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- Reaching U.S. net-zero goals,
we need new nuclear capacity

“Power system decarbonization modeling, regardless
of level of renewables deployment, suggests that the Pathways to

U.S. will need ~550-770 GW Of Commercial Liftoff:
additional clean, firm capacity to Advanced Nuclear
reach net-zero.”

Domestic nuclear capacity has the potential to
scale from ~100 GW in 2023 to ~300
GW by 2050
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Presenter Notes
Presentation Notes
U.S. domestic nuclear capacity has the potential to scale from ~100 GW in 2023 to ~300 GW by 2050—driven by deployment of advanced nuclear technologies. Power system decarbonization modeling, regardless of level of renewables deployment, suggests that the U.S. will need ~550–770 GW of additional clean, firm capacity to reach net-zero; nuclear power is one of the few proven options that could deliver this at scale, while creating high-paying jobs with concentrated economic benefits for communities most impacted by the energy transition. 

Office of Nuclear Energy: Katy Huff, Mike Goff, Alice Caponiti, Andy Griffith, Sal Golub, John Krohn, Janelle Eddins, Cheryl Herman, Kim Petry, Jason Tokey, Melissa Bates, Billy Valderrama, Erica Bickford, Jason Marcinkoski, Alison Hahn 
National Reactor Innovation Center: Ashley Finan 
Gateway for Accelerated Innovation in Nuclear: Chris Lohse

From the introduction: Advanced Nuclear As a carbon-free, firm power generating resource, nuclear can play a critical role in complementing the buildout of variable renewables and providing a significant portion of the additional clean, firm capacity required in all decarbonization scenarios. System modeling indicates achieving net-zero in the U.S. by 2050 requires adding on the order of 550–770 GW of additional clean, firm power. These same models indicate advanced nuclear is likely to be the economic option for at least 200 GW of this capacity addition assuming expected overnight capital cost reductions, comparing favorably with other clean, firm options (e.g., renewables paired with long duration energy storage, fossil with carbon capture, geothermal). Deploying ~200 GW of nuclear capacity in the U.S. could require ~$700B in capital formation by 2050, with $35-40B required by 2030. Challenges with transmission expansion, interconnection, land-use intensity, and other factors limiting renewables buildout are likely to make nuclear an even more attractive option. New deployment of advanced reactors at scale, however, will depend heavily on taking action toward building a committed orderbook of 5-10 projects by 2030; and achieving predictable construction timelines and cost profiles, by incorporating lessons learned from Units 3 and 4 at the Alvin W. Vogtle Electric Generating Plant, two Westinghouse AP1000 pressurized water reactors.
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37 Projects

12 Micro
4 High Temperature Gas Reactor (HTGR)
2 Sodium Fast Reactor (SFR)
2 Molten Salt Reactor (MSR)
3 Solid Core Heat Pipe
Microreactor (HP)
1 TBD

25 SMRs
12 Light Water Reactor (LWR)
5 High Temperature Gas
Reactor (HTGR)
4 Sodium Fast Reactor (SFR)
2 Molten Salt Reactor (MSR)
2 Fluoride Salt-Cooled High-
Temperature Reactor (FHR)

18 deployment dates prior to 2030
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Reactor Potential Deployment Path (Example Only)
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Presenter Notes
Presentation Notes
Planning Phase – This period is variable, and includes all work prior to a technology selection, including technology monitoring, early site permitting, community engagement, deployment planning, etc. 
Licensing Phase – A technology has been selected, and a Combined Operational License Application (COLA) is submitted and reviewed
Construction Phase – An approved COLA will allow for site construction activities to commence, and depending on the technology, will take approximately 3 years 
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State Nuclear Energy Feasibility Studies

Completed Working Groups Ongoing Working Groups

Nebraska - North Dakota Ongoing
South Dakota - Tennessee W compiee
Texas - . \
Completed Studies - Virginia ] ‘ =
- Connecticut Ongoing Studies 7Y
Kentucky - Colorado J
Maryland - Florida
Michigan - Indiana
New Hampshire . Nebraska
Pennsylvania - North Carolina
Virginia - Tennessee

Texas
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Presentation Notes
NEXT FOUR REPORTS TO COME OUT:
Pennsylvania - (hopefully) by the end of January 2024
Michigan - February 1st (draft already out)
Nebraska - Spring 2024
Tennessee - November 1st


Current U.S. nuclear fuel cycle

Open fuel cycle, mainly LWRs using LEU fuel, with a limited front end and missing two key facilities to manage used fuel.
The fragmented and incomplete fuel cycle is due to socio-political factors, not a lack of technologies.
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https://www.energy.gov/sites/prod/files/2020/04/f74/Restoring%20America%27s
%20Competitive%20Nuclear%20Advantage-Blue%20version%5B1%5D.pdf
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Jlll Establish a secure reliable supply chain is needed

The HALEU fuel cycle represents an opportunity to reinvigorate the domestic fuel cycle in
the U.S. and is key to fueling our nuclear future.

