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Next-generation solar-driven supercritical CO2

(sCO2) Brayton cycles are being pursued to 
enable SunShot targets for concentrating solar 
power (CSP).  New high-temperature heat-
transfer media are being explored, including 
solid particles that can be efficiently and directly 
heated by concentrated sunlight.  A particle-to-
sCO2 heat exchanger is necessary to heat the 
sCO2 from the hot particles.  However, a 
particle-to-sCO2 heat exchanger has not yet 
been developed. 

Concentrated solar power using solid 
particles is being pursued to achieve 

higher temperatures and more efficient 
power cycles

The goal of this work is to design, develop, and test a first-of-a-kind 
particle/sCO2 heat exchanger operating at sCO2 temperatures of 
≥700 °C and pressures ≥20 MPa that will enable high-efficiency 
sCO2 power cycles.  Moving packed-bed (shell-and-tube, shell-
and-plate) and fluidized-bed heat exchanger designs will be 
investigated. The particle/sCO2 heat exchanger will be integrated 
with Sandia’s falling particle receiver system for on-sun testing.

Three particle heat-exchanger 
designs will be evaluated: (1) 
fluidized-bed, (2) shell-and-
tube, and (3) shell-and-plate.  
The design that best meets the 
design criteria for cost and 
performance will be constructed 
and integrated with Sandia’s 
falling particle receiver system.

This work will 
develop the 
world’s first 
particle-to-sCO2 
heat exchanger 
for solarized 
sCO2 Brayton 
cycles to 
achieve 
$0.06/kWh

 Phase 1
• Work with industry to design fluidized-bed and moving packed-bed 

particle/sCO2 heat exchanger designs
• Use analytical hierarchy process to downselect design

 Phase 2
• Procure heat exchanger and sCO2 flow system and commission 

subsystem components
• Develop models and tests to examine heat transfer and flowability

 Phase 3
• Integrate heat exchanger and sCO2 flow system with particle 

receiver and perform on-sun tests

• Designed fluidized-bed 
and moving packed-bed 
particle/sCO2 heat 
exchangers with industry

• Measured particle/wall 
heat transfer coefficient at 
~200 W/m2-K for shell-
and-plate design

• Performed particle 
flowability tests at 600 C

• Designed and procured 
components for 100 kWt

sCO2 flow system

 Total Project Funding: 
• $4.6M (DOE)
• $72K (cost share)

 Duration:  
• 3 years (10/1/2015 – 9/30/2018)

 Participants:
• Sandia National Laboratories, National Renewable Energy 

Laboratory, Georgia Institution of Technology, Babcock & 
Wilcox, Solex Thermal Science, Vacuum Process 
Engineering
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 Teamed with leading industries to design particle/sCO2 heat 
exchanger:  B&W, Solex Thermal Science, VPE

 Partnered with Solex Thermal Science and VPE to construct 
100 kWt particle/sCO2 heat exchanger

 Worked with industry vendors to procure components for 
novel sCO2 flow system

 Teaming with industry on new proposals for next-generation 
(Gen 3) particle technologies for CSP

Sandia National Laboratories is a multimission laboratory managed and operated by National Technology and Engineering Solutions of Sandia LLC, a wholly owned subsidiary of Honeywell 
International Inc. for the U.S. Department of Energy’s National Nuclear Security Administration under contract DE-NA0003525.
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sCO2 flow system provides pressurized sCO2 at 550 
C to heat exchanger for test and evaluation
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• Heat duty = 100 kW
• Tparticle,in = 775 C
• Tparticle,out = 570 C
• TsCO2,in = 550 C
• TsCO2,out = 700 C
• �̇ = 0.5 kg/s

High-Temperature Particle Receiver

Particle receiver testing at the 
National Solar Thermal Test Facility 

at Sandia National Laboratories, 
Albuquerque, NM
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