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Lovegrove et al (2019) https://is.gd/R7ID6S

Total final energy use in Australia

51% for process heat

39% for heat > 800°C

● High-temperature heat is critical in industries such 
as alumina, iron, cement and lime

● An initial analysis compared the LCOH at 565°C 
generated from PV, Wind and CST systems, 
integrated with TES, batteries and PHES

● Among these options, CST + TES system emerges 
as the most economical choice for providing heat 
in the Pilbara region, WA

Wang et al SolarPACES 2022

Pye et al ASME 2023

HILT CRC RP2.003: 
https://is.gd/g70JHr 

https://is.gd/R7ID6S
https://is.gd/g70JHr
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Dunhuang 100 MWe CSP
(Dunhuang, Gansu, China) 

Concentrating Solar Power/Thermal (CSP/CST)

● 1.4 km²  heliostats
● 130 m tower 
● Molten salt thermal 

storage for 24h operation

https://is.gd/bMv07K 

● A CST system uses sun-tracking mirrors to 
concentrate solar energy onto a receiver to 
produce heat

● The global total installed capacity is 8.1 GWe
● Molten salt (~565°C) is the mostly used 

working fluid in commercial CSP systems 
because it also serves as a storage medium

● Liquid sodium (~740°C) is highly efficient in 
heat transfer, and has been evaluated by 
ASTRI and the DOE Gen3 Liquid projects

● Particles (~800°C) represent the next 
generation CSP technology, utilising 
inexpensive particles for heat collection and 
storage, and for driving higher temperature 
power cycles 

APSRC CONFERENCE 2024, SYDNEY

https://is.gd/bMv07K
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Li et al (2020)

A CST system without CPC
at Alice Springs

The LCOX was overestimated due 
to a low annual energy output

LCOH=LCOX(1− T L

T H
)

exergy energy (heat)

• The cost of heat increases as the temperature rises. However, understanding how temperature influences costs in CST 
systems is challenging because specific studies apply different assumptions

• Li et al. (2020) evaluated a temperature-based solar field design, reporting a slightly higher levelised cost compared to 
other studies due to underestimated energy outputs

• Zolan et al (2024) evaluated CST 
systems at Daggett, CA, and 
found the LCOH for

 

https://doi.org/10.1115/1.4066494  
https://doi.org/10.1016/j.solener.2020.05.088 
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Scale (MWth) Temperature (°C) LCOH (USD/MWhth)

Large electric 727 575 21

Modular electric 100 575 24

Process heat 30 1027 33

https://doi.org/10.1016/j.solener.2020.05.088
https://doi.org/10.1115/1.4066494
https://doi.org/10.1016/j.solener.2020.05.088
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OpenModelica

Ray tracing

Design
conditions

Layout
&

Annual 
efficiency

Method
• A system model consisting of solar and ambient conditions, a 

heliostat field and a receiver is built in OpenModelica for 
annual performance analysis

• It is coupled with Monte-Carlo ray tracing (MCRT) 
simulations for heliostat field layout design and annual 
performance simulations

• The system model is available in the open-source software 
package SolarTherm
https://github.com/SolarTherm/SolarTherm

• The MCRT package Solsticepy is also publicly available 
https://github.com/anustg/solstice-scripts

• Three cases with receiver outlet temperatures of 900, 1200 
and 1550°C are evaluated, considering only blackbody 
radiative heat transfer 

• The levelised cost of heat (LCOH) collected by the receiver is 
calculated:

LCOH= fC+O
Eheat

https://github.com/SolarTherm/SolarTherm
https://github.com/anustg/solstice-scripts
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Sun

Site location Pilbara, WA (24.2°S,119.4°E)

Sun shape circumsolar ratio 0.02 (Buie)

DNI 1000W/m2

Air extinction coefficient 1×10⁻⁶ 

Heliostats

Shape paraboloid, square, single facet

Focal length (m) slant range

Tracking azimuth-elevation

Aiming middle of receiver

Mirror reflectivity 0.95

Equivalent slope error 2 mrad

Receiver
Shape flat square, billboard

Absorptivity/Emissivity 1 (blackbody)

