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Executive Summary 
This project represents the world’s first practical demonstration of pilot scale Post Combustion 

Capture process integrated with solar thermal energy and demonstrates an important low emissions 

energy solution to achieving substantial emissions reductions from Australian coal fired electricity 

generation with the potential for large scale deployment of solar thermal fields in Australia. 

 

 

Figure 1 - Solar trough field ‘on-sun’ at Vales Point Power Station NSW 
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Figure 2 - Solarised Carbon Capture Pilot Plant adjacent stack at Vales Point Power Station NSW 

with pipes from solar thermal troughs in foreground 

 

The project successfully designed, constructed and tested a pilot scale solar thermal reboiler 

integrated with CSIRO’s existing carbon capture pilot plant located at Vales Point Power Station 

NSW.   

The experimental phase identified a range of key learnings including the need for improved dynamic 

modelling capabilities when integrating variable energy sources such as solar with processes 

designed for steady state operation and key design and operating conditions for start-up of these 

systems. 

The techno-economic analysis has demonstrated that concentrated solar thermal systems are 

capable of providing the complete heat requirement for CO2 capture by continuous absorption of 

CO2 in the absorber, intermediate storage of the CO2 rich absorbent in a vessel as an alternative to 

thermal storage, followed by regeneration of the absorbent by concentrated solar thermal energy. 

In the case of a new coal fired power plant fitted with PCC the analysis also indicates that the 

solarised hybrid options could be a lower cost CO2 capture option compared with conventional PCC 
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processes as the cost of coal rises above $3.50/GJ and if the solar thermal component costs reduce 

over time in line with deployment. 
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Project Overview 

Project summary  
The aim of this project was to demonstrate concentrated solar thermal systems (CST) providing the 

complete heat requirement for CO2 capture by continuous absorption of CO2 in the absorber, 

intermediate storage of the CO2 rich solvent in a vessel as an alternative to thermal storage, 

followed by regeneration of the solvent by concentrated solar thermal energy. This would avoid the 

extraction of steam from the power plant steam cycle and its associated investment costs. It would 

result in an autonomous operation of the capture process thus enhancing the capture readiness of 

the existing fossil fuel fleet and also provide a significant market for solar thermal technologies. 

 

 The key objectives of the project were as follows: 

 Assess the techno-economic feasibility of CST to 

be integrated with CCS technologies under a 

range of scenarios/configurations. 

 Design and construction of a pilot scale solar 

thermal reboiler for thermal regeneration of 

liquid absorbents. 

 Design and construction of a small solar trough 

field at Vales Point Power Station for integration 

with existing CSIRO carbon capture pilot plant. 

 Testing of solar thermal reboiler at Vales Point 

Power Station. 

 

 

Project scope 
Australia has abundant solar energy and coal resources with 80% of Australian electricity generation 

currently based on coal (brown and black). This project aims to demonstrate synergies resulting from 

the hybrid solar-CCS technology harnessing both of these abundant resources to provide 

dispatchable low emissions energy. 

 

The use of post-combustion capture (PCC) of CO2 followed by geological storage holds the promise 

of significant CO2 emission reductions from existing coal (and gas) fired power stations, but 

unfortunately with large increases in power generation costs and sizeable reduction in power plant 

efficiency. 
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Figure 3 - Power plant with PCC under Australian conditions [Feron and Hooper, 2009] 

 

Figure 3 provides an overview of the PCC process integrated with a PF power plant. The PCC process 

principle is based on the thermally reversible reaction between components in the liquid absorbent 

and CO2 present in the flue gas. The power plant flue gas is passed through an absorber column 

where the CO2 is bound using aqueous solutions of chemically reactive liquid absorbent. The “rich” 

absorbent solution, which contains the chemically bound CO2 is then pumped to the top of a stripper 

where heat is added from the power plant steam cycle resulting in the desorption of the CO2 which 

is extracted and compressed ready for transport and storage and the lean absorbent is pumped back 

to the absorber. 

 

The thermal regeneration of the liquid absorbents is a large contributor to the energy penalty for 

CO2 capture. The amount of steam extracted is sizeable and can account for up to 25% of the power 

stations total capacity. Solar thermal energy for liquid absorbent regeneration not only provides a 

way to reduce this parasitic loss but also to minimise or avoid the modifications to the steam cycle 

and the associated investment costs. 

 

The development of a solar thermal driven autonomous carbon capture process would effectively 

transform any existing coal fired power station into a capture ready plant thus making solar thermal 

technologies an integral part of transforming Australia’s existing power generation fleet. 

