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Energy Security is a Multi-Dimensional Phenomenon

Population Growth
Rural Urban Divide; Lack of Equity
Lack of access to Grid Connected Power in Rural Parts

Changes in Life Style
Clean, High End Energy High Energy Intensity Consumption
Technology is Costly in the

Short Run . Increased Aspirations from Burgeoning Middle Class

High GDP Growth
Increasing Demand
for Commercial &
Domestic Electricity

CO, Emission Increase
Depleting Forest Cover

Deeper Mining
Escalating Oil & Coal
Imports Dwindling Natural Resources
Reduction in the Carrying
Capacity of Earth

Investment Scenario
Up-Front Huge Investment with
Long Term Uncertainty
Growing Burden of

A Transition to High Entropy Western Life Pattern;
Energy Subsidy

Indian Rural is Culturally Different from Western
Counterparts

Energy hasb Busi C lity
' Loss of Ethics in Energy Development Priorities;
Less Tolerant & Aggressive Culture Replaces . . Compartmentalized Outlook to Development Agenda
Contented & Accommodative Oriental Value System
Dominance of Sectoral Interest over Collective Ones Deficiency in dating Ethical Issues of High
Technology Energy M.
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Earth’s Nine Lives - Beyond the Boundaries

Balmy springtime of earth is known as the Heolocene, but we are in a new ora
Anthropocene which is defined by human domination of the key systems that maintain
the conditions of the planet. We have today controlled the “Earth’. but in our reckiess
desire to advance, we forget to maintain its life-supporting systems.
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World Energy Scenaric Analysis:
Quirin Schiermelerr et al., Nature 454, 14 (2008) 816-823.

< World Energy Requiremant would increase twofold by 2050 and by thres fold by 2100
+Enaugh Clean Electricity in World but nesds shart term (realistic) and long term (ambitious

bant with adegquate resowrces) strategy. Needs allocations and sustained
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< Hypdro Elactric Power: Cheap and mature technalogy with substantial environmeantal costs
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“Muclear Fission: Major constraint will be politice.social acceptability, but has potential for

Largper scabe deployment. Fast Bresders with closed fuel cycle can supply complete
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Energy Scenario for India
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Enargy sustainability with closing the fal cycls is the paliey;
Growth limited by our abilily io expand in & robust manner
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ENERGY-TECHNOLOGY DEPLOYMENT
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PMaturity of Technaology

VALIDATION OF CONCEFT
* Peer neview

CONCEPTS

* Techacloges
" Strateper
" Finaning

SIX LEVELS OF TECHNOLOGY MATURITY =
REAL SYSTEM
* Succeifid
OptrEan
* Pt planty e eplorshes by
rel bfe ermronment
~ Protatype demonnirason of
pechmolagy
— Bammess modd
COMBON
AND
* Laberatosy
Modelby
Bgmmal | Talented human resources
| |m «RAD competence
- « Management of RD?

«Pagelon, Ethice, Mativation

» Patronage and support

»Peer review of milestones

« anagement structurs and confidenca to

deliver end exceed

Time
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RESTORATION OF ETHICS & EQUITY IN
ENERGY SUPPLY & CONSUMPTION

Adoption of low
enargy intensity life
style; Building
AWarsnesss on
Energy Savings

Judicious
adoption of
proper
energy mix

Pro-Needy;
/ Pro-Rural
Adoption of Energy Palicy,
Technology Energy Subsidy
Enabled Energy f | & Priority
Production Investment on
Distribution & Renewable
Consumption

: 1 i
rural fundin

==

Energy Equity is very important for

People of lower strata in India

On average, low Income group spend @
greater proportion of income
an meeting basic demands of lively hood

With good financial and
ather incentivas from the

_| povernmaent, the majority of
houscholds may be able to
afford investment in
energy efficiency, despite
up-front costs

5
I
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Materials For Energy Security . . Better,
Faster, Cheaper & Cleaner Development of
Energy Portfolio

(i} Understand t
materials — Basicd
E (i) Haw thay int
~w with surrounding
Appliad
(iii) Materials De
the context of po
plant requiremen
companent fabrig
» Sybstitution of materials Cost: Tatal Technalog
Dheve b prvent
+ Increased understanding of the existing materials :- (iv) Energy Materials
to enhance design , predict and improve the properties | management
in service
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Q Boilers

0 Gas Turbines
0 Gasifiers
0 CO2 capture,

ADVANCED WELDING
& FABRICATION
TECHNOLOGIES ARE
CRUCIAL

Materials development should be
able to scale the process cost
effectively, and help develop new-
low cost alternatives

plants
mra super ,super Steam
critical boilers '. turbines

Materlals For Advanced Fossil Options

O Steam Turbines

transportation and storage

apability to process and fabricate the future of energy materials
large size components for mega

High Temperature Materials; Large Component Fabrication;
Total Quality Audit & NDE life Cycle Monitoring — Prediction
are the key material Issues

higher temperatures and
pressures.

Fuel flexibility will lead to more
aggressive environments (co-
firing, biomass firing, oxy-
firing, energy from waste)

Need incremental changes to
current materials

Need quantum change in the
development of integrated
materials system solutions for

. Gas turbines .Cj . CCS

® The country that learns o build
bresder reacror would have selved
its energy problems for ever ™

“ The country which first develops
a breeder reactor will have a grear
competitive advantage in Atomic

Energy " - inoia made an ey emry o
Nuchear Ener(ry

Enrico Fermi, Maating in April 2, 1944
With Wigner, Szilard and Others on

o tive Chain Rescion woold be used for
e DrOCUUCIR o power
[ Y

Broeding ratio: =
than ané ",

* The serious objection to these fast chain piles is
the remaoval of heat *.

