universities is impossible.

FFees

�ore and more Indians are willing to shell out large sums of money for �uality higher
education, whether overseas or at private institutions in India. The ISB charges four times the
tuition of II�s the country�s most elite. It is gaining international recognition and producing
some of the highest-paid graduates in the country. And last year, Indians spent �1bn on
education overseas, �0�more than in the year 200�.Very little is being done to put in place an
ade�uately funded scholarship and loan scheme for the poor. Such an intervention is urgently
re�uired to promote inclusion in higher education and address e�uity issues. The evidence that
fees have a negative impact on accessibility is mixed, but the highest rates of university
participation appear to be found in countries that permit universities the freedom to charge fees.
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In recent years, higher education enrolment has shown a healthy growth. A major part of this
has come from the private sector. While private higher education based on full cost recovery is
expensive, fee levels for professional courses even within the public institutions have risen
sharply. Research and teaching jobs in the country is attracting students from middle and lower
middle class family backgrounds. They need support for pursuing their studies Thus, there is
serious concern about ability of the poor to access higher education. We will have to reverse the
trend of rising costs of education and give liberal scholarships even for living expenses.

CConclusion

We are at this time is in the process of taking leadership position in the comity of world nations
on many issues of human sustenance. We have to move faster in our interventions. This is
possible if our human capital is of highest �uality and globally competitive. Also, at the same
time we need to accept our own realities of access and inclusiveness. This calls for multi
pronged solutions .Thus we not only create large expansion of our academic institutions but
also have to address the issue of �uality and bring many of our universities in the global to
league.

We not only need to strengthen the IIT model but develop new and innovative models of
creating research and world-class university. These new initiatives must have improved
governance and generously available funds.

I also agree with Prof Dinesh �ohan (He wrote in Business standard) that we should forget the
notion, currently popular, that in order to create world-class universities, we need government
to get out of education. �orget also the notion that private institutions, motivated by profit and
charging appropriate (that is, sky-high) fees will do the trick. Think again about the notion that
you need fabulous pay packages in universities in order to attract talent- no, the types who are
attracted look for job security, decent pay and a supportive environment.
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SShekhar Dutt

Deputy National Security Adviser

National �rowth,

Secur ity and Technology

Good �orning Ladies and Gentlemen,

It is a rare privilege for me to be delivering theAN Khosla �emorial Lecture. I say so, because
I am aware that I am addressing the foremost engineering talent of the country and that too on a
platform which embodies the evolution and growth of engineering in India.

I am neither an engineer by training or by profession, yet I have had the good fortune of seeing
the marvel of engineering at work when it transformed scientific models into actual defence 
capabilities. I make this honest confession to highlight the generosity and the spirit of
accommodation that I have felt amongst you. I am also aware that I speak in the memory of a
towering engineer who pioneered research and experimentation and a pioneer who contributed
immensely in India�s pursuit of growth. I may mention that in one of my assignments I had an
opportunity of drawing inspiration from his research on �The Design of Weirs on Permeable
�oundation�. I wanted to be educated on seepage flows and found a wealth of knowledge in his
work. �ven today the design of weirs for purposes of irrigation, are based on the ones that he
developed. The Bhakra Project symbolises his engineering skills.

The theme on which I have been asked to speak is both contextual as well as relevant.
�conomy, Security and Technology, which are underlined in the chosen theme, deserve a
separate talk even in their individual manifestation. I will, however, make only some brief
comments on security as well as economy and focus primarily on the inter-linkage between
them.

Since I wish to highlight the challenges that confront us and offer some priority forthright
suggestions to confront these, let me set the frame by monitoring that issues of Security,
National Growth and Technology re�uire a long term and continuous endeavour at all levels.
Let me start by sharing my view on the overall context of Indian policy making and our
approach to long term perspectives. National Objectives and National Interests are
intrinsically linked to the �National Will�. In democracies with representative forms of
Governance, �National Will�has traditionally been accepted to be represented through the
�Political Will�. The index of this �will�, can be further related to the spontaneous view and
ideological confluence on a particular issue. Constitutionally, it is reflected in the unanimity
that the issue or a bill enjoys in the legislatures. This unfortunately remains a factor of general
awareness of our chosen representatives and the interest on the subject. There is therefore
likelihood of a mismatch between National priorities, and Political priorities, especially where
aspects of long term strategisation are to be juxtaposed with short term expediency. Influence
of demographic inade�uacies, thus, dilutes the actual definition of the National Will. The
concepts of National Power and National Security have a long term orientation and in fact
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demand short term �costs and sacrifices�, to further long term �interests and goals�. Whether this
can be built into the reality that Indian Democracy is�remains a moot point. There are far too
many compulsions of the short term, for democracy in India, to change its orientation unless
systemic and structural imperatives are built into our practices. The maturity of the democratic
system and awareness of National issues is vital, if National Power is in fact to be realized. This
can come about only through serious and wide spread debate on platforms that allow the
�Public Will�to be formulated and articulated. In India, debate on issues relating to the concept
of National Power has been lacking. This exclusivity has to be demystified so that
accountability is linked with authority and responsibility.

Since vulnerability to individuals and society is a common concern, let me highlight that the
Indian mind is comfortable with change and connectedness. I mention this discussion because,
historically and culturally, the country has always been pre-disposed to Peace and Harmony. I
am convinced that India presents a uni�ueopportunity to the world. Our way of life, a country
of a billion people with all the religions of the world being represented in this vast country of
ours, trying to carve out their salvation in the framework of an open economy and an open
society, is an experiment that is conducive to global integration and regional peace. I think such
a thing has never happened in human history before and therefore, this �Idea of India��a
tolerant, inclusive and humane civilisation is an idea, which in the 21st century ac�uires a
great deal of relevance when people are talking in terms of clash of civilisations. India proves
to the world that the future of the world does not lie in the clash of civilisations, but in the
confluence and dialogue among civilisations. This is a value system, which we are attempting
to nurture. The enabling environment created since the mid-�0s, has allowed India�s
entrepreneurs and professionals to leverage change and create wealth and employment on an
unprecedented scale. There are other global factors too, that have made India more inclusive to
the opportunities and challenges of the world. The linkage between security and National
Growth is wound on these two realities.

Let me also make some brief comments on the very concept of �Security�. The traditional view
has been that security is focussed on the application of force at the state level. In today�s context
it is a very narrow view. It is now widely acknowledged that there is more to security than
purely military or policing factors. Today�s definition of security acknowledges political,
economic, environmental, social and human, among other strands that impact the concept of 
security. In the most basic terms, the concern for security of the lowest common denominator
of every society, namely the �human being�, has resulted in the development of the concept of
�human security�, which focuses on the individual. Therefore, the definition of security is
definitely broad and is related to the ability of the state to perform the function of protecting
the well-being of its people. This formulation harks back to the days of Chanakya and
Arthashastra.

However, the problem with such a broad definition of security is that anything that generates
anxiety or threatens the �uality of life gets labelled as a �security problem�, with a conse�uent
loss of focus. In a democracy, it is the concern of all of us, to ensure that priority and focus
towards this is always retained. We cannot afford to tackling particularities and lose sight of the
large picture.
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Whether it is technology or Security, both these are a dimension of affordability. Let me
emphasize that the environment for India�s development has never been as favourable as it is
now. Increased resources can flow in only if safety and security are ensured. This re�uires
peace, tran�uillity and the rule of law. The challenges we face on the internal security front
arise partly as a conse�uence of the unevenness of our growth processes, the ine�ualities that
remain in our social institutions and the shortcomings sometimes of our political institutions.
There are other complex issues like language, ethnicity, caste or religion or cultural rights as
well. In this complex world, that we live in, all these facets have to be taken into account.

Ademocratic government has to distinguish between the genuine and legitimate expression of
dissent and disaffection and the manifestations of anti-national, anti-social and anti-people
threats to our democratic way of life. Often these challenges also arise because we are an open
society and have allowed free expression to dissent of varying degrees. This is not our
weakness. This is our strength. But in this also lies the challenge that we need to deal with and
grapple with effectively. We need to recognise these different facets of the security threats we
face and develop effective policies designed to address them.

I am convinced that Science and �ngineering are only different facets of the same entity. Basic
research leads to new knowledge. This should be considered as the scientific capital. It is from
this capital, that we need to draw out practical applications to boost our economy, improve the
lives of our people as also secure the environment so that this process can be pursued
vigorously. �ngineering, faced with unsolved problems, demands knowledge and this further
stimulates scientific investigations. It is this interplay of science and engineering, of discovery
and invention that has brought about the evolution of machines and techni�ues to meet the
demands of modern society. �lectronics has provided industry with devices which are swifter,
more accurate and with much larger memory than the power of the human mind. Nuclear
energy provides an alternative to meet the future energy needs of the mankind. Similarly,
advances in the field of bio-technology, nano technology and cellular research are providing 
competencies at a pace unthought of in human history. As an overview, it is the coming
together of science and engineering which is giving us the technology of today and the hope of
tomorrow.

