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Summary

Solar energy is special. It is vast, ubiquitous emigfinitely sustainable.
The solar resource utilised by photovoltaics arldrdueat is hundreds of times larger than all other
energy resources combined, including fossil, nudisaion and geothermal.
Solar energy:
e is indefinitely sustainable;
» utilises only very common materials;
e uses aresource that is far larger than requirgdawade all of the world’s energy;
* has minimal security and military risks;
* is available nearly everywhere in vast quantitees]
* has minimal environmental impact over unlimiteddistales.

No other energy source can make claims that conysvlare near these. Solar energy is a
complete long term sustainable solution.

Australia receives 30,000 times more solar enewpheyear than all fossil fuel use combined.
Australia has a significant presence in the worttsolar energy industry, which can be built upon
to create a major export-oriented technology-riatustry.

Energy supply options

There are five potentially available energy sourc&gese are energy from the sun (in its various
forms), nuclear energy (fission and fusion), fossiergy (coal, oil and gas), tidal energy and
geothermal energy.

Solar energy is available on a massive scale.e€@an and conversion methods usually entail few
environmental problems. Solar energy includes loatbct radiation (photovoltaics and solar heat)

and indirect forms such as biomass, wind, hydreandhermal and waves. The direct solar energy
resource is far larger than the indirect solar gneesource.

Nuclear energy from fission has substantial proBleelating to nuclear weapons proliferation,
nuclear terrorism, uranium and thorium deposit tatmons, and waste disposal. Nuclear fusion is
still several decades away from commercial utilisgt but may make a major contribution to
sustainable energy supply in the future.

Fossil fuels are the principal cause of the enhdwgeenhouse effect and are subject to resource
depletion. Other problems include oil spills, @lated warfare (for example, the Gulf wars) and
pollution from acid rain, particulates and photadieal smog.

Tidal energy can be collected using what amounis ¢toastal hydroelectric system. Geothermal
energy in volcanic regions or from hot dry rocks t® used to generate steam for district heating
or to drive a steam turbine to produce electricifiidal and geothermal energy are restricted to a
few geographic localities.



Photovoltaics

Photovoltaics (PV) is an elegant technology for divect production of electricity from sunlight.
Most of the world PV market is serviced by crystalsilicon solar cells. Sunlight causes electrons
to become detached from their host silicon atonearhe upper surface is a “one way membrane”
called a pn-junction. When an electron crosses jtmstion it cannot easily return, causing a
negative voltage to appear on the sunward surfaoe & positive voltage on the rear surface). The
sunward and rear surfaces can be connected togedhan external circuit containing a battery or a
load in order to extract current, voltage and pofren the solar cell.

PV has widespread use in niche markets such asiw@nselectronics, remote area power supplies
and satellites. Now, as costs decline, million$wvfsystems have been installed on house roofs in
cities. The worldwide PV industry is doubling ev@§ months. Production is currently 8 gigawatts
per year. Mass production is causing rapid reduostio cost. A solar revolution is brewing.

Most PV systems are mounted on fixed support strast Some PV systems are mounted on sun-
tracking systems to maximise output. Others usetswking concentrators to concentrator light by
10-1000 times onto a small number of highly efintisolar cells.

PV systems mounted on house roofs can be usedhievachousehold carbon neutrality. A
collector area of about 25ns needed to carbon-neutralise a 5 star (enetiygjehouse with gas
space heating, solar/gas water heating and effielentrical appliances. Such a house exports more
electricity to the grid during the day than it inmsoat night. An additional 10mof PV panel is
required to offset the annual greenhouse gas emissif an efficient car.

Hybrid PV/thermal micro concentrator systems ornldig roofs are being developed to provide
solar PV electricity, solar water heating, solartaating, and solar air conditioning — a complete
building energy solution.

PV panels on building roofs compete with retaictieity prices, which are three times higher than
wholesale electricity prices. When the cost of topfPV generation falls below the daytime retail
electricity price (“grid parity”) then the PV inding will enjoy explosive growth as hundreds of
millions of home owners adopt the technology. Guatity is expected to be achieved in many
countries within a few years, due to falling PV tspgising fossil fuel costs, the introduction of
carbon pricing and the introduction of time-of-uaeffs. Time-of-use tariffs properly reward PV

systems for generating during sunny summer aftethoohen peak loads caused by air
conditioning, commerce and industry lead to higlargg prices.

The efficiency of PV is eventually likely to rise@ve 60%, compared with the current world record
efficiency of 42%. The cost of PV systems can bafidently expected to continue to decline for
decades — as has happened with the related irgdgriatuit industry.

Solar thermal

Good building design, which allows the use of natwolar heat and light, together with good
insulation, minimises the requirement for spaceaihgaSolar water heaters are directly competitive
with electricity or gas in most parts of the wor8blar air heaters will allow a large reductiorthe
heating load in many parts of the world, while salaven air conditioning is a rapidly developing
industry.

Solar thermal electricity technologies use sunkireg mirrors to concentrate sunlight onto a
receiver. The resulting heat is ultimately usegé¢oerate steam, which passes through a turbine to
produce electricity. Concentrator methods are égaglplicable to concentrating PV systems. The
usual ways of concentrating sunlight are point foconcentrators (dishes), line focus concentrators
(troughs, both reflective and refractive) and canteceivers (heliostats and power towers).

There is a large crossover between the technolbgglar thermal and PV solar concentrators. The

concentrating systems are quite similar, with tregomtechnical difference being the solar receiver

mounted at the focus: a black solar absorber incase, and a PV array in the other. Since current
efficiencies are similar, then the cost of energydpced by the two types of system is also similar.



