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N
uclear E

nergy at the G
lobal Level

Initial enthusiasm
 &

 S
ubsequent S

low
 dow

n

�
W

hen the nuclear era daw
ned 

(A
tom

ic)nuclear energy seem
ed the ultim

ate 
solution to m

ankind’s energy needs. 
�

T
he U

S
 started building nuclear reactors 

rapidly. E
urope and T

he S
oviet union 

follow
ed suit. S

o did India under the 
leadership of D

r B
habha.

�
E

ncouraged by the A
tom

s for P
eace 

program
 started by E

isenhow
er, D

eveloping 
countries w

ere also encouraged to go 
nuclear, and som

e did. 



S
ubsequent S

low
 dow

n
�

C
ontributing factors: 

�
M

ajor reactor accidents like the 3-m
ile Island in 

the U
S

 and  C
hernobyl in the U

S
S

R
, 

�
G

reater safety and environm
ental 

consciousness, the G
reen P

arties, 
�

Increasing appreciation of D
e-com

issioning 
costs and R

adioactive S
pent fuel disposal

�
A

lthough F
rance, R

ussia (and India) continued 
w

ith a their program
s, the biggest producer, the 

U
S

, stopped licensing of new
 reactors.

�
A

fter building 100 reactors by the 1970s , no 
additional reactors built since then ! G

erm
any also

 
stopped increasing nuclear capacity.

34

G
lobal N

uclear P
ow

er capacity

In 2005 there w
as 370 G

W
e generated in 443 reactors



R
evival ?

�
B

ut now
 there seem

s to be  a revival, m
otivated by 

�
(i) concern over  clim

ate change due the high 
C

arbon em
ission by C

oal and hydrocarbon fuels.
�

(ii) Im
proved safety features and  passage of tw

o 
m

ore relatively accident free decades of reactor 
use.–

statistically safer. 
�

T
he U

S
 governm

ent through its 
N

uclear P
ow

er 
2010 P

rogram
and E

nergy P
olicy A

ct
has initiated 

building of new
 nuclear pow

er plants, and is 
expecting over 20 applications for 34 new

 plants. 
O

ther countries m
ay follow

 suit
�

H
ow

 m
uch should nuclear energy have to grow

 
and replace fossil fuels in order to reduce C

 
em

ission  significantly ? 
5

N
uclear E

nergy in S
elected C

ountries
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P
rojected C

arbon E
m

issions
(R

obert S
ocolow

)

8

R
eplacing C

arbon em
itting energy 

production
�

Y
ou can try to replace this green w

edge by a variety of 
m

easures:
�

C
arbon capture and storage, solar, w

ind, energy 
efficiency and conservation, nuclear fission…

…
. 

�
[N

uclear fusion is too far aw
ay to take solace from

 right 
now

, or to incorporate in com
m

ercial energy planning]
�

T
o replace even 1/5 th  of this w

edge by nuclear fission 
energy w

ill am
ount to adding an additional capacity of 

1000 G
W

e globally over the 370 G
w

e w
e now

 have
�

Is such a grow
th feasible in 45 years ?

�
C

an the w
orld absorb 1000 G

W
e m

ore ?
�

Is there enough fuel?



U
 consum

ption depends on reactor type, but for example, for 
our C

A
N

D
U

 type reactors 1G
W

e �
150 tons of U

/year
C

onventional resources (U
 is m

ain product): 14.8 M
tU

P
hosphate sources: 22 M

tU
T

here  is m
ore than enough U

ranium
 to fuel the 1000

 
G

W
e for decades.