Technology is the driver of �conomic predominance. A small analysis about Science �
Technology, or S�T, in India may be apt at this stage. The scene in Indian S�T is somewhat
mixed. On the one hand, in areas like space and nuclear energy, the public sector in India has
demonstrated that it can be an effective international competitor. It thus has a proven
technology delivery system. It has even favourably altered international opinion about India�s
inherent strength. There is no doubt about the availability of excellent human talent in the
country, and there are examples, in both the public and the private sector, in harnessing that
talent. It follows that shortcomings, if any, are due to some traditional mind sets. These are
now being corrected. I feel that it is just a matter of time that Talent, Capital, Infrastructure and
Policies will synergise to make India a front runner in Technology.

Our consideration about Technology and National Growth rests on our focus on �Innovation�.
Leadership in innovation is essential for Indian prosperity and security. In a global,
knowledge-driven economy, technological innovation the transformation of knowledge into
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products, processes, and services is critical to competitiveness, long-term productivity
growth, and the generation of wealth. Pre-eminence in technological innovation re�uires
leadership in all aspects of engineering�engineering research to bridge scientific discovery
and practical applications�engineering education to give engineers and technologists the skills
to create and exploit knowledge and technological innovation�and the engineering profession
and practice to translate knowledge into innovative, competitive products and services.

�nfortunately, technological innovation in India does not seem to be emerging with the vigour
that India needs. Current trends need to be reversed. The accelerating pace of discovery and 
application of new technologies and the education of a technical workforce, and an
increasingly competitive global economy are challenges for which India needs to be prepared
for. Our prosperity and security will be impacted by the concern that we show for it. Although
many current measures for technological innovation are being taken, these are far from
ade�uate. Percentage of gross domestic product invested in R�D, number of researchers, level
of productivity, volume of high-technology production and exports are indices of this
inade�uacy. There seems to be an increased emphasis on short-term applied R�D. Industry
and even government-funded research at the expense of fundamental long-term research. This
has continued for far too long. The signs of these trends include the declining interest of Indian
students in engineering, science, and other technical fields. The country also does not seem to
have the ability to retain gifted engineering and science students from going abroad.

Considering the magnitude and complexity of these challenges, we simply do not have the
option of continuing to conduct business as usual. We must change how we prioritize, fund, 
and conduct research�how we attract, educate, and train engineers and scientists�how we
consider and implement policies and legal structures that affect intellectual property rights and
related issues�and how we maximize contributions from institutions engaged in technological
innovation and workforce development (e.g., universities, corporate R�D laboratories,
government funded research institutions and organizations, and national laboratories).

Of course, major undertakings in anticipation of opportunities are always difficult, but India 
has a history of rising to the occasion in times of need. With this history in mind, and with full
recognition of the magnitude of the effort needed to prepare India for long-term technological
leadership, I have a few recommendations.

LLong-Term Research and Industry

Long-term basic engineering research should be established as a priority for Indian industry.
The Central Government should design and implement tax incentives and other policies to
stimulate industry investment in long-term engineering research (like, tax credits to support
private-sector investment in university-industry collaborative research).

Engineer ing Research Infrastructure

Central and state governments and industry should invest in upgrading and expanding
laboratories, e�uipment, and information technologies and meeting other infrastructural needs
of research universities and schools of engineering to ensure that the national capacity to
conduct world-class engineering research is sufficient to address the technical challenges that
lie ahead.
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��uality of the Technical Workforce

Considering the importance of technological innovation to the nation, a major effort should be
made to increase the participation of Indian students in engineering. �or this there is a need for a
systemic correction by professional societies, industry, central agencies, and educators at the
higher education and research levels to align the engineering curriculum and engineering
profession with the needs of a global, knowledge-driven economy with the goal of increasing
student interest in engineering careers. �ngineering education re�uires innovations, not only in
the content of engineering curricula, but also in teaching methods that emphasize the creative
aspects of engineering to excite and motivate students.

All participants and stakeholders in the engineering community (like industry, government,
institutions of higher education, professional societies etc.) should place a high priority on
encouraging women and under-represented minorities to pursue careers in engineering.
Increasing diversity will not only increase the size and �uality of the engineering workforce,
but will also introduce diverse ideas and experiences that can stimulate creative approaches to
solving difficult challenges. Although this is likely to re�uire a very significant increase in
investment from both public and private sources, increasing diversity is clearly essential to
sustaining the capacity and �uality of the Indian scientific and engineering workforce.

Discovery-Innovation Institutes

It is not farfetched to consider establishment of a multidisciplinary discovery-innovation
institutes on the campuses of research universities to link fundamental scientific discoveries
with technological innovations to create products, processes, and services to meet the needs of
society. �unding for the institutes should be provided by central and state governments,
industry, foundations, the venture capital and investing community, and universities.

In such a model, the States could provide capital facilities and land. Industry would provide
challenging research problems, systems knowledge, and real-life market knowledge, as well as
staff who would work with university faculty and students in the institutes. Industry would also
fund student internships and provide direct financial support for facilities and e�uipment, or
share its facilities and e�uipment. �inally, the venture capital and investing community would
contribute expertise in licensing, spin-off companies, and other avenues of commercialization.

Some of the existing centre sponsored engineering research centers or DRDO establishments
may serve as a starting point for the development of discovery-innovation institutes. The
multidisciplinary scope and scale of the research, education, innovation, and technology-
transfer activities of fully developed discovery-innovation institutes will create a far larger
impact than institutes like the IITs or R�Cs.

CONCL�SION

Let me end by saying that the country is at a crossroads. We can either continue on our current
course�living on incremental improvements to past technical developments and gradually
increasing the technological gap to the more advance countries or we can take control of our 
destiny and conduct the necessary research, capture the intellectual property, commercialize
and manufacture the products, and create the high-skill, high-value jobs that define a
prosperous nation.  India has the proven ability and resources to maintain the global lead in 
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innovation. �ngineers and scientists can meet the technological challenges of the twenty-first
century, just as they met the challenges of an under developed India by creating the tools for
military victory and just as they mounted an effective response to the challenge of advances in
space.

In the end let me recall the contributions made by �ngineer Ajudhiya Nath Khosla who
contributed immensely to the developmental surge in India, as an �ngineer, as in-charge of
Bhakra project, as the first Chairman of Central Waterways Commission, as the Vice
Chancellor of the present Roorkee �niversity, as a member of the Planning Commission and
as the Governor of Orissa. �ay his memory inspire us in our efforts towards making India a
leader in Technology. In this process, India will automatically become Secure and
�conomically developed.
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DDr K Radhakr ishnan

Chairman, ISRO

Space Transpor tation System:
Indian Scenar io and the Vision

INTRODUCTION

India is one among the few nations having capability to build satellites, launch vehicles and
launch them from its own soil. Our Space Transportation Systems (STS) fleet consist of PSLV
and GSLV which are currently operational and meets the demand of launches of all the Remote
Sensing spacecrafts and communications spacecrafts of GSAT class. India has the capability to
define and develop spacecraft systems for communication (INSAT), remote sensing (IRS) and
scientific applications (Chandrayaan-1). Space based applications through remote sensing
have been serving many areas such as natural resource mapping, disaster management and
surveillance. The INSATs are the backbone of the telecommunication and Television networks
in India. Novel applications such as tele-medicine, tele-education have been introduced
through these spacecrafts for the benefit of the common man. The vision of the founding
fathers of the Indian Space Programme has been accomplished fully. The vision was to apply
the advanced technology of space for solving the problems of the common man and benefit the
society at large. Now ISRO is treading on a new path with a second cycle of vision. Having
established this end-end capability in the space segment, it is important to sustain and enrich
the capabilities through the development of cost effective space transportation systems,
advanced spacecrafts, contributions in basic science, interplanetary exploration and human
presence in space.

The Space Transportation System (STS) is the backbone of the Space segment. The Rocket
propulsion technology has remained very closely guarded, due to its duel use nature. It is one of
the difficult technologies to be mastered in terms of ac�uisition of expertise and investments
re�uired for infrastructure development. The capability to place our satellites using our
vehicles gives us an immense strategic edge and at the same time significant cost-
effectiveness. The goal of ISRO is to sustain this advantage of mastery over the launch vehicle
development in a cost-effective manner and extend its wings to the other areas of space
transportation systems such as re-usable launch vehicles and human space transportation.

EVOLUTION OF ISRO LAUNCH VEHICLES, PSLV & GSLV

The development of the rockets in India started in the early �0s at T�RLS, Thumba with the 
launching of small sounding rockets. The development of a Spacecraft Launch Vehicle was the
logical route to be followed. The SLV-�was the learning ground of the new technologies that
later paved way for the development of PSLV and GSLV. SLV-�was based on an indigenously
developed all solid propulsion technology, with a capability to place a spacecraft of about �0 kg
mass in a Low �arth Orbit (L�O) of about �00km. In addition to the propulsion systems, host
of other technologies got developed in the process and new facilities were established.

TheAugmented Satellite Launch Vehicle (ASLV) was an SLV-�derived vehicle with a payload
capability of about 1�0kg. ASLV further advanced the knowledge base of launch vehicle
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design through the introduction of strap-on
technology, bulbous fairing, Closed Loop
Guidance (CLG) system, Strap-down Inertial
Navigation System etc. The first two
launches of ASLV failed to achieve the
mission and the analysis of the failure gave
valuable inputs to the future developments
for PSLV especially in the areas of
atmospheric flight dynamics, structural
design, control systems design and control
transfer algorithm between stages.