 

This project also aimed to contribute to accelerating the deployment of CST by providing an 

innovative hybrid solution to reduce greenhouse gas emissions from coal fired power stations by 

integrating CST with CCS; improving the cost effectiveness of CST power generation by providing an 

avenue to achieving economies of scale of key solar thermal system components in Australia’s 

largest energy generation sector; and by developing skills in solar thermal technologies in Australia’s 

existing coal fired power sector thereby leveraging Australia’ existing corporate knowledge in 

stationary energy generation. 

 

Outcomes 
This project achieved the world’s first practical demonstration of pilot scale PCC process integrated 

with solar thermal energy and demonstrates an important low emissions energy solution to 
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achieving substantial emissions reductions from Australian coal fired electricity generation with the 

potential for large scale deployment of solar thermal fields in Australia. 

 

 

 

 

 

 

 

 

 

 

Figure 4 – Solar troughs and solar reboiler 

 

 

Transferability 
The outcomes from this project have the potential for transfer to a number of industries. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5 – Australia’s projected electricity generation mix under a low carbon price scenario (source -CSIRO 

“Projections of the future costs of electricity generation technologies” February 2011) 

 

Figure 5 highlights the important role to be played by carbon capture and storage in Australia’s 

future energy mix with an estimated 124TWh of production associated with coal fired power with 

CCS by 2050. 
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Figure 6 below shows that a large proportion of Australia’s existing coal fired power generation fleet 

is located in reasonably good solar resource areas.  Based on the projected energy mix shown in 

figure 4 if 25% of the proposed coal CCS plants were a solar thermal integrated system this would 

represent an increase of approximately 70% in the projected concentrated solar thermal capacity 

energy production from 45 TWh to 76TWh by 2050 if CST is deployed in parallel with PCC in Australia 

provided the power industry understands the technology and cost of solar thermal regeneration of 

liquid absorbents. 

 

 

 

 

 

 

 

 

 

Figure 6 – Map of Australia’s major emissions nodes associated with coal fired power generation and 

potential geological storage site for CO2 sequestration (left) and Australia’s daily solar exposure (right) 

 

If we expand the application of the technology beyond Australia to industrialised economies like the 

United States and Europe the market potential becomes extremely large.  Figure 7 demonstrates the 

potential in western USA. 

 

 

 

 

 

 

 

 

 

 

 

Source – city data dot com 

 

Source – NREL 

 

Figure 7 – Map the United States coal fired power generation location (left) and the United States annual 

solar exposure (right) 
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It is also worth noting that CCS technologies and the associated need for thermal regeneration of the 

solvent can be applied to other industries outside coal fired power generation that have significant 

associated CO2 emissions.  Figure 8 below summarises the global CO2 emission sources that could be 

addressed by CCS technologies.  Demonstrating the hybrid use of CST in conjunction with CCS also 

provides an avenue for application to a whole new range of industries outside the power generation 

sector.  It can also be applied to gas fired power generation. 

 

Figure 8 – World Addressable CO2 Emissions (source Global Carbon Capture & Storage Institute) 

 

Conclusion and next steps 
The project successfully designed, constructed and tested a pilot scale solar thermal reboiler 

integrated with CSIRO’s existing carbon capture pilot plant located at Vales Point Power Station 

NSW.  The experimental phase of the project was designed to gain an understanding of some of the 

practical issues associated with the integration of solar thermal systems with conventional post 

combustion capture plants. 

 

The techno-economic analysis has demonstrated that concentrated solar thermal systems are 

capable of providing the complete heat requirement for CO2 capture by continuous absorption of 

CO2 in the absorber, intermediate storage of the CO2 rich absorbent in a vessel as an alternative to 

thermal storage, followed by regeneration of the absorbent by concentrated solar thermal energy. 

 

In the case of a new coal fired power plant fitted with PCC the analysis also indicates that the 

solarised hybrid options could be a lower cost CO2 capture option compared with conventional PCC 

processes as the cost of coal rises above $3.50/GJ and if the solar thermal component costs reduce 

over time in line with deployment. 

 

The development of a solar thermal driven autonomous carbon capture process would effectively 

transform any existing coal fired power station into a capture ready plant thus making solar thermal 

technologies an integral part of transforming Australia’s existing power generation fleet and the 
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analysis demonstrates that this could be a cost effective pathway for CO2 emission reduction for 

coal fired power generation. 

 

This project represents the world’s first practical demonstration of pilot scale PCC process integrated 

with solar thermal energy and demonstrates an important low emissions energy solution to 

achieving substantial emissions reductions from Australian coal fired electricity generation  with the 

potential for large scale deployment of solar thermal fields in Australia. 

