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Climate change is not a technology problem. Climate change is an economic reform problem.

If market forces are unleased against climate change, Australia can enjoy higher living standards, an improved economy, a
healthier natural environmental and increased global economic and political power. With unrivalled resources of low
emission energy, al cheaper over the long-term than carbon capture and storage or nuclear, Australia can become a global

Put The Nukes At Roxby "clean energy superpower."
A Blended Solution
Electric Cars The economics of renewable energy are now compelling. Thisis due to the "Learning Curve," the renewable energy

Hydrogen industry's equivalent to the information technology industry's "Moore's Law." Both quantify the compound impact over time
Exports: Global Grid of rapid innovation on quality and price. The effects of Moore's Law have been huge in information technology. The effect

What About Coal?
Carbon Taxes
South Australia
Queensdand

of the Learning Curveisjust as powerful in renewable energy.

Twenty years of rapid innovation in the renewable energy industry (through the learning curve) has created an entrenched,
declining cost juggernaut. The ongoing effect is so dramatic that many forms of renewable energy will be cheaper than fossil

N?W S_OUth Wales fuel by 2015. Thisis very significant. That's because 2015 is the year Australia's first carbon capture plants might be ready.
Victoria By 2020, most renewables will be cheaper than nuclear. Thisis also significant. That's because 2020 is the year Australia's

Conclusion first 'next generation' nukes might be available.
Sources/References/

Further Reading It's impossible to overstate this point. Write it on your forehead. Do anything you can to memoriseit. Renewable energy

technologies are cheaper over the long-term than fossil fuels or nuclear.
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Renewable energy costs are falling so rapidly that virtually all will be cheaper than coal in 2016, and
cheaper than nuclear by 2019
Sources: International Energy Agency, Intergovernmenta Panel on
Climate Change, Australian Nuclear Science Technology Organisation, ABARE, among others

" Deep cutsin emissions are
compatible with continuing strong
economic growth and
improvements to living standards.”
CSRO

Response to | ssues Paper, : - " L : : - : :
Prime Minister’s Task Groupon T hisupends the thinking and political conditioning Australians have long been subjected to. Realizing and applying this
Emissions Trading truth will have huge positive implications for Australia, the global economy and mankind's quality of life in the second half

of the 21st Century. Once this principle is acknowledged, it leads naturally to the following set of policy settings for

"Long-term economic health Austraia.
depends on environmental health;
itistruly a symbiotic relationship.”
Sydney Morning Herald The Seven Tenetsof a Smart Energy Future For Australia

"Global warming hasthe potential 1. Impose a carbon tax of A$40 per tonne on greenhouse gas emissions. Thiswill embed climate change costs into
T\C/I’.f?lcuef CF’)UV national imagination."transactions and change economic behavior. Experts concur carbon prices around A$40 per tonne should be enough to put
solccio?ogistusey’ mankind on the path toward avoiding the worst impacts of climate change. Forty dollars atonne is aso the price the
UNSW School of Social Sciences  Australian coal industry claims s necessary to make "clean coal” viable. A $40 carbon tax will thus level the playing field
between uproven 'clean coal' and proven renewables. The proceeds can be used to ease the retrenchment and dislocation

"1 stated emissions reduction suffered pain in sunset industries. Thisis not atechnology issue. It's an economic reform issue.
objectives are to be achieved, the

energy profile of the economy will , i . : R : , : . :
have (o befundamentallychanged,z' | nstitute 10-year transitory premium feed-in tariffsfor renewable energy whilereducing subsidies for fossil fuel.

with market-based incentives Over adecade, falling fossil fuel subsidies can fund transitory renewable energy premiums -- creating a zero sum for the
needing to play aleadingrole”  Treasury. At the end of 10 years, Australiawill have completed the transition to a newer, more competitive, cheaper energy
Australian Treasury Red Book, 2008 hqystry and a retrained workforce skilled in tomorrow's technologies. This is not atechnology issue. Thisis an economic

_ reform issue.
"We don't have a past, a history or

a database that allows usto _ . . .
explore the smultaneous impact of 3. De-emphasise use of natural gasfor base load power. Natural gas (and hydro)'s quick start up times are an invaluable

recessions, disruptionsto the attribute in afuture energy system dominated by fluctuating supplies of renewable energy. Therefore, future electricity
energy supply and climate generation capacity additionsin natural gas should be directed to meeting high-priced peaking power markets. Doing so

;?l?rge? n ert doubles the global gains in reducing carbon emissions. That's because Australia reduces its own greenhouse gas emissions
US national manager for advanced PY shifting baseload power provision to low emission technologies, while other countries (that would have used coal) can
technology buy marginally freed up Australian gas supplies, lowering their greenhouse gas signature. In doing this, Australia will
Toyota improve its trade balance through greater exports by concentrating on its natural comparative advantages. As a result,

_ _ _ everyone comes out ahead. Thisis not atechnology issue. Thisisan economic reform issue.
" Climate change is happening

faster than the scientific models _ _ _ o _ _ _ _ _
ability to keep up." 4. Progressively idle, but not dismantle, existing coal fired power plants. Progressively idled coal-fired capacity can

Jeremy Rifkin, provide Australia a crucial insurance policy against future demand surprises. With air conditioning and consumer gadgetry
president, Foundation on Economic proliferating like mad, it's a sure bet electricity demand will rise. As dirty, geriatric coal-fired plants reach their retirement
Trends dates, they can be mothballed but kept ready to meet excess demand, should it materialise. Thisis not a technology issue.

