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About the ASI

The Australian Solar Institute (ASI) invests in research and development to accelerate to market innovation in
photovoltaic (PV) and concentrating solar thermal (CST) technologies which have the potential to significantly reduce
the levelised cost of solar energy compared to existing energy sources.

Skills development, knowledge building, and strengthening collaboration between Australian and international solar
research and industrial expertise are also a focus of ASI. This includes dissemination of the knowledge and insights
gained from the Australian Government’s $1.5B Solar Flagships program.

ASl is a company limited by guarantee which is subject to the CAC Act. It is part of the Australian Government’s
Resources, Energy and Tourism portfolio and is supported by a funding commitment from 2009 — 2012 of $100
million. It is part of the Australian Government’s Clean Energy Initiative which includes a commitment to develop a
suite of cost-effective low emission energy technologies.

While the Commonwealth is initially the sole member of ASI, the Institute has been established with a long term
agenda and is working actively to attract new investors into solar energy innovation for the long term.

Workshop Purpose

The Workshop creates the opportunity for stakeholders wishing to participate in advancing concentrating solar
thermal technology (CST) in Australia to contribute to setting priorities for ASl investment in this critical area,
specifically for its Round 2 (expected to be called pre June 2010), and in terms of mapping out longer term R&D
needs. The ASI has approximately $25m planned to invest in CST R&D over the next 2 years. The ASI Board will
retain funding for leveraging future investment beyond Round 2 from this budgeted amount.

The ASI wishes to identify research and development priorities which will lead to accelerated commercial
deployment. It should be noted the primary priority will be areas that substantially advance the efficiency and
cost competitiveness of concentrating solar thermal technology against existing energy sources and against a
global CST benchmark.

There will also be the opportunity to discuss potential opportunities for ASI investment to be leveraged against other
initiatives to extend the impact and reach of its investments. This includes exploring links and synergies with the
Education Investment Fund (EIF) component of Solar Flagships (noting that this process has a separate timeframe
and decision making structure).

The ASl is determined to make investments that deliver the greatest potential impact with its limited funds. While
this means not all opportunities identified at this Workshop will be supported, they will feed into ASI’s long term
investment planning for CST innovation and capacity building in Australia.
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1. CST in Context
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The Solar PV and CST industry is one of the world’s fastest
growing industries with total revenue over $50 Billion in Figure 1: Source CSIRO 2009
2009. Average year on year growth has exceeded 50%
over the past decade and is forecast to exceed 30% in the
decade ahead. Solar energy costs are falling as investment
flows into research and development (R&D) and, Figure 2: Levelised electricity cost from CSP plants

particularly, increased manufacturing scale. The industry Source: [EA analysis. Assumptiorc 16 GW global
CSP capacity by 20152020

receives strong public and government support driven by
the promise of low cost carbon electricity and new sources
of employment.

CST is a re-emerging market with investment kick-starting

again in 2006 driven by strong growth in Spain and the g Aicednt
USA. There is now installed capacity of 1 GW and projects E:';- Todey
worldwide under development which could deliver 15 GW.
In 2009 Global Markets for Industrial and Utility Scale CST s s D 0 P
was worth $3.7 billion and is projected to be worth $12.8
billion by 2014.) Figure 2: IEA 2009 (note bottom axis USD)
All technologies in 2025, CPRS-15 gt PV

The is a wide range of estimates and views on the
projected costs for CST and there is a need for further
analysis in this area. Figure 2 highlights cost estimates
from a recent IEA paper which cited a levelised cost of
energy (LCOE) range from 17-25 US cents per kWh, mostly
influenced by the quality of the solar resource.
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Figure 3 displays LCOE estimates for a range of
technologies including PV & CST (Source CSIRO, ACIL
Tasman and ASI 2009). LCOEs are projected to decrease as
more suppliers enter the market and R&D outcomes come
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on line. The IEA proposes that CST could break the 5 afﬂ
threshold of 10 US cents per kWh in 10 years. Trough
technology is dominant although commercial Solar Towers Figure 3: Sources CSIRO, ACIL Tasman and ASI 2009

and Linear Fresnel Reflectors plants are coming on line."