The SLV-� and ASLV were the learning
phases in the Launch Vehicle development.
They were not to become the operational
launch vehicles. However, the design

methodologies, simulation and validation methods, facility elements etc. were established in 
smaller scale during this programme.

The PSLV design (�igure 2) started during the development
phase of the ASLV. This vehicle was the designed as the
operational launcher for the remote sensing spacecrafts of
India, which were being launched through procured
launches. Host of propulsion and other technologies were
developed during the PSLV programme. The biggest ever
solid motor, S12� (later upgraded to S1��) and the
necessary infrastructure for the production were
established. The li�uid propulsion second stage was an
ac�uired technology through the collaborative
development programme with S�P, �rance. The third stage
solid motor with composite casing was developed which is
one of the best solid motors in terms of performance. The
upper stage was using an indigenous li�uid engine based on
earth storable propulsion technology. Host of other

technologies
were developed in the areas of control systems,
avionics, inertial systems, mechanisms and
pyros, simulation and testing. The first flight of
PSLV could not achieve its mission objectives,
but it identified certain system weaknesses
which were corrected in the subse�uent mission.
PSLV so far scored sixteen consecutive
successful missions.

The GSLV (�igure �) was developed for
achieving the indigenous capability to place
communication satellites in Geosynchronous
Transfer Orbit (GTO). The GSLV relied on the
technology heritage of PSLV. The new

Figure 1 SLV-3 & ASLV 

Figure 2  PSLV Configuration

Figure 3 GSLV Configuration evolution from PSLV

Metallic isogrid
payload fairing

Vehicle
avionics

3rd & 4th stages
replaced by CUS

Liquid second
stage

Sold strapons
replaced by

liquid stages

Sold booster 
stage
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Cryogenic propulsion stage was procured form Russia. It also used li�uid strap-on motors for
the first time. The very first mission of GSLV was successful, and placed a 1�00kg spacecraft
in the GTO, proving the maturity in the design and development of Launch Vehicle
Technology. The cryogenic upper stage was later developed by ISRO and was used in the
GSLV-D�mission.

DDEVELOPMENT OF GSLV MK-III

Commensurate with the growing spacecraft size,
the next vehicle under development is the GSLV-
�K-III (LV��) (�igure �), which is having a
capability to place a �ton spacecraft in the GTO.
With this development, all the communication
spacecrafts could be launched through our own
launchers. The cost of launching per kg of the
spacecraft is brought down by �0�compared to the
present launch vehicles.

LV��is a three-stage vehicle using solid motors
with 200 ton propellant loading and a cryogenic
upper stage with a new engine having 20 ton thrust
and 2�ton propellant loading. The development of
the vehicle systems are in the advanced stage. The S200, the biggest solid booster (�igure �) 

developed by ISRO was
successfully ground tested
during beginning of this year.

The L110 core li�uid stage
(�igure �) was tested for the
flight duration of 200s during
September this year. The C2�
engine is in the advanced stage 
of realisation. The turbo pump
s y s t e m s w e r e t e s t e d
successfully with start-up

system. It is expected that the first demonstration flight of LV��will take place in the first
�uarter of 2012.

IMPROVEMENTS IN PRESENT STS

PSLV and GSLV are the operational launch vehicles of ISRO. PSLV is a very rugged and
versatile launch vehicle, which has demonstrated the capability in carrying out a variety of
missions. In PSLV-D2, the payload was ���kg, which was progressively enhanced to the
present level of 1�00kg through a systematic improvement programme involving optimized
upper stage design with composite structures, performance improvement for the upper stage 
solid motor, enhancement of propellant loading in the booster (S1��) and strap-ons (PSO�-
�L) and increase in propellant loading in second stage (PL-�0) and in the fourth stage (L2.�).
The PSLV has carried out variety of missions such as GTO mission of Kalpana-1 in PSLV-C�,
small satellite missions in PSLV-C2 and C�,large inclination planar missions in PSLV-C�and

Spacecraft, Equipment 
Bay & Payload Fairing

C25 Cryo Stage

L110 Liquid Stage

S200 Solid Stage

Figure 4 GSLV MK-III (LVM3) Configuration

Figure 5 S200 solid booster in 
test stand

Figure 6 L110 stage testing
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C�,and multiple spacecraft missions in PSLV-C10, dual launch of two main spacecrafts in
PSLV-C�� C�.In the PSLV-C11 mission, India�s first moon mission, Chandrayaan-1 was
launched weighing 1��0kg in a highly elliptical orbit with 22�00km perigee. In the last PSLV-
C1�mission, a high resolution remote sensing satellite, Cartosat-2B along with four other co-
passenger satellites were placed in orbit, one of which was Studsat realized by students in
Indian �niversities. Preparations are on for the PSLV-C1�mission, carrying Resourcesat-2, �-
sat from Singapore and�outhsat.

The GSLV is capable of launching a spacecraft of 2�00kg in the GTO. The GSLV will continue
to be used for launching communication satellites and navigational satellites. In third
development flight of GSLV-D�, the ISRO developed Cryogenic upper stage was flight tested.
The mission was terminated due to malfunctioning of the cryogenic stage. The failure analysis
concluded that though the engine got ignited, it failed to sustain thrusting due to seizure of the
fuel boosted turbo-pump. The realisation of the next cryogenic stage is in progress after
validation of the failure scenario and further demonstration tests. The immediate launch of
GSLV-�0�will take place in December 2010 with the communication satellite GSAT-�P
weighing 2�10kg.

�igure � shows the improvements in the
payload capability and the corresponding
reduction in the launch cost per kg of
spacecraft mass to orbit for the ISRO
launch vehicles.

FF O C U S O N T H E S P E C I F I C
TECHNOLOGIES

Launch vehicle design is a multi-
disciplinary technology and integration of
these technologies and their interactions at
system level is the key. The Space
Transportation System development is
built around this mastery to engineer and
integrate various types of these
technologies.Areview of few of these areas
is made highlighting the developments.

Aerodynamics, Mission & Vehicle design

Aerodynamic characteristics and loads are the primary input for the design of any aerospace
vehicle. �rom dependence on analytical, empirical and experimental methods, now there is an
increasing shift towards the use of C�D for generating design data. Indigenous capability has
been achieved in the C�D area re�uired for the launch vehicles and reentry vehicles. The
�PARAS�software tool is used along with the results from the wind tunnels established in ISRO
and other National Laboratories. The availability of low cost computer clusters coupled with
large parallel computing capability enables high fidelity aerodynamic study of large number of
configurations at the preliminary design stage itself. This is followed by experimental studies
which focus on high �uality data generation for the finalized design. Keeping in mind the future
hypersonic reentry missions of ISRO, a hypersonic wind-tunnel facility of 1m test section,

Figure 7 Improvements in payload capability
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capable of simulating flows up to �ach number 12 is being built at VSSC. A beginning has
been made to use C�D in formal �ulti-disciplinary Design Optimization (�DO) of re-entry
vehicles employing C�D basedArtificial Neural Network (ANN) models. In future, such high
fidelity aerodynamic configuration optimization will be of routine nature.

The computational and theoretical capabilities for launch vehicle and other advanced missions
have been developed over the years. This capability has been amply demonstrated in the recent
missions of ISRO such as Chandrayaan-1 and SR�.

India�s historic entry to the club of countries having reentry technology took place on 22nd
�anuary 200�,when our spacecraft reentry capsule successfully withstood earth reentry and
was subse�uently recovered back into possession. SR� was intended as a technology
demonstrator for reentry � recovery of an orbiting module, providing a platform for long
duration microgravity experiments in space and also to gain confidence in development of
basic technologies re�uired for future missions such as reusable launch vehicles and human
space flight missions. Important technology developments attained were in aero-
thermodynamics, development of lightweight, reusable thermal protection systems,
navigation, guidance � control, management of communication blackout and recovery
support systems.

SSolid propulsion systems

Solid propulsion has remained the core technological strength on which launch vehicles were
configured. ISRO produces world-class solid motors in a wide range of propellant mass. The
spin motors used in �oon Impact Probe (�IP) has only �gm propellants whereas the booster
of LV��has 200 ton propellant loading. The HPS�motor of PSLV third stage having a mass
fraction of 0.�2and Isp of 2��sis one of the world class solid motors. A comparison of the
biggest solid motors of the world with S200 motor of LV��is made in the following table.

The progress of this technology and the present capability is due to the mastery in critical
technology elements such as development of efficient fuel binders like HTPB, achieving high
solid loading of the propellant to the extent of ���,development of high strength materials
such as �araging steels and use of composite materials for motor cases, development of case
bonding techni�ue and development of facilities for production of propellants, propellant
processing and testing of motors.
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Capability has been established in terms of software and hardware design for carrying out a
wide range of analysis like performance prediction, thermal analysis and thermal protection
systems, grain and other structural designs, flex nozzle technology etc. Aluminum composite
propellant system with HTPB binder are used in all motors due to its higher specific impulse,
better mechanical properties, better castability, and higher safety. However, constant effort is 
being taken by the R�D group to improve and modify the system through developing better
bonding and curing agents, inclusion of high energy oxidizers such as H��, use of nano-
aluminum etc. The production of the ingredients of the propellants has been established in
Indian industries and within ISRO.