"“The world needs all countriesto Thisis an economic reform issue.

work together and agree on actions _ _ _ _ _ _ _
to address this common challenge - Restrict new coal-fired power capacity to Victoria. The LaTrobe Valley has large supplies of brown coal supplies

of climate change.” unsellable on international markets. Carbon capture and storage technology should be tried there. If this technology proves

Penny Wong, _ safe and cost-effective, it can be rolled out elsewhere. If not, Australiawill already have developed ample supplies of
Australian Minister for Climate . . , , : _
Change and Water renewables. Thisis not atechnology issue. That's because carbon capture and storage doesn't even exist yet. Thisisa

prudent economic risk management issue.

6. Upgrade Australia's electricity transmission infrastructureto provide a level playing field for new ener gy sour ces,
particularly those located in remote ar eas. Create common-carrier tariffs on new, high capacity power linesto pay down
the costs. Open access will increase competition, lower greenhouse emissions and lower consumer prices for electricity.
Eliminating impediments to production are beneficial to any economy, since the market then picks winners. Opening up
access to the electricity grid, and building needed infrastructure is not a technology issue. It's an economic reform issue.

7. Allow nuclear power generation in Australia, PROVIDED:

a. It isapproved by national referendum in 2017

b. Australia's entire nuclear industry islocated in Roxby Downs, South Australia.

c. Uranium ismined, enriched, burned and buried within a small radius of Roxby Downs.

Thiswill "close the nuclear cycle,' eliminate proliferation risk, generate cheap, clean power and provide Australia’ s cities a
safety buffer against dangerous nuclear accidents.

Next -- Australia's Situation
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We can make substantial cutsin
emissions while still continuing to

Crusty Coal to Clean Kilowatts: Decarbonizing Australia by 2040

Australia’s Situation

In coming decades, the world must undergo a turnover of energy-generation capital stock
unprecedented since el ectricity was invented.

The International Energy Agency estimates US$20 trillion must spent on energy
infrastructure globally between now and 2030. Australia must spend A$20-35 hillion
between now and 2020 to keep the lights on. The reason is that, both in Australiaand
overseas, clapped out existing capacity must be replaced at the same time as electricity
consumption isrising. This must also be done while reducing greenhouse gas emissions.
All up, it'sabig task.

Figure 51 Electricity generation and greenhouse emissions — a scenario to 2050
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Source: "Uranium Mining, Processing and Nuclear Energy -- Opportunities for Australia,”
Department of the Prime Minister and Cabinet, 2006

Australia has massive supplies of sun, geothermal, wind and uranium. In aworld of high-
priced carbon emissions, Australia's best strategy isto reorient her national electricity
system away from coastal-coal fired power plants and toward nuclear and renewable
energy supplies available from her sunny, geothermally-active, uranium-rich interior.
Under this scenario, the Outback becomes Australia’ s engine room. Thiswill develop
regionally-based clean energy industries serving Australia's energy hungry cities. The
regions win. The citieswin.

New coal-fired coal capacity should be limited to Victoria until carbon capture storage
proves safe, viable and cost-effective. Should this happen, carbon capture and storage can
be rolled out elsewhere. If it doesn't or can't, proven technologies like solar, wind,
geothermal and, potentially, nuclear can take its place.

enjoy strong economic growth. The

sooner we make those cuts, the
easer itis.
Seven Hatfield Dodds,
CY RO economist

Australia can afford to take a

leader ship position in committing
to substantial reductionsin our net
greenhouse emissions, in order to
help manage the economic risks to

Australia and to contribute to the

global momentum to avoid
dangerous global climate change.
Climate Institute
Leader, Follower or Free Rider,

2007

If nuclear power generation is limited to the Outback, the nation can enjoy bountiful power
from this clean energy source in a controlled, non-proliferation-prone manner. If all goes
well, the next generation of nuclear power plants can be located closer to Australias cities
-- sometime around 2070. First-generation geographic quarantine must be the price of entry
of nuclear energy to the Australian market.

The plan outlined above offers gains but requires compromises from everyone.

Civil society must accept nuclear power. Inturn, it gains avast expansion and aleg up for
low greenhouse emission technologies that could, repeat could, render nuclear energy
unnecessary. For its part, the nuclear industry gains atoehold in the Australian market. But
it will have to prove the technology economic credentialsin 2017 and also will have to
yield on a buccaneering insistence upon locating nuclear plants on the fringes of Australias
most populous cities. In 2070, the relationship can be reassessed.

We cannot long continue to use the

atmosphere as an unpriced sewer.
Sephen Schneider,

In "Securing Australia’ s Energy Future," the Howard government claimed Australia’s
economic competitiveness hinged upon low energy prices. If so, thisis placed at risk by

Adelaide Thinker in Residence, 2006

We will have to find ways of
satisfying our energy needswith
near-zero net emissions. Thiswill
require an almost complete
turnover in theworld's energy
infrastructure.
International Energy Agency

By 2030, additional installed
generation
capacity to meet Australia’s
electricity demand growth will cost
at least $35 billion.
Energy Reform Implementation
Group, Council of Australian
Governments,
Energy Reform: The way forward

for Australia, January 2007, 14/5

"Climate changeisn't just another
environmental health hazard.
This... isthreatening the processes
underpinning our economy, social
stability and life processes."
Tony McMichael,

National Centre for Epidemiology
and Population Health
Australian National University

"If Australia is to effectively
confront the challenges of the
future, we need to develop an
agreed national direction that
looks at the next 10 years and

beyond."
Kevin Rudd,

Prime Minister, Australia

"The Government'sinterestisin
harnessing and harvesting ideas ...
that are capable of being shaped
Into concrete policy options."
Kevin Rudd,

Prime Minister, Australia

"Government funding for
FutureGen and any other clean
coal pipedreams should be
withdraw in favour of renewable
technologies that are up and
running now."
Christine Milne,

Greens Senator, Australia

adopting only unproven clean coal while discouraging and excluding better, cheaper,
cleaner, proven renewable energy. Why not let the market decide? The ‘grand bargain'
above offers the the best short-term and long-term outcome through creating a future-proof
infrastructure that allows relative pricing to work. The market will do the rest.

