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1

Our Story

The Australian Renewable Energy Agency (ARENA), and its predecessor the Australian Solar
Institute, have provided grant funding and other valuable support to Vast Solar since 2012. This
support has assisted Vast Solar to develop the world’s first modular concentrated solar thermal
power (CSP) technology that uses sodium as the heat transfer fluid.

This journey has involved the development of three substantive sites at which different elements
of Vast Solar’s unique CSP technology have been trialed, tested, refined, scaled and ultimately,
delivered. This journey culminated in the delivery of the Jemalong CSP Pilot Plant which
incorporates five solar array modules.

Vast Solar completed commissioning of the 1.1MWe Jemalong CSP Pilot Plant in June 2018,
having first delivered power to the grid in January 2017. The Pilot Plant is a fully realised proof of
concept of Vast Solar’s CSP technology. It is an Australian world-first.

The journey to realise the CSP Pilot Plant would not have been possible without the support of
ARENA who supplemented the private sector investment.
Knowledge Sharing forms part of Vast Solar’s agreements with ARENA. Vast Solar has
undertaken to share information via events and activities as documented in the Knowledge
Sharing Plan agreed with ARENA.
This report presents an overview of Vast Solar’s technical achievements and contributions to the
CSP sector in the Australian and international context. The report then goes on to discuss the
potential for CSP in Australia.
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2

Introduction

2.1 Vast Solar Leadership in the CSP Sector and the Potential
for CSP in Australia
This report provides an overview of Vast Solar’s leadership in the Australian and international
CSP sectors. It does so via a discussion of the company’s technological and know-how
contributions to the sector as well as the corporate contributions the company has made to help
build and grow the CSP community in Australia. The report then draws observations about the
potential for CSP in Australia from resources that include the CST Roadmap and current state
government and industry developments, and relates these to Vast Solar’s technology and
innovation journey.
Vast Solar’s Knowledge Sharing agreement with ARENA is structured around four key themes.
The ‘Potential for CSP within the Australian energy market’ is the fourth of these themes and is
addressed by this report.
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3

Vast Solar Technology Leadership

3.1 Overview – Key Achievements
Vast Solar’s Australian Renewable Energy Agency backed Pilot Plant at Jemalong, NSW, is the
first modular CSP system and facility in the world that uses sodium as the heat transfer fluid
(HTF). The operating pilot plant has generated performance data and practical operational
experience that have contributed to Vast Solar’s IP portfolio that including patents, trade secrets
and extensive know-how, including using sodium as the HTF.

Vast Solar has pioneered the use and management of sodium as a HTF. In recent years sodium
has attracted renewed attention in CSP research circles in Europe, the United States and at some
Australian research organisations that are members of the Australian Solar Thermal Research
Initiative (ASTRI). This interest is attributable to sodium’s excellent thermal conductivity properties
and the recognised need to harness new HTF’s that can deliver higher temperatures and greater
reliability. The ‘return’ of interest follows discontinued experimentation with sodium as a HTF in
Spain in the 1980s.

The use of sodium as a HTF is the foundation from which Vast Solar has conceptualised and
delivered the design of a lightweight, easy to manufacture and construct CSP system. The overall
design aim was to realise step-change improvements in CSP economics and overall system
efficiencies by unlocking the performance advantages of modular solar arrays. According to some
observers, Vast Solar’s CSP system has successfully drawn upon the best elements of monolithic
tower and trough CSP to deliver against the design aim.
Vast Solar’s modular solar arrays were designed to maximise capture of the solar energy and the
Pilot Plant has delivered strong outcomes against this objective. The modular solar arrays have
performed well and demonstrated the ability to capture and reflect the sun’s energy (across the
spectrum) with very high levels of optical and thermal efficiency. This means Vast Solar receiver’s
capture more solar energy and can heat the HTF to very high temperatures.

Sodium possesses superb thermal characteristics for use as a HTF. It has a very wide operating
temperature range and very high thermal conductivity. Sodium HTF can absorb heat to very high
temperatures while remaining stable and therefore can maximize the capture and transfer of the
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solar resource to the steam generator (and/or molten salt storage) delivering higher efficiency
power cycles.

Vast Solar has also developed proprietary instrumentation and control systems that are delivering
very precise HTF control at high temperatures.

Efficient modular solar arrays, high temperature sodium HTF and precise thermal controllability
are the key elements that make Vast Solar’s CSP system superior. Together, they have
demonstrated the ability to efficiently attain, maintain and control very high HTF temperatures and
thermal controllability across the system. The Pilot Plant successfully incorporates these
innovative features and has proven them in operation with established power block technology
(boiler, steam turbine and generator) to successfully generate electricity that is delivered to the
Essential Energy distribution network.
According to CSP industry experts, it is Vast Solar’s ability to achieve very high HTF temperatures
and high levels of reliable thermal control that represents the key breakthrough that the
international CSP industry has been waiting for. This is also illustrated by the Australian Solar
Thermal Research Initiative (ASTRI) research themes which include a focus on research into
higher temperature HTFs, such as Vast Solar’s liquid sodium.