 

Whilst it was beyond the scope of this project, the analysis so far has indicated a number of potential 

areas for further consideration: 

 Technical and financial optimisation of the integrated solarised PCC configurations and the 

consideration of thermal storage. 

 Sensitivity analysis to consider longer term trends affecting the techno-economic outcomes 

including future capital costs for components, future fuel prices, and policy impacts such as 

carbon pricing. 

 Analysis of the market dynamics of the proposed systems given specific attention to the 

time value of electricity production on a daily and seasonal basis to evaluate the commercial 

benefits of the hybrid options. 

 

The insights gained through the experimental phase point to a number key areas for further 

research work.  These include: 

 Development of dynamic modelling tools to evaluate process performance during start-up 

and during intermittent solar events; 

 Evaluation of control methodologies for integration of solar thermal systems with PCC 

processes; 

 Detailed evaluation of system heat losses; 

 Evaluation of solar thermal central receiver systems as a means to mitigate heat losses and 

thermal inertia in the system; and 

 Duration testing of the integrated system to investigate dynamic behaviour under a variety 

of condition and seasons. 

 

In addition to the above recommendations for further work associated with integrating solar 

thermal technologies with conventional PCC processes, another key area for further examination 

identified in the project is the development of a Post Combustion Capture process matched to 

characteristics of the solar energy system.  Many of the challenges faced in the experimental phase 

related to managing the solar thermal plant to achieve the process conditions of an existing PCC 

process.  Conventional PCC processes have been developed with the view to integrating with the 

steam cycle of the power plant and have thus been constrained to a narrow set of process 

parameters defined by the steam temperatures and pressures available from the power plant.  

When the heat sources is external to the power plant, as is the case with an autonomous solarised 

PCC process, these existing constraints are no longer relevant as the solar plant is capable to 
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producing a very broad range of temperature and pressure profiles.  This creates the opportunity for 

new novel capture processes and technologies for capturing CO2 from existing and new coal fired 

power stations. 
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Lessons Learnt 

Lessons Learnt Report: Novel Solar CCS Processes 
Project Name: Evaluation of hybridisation of concentrated solar thermal technology with carbon 

capture and storage project 

Knowledge Category: Technical 

Knowledge Type: Technology  

Technology Type: Solar Thermal 

State/Territory: NSW 

Key learning 
Many of the challenges faced in the experimental phase related to managing the solar thermal plant 

to achieve the process conditions of an existing PCC process.  Conventional PCC processes have been 

developed with the view to integrating with the steam cycle of the power plant and have thus been 

constrained to a narrow set of process parameters defined by the steam temperatures and 

pressures available from the power plant.  When the heat sources is external to the power plant, as 

is the case with an autonomous solarised PCC process, these existing constraints are no longer 

relevant as the solar plant is capable to producing a very broad range of temperature and pressure 

profiles.  This creates the opportunity for new novel capture processes and technologies for 

capturing CO2 from existing and new coal fired power stations. 

Implications for future projects 
A key area for further examination identified in the project is the development of a Post Combustion 

Capture process matched to characteristics of the solar energy system. 

Knowledge gap 
Conventional carbon capture and storage technology development has been aimed at integration 
with the steam cycle of coal fired power plants.  The designers of these systems have little 
knowledge of the energy characteristics of solar thermal systems and hence the ability to design a 
process to optimise a solar CCS plant. 
 
Other knowledge gas include consideration of carbon capture process that can operate in 
temperature and pressure profiles outside of those available from the power plant steam cycle. 

Background 

Objectives or project requirements 

The key objectives of the project that generated the learnings were as follows: 
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 Design and construction of a pilot scale solar thermal reboiler for thermal regeneration of liquid 
absorbents. 

 Design and construction of a small solar trough field at Vales Point Power Station for integration 
with existing CSIRO carbon capture pilot plant. 

 Testing of solar thermal reboiler at Vales Point Power Station. 

Process undertaken 

The intent of the pilot plant design was to understand the practical issues associated with the 
integration of solar thermal systems with post combustion capture processes. 
 