Introduction

Australia gets 80% of its eectricity from dirty, global warming brown and black coal. This
rips up the landscape, consumes huge subsidies and ruins the climate. Worse, Australiais
among the world's worst greenhouse gas emitters on a per capita basis -- even though it has
ample supplies of clean energy.

Figure 8 Comparatnee GHG amission data 003
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Emiszions 20037 Capita 2003# generated 20035

(million tonnes) (lonnes per persan) (lonnes. par million LSO
Uniitesd Slades G, Ba3 81 2344 §33.52
Japan 1,330.13 10,449 300 52
Gafmany 1,017 51 1234 423 84
Canada 74021 23449 BaT. 12
France 26000 526 32557
Austraha o2r .08 2611 1.016.74
MNew Zaaland 7534 19.44 087 98

Australia has per capita greenhouse gas emissions and emissions per unit of
GDP that are MULTIPLES of some other major economies

Source: "Carbon Disclosure Project Report 2007," Investor Group on
Climate Change/Australia-New Zealand
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Australia is an even wor se greenhouse gas emission offender when compared
against emerging nations.

Source: International Energy Agency

The problem in Australiatoday is bad government policy. These bad policies are perver se
subsidies, low renewable ener gy requirements, and no carbon taxes.

Start with perver se subsidies.

During 10 years in Canberra, the Howard government sought a favored place for nuclear
and coal in Australia's economy over the next half century. This occurred through
government programs such as the economically-distorting Low Emissions Technology
Demonstration Fund, in which 82% of the handouts went to fossil fuels. Had the Howard
government been re-elected, a second round of grants under the LETDF would almost
certainly have been heavily skewed to nuclear. This was bad policy and bad economics.

millions
53'01:' Brown Coal Drying
Hazelwood Power Station
£50 million
| |
5250 Oxy Fuel Coal
Calhde Power Plant
%50 mullion
5200 Carbon Capture/Storage -
Gorgon Gas Field Fossil Fuels
$60 million 75%
$150
Coal Seam Methane |
Fairview Power Project
$100 I~ $75 million
$5ﬂ' Concentrating Solar Power
Solar Systems Renewables
$75 mullicn 1504
l |

Low Emission Technology

Demonstration Fund

Government support under the Low Emission Technology Demonstration
fund overwhelmingly flowed to dirty fossil fuels

The problem with the LETDF fund's $20 per Australian tax transfer from the public to the
coa and fossil fuel industry was that the Howard government sought to pick winnersin the
energy game, and lost. Since the money was awarded, the United States has axed its own
$2 billion Futuregen clean coa project, abig brother to Australia's own clean coal
initiatives. Thisindicates alower level of confidence by the United Statesin single big
clean coal projects.

Massive government grants to a few favoured industries distort the economic playing field
the way steroids distort sporting results. They create artificial winners. A doped-up athlete
who crushes competitors can may stand on the winner's podium. But did he win?

Far better systems exist. One is offer prizes based upon objective criteria, or to impose
transparent renewabl e energy targets or offer premium wholesale prices for low emission
power (or, conversely, carbon taxes for big pollutors). That allows markets, not politicians,
to pick the best technology.

A template for prizes could be the X-Prize for suborbital flight, or the $2 million prize
offered by the US military research organisation DARPA for the winner of an
autonomously-navigated vehicle race across the Mojave desert. A template could be the
$10 million H-Prize for breakthrough technology in hydrogen. Competitions like these
allow the winner to be chosen by competition. Conversely, carbon taxes act like prizes for
clean energy: the winners win by not paying the taxes. The losers|ose by paying them. The
only winnersin programs like the Low Emission Technology Demonstration Fund are the
ones that have the biggest lobbying contingents in Canberra. The losers are everyone el se.

Asfor renewable ener gy standar ds, the graph below shows renewable energy standards
in the nations of the EU, many of which have already exceeded the 20% renewable energy
target Kevin Rudd has set for 2020.

Figure 12. EU Renewable Energy Targets—
Share of Final Energy by 2020
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Australia has a very low renewabl e energy target compared to other
rich countries

Source: International Energy Agency

For their part, carbon taxes are highly economically efficient because they are transparent
and non-discriminatory. The Intergovernmental Panel on Climate Change, a 400-member
panel of the world’ s best climate minds, estimates the cost of C02's environmental damage
at US$25-30 per tonne. Those are the same conclusions reached by the Stern Review and
broadly echoed by Deutsche Bank. For its part, Australia's ABARE estimates carbon prices
may rise to US$40-50 per tonne by 2030. Within just a short time, a reasonable " consensus
range" has emerged across experts on what the costs of carbon are to human society, and
what price needs to be put on carbon to fix the problem.

The next step is to integrate these prices into economic decision-making so capital
allocation decisions can be based upon them. According to the theory of rational
expectations, people mentally budget for both the real and intangible costs of their own
decision-making and adapt their behaviour accordingly. Australians are already mentally
budgeting for carbon taxes, and are ready to alter their behaviour when these are made
suitably visible. A recent AC Nielsen poll showed 91% of Australians believe global
warming is a problem, and 63% are prepared to pay more for goods and services to reduce
greenhouse emissions.