ASTRI is also considerably invested in research to develop super-critical CO2 power cycles that
will enable smaller, more efficient and lower cost plants suitable for fringe of grid Australian
deployment and many developing countries. Looking forward, Vast Solar is critically interested in
the ongoing optimisation of systems and components of its high temperature sodium CSP
technology. Work by ASTRI that resolves current and future issues, improves performance or
reduces cost is likely to be valuable and will assist the commercial deployment of Vast Solar CSP
in Australia.
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3.2 CSP Pilot Plant Project Aims and Objectives
The Jemalong CSP Pilot Plant project brings together the components previously developed by
Vast Solar to allow testing of a complete sun-to-grid system. The key objectives of the Pilot Plant
were to demonstrate the capability of the Vast Solar technology in the following functional areas:-

1. Multi-array control: The plant needed to demonstrate how the Vast Solar technology would
effectively collect, capture and control the heat gathered from multiple solar modules.

2. Steam generation: The Pilot Plant would demonstrate the ability of the Vast Solar technology
to generate steam in a controlled manner from the heat captured by the solar modules.

3. Electricity Production: The Pilot Plant would demonstrate the capability to convert the
steam generated into grid-connected electrical energy.

The Pilot Plant consists of 5 solar field modules (each containing a receiver tower, receiver and
699 heliostats), sodium heat transfer loop, steam generator and a steam turbine/generator
(1.1MWe). The Pilot Plant has achieved its fundamental objectives of demonstrating the
practicality of the modular solar field design and the ability to export electrical energy to the grid.
Electrical energy was first sent to the grid via the West Jemalong sub-station in early 2017 and
subsequently throughout 2018.

Vast Solar modelling projected significant efficiency and cost improvements by using modular
arrays. The Pilot Plant has proved that modular arrays can be built and operated to deliver the
expected efficiency improvements.

Determining and delivering appropriate measures and data-sets for a first-of-kind pilot plant has
been a learning journey for both ARENA and Vast Solar. As the project has evolved and onground practical manufacturing and construction challenges have been encountered, some initial
knowledge sharing data-sets that were agreed have proven to be less insightful or useful than
originally perceived. For example, the Pilot Plant incorporated a novel low cost facet design of a
glass, polystyrene and steel laminate. This facet design was anticipated to lead to significant
capital cost reductions and lower LCOE. Practical experience and best efforts have determined
that such laminated facets cannot deliver the optical accuracy or performance required thus
rendering the calculation of the LCOE for such a plant meaningless.
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To counter this, there have been unanticipated breakthroughs and new learnings that have
resulted from the project including measures that relate to aspects of thermal controllability and
reliability. These are good examples of unanticipated but highly rewarding performance outcomes
that the Pilot Plant has delivered. They present data on a key area of technological achievement
that will be critical to overall plant performance and cost effective power generation from future
Vast Solar CSP plants.

As agreed with ARENA, Vast Solar has collated and analysed power generation data (history,
quality and quantity), DNI and other performance and cost data and shared this information with
ARENA and industry participants, subject to technical and commercial sensitivity.

Design, manufacturing and supply chain knowledge and lessons learnt from the Pilot Plant are
directly informing cost modeling for the 30MW project and in Nth of kind future project modeling.
These models have been created using refined modeling techniques and evidence based data
and will enable credible cost and performance comparisons of Vast Solar CSP plants with other
dispatchable power generators and traditional fuel generators.
Vast Solar’s Modular CSP approach
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3.3 Project and Technology Performance Highlights
3.3.1

Overview – Project Achievements

The Pilot Plant represents a crucial milestone in the development of Vast Solar’s innovative CSP
technology and provides a platform for future research and development, systems optimisation
and commercialisation activities.

The Pilot Plant has met all three of its technical aims and objectives (multi-array control, steam
generation and electricity production) and provided valuable insights to agreed high-value
knowledge sharing questions, as per the Knowledge Sharing Plan:
●

Can the Recipient’s design for CSP systems operate safely and predictably as a gridconnected energy generation system?

●

Can CSP technology, including thermal energy storage, deliver dispatchable electricity
into the NEM and other electricity systems?

●

Can the Recipient’s CSP system design achieve a LCOE of $100/MWh at utility scale?

A comprehensive performance report from the Pilot Plant has been prepared and contains
commercially sensitive information about Vast Solar’s IP and technology know how.