LLiquid propulsion systems

The development of the li�uid propulsion systems started in the �0sand found its way into the
control systems of SLV-�.Today we have a wide range of li�uid engines with thrust levels of 1
N to �00kN. Different types of li�uid propulsion systems were developed based on mono
propellants, bi-propellants, hypergolic and non-hypergolic types. The second stage and upper
stages of PSLV are earth storable li�uid engines which are being produced in the industry. The
high performance pressure fed-engines of the upper stages and spacecraft engines are the
products of in-house development.

The Cryogenic engine technology has now been mastered with the development and flight
testing of the cryogenic stage used for the GSLV. �acilities have been established at Li�uid
Propulsion Systems Centre (LPSC), �ahendragiri, for the integration and static testing of the
engines and stages.

Mater ials and Structures

Indigenous development of ultra high strength grade �araging steel, with yield strength as
high as 1�00�Pa, enabled the realization of world-class solid booster casings for our launch
vehicles. Processing of �lectro Slag Refined (�SR) grade high strength low alloy (HSLA)
1�CDV�steel plates and rings and mastering of their welding and heat treatment technologies
is another critical development.

Development of new material for lighter, stronger and stiffer metallic alloys, e.g. Al-Li alloys,
high temperature Ti-alloys such as Half Alloy s�uare tubes for inter-stages and high specific
strength Beta titanium alloy for pressurized gas bottles are important developments. A variety
of austenitic and semi-austenitic stainless steels, super alloys, copper-zirconium alloy,
refractory metal Columbium based alloy, powder metallurgy products such as Nozzle Throat
Inserts, bi-layered copper-tin seal rings and silver-graphite composite brush blocks, bimetallic
adapters based on alloys of stainless steel and aluminium alloy were also developed. �aturing
of composite technology has provided high strength�stiffness low weight structures such as the
Kevlar�Carbon fibre motor cases, nozzle backups, C�RP heat shield, inter stages and payload
adaptors which have improved the payload capability.

A range of developments in special chemicals were undertaken such as special propellants,
special thermal paints, adhesives, rubber elements, potting compounds, primers, optical films,
and thermal screens for cryo interstages. �xpertise in high temperature materials such as
Carbon-Carbon, C�C, SiC, Silicide, �irconia coatings are also attaining maturity.

�stablishment of a world-class Cast House at BALCO to produce highest �uality billets and
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Ring Rolling �ill at ��s Bay �orge, Chennai to process rings upto �m diameter are the
noteworthy milestones in the establishment of indigenous capability within the country.

Investments are being made to develop expertise in hot structures, Shape �emory Alloys and
�etallic TPS for light, thermal barrier coatings and efficient structures. Another critical thrust
area is nano materials, which involves developing CNT based �etal �atrix Composite
Structures, �unctionally Graded �aterials, C�C, nano polymers and Smart �aterials which 
are the thrust areas for the future.

AAvionics, Navigation Guidance and Control systems

The avionics systems for the launch vehicles are mainly the Navigation, Guidance � Control
(NGC) systems, telemetry and tele-command systems and power systems. These systems have
been developed indigenously and used in all the ISRO missions successfully. The design
capability exists within ISRO and the production is through industry. In the inertial sensor area
indigenous capability has been achieved with ISRO sensors being used in all the spacecraft and
launch vehicle missions. The accuracy of the spacecraft injections achieved speaks of the
�uality of the inertial sensors.

Guidance system controls the translational dynamics while the Digital Auto Pilot (DAP)
controls the rotational dynamics. Navigation has the vital role of measuring the translational
and rotational states of the vehicle. The acceleration and rates are integrated to compute the
�uler angles, velocity vector and position vector. Closed Loop Guidance (CLG) system
generates optimum steering commands based on the states measured by navigation. After the
development of algorithms like �guidance, ��Guidance and VG guidance schemes, a �nified
Guidance scheme which is a single algorithm, can be configured for different vehicles and
missions, is being developed.

The control actuation systems and their power plants are the backbone of the NGC system.
They follow the commands and steers the vehicle through the re�uired trajectory. Various types
of control system in vogue for launch vehicles have been developed and used in all the
programmes. Starting with small control thrusters based on mono propellants to gimbal control
systems for all, the li�uid engines have been developed. �or LV��, the large flex seal control
system for the solid motor with electro hydraulic actuation systems having �0 ton force is one of
latest developments.

Hardware production and industry inter face

The launch vehicle hardware design, development tests and their integration is carried out in-
house. But the launch vehicle sub-systems such as motor cases, light alloy structures, engines,
avionics packages, propellants and chemicals are produced in the industry. The partnership
between ISRO and the industry has been a long standing one with mutual benefits. As an
example, the development of the �araging steel took place in ISRO, but the large scale
production and processing is carried out through �IDHANI and Rourkela steel plants. The
productions of the motor cases are from L�T and WIL. The light alloy structures are produced
at HAL making use of their expertise in the field of aerospace structure manufacturing. The
precision fabrication re�uired for the control systems, component modules for the propulsion
systems, pyros and mechanisms are through many of the Indian industries who have developed
the expertise in association with ISRO. The production of Vikas engines and Cryo engines are
through a consortium of industries, with the technological support from ISRO. The
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development of the new launch vehicle LV�� poses new challenges in terms of the size and 
precision re�uirements of the hardwares. Perfecting the fabrication techni�ues is the key to the
successful development of the new C2�upper stage cryogenic engine. Some of the challenges
are in the process of five-axis milling of the thrust chamber to generate the precision coolant 
channels, brazing of the outer chamber and welding, production of high �uality injector
elements that provide consistent performance, machining of turbo pump impellers and casings
with complicated profiles and precision.

AAssembly and integration

The assembly and integration of the space transportation system involves significant amount of
system engineering and planning. The sub-systems are integrated electrically and tested out.
The stage level tests are carried out to ascertain the performance before shipping them to the 
launch site. The methodology and protocols were developed over the years and perfected
through the launch vehicle programmes. The facilities are planned for meeting the specific
needs of the sub-system and stage integration. The hardware sub-assembly preparation and
integration at launch pad are meticulously carried out in an orchestrated manner.

FUTURE PROGRAMMES

The development of the future space transportation systems is aimed at bringing down the
launch cost by half for placing a kg of spacecraft mass in orbit through the expendable launch
vehicle technology and by the reusable technologies.At present the expendable launch vehicles
are being continuously upgraded for increased payload capability through incremental
improvements. Larger vehicles are being developed with fewer stages so as to bring down the
cost of launching to �0�of the present costs. It is also our target to increase the indigenous
contents in the space transportation system and efforts are on to fully become self reliant in the
area of materials, special components etc.

In the area of launch vehicle technology continual research in advanced propulsion methods is
essential for reducing the cost of access to space and for further space exploration. Significant
R�D effort is being carried out in the area of semi-cryo propulsion and air-breathing
propulsion. On the space exploration front, candidate technologies include ion propulsion,
pulse detonation, beamed energy, nuclear propulsion, antimatter propulsion and magnetic
levitation launch assist. Air breathing propulsion systems reduce system weight since they do
not carry oxidizer.

Technology demonstrator for Reusable Launch Vehicle

Accessing space like air travel with a short turnaround time using a fully reusable single stage
vehicle is the dream of the STS developer.ATwo Stage To Orbit (TSTO) fully reusable vehicle
is a practical solution, that will bring down the cost of the launches by an order. The
configuration studies are in progress for a TSTO vehicle. As a precursor to this, a technology
demonstrator for the Reusable Launch Vehicle (RLV-TD) is being readied for validation of the
technologies. RLV-TD is a winged body which has interaction between aerodynamics,
structures, propulsion, guidance, control and navigation. The flight path of RLV-TD is similar
to that of the first stage of a TSTO vehicle. The vehicle hosts a variety of cutting edge
technologies such as Carbon-Carbon �Inconel hot structures, �light Air Data System (�ADS),
controlled aerodynamic re-entry, control logic and material development. The RLV-TD would
serve as a flying test bed for proving many of the critical technologies.
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AAir-Breathing technology demonstrator

As scramjet engine with supersonic combustion is recognized as the most critical element in 
Air Breathing Propulsion technology, the current focus is on development and flight testing of
a scramjet engine. �nder this program, supersonic combustion in ground testing and �D
reacting flow computational simulations have been successfully achieved.

To demonstrate supersonic combustion in flight, a low cost two-stage flight technology
demonstrator (D�R�-�TD) is conceived. Novel mission profile has been arrived at for the
vehicle by which it will dwell on the ��ach number-dynamic pressure�(�-�) window of
interest for about �seconds enabling evaluation of the scramjet performance.

The roadmap for STS development envisages the expandable launch vehicle upgrading and
cost reduction through the use of semi-cryogenic technology and development of a unified
launch vehicle which is derived from GSLV �k-III. The knowledge gained from re-entry
technology demonstration, RLV-TD and air breathing technologies will lead to a TSTO vehicle
which will be fully reusable. This approach is pictorially shown in �igures �and �.

