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India’s nuclear scientists, working under the
Department of Atomic Energy, have achieved a
remarkable milestone by developing a prototype
Fast Breeder Reactor (FBR) that can effectively
utilize thorium (*290Th) as fuel. This break-
| through has the potential to ddress the long-
term energy needs of our nation.

India is uniquely blessed with vast thori-
um reserves—running into millions of tons—particularly along
the beaches of Kerala and Odisha. Harnessing this indigenous
resource could provide a sustainable, reliable, and low-carbon
energy pathway for decades to come.

Unlike conventional uranium-based reactors, thorium-based
systems generate minimal nuclear waste, and the byproducts
are short-lived compared to those from uranium or plutonium.
This makes thorium not only a greener option but also a safer
one from the perspective of waste management and environ-
mental impact.

India’s nuclear power strategy is guided by the well-known
three-stage nuclear program envisioned by Dr. Homi J.
Bhabha:

* Stage1— Natural uranium fuel is used in Pressurized Heavy
Water Reactors (PHWRs) to generate energy and produce plu-
tonium.

* Stage 2- Fast Breeder Reactors (FBRs) employ plutonium-
based fuel, simultaneously breeding more fissile material than
they consume.

* Stage 3— Advanced thorium reactors utilize Uranium-233,
bred fromThorium-232, to establish a largely self-sustaining
nuclear fuel cycle.

Working:- A thorium reactor requires a small quantity of an
existing fissile material—such as Uranium-233, Uranium-235,
or Plutonium-239—to initiate the chain reaction. This initial fis-
sile material acts as a “neutron driver”, supplying the first set of
neutrons needed to convert fertile Thorium-232 into fissile
Uranium-233.

Once formed, Uranium-233 itself sustains the fission
process, gradually reducing dependence on the external fissile
driver. In this way, thorium reactors establish a

self-sustaining cycle, where the fertile thorium continuously
breeds new fuel, ensuring long-term efficiency and energy
security.

Conversion Process :-

1) 22200Th captures a neutron to become #290Th. (**290Th-
23390Th)

2) 23290Th goes to [3- decay To become Protactinium 233

3) Again [3- decay converts Protactinium to U-233.

B Th — 23Pa+e + ve
33Pa — WU + e + e

Once Uranium-233 is produced within the reactor, it is capa-
ble of sustaining a nuclear fission chain reaction. Each fission
event of U-233 releases not only a large amount of energy but
also multiple neutrons. These neutrons can then be absorbe by
additional Thorium-232 nuclei, converting them into fresh U-
233.

In this manner, the system becomes self-breeding—where the
reactor produces more fissile fuel than it consumes. This property
makes thorium-based reactors exceptionally efficient and uniquely
suited for ensuring India’s long-term energy independence.

Nuclear Reaction:

EZ“U +3n —» _rl,:,nXe + 38Sr+ 33n + |197.9 MeV

Each thorium atom gives 197.9 MeV energy:
— 197.9 < 1.6 x 107 J [1 MeV = 1.6 % 1073 J]
= 316.64 =< 10 '* J

=3.168% 10~ J
1 kmol of Th33? = 232 kg, which contains 6.02 x< 10%% atoms.
Hence, energy given by 232 kg of Th is:

3165 1071 ¢.6.02/5< 10°°

= 3.16°% 6.02 < 10">J
= 19510 J

= 1.9 x 10'¢ J

If we take average consumption of 40 MW power in a district, energy used in one year is:
40 < 10° x 365 x 24 < 60 < 60
= 1.26 x< 10'% J

s 8 T 0

1.26 < 105 =~ 15 years to a district.

232 kg thorium provides power for

Of course, this is only a theoretical estimate, since in practice
there are inevitable losses and no reactor can operate at 100%
efficiency. Nevertheless, such calculations clearly illustrate the
enormous energy potential of Thorium-232. Even a modest
quantity—for example, just 232 kilograms of 2*2900Th—is capa-
ble of powering an entire district for several years.

Given that India possesses thorium reserves of truly vast
magnitude, particularly along the coasts of Kerala and Odisha,
this resource could serve as a virtually inexhaustible source of
clean energy for the nation.

By - Prof. Ramjanm Prajapati (Retired Physics Professor)
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