The LCOE of the Vast Solar trajectory and expected costs at scale have also been modeled,
assessed and submitted in the Vast Solar LCOE Report: Predicting Marginal Cost of Electricity,
April 2019. This is a commercially sensitive and confidential document.

3.3.2

Technology Achievements

The most valuable findings from the Pilot Plant research studies post commissioning are thermal
controllability, transient ride-through and validation of superior optical performance.

Controllability

The graph below (please see following page) shows a series of key performance variables for the
Pilot Plant and specifically Receiver 3 during testing on 18 July 2018.
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The red line represents the receiver outlet temperature. The small variations in the red line
represent global best-in-class thermal control performance for a concentrating solar thermal
power plant.

5-Hour Control Stability Test – Receiver 3 on 18 July 2018

Transient Ride-Through

The graph below shows a portion of a days testing on 9 August 2018. Note that this chart uses a
different scale to the one above.
The system’s ability to respond to and mitigate the impacts of cloud transients can be clearly
seen. As the cloud passed over the field, partially shading it, the receiver control system
automatically slowed the flow of HTF so that the outlet temperature was maintained.
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Superior Energy Capture – Receiver 3 on 9 August 2018

Superior Optical Performance
The following diagrams, note each at different scale, illustrate that modularity drives increased
efficiency through better collector geometry.
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These technical achievements, coupled with the corpus of knowledge developed by Vast Solar
on the design, construction, operation and maintenance of modular CSP solar arrays with a
sodium HTF, provide a high degree of certainty of the ability of Vast Solar’s technology to deliver
world-leading CSP performance and affordable, dispatchable renewable energy.
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4 Vast

Solar

CSP

Corporate

Leadership
4.1 Supporting Australian Universities and Students
The Australian CSP sector is relatively small but has grown since the establishment of the
Australian Solar Thermal Research Initiative (ASTRI) in 2012 and with ARENA’s support for both
ASTRI and technology developers including Vast Solar. Vast Solar was established in 2009 and
has, accordingly, been an industry innovator and leader in a relatively small Australian CSP
industry for over a decade.
We actively work with leading Australian universities and researchers to help grow Australia’s
CSP research capacity. Vast Solar has enjoyed formal research arrangements with the Australian
National University (ANU), the University of New South Wales (UNSW), the University of Adelaide
and with CSIRO and have provided valuable industry support and funding to numerous (and
successful) Australian Research Council (ARC) Linkage Grant proposals submitted by our
research colleagues at ANU and UNSW.

Our relationships with ANU and UNSW have developed and been sustained over many years
and have delivered important contributions to the Australian community and to Vast Solar’s
technology. Letters of acknowledgement from ANU and the UNSW attesting to the value of our
research collaborations and to Vast Solar’s industry leadership and research achievements are
included as Attachment A.

Vast Solar is an ASTRI industry partner and has contributed to numerous ASTRI research
forum discussions and events as well as knowledge sharing exchanges with ASTRI
academics. Independently, and in association with ASTRI, Vast Solar enjoys relationships
with international research organisations and is being recognized for our international CSP
leadership in the successful use and management of sodium HTF.

Since 2012 Vast Solar has hosted numerous undergraduate and post graduate students
either as summer interns, in association with our collaborative research projects and more
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recently as part of the Vast Solar ASTRI Knowledge Sharing Commissioning Initiative that
ran in 2016 from January to August1.

This program provided an opportunity for volunteer researchers to develop their skills and
industry experience at the Pilot Plant by observing and interacting with senior industry
researchers, while undertaking a task or ‘project’ related to their studies and an aspect of
Vast Solar’s CSP Pilot Plant during its commissioning. Ten researchers, including two
senior academics, from leading ASTRI Universities attended and participated in the
program: the University of Queensland, The University of Tasmania, The University of
Newcastle and the University of South Australia.

4.2 CSP Knowledge Sharing with Stakeholders
4.2.1

The Community

As a corporate citizen engaged with our stakeholder community, Vast Solar has invited and
welcomed neighbours to site and invited members of the Forbes Council and greater community
to visit and tour the Pilot Plant. We have consulted with Council and the community as part of
stakeholder consultation for the Pilot Plant and the proposed 30MW Jemalong CSP project that
was under consideration.

We have hosted numerous university delegations, representatives from State government
departments and a visit by the ARENA Board and other guests in 2018.

We regularly receive requests from members of the public to visit our site and, when possible, we
endeavour to accommodate these requests.

4.2.2

1

The CSP Engineering Community – Conferences and Seminars

1

A separate report on this program has been provided to ARENA: Knowledge Sharing Report

Knowledge Sharing Events and Activities – Table 1, Item 2. The Vast Solar Plant Commissioning Knowledge
Sharing Initiative.
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As an industry leader in the CSP engineering sector, Vast Solar is often invited to address
University events and seminars and to engage with undergraduate and post graduate students
and researchers.