Levelised Cost of Energy (LCOE) is determined from the ratio of suitably amortised capital costs over the systems
lifetime to the total energy produced, with the addition of O&M costs. LCOE will thus be reduced if:



Capital cost per installed unit capacity is lowered

Efficiency is increased so that more energy is produced over the system lifetime
Capacity factor is increased

Operational & Maintenance (O&M) costs are reduced.

Finance costs are reduced.
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Concentrating Solar Thermal technology can be applied at utility scale (centralized) and at smaller (decentralized)
scale for applications such as industrial process heat and power and solar airconditioning.

In centralized form, CST targets electricity as the product which is intended to be dispatchable in the wholesale
electricity market. Centralized applications offer a pathway to advancing the efficiency and cost competitiveness of
CST by:

. Reducing capital cost through economies of scale; and
. Increasing efficiency;
. Reducing the finance costs associated with technology risk.

In decentralized form, CST targets a heat product (with the additional possibility of electricity) which is intended to
displace consumption of relatively high value retail gas and electricity, at the local host site. While the capital cost of
smaller urban systems is relatively high, decentralized applications offer a pathway to advancing the efficiency and
cost competitiveness by:

. Reducing capital cost; and
. Increasing efficiency by utilizing otherwise wasted heat in local thermal applications.

With today’s emerging market ideas, solar technologies and the institutions and companies that invest in them are
operating in an increasingly competitive, transparent and international environment. R&D activity needs to offer the
investor a path which maintains or gains a leadership position in an established area, or delivers an alternative to
challenge the business-as-usual path, often through disruptive or revolutionary innovations.

CST R&D plans cannot ignore the recent development in the PV market place. In 2009 on average, crystalline
module prices dropped by over 35% driven by falls of 80% in the major raw material, polysilicon. In 2010 polysilicon
prices are projected to fall a further 50% (PVTech Feb 2010). Publically listed, well resourced crystalline PV
companies have technology roadmaps to deliver the solar panel at costs approaching $1pW with 20% efficiency.
Thin Film companies are already below S1pW with a strong focus on improving efficiency. CST as a standalone
technology today is more expensive than PV. This is primarily a result of scale, with so much of CST cost linked to
materials and one time engineering cost. The 15GW global pipeline of CST projects under development will result in
CST cost reduction. Whether this will challenge equivalent PV standalone costs in the medium term is not clear.

Identifying the distinct technology drivers to reduce CST cost and the R&D opportunities these present is critical for
the ASI. These should not exclude the opportunity to integrate CST with other thermal generation technologies.

2. Opportunities for Improving the Economic Performance of CST

There are several potential areas of development in CST which could increase the value of the solar energy output.
These include;

e systems which operate at high temperatures (offering higher efficiencies of energy conversion);
e systems with dispatchability;

e systems that produce combustible fuels;

e multi megawatt mini-grids;

e hybrid thermal systems combining solar with coal, gas, geothermal and wind energy;

e combined heat and power systems;



e building integrated CST systems; and

e |ow cost high efficiency collector materials and manufacturing.
Sargent and Lundy" have studied potential cost reductions for solar Tower and Trough plants and identified three
mechanisms to achieving cost reductions:

1. R&D outcomes;
2. Scale up benefits; and
3. Volume production benefits.

ASl is able to contribute to the R&D outcomes. In Australia other government programs such as Solar Flagships, in
particular, seek to address the gains that may be made from scale up and volume production. Volume production
benefits are likely by achieving reductions in capital cost per unit capacity. They may also reduce O&M costs in an
evolutionary manner. Scale-up benefits are achieved through greater cost effectiveness in large components such as
central power blocks and also in the inherent higher efficiency of such larger units.

e High Temperature solar steam for utility scale solar

Higher temperature solar collectors that directly generate steam at temperatures and pressures at least equivalent
to today’s steam turbines (540°C) offer higher efficiencies and assist in reducing the cost of CST power generation
through reducing the collector area needed on a power station site. The production of steam at temperatures of
540 up to 700°C offers the potential for integration of CST steam generation with current fossil fuel power steam
cycles and its use with the next generation of high efficiency steam turbines which are becoming available.

