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US Definition: Advanced Reactors

The term "advanced nuclear reactor" means a nuclear fission reactor with 

significant improvements, including additional inherent safety features, 

compared to reactors operating on December 27, 2020, in the U.S. 

- [42 U.S. Code of Federal Regulations (USC) 16271].

It does not mean “better” or “new” reactors. Improved safety is the focus. 
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Nuclear Energy Density Leads to Small Footprints

https://www.visualcapitalist.com/sp/smashing-atoms-the-history-of-uranium-

and-nuclear-power/

https://www.visualcapitalist.com/sp/smashing-atoms-the-history-of-uranium-and-nuclear-power/


Why Nuclear? Reliability

• Zero-carbon solutions for high-demand systems

• Reliable, 92+% uptime per unit

− 99.99+% multiunit

• Nuclear Energy

− Large Nuclear

− Small Modular Reactors

− Microreactors



Reference Cost Ranges for Large and Small Modular 
Reactors

• Meta-study of cost estimation reports for advanced reactors

• Focus on detailed bottom-up estimates to ensure cross-comparison

• Costs are given in conservative, moderate, advanced scenarios to highlight 
potential ranges of capital costs

• Costs are shown as Between-of-a-kind (BOAK) or costs after First-of-a-kind 
demonstrations have taken place, but before Nth-of-a-kind learning as 
materialized

• Additional data provided on broad range of other considerations, including:

− Construction times, heat-only adjustments, multi-unit cost factors, ramp 
rates, subsidies, coal-to-nuclear, etc.
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Reference Overnight Capital Costs (OCC) for large reactors 

and SMRs

Large Reactor SMR

Advanced Moderate Conservative Advanced Moderate Conservative

Nuclear Fuel Costs ($/MWh) 9.1 10.3 11.3 10.0 11.0 12.1

Nuclear Fuel Costs ($/MBTU) 0.88 0.99 1.09 0.97 1.06 1.17

Fixed non-fuel O&M ($/kWe-yr) 126 175 204 118 136 216

Fixed O&M ($/MWh) @ 93% 

capacity factor

15.5 21.5 25.1 14.5 16.6 26.5

Variable non-fuel O&M ($/MWh) 1.9 2.8 3.4 2.2 2.6 2.8

Total O&M ($/MWh) 26 35 40 27 30 41

Reference O&M costs for large reactors and SMRs

2030 2040 2050 2030 2040 2050

Small Modular Reactor Large Reactor

Q1 $10,000 $8,000 $6,250 $7,750 $7,500 $6,000

Q2 $7,750 $5,000 $4,000 $5,750 $4,750 $3,750

Q3 $5,500 $2,500 $2,000 $5,250 $3,000 $2,250
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Report: link

Data: link

ATB nuclear page: link

https://doi.org/10.2172/2371533
https://gain.inl.gov/content/uploads/4/2024/06/INL-RPT-24-77048-R1.xlsx
https://atb.nrel.gov/electricity/2024/nuclear


Modeling: Technoeconomic Analysis



Analysis Results: Carbon-Free Options

Notes

• Cost: 20-year build-and-
operate discounted cost 
(NPV)

• High all-nuclear cost still 
lower than all-VRE

• Wide range of uncertainty

• Very large costs for VRE

− Battery requirement

− Capacity factors

All

VRE

(renewable)

All

Nuclear

2.66 $/kWh

0.76 $/kWh

0.19 $/kWh

0.05 $/kWh



Accelerating Advanced Reactor Demonstration & Deployment
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Commercial and Demonstration Projects: Planned Reactor and 
Fuel Fabrication Facilities

Los Alamos National Laboratory
Los Alamos, NM

Oak Ridge
National Laboratory

Oak Ridge, TN

Idaho National Laboratory
Idaho Falls, IF

Kairos Power: Atlas fuel fab
Oak Ridge, TN

Kairos Power: HERMES 1&2 
(3 units) 

Oak Ridge, TN

Kairos Power: LEFFF TRISO fab facility  
Los Alamos, NM

X-energy: XE-100 Dow plant (4 units) 
Seadrift, TX

X-energy: TRISO-X fuel fab
Oak Ridge, TN

USNC: Microreactor Assembly Plant
Gadson, AL

USNC: MMR
Urbana-Champaign, IL

X-energy: XE-100 (up to 12  units) 
Richland, WA

BWXT: Pele & BANR fuel fab
Lynchburg, VA

BWXT/DOD: PELE (1 mobile unit) 
Idaho Falls, ID

Centrus: HALEU fuel fab
Piketon, OH



Advanced Reactor Licensing Status
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Slide credit: Kim Webber (NRC) - Kimberly.Webber@nrc.gov

mailto:Kimberly.Webber@nrc.gov


Connecting with Advanced Nuclear

• Gateway for Accelerated Innovation in Nuclear (GAIN)

− Technoeconomic Assessments

• What about wind, solar, and nuclear in my region?