Over the years Vast Solar has shared knowledge and information about our technology and the
technology development journey with academic and industry stakeholders at numerous national
and international fora, conference and seminars. Our senior management and technical staff have
presented papers at or contributed to diverse academic, policy and industry seminars,
discussions and consultative processes. For example, our Business Development executive and
co-founder was Guest Lecturer to the Solar Thermal course at UNSW School of Mechanical
Engineering in May 2018 and was invited to make a presentation to the Warren Centre Energy
Committee at the University of Sydney in October 20182.

4.2.3

Strategic Industry Support and Development

We have also worked with University partners and key stakeholders in Emergency Services to
plan, convene and deliver targeted industry knowledge sharing and professional development
and training. In 2016 the Chief Officer of ACT Fire and Rescue and Dr Joe Coventry from ANU
invited representatives from ACT and neighbouring Fire and Rescue Services, ARENA, select
government agencies (NSW and ACT) and Council representatives to a Fire Training and
Demonstration Day to learn about different types of sodium fires and methods of extinguishment.

The Fire Training and Demonstration Day was attended by more than 40 people. Technical
presentations and demonstrations were held along with extensive Q&A sessions and the
opportunity for informal peer exchange and learning. Feedback on and follow up from the day
was very positive.

The event made a substantial contribution to Australian industry as it was pertinent to any industry
working with sodium – a well known material overseas but relatively new to many fire and
emergency services personnel in Australia. The spirit, aims and objectives of the day are
expressed in the Invitation to the Fire Training and Demonstration Day that can be found at
Attachment B.

2Note:

For further details about Vast Solar papers, presentations and contributions to seminars
and other events see Vast Solar Public Presentations and Papers – A Working Reference List,
that is included in the suite of knowledge sharing documents that this report is part of.
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With the CSP Pilot Plant complete and data and performance results to hand, Vast Solar is now
positioned to develop its Reference Plant and promote the technology internationally and
nationally.
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5

The Potential for CSP in Australia

5.1 Clean Dispatchable Power with Intrinsic Storage
CSP technologies enjoy a unique position within the family of clean energy options as they
possess intrinsic storage. We believe Vast Solar’s new generation CSP technology is worldleading and presents significant competitive advantages in reliability, dispatchability and flexibility
over traditional and other renewable energy sources both in Australian and internationally.

The following table is useful to frame the participants in renewable energy generation and storage
and, in turn, the longer term potential for CSP in Australia.
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1.1
1.1.1

Vast Solar’s Experience
Our Perspectives - The Future of CSP in Australia

The potential for CSP in Australia will grow as governments and the energy sector identify and
plan to address generation and infrastructure challenges in the power sector. These challenges
include the need to increase the supply of reliable sources of clean energy; the need to revitalize
Australia’s energy infrastructure as demand grows for a decarbonised energy future; and the need
to increase both overall power supply and dispatchability as intermittent renewable generators
approach capacity limitations.

This future is one that will see substantial pressures upon and changes within the grid as
electricity energy use increases significantly and the coal powered generation fleet progressively
retires. The grid will need to change in nature and grow in size. It will need to deliver more
electricity to consumers, particularly as the transport fleet moves to electrification. The grid of the
future will/shall be planned to better access the nation’s renewable resources and the generators
who will transform these resources into intermittent renewable energy (PV, wind) or dispatchable
renewable power (such as CSP and pumped hydro).

Vast Solar believes there is great technical and market potential for CSP in Australia and that our
technology is ideally suited to provide dispatchable power to the grid; to augment the grid in
regional and rural areas; and to provide large scale generation to large industrial and mining
clients in remote Australia. Our view on Australian CSP deployment differs slightly to that
expressed in the Australian Concentrating Solar Thermal Industry Roadmap. We emphasise the
importance of establishing an Australian CSP Reference Plant, the significant role that CSP may
play in select fringe of grid generation as well as significant mining deployments and the strategic
contribution that CSP will make to the National Electricity Market (NEM) at scale as coal fired
power plants are retired.
In the Australian marketplace we see a future for Vast Solar CSP plants of 30MW – 300MW, with
4 – 16 hours storage, across the country located in areas ideally with DNI greater than 2000
kWh/m2 p/a. And there will be opportunities to push minimum generator size down to 5-10MW
as technologies currently being developed by ASTRI mature.
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However, we have learnt from experience that the Australian financial and utility markets are very
conservative and risk averse and that, until our technology is proven at our Reference Plant, the
Australian commercialisation journey will be difficult. CSP technology needs to be cost
competitive and proven at scale which we expect will take another 3-5 years.

Our sodium HTF, performance and controllability achievements represent major technical
breakthroughs for the industry. These achievements, combined with our lightweight, low cost
modular CSP system, mean that we can deliver cost competitive CSP with intrinsic affordable
storage at scale that will be cheaper than CSP alternatives and competitive with wind and PV with
battery storage and gas and coal fired generation.