910

C
onventional resources (U

 is m
ain product): 14.8 M

tU
P

hosphate sources: 22 M
tU
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In this global context , consider India’s case. 
P

rojected E
lectricity R

equirem
ents (B

kW
h)12

P
lan-w

ise P
rojected Installed 

C
apacity A

ddition (M
W

e)
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India’s E
nergy G

eneration M
ix

(G
W

e) 
E

xtracted from
: Integrated E

nergy P
olicy, P

lanning C
om

m
ission 2006,T

able 2.7

Y
ear

T
otal

@
8%

grow
th

T
herm

al
H

ydro
N

uclear
R

enew

2006-07
108

87.7
13.2

5.9
(actual 4.12)

1.2

W
ind

0.7 
(17%

 of 4) 

2021-22
301

231
41

26.1
2.7

2031-32
551

430
61

57
3.6

14

Indian P
ow

er R
eactors in operation (4120 M

W
e)

P
ow

er reactor
T

ype
P

ow
er 

(M
W

e)
D

ate of com
m

encem
ent

S
afeguards (as of 

F
ebruary 2006)

F
uture S

afeguard status

K
aiga-1

P
H

W
R

220
16-N

ov-00
U

nsafeguarded
M

ilitary

K
aiga-2

P
H

W
R

220
16-M

ar-00
U

nsafeguarded
M

ilitary

K
akrapar-1

P
H

W
R

220
6-M

ay-93
U

nsafeguarded
2012

K
akrapar-2

P
H

W
R

220
1-S

ep-95
U

nsafeguarded
2012

M
adras-1

P
H

W
R

220
27-Jan-84

U
nsafeguarded

M
ilitary

M
adras-2

P
H

W
R

220
21-M

ar-86
U

nsafeguarded
M

ilitary

N
arora-1

P
H

W
R

220
1-Jan-91

U
nsafeguarded

2014

N
arora-2

P
H

W
R

220
1-Jul-92

U
nsafeguarded

2014

R
ajasthan-1

P
H

W
R

100
16-D

ec-73
S

afeguarded
S

afeguarded

R
ajasthan-2

P
H

W
R

200
1-A

pr-81
S

afeguarded
S

afeguarded

R
ajasthan-3

P
H

W
R

220
1-Jun-00

U
nsafeguarded

2010

R
ajasthan-4

P
H

W
R

220
23-D

ec-00
U

nsafeguarded
2010

T
arapur-1

B
W

R
160

28-O
ct-69

S
afeguarded

S
afeguarded

T
arapur-2

B
W

R
160

28-O
ct-69

S
afeguarded

S
afeguarded

T
arapur-4

P
H

W
R

540
12-S

ep-05
U

nsafeguarded
M

ilitary

T
arapur-3

P
H

W
R

540
15 A

ug 2006
U

nsafeguarded
M

ilitary

K
aiga-3

P
H

W
R

220
6 M

ay 2007
U

nsafeguarded
M

ilitary
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K
aiga-4

P
H

W
R

220
2007 (planned)

U
nsafeguarded

M
ilitary

K
udankulam

-1
V

V
E

R
1000

2007 (planned)
S

afeguarded
S

afeguarded

K
udankulam

-2
V

V
E

R
1000

2008 (planned)
S

afeguarded
S

afeguarded

R
ajasthan-5

P
H

W
R

220
2007 (planned)

U
nsafeguarded

2007

R
ajasthan-6

P
H

W
R

220
2008 (planned)

U
nsafeguarded

2008

R
eactors under construction  (2660 M

W
e)

A
ltogether 14 safeguarded ( 4380 M

W
E

) and 8 m
ilitar
y (2400 M

W
e)

16

�
C

an India achieve the desired target of over 50 
G

w
e by 2030 ?

�
H

ad the N
uclear D

eal not been there: N
O

 W
A

Y
 

�
B

ecause of international sanctions on  nuclear 
com

m
erce w

ith other countries, including ban 
on sale of uranium

 fuel. 
�

U
nfortunately India’s dom

estic U
ranium

 ore is  
lim

ited and not of the highest quality. 
�

A
ccording to the “R

edbook”
w

e have 54,800 tU
 

under the R
easonably A

ssured R
esources

(R
A

R
) category and 29,800 tU

 under Inferred 
R

esources (IR
) categories. T

otal 84,000 tons
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India’s U
ranium

 S
hortage

�
Y

es, w
e do

have enough U
ranium

 to run 10 G
W

e of 
reactors for another 40-50 years, as D

A
E

 has claim
ed. 

