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Concentrating solar thermal/
Particle receiver 

Saw et al. 2019 Solar hybridised DFB for liquid fuels production, ASTRI 

Saw et al. 2019 Integrating CST into the Bayer process, ARENA

Ht=150m 

TR=950°C 

Ht=150m 

TR>950°C 

Introduction 



Mechanical Pneumatic 
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Particle conveyor systems

Bucket
(www.bulkmaterialshandling.in)

Skip hoist 
(www.pemat.de)

Pneumatic
(www.njairconveying.en.made-in-china.com)

http://www.bulkmaterialshandling.in/
http://www.pemat.de/
http://www.njairconveying.en.made-in-china.com/


Advantages:
Å Low maintenance 

ï No moving parts 

ï Ease of operation

Å Flexibility in piping routing 

Disadvantages:
Å Abrasion

Å Particle attrition 

Å Higher electricity consumption 

ï Compressors
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Particle conveyor systems

Pneumatic
(www.njairconveying.en.made-in-china.com)

http://www.njairconveying.en.made-in-china.com/


Gap

ÅThe influence of solar variability on the performance of a 
pneumatic conveyor is not understood. 

Aims

ÅTo assess the impact of minutely vs hourly DNI data on the 
mass flow rate of solids in the pneumatic conveyor
ïwith and without buffer storage

ÅTo assess the influence of buffer storage on:
ïdaily start-up and shutdown frequency per day; and 

ï turn-up and turn-down frequency per day
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System diagram
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Methodology

Tower height (m) 100 DNI location (minutely data from 2004 -
2005)

Alice Spring

Net solar input (Qsolar,net, MW) 50 DNIat design condition (W/m2) 800

Losses in receiver otherthan re-
radiation (%)

10 Percentageof pressure drop in heat 
exchanger (%)

5

Initial temperature (Ti,pΣ ɕ/ύ ƻŦ ƛƴŜǊǘ 
particles to particle receiver

700 Minimumtemperature difference in heat 
exchanger (ɕ/ύ

50

Output temperature (To,pΣ ɕ/ύ of inert 
particles from particle receiver

800-1000 Apparent temperatureof cavity receiver 
(Tcavity, ɕ/)

800-1000

Carriergas Air Solid loading ratio 30

Inert particle sand Solarconcentration ratio 2000

Particle flow rate (kg/s) 250 Fan efficiency (%) 72
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Pressure drop in 

pneumatic conveyor:

Static head, gas Friction loss, solid

Static head, solid
Friction loss, gas
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Operating strategy for a single pipe 

pneumatic conveyor (PC) used for solar 

particle receiver 

If stgGwarm>( PC- warm)× 

min(1hour, warm×(stgtop,max-

stgtop)/ PC)

SR=0

Check solid flow 

rate to solar receiver 

( SR )

Check PC status

Off

Keep PC 

off

On

Check top storage 

(stgtop)

=stgtop,Max

Turn off PC

<stgtop,Max

Check warm 

storage (stgGwarm)

Yes No

tPC=stgGwarm/

( PC- warm)

Operating time of PC, 

tPC=min(1hour, warm×(stgt

op,max-stgtop)/ PC)

Shut down 

PC after tPC 

tPC<1hourtPC=1hour

Keep PC on

SRÓ CP

Check PC status

OffOn

if stgGwarm=0

NoYes

Shut down 

PC
tPC=min(1hour,

stgGwarm/( PC-

warm))

Shut down 

PC after tPC 

tPC<1hour

tPC=1hour

Keep PC on

if stgGwarm/( PC-

warm)Ó1

NoYes

Start PC 

immediately

Start PC after t=1h-

(stgGwarm+ warm×1h)

/ PC

tPC=(stgGwarm+ warm

×1h)/ PC

Start up/shut down 

times +1

 tPC=1hour

Start up/shut 

down times +1

 tPC=0hour

Spillage equivalent to 

max(0, SR×1hour-

(stgtopĬ warm+tPCĬ PC))

Check PC status

0< SR< CP

OffOn

if stgGwarm=0 or 

stgtop=stgtop,max

NoYes

Shut down 

PC
tPC=min(1hour,stgG

warm/( PC-

warm),(stgtop,max-

stgtop)/( PC- SR))

if (1h-stgtopĬ warm/ SR)×( PC-

SR)Ó warm×stgtop,max

NoYes

Start PC after t=1-

(stgtop,maxĬ warm)/(

PC- SR)

Start PC after 

t=stgtopĬ warm/ SR

 tPC=0hour

Shut down 

PC after tPC 

tPC<1hour

tPC=1hour

Keep PC on

tPC=(stgtop,maxĬ warm)

/( PC- SR)

Start up/shut down 

times +1

if stgtopĬ warm/ SRÓ1h

Yes

Keep PC 

off

No

 tPC=0hour

tPC=1h-stgtopĬ warm/ SR

Start up/shut down times 

+1

Check hot storage 

(stghot)

>1hr Ò 1hr

Stghot=Stghot-1hr

Stgwarm=StgG,warm+1hr
Stghot=0hr

Stgwarm=SC

Operation strategy
Single pipe case



Typical day performance (calculated)

University of Adelaide 9

Single pipe scenario

Design maximum solid 
mass flow rate is 
250kg/s 