Figure 9 Roadmap for STS development

Low cost access to space – the strategies 2025

Air breathing
technologyTechnology

demonstrator
SCRAMJET

module

Reentry &
Re-usable

technology
Re-usable launch vehicle
Technology demonstrator

Semi-Cryogeni
 technology

Semi-Cryo engine & stage

Two stage To Orbit
(TSTO) reusable
launch vehicle

Expandable variants
2 S200 + SC160 + C30

6 ton to GTO

Figure 8 RLV Technology roadmap

Human Spaceflight

The access to space by humans provides immense advantage in terms of future exploration.
There is a renewed interest world over for further human exploration of moon and other
planets. Building space stations, establishing base in moon and to begin further exploration
missions from there are being thought of. To ac�uire the capability to transport human being to
space and bring back safely is a challenging task. The present launch vehicles are to be up-rated
for human transportation by building ade�uate safety, reliability and failure detection and abort
capabilities. Studies have been initiated including human rating of the launch vehicles,
development of the technology elements for the human space capsule with its constituents of
life support systems, environmental control systems, recovery systems etc. It is the new vision
of ISRO to ac�uire this capability of Space Transportation of human beings in the near future.
An orchestrated effort with other scientific establishments, industries and ISRO centres has
been initiated.
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TTECHNOLOGYROADMAP

ISRO believes in continual improvements in technology, capability and scope driven by
necessity. Besides catering to all remote sensing and earth observatory re�uirements, the vision
beckons the space programme beyond mastering the reentry technology to inter-planetary
mission, rover to moon and to human space flight. Technology has to be aggressively taken
forward�new technology has to be imbibed.

To meet the surge in space flights, generation of high fidelity, fast and robust aerodynamic data
demands establishing state-of-the-art aerodynamic � aero-thermodynamic test facilities and
developing highly accurate and versatile C�D tools. �or thermal protection, research is
underway for suitable coatings for thermal and radiation protection as well as acoustic and
cryogenic insulation. Also micro-meteoroid impact resistant systems are vital for protection
from small objects traveling at very high speeds. Studies have been initiated in inflatable space
structures, free return trajectories, IP based telemetry tracking and soft lander. Space debris
engineering models are being developed for success of these critical missions.

Human spaceflight missions demand unprecedented stress on safety and reliability. Software 
and hardware implemented fault tolerance, redundancy management, structural health
monitoring, crew health monitoring are to be developed. Polymer sciences have to deliver
special polymers for space suits, opto electronic polymers and fluoro polymers and chemicals
for life support systems, energy management systems such as super capacitors and advanced 
fuel cells. �oreover for operations while in space, research is to be done for ���S and N��S
based actuators and robotic manipulators. The futuristic concepts of space habitats demand
research in the areas of micro-gravity processing, solar welding and also thermal control for
long duration missions. And in the times to come, efforts have to be directed towards in-situ
synthesis for planetary habitats and material mining.

CONCLUSION

A brief overview of the developments in the Space Transportation Systems of ISRO has been
brought out. The achievements in this critical technology area of national importance enabled
us to have end to end capability for the space missions without external support. The STS being
an integral part of the space activities have been receiving ade�uate attention from all �uarters.
The programmes to improve the payload capability and reduce the cost of the launch vehicle 
are bearing fruit. The rates of launches of PSLV and GSLV have increased substantially to meet
the national goals of space based applications as well as to participate in the commercial launch
service market. The infrastructure and the industry capability are being enhanced to meet the 
increased production and launch re�uirements. Advanced launch vehicles and concepts are
being given ade�uate attention so that we will not lag behind in this enabling area.

The vision of the forefathers of the space activities in India have been enriched and built up on
by the subse�uent leaders. This tradition enabled ISRO to maintain continuity of programmes
with ade�uate focus. The second vision for space has enthused the space community to take up
challenges for exploration beyond earth�s orbits and planning is underway to achieve and
demonstrate further capabilities.

Co-authored with: S. Somanath, Project Director, GSLV Mk-III Project, VSSC & S.R
Vijayamohanakumar, Deputy Project Director, GSLV Mk-III Project.
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TTechnological Challenges for a More
Equitable and Sustainable Planet

with Special Reference to Power Sector
Shr i B Prasada Rao

Chairman � �anaging Director

BH�L, New Delhi

� We have the moral responsibility to be�ueath to our

children a world which is safe, clean and productive,

a world which should continue to inspire

the human imagination with the immensity of

the blue ocean, the loftiness of snow-covered mountains,

the green expanse of extensive forests and the

silver streams of ancient rivers.�

Prime �inister Dr �anmohan Singh

Introduction

India has emerged as one of the largest economies of the world, and will continue its rapid
urbanization and economic development with the aspiration of achieving double digit growth
in the coming years. This is a cause of celebration. But, it has its own share of challenges.

Our society has been built on the notion that economic growth is entirely positive. This made
sense as long as we were few people on the planet and the global economy was small compared
to the natural system. This is no longer the case where more than two-thirds of the most
important ecosystems have been over exploited. The present path of development
characterized by never-ending increase in demand-driven consumption cannot sustain much
longer.

The 1�th Conference of the Parties (COP 1�)to the �N �ramework Convention on Climate
Change in Copenhagen demonstrated that the threats of catastrophic climate change are still
not sufficiently perceived as real and urgent. In common with previous civilizations which
have collapsed, we see the threats deepening but we are unable to agree on strong action.

Neither Copenhagen Accord nor I profess that growth is not good. But, as our Hon�ble Prime
�inister Dr �anmohan Singh has said �

�Our people have a right to economic and social development and to discard the ignominy of
widespread poverty. �or this we need rapid economic growth. But I also believe that
ecologically sustainable development need not be in contradiction to achieving our growth
objectives. In fact, we must have a broader perspective on development. It must include the
�uality of life, not merely the �uantitative accretion of goods and services. Our people want
higher standards of living, but they also want clean water to drink, fresh air to breathe and a
green earth to walkon.�
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This is both a challenge and an opportunity to lay the foundations of innovative, resource
efficient, sustainable and socially-just societies.

In this backdrop, like other countries, India needs to find a way to ensure energy and
environmental sustainability without compromising on its economic and social development.
Availability of ade�uate amounts of energy at affordable prices and e�uitable access to them 
for all sections of society will be defining characteristics of life in the 21st century. India with
1��tof the world population and just 0.��of the world�s known oil and natural resources is
going to face serious energy challenges in the coming decades. Besides energy independence,
the devastating impact of climate change has become an issue of critical importance. �nergy
production using fossil fuels is the major contributor to greenhouse gas emissions. Hence,
transition to a low-carbon energy economy is the real solution for mitigating the impact of
climate change.

IIndia's Climate Change Mitigation Strategy following the Copenhagen Accord

Since, the Copenhagen Summit (COP-1�) did not set-up any legally binding targets and
commit the countries to agree to a binding successor to the Kyoto Protocol, whose present
round ends in 2012, there isn�t any obligation for the countries to take some concrete measures.
COP-1�underlines that climate change is one of the greatest challenges of our time and
emphasizes a �strong political will to urgently combat climate change in accordance with the
principle of common but differentiated responsibilities and respective capabilities�. It is also
said that deep cuts in global emissions are re�uired according to science and it agrees
cooperation in peaking (stopping from rising) global and national greenhouse gas emissions as
soon as possible and that a low-emission development strategy is indispensable to sustainable
development.

By 20�0,India is likely to have a GDP of �SD �trillion and a population of 1.�billion. This
will swell demand for critical resources such as coal and oil with parallel increase in
greenhouse gas emissions. India is giving serious consideration to adoption of a 20� to 2��
reduction in energy intensity (taking 200�as the base year) for its own reasons, despite no
guarantees of compensatory financing. If India moves ahead with this plan of reducing the
energy intensity, and if the National Action Plan on Climate Change (NAPCC) released on
�une �0,200�is able to deliver the expected results, it could serve as the backbone of the
climate change mitigation regime to be followed by India.

Technology Policy: Pathway for Development of Low-Carbon Technologies

�any of the most promising low-carbon technologies currently have higher costs than the
fossil-fuel incumbents. It is only through technology learning from research, development,
demonstration and deployment (RDD�D) that these costs can be reduced and the technologies
become economical. Thus, governments and industry need to pursue energy technology
innovation through a number of parallel and interrelated pathways. �ost new technologies will
re�uire, at some stage, both the �push�of RDD�D and the �pull�of market deployment.

The role of government in developing effective technology policy is crucial. Policy establishes
a solid foundation and framework on which stakeholders, including industry, can build the
entire spectrum of RDD�D. In this way, governments can reduce the risk for other actors in the
early phases of technology development and then gradually expose the technology to greater
competition, while allowing participants to realise reasonable returns on their investments as a
low-carbon economy takes hold.
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Governments will need to intervene on an unprecedented scale in the next decade to avoid the
lock-in of high-emitting, inefficient technologies. They must take swift action to implement a
range of technology policies with the overriding objectives should be to reduce risk, stimulate
deployment and bring down costs.

In recent years, much attention has been given to the importance of policies that put a price on
carbon emissions as a way of stimulating the clean technology development and deployment
needed to deliver an energy revolution.