¢ Dispatchability to overcome intermittency

In a CST system, increased dispatchability comes about through incorporation of thermal energy storage. The
potentially intermittent nature of solar inputs attracts attention and concern within the power industry and among
end users. On a short time frame of minutes, solar thermal plants are easier to manage at utility scale than PV plants
because of their thermal inertia and spinning momentum, which carries them through short term energy supply lags,
compared to the almost instant loss of supply which can occur from a PV system. On a longer time scale, the
inherent value of storage to enable dispatchability can be seen in the high ratio of average income received in the
National Energy Market (NEM) for a peaking capable plant vs a plant such as a large coal system suited to baseload.
The development of cost effective storage for solar thermal energy will play a key role in its competitiveness within
the NEM.

e Solar (Combustible) fuels as storage / dispatchability solution

CST systems can be used to produce combustible fuels such as solar enhancement of natural gas, solar gasification of
biomass or coal or solar production of hydrogen. Production of such combustible fuels has three possible
implications for system economics. Fuels are a form of energy storage and so can offer dispatchability benefits and
such a fuel can be used in Combined Cycle power plants for electricity generation. These are inherently more
efficient than Steam Cycle plants and so provide potential overall solar to electric energy conversion of 30 - 40%
compared to 20 — 30%.

If the product is a liquid fuel then it can be directly used in transport. At current market prices, petrol or diesel are
approximately 30% more valuable per unit energy than electricity. It could be expected that over time, fuels will
become increasingly more valuable than electricity as world demand for oil continues to grow relative to supply. At
present, the REC market however brings them closer to parity since it provides extra revenue for the renewable
electricity stream only. The fuels route also offers another economic advantage since the efficiency of conversion
for a solar driven thermochemical process is not limited to the conversion efficiency of a power cycle and so
conversion values of 50-60% may be possible.

e Multi megawatt mini grids removing dependence on diesel generators

The COAG CST roadmap" has identified a potential near term market for CST in meeting the demand for remote
minigrids in the 1 — 10s megawatt range. Currently much of this is met with diesel systems with LEC's that could be
up to $1/kWh. Storage and integrated load management technologies will be important research targets to unlock
the potential for cost effective CST systems in this market. Its small size relative to the overall NEM however suggests
5



that while it can occupy an important niche market, it is unlikely to be a major contributor to the overall national
energy supply mix.

e Hybrid systems to lower solar cost versus alternatives

One of the benefits of CST as energy supplies are moved toward long term sustainable production, is that much of
the technology on the power generation side is similar or the same as used for fossil fuel driven power generation
technology. This carries several possible advantages:
e the large industry capability in conventional power generation can be leveraged for faster roll out of CST
plants;
e existing coal fired plants can be augmented with solar steam;
e hybrid solar / fossil plants can be built to make best use of capital investment and give maximum
dispatchability.

The economic advantage with this approach is not a higher value for the output, but rather the potential to leverage
capital investment more effectively. The benefit of hybrid systems is they may be of assistance as leads into solar
becoming a greater contributor to the NEM. It should be noted that opportunities for hybrid systems will be limited
by market size and the technologies most likely to be used in a hybrid system today are the proven lower
temperature solar systems. Hybrid systems may not therefore assist in the adoption of the optimum stand alone
utility scale solar technologies under development today or promote the need to develop solar storage.

e Solar Combined Heat and Power Systems (CHP) to reduce overall dependency on fossil fuels

In decentralized applications, utilisation of waste heat (eg for industrial process heat) can contribute as much as 50%
to the total captured solar energy value in a CHP application. The IEA has identified a range of suitable industrial
heat applications with more than 85 plants worldwide with a total installed capacity of 27 MW and a collector area
of 38,500 m”. A range of solar combined heat and power approaches are possible. Medium temperature process
heat requirements will require high temperature solar thermal collector/ power block systems while low
temperature heat requirements can potentially leverage the attractive cost and efficiency of PV cells.

e Building Integrated CST Systems to increase energy efficiency

Areas of potential include high efficiency solar airconditioning and collector/receiver systems that can be integrated
into building facades. IEA identifies over 400 solar airconditioning systems worldwide. In Australia there are three
solar airconditioning installations with at least a further six demonstrations announced. Building fabric integrated
collector receiver systems have the potential to provide a wide range of additional energy efficiency and comfort
features such as natural day-lighting, summer radiant barrier, winter passive solar heating; and weather proofing.

e Collector materials and manufacturing processes enabling improvements to the above

The collector/ receiver is at the heart of any CST process and is generally the highest cost component. Ongoing
research is required to find materials and manufacturing processes that reduce cost and increase efficiency.
Australian companies and institutions have been pioneering the world-wide development of collector receiver
technologies.