Design variables
1)  Field layout
2)  Tower height
3)  Receiver size
4)  Receiver tilt angle

Costs
● Heliostat: 130 USD/m²

(Zhu et al, 2022)
● Tower and receiver cost: 

(NREL SAM)

Method

Objective: minimise LCOH

https://www.nrel.gov/docs/fy22osti/83041.pdf 

https://www.nrel.gov/docs/fy22osti/83041.pdf
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For a fixed system scale, a higher 
application temperature results in:
● a higher LCOH,
● a higher optimal concentration ratio,
● a smaller receiver, 
● a higher tower, and
● a lower system annual efficiency.
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● Systems with capacities ranging from 20 to 160 MWth in 20 MW intervals, as well as 320 and 640 MWth, are evaluated 
to further examine LCOH reductions at different scales

● 120 MWth is optimal for 1550°C application, with LCOH of 41 USD/MWhth

● 320 MWth is optimal for both 900 and 1200°C applications, with LCOH of 24 and 29 USD/MWhth

● Assuming the cost of a PV panel is 1000 USD/kW and the capacity factor in the Pilbara is 26%, using the same 
annuity factor (0.08) as the CST system, the levelised cost of energy from the PV system is 35 USD/MWhth. This 
comparison highlights the competitiveness of CST systems for supplying heat up to 1200°C. The comparison excludes 
PV O&M and heater-related costs, as well as the heat transportation costs for either case.
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This study details the modelling and optimisation of CST 
systems operating at 900°C, 1200°C, and 1550°C. The heliostat 
field layout, tower height, receiver size, and tilt angle were 
optimised for minimal LCOH. 
● Both the LCOH and concentration ratio increased with 

rising working temperatures. A taller tower and a smaller 
receiver increase the concentration ratio, but an excessively 
tall tower or overly small receiver leads to higher costs and 
higher spillage losses.

● Optimising these factors results in the lowest possible 
LCOH of 24, 29 and 41 USD/MWh

th
 for the 900°C, 1200°C, 

and 1550°C applications respectively, which is competitive 
to the levelised cost of a PV system.

● It was found that there is an optimal system size for each 
temperature application that minimises the LCOH. Such 
insights could inform the development of modular systems 
that can be scaled up for commercial applications. 

Future works
● Cost assumptions for the receiver and tower, 

sourced from SAM and based on large-scale CSP 
systems, might not be entirely applicable to the 
smaller optimal systems identified in this study. 
Conducting a sensitivity analysis on these cost 
assumptions is suggested as an area for future 
research.

● Higher concentration ratio heliostats (e.g. target 
align or twisting heliostats) for high-temperature 
applications.

● Integrate with detailed receiver performance 
models and thermal energy storage (TES). 

● Co-location of the CST system with industrial 
processes, e.g. land space, dust, transport of raw 
materials, etc 



Thank you!
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Ye Wang

ye.wang@anu.edu.au  



● 23,000 small heliostats, 127 m tower with 36.6 MWth thermal
● 250,000 m³/y of desalination
● 1.7 GWh/y of electricity
● 20 GWh/y of heating
● 15% of Australia’s tomatoes

Background
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Image: Vast Solar

1 MW pilot plant in NSW

Vast Solar plans to deliver Australia’s first 
commercial-scale CST power plant, a 
30MW/288 MWh facility, in SA

* 10-20% of the output will be used for 
methanol production

Vast Solar

Sundrop Farms

co-located tomato 
greenhouses

https://www.sundropfarms.com/ 

Heliostat field

Receiver
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Techno-economic analysis is essential to assess 
the merits of CST regarding supply of high-
temperature industrial process heat, e.g. 900°C, 
1200°C, and 1550°C—used in critical industrial 
processes such as calcination, solar fuel 
production, and clinker production. 

CST plants in Australia

https://www.sundropfarms.com/
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BACKUP SLIDES

Assuming
● an ambient temperature of 20°C
● a convection loss of 20 W/m²K
● blackbody radiation for radiative loss


