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CST power generation today

A
v

er
ag

e=
5

1
 M

W

A
v

er
ag

e=
5

4
 M

W

A
v

er
ag

e=
8

8
 M

W

A
v

er
ag

e=
2

7
 M

W

• Almost all CST power generation today uses steam cycles.

• Adoption of steam gave CST a rapid start in 1980s

• Today, steam power block is an obstacle



3

CST must outgrow steam

• Steam power block is complex

• Steam power block dictates the minimum 

commercial CST size to 50 MWe and even 

this size is not viable and needs subsidies.

• Steam power block limits the temperature 

and therefore cannot make use of 

potential efficiency gains that will result 

from higher temperatures.

Reference for the figure: Dowling, Zheng, and Zavala (2017). Economic assessment of concentrated solar power 

technologies: A review. Renewable and Sustainable Energy Reviews. 72, 1019-1032.
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Why supercritical CO2?

• CST needs higher temperatures to get more 
efficient. This is difficult with steam cycles.

• CST plants need to be modular and scalable 
for rapid commercialisation.  This is 
impossible with steam because it is 
expensive to build efficient steam power 
blocks at sizes less than 50-MWe

• CST power generators using supercritical 
CO2 power blocks can be made as small as 
1 MW.  They also can be built large.  

HG

Fleming, D. D., Conboy, T. M., Pasch, J. J., Rochau, G. A., Fuller, R. L., Holschuh, T. V., & 

Wright, S. A. (2013). Scaling Considerations for a Multi-Megawatt Class Supercritical CO2 

Brayton Cycle and Commercialization (SAND2013-9106).

../../../SolarLit/Fleming_Scaling_for_Multi_MW_sCO2_Brayton_Cycle_2013.pdf
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CST using a supercritical CO2 power block
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Supercritical CO2 power block

• Recuperator
• Heatric PCHE is a proven and efficient option

• Other alternatives may be available

• Cooling Tower
• We demonstrated the suitability of natural draft hybrid cooling 

towers in sizes as small as 1-MWe.

• Compared to steam, sCO2 is easier to directly cool.  Using sCO2-
optimised cooling would reduce the LCOE by up to $7.5/MWh

• We do not know how to design air-cooled sCO2 heat exchanger 
due to severe property variation near the critical point

• Turbomachinery
• There is no commercial sCO2 expander

• Off-the-shelf compressors are available; efficiency is a 
consideration
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Options for sCO2 expander

HG

Fleming, D. D., Conboy, T. M., Pasch, J. J., Rochau, G. A., Fuller, R. L., Holschuh, T. V., & Wright, S. A. (2013). Scaling Considerations for a 

Multi-Megawatt Class Supercritical CO2 Brayton Cycle and Commercialization (SAND2013-9106).

ASTRI turbine target is single-stage 
radial in-flow.  This covers the size 
range up to 10 MWe.

The significant off-grid and fringe-
of-grid demand in Australia can 
only be served by modular 
scaleable generators in this size 
range.

The sCO2 expander projects in USA and China are targeting axial turbines.  
The ASTRI project is the only sCO2 radial turbine project in the world.

The difference between the radial and axial design is in the aerodynamics. 
However, small turbines have to rotate fast and this creates additional 
challenges for bearings and seals.
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Radial In-Flow Turbines
The following shows a radial turbine rotor and the
volute. There is a significant thrust load on the
rotor. At high rotational speeds, this causes special
problems. In Sandia tests, the thrust bearings
rapidly failed due to thermal-structural fatigue.

To avoid thrust loads, the preferred UQ radial
turbine design employs two back-to-back rotors.
The thrust loads cancel to each other. The turbine
outputs are connected to a generator through a
single-stage gearbox as shown.

The turbine shaft and rotor cantilevers out from the gearbox.
The bearings are in the gearbox. The bearings and the
primary seals usually are designed to operate at
temperatures less than 200oC. Therefore, a shaft cooling
zone is needed.

The problem with this design is the vibrations of the
overhung shaft. We started a project with the Henan
University of Science and Technology, China, to characterise
the contribution of the cooling zone to the shaft stiffness and
damping. At the present, we are ignoring this stiffness and
this makes designing the shaft harder.