As the world decarbonises, clean dispatchable power generation will be essential for grids around
the world. In the Australian context, pumped hydro and CSP are the most viable, utility scale
dispatchable power technology options.

Wind and PV with battery storage can address

emergency and interim power requirements but are forecast to remain too expensive for
sustained, reliable power generation. Other exciting fuel sources and technology options such as
hydrogen face expensive and long development horizons and complex deployment pathways.

However, if development and deployment of an Australian hydrogen industry does occur along
lines projected by major studies that include the National Hydrogen Roadmap (CSIRO), Hydrogen
for Australia’s Future – A Briefing paper for the COAG Energy Council (prepared by the Hydrogen
Strategy Group) and studies prepared for ARENA by ACIL Allen consultants on hydrogen export
opportunities, CSP will be well positioned to provide abundant dispatchable electricity to support
the industry’s growth.

1.1.2

Our Experience - Developing CSP in the Australian Marketplace

Our experience indicates that there is considerable and growing interest in CSP in the Australian
marketplace but that it will require sustained leadership by public sector investors to enable
demonstration plants to be successfully constructed and deployed. These investments need to
be programmatically sustained to realise step-change impacts that will help generate and support
structural market change similar to that generated by ARENA’s investment in large scale PV
projects in NSW.
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Over the past five years Vast Solar has participated in state and territory expression of interest
and procurement processes in the ACT (2015) and South Australia (2015 and 2016) in order to:

i) Help grow the profile of CSP technology and the CSP industry in Australia, and
ii) Support project and financial planning for our 30MW Reference Plant.

For a small business, participating in complex and often novel EOI and tender processes is time
consuming and costly. It has been a learning journey to participate in these processes for the
30MW Reference Plant while working in parallel to develop the technology and finalise the CSP
Pilot Plant. That said, we are a ‘large’ company in the CSP sector in Australia and we have
provided expert input to ARENA’s CST Roadmap. We have a unique vantage point from which
to comment on the potential and future of CSP in Australia based on our ten years of industry
innovation and leadership as discussed below.

Australian state and territory governments have demonstrated their interest to develop
sustainable new industries in their regions and to explore options to procure clean energy. They
have run procurement or expression of interest processes specifically for solar, CSP and/or mixed
generation to provide reliable or dispatchable power. These initiatives often aim to seed and
develop new industries. In some cases, such as the South Australian government processes run
in late 2015 and again in late 2016, tender processes were also responses to local grid and
national market challenges. Expression of Interest and Tender processes for new types of energy
generation and/or purchase arrangements are often exploratory in nature and novel in their
approach, method and expectations. This makes addressing and meeting often new and novel
terms of reference challenging and time consuming for applicants. These processes do not
always deliver an outcome, or perhaps the desired outcome, but they do move industry
knowledge and experience forward.

Vast Solar has met and consulted with the office of the Renewable Energy Advocate in NSW on
multiple occasions and contributed to NSW Government consultation processes to contribute to
NSW energy and industry policy, the potential development of renewable energy market tools
and, more recently, provided input to plans to develop a small grant program for dispatchable
power technologies. We have contributed to energy sector studies undertaken by the Academy
of Technological Sciences and to Commonwealth Government consultative processes to develop
a Commonwealth program to invest in new firm generation capacity.
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In mid 2018, the Queensland Government announced its intention to create CleanCo, a new
public-owned clean energy generator with a charter to secure a cleaner, more affordable,
sustainable and secure energy supply for Queensland. It will support the growth of Queensland’s
renewable energy industry and increase competition in the wholesale electricity market, to lower
electricity prices and facilitate a reliable and affordable transition to increased renewable energy.
The announcement of CleanCo coincided with the completion of the CSP Pilot Plant and data
from the plant that confirms optimal DNI requirements for our Reference Plant to be in locations
that include western Queensland. Accordingly, we see a potential opportunity to work with State
and Commonwealth investors to develop a funding model for the Reference Plant in Queensland.
This is the sort of collaboration that the CSP industry ideally will require to fast-track and realise
its potential in Australia.

That said, the CSP industry does have some negative perceptions to overcome.

Furthermore, the high profile Aurora project, a monolithic tower CSP plant announced for Port
Augusta in South Australia, has recently been abandoned with financial hurdles cited as the
reason for its demise.

Over the past 10 years, two SolarFlagShip CSP projects were progressed to varying degrees in
Queensland with support from the State government. Both projects involved CSP technologies at
a proof of concept stage and required sustained government financial and project support.
Changes in government and personnel meant that this support was not forthcoming and these
factors, along with technical challenges, undermined the success of these projects. This perhaps
suggests that informed enthusiasm by governments for new and promising technologies needs
to be matched by rigorous due technical and financial due diligence and then sustained for the
duration of the selected showcase or demonstration project from commencement to completion
once support has been committed to it.