3. Australian Government Support for Solar Energy

The ASl is funded as part of Solar Flagships under the Clean Energy Initiative (CEI) which was announced in May
2009. The CEl is a commitment of $4.69 billion and complements the Carbon Pollution Reduction Scheme and the
Renewable Energy Target. The CEl supports research, development and demonstration of low-emission energy
technologies, including industrial scale carbon capture and storage (CCS) and solar energy.

There are a range of federal programs that combine to support the growth of a solar energy industry in Australia. In
order of their applicable position along the path from pure research to successful commercialisation, they include:

1. Australia Research Council programs for pure research

2. Australian Solar Institute supporting basic research to applied research with a focus on reducing the
Levelised Cost of Solar Energy

3. Ausindustry programs for early stages of commercialisation



4. Solar Flagships to support construction of large scale solar power plants using PV and CST technologies
(target size is 1000MW of electricity generation)

5. Australian Centre for Renewable Energy to promote development, commercialisation and deployment of
renewable technologies using a commercial investment approach

6. Renewable Energy Target to create a market place for commercially available Renewable Electricity
Technologies.

Some States are also promoting the deployment of solar systems through grants and incentive schemes such as feed
in tariffs.

4. ASI Investment in CST

4.1 ASI Objectives

ASI has seven investment objectives:

i Advance and accelerate innovative solar CST and PV technologies in Australia
i Drive research that will have a major impact on the efficiency and cost effectiveness of solar technologies to
increase their competitiveness with other stationary energy generation

iii  Retain local and attract international expertise in solar energy research to Australia
iv Support the growth in skills and capacity in solar technologies for the domestic and international market

v Engage with government, industry and the community to promote, develop and implement solar
technologies and the interests of the solar R&D community, and explain the ASI’s work

vi Provide a forum to discuss ideas and promote multidisciplinary research and institutional collaboration in
relation to solar energy technologies

vii Sustained investment in solar energy Innovation in Australia

4.2 Round 1 Outcomes

ASI called for proposals to its Funding Round 1 in August 2009. ASI received 87 proposals seeking $177 million of
funding against a whole of ASlI life (first three years) research budget of around $85 million. XX projects were in the
CST area. The call closed in October 2009, with five projects across PV and CST announced in December 2009 as
being approved for funding, along with small number of other projects that were under negotiation. The total
amount of ASI funding committed in Round 1 (in principle and subject to successful contractual negotiations) was up
to $30 million.

ASI| funded projects in the investment areas of Basic, Applied and Core research. Basic research supported early
stage research where a potential pathway to commercialisation could be suggested if the outcomes were successful;
Applied research supported projects with significant collaboration and leverage between research providers,
industrial investors and ASI on tested research ideas which had shown potential for commercialisation. Core
research supported ASI’s core research partners who are UNSW, ANU and CSIRO. These partners have also received
$15 million of ASI funding in the form of Foundation Funding grants.

The ASI process for selection of projects involved review of each proposal against the Selection Criteria and short
listing by its Research Advisory Committee which is made up of a number of Australia’s leading PV and CST
researchers and industrial representatives. The RAC assessed projects on their merit and prepared a ranking of
priority projects. The ASI Board reviewed the RAC assessment and made funding decisions based on merit and
alignment with the Objectives of the ASI.



The CST projects which were successful in Round 1 were:

e University of Newcastle: Fabrication of Thermionic Devices Using Directional Solidification / Sintering
Processes for High Temperature Concentrating Solar Thermal Applications. $515,000 funding to support
a $700,000 basic research project.

e CSIRO and the Australian National University: Advanced steam generating receivers for high
concentration solar collectors. $4.084m funding to support a $9.7m core funded research project.