An important future application of concentrated |gyit is the generation of thermochemicals and
in the storage of heat at high temperature to afmvw24 hour power production. Concentrated solar
energy can achieve the same temperatures asdosisiiuclear fuels, either directly (using mirrors)
or through the use of chemicals (thermochemicalbiorfuels) created using concentrated solar
energy. In the past, heavy industry (e.g. thel stekistry) was often located near coalfields, in
regions that are relatively poorly endowed withas@nergy. Future steel mill could be built in the
iron ore and solar energy rich Pilbara region oW Australia.

Energy efficiency

Hand in hand with the utilisation of solar energeg energy efficiency. 'Solar energy' and 'energy
efficiency’ are often the same thing. For exampteenergy-efficient building is a building that
utilises natural solar light and heat sensibly. Ikivig rather than driving uses a small amount of
solar energy (food) rather than a larger amountiloénergy. A clothesline, solar salt production
and putting on extra clothing displaces an eleciathes dryer, fossil-fuel fired kiln drying oflsa
and electric heating respectively.

Baseload power and storage

It is sometimes claimed, wrongly, that the fact tine absence of sunshine at night means that solar
energy cannot dominate energy production.

Options for the provision of stable and continusakar power include actively shifting loads from
night to daytime; wide geographical dispersion ofas systems to minimise the effect of cloud,;
precisely predicting solar energy output using|sstemagery; diversification of energy supply to
include all renewables; the judicious use of smaflounts of natural gas; and energy storage. A
future large-scale day-night storage option isttteries of million of electric cars.

Pumped hydro (whereby water is pumped uphill dutimg day and released through turbines at
night to provide energy) is an efficient, econorhiaad commercially available storage option.

Lakes covering only 50 ki(about 2 r per citizen) utilising either fresh water or sesavawould

be sufficient to provide 24 hour storage of Aus#‘al entire electricity production. In the longer

term, intercontinental high voltage DC transmissalh further reduce the need for storage.

Environmental impacts

The solar energy industry has minimal environmemtglact. About 0.1% of the world’s land area
would be required to supply all of the world’s dtetity requirements from solar energy. Indeed,
the area of roof is sufficient to provide all of #talia’s electricity, using PV panels.

We can never run out of the raw materials for setergy systems because the principal elements
required (silicon, oxygen, hydrogen, carbon, sodipotassium, calcium, aluminium and iron) are
among the most abundant on earth. Old solar ersyiggms can be recycled without the generation
of toxic by-products. Gram for gram, advanced silicsolar cells produce the same amount of
electricity over their lifetime as nuclear fuel eodPer tonne of mined material, solar energy system
have 100-fold better lifetime energy yield tharhertnuclear or fossil energy systems.

The time required to displace @@quivalent to that invested in construction ofoas energy
system is in the range 1-3 years, compared witlcaygystem lifetimes of 30 years. €@ayback
and price are directly linked (via material constiom), so CQ payback times will continue to fall,
and will eventually decline to below 1 year.

The future of solar energy

Renewable energy technologies can eliminate fassli$.

Roof-mounted solar energy systems can provide pbtitoc electricity, hot water for domestic and
industrial use, and thermal energy to heat and looiddings.



Highly efficient solar cells manufactured from higlengineered materials, and placed at the focus
of solar concentrators, can provide much of thddi®electricity. High concentration solar thermal
can provide electricity, process heat and thermmateds.

Solar electricity, coupled with a shift to elec#liy powered cars and public transport, can provide
most of the world’s transport energy.

Geographical dispersion of solar energy collectoositributions from many different renewable
energy technologies, storage via pumped hydro atigeromeans, and high voltage DC
intercontinental transmission, will allow a fullyjustainable, zero-carbon future within a few
decades.

Grid parity for photovoltaics is likely to be achexl in many countries within 5 years. Direct
competitiveness with fossil fuels for wholesale rggesupply awaits the implementation of full
carbon pricing and the removal of all hidden supfmrfossil fuels.

Solar energy in Australia

The solar power industry in Australia is constrdig lack of carbon pricing, lack of a time-of-use
tariff, and a wide range of built-in (and often ¢hoh) support measures for fossil fuels.

Photovoltaics is an area of real Australian redeardd commercialisation strength. Photovoltaics is
a strong innovation performer, in terms of perfoncemetrics such as research papers, competitive
grants and commercialisations. Between them, ther sesearch groups at the Australian National
University and the University of NSW have eight B¥mmercialisations, including the buried
contact, crystalline silicon on glass and SLIVERaseell designs. Other research groups are also
building strength. The solar research groups afAtralian National University, the University of
NSW and CSIRO are the core participants in the $&00 million Australian Solar Institute.

The Government has announced a substantial tangghé amount of renewable energy to be

incorporated into the grid by 2020. Carbon pricsdgo be introduced from 2010. These measures
have the potential to drive substantial investnmentenewable energy. However, the scale of the
climate change problem is so large and immediade ftirther measures will be required to drive

very rapid transformation of Australia’s energytsys to a low carbon future.

It is important for Australia to have a balanceeérgy portfolio. Greatly increased support is needed
for solar energy R&D, commercialisation, manufaictgrand market incentives. Solar energy is
likely to be a $100 billion per year industry byl20 Australian Government policy will need to be

carefully crafted if Australia is to be a signifidegplayer in this vast new industry.

Support for solar energy in Australia should beussxl on intellectual property (IP) generation and
the export of IP-rich high-value products and sssi This strategy would comprise substantial
support for R&D, and professional education, codphath strong incentives for companies to
manufacture high value products in Australia fop@rx.
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