Recovery and Downblending

INL 1MT of HALEU per year until 2035. HEU downblending from EBR-II and
ATR origin yields 10MT and 20MT

SRS Potential 20MT HALEU available from fuel take back processing

BWXT Potential 10MT and 40MT by 2025. Downblending excess/surplus HEU

Enrichment

American Centrifuge
Operating LLC

900 kgs of UF; ongoing 16 machine cascade demonstration

URENCO USA

Commercial enrichment facilities for HALEU enrichment between 5%
and 10%

Low dose rate, small size
HALEU metal regulus

U metal dissolution

Uranyl Peroxidef o—
— /

b ‘-‘-i*

I 5

Uranium Tr|ox:de

U purification

HALEU enrichment

* |nsufficient amounts

« Some early movers are not able to
use recovered materials

« Some early movers are not able to
receive UF; as the feedstock
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Presentation Notes
In the near-term, the HALEU need is driven by the advanced reactor developer’s deployment schedules, who are eager to penetrate an evolving world market
Limited quantities of HALEU can be made available 
By blending existing or recovered HEU.
Currently there are very limited HEU stocks available for downblending, beyond those already obligated for NNSA missions. 
There is also a limited supply of HALEU available from recovered and downblended HEU stocks, at INL, SRS and Y12 
and we only have one NRC licensed commercial entity that can down HEU (BWXT). 
However, there are some limitations with the HALEU recovered options I listed, 
Some early movers are not able to use recover materials or receive UF6 as their feedstock
And near-term options have limited or no funding
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Jlll Progress towards a reliable U.S. supply chain

What is needed?

A little less than 20 MT/yr. HALEU domestic capability is needed to support current
government commitments and initial cores for advanced reactor demonstrations

DOE contract Centrus to demonstrate commercial scale HALEU production.

The Energy Act of 2020 authorized the Advanced Nuclear Fuel Availability
(ANFA) to make available small quantities of HALEU for RDD.

The Inflation Reduction Act provided $700M to support HALEU availability
through the ANFA program.

The Nuclear Fuel Security Act (NFSA) expanded DOE’s authorization to
partner with industry to create a commercial supply of LEU and HALEU and
to downblend HALEU to meet the initial needs of advanced reactors until a
commercial supply is available.

The FY24 appropriation reallocated $2.72B in excess funds from the Civil
Nuclear Credit program to be utilized for the programs authorized in the
NFSA.

— Recently enacted with ban on Russian uranium imports.
— Congress will still need to act to ensure long-term market certainty.

Advanced centrifuge cascade, Piketon, Ohio
Centrus Energy Corp

Bank of Centrifuges, Eunice, NM
Urenco USA

IDAHO NATIONAL LABORATORY



Presenter Notes
Presentation Notes
Funds can be used for:

Mining
Conversion
Enrichment
De-conversion
DOE materials downblending/recycling fabrication

DOE entered into a sole source contract with Centrus to demonstrate commercial scale HALEU production.
 
The Energy Act of 2020 authorized the Advanced Nuclear Fuel Availability to make available small quantities of HALEU for RDD. 
 
The Inflation Reduction Act provided $700M to support HALEU availability through the ANFA program.
 
The Nuclear Fuel Security Act expanded DOE’s authorization to partner with industry to create a commercial supply of LEU and HALEU, to expand the American Assured Fuel Supply program and merge it with the Uranium Reserve, and to downblend sufficient quantities of HALEU to meet the initial needs of advanced reactors until a commercial supply is available.
 
The FY24 appropriation reallocated $2.72B in excess funds from the Civil Nuclear Credit program to be utilized for the programs authorized in the NFSA. It also amended the revolving fund authorized in the NFSA to allow previously appropriated funds from the ANFA program and IRA to be part of the revolving fund.
 
The $2.72B is subject to enactment (by Congress or the administration) of a ban on Russian uranium imports. The ban passed the House unanimously and unanimous passage in the Senate is being held up by Senator Cruz over an unrelated issue.
 
The administration is expected to implement a ban soon to free the money but that will not provide the long term certainty uranium suppliers need to make investments. So Congress will still need to act to ensure long-term market certainty.
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