The proposed solar CCS pilot plant was designed to be integrated with CSIRO’s existing PCC pilot 
plant located at Vales Point Power Station NSW.  The process design aimed to integrated the solar 
CCS pilot plant into the stripper column and deliver a slip stream of steam at a temperature and 
pressure to suit the requirement process conditions. 
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Lessons Learnt Report: Importance of understanding 

dynamic system behaviour of solar thermal processes 
Project Name: Evaluation of hybridisation of concentrated solar thermal technology with carbon 

capture and storage project 

Knowledge Category: Technical 

Knowledge Type: Inputs  

Technology Type: Solar Thermal 

State/Territory: NSW 

Key learning 
The experimental phase of the project identified a range of key learnings including the need for 
improved dynamic modelling capabilities when integrating variable energy sources such as solar with 
processes designed for steady state operation.  The key process engineering software and design 
techniques employed by the project engineers are fundamentally based on steady state conditions.  
Therefore the selection of valves, pumps, and control strategies were not always well suited to the 
needs of a variable process like solar energy production where the solar resource fluctuates from 
day to day and even hour to hour. 

Implications for future projects 
The design of solar energy integration in the CCS plants needs to consider the daily start-up 
requirements of the plant.  In order to adequately design for these conditions, engineers and 
technicians require dynamic modelling tools to allow for the full range of process conditions to be 
modelled and designed for. 

Knowledge gap 
Existing engineering software and design techniques employed by the project engineers are 
fundamentally based on steady state conditions which provide sub-optimal design solutions for solar 
thermal systems.  Key knowledge associated with the dynamic performance of solar thermal systems 
and their impact on industrial processes needs to be better understood and modelling tools 
developed to better inform engineers. 

Background 

Objectives or project requirements 

The key objectives of the project that generated the learnings were as follows: 
• Design and construction of a pilot scale solar thermal reboiler for thermal regeneration of 
liquid absorbents. 
• Design and construction of a small solar trough field at Vales Point Power Station for 
integration with existing CSIRO carbon capture pilot plant. 
• Testing of solar thermal reboiler at Vales Point Power Station. 
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Process undertaken 

The project utilised STEAM PRO, STEAM MASTER and PEACE softwares from Thermoflow to simulate 

the coal-fired power plants.  This software is the tools of trade employed by the power generators in 

Australia to monitor and benchmark the power plants.  STEAM PRO allows for the steam plant 

design point heat balances, complete with outputs for plant hardware description, preliminary 

engineering details and cost estimates in conjunction with PEACE.  STEAM MASTER, on the other 

hand, facilitates off-design calculations for an existing power plant and hence estimates the impact 

of steam extraction on the power plant performance.  

 

The CO2 capture plant was simulated using the ASPEN-Plus process engineering software available 

from AspenTech Inc, USA.  This software provides steady state chemical equilibrium based as well as 

reaction kinetics based process designs for the CO2 absorber and the solvent regenerator. 

 

In order to overcome the lack of modelling capability in dynamic performance the project team 

identified distinct phases in start-up to model and provide guidance to the plant operators. 
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Lessons Learnt Report: Heat loss management in 

experimental pilot facilities 
Project Name: Evaluation of hybridisation of concentrated solar thermal technology with carbon 

capture and storage project 

Knowledge Category: Technical 

Knowledge Type: Operation and maintenance  

Technology Type: Solar Thermal 

State/Territory: NSW 

Key learning 
The experimental phase of the project identified some of the challenges in system start-up when 
integrating a variable solar energy source with post combustion capture.  The energy requirements 
to get all of the system components to temperature was substantial and although the small size of 
the plant exacerbated this challenge (and may not be fully representative of a large scale system) 
the need to carefully select materials and adequately insulate sources of heat loss is paramount to 
ensure the successful integration of solar thermal systems with CCS. 

Implications for future projects 
For the experimental phase the energy required to bring the various system materials up to 
temperature consumed almost 37.5% of the energy available from the solar plant. 
 
Therefore the thermal inertia of the system is a key design considerations with careful selection and 
examination required for insulation materials, material heat transfer characteristics, and pipe wall 
thickness. 
 
The results also point to the need for thermal storage in the system specifically for daily start-up.  
This may necessitate the need for a specific start-up circuit in the system. 
 
 

Knowledge gap 
There were no specific knowledge gaps identified in relation to management of the heat losses in 
the system other than the engineering software and design tools no being able to accommodate 
modelling of the dynamic system performance including start up. 

Background 

Objectives or project requirements 

The key objectives of the project that generated the learnings were as follows: 
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• Design and construction of a pilot scale solar thermal reboiler for thermal regeneration of 
liquid absorbents. 
• Design and construction of a small solar trough field at Vales Point Power Station for 
integration with existing CSIRO carbon capture pilot plant. 
• Testing of solar thermal reboiler at Vales Point Power Station. 
 

Process undertaken 

In order to overcome the heat losses during start-up the project team provided a connection from 
the PCC plant boiler into the steam drum as a means of providing system pre-heat during start-up to 
allow other performance tests to be conducted under steady state conditions. 
 