While such policies (eg, carbon trading) are likely to be an important driver of change, they are
not necessarily the most effective way to deliver short-term investment in the more costly
technologies that have longer-term emissions reduction benefits. �oreover, a truly global
carbon market is likely to be many years away. Governments can draw upon a wide variety of
other tools to help create markets for the technologies that meet national policy objectives,
including regulations, tax breaks, voluntary programs, subsidies and information campaigns.

Governments also have an important role in encouraging others to take the lead in relevant
areas. Industry can demonstrate leadership through active involvement in public-private
partnerships. �niversities can expand training and education to develop and deploy the human
capacity needed to exploit the innovative energy technologies. Non-governmental
organizations can help engage the public and communicate the urgency of the need to deploy
new energy technologies on a large scale, including the costs and benefits of doing so. �inally,
all stakeholders must work together to strengthen international technology collaboration to
accelerate RDD�D, diffusion and investment. Technology roadmaps can be an effective tool
to help this process.

TTechnology Diffusion: An Integral Par t of the WayAhead

Nearly all of the future growth in energy demand and in emissions comes from non-O�CD
countries. Accelerating the spread of low-carbon technologies to non-O�CD countries is
therefore a critical challenge, particularly for the largest, fast-growing economies, such as,
Brazil, China, India, the Russian �ederation and SouthAfrica.

Non-O�CD countries have traditionally been assumed to access new technologies as a result
of technology transfer from industrialized countries, presupposing a general trend that
technological knowledge flows from countries with higher technological capacities to those
with lower capacities. The situation is, however, becoming more complex, with an increasing
multi-directional flow of technologies among and between O�CD and non-O�CD countries,
and emerging economies establishing strong manufacturing bases and becoming exporters in
their own right.

To be successful, a low-carbon economy should be based on market principles in which energy
technologies spread primarily through commercial transactions. The challenge is to reorient
these transactions to support the transfer of low-carbon technologies while also encouraging 
corporate India to become technology developers. India is rapidly improving her capability to
develop and deploy key low-carbon technologies. We need to advance at an even more rapid
pace to decouple CO emissions from economic activity.2

Progressive Effor ts in R&D

Along with the technology transfers, a lot of work needs to be done in the country itself if it
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wishes to meet the targets that have been set-up for energy re�uirements, emission levels etc 
and this is where the R�D kicks in. In house R�D plays a major role as it is easily able to
address the problems of the country, like the environmental conditions, working conditions etc
and hence the developments in any particular region are readily implementable. This helps in
increasing the acceptability of the product considerably. There should be a rapid expansion of
energy-efficiency programs, massive scale-up of renewable energy implementation (complete
with demonstration projects, enabling legislation and incentivizing tariffs), measures to
improve agricultural practices and reforestation initiatives and the creation of a fund to
promote national innovation and research into clean technology solutions. But, R�D spend
among Indian industries has been abysmally low barring few like pharmaceuticals. We spend
all of our energy and resources on various strategy initiatives not giving desired thought to the
level of innovation re�uired for future market re�uirements. BH�Lspent Rs �2�crores (2.���
of sales) on R�D during ��200�-10, which was highest among our kind of industries in India.
We have pioneered in customizing technology sourced from global technology holders as per
Indian conditions with extensive in-house R�D.

SSectoral Perspective

About ���of current CO emissions are energy-related and about ���of all greenhouse gas2
emissions can be attributed to energy supply and energy use. All sectors will need to reduce
dramatically their CO intensity if global CO emissions are to be halved. However, this does2 2
not mean that every sector needs to cut its own emissions by �0�.�ach sector has different
growth prospects and a different range of low-carbon options that can be deployed to reduce 
emissions.

�or advancing deployment of both existing and new technologies across all sectors, a key
message is the need for rapid action that takes into account the long-term goals. Without a long-
range perspective, there is a risk that inappropriate and costly capital investments made in the
near term could undermine future emissions reduction targets or will need to be scrapped well
in advance of their normal life cycles.

I will take you through Power Sector perspective in detail.

Power Sector

It bears repeating that decarburizing the power sector will be at the heart of efforts to make deep
cuts in global CO  emissions. Globally, power sector currently accounts for �1� of energy-2
related CO emissions. The Baseline scenario of World �nergy Outlook 200�projects a2
doubling of these emissions over the period to 20�0,because of continued reliance on fossil
fuels.

Significant policy change is needed to break the current dependence on fossil fuels in the power
sector. A key challenge is that, at present, many low-carbon alternatives are considerably more
expensive than traditional fossil-based technologies. In addition to expanding RDD�D
support and creating market mechanisms to foster technological innovation, governments
should adopt policies that encourage the earliest possible closure of the dirtiest and least
efficient plants. All low-carbon generation options need to be pursued�excluding any one
option could significantly increase the costs of achieving CO emissions reductions from the2
sector.
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Some low-carbon generation technologies raise uni�ue challenges. �or example, system
integration will be needed to support large �uantities of variable renewable (such as, wind,
solar PV, run-of-river hydropower and wave and tidal power). There is also an urgent need to
accelerate the demonstration of Carbon Capture and Storage (CCS) in the power sector and to
develop comprehensive regulatory approaches to enable its large-scale commercial
deployment. Nuclear power re�uires further progress on building and operating disposal
facilities for radioactive waste.

There are signs that the necessary changes in power generation are starting to happen.
Investment in renewable energy, led by wind and solar, reached an all-time high in 200� and 
stayed at similar levels in 200�despite the economic downturn. In 200�,more wind power was
installed in �urope than any other electricity-generating technology. Similar developments
have been seen in other parts of the world. In terms of global installed renewable capacity,
China now ranks second and India fifth. There is also evidence that nuclear power is
undergoing a renaissance. �ajor expansions of nuclear capacity are planned in China, India
and Russia. Several other countries with existing nuclear plants but where no new construction
has been launched in recent years are also actively considering new nuclear capacity.

We in India are actively pursuing eight national missions as outlined in NationalAction Plan on
Climate Change (NAPCC). Power sector is at the core of NAPCC touching all aspects
generation, transmission and distribution and finally end use. BH�L is leading the country in
introducing low-carbon emitting and energy efficient Supercritical Technology at new power
plants. We have increased our focus on low carbon path technologies, such as, �ltra
Supercritical, IGCC, Solar Power, etc. BH�L is playing a lead role in �development and
deployment�of advanced �ltra Supercritical Power Plant under the proposed National �ission
for Clean Coal (Carbon) Technologies. Post nuclear treaty with �S and other countries, India is
expected to significantly increase share of nuclear power in its energy mix in years to come.

CConcluding Remarks

There are many existing and emerging technologies, such as, advanced fossil fuel power
generation, biomass and bioenergy, wind power, buildings and appliances, and electricity
transmission and distribution technologies, that can help achieve a low-carbon future and other
environmental goals. �ach of these is at a different stage of the research, development,
demonstration and deployment (RDD�D) cycle�however they are not being developed and
diffused at the rate re�uired because of a number of technological, financial, commercial and
regulatory barriers. Given the urgency of the climate change problem, government, investors
and consumers around the world need to take bold, decisive action to initiate and advance
change in their respective spheres of influence �and increase their commitment to working
together with all sincerity of purpose and sense of responsibility.

I wish to conclude by recalling �ahatma Gandhi�s sagacious message�The earth has enough
resources to meet the needs of people, but will never have enough to serve their greed. This is
the spirit which must be the foundation of any strategy for e�uitable and sustainable
development ofour planet.

Thank you.
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EEngineers – The Harbingers
of Change

Lt Gen I J Singh, AVSM, VSM
Director General, ���

INTRODUCTION

Ladies and gentlemen,

ndIt is my proud privilege to be here today to deliver the �2 Rajendra Nath �ookerjee
�emorial Lecture.

Before I begin, it would only be apt for me to bring to your attention Sir Rajendra Nath
1�ookerjee – the inaugural President of The Institution of �ngineers (India). Sir Rajendra

2 �Nath �ookerjee, KCI� , KCVO , was a pioneering Indian industrialist. Among his
achievements were the construction of Palta Water Works and the Victoria �emorial at
Kolkata. He pioneered the laying down and operations of �artin Light Railway. He
contributed to the success of Bengal Iron at Kulti. Later he co-founded the iron works of The
Indian Iron and Steel Company at Burnpur. In recognition of his achievements, he was

thbestowed the honour of presiding over the � session of Indian Science Congress held at
Kolkata in 1�21.

Today, as I embark to deliver a talk nearly three �uarters of a century after the passing away of
this great luminary, I am humbled by the occasion, and wonder what ground to cover as a fitting
tribute to him.

In more ways than one, Sir Rajendra Nath �ookerjee was an agent of change. The Palta Water
Works brought treated water from Barrackpore to Kolkata in the early twentieth century, and
perhaps laid the grounds for rapid industrialisation of the city of Kolkata. That pretty much was
at the vanguard of industry and business in this country in the first half of the twentieth century.

I will take that thread to deliver this �emorial Lecture today. I will talk about how �ngineers at
large, a tribe of whom Dr Rajendra Nath �ookerjee was a shining example of, are the prime
movers and harbingers of change. I will delve on the grand challenges that face engineers in the
twenty-first century. I will also give a few thoughts on how the noble profession of engineering
can contribute to a shining India in the years ahead.

