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Particle receiver development has led to the
need for an sCO2-to-particle heat exchanger

• Particle-based CSP plants enable
the use of sCO2 power cycles

• Multiple particle receivers have
been demonstrated at the
megawatt scale

• Minimal work has been
conducted on particle-to-sCO2
heat exchangers
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• Develop and test 100kWth prototype particle-to-sCO2 heat

exchanger
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100 kWt heat exchanger and sCO2 flow loop
integrated with falling particle receiver module

Partide receiver testing at the
National Solar Thermal Test Facility
at Sandia National Laboratories,

Albuquerque, NM

High
temperature
Olds elevator

Top hopper

hopper

sCO, heat
exchanger
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• Heat duty = 100 kW
• TparticKin = 775 °C
• Tparticie.out = 570 °C
• Tscozin = 550 °C
• Tsco2x,„t = 700 °C
• = 0.5 kg/s

Preheater

Water cooler Recuperator

sCO2 flow system provides pressurized sCO2 at 550
°C to heat exchanger for test and evaluation

• Demonstrate the operation of an integrated particle-driven
sCO2 cycle
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Items of concern for integrated system
operation

• The lack of a second storage bin presents unique control
challenges not present in a real system

• Design point of the receiver (1 MWt) is much greater than the
design point of the heat exchanger (100 kWt)

• Mass flow rate of receiver must be greater than the heat
exchanger at all times
• Minimum receiver flow rate is 0.5 kg/s

• Maximum heat exchanger flow rates is 0.5 kg/s

• Solar thermal input must be reduced once particles in the
hopper have reached 570°C
• Heliostats will have to be removed to maintain receiver outlet (heat

exchanger inlet) temperature of 775°C
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Prior work on transient modeling work of the MI LarfSies

particle-to-sCO2 heat exchanger
• Last year Sandia developed a transient model of the moving

packed-bed heat exchanger for studying control and dynamic
dispatch

• This work was documented in a journal publication which was
published in Applied Energy
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• The work was extended to incorporate all of the particle-
based CSP system components
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Process flow diagram of the integrated
falling particle receiver and heat exchanger
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• Model the startup and
control of the fully

Olds integrated system:
Elevator

Bucket
Elevator

Sandia
National
Laboratories

• Incorporate the transient
particle heat exchanger into

a system model

• Develop additional models
for the storage bin and
particle receiver

• Capture the effect of
particle recirculation on the

system transient

10



Component model development
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Storage Bin Temperature Distribution
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• The models were developed in MATLAB and solved using

internal ODE integration tools
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Simulation of the startup of the integrated
system
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Simulated the startup and operation of the integrated system form 25°C

isothermal condition

Initial period for preheating the heat exchanger to 550°C using the sCO2 heater to

reduce temperature gradients experienced during transients

Receiver is used to preheat the particles in the system to a temperature of 700°C

at constant flow rate (5 kg/s) and solar flux (700 kW/m2)

After preheating the particles, mass flow rate of the particles is turned down and

heliostats are removed to maintain the system at particle inlet temperature of

775°C 13



Control of Commercially Relevant Systems

Receiver

Hot storage

Heat exchanger

Cold storage
Particle lift

Proposed G3P3 System
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■ Decoupled operation of falling
particle receiver and heat
exchanger

■ Startup of the heat exchanger
without temperature ramping
from solar energy

■ Startup of the solar thermal
receiver and maintaining
constant outlet temperature
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Potential process flow diagram for a
commercially relevant system configuration
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Conclusion
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■ Process flow models of particle-based CSP system components
developed an implemented for existing test loop

■ Integrated control demonstrated for 1 MWth test through
heating with the particle receiver and sCO2 flow loop

■ Evaluated considerations for the operation of commercial
system configurations

■ Future work:

■ Simulate configurations that are representative of commercial systems

■ Heat exchanger 100 kW prototype will be commissioned in August and
control system will be developed for integrated operation
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