. . it obwitusly must be greater

 The conlant for this type of pile would be a
bismah-lead alloy and would flow downward

+| through the plle between the static and rotating
reds. The possibility of using liquid sodium in place
of bismuth-lead should alse be looked into =,
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A SOLUTION FOR CLEAN AND AFFORDABLE ENERGY:

INDIA’S NUCLEAR OPTION

BT
WIRD An*‘

AHWER

INDIA's “NUCLEAR” JOURNEY 4

RESEARCH REACTORS
WANCED NOLOGIHT|

ADS

CLOSED FVEL C¥CLE |

S
A "

NUCLRAR OPTION NEEDS ADVANCED MATERIALS TECHNOLOGY :
CHALLENGES & OPPORTUNITIES FOR MATERIALS SCIENTISTS AND

‘ &
Nuclear Infustry 1B :rtﬁr:.
enormous opportunities over
the entire supply chaingg™ e

Fabrication

India has a strong in-house Nuglear Materials R&D. Over the years, it has fostered excellent collaboration
with Industrial partners. This advantage should not be lost sight of In the coming exponentlal expansian
plan of indian Nuclear Encrgy Scenario
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Indian Fusion Programme: Material Science-based Indig
Development of RAFM Steel and Fabrication Technolo
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WIND POWER: Technology Challenges

Challenges

= Mfg capability has to increase with demand ...
annual 20-25% increase

» Drive towards more local mfg content

Opportunities 4

Mew designs and advanced technology

= Permanent magnet manufacturing capacity
Carbon fiber and fiberglass manufacturing
= Large gearboxes

= Large steel casting & alternatives

* High-power T&D

| Design & Technology Advances: Key Enabler . . .

Off- Shore Wind Energy : Potential Prospects, If Materials Challenges are addressed

Materials Issues in Energy Saving Protocols
Transmission, Distribution & Storage

Light Bulb....200 years of R&D; Yet Innovation on Materials for Energy savings in lighting- Still
Continuing ...
Proct of Principle

1805 1830 1835 7 T IETT 1910 1925 1991

chasg chasp 000D hra
Tungesien  Tungesten Teagewien

Cost Effective and Green

2006 -

LED for Street Lighting
More economic corrosion-resistant pipes for corrosive gas

mixtures

Lower cost cryogenic materials for Liquid Natural Gas
(LNG) transmission and LNG / liquid hydrogen storage

- High Temperature/High strength conducting wires / cables
would enable overhead cables to carry more power with
shorter insulating strings and within a lower silhouette

Advanced materials like High Temperature
- Superconducting Cables to enable future upgrading

29-01-2012
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MATERIALS AVAILABILITY CONSTRAINING FUTURE ENERGY

TECHNOLOGY: SCIENTIFIC AMERICAN (NOV. 2009
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Materials
Agenda

Sclurtion

Matarals raprasent the common and  ever presanl connacltng ink amaong all e
technologies. The future of sustainable energy campaign with a concurrent con
on environmenial concerns depends on consiruchive & cooperative interaction
all the componenis of Energy Materials Agenda
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India’s Energy Scenario: Diversity of Issues is
actually the Strength: Indo-genus Model

Sequential adoption of all stepz
as outlined by Sustainable
Energy Policy,
India would take perhaps longer
* time than it took for
Industrialized economies to
TE&?;: arrive at a steady state

' India can leapfrog — skipping some intermediate
steps

Example: India can altogether opt out of fossil race, by
dieciding to g0 in for suitable mix of rénewable and
nuclaar in & big way; placing solar + wind + blomass +
small-hydro combination 1o sfiective usa will largaly
educe the dependency on thermal power Tor rural as
weell as non commercial applications. Innovative
distribution technologies like off-grids and added grids
can also b implémented

ENERGY & CULTURE

Energy Self-Sufficiency, the sole index of the quality of
human life

REMEDYING SOCIETAL [DISORDER 15 AS IMPORTANT AS ACHIEVING ENERGY SELF-
SUFFICIENCY or registering high GOP growth
! Traditional Indian Value System derives from
Vedas & Scriptures that were centuries old;
Advocates moderation in every thing.
Spirituality subtly permeates all spheres of

29-01-2012

14



29-01-2012

Hation requires the leadership of individuals, intellectuals and social
scientists, who have the responsibility of devising the ethical vision of

lopment, The nesd of times = snlightaned human baings o CAan
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remove disillusionment from public by infusing hope through their selfless
commitment, and unflinching resclve to guide the course of sustainable

development. Such a development would reflact our heritage, national pride

A DEVELOPED NATION:
ANALYEIE PARAMETERS

Products Policies & Geopolitical
Value Addition Implementation RE?.!IiﬁEE
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The sorth planet with over a populotion of
mare than six billion has witnessad highly
sepregared parches of socieral
odvancemaent. The foct remaine that mere
than twa billfens amongst us do net have
propar eccers Yo bazie Nfe susraining needs,
Claan water, sustaimed emergy ovailability,
quality education and affordabls health care
are hove bacome marrars of deap

frustration for the low income strota of the

_ soidty.

The Earth is net a gift from our parents;

It iz on a loan from our children = lndian Frovero

29-01-2012
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Ethical & Sustainable model

Business
Public

Glabal warming
Blo-diversity

A developed civilization scenario

Energy, water, health, land, food are to be considered in 8 comprehensive

and interlinked fashion for sustainable options with better quelity of life to
all the citizens of the Flanet
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Learn from Buddha on Suﬁ!uiilﬂhi&(_f\i.

CONVICTION

Incredible India
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