HG
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Bearing and seal options for sCO2 turbo-generator

HG

Fleming, D. D., Conboy, T. M., Pasch, J. J., Rochau, G. A., Fuller, R. L., Holschuh, T. V., & Wright, S. A. (2013). Scaling Considerations for a 

Multi-Megawatt Class Supercritical CO2 Brayton Cycle and Commercialization (SAND2013-9106).

Options listed in this 2013 Sandia report 
are quite limited for small sCO2 turbines.  
The actual situation is more nuanced.

BEARINGS – We believe a gas foil bearing 
inside the sCO2 chamber is not feasible at 
this stage.  The challenge posed by high 
gas density combined with high speed is 
formidable.  The US research seems to 
continue but we have opted for 
conventional.  Ball, hydrodynamic, or 
magnetic bearing choices exist. There is a 
solution.
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Bearing and seal options for sCO2 turbo-generator

HG

Fleming, D. D., Conboy, T. M., Pasch, J. J., Rochau, G. A., Fuller, R. L., Holschuh, T. V., & Wright, S. A. (2013). Scaling Considerations for a 

Multi-Megawatt Class Supercritical CO2 Brayton Cycle and Commercialization (SAND2013-9106).

SEALS – dry gas sealing range can be 
stretched to a size as small as 300-kWe 
in a tandem sealing arrangement 
where the dry gas seal is placed 
outside a labyrinth seal.

Options listed in this 2013 Sandia report 
are quite limited for small sCO2 turbines.  
The actual situation is more nuanced.

BEARINGS – We believe a gas foil bearing 
inside the sCO2 chamber is not feasible 
at this stage.  The challenge posed by 
high density combined with high speeds 
is formidable.  The US research seems to 
continue in that area.  We believe more 
conventional technology (ball, 
hydrodynamic, or magnetic) bearing 
choices exist. There is a solution.Dry lift off

Possible with careful design
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Dry Gas Seal

UQ

Off-the-shelfUQ

Cooling Zone (Cool CO2 at 14 MPa)

Our layout for sizes <1 MWe

HG

The part to the “left” of the dry gas seal is the novel item to be 
designed and fabricated by UQ.
• Aerodynamic design of the rotor
• Shaft cooling zone design
• Contribution of the cooling zone to stiffness and damping.

The part to the right is a high-speed gearbox to interface the UQ 
expander with a synchronous generator.

G
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ASTRI Proof-Of-Concept Turbine

HG

TIMELINE
• Cooling Zone tests in Henan – 2019
• Similarity tests in Brisbane – 2020
• Design-point testing in Newcastle – 2021

The compressor is for dissipating the output.  No generator connection 

being contemplated for the 300-kW turbine at this stage
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Cooling zone design needs new heat transfer correlation

HG
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ASTRI PhD project extends the range
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Swann, P. B., & Russell, H. (2017). Rotating Shaft Thermal Analysis for Supercritical Carbon Dioxide Radial Inflow Turbines. Paper 

presented at the 15th International Energy Conversion Engineering Conference, Atlanta, Georgia. 
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Brisbane turbine testing loop

HG

• 70 kW heat input (highest evaporator temperature: 250°C)

• 70 kW cooling capacity (lowest condensing temperature: 10°C)

• Maximum rotational speed of torque meter and dynometer: 50,000 RPM

• Maximum power of dynometer: 12 kW

• Turbine inlet < 22 MPa

• Turbine exit  < 10 MPa
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Past work

• A refrigerant turbine was built and tested to validate our radial turbine design and testing methodology

HG

First pass Final pass

Several passes with 

instrumentation design and 

test procedures.
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UQ Cooling Tower Test Rig

• A fully-instrumented 20-m tall cooling tower with capacity to cool a future 1-MWe sCO2/CST plant

HG

Industrial heat exchangers 
designed and built by a 
Melbourne manufacturer

Opening of the facility: The UQ 
ASTRI team; the Minister; the DVC 



19

A

BC

UQ GATTON

Exists

Exists

1-MWe Pilot CST Plant
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