�
B

ut if you w
ant a capacity of 50 G

W
e by 2030, as 

projected by our governm
ent, you do not have enough 

U
ranium

 ore even under the ground to last 10 years . 
�

E
ven at a low

er capacity of 30 G
W

e it can last at best 
16 yrs, w

hich w
ould only be 6%

 of our requirem
ents  

by 2030.T
his is not just a m

atter of opening new
 m

ines
�

F
ortunately, the arrival of the N

uclear D
eal allow

s us 
to im

port uranium
.

�
It also allow

s us to enter into collaboration w
ith other 

countries on building reactors at a fast pace. It frees 
us from

 relying too m
uch on the T

horium
 B

reeder 
program

18

W
hy w

orry about U
ranium

 shortage w
hen 

w
e have so m

uch T
horium

 ?
�

Y
es, w

e do have large deposits of T
horium

. 
�

A
lthough it is N

O
T

 a fissile m
aterial T

horium
  can 

be converted, w
hen placed in a “F

ast B
reeder”

reactor, to U
ranium

(233) w
hich IS

 fissile.
�

T
his is the idea behind D

A
E

’s  3-stage B
habha 

plan, w
hose 2

nd
stage involves breeding plutonium

 
and U

 233, separating and storing it  before using 
the U

(233) at a com
m

ercial scale as fuel
�

T
he idea is scientifically sound, and D

A
E

 has 
invested m

uch effort and innovation into this plan.
 

W
e have a T

est B
reeder reactor already 

functioning and a 500 M
W

e prototype breeder 
reactor (P

F
B

R
) under construction. 



A
 w

ord of caution
�

B
ut w

e m
ust caution that B

reeder technology is now
h

ere 
nearly as sturdily established  on a com

m
ercial sca

le, as 
conventional therm

al reactors. S
om

e of its history 
is 

checkered
�

O
f the total num

ber of about 440 reactors in the w
o

rld just 
a handful are com

m
ercial B

reeder reactors.
�

O
f these few

 at least tw
o have had m

ajor coolant (l
iquid 

S
odium

) problem
s.

�
T

here is just one breeder in Japan (the M
O

N
JU

, w
hic

h w
as 

closed for years because of sodium
 leak problem

s), 
one  in 

R
ussia and one in F

rance (the P
hoenix;  a bigger S

u
per 

P
hoenix had to be closed dow

n). 
�

M
eanw

hile B
reeders in the U

K
, U

S
A

 and K
azakistan w

e
re 

perm
anently shut dow

n.G
erm

any abandoned its plans t
o 

build a breeder (the site is a children’s am
usem

ent
 park 

now
)

�
F

inally, as far as I know
 there is no place in the 

w
orld 

w
hich is producing energy using the thorium

 cycle a
t a 

com
m

ercial scale. W
e w

ill be the first.

20

P
ow

er from
 T

horium
 cycle w

ill take tim
e

�
I m

ention these points not to be negative about 
our B

reeder-T
h-cycle plans.

�
N

or am
 I suggesting that w

e give up on the 
T

horium
-B

reeder program
 because uranium

 
im

ports are now
 allow

ed .
�

W
e m

ust continue w
ith it, and benefit from

 the 
breeder technology experience of F

rance, Japan 
and R

ussia, now
 perm

itted by the D
eal.

�
B

ut,  India has a very long and challenging task 
ahead to achieve com

m
ercially viable energy 

using T
horium

. 
�

S
o, for nuclear energy for the next tw

o decades, 
w

e m
ust build a stable of therm

al reactors using 
foreign collaboration and im

ported uranium
. 

H
appily this is w

hat the governm
ent plans to do.
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