THE HEAT IS ON

& s global warming a problem?
'NO ———=—{=—— ‘Don't know'

US$ Carbon Price Estimates Organisation
Low High  Average
$25 $30 $28 Stern Review
$24 $41 $32 Deutsche Bank
$25 $30 $28 IPCC
@ Are you prepared to pay more to
$40 $50 $45 ABARE (By 2030) reduce greenhouse emissions?
$25 $25 $25 Proposed WA Carbon Tax ‘Dot know'
4%
$28 $35 $31 US$ Average
$37 P46 $41 InA$

In 2004 Australia emitted 564.7 million tonnes of CO2 equivalent. That's about 28 tonnes
per person. At A$33 per tonne, that’ s $924 worth of unpaid climate damage incurred by
each person living in Australia and $18 billion annually for the nation. For Earth to remain
liveable, these bills need to be paid. At present, these bills are being paid by insurance
companies, farmers, cattlemen, polar bears and Tuvaluans. The sooner these costs are
spread more broadly over society, the sooner positive change can occur.

Previous -- Introduction Next -- Background
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Background
Carbon emissions come from a number of sources.

Two-thirds comes from fossil-fuel electricity generation and the tailpipes of vehicles. In electricity generation, coal
represents 80% of Australia s production. That makes it king of the hill when it comes to climate damage in Australia.

Put The Nukes At Roxby

A Blended Solution The Australian Coal Association (ACA) recommends that coal-fired power plants be replaced after 45 years. Therefore,
Electric Cars it's easy to get an idea of the replacement cycle.

Hydrogen

EXpOI’tS: Globa Grid Figure 4,1 Demand-supply balance for electricity (TWh)

What About Coal ? 0

Carbon Taxes &0 )

South Australia , gearation required
Queensland o

New South Wales r_% 400 - E;::-Irl?nﬁﬂrmw
Victoria 00

Conclusion I B
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Nullarbor Wind e

"Uranium Mining, Processing and Nuclear Energy -- Opportunities for Australia?,"

Other Technologies . . . .
Office of Prime Minister and Cabinet, 2006

Australia 2020

Below isalist of Australia' s fleet of coal-fired power plants. These can be broken down into four groups: plants

[R)(e)p\:\(lnrr“t(fsdPDF overduefor retirement (1.6% of current capacity), plants needing replacement by 2020 (17.5% of capacity), plants
needing replacement by 2030 (66.2% of capacity) and plants needing r eplacement by 2040 (98% of capacity). It's
About ASFEE during this period between now and 2040 that the battle against climate change will be won or |ost.
Contact ASFEE
a info@asfee.org OVERDUE Replacement
State Capacity Built Name Date Owner
Victoria 90 1958 Morwell 2003 Energy Brix
Victoria 75 1958 Morwell 2003 Energy Brix
South Australia 240 1960 Playford 2005 NRG Flinders
----------------- Victoria 30 1962 Morwell 2007 Energy Brix
435 Capacity
1.6% % of National Total
By 2020
New South Wales 1,000 1969 Munmorah 2014 Delta Electricity
Victoria 160 1969 Anglesea 2014 Alcoa
Queensland 500 1970 Swanbank B 2015 CS Energy
New South Wales 2,000 1971 Liddell 2016 Macquarie Generation
"By 2030, additional installed Queendland 25 1973 Gladstone 2018 Queensland Alumina
generation capacity to meet Victoria 720 1973 Yalourn 2018 Y alourn Energy
Australia’s electricity demand Queensland 38 1974 Queensland Nickel 2019 Queensland Nickel
growth will cost at least $35 4,443 Capacity
billion." 15.9% % of National Total
Energy Reform, The way forward 17.5% Cumulative
for Australia By 2030
A report to the Council of New South Wales 600 1976 Wallerawang C 2021 Delta Electricity
Australian Governments Queensdland 1,665 1976 Gladstone 2021 NRG
by the Energy Reform N_ew S_outh Wales 1,320 1978 VaesPoint B 2023 Delta Electricity
Implementation Group Victoria 720 1981 Yalourn W 2026 YaIIourn_ Energy _
January 2007 New South Wales 2,640 1982 Bayswater 2027 Macquarie Generation
New South Wales 2,640 1982 Eraring 2027 Eraring Energy
Queensland 1,400 1984 Tarong 2029 Tarong Energy
"Wewill havetofindwaysof  vjctoria 2,085 1984 Loy Yang A 2029 Loy Y ang Power
satisfying our energy needswith  go it Augtralia 520 1985 Northern 2030 NRG Flinders
near-zero net emissions of _ 13,590 Capacity
greenhouse gasesin orde_r to avoid 48.7% % of National Total
the worst dgma_ge from climate 66.2% cumul ative
change. Thiswill require an By 2040
almost complete turnover in the
world's energy infrastructure.” Queensland 700 1988 CalideB 2033 CS Energy
International Energy Agency New South Wales 1,320 1992 Mt Piper 2037 Delta Electricity
Queensland 1,400 1993 Stanwell 2038 Stanwell Corporation
" The current total worldwide Victoria 1,000 1993 Loy Yang B 2038 IPM Eagle
annual subsidies for fossil fuel and Victoria 1,600 1994 Hazelwood 2039 International Power
nuclear energy is $500 billion. Queensland 96 1998 Collinsville 2043 Transfield Holding
at $2.5 billion per year on average. Queensland 66 1998 Collinsville 2043 Transfield Holding
Peter Lynch, legendary investor ~ Western Australia 330 1999 Collie 2044 Western Power Corp
Backup New South Wales 150 2001 Redbank 2046 National Power (US)
Queendland 920 2001 CalideC 2046 CS Energy
" Climate changeisa problenwe Queensland 852 2002 Millmerran 2047 OzGen
must as a global community tackle Queensland 443 2002 Tarong North 2047 Tarong Energy
effectively in the next few yearsif 8,910 Capacity
we are to avoid unacceptable levels 31.9% % of National Total
of risk." 98% Cumulative

Economist Ross Garnaut

In order to avoid the wor st ravages of climate change, carbon
dioxide must be capped at 450 parts per million in the atmosphere.

