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Economics of Thorium Fuel
When implemented on a large-scale, the thorium 
fuel cycle can potentially offer an economic advan-
tage over the current uranium-based open fuel 
cycle, despite the expectation that the fabrication 
cost of thorium fuel may be higher than uranium 
fuel.

The expected possibly higher cost is based on the 
more difficult handling of U233 and the associated 
highly radioactive U232. Other factors, however, 
may mitigate the higher fabrication cost, for exam-
ple, there is no enrichment required in the thorium 
fuel cycle, and fewer conversion process steps are 
required to manufacture natural thorium oxide into 
fuel forms ready for first irradiation than in the case 
of uranium.

Further, the ‘recycling’ capability of thorium fuel and 
the possibility of higher temperature operation will 
likely provide some additional economic benefit. 
The conversion from fertile Th232 to U233 is done 
during fission, i.e., while energy is generated, and 
the resulting fissile U233 can continue to undergo 
fission and produce energy for a long time (higher 

burn-up), up to the limit imposed by the behavior 
of the fuel cladding material and supporting struc-
tures. Higher temperature operation of future tho-
rium-based reactor designs should increase the 
nuclear energy systems’ thermal efficiency from the 
current best of 34% to as high as 50% or even higher, 
directly contributing to a reduction of the fuel cost 
per unit of energy generation.

Why Can’t We Start Using 
Thorium?

The utilization of thorium could start today, in the 
current generation of nuclear energy systems with 
some redesign and relicensing. However, in a once-
through fuel cycle (i.e., no recycling to recover the 
remaining U233 after discharge), the use of thorium 
fuel is  not very economical. 

Several advanced designs are being developed to 
more optimally use thorium with improved utiliza-
tion efficiency or with specific purposes (for exam-
ple, plutonium disposition). These include modified 
designs or evolutionary designs based on current 
reactor types, such as India’s Advanced Heavy Water 
Reactor and thorium-based VVR-100 jointly devel-
oped by the USA and Russia; thorium-based Pebble-
Bed Reactor, fast reactors (liquid metal cooled and 
gas cooled); and advanced designs such as Molten-
Salt Reactor and Accelerator Driven System.

In addition, several reactor concepts have been 
proposed and are currently being developed with 
the objective of meeting the needs of small energy 
users. Some of these design concepts can be opti-
mized for the use of thorium fuel.

The biggest challenge facing the introduction of 
the thorium fuel cycle for commercial power gen-
eration is the lack of fuel-fabrication-related infra-
structure.

The nuclear industry has benefitted from  the 
availability of similar infrastructure for the uranium 
fuel, which was made possible by investment in 
the past for non-civil applications. However, the 
fuel-fabrication infrastructure for the thorium fuel 
cycle will have to be developed for commercial 
considerations.  	  			 
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INPRO Thorium Steps
During a IAEA/INPRO consultancy meeting in January 2009 a number of 

thorium-based fuel cycle options were identified for consideration by 
Member States of INPRO. In the meeting, the following three groups of fuel 
cycle options suitable for short-term to mid-term applications were identi-
fied:

➊	 Once-through uranium/thorium fuel cycle in HWR, PWR, BWR and HTGR. 
This includes the conventional once-through, fuel shuffling and recycling of 
mechanical-reconfigured fuel;

➋	 Once-through plutonium/thorium fuel cycle in HWR, PWR, BWR and 
HTGR. This is similar to the first option except existing Pu239, instead of U235, 
is used to start the fission process prior to sufficient creation of U233 in the 
reactor core. A special variation of this are designs for the purpose of reduc-
ing the plutonium as potential weapon material; and

➌	 Synergism between fast reactors (FRs) and thermal reactors, in which a 
number of FRs are operated as factories for converting Th232 into U233 to 
feed other reactors.

In addition to the participating members of the collaborative project, several 
observers from Thorium Power (USA), Thor Energy (Norway) and the Institute 
of Energy Research at Juelich (Germany) took part in the meeting.
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