1.2 Strategic Stakeholder Perspectives
1.2.1

The Australian Concentrating Solar Thermal Industry Roadmap

Concentrating solar thermal power (CSP) is a ‘subset’ of concentrating solar thermal (CST)
technologies that include CSP power generation along with CST technologies that deliver thermal
energy for direct use in industrial, agricultural and other uses.
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In January 2019 ARENA published the Australian Concentrating Solar Thermal Industry
Roadmap report, prepared by Jeanesholland and Associates in August 2018. This major report,
was accompanied by three substantial appendices on CST technologies, scenarios modelling for
the industry, and industry development prospects and issues. These reports were prepared by
three independent consultants. Together the four reports provide a comprehensive review and
analysis of the current Australian CST and CSP industry and industry prospects in Australia. The
CST Roadmap report can be accessed at https://arena.gov.au/assets/2019/01/australianconcentrating-solar-thermal-industry-roadmap.pdf and the appendices are also on the ARENA
website.

The four reports provide 340 pages of industry modeling, insight and analysis. The CST Roadmap
presents modeling and analysis from four scenarios:
●

Low Case

●

Base Case (mid-range deployment)

●

No Regrets Case (mid-range deployment with no- or low-cost measures)

●

High Case

Vast Solar congratulate ARENA and the authors of the report. We particularly concur with
recommendations that relate to the critical importance of PPA’s and PPA pricing with time-of-day
generation and dispatchability benefits as key strategies to enable CSP plant developers to
finance and deliver projects. The following excerpts provide a strategic overview of what expert
industry and research stakeholders believe are the salient issues shaping the potential of CSP in
Australia.
From the CST Roadmap, Executive Overview – Overall Findings (CSP Roadmap, p.8)
●

Australian industry has the capacity to adjust for, and fully engage in, the CST sector
domestically and globally.

●

Australian research institutions, facilitated by the Australian Solar Thermal Research
Institute (ASTRI), will continue to play a vital role domestically and globally in the
advancement of CST technologies that will be key enablers of more efficient and cost
effective systems in the future.

●

There is an immediate opportunity for combined heat and power (CHP) systems to
provide both heat and electricity to regional energy intensive industries such as food
production and processing. Modelling for CHP was not undertaken for this report as each
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situation is highly bespoke, but several projects are already in the development stages.
Sundrop Farms, Australia’s largest glasshouse and a producer of tomatoes in South
Australia, is already operational using CST technology.
●

Without the entry of CST into the NEM, Australian consumers will be paying more for
electricity through to the end of 2040. From 2031 CST will be the cheapest dispatchable
technology available to support the growing deployment of VRE technologies.

From the CST Roadmap – The Key Recommendations (CST Roadmap, p. 9).

These key recommendations are proposed to capture the value uncovered in the Report
findings:

1. Implement a mechanism to reward distributed generators with a proportion of the
network savings they produce as a cost-neutral incentive to accelerate the benefits
of the deployment of CST and other DER technologies, particularly in fringe-of-grid
distribution networks. The Australian Energy Market Commission (AEMC) is currently
reviewing the economic regulatory framework and the Australian Energy Regulator
(AER) is reviewing the application guidelines for the regulatory investment test. Both
activities are highly relevant to this recommendation.
2. Provide funding support for a small number of small to mid-size CST systems7 to
demonstrate the technical capabilities and economics of CST systems embedded in
fringe-of-grid locations and systems where high network costs could justify a shift to
off-grid generation. This would simultaneously build industry capacity in regional
locations and provide scalable experience for Australian stakeholders including
financial institutions, project developers, constructors and operators to assess. It
would also accelerate benefits to consumers and regional economies.
3. Provide specialised assistance such as ‘design for manufacture’ expertise to reduce
the costs of early Australian technologies.

4. Drive better collaboration between researchers and industry through ASTRI.

5. Support the underwriting of power purchase agreements (PPAs) with smaller
retailers and suitable corporate off-takers to increase competition for bankable offtake agreements.
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6. Facilitate work with potential off-takers and generators to drive a more equitable
alignment of PPA pricing with time-of-day generation and dispatchability benefits to
encourage and reward peak-focussed dispatch.
The CST Roadmap appendix 1 report, Concentrating Solar Thermal Technology Status –
Informing a CST Roadmap for Australia frames CSP’s prospects in the following way.
“The key characteristic of dispatchability is driving demand for CSP generation. Indeed,
the greater the level of uptake of intermittent clean energy, the more the demand is likely
to be for dispatchable generation, such as CSP. In addition, there is a significant positive
feedback effect on growing capacity and cost reductions with new technologies (the
progress ratio). Installing capacity assists with progress in cost reductions, while industry
momentum is assisted with further cost reductions”.
The CST Roadmap appendix 3 report, Industry Development Opportunities from developing
Concentrating Solar Thermal Power in Australia states that
“There is considerable economic benefit to be derived from the development of a robust
domestic CST industry and value chain. This includes the important role that the
technology can play in grid stabilization and dispatchability. The industry can make
important

contributions

to

employment,

advanced

manufacturing,

technology

commercialisation and exports”.