ENGINEERS – THE HARBINGERS OF CHANGE

Since the invention of the wheel in the neolithic age, engineering has been the most powerful
driving force behind the evolution of mankind. The progressive force of engineering has
propelled our societies from primitive disarray to the sophisticated world order that we see
today.
1

Born June  1854; Died May  1936
2

Knight Commander, one of the ranks of the Order of the Indian Empire.
3

Knight Commander of the Royal Victorian Order, a British Honour.

23, 15,
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�ay it be fundamental inventions of electricity, steam engine or the cutting-edge realms of
nano-technology, the ceaseless growth of engineering has always created a revolutionary
change in the human race. The networks of road, rail, electricity, communication and irrigation
are a few of the vital infrastructural arteries which keep our lives galvanized, and are the
essential unsung engineering applications that we at times take for granted. �ngineering has
nurtured sustained growth in every conceivable field of our day-to-day lives, like education,
economy, agriculture, transportation, etc. The early warning systems against the vagary of
natural calamities like tsunami are engineering marvels which are capable of saving thousands
of human lives.

The core purpose of engineering of any genus is to foster technological innovation and
excellence for the benefit of humanity. Implied in this benefit, is the recognition of the
importance to maintain healthy symbiotic relationship with the earth. Looking back at the
world order in retrospect, we will find that every change in the society was triggered not by an
impassioned demagogue or a military leader, but by an engineering mind which had concern
for humanity.

�ngineers are not only the harbingers of human evolution, but have successfully brought about
many revolutionary changes that transformed the very way world lives. The industrial
revolution, military technologies, communication and the internet proliferation are a few of the
significant examples of these striking changes.

��
FUTURE CHALLENGES

The twenty-first century ahead poses challenges as formidable as any from millennia past. As
the population grows and its needs and desires expand, the problem of sustaining civilization�s
continuing advancement, while still improving the �uality of life, looms more immediate. Old
and new threats to personal and public health demand more effective and more readily
available treatments. Vulnerabilities to pandemic diseases, terrorist violence, and natural
disasters re�uire serious searches for new methods of protection and prevention. Products and
processes that enhance the joy of living remain a top priority of engineering innovation, as they
have been since the taming of fire and the invention of the wheel.

In each of these broad realms of human concern-sustainability, health, vulnerability, and joy of
living-specific grand challenges await engineering solutions. The world�s cadre of engineers
will seek ways to put knowledge into practice to meet these grand challenges. Applying the
rules of reason, the findings of science, the aesthetics of art, and the spark of creative
imagination, engineers will continue the tradition of forging a better future.

Captur ing Solar Power

�oremost among the challenges are those that must be met to ensure the future itself. The �arth
is a planet of finite resources, and its growing population currently consumes them at a rate that
cannot be sustained. Widely reported warnings have emphasized the need to develop new
sources of energy, at the sametime as preventing or reversing the degradation of the
environment.

4
http://engineeringchallenges.org/cms/8996/9221.aspx
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Sunshine has long offered a tantalizing source of environment-friendly power, bathing the
�arth with more energy each hour than the planet�s population consumes in a year. But
capturing that power, converting it into useful forms, and especially storing it for a rainy day,
poses provocative engineering challenges.

NNuclear Fusion

Another popular proposal for long-term energy supplies is nuclear fusion, the artificial re-
creation of the sun�s source of power on �arth. The �uest for fusion has stretched the limits of
engineering ingenuity, but hopeful developments suggest the goal of practical fusion power
may yet be attainable.

Nitrogen Cycle

A further but less publicized environmental concern involves the atmosphere�s dominant
component, the element nitrogen. The biogeochemical cycle that extracts nitrogen from the air
for its incorporation into plants and hence food has become altered by human activity. With
widespread use of fertilizers and high-temperature industrial combustion, humans have
doubled the rate at which nitrogen is removed from the air relative to pre-industrial times,
contributing to smog and acid rain, polluting drinking water, and even worsening global
warming. �ngineers must design countermeasures for nitrogen cycle problems, while
maintaining the ability of agriculture to produce ade�uate food supplies.

Water

Chief among concerns in this regard is the �uality and �uantity of water, which is in seriously

short supply in many regions of the world. Both for personal use – drinking, cleaning, cooking

and removal of waste and large-scale use, such as, irrigation for agriculture, water must be
available and sustainably provided to maintain �uality of life. New technologies for
desalinating sea water may be helpful, but small-scale technologies for local water purification
may be even more effective for personal needs.

Reverse-engineer ing the Brain

One goal of biomedical engineering today is fulfilling the promise of personalized medicine.
Doctors have long recognized that individuals differ in their susceptibility to disease and their
response to treatments, but medical technologies have generally been offered as �onesize fits
all�. Recent cataloging of the human genetic endowment, and deeper understanding of the
body�s complement of proteins and their biochemical interactions, offer the prospect of
identifying the specific factors that determine sickness and wellness in any individual.

An important way of exploiting such information would be the development of methods that
allow doctors to forecast the benefits and side effects of potential treatments or cures. �Reverse-
engineering�the brain, to determine how it performs its magic, should offer the dual benefits of
helping treat diseases while providing clues for new approaches to computerized artificial
intelligence. Advanced computer intelligence, in turn, should enable automated diagnosis and
prescriptions for treatment. Computerized catalogs of health information should enhance the
medical system�s ability to track the spread of disease and analyze the comparative
effectiveness of different approaches to prevention and therapy.
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Another reason to develop new medicines is the growing danger of attacks from novel disease-
causing agents. Certain deadly bacteria, for instance, have repeatedly evolved new properties,
conferring resistance against even the most powerful antibiotics. New viruses arise with the
power to kill and spread more rapidly than disease-prevention systems are designed to
counteract.

AAver ting Biological Disaster

As a conse�uence, vulnerability to biological disaster ranks high on the list of unmet
challenges for biomedical engineers, just as engineering solutions are badly needed to counter
the violence of terrorists and the destructiveness of earth�uakes, hurricanes and other natural
dangers. Technologies for early detection of such threats and rapid deployment of counter-
measures (such as, vaccines and antiviral drugs) rank among the most urgent of today�s
engineering challenges.

Revival of Infrastructure

�ven as terrorist attacks, medical epidemics and natural disasters represent acute threats to the
�uality of life, more general concerns pose challenges for the continued enhancement of living.
�ngineers face the grand challenge of renewing and sustaining the aging infrastructures of
cities and services, while preserving ecological balances and enhancing the aesthetic appeal of
living spaces.

Training and Education

The external world is not the only place where engineering matters�the inner world of the mind
should benefit from improved methods of instruction and learning, including ways to tailor the
mind�s growth to its owner�s propensities and abilities. Some new methods of instruction, such
as computer-created virtual realities, will no doubt also be adopted for entertainment and
leisure, furthering engineer�s contributions to the joy of living.

All of these examples merely scratch the surface of the challenges that engineers will face in
stthe 21 century. The problems described here merely illustrate the magnitude and complexity

of the tasks that must be mastered to ensure the sustainability of civilization and the health of its
citizens, while reducing individual and societal vulnerabilities and enhancing the joy of living
in the modern world.

In pursuing the century�s great challenges, engineers must frame their work with the ultimate
�goal of universal accessibility in the mind. �ust as a house divided against itself cannot stand , a

world divided by wealth and poverty, health and sickness, food and hunger, cannot for long
remain a stable place for civilization to thrive.

Through the engineering accomplishments of the past, the world has become smaller, more
inclusive, and more connected. The challenges facing engineering today are not those of
isolated locales, but of the planet as a whole and all the planet�s people. �eeting all those
challenges must make the world not only a more technologically advanced and connected
place, but also a more sustainable, safe, healthy and joyous, in other words, better-place.

5Quote by Abraham Lincoln
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EENGINEERS IN THE INDIAN CONTE�T

In Indian context, engineers have, in the past, shied away from social issues interfacing with
technology development. They have been picking up knowledge and skills re�uired for
dealing with, in addition to technical matters, issues internal to the organisation, eg, employees
unions, group dynamics, leadership, communication, etc, and thus transforming themselves
into managers as they went up the hierarchical ladder. They have e�uipped themselves to deal
with technical aspects of policy issues, eg, globalisation, sustainable development,
environment, employment generation and the like. But, in future, they will have to deal with
greater sensitivity to issues of social concern and contribute more effectively to national
development.

�any of the most important societal issues that we are facing have strong technological and 
scientific elements�the environment is one of them. Still, it should be realized that much would
be gained, if technology is also seen as part of the solution, and not just as all or part of the
problem.

It may be noted that in the era gone by, India produced �uite a few engineers who influenced
significantly development policies. People like K L Rao, or, still earlier, � Visvesvaraya
assumed iconic levels. In recent years, such outstanding examples have become rare. It is not
that talent or capabilities have been lacking. But the scene of action has shifted to the corporate
sector. People like V Krishnamurthy and N R Narayanamurthy are amongst many who
provided excellent leadership to the Indian industry. Some Indian engineers, working in the
corporate sector in the �SA, have become widely known names in that country. They have
found a new space for making outstanding contributions. Gratifying though it may be, there is
no reason why Indian engineers should not be contributing at the policy level in their own
country. Once the growth of the corporate sector and foreign markets stabilizes, there will be
leaders emerging on the domestic policy making scene as well.