• Vouchers for DOE Lab Complex to partner with you for analysis

− Community Engagement and Outreach

• Data Center Workshop Group

− Lori Braase, lori.braase@inl.gov

• Learn more about advanced reactors

− Gerhard Strydom, gerhard.strydom@inl.gov

• Integrated Energy System Modeling and Simulation

− Paul Talbot, paul.talbot@inl.gov
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mailto:lori.braase@inl.gov
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Battelle Energy Alliance manages INL for the U.S. Department of Energy’s Office of Nuclear Energy. 

INL is the nation’s center for nuclear energy research and development, and also performs research 

in each of DOE’s strategic goal areas: energy, national security, science and the environment.



Additional Materials
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Nuclear Reactors 101 

https://www.linquip.com/blog/nuclear-power-plant-guide/  

Light Water Reactor: 

Primary system coolant 

is water
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Advanced Reactors (non-water systems) 

https://www.bluewaveailabs.com/3-advanced-reactor-systems-to-watch-by-2030/

https://www.bluewaveailabs.com/3-advanced-reactor-systems-to-watch-by-2030/


Modular High-Temperature Gas-Cooled Reactors (HTGRs)

• UO2 or UCO TRISO {Tristructural isotropic}: inner pyrolytic 
carbon (PyC), SiC, outer (PyC).

• Pressed into semi-graphitic matrix and shaped into either 
‘compacts’ or pebbles. 

• Cylindrical or annular cores (with central graphite reflector)



Molten Salt Reactors (MSRs)

• Liquid- and solid-fueled variants

• Chloride-, fluoride-, and mixed 
halide-based fuel salts

• Salt and liquid-metal coolants

• Thermal, fast, time-variant, and 
spatially variant neutron spectra

• Wide range of power scales

• Intensive, minimal, or inherent fuel 
processing

• Multiple different primary system 
configurations

• Nearly all fuel cycles

Slide credit: David Holcomb (INL) – david.holcomb@inl.gov 



Fast Reactors (FRs)

Slide credit: Bo Feng (ANL) - bofeng@anl.gov

• FRs typically operates at near atmospheric pressure

• Fast neutron energy spectrum (no moderation)

• Significant US experience (EBR-I, EBR-II, FFTF, SEFOR, 
FERMI, etc.)

• System Configuration

− Metal Alloy or Oxide Fuel

− Pool or Loop Configuration

− High Power Density Core
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Nuclear Reactor Fleet Age 

• Average age of 422 nuclear reactors 
operating in 2023 is 32 years. 

• If today's nuclear plants retire after 60 
years of operation, the US would need 
22 GWe of new nuclear capacity by 
2030 and 55 GWe by 2035 to maintain 
a 20% nuclear share. 

• That is equal to building 25 Vogtle 
plants by 2035. 
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Nuclear Waste

https://www.visualcapitalist.com/visualizing-all-the-

nuclear-waste-in-the-world/

• All nuclear waste produced so far by all
nuclear reactors in the world fit in two 
football field lengths; or a 700 x 700 x 700 ft 
cube (0.13 mi on each side). 

• High-level (deep geological disposal) waste 
requires only 70 x 70 x 70 ft.

https://www.visualcapitalist.com/visualizing-all-the-nuclear-waste-in-the-world/
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Small Modular Reactors (SMRs) vs Large Reactors

X-energy: 4x80 = 320 MWe

- Plant footprint: 10 acres

- EPZ boundary: < 1 mile

Vogtle PWR (USA): 2,430 MWe

- Plant footprint: ~600 acres

- EPZ boundary: 10 miles 

https://www.southernnuclear.com/our-plants/plant-vogtle.html

https://x-energy.com/

https://www.southernnuclear.com/our-plants/plant-vogtle.html
https://x-energy.com/
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Features of Small Modular Reactors (SMRs)

Frederik Reitsma (GIF Webinar: Overview of SMR Technology Development, 

July 2020)



Microreactors: Megawatt-scale Nuclear Reactors

https://www.energy.gov/ne/downloads/infographic-what-nuclear-microreactor-0
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https://ies.inl.gov

DOE Support of Advanced Reactors: X-energy XE-100

• Funded by DOE Advanced Reactor Demonstration program (ARDP) 

with $1.23 billion over 7 years through cost-shared partnership to build 

a 2-unit XE-100 demonstration plant. 

• Announced in March 2023 a joint venture with Dow Chemicals to site 

their first 4 units at/inside Dow’s chemical facility at Seadrift, Texas. 

Planned operation by 2029. Four Xe-100 rectors will act as a drop-in 

replacement for three natural gas boilers to ensure reliable steam 

generation for Dow, which will then sell any excess power to the grid.

• Utility Energy Northwest and X-Energy plan to deploy up to 12 units in 

central Washington State, with first unit online by 2030.

• X-energy and Cavendish Nuclear were granted $4.2 million in funding 

from the UK government to assess a 12-reactor plant deployment at 

Hartlepool.

• April 2024: X-Energy and Canadian power producer TransAlta 

Corporation will study feasibility of deploying Xe-100 at a repurposed 

fossil fuel power plant in Alberta.

https://x-energy.com/seadrift

https://www.world-nuclear-news.org/Articles/Multiple-Xe-100-SMRs-planned-for-Washington-State

https://x-energy.com/seadrift
https://www.world-nuclear-news.org/Articles/Multiple-Xe-100-SMRs-planned-for-Washington-State


https://ies.inl.gov

DOE Support of Advanced Reactors: Kairos Power HERMES

• Funded by DOE with $629 million over 7 years for Hermes 

Reduced-Scale Test Reactor at the East Tennessee 

Technology Park in Oak Ridge, TN.

• Hermes is a 35 MWth test reactor supporting the development 

of Kairos Power’s 320 MWth commercial KP-FHR technology. 

• In December, 2023, NRC approved Hermes construction 

permit. It is the first non-water cooled reactor approved for 

construction in the USA in more than 50 years. Hermes 

started construction on July 17th! 

• Kairos also filed a construction permit application with the 

NRC for the Hermes 2 reactor facility, located at the same 

site. Hermes 2 facility will contain two 35MWt FHR units, 

intermediate salt loops, and a common power conversion unit. 

An 11-year core life and commercial electricity generation is 

planned, requiring a separate license from Hermes.

https://www.nrc.gov/docs/ML2210/ML22105A581.pdf

https://world-nuclear-news.org/Articles/Kairos-seeks-construction-licence-for-two-unit-Her

https://www.einpresswire.com/article/731550092/kairos-power-begins-construction-on-hermes-low-power-demonstration-

reactor

https://www.nrc.gov/docs/ML2210/ML22105A581.pdf
https://world-nuclear-news.org/Articles/Kairos-seeks-construction-licence-for-two-unit-Her
https://www.einpresswire.com/article/731550092/kairos-power-begins-construction-on-hermes-low-power-demonstration-reactor


DOE Support of Advanced Reactors: Natrium
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https://www.terrapower.com/natrium-demo-kemmerer-wyoming/

• Natrium is a 345 MWe pool-type sodium 

fast reactor using High-Assay Low-

Enriched Uranium (HALEU) metal fuel.

• TerraPower selected Kemmerer, 

Wyoming as demonstration reactor site in 

November 2021. 

• Utility PacifiCorp added two further units to 

its Wyoming plans in April 2023, in addition 

to the demonstration unit

• New MoU in July 2023 between Centrus

and TerraPower will ensure HALEU 

availability to meet 2030 operation date at 

Centrus' HALEU production facility in 

Piketon, Ohio

https://www.terrapower.com/natrium-demo-kemmerer-wyoming/


• TRISO-fueled Radiant, Ultra Safe Nuclear Corporation and 
Westinghouse microreactors have been awarded DOE funding for 
front-end engineering and experimental design.

• Will be housed in the Demonstration of Microreactor Experiments 
(DOME) facility at INL.

Demonstration of Micro HTGRs in DOME



Advanced Reactor Licensing Status
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Slide credit: Kim Webber (NRC) - Kimberly.Webber@nrc.gov

mailto:Kimberly.Webber@nrc.gov


SMR Deployment Challenges

Market/Economics: Business cases for First-of-a-Kind 

(FOAK) and Nth-of-a-Kind

Supply chain: Reactor vessel, graphite, helium, salts, 

instrumentation? How mature? 

Fuel: HALEU availability, qualified fuel? (fabrication, 

irradiation, PIE)

Licensing: NRC, international or DOE authorization?

Siting: Permits, community interactions, transmission 

lines, transport (microreactors)?

Workforce: Enough people? Certified reactor 

operators, welders, support staff, etc. Bridging the Valley of Death: Transitioning from Public to Private Sector Financing



Battelle Energy Alliance manages INL for the U.S. Department of Energy’s Office of Nuclear Energy. 

INL is the nation’s center for nuclear energy research and development, and also performs research 

in each of DOE’s strategic goal areas: energy, national security, science and the environment.