Qur Current Course

That means huge cuts in coal emissions.

Source: Khosla Ventures

Previous -- Australia’s Situation

Victorian brown coal fired power plants are among the dirtiest in
the world

Next -- Future Energy Prices
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Crusty Coal to Clean Kilowatts: Decarbonizing Australia by 2040

Future Energy Pricesin Australia

If ahuge electricity-generation replacement cycle lies ahead for Australiato replace the current fleet of aging coal-fired power
plants, what technologies offer the best deal ?

Coal

In November 2005, the Intergovernmental Panel on Climate Change released areport entitled " Carbon Dioxide Capture and
Storage." In it are some estimated costs of carbon capture and storage (CCS), which raises significantly the cost of fossil-fuel
generated electricity.

Table SPYLY. Costs of CCS: production costs of electricity for differemt types of generation, without caprore and for the CCS system as a
whole. The cost of 2 full CCS system for electricity generation from a newly bullt. lange-scale fossil fuel-based power plant depends on o
number of factors, includmg the characteristics of both the power plant and the capture system, the specitics of the storage site, the amount of
COy, and the requursd transport distance, The numbers assume ¢xpericncs with a lange-scake plant. Gas prices are assumed to be 2E-1.4 USS per

aigajoule (GJ), and coal prices 1-1.5 USS GH (based on Tables B3 and 8. 4).

Power plant system MNatural Gas Combined Cycle Pulvenized Coal Infegrated Gasification Combined
i (USSYKWh) {USYEWh) Cycle

(USSWh)

Withowt capiure (reference plant) 003 - U5 (L - 005 (.04 -0

| With capture and geological storage (.04 - D06 006 - 0,10 005 -1
iﬂ;.lplmu and EOR' 0.04 - 0.07 0,05 - 008 0.4 - 007

Source: "Special Report Carbon Dioxide Capture and Storage,”
2005

Intergovernmental Panel on Climate Change,

If industry estimates are to be believed, carbon capture and storage will cut greenhouse gas emissions by 80-90%. But that
means .1-.2 tonnes of greenhouse gas emissions per megawatthour will still occur. To this must be added another .05 tonne for
upstream emissions generated by digging up and transporting coal from coal mines to the power plant. Valued at $36 per

tonne, these residual emissions of .15-.25 tonne per megawatthour of electricity generated will add significantly to the already-

higher costs of carbon capture and storage when both are applied. Offsetting this, of course, isthe declining cost of the

technology. |PCC experts estimate carbon capture and storage will drop 2-3% per year in price over the next decade.

Nuclear

A 2006 study produced for the Australian Nuclear Science and Technology Organisation (ANSTO) concluded the costs of

"We could have 100 per cent of our
electricity coming from renewable
energy in coming decades if we
really wanted to, assuming solar
and geothermal sources play a
significant role,”

Mark Diesendorf,

University of New South Wales

"Solar thermal technology will be
on the ground and operating,
certainly in the United States and
many other countries, long before
so-called clean coal and nuclear
power."

Mark Diesendorf,

University of New South Wales

"Concentrating solar power can
move much faster than nuclear and
on an unsubsidised basis.
Concentrating solar power will be
cheaper than nuclear power, and
should be cheaper than integrated
gasification combined cycle coal-
based power."

Vinod Khosla

Slicon Valley venture capitalist

Solar thermal technology, for
example, provides a very plausible

path to providing renewable energy

cheaper than coal.
Larry Page, co-founder, Google

Within two decades, energy from

solar thermal power plantswill

become the least cost

option for electricity (below 4 ct/

kWh) and desalted water (below 0.4
/n¥),

Concentrating Solar Power for

Seawater Desalination, German

Aerospace Center (DLR), 2007
Challenge CRC

Almost 40% of (US greenhouse
gas) abatement could be achieved
at 'negative’ marginal costs,
meaning that investing in these
options would generate positive
economic returns over their
lifecyle. The cumulative savings
created by these negative-cost
options could substantially offset
(on a societal basis) the additional
spending required for the options
with positive marginal costs."
Reducing US Greenhouse Gas
Emissions. How Much and At What
Costs?

McKinsey and Co, Dec. 2007

Increased global demand for solar
power in the mid-range case would
foster important learning rate
improvements in solar
photovoltaics, resulting in grid-

parity cost in select regions by 2020.

Reducing US Greenhouse Gas
Emissions: How Much and At What
Costs?

McKinsey and Co, Dec. 2007

nuclear power using latest generation technology such as the AP1000 would fall with widespread deployment. Assuming an
aggressive rollout of the AP1000 worldwide over the next 15 years, the study concluded the technology would fall to about 5¢
cents per kilowatt over the medium term. These estimates, however, assumed an artificially low cost of capital provided by
lavish government subsidies and excluded insurance costs -- which would have to be borne by the public sector willingly or
unwillingly.