It is important for our engineering community to contribute more meaningfully to the nation�s
development. The choice of research problems that are relevant in the Indian context is
important to realise this. The Indian science and engineering community also has a key
responsibility in guiding the nations technology choices and providing directions to science
and technology policy. The engineering institutions should play a role in educating the
community on the impact of different technologies and alternative development paths. In order
to develop sustainable futures, engineering colleges should attempt to educate school teachers
and community leaders.

There are several immediate challenges facing India, power shortages, flooding, water
shortages, etc. In many cases, there is a need for development for cost effective technologies
based on India�s resources, for example, in the energy sector technologies for gasification of 
high ash, low sulphur coal (that occurs in India) and nuclear power cycles based on Thorium
are India specific needs that are not technologies re�uired for other countries. The linkage and
commitment of engineering institutions to the nation�s development is essential before the
engineering colleges can aspire to make a global impact. The history of development of most
leading global institutions shows strong links to regional and national development.
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SSUGGESTIONS FOR ENHANCING ENGINEERING AND ITS CONTRIBUTION IN
NATIONAL GROWTH

It is imperative that we identify specific areas of concern in National Growth and provide
specific solutions for them. Towards this, I would like to delve on a few possible suggestions
for enhancing engineering and its contribution to National Growth in India. One may perceive
them as the few of the deliverables in our discussion here.

Evolution in Engineer ing Education

It will be pertinent to analyse the paradigm shift that the engineering education system in India
has undergone. Initially, the focus of the engineering education in our country was to produce
engineering graduates to implement, operate and manage the growing industry that mainly
relied on imported technology. Subse�uently, as the economy grew, there emerged a need for
technology development and then for research and development. The engineering institutions
that were primarily set-up for undergraduate teaching started emphasising research and
evolved �asters and doctoral programmes.

Technological changes are becoming ever faster. Half life of technologies is diminishing.
�ducation will need to respond to these changes in terms of content as well as pace. With the
emergence of interdisciplinary areas of study, boundaries amongst disciplines will become
hazy. Overlapping will increase not only with science subjects but also with social sciences.
Interfaces with health issues and Intellectual Property Rights, for instance, will come up as
topics of wide interest. Industry-institute interaction, which was hitherto informal and limited
to a few institutions, will spread and get relatively formalised. In order to provide for a variety
of combinations of subjects, curricula shall have to become modular offering wide choices.
Additional modules may have to be picked up by engineers while working. �ormal and non-
formal modes of education will expand at the postgraduate level. Learning will become a
continuous process stretching into the entire period of employment as indicated later.

Deto�ifying Engineer ing as Perceived

�ngineering has traditionally been looked upon as an �Imposed Profession�. Popular culture, I
will say, is best perceived through the medium of movies. Going by that standard, the current
crop of movies, be it ��Idiots�or be it ��daan�, portray ��ngineering�as the Big Villain thrust
upon unwilling students. �ngineering is stigmatised as a secure and structured money
garnering career wherein �ngineers are portrayed as dreary bookworms with lack lustre
approach towards life. �ngineering learning is associated with too much cramming with no
creativity involved. In light of redefined engineering, the society needs to be compelled to
accept engineering to be as exciting and imaginative as, say �ashion designing. There is a
strong need to decontaminate the society�s perception of engineering. This will encourage
engineers to focus on contributing to society more.

Networking ofAcademia, Industry and Defence Forces

In order to share the best practices of these diverse looking elements for evolving the
comprehensive, unified and cohesive approach policy for National Growth based on a
common platform of engineering, we may resort to creating a robust knowledge management
system to facilitate this networking. Army Technology Board (ATB) and Army �anagement

262 Advancement of Engineering in India in New Millennium



The Institution of Engineers (India)
th

2
5

In
d

ian
E

n
g
in

eerin
g

C
o

n
g

ress,
K

o
ch

i,
D

ecem
b

er
1
6
-1

9
,

2
0
1
0

T
h

e
3
2
n

d
S

ir
R

N
M

o
o

k
erjee

M
em

o
rial

L
ectu

re

Study Board (A�SB) are classic partnership models which are driving many ambitious
projects. This kind of paradigms for industry, academia partnerships extendable to defence
forces may include following specific factors �

(i) Industry�s recognition of the need of user and facilitating linkage with academia.

(ii) Industry�s role in defining key research areas and potential research problems specific
to the re�uirement of the defence forces.

(iii) Academia to be responsive to the industry�s future manpower and special training
needs.

(iv) Sponsorships of � Techs and Ph Ds with attractive fellowships.

(v) �stablishment of research consortiums in different areas (eg, automobile design,
VLSI) of interest to industry groups to provide the long-range research thrust that
would provide Indian industry a future competitive advantage especially in defence
technologies.

(vi) �ncourage experienced army and industry engineers �managers to associate with
engineering institutions as adjunct faculty �or as advisors and encourage experienced
faculty to associate with industry in advisory�visiting. Though, the interactions
between academia and industry have improved in the last decade, there is significant
scope for Defence Industries (including PS�s) for further improvement.

(vii) Institute industry meets, discipline specific open days (consisting of exhibitions,
lectures, discussions) can be organised where industry professionals get an idea of the
current courses offered, ongoing research and technology development and future
plans. These exchanges can also provide useful feedback to the engineering
departments.

CContr ibute to Indian Defence Preparedness

There is a strong need of enabling greater participation of private sector in defence production
for strengthening self-reliance in defence preparedness. We need to evolve a policy based on
encouraging involvement of country�s best firms in defence capability building along with
pursuing offsets policy to bring in technology and investment, exploring synergies amongst
private sector, Defence Public Sector �ndertakings (DPS�s), Ordnance �actories (O�s) and
the Defence Research and Development Organisation (DRDO), to promote high technology
capabilities and creating an environment for �uantum jump in export of defence e�uipment and
services. �ollowing aspects need implementations at the national level �

(a) Information sharing of the re�uirements of armed forces with the industry�

(b) identification of entry points for the private sector in the ac�uisition process�

(c) accreditation and fostering of Raksha �dyog Ratna�Champion�

(d) evolve policy framework to promote participation of small and medium enterprises in
defence production�
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(e) providing Defence Research and Development opportunities, both to the DRDO and
the industry�and

(f) encouraging optimum utilization of existing capacity.

We may think of emulating adoption of the South Korean model to identify Raksha �dyog
Ratna (R�R) on the basis of their performance. Only firms of proven excellence, which are
capable of contributing, depending on their technical, managerial and financial strength should
be declared R�Rs. These firms would be essentially platform producers and system integrators
and should be treated at par with the Defence Public Sector �ndertakings. We may think of
giving greater freedom to the PS�s to form joint ventures and consortiums. The concerns
related to liberalising the �DI regime for the defence sector may not be grave. The major reason
for reluctance in encouraging the private sector into defence production and welcome �DI in
the sector is on account of concern for the defence PS�s and the ordinance factories. However,
it is clear that if the import continues at the present level, the role of the defence PS�s and the
ordinance factories would only be further marginalised. If on the other hand, the major arms 
and weapon manufacturer companies set-up their manufacturing units in India, there is strong
possibility that they will collaborate in National Growth in a symbiotic model.

PProactive Energy Secur ity Policy

India�s energy security concerns have, thus far, been largely defined by a narrow focus on
supply disruptions and the conse�uent need to increase redundancy in our stocks of crude oil
and petroleum products through the creation of a strategic storage. In reality, India�s energy
security concerns go well beyond a narrow focus on a likely supply disruption in our crude oil
imports. India�s energy security, at its broadest level, has to do with the continuous availability
of primary commercial energy at a competitive price to fuel our economic growth and to
provide reliable access to modern forms of primary and secondary energy and energy services
needed for lifeline support. Again, energy security re�uires that such access to lifeline energy
be ensured even if it re�uires directed subsidies. We can reduce risk to our energy security by
way of policies aimed at reducing our energy re�uirements and import dependence (through 
efficient production, transmission, distribution and use of energy, development of efficient
energy markets, instituting well-targeted �lifeline�entitlements, and diversifying�expanding
the domestic resource base using commercial or near-commercial technologies). India�s ability
to effectively manage such risks can only grow with her rising economic and political stature in
the world economy.

Creation of Centres of E�cellence

On the lines of various universities and industries, we need to create Centres of �xcellence in
different fields of Defence �ngineering. These Centres of �xcellence will act as a Core Group
of Domain �xperts enabled with the re�uisite infrastructure and authority to link with
academia and relevant commercial industries.

CONCLUSION

In the last forty odd minutes, I have tried to give you a broad view of what you can expect to see
in the world at large, and what we need to do to further enhance the discipline of engineering in
our country.
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As you will no doubt realise, the scope for us to do is very very huge.

I can only end with a �uote from Robert �rost�-

The Woods are Lovely,

Darkand Deep

But I have promises to keep,

And miles to go before I sleep.

Thank�ou.
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