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Nuclear Energy at the Global Level
Initial enthusiasm & Subsequent Slow down

When the nuclear era dawned

(Atomic)nuclear energy seemed the ultimate
solution to mankind’s energy needs.

The US started building nuclear reactors
rapidly. Europe and The Soviet union
followed suit. So did India under the
leadership of Dr Bhabha.

Encouraged by the Atoms for Peace
program started by Eisenhower, Developing
countries were also encouraged to go
nuclear, and some did.




Subsequent Slow down

Contributing factors:

Major reactor accidents like the 3-mile Island in
the US and Chernobyl in the USSR,

Greater safety and environmental
consciousness, the Green Parties,

Increasing appreciation of De-comissioning
costs and Radioactive Spent fuel disposal

Although France, Russia (and India) continued
with a their programs, the biggest producer, the
US, stopped licensing of new reactors.

After building 100 reactors by the 1970s , no
additional reactors built since then ! Germany also
stopped increasing nuclear capacity.

Global Nuclear Power capacity

YYAEN  Agence pour I'énergie nucléaire
MNEAS Nuclear Energy Agency

In 2005 there was 370 GWe generated in 443 reactors
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Revival ?

But now there seems to be a revival, motivated by

(i) concern over climate change due the high
Carbon emission by Coal and hydrocarbon fuels.

(i) Improved safety features and passage of two
more relatively accident free decades of reactor
use.— statistically safer.

The US government through its  Nuclear Power
2010 Program_and Enerqgy Policy Act_ has initiated
building of new nuclear power plants, and is
expecting over 20 applications for 34 new plants.
Other countries may follow suit

How much should nuclear energy have to grow
and replace fossil fuels in order to reduce C
emission significantly ?

Nuclear Energy in Selected Countries

NUCLEAR REACTORS REACTORS UNDER
ELECTRICITY OPERABLE CONSTRUCTION

GENERATION 2007 Sept 2008 Sept 2008

billion kWh % of Total No. MWe No.

China 59.3 11 8587 7
France 420.1 59 63473 1
Germany 133.2 17 20339 0
India 158 17 4120 6
Japan 267 55 47577 2
S. Korea 136.6 20 17533 3
Pakistan 23 2 400 1
Russia 148 31 21743 7
Ukraine 872 15 13168 0
United 57.5 19 11035 0
Kingdom
USA 806.6 104 100599 0
WORLD 2608 439 373,247 36




Projected Carbon Emissions

(Robert Socolow)

The Stabilization Triangle
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Replacing Carbon emitting energy
production

You can try to replace this green wedge by a variety of
measures:

Carbon capture and storage, solar, wind, energy
efficiency and conservation, nuclear fission

[Nuclear fusion is too far away to take solace from right

now, or to incorporate in commercial energy planning]

To replace even 1/5 th of this wedge by nuclear fission
energy will amount to adding an additional capacity of
1000 GWe globally over the 370 Gwe we now have

Is such a growth feasible in 45 years ?
Can the world absorb 1000 GWe more ?

Is there enough fuel?




U consumption depends on reactor type, but for exapie, for
our CANDU type reactors 1GWe 150 tons of Ulyear
Conventional resources (U is main product): 14.8 M1

Phosphate sources: 22 MtU
There is more than enough Uranium to fuel the 1000
GWe for decades.

Agence pour I'énergie nucléaire
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Looking longer term

Years of 2004 Years of 2004 =
world nuclear world nuclear H“.W.WNMM M.—-h-ﬂﬂﬂ«“w”ﬁ
electricity electricity generation with total
generation with generation with N . N .
identified total conventional conv mn.-uﬂ.u—u--n— -—Mmo-: ces
resources resources and phosphates

Reactor/Fuel cycle

Current technology
(water cooled reactors .
and once-through fuel 85 270 675
cycle)

Future technology (fast
breeder reactors with
‘closed cycle” and
multiple recycling)

Conventional resources (U is main product): 14.8 Mi
Phosphate sources: 22 MtU
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In this global context , consider India’s case.
Projected Electricity Requirements (BkWh)

Plan-wise Projected Installed
Capacity Addition (MWe)




India’s Energy Generation Mix (GWe)

Extracted from: Integrated Energy Policy, Planning Commission 2006, Table 2.7

Thermal Hydro Nuclear

13.2 5.9 1.2
(actual 4.12)

2006-07 87.7

Wind 0.7
(17% of 4)

2021-22 2.7

2031-32 3.6

Indian Power Reactors in operation (4120 Mwe)

Power reactor
Kaiga-1
Kaiga-2
Kakrapar-1
Kakrapar-2
Madras-1
Madras-2
Narora-1
Narora-2
Rajasthan-1
Rajasthan-2
Rajasthan-3
Rajasthan-4
Tarapur-1
Tarapur-2