Cost of Generating Electricity in Australia.
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Source: "Introducing Nuclear Power To Austraia,”
Australian Nuclear Science and Technology Organisation, 2006

Figura 4.8 Indicative ranges of nuclear power cost
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"Uranium Mining, Processing and Nuclear Energy -- Opportunities for Australia?"'
Office of Prime Minister and Cabinet, 2006

While nuclear plants emit little or no greenhouse gasesin creating electricity, they do create greenhouse gases in the upstream
process of blasting, digging, trucking, crushing and refining and enriching uranium ore. Furthermore, lesser and lesser grades
of uranium will have to be mined if uranium demand rises. Lower grades require more processing. Thisin turn could push up
the greenhouse gas footprint of nuclear to where it becomes little better than natural gas. When carbon costs are properly
applied, thiswill significantly raise the cost of nuclear power above the selectively-presented prices above.
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The wor se the uranium ore grade used, the higher the greenhouse gas emissions
of nuclear power. Use of poor ore grades, which would occur with a major rampup
of nuclear, would generate greenhouse gas emissions from the nuclear cycle worse than
natural gas

Source: "Nuclear Power, The Energy Balance," Van Leeuwen, Smith, 2005

Nuclear power also creates long-lived, open-ended waste problems. Naturally, nuclear industry expertsinsist such “back end”
costs are negligible. Independent experts estimate back end costs at 2¢ per kilowatthour. Whom to believe?

The United States is instructive here. I1ts Y ucca Mountain nuclear waste repository in Nevada was scheduled to open in 1997,
but now isn't scheduled to open before 2017. During this time Y ucca Mountain has cost the US government US $8 billion and
isstill 10 years away from opening. In Hanford, Washington, a nuclear waste preparation plant hastripled in cost in six years
to US $11.55 billion. This suggests the back end costs of nuclear waste are considerable.

Thisisn't to say nuclear waste problems can’t be overcome with greater competence than that shown by the United States. But
it does indicate a burden of proof exists to convince the public that industry and government are up to handling such a
responsibility before nuclear power plants are built.

Renewables

In 2005, the Australian Bureau of Agricultural and Resource Economics (ABARE) offered some forecasts of the future price
course of renewables.

;_J' Current and projected costs For renewable eleciricity generation
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From this information some trends can be derived, most importantly the expected downward annual rate of price changein the
various technologies.

Annual Price Fall

Average Rate Of Best Case  Rate Of Worst Case Rate Of

2002 2010 Change 2002 2010 Change 2002 2010 Change
Solar PV $0.340 $0.213 S.71% $0.190 $0.125 -5.10% $0.490 $0.300 -5.95%
CSP $0.175 $0.090 -1.98% $0.125 $0.070 -6.99% $0.225 $0.110 -8.56%
Biomass 50.075 50 060 2.00% 50025 0020 -2.75% 50125 50100 -2.75%
Geothermal 50.063 50.050 2.50% $0.035 80025 -4.12% $0.090 0075 -2.25%
Wind 50.083 50.055 -4.94% $0.040 $0.030 -3.53% $0.125 0080 -5.43%

Solar technologies are falling the most rapidly in price, compounding the speed at which they reach competitiveness
with fossil fuels and other technologies

As can be seen, the costs of renewables such as concentrating solar power, solar PV and wind and geothermal are expected to
fall 5-8% per year in coming years. That's double the rate of nuclear and carbon capture as estimated by the Intergovernmental
Panel on Climate Change.

Why?

Three reasons:

--Renewables are in aperiod of rapid price decline as capacity expands and innovation becomes entrenched.

--Renewables must try harder and be better than traditional fossil fuel energy sources in order to overcome government
complacency and bias.

--Traditional energy industries like coal see little value in innovation. They view lobbying as their core competency, not clean
energy generation.

The difference in the rate of annual price reduction in sunrise renewable energy and mature fossil fuel is evident in the graph
below. Note the steep downward price slopes of renewables and the flat lines of coal. After decades of cozy and protected
commercial lethargy, can the coal industry's clubby culture really be transformed into alean and mean innovation machine?
The past isinstructive. While renewables spent the 1980s and 1990s innovating, the coal industry spent its time denying
climate change existed and fighting against carbon taxes. The OECD doesn’t believe the coal industry.Why should we?

Figure 1: Electricity generation technology learning corves for the ELU, 1980 fo 1995
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© QECD/IEA, 2001
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The Big Picture

Given the information above, it's possible to project future price paths based upon historical downward rates of price changein
a carbon-adjusted marketplace. This probably results in an underestimate of cost trends in renewable energy since the pace of
innovation is picking up and thus can be expected to result in faster annual price dropsin the future.

Nonetheless, the picture obtained is very instructive. Using inflation-adjusted 2006 Australian dollars, and assuming flat real
carbon prices of A$36 per tonne over the next 25 years (a big assumption), the per kilowatthour prices of each technology for
electricity generation are projected into the future at their historical annual rate of price decline.

The top horizontal black line represents current pulverised coal-fired power, costing 8c/kilowatt hour according to ANSTO's
estimates. This could be called the business as usual scenario. The bottom black line is the price of natural gas power
equipped with carbon capture and storage, to the extent the costs of drawing board technology can be accurately estimated.
This represents the best-case scenario for fossil fuels. In between those lines lie the various costs of carbon capture and
storage, initially raising fossil fuel prices above business as usual, but gradually falling. The maroon line represents nuclear
power, which starts out costing more than certain fossil fuel solutions, but eventually falls below their prices. The two steeply-
sloped redlines represent concentrating solar power and solar photovoltaics, the two renewabl e energy technologies with the
steepest learning curves. The various green lines represent other renewable energy technologies.

X Carbon-Adjusted Future Electricity Costs In Australia
A
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solar PV
Muclear
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Concentrating Solar Power

Conclusions;

1. Carbon capture and storage locksin the highest prices over the long term. It combines high costs, unproven technology
and unknown mitigation ability compared to renewables, and even nuclear. In fact, carbon capture could have the perverse
outcome of raising prices above the worst case scenario that already existsif Australia rushed headlong into building this kind
of capacity (ie the Howard government policy setting).

