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Advanced nuclear fuel designs
Improving reactor safety and economics to meet energy and climate needs 
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With the exceptionof historicalmatters,the mattersdiscussedin this presentationare forward-
lookingstatementswithin the meaningof the PrivateSecuritiesLitigation ReformAct of 1995,
including statements regarding the Company's competitive position, the timing of
demonstration testing and commercialproduction, future demand for nuclear energy, the
/ƻƳǇŀƴȅΩǎproduct and serviceofferings,and the expectedmarket for and revenuefrom the
/ƻƳǇŀƴȅΩǎproductandserviceofferings.

Thesestatementsarebasedon currentexpectationson the dateof this presentationandinvolve
a numberof risksand uncertaintiesthat may causeactual results to differ significantlyfrom
suchestimates. Therisksinclude,but are not limited to, the degreeof market adoptionof the
Company'sproduct and service offerings; market competition; dependenceon strategic
partners; demandfor fuel for nuclearreactors; andthe Company'sability to manageits business
effectivelyin a rapidlyevolvingmarket,aswell asother factorsdescribedin Lightbridge'sfilings
with the U.S. SecuritiesandExchangeCommission.

Lightbridge does not assumeany obligation to update or revise any such forward-looking
statements,whether as the result of new developmentsor otherwise. Readersare cautioned
not to put unduerelianceon forward-lookingstatements.

Safe Harbor Statement
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At Lightbridge we are developing a way to 

ƛƳǇŀŎǘ ǘƘŜ ǿƻǊƭŘΩǎ ŎƭƛƳŀǘŜ ŀƴŘ ŜƴŜǊƎȅ 

problems soon enough to make a difference. 



Lightbridgefuel works in existing and 

new reactors improving their 

economicsby:

Å increasing power output

Å enabling longer fuel cycles

Å earning carbon credits

Lightbridge fuel adds non-emitting 

baseload electricity with dramatically 

improved reactor safety.
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¢ƘŜ ǿƻǊƭŘΩǎ ŜƴŜǊƎȅ ŀƴŘ ŎƭƛƳŀǘŜ ƴŜŜŘǎ Ŏŀƴ 
only be met if nuclear power grows as a part 

of the energy-generating mix.

For nuclear energy to grow significantly, we 
must make it more economical while 

enhancing safety.
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Sources:

Annual energy consumption is 
equivalent to burning
3.7 cubic miles of oil.

By 2050, global consumption 
projected to equal
7 - 9 cubic miles of oil.  

US Census Bureau, International Data Base, July 2015
US Energy Information Administration, International Energy Outlook 2016
A Cubic Mile of Oil blog, RibudamanMalhotra
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How can we produce this much energy 
without emitting lots more CO2?Ref: 1 cubic mile = 4.168 cubic kilometers



Energy Equivalent of 1 Cubic Mile of Oil1
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ÅSolar Roofs (PV): 4.2 billion
Á 250,000 roofs per day for 50 years
Á 2.1 kW with 20% availability 

ÅSolar CSP: 7,700 solar parks
Á 3 per week for 50 years
Á 900 MW with 25% availability

ÅHydro: 200 dams
Á 1 every quarter for 50 years
Á 18 GW with 50% availability

ÅWindmills: 3 million
Á 1200 per week for 50 years
Á 1.65 MW with 35% availability

ÅNuclear: 2,500 plants2

Á 1 per week for 50 years
Á 900 MW with 90% availability

1.  Source: A Cubic Mile of Oil blog, RipudamanMalhotra
2.  Or 970 plants of 2,000 MWeeach with 90% availability, which can be achieved with Lightbridge fuel. 1 per week for 19 years.

The world can only meet its 
growing energy & climate goals 
with nuclear power as a major 
part of the solution

Ref: 1 cubic mile = 4.168 cubic kilometers



US Nuclear Energy R&D Programs
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New types of reactors will not be 
commercialized soon enough at 
large enough scale to achieve 

climate change goals. 

Lightbridge fuel can bridge this 
gap by using existing reactors to 
generate cheaper and safer zero-

emission electricity.



The Human Cost of Energy Use

9

1. ά¦ƴƘŜŀƭǘƘȅ ŀƛǊέ ƛǎ ŎƭŀǎǎƛŦƛŜŘ ŀǎ ƘŀǾƛƴƎ ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ ƻŦ ŦƛƴŜ ǇŀǊǘƛŎǳƭŀǘŜ ƳŀǘǘŜǊΣ ta нΦрΣ ŀōƻǾŜ мл ƳƛŎǊƻƎǊŀƳǎ ǇŜǊ Ƴ3

2. Cost in 2011 is primarily the result of illness and mortality caused by electric power generation, oil & gas extraction, coalmining, and oil refining. 
Sources:  International Energy Agency (IEA);   World Health Organization (WHO);

²ŀǎƘƛƴƎǘƻƴ tƻǎǘΥ ά¢ƘŜ {ǘŀƎƎŜǊƛƴƎ 9ŎƻƴƻƳƛŎ /ƻǎǘ ƻŦ !ƛǊ tƻƭƭǳǘƛƻƴέΣ  нлмс

92%
% people in the world who 

breath unhealthy air1
6.5million 

deaths per year 
caused by air 

pollution

ᵄ3 million premature deaths linked 
to outdoor air pollution.

ᵄ3.5 million premature deaths 
linked to indoor air pollution due 
to use of biomass for cooking and 
heating and kerosene for lighting.

4th largest cause of death in the world

$131billion

cost  of air pollution in the US2

250,000additional deaths per year 

expected to be caused by climate change worldwide
between 2030 and 2050 due to malaria, 
malnutrition, diarrhea, and heat stress.



Negative Health Impacts of Energy Sources
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Nuclear energy has lowest mortality rate of all energy sources. 
{ƻǳǊŎŜǎΥ  CƻǊōŜǎΥ άIƻǿ 5ŜŀŘƭȅ ƛǎ ¸ƻǳǊ YƛƭƻǿŀǘǘΣέ нлмн

US Department of Labor 10
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Safety by design



Metallurgically 
bonded barrier

Fuel core

Displacer

How We Designed Safer Fuel
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1. Displacer: contains burnable 

poison alloys for neutronics

control.

2. Fuel core: uranium-zirconium 

alloy, high thermal conductivity, 

low irradiation-induced swelling.

3. Metallurgically bonded barrier: 

corrosion-resistant zirconium-

niobium alloy, variable thickness 

provides increased protection at 

lobe tips.

Helical cruciform fuel rod ς

35% increased fuel surface 

area and 40% shorter distance 

for heat generated in the fuel 

rod to reach the water 

improves coolabilityof the 

fuel. Swelling occurs primarily 

in the valleys between the 

lobes, maintaining the fuel 

rod diameter.

The three components of Lightbridge fuel are metallurgically bonded during the fabrication 
process.  This bonding improves fuel rod integrity and thermal conductivityand eliminates a source 
of fission product releasein the event of a bonded barrier breach, reducing radiation exposure to 
plant workers.

Fabrication

MaterialsShape

Low fuel operating temperature, fission products behave like solids and remain 

where they are created.No fission product release during design basis events.

Operations

35% more 
surface area

40% shorter 
path for heat 
to escape



Reduces operating temperature

V Metal fuel has better heat transfer

V Reduces fuel operating temperature 

V Does not generate hydrogen gas under design basis accidents

V Buys more time to restore active cooling during accidents

V Improves non-proliferation benefits of used fuel

V Enhances structural integrity of the fuel

Lightbridge Innovation: Designed for Safety
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Average internal temperature

The temperature down the center of 
Lightbridge fuel is over 1000 ÁCcooler than 
the center of standard nuclear fuel; and 
with ~35% more fuel surface area, there is 
significantly more margin to fuel failure.

1250 ÁC
Conventional 

Fuel

360 ÁC
Lightbridge

Fuel When approving planned irradiation 
of Lightbridge fuel at Halden, the 
Norwegian Radiation Protection 
Authority (NRPA) noted the safety 
advantages of Lightbridge metallic 
fuel, including much better thermal 
conductivity than oxide fuel, which 
contributes to significantly lower 
centerline temperatures in the fuel 
as compared to oxide fuel, and 
reduced likelihood for a release of 
fission products should a cladding 
breach occur.
Jan. 12, 2016



What Happens in a Loss of Coolant Accident1
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Current UO2 fuel1

Bottom

Top

1. Simulated design basis large break loss of coolant accident (LBLOCA) in a VVER-1000. VVER-1000 fuel448 W/cm (13.6 kW/ft).  
VVER-1000 is a Russian-designed type of pressurized water reactor.

2. Lightbridge tri-lobe fuel ς550 W/cm (16.7 kW/ft)

The graphs show the peak cladding temperature (PCT) at several points along the length of the fuel during the accident for 

both conventional uranium dioxide fuel and Lightbridge-designed metallic fuel operating at ~30% higher power density.

The uranium dioxide cladding heats up enough to allow 

for steam-zirconium reactions which can generate 

explosive hydrogen gas at approximately 850°C. It takes 

~8 minutesfor the cladding temperature to decrease to 

the coolant water temperature.

For Lightbridge fuel, due to its low temperature and 

high thermal conductivity, the cladding/bonded 

barrier temperature decreases to the coolant 

temperature in less than a minute and remains low 

even as the coolant leaks out of the core and the 

emergency core cooling systems restore cooling.
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