Tarapur-4

Type
PHWR
PHWR
PHWR
PHWR
PHWR
PHWR
PHWR
PHWR
PHWR
PHWR
PHWR
PHWR
BWR
BWR
PHWR
PHWR
PHWR

Power
(MWe)

220
220
220
220
220
220
220
220
100
200
220
220
160
160
540
540
220

Date of commencement
16-Nov-00
16-Mar-00
6-May-93
1-Sep-95
27-Jan-84
21-Mar-86
1-Jan-91
1-Jul-92
16-Dec-73
1-Apr-81
1-Jun-00
23-Dec-00
28-Oct-69
28-Oct-69
12-Sep-05
15 Aug 2006
6 May 2007

Safeguards (as of
February 2006)

Unsafeguarded
Unsafeguarded
Unsafeguarded
Unsafeguarded

Unsafeguarded
Unsafeguarded
Unsafeguarded
Unsafeguarded

Safeguarded
Safeguarded

Unsafeguarded

Unsafeguarded

Safeguarded
Safeguarded

Unsafeguarded

Unsafeguarded

Unsafeguarded

Future Safeguard status
Military
Military
2012
2012
Military
Military
2014
2014
Safeguarded
Safeguarded
2010
2010
Safeguarded
Safeguarded
Military
Military 14

Military




Kaiga-4

Kudankulam-1

Kudankulam-2

Rajasthan-5

Rajasthan-6

2007 (planned)

2007 (planned)

2008 (planned)

2007 (planned)

2008 (planned)

Unsafeguarded

Safeguarded

Safeguarded

Unsafeguarded

Unsafeguarded

Reactors under construction (2660 MWe)

Military

Safeguded

Safeguded

Altogether 14 safeguarded ( 4380 MWE) and 8 mifii@400 MWe)

Can India achieve the desired target of over 50
Gwe by 2030 ?

Had the Nuclear Deal not been there: NO WAY

Because of international sanctions on nuclear
commerce with other countries, including ban
on sale of uranium fuel.

Unfortunately India’s domestic Uranium ore is
limited and not of the highest quality.

According to the “Redbook” we have 54,800 tU
under the Reasonably Assured Resources
(RAR) category and 29,800 tU under Inferred
Resources (IR) categories. Total 84,000 tons
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India’s Uranium Shortage
Yes, we do have enough Uranium to run 10 GWe of
reactors for another 40-50 years, as DAE has claimed.

But if you want a capacity of 50 GWe by 2030, as
projected by our government, you do not have enough
Uranium ore even under the ground to last 10 years .

Even at a lower capacity of 30 GWe it can last at best
16 yrs, which would only be 6% of our requirements
by 2030.This is not just a matter of opening new mines

Fortunately, the arrival of the Nuclear Deal allows us
to import uranium.

It also allows us to enter into collaboration with other
countries on building reactors at a fast pace. It frees
us from relying too much on the Thorium Breeder
program

Why worry about Uranium shortage when
we have so much Thorium ?

Yes, we do have large deposits of Thorium.

Although it is NOT a fissile material Thorium can
be converted, when placed in a “Fast Breeder”
reactor, to Uranium(233) which IS fissile.

This is the idea behind DAE’s 3-stage Bhabha
plan, whose 2 nd stage involves breeding plutonium
and U 233, separating and storing it before using
the U(233) at a commercial scale as fuel

The idea is scientifically sound, and DAE has
invested much effort and innovation into this plan.
We have a Test Breeder reactor already
functioning and a 500 MWe prototype breeder
reactor (PFBR) under construction.




A word of caution

But we must caution that Breeder technology is nowh ere
nearly as sturdily established on a commercial sca le, as
conventional thermal reactors. Some of its history IS
checkered

Of the total number of about 440 reactors in the wo  rld just
a handful are commercial Breeder reactors.

Of these few at least two have had major coolant (I  iquid
Sodium) problems.

There is just one breeder in Japan (the MONJU, whic  h was
closed for years because of sodium leak problems), one in
Russia and one in France (the Phoenix; a bigger Su  per
Phoenix had to be closed down).

Meanwhile Breeders in the UK, USA and Kazakistan we re
permanently shut down. Germany abandoned its plans t 0
build a breeder (the site is a children’s amusement park
now)

Finally, as far as | know there is no place inthe  world
which is producing energy using the thorium cycle a ta
commercial scale. We will be the first.

Power from Thorium cycle will take time

| mention these points not to be negative about
our Breeder-Th-cycle plans.

Nor am | suggesting that we give up on the
Thorium-Breeder program because uranium
imports are now allowed .

We must continue with it, and benefit from the
breeder technology experience of France, Japan
and Russia, now permitted by the Deal.

But, India has a very long and challenging task
ahead to achieve commercially viable energy
using Thorium.,

So, for nuclear energy for the next two decades,
we must build a stable of thermal reactors using
foreign collaboration and imported uranium.

Happily this is what the government plans to do.
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