1.2.2

The Australian Solar Thermal Research Initiative (ASTRI)

The Australian Solar Thermal Research Initiative (ASTRI) is a collaborative research initiative that
was established by the federal government in 2012 to support the development of CSP as a low
cost renewable energy technology for dispatchable electricity generation or process heat
applications. ASTRI’s primary objective is to facilitate commercial uptake of next generation, high
temperature CSP technologies.

ASTRI is a consortium of leading Australian and international research institutions that are
collaborating on 'over the horizon' research projects and programs to help transform Australia into
a global leader in concentrating solar power (CSP) technologies. ASTRI has done much to foster
and grow Australia’s CSP research community and has helped establish strategic, long term
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research programs that are bearing fruit and have positioned Australia at the forefront of
contemporary international CSP research and development.

Vast Solar is an industry partner of ASTRI and enjoys research relationships with a number of
Australian Universities who are members of ASTRI as well as international research organisations
that include the National Renewable Energy Laboratory (NREL), Argonne National Laboratory
and Sandia National Laboratories in the United States who also contribute to ASTRI programs.
Accordingly, we were keen to invite senior ASTRI team members to offer their perspectives on
CSP’s future prospects in Australia. The following CSP value proposition statements provided by
them are both insightful and timely for the Australian marketplace and provide a fitting conclusion
to this report.