2. In a properly-priced carbon market, biomass, wind and geothermal are already competitive with coal and nuclear.

3. Renewables are dropping in cost so quickly that between 2010 and 2020 when the bulk of Australia's new investment in
electricity generating capacity must be made, renewables will be cheaper than coal or nuclear.

4. Given that electricity capacity planned today may not come on line until 2011, thisindicates that for most forward
planning of new capacity -- renewables are the way to go. In other words, fossil fuel and nuclear risk being White Elephants
from the day they open. Is that smart?

Naturally, future forecasts are provided in ranges, and the above chart uses the averages of the ranges. But even recalculating
the figures using the highest costs and slowest rates of price decline for renewables, and the lowest costs and fastest rates of
price decline for nuclear and coal -- the picture remains the same. Crossover points shift by just ayear or two. Clearly, the
experts have spoken. We should listen.

Previous -- Background Next -- The Big Picture
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" Australia has a huge opportunity
to be a global leader in energy
reform. Governments can't pick
winners. However, they can and
must ensure a level playing field to
let the market prosper.”

John Ellice-Flint,

managing director,

Santos Ltd.

"While renewable energies still
account for a small percentage of
the global energy mix, they are
growing rapidly as governments
mandate targets and benchmarks
for their widespread introduction
into the market and their falling
costs make them increasingly
competitive."

Jeremy Rifkin, president,
Foundation on Economic Trends

" The solar thermal energy to meet
Australia's entire current power
demand would require 35x35 km
square areain a high irradiance,
low cloud cover location."
Synergies with Renewables:
Concentrating Solar Thermal,
Cooper ative Research Centre for
Coal in Sustainable Devel opment

" Deserts receive about 700 times
more energy from the sun than
humankind consumes by burning
fossil fuels.”

His Royal Highness Prince Hassan
bin Talal of Jordan,

TREC White paper

The scale of the (geothermal)
resource is such that we need to
think about getting the power to
Adelaide, Sydney and Brisbane, or
even Melbourne. Using high
voltage direct current lines, where
the transmission losses are quite
low, the cost of linksis estimated to
be about $700 million to $800
million -- and the CIE estimates
that the value to Australia through
extra NEM competition that the
lines would enable would be worth
some $1.4 hillion.

Adrian Williams,

CEO, Geodynamics

"Renewables have up until recently

been a green side salad, but now
we need to make them the main
meal."

John White, California Center for

Energy Efficiency and Renewable
Energy.

“ The focus today on clean energy is

not a bubble or passing
phenomenon. Unconventional

Crusty Coal to Clean Kilowatts: Decarbonizing Australia by 2040

The Big Picture
If Renewables Are Cheaper, Where Will They Come From?

If renewables are a better deal, where are they located? The federal government's 2004 paper " Securing Australia’ s Energy Future,”
provides some clues.
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Source: Securing Australia’s Future, Department of Prime Minister and Cabinet, 2004 (p.56)

For biomass, it looks to be the western interior areas of Victoria, New South Wales and Queensland.
For wind, it's the southern coasts.

For geother mal, it's southwestern Queensland and Northeastern South Australia.

For solar, it's the entire interior of the country.

Solar and geothermal resources exist together in northeastern South Australia and southwestern Queensland. As for wind, an isolated
portion of the Nullarbor Plain region isthe only part of Australia's windy southern coast without sizeable settlements and outside national
parks. It's a'so an area of very high wave energy.

How might that energy could be gotten to market? Given that Australia's eastern electricity grid ends at Olympic Dam, connecting
Olympic Dam to the Queensland and New South Wales grid would allow new solar, geothermal, wind and wave resources to get to
market. Later, building a power line from the Nullarbor to Olympic Dam could do the same thing for wind and waves. We'll be
concentrating here on Olympic Dam as a potential nexus of Australia's new energy system.
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Connecting the western and eastern ends of
Australia's electricity grid would allow power to flow
more freely, lowering prices.

Source: Electricity Supply Association of
Australia

This could be achieved by stringing high capacity direct current power lines from South Australia to
Queensland and/or western or northern New South Wales, potentially all three.

Source: ABARE (energy maps), ASFEE (power line graphics)

The Outback clearly provides the best location for awhole host of renewables. Roxby Downs represents the ideal location to bundle them
for transmission to the populated east coast. Roxby Downs is the location of BHP's massive Olympic Dam mine, which BHP plansto
massively expand. If BHP expands the mine, it will quadruple energy demand at Roxby Downs. At present, BHP gets electricity from
two aging dirty Port Augusta brown coal-fired power plants, the Northern and Playford. Meanwhile, another major miner, Oxiana, plans
to build a huge uranium mine at Prominent Hill, northwest of Roxby Downs. At present, BHP and Oxiana are discussing joint energy
initiatives. These could include building new gas fired power plants, buying more dirty brown coal power or purchasing large amounts of
renewable power generated in the region.

A host of geothermal companies are exploring for hot dry rock resources in the area. Should one or more of these companies hit pay dirt,
they'll have two ways of getting their energy to market. They can sell the clean power to BHP and Oxiana, or they can deliver the
electricity to urban consumption markets situated to the south and east.

