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Addressing HALEU Needs

• Most advanced reactor concepts require HALEU
(enrichments ranging from greater than 5% up to 
19.75%) as a fuel source. 

• Expected demands for HALEU could be  
potentially very significant.

• In addition, there are national missions that 
would require a reliable supply of HALEU.

• DOE-NE has three options under 
development.
 Electrochemical Processing 
 ZIRCEX
 Enrichment
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NEI Estimated Annual Commercial Demands

• Commercial reactor concepts require HALEU for startup core.
• A sustainable supply of HALEU is needed to support deployment.

Expected commercial 
demands for HALEU 
are very significant.
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Estimated Commercial HALEU Market Needs

Source for Industry Demand:  Nuclear Energy Institute’s letter to Secretary Perry, DOE (July 5, 2018)

0

100

200

300

400

500

600

2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

M
T

VTR Commercial

* This projection doesn’t account for potential DoD needs



energy.gov/ne5

Uranium Recovery and Down-blending Methods 

• Electrochemical Processing of EBR-II Spent Fuel

• ZIRCEX Process
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HEU Recovery from Used Fuel Followed by 
Down-blending to HALEU

• Step 1 – Irradiated EBR-II fuel is prepared and 
placed  into a high temperature molten salt 
electrorefiner which facilitates separation of uranium
metal from fission products.

• Step 2 – Recovered uranium undergoes 
vacuum  distillation to remove electrorefiner salt 
and is down-blended to HALEU.

• Step 3 – The recovered uranium metal is 
configured to serve as HALEU feedstock by 
reheating and casting into  low-dose uranium metal
ingots.

Deliver Approximately 5 MT of 19.75 U – 10Zr Fuel by 2023

Addressing HALEU Needs - Electrochemical 
Processing - (EBR-II Fuel)

Step 1

Step 2

Step 3
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Addressing HALEU Needs – ZIRCEX Process

A three step process that 
recovers HEU from nuclear fuel 
and down-blends it to HALEU

• Step 1 – ZIRCEX is a dry head-end  
process to remove cladding 
(zirconium or aluminum) from 
nuclear fuel.

• Step 2 – Uranium is purified from 
fission products by a very compact, 
modular solvent extraction system. 
The fission products are immobilized 
in glass using a small in-can melt.

• Step 3 – The uranium is down-
blended to <20 wt.% U-235 prior to 
solidification and fuel fabrication.
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Potential Path Forward- ZIRCEX

Preliminary Schedule for 
ZIRCEX Process Research, Development and Demonstration Program
Year Scope
2020 Supports ¼ scale ZIRCEX head-end pilot facility.  Identifies 

alternatives for an integrated ZIRCEX hot demonstration to include 
location & cost.

TBD Supports ZIRCEX back-end pilot facility.  Initiates integrated 
ZIRCEX hot demonstration design and layout.

TBD Conducts integrated head-end and back-end ZIRCEX tests to 
support completion of ZIRCEX hot demonstration design and 
layout.

TBD Initiates construction of hot demonstration process.
TBD Completes hot demonstration construction and equipment setup.
TBD Initiates hot demonstration tests with Type A fuel element.
TBD Continues hot demonstration tests with Type B fuel element.
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Packed Bed 
Filter UOx Filter

Pyrohydrolyzer

ZrO2 Filter

Hydrochlorinator

ZIRCEX Pilot Plant (1/4 Scale)
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Enrichment

• Enrichment

– Long-term sustainable approach

– Estimated Commercial Availability 2023-2024
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• U.S. Government has an opportunity to support demonstration of 
HALEU capability using a U.S.-owned and U.S.-controlled uranium 
enrichment technology at Piketon, Ohio.

• U.S. Centrifuge AC100M uranium enrichment technology is mature 
and technically ready for HALEU demonstration.

• DOE Operations Facility at Piketon is in excellent condition, ideally 
suited and immediately available for AC100M HALEU demonstration 
program.

• Successful outcome of the demonstration would send a signal to the 
market that U.S.-origin HALEU enrichment option could be available 
for deployment as the HALEU market evolves. 

Demonstration of U.S. HALEU Production 
Capability
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Addressing HALEU Needs - Enrichment

Description of HALEU Cascade Work Scope FY19 FY20 FY21 FY22

Mobilize DOE facility and manufacturing, begin constructing 
and balancing centrifuges

X

Finish installation of centrifuges (16) and begin recycle testing X

Demonstrate production of HALEU, withdraw sample material X

DOE complete demonstration project on September 30, 2021
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Presenter
Presentation Notes
COST/BUDGET/TIMELINE:   1. $115 TOTAL.  THAT IS IT.  ($35M FY19; $40M FY20; $40M FY2021 for operation)2. TIMELINE:  CASCADE OPERATIONAL END OF 2020.   THEN UP TO MARKET (EG, CENTRUST, OTHERS) TO RESPOND WITH COMMERCIAL SCALE.3. HOW WOULD DOE DO THIS?Centrus takes IP and finances/builds on its own.  Could lease facilities from DOE.DOE could solicit/RFP other companies (eg, BWXT) if C fails meet milestones and abandons.  DOE could keep/meet own needs.    
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DOE Facility
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Process Building Layout

Floor Machine Mounts, Electrical, Vacuum, and Water
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Questions?
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