Some CSP Value Proposition statements - 2019
The transition to renewable energy will create challenges for Australia’s electricity
networks. Maintaining secure and reliable supply, at an acceptable cost, when you have
a large amount of variable generation from PV and wind, is one of the most difficult of
these challenges. The solution requires increasing levels of low cost renewable energy
storage that can be dispatched at any time of day or night. Current dispatchable
generation technologies include PV with battery storage, wind with battery storage,
biomass, traditional and pumped hydro and concentrated solar power (CSP). Given the
size and diverse nature of Australia’s electricity networks there is no one dispatchable
generation technology that will dominate. PV with battery storage works well in behind
the meter applications and where only a few hours of storage is required. Pumped hydro
works well for seasonal demand and extreme peak demand events. CSP works well when
embedded within transmission and distribution networks to maintain stability for regional
and fringe of grid areas.
When it comes to renewable energy storage, PV with batteries will be extremely
competitive when you only require short periods of supply. However, when it comes to
utility scale systems with a requirement for 4 or more hours of storage, CSP will become
more competitive. In locations where water is a scarce commodity and solar irradiance is
high, CSP will be even more competitive with an increasingly attractive economic
performance profile and the ability to offer social and environmental advantages.
Australia’s future electricity systems will require a mix of technology solutions each with
their own strengths and weaknesses. The challenge is to end up with a system were the
embedded technologies complement one another. CSP is a great technology from that
perspective. Its ability to store large amounts of energy at low cost during the day and
then dispatch electricity in the evening and morning makes it an excellent companion to
PV. In fact, most new CSP projects are currently being constructed as part of an
integrated system that includes both a CSP and PV plant located next to each other. The
CSP plant captures and stores energy (typically 10+ hours) during the day, for use in the
evening, night and early morning. The PV plant, typically with 2 hours of storage, provides
daytime generation and other demand response services. This combination is seen as a
good way of providing the basis for a 24 hour renewable energy solution. That said, CSP
plants with sufficient storage can be designed to generate power 24/7.
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CSP technology uses the same operational infrastructure as conventional power plants
in operation today, but with the added advantage of zero emissions. In a conventional
power plant, a solid fuel is combusted to heat water with the resulting steam used to run
a turbine to produce electricity. CSP uses the same process, except that instead of
requiring a combustible fuel, CSP captures and stores the heat from the sun, which is
then used to create steam to run the turbine. The fuel in a CSP plant, the sun, has
negligible cost and is an abundant resource with zero emissions, making this technology
pathway an attractive economic option in the transition to a more sustainable energy
system. One major operational difference between the CSP and conventional plants is
that conventional plants are designed to operate 24/7 and ideally are not shut-down
during normal operations. CSP operates during the day to store energy and can then be
started and stopped as required to meet system needs. CSP can operate in this manner
because it has more responsive rates of ramp-up and ramp-down than conventional
plants.
While CSP can be designed to operate 24/7, it is generally embedded within energy
systems to complement other renewable energy solutions such as PV and wind. Under
such an integrated system, CSP provides the majority of electricity in the evening, night
and early morning, with PV, wind and other resources meeting the rest of the system
needs.
Next generation, high temperature CSP systems will deliver significant efficiency
improvements over existing CSP systems. This will improve the competitive standing of
CSP around the world. Australia is one of the leading countries in the development of
next generation CSP technologies. Given this, I would expect to see Australian
technology embedded in the next generation of CSP systems within the next 5 to 10
years.
What many people don’t understand is that lower PV and wind generation costs, if not
effectively managed, can actually increase overall system costs and the prices that
households pay for their electricity. Lower PV and wind costs results in higher uptake of
these renewable energy technologies. This, in turn, creates system capacity problems
due to the variable nature of energy that these technologies generate. Addressing system
capacity problems requires investment in dispatchable resources. This could include
demand management initiatives such as load shedding and/or new investment in energy
storage. System capacity issues, due to higher penetration of PV and wind, are currently
being addressed through smaller scale demand management and energy storage
solutions. However, over the next 10 years, when PV and wind penetration levels exceed
50% and conventional power plants are being retired, loss of peak capacity will become
a problem. The best way to address this problem, at least cost, is through utility scale
energy storage solutions that can dispatch electricity, on demand, at any time of day or
night. At utility scale, CSP will be one of the most cost effective solutions to achieve this
outcome, particularly in areas with high solar irradiance and competing demand for water
resources.
There are over 120 CSP plants in operation around the world. Most of these are in
countries with excellent solar irradiation. Australia has one of the best solar resources in
the world and if it wasn’t for the fact that Australia has significant conventional generation
capacity, CSP may already have greater penetration in Australia. This noted, many of
Australia’s fleet of conventional power stations are reaching end of life and will close in
the next 20 years. The ability for CSP to provide large utility scale dispatchable power, at
low cost, will become of increasing interest to markets and policy makers.
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The cost of providing electricity to fringe of grid locations is much higher per household
than that for urban areas. However, households within each state or territory pay exactly
the same base tariff for their electricity. In essence, government and households in urban
areas are subsidising the higher cost of providing electricity to users in fringe locations.
Uptake rates of PV are predicted to be higher in urban areas, which will generate less
revenue for retailers and network owners and, as a result, the cost of servicing fringe
locations as a proportion of overall system revenue will get disproportionally higher. CSP
as part of an integrated system, coupled to PV with batteries, provides a solution to
significantly lower the cost of servicing fringe locations. Lower costs at these locations
will reduce the amount of cross subsidisation and this, in turn, will lower the cost of
electricity prices for all consumers. In the recently released CSP Roadmap, as funded
by the Australian Renewable Energy Agency (ARENA), the cost savings from using
integrated CSP and PV systems, at fringe locations, were estimated at $1.1 billion
between now and 2040
Australia has one of the best solar resources in the world. With increasing uncertainty in
energy prices and growing international pressure for a carbon pricing mechanism to
address climate change, it would make sense for Australia to be actively looking for ways
to take advantage of its solar resource. CSP technologies can allow Australia to use its
solar resource to create more competitive industries. In addition to providing low cost,
utility scale, dispatchable renewable energy, CSP technologies can also be used for high
temperature industrial processes. Almost 20% of Australia’s end-use energy is used for
industrial process heat at a cost of almost $10 billion per annum. The use of CSP to
lower costs and reduce the energy price risks within Australian industry, particularly for
our exporters, would have a significant impact on Australia’s global competitiveness.
Australia should be using its solar resource to explore new export markets. Renewable
hydrogen for direct combustion and fuel-cell applications is an area of increasing opportunity
and interest for government and industry. Exploiting our solar resource to produce and
export renewable hydrogen has the potential to generate billions in export revenue. CSP is
well suited to large utility scale production of renewable hydrogen. If Australia is to become
a leading exporter of renewable hydrogen, CSP will be needed for the production of low cost
renewable hydrogen at scale.
The above statements kindly provided by Dominic Zaal,
Commercial Strategy Manager, ASTRI.

Ends.
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o

Attachment A

See attached letters from:

Dr Joe Coventry, Senior Research Fellow and Dr John Pye, Senior Lecturer
Research School of Electrical, Energy and Materials
College of Engineering and Computer Science
The Australian National University
Associate Professor Robert A Taylor
School of Mechanical and Manufacturing Engineering School of Photovoltaics and
Renewable Energy Engineering
University of New South Wales

o

Attachment B

Invitation - Fire Training and Demonstration Day, Chief Officer Mark Brown, ACT Fire and
Rescue, and Dr Joe Coventry, Research School of Engineering, Australian National
University
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