F o

.- I
SAND2016- 3438D
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Sandia National Laboratories
SunShot CSP R&D Award DE-EE0000595-1558

CSP SunShot SUMMIT 2016: RECEIVERS

PROBLEM STATEMENT & RESULTS On-Sun Testing
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VA L U E P RO POS ITI O N . . » Designed on-sun prototype system with top i ;;(E '_:__.:
| | | o 1. Recelver Desi gns hopper, receiver, bottom hopper, Olds o — e o roeer
» Conventional nitrate-salt receivers limited to ~600°C Elevator, flux target, work platforms, pwiots. ~~_J—AR

Free-Falllg Discrete Porous Structures instrumentation, and data acquisition

* Achieved peak particle temperatures Water.coolec
>900 °C and bulk particle temperatures
>700 °C for mass flow of 1 — 7 kg/s/m
 Achieved particle heating of ~200 °C per  fiwfumee
meter of illuminated drop distance
. memmernene o Achjeved thermal efficiencies ~70 — 80%
* Obstructed flow design reduced terminal

e Tubular receivers have flux limitations / thermal stresses

 Need higher temperatures to enable more efficient power
cycles and cheaper storage

* Direct absorption using solid particles can achieve
temperatures above 1000°C

 System Is scalable and can achieve SunShot targets

Bottom ~45 ft
hopper

Top of tower
module

patent pending

e velocity to 0.5 m/s and provided higher
« Modeled and tested free-falling « Modeled and tested discrete heating rates, but deterioration occurred
particle designs with air porous structures to increase
curtains residence time of particles in beam
 Modeled thermal performance « Demonstrated required flow rates
with CFD with no clogging
 |dentified optimal particle size, « Tested durability of wire mesh over
flow rates, and recirculation thousands of cycles at 800°C e .
schemes to achieve 700°C e
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5223 = gggé%%ggo  Collaborated with Abengoa Solar on design of 1 MW falling particle
— 086 o ol receiver system in Spain
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High Temperature Falling Particle Receiver M, ST o hEme | | |
FY13: Evaluate alternative designs and concepts to meet SunShot targets o 100 200 300 400 500 e Received DOE APOLLO award with Abengoa Solar on hlgh-

PILAS (COMBIUES i SN [ETOTISTEE CE[PE] 0 @f UG [RETEIa2 A PEEIITE et temperature falling particle receiver for combined air-Brayton cycle
FY15: Add particle recirculation, heat exchanger, free-fall vs. discrete porous structures

 |dentifled 5 commercial particles with solar absorptance > 85% after 500 » Working with DOE ELEMENTS program to develop reactive particle
I—‘—gl hours at 700°C In air receivers with thermochemical storage

™ G EErym—" e Evaluated chemical reduction and different particle compositions to Sevelop: 4 desi f arized ool CO
I.\.m I | improve solar absorptance at high temperatures eveloping concepts and designs for solarized supercritica 5

 Demonstrated particle durability up to 1000°C Brayton cycles
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FUNDING & KEY INSTITUTIONS

e FY13 - FY16: $4.5M (DOE) -
e Sandia National Laboratories @ National

3. Balance of System

=« King Saud University

 Designed, modeled, and tested hot
storage bin designs up to 700°C

Laboratories
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+ Georgia Tech, King DLR ~100 W/m=-K )
Saud University " * Modeled several commercial-scale * King Saud University
Syst Icle-li ' '
ystem particle-lift designs to carry pa_lrtlcles from . German Aerospace Center (DLR)
© + GeorgiaTech, DLR bottom of tower to top of receiver
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