Progress towards Emissions Free, Renewable Base-load Geothermal Power

Geodynamics
= 2003-5 — Proved fiow of geothermal enengy with Habanen 1 & 2
¥ Mext Drill & fow Habanero 3 in 07, Then HOTROCEAD demansiration project |

Petratherm
= 2005 Dnilled Yerila 1 & Paralana 18 to <600m
P 2006 Deepened Paralana 18 DWW to ~1800m. Suggests 200°C at 3.6km |
= Mext Drill Paralana 1o =36 km and fow best for prood-of-concepd '

Green Rock Energy
¥ Drillzd — Blanche 1 to 1935m through 1218 m of granile; BHT B&C
= Next: Minl-fractune stimuation o oplimise design of a deep well stimulation

Scopenergy
= 2006 — Dnlled 3 locatons up to S00m depth in SE SA;
= Mext — Dnill a deep test well or recond 20 sei=mic 10 oplimese dnll Iecations

Pacific Hydro

A6~ lemperature sunveys In bores confirmed ~30FC0%m themmal gradients |

Geothermal Resources
= A = Sarted multi-weell dl'llllf'-*g PrograEm In Lake Frome [-‘TI:'-1'E'E1 area |

Eden Energy plans to drill its first well in 2007

Torrens Energy, Granite Power, Clean Energy Australasia, Osiris, KUTh and Tristar
plan geothermal exploration drilling in the term 2007-11.

UNLOCKING SOUTH AUSTRALIA'S ENERGY WEALTH

The northeastern SA Outback is thick with geothermal explorers
Source: South Australian Department of Primary Industries and Resources

Why not build new transmission infrastructure for renewables with a nexus at Olympic Dam? The mine lies exactly where huge solar
and geothermal resources are. Given that both mines need power, why not arrange a marriage of convenience? Extending eastern
Australia's power line infrastructure into the northern South Australian Outback has already been suggested by geothermal energy

clean energy is now poised to crosscompanies such as Petratherm and Geodynamics.

the divide and move from the
fringes of the energy sector to the
mainstream.”

Cambridge Energy Research

Associates

"We can't solve problems by using
the same kind of thinking we used
when we created them."

Albert Einstein

Building such transmission infrastructure to eastern markets would close the eastern electricity grid by connecting South Australiato
Queendand using power lines passing through the rich seam of low emission energy sources (solar, geothermal and coal seam methane)
that lie between Olympic Dam, South Australia, and Roma, Queensland. This would allow a major ramping up of renewable energy.
These kinds of things are already happening elsewhere. California, which has a statutory goal of raising renewable energy to 20% by
2017, isinstructive here. It has huge needs for renewable energy over the next decade.

Proposal
33% by 2020 -

2003 Total for all US Non-Hydro RE

Adopted Goal
20% by 2010 ..

%
]

I‘. a

%,

Statutory
Requirement

20% by 2017

California has an ambitious renewabl e energy target of 20% by 2017, a hockey stick need

Like Australia, California has an arid, very sunny hinterland with avast solar resource. Already, California hasin place 350MW of
parabolic trough concentrating solar power capacity that has been operating since 1980s. To this has been added (just across the border in
Nevada) another 64MW, with more than 1,000MW of additional concentrating solar power capacity planned in just the next few years.
The impact could be huge. The graphic on the right shows much Californialand would be needed for concentrating solar power plantsto
replace the entire United States' coal-fired power industry. The land is there, the sun is there. What's needed is the will to harnessit. In
California, they haveit.

Concentrating Solar Power Projects in California
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Already, private companies are stepping up to install vast new solar capacity in

California.
US National Renewable Energy Laboratory

The power generating capability of concentrating solar power is so hugeiit
could supplant the nation's coal industry.

Source: Vinod Khoda, Khosla Ventures

The state has also drawn up plans to build new high capacity power lines to the state's southeastern desert areas. A far more ambitious
plan is afoot to build a 1,000 kilometer power line to bring Canadian-generated electricity to California. Therefore, the template is clearly
there for Australiato follow.

In Australia's case, installing new power line capacity to connect Olympic Dam to eastern electricity markets leads to some interesting
follow on thinking in creating a future proof, competitive, low emission, low cost, high technology electricity generation industry for the
nation.

Back: Future Energy Prices Forward: Getting Power to Market
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Clearly, an energy generation and transmission nexus in the middle of the country will involve a near total reorientation of the energy industry. But what better
time than now to do this than when the entire energy industry needs a facelift, both on the generation and transmission side?

Eastern Australia's electricity grid is aone-way street. This creates huge inefficiencies in electricity costs. The aging system was built to carry coastally-generated

Put The Nukes At Roxby coal-fired power from Queensland to New South Wales, from the Snowy to Melbourne and from Victoriato South Australia.

A Blended Solution

Electric Cars This arrangement may have made sense when coal was the main fuel, no one cared about the environment and cheap coastal real estate was readily available. But

Hydrogen these days coal isn’t the only fuel, people care about the environment and coastal real estate is expensive. Times have changed.
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Lack of national transmission market and pricing costs the nation $1.4-2.6 billion a year, enough to pay Each year, Australians pay more for electricity than they need to due to an
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The existing grid is old. It needs modernisation. The opportunity should now be taken to connect the northwestern end of the eastern electricity grid to the eastern
citiesin order to carry renewable energy. In addition to bringing huge, clean new energy supplies to market, such an upgrade will have a huge impact on electricity
trading. A better transmission would flatten eastern energy prices by reducing technical and administrative bottlenecks that now cost consumers up to $1.7 billion
per year, and to date have imposed deadweight costs of $12 billion and counting on the Australian economy. Thisis not atechnology issue. Thisis an economic
reform issue.

For instance, Australia already enjoys two world firsts in high capacity cables in trans-Bass Strait undersea Basslink cable and the MurrayLink cable between

“We need to Start moving now to Victoria and South Australia, the world's longest underground power line. Using arough estimate of $1 million per kilometer (actual costs could be aslow as
start building the infrastructure to $600,000 per kilometer) a 1,000-kilometer high-capacity direct current buried power line similar to Murray link stretching the 1,000 kilometers from Olympic
meet the deadlines that nature will Dam to the Southeastern Queensland grid would cost about $1 billion. A 500-kilometer line from Olympic Dam to Broken Hill would cost about $500 million.

impose on