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Program Goal and Objectives

DOE-NE Office of Advanced Reactor Technologies , in collaboration with government and industry
partners, shall investigate the science, develop the test capabilities, and experimentally validate a grid
compatible sCO, Brayton Power System that transitions laboratory technologies to domestic energy

commercial applications.
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‘ The “STEP Tech Team” Crosscut

Primary Driver: Lead, Sodium, Helium,
Molten Salt Reactors, Small Modular
Reactors

Primary Driver: Overall efficiency greater
than 50%

Applications of Interest:
Fossil fuel primary cycle
Direct sCO, cycles
Waste heat recovery

Applications of Interest:
* Nuclear Ry, U.S. DEPARTMENT OF

* Distributed Energy ENERGY

* Shipboard Power

Distributed energy sources
Size: 50 — 100 MWe DOE sCO,
Temperature: 700°C Offices Size: 600 MWe
Configuration: RCBC with Dry Heat Temperature: 700 - 760°C
Injection Configuration:

RCBC with IC
RCBC with IC with re-heat
RCBC with economizers

Partial cooling cycles
DOE SETO

Primary Driver: LCOE Size: 10 — 100 MWe
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- - mission is to reduce the technical barriers and risks to

Applications of Configuration: .o .
Interest: - RCBC partial cooling the commercialization of the sCO, power cycle.The
* Concentrated Solar cycle . . .

Power . Lothermal program aims to work with industry to develop and mature
" Waste Heat Recovery L based the technology at the pilot scale in order to facilitate

simple cycles Lo .
* Coupling with thermal commercialization.
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Major Activities and Expected Outcomes (FY24 — FY26)

Materials
Development

Component

Development

Subsystem Test

(System Integration)

Systems Engineering

) FY24 w— Y25

*Industry engagement on
polymers needs

*Design requirements for
new autoclave

* Engagement with FECM

* Testing magnetic bearings

* Commission a new tester
barrel for testing of a new
seal technology.

* Reconfigure to RCBC

* Testing control of the flow
split and simultaneous TAC
operation

* HT/HP Recuperator
procurement

* QAPD Development

* Test Scripts/Validation

* Industry Days planning with
EERE and FECM

* Impact of sCO2 purity from
experimental vs practical
working loop

* New autoclave capabilities

* HT testing of new polymers
plus innovative barrier coatings

* Integrate the porous media
bearings and magnetic
bearings into the TAC’s

* Test new seal technology
dynamically up to 700°C at
4000 psi

* Construct and commission a |
MWe simple sCO, Brayton
cycle operating at 700°C

* Validate operation at a turbine
inlet temperature 2700°C

¢ Industry Days and sCO2
Roadmap event

* Adoption Readiness Levels

* Engagement with Advanced
Reactors R&D

FY26 e—

*As needed

* RCBC ability to reject power
directly to grid and optimize
performance

* Scoping study for larger than 10
MWe

* Demonstration of | MW
scale sCO2 Brayton Cycle at
700C

* Upgrading test platforms to
further investigate sCO2
technology

* Grid compatibility assessment
* Advanced Reactor
applications

What the end of FY26-27
look like:

- Demonstration of

technology needed for
commercialization of a
sCO, Brayton power
conversion cycle, ready for
grid optimization

- CBC cycle demonstration

at high temperature &
pressure

- Reduced risk to industry

(higher TRL & value
positioned in industry
terms)

Challenges

- Funding uncertainty limits

ability to place purchases
on the proposed timeline

- Supply chain delays




STEP RFI 2026 |

Promote Industry collaboration ‘
Elevate TRL level of ctitical components https://sam.gov/opp/143b8ad8001c483eb0ec9d3
Path forward to sCO2 commercialization 123a314£3 /view I

Past/Current areas of research include:
*Turbomachinery
*Heat Exchangers
*Bearings
*Seals
*Component Fatigue
*Economic Modeling



https://sam.gov/opp/143b8ad8001c483eb0ec9d3123a314f3/view
https://sam.gov/opp/143b8ad8001c483eb0ec9d3123a314f3/view

Keys to Success
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SCIENCE

Conference proceedings and journal articles cement Sandia’s
reputation as a leader in Brayton testing capabilities.

Technical advances and patent applications/awards
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Flexibility to couple fossil, nuclear, and renewable energy sources Sl o Comes rom et St o .
to advance power conversion systems — unique to Sandia and
not done anywhere else in the world

Flexibility to serve land and space-based power conversion cycles

Excellent project management. Meeting project milestones,
deliverables, and budgets. S e ey v

grid
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https://www.popsci.com/technology/sandia-brayton-cycle-power-electronic/
https://interestingengineering.com/science/sandia-power-generating-system-electricity-electrical-grid
https://www.techtimes.com/articles/279154/20220814/sandia-electric-power-comes-heated-supercritical-carbon-dioxide%E2%80%94how-work.htm

Questions!?

Darryn Fleming

Principal Member of

Technical Staff — Mechanical Engineering

Sandia National Labs

ddflemi@sandia.gov
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