There are two other potential projects in the CST area which may be supported by ASI if negotiations with
proponents are successful.

The proposals received by ASl in the CST area covered a broad range of topics including:

e High temperature steam and efficiency (including receiver research);

e Dispatchable solar energy — storage (molten salts and new mediums) and solar fuels;

e Thermionic materials and devices;

e Proof of concept or pilot scale demonstrations of small to medium scale low temperature solar
thermal systems — such as trough systems;

e Solar Furnace;

e Brayton cycles;

e Integration of renewable energy resources — wind, solar, geothermal and gas;

e Distributed concentrated solar power systems targeted at industrial and domestic use (included
proposals integrating with ST and PV);

e Micro concentrators;

e Water desalination;

e Mirror cleaning and pollutants.

4.3 Round 2 Approach Timeline and Funding

i Approach

The ASI Board and RAC identified that there was an opportunity for ASI to review priorities for investment in CST in
the lead up to Round 2 and provide an opportunity for stakeholders to engage with the Institute on setting those
priorities. ASI will be seeking proposals which can demonstrate significant potential to impact on CST cost
competitiveness against a global benchmark compared to other sources of energy and leave a lasting legacy of
enhanced capacity in the Australian CST community. ASl is therefore seeking to maximise leverage opportunities
with its funding. This is to be achieved through brokering collaboration with Australian research and industrial
players and through seeking international engagement and investment. The ASl is prepared to work with research
and industry to assist in pursuing collaborative opportunities.

i Indicative Timeline (note timeline is still draft and may be brought forward)
e Pre30June 2010 Call Announced
e Submission and Assessment processes
e Pre December 2010 successful projects announced

i Funding

ASI has currently allocated up to $20 million of funding to support CST proposals across the Core, Applied and Basic
areas for future funding rounds (including Round 2). This plan aligns with the remaining ASI funding available to CST
based on the 50:50 split between PV and CST research investment which was part of the ASI’s early establishment
requirements set by the Australian Government and can be reviewed 12 months after ASI’s establishment.



5. Workshop Questions

PART 1: HIGH LEVEL QUESTIONS

1.1 Where are the opportunities to reduce the Levelised Cost of Energy (LCOE) in CST (is there a silver bullet)
1.2 Where does Australia have leadership capability (versus catch up or status quo
1.3 Where along the innovation chain does CST research and industry need support?

PART 2: TO INFORM RESEARCH PRIORITIES

2.1 What are the priorities in high temperature applications and why

2.2 Are storage, dispatchability and fuels a priority for Australia and why

2.3 What are the key barriers to hybrid solutions to thermal energy generation and what research is required —
(ie solar, gas, coal, geothermal, wind) — does the CPRS offer opportunities

2.4 What thermal loads are the most attractive targets for decentralised CST applications and why (high value/
low cost/ high customer acceptance etc)

2.5 What enabling technologies are critical — eg glass cleaning and resource mapping power block, thermal
management and utilisation systems

2.6 What enabling knowledge or infrastructure would accelerate the route to market for CST technology

2.7 Is CSTs dependence on water for cooling and cleaning a key research area and potential limitation to the
expansion of the technology into arid areas (which offer some of the highest insolation levels)

2.8 What are the Grid integration issues to be resolved for utility scale solar plants in Australia

PART 3: TO INFORM STRATEGY AND APPROACH TO CST INVESTMENT

3.1 What industry leverage potential is there to support ASI funded CST projects (note in Round 1 PV applied
projects offered leverage around 5 to 1 versus CST proposals that were closer to 2 to 1)

3.2 Are there possible international collaborations in CST which ASI should work with local research and industry
to broker (includes specific projects, scholarships, or higher level agreements such as MOUs)

3.3 How could ASI assist proponents to show the economic impact of their research and potential to reduce
LCOE

3.4 Are there non-technical research areas that ASI could help facilitate to assist the CST community to
prioritise, build capacity and communicate its priorities (such as road mapping, hosting networks etc)

PART 4: WHERE TO NEXT
4.1 What are the top investment priorities for ASl in the short term that should be called for in Round 2
4.2 What would a national infrastructure and research investment program look like for CST
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