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Canadian and UK early markets

Remote 

communities and 

mines 

Energy Intensive 

Industries needing 

process heat

Sector No. of U-Batteries Use

Glass 14 Heating raw materials and annealing

Paper 20 Drying paper

Steel 20 Less likely – very sensitive to price

Ceramics 50 Process heat need 220-650OC for 

drying and spray drying.

Minerals 10 Cement production

Chemicals Large and varied Heating fluids at 450OC

Source: University of Manchester Report – October 2018Source: NRCan Roadmap Nov 2018

Alongside renewables, U-Battery can

play a vital role in UK’s transition to a

clean energy future by providing

process heat and electricity to Energy

Intensive Industries.
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Two Pillars of Safety

Highly Accident-Tolerant 

Fuel
TRISO coated particle fuel : 

demonstrated to retain all 

significant fission products to 

temperatures > 1600ºC for at 

least 500 hours

Structural integrity retained to at 

least 2000ºC
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3.2 Graphite moderated 10 MWth BeO reflector design 
Although the 10 MWth U-Battery® with BeO reflector was only investigated neutronically, its safety 

characteristics can be estimated based on the 20 MWth U-Battery® design and other large prismatic High 

Temperature Reactors (HTR), like the USA prototype GT-MHR. 

Because the same fuel blocks are used for the 10 and 20 MWth U-Battery®, the first probably has negative 

reactivity temperature coefficients as well. Although the power density is higher in the 10 MWth design, which 

is a challenge for the PLOFC and DLOFC scenarios, it is still one-third lower than for large prismatic HTRs like 

GT-MHR. This is a strong indication that the decay heat of the 10 MWth U-Battery® might be removed by 

passive means without any violation of the temperature limits. Moreover, the thermal-hydraulic calculation of 

a 100 MWth U-Battery® with an annular core configuration, which has a 50% higher power density than the 10 

MWth  design, shows a maximum fuel temperature is far below 1600 
o
C.  

3.3 Beyond design-basis scenarios 
Besides design-basis scenarios, the U-Battery® faces some beyond design-basis scenarios, such as PLOFC 

and DLOFC without SCRAM (i.e., control rods cannot be inserted into reactors) and control rods withdraw 

without SCRAM. As shown in Fig. 3.2, tests executed in AVR and HTR-10 showed, that these reactors 

- can be shut down immediately by the negative temperature feedback coefficients even if the 

control rods are not inserted into the cores;  

- get re-critical only at a very low power level.  

 

Fig. 3.2: Experimental curve of fission power during PLOFC without scram for the HTR-10 at 3 MWth. 

 

Since the U-Battery® has similar values for the temperature coefficients as the Chinese prototype HTR-10, 

it will also shut down automatically. After the reactor has shut down, the U-Battery® can passively remove the 

decay heat out of the core without violating the fuel temperature limit, as analyzed in Sec. 3.1.   

 

Beyond Design Basis Accident
Inherently Safe Plant Design
Small thermal power output (10 MWt)

Low power density (~6 W/cm3 cf. 100 W/cm3 for 

LWRs)

High thermal capacity of graphite structures

Strongly negative temperature coefficient of 

reactivity

Refractory core structural materials
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LWR fuels
LEU-UO2-ZircAlloy

Deconversion/H2M
• U-metal
• U-oxides
• U-salts

Storage & transport
• Cylinders
• Overpacks
• Class 7 shipping
• Insurance

Fuel fabrication

Higher enrichment
HA-LEU ~19.75%

Enrichment
LEU+ Plus (5~10%)

Test & research
reactors

Molten salt
reactors

Lead cooled
reactors

Fast breeder
reactors

Sodium fast
reactors

HTRs

Gen-III
Reactor uprates

SMRs

Micro-SMRs

TRISO fuel
• UCO
• U02
• Uranium nitride
• Uranium silicide

ATF high density fuel pellets
• U-Silicide
• U-Nitride
• Chromium doped U02
• FCM ceramic fuel

Fabricated TRISO
• Prismatic block
• Pebble bed

ATF cladding systems
• Chromium coating
• Silicon-carbide cladding

Metallic fuel
• Lightbridge Zr-U Alloy
• U-Molybdenum

Liquid fuels
• Molten salts
• Aqueous uranyl salt solutions

RepU

Existing UO2 fuel pellets
• ~5.95% enrichment

Next generation fuel pathways 
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National
regulator(s)

Operational 
criticality & safety

Site licensing
cat-II facility

DOE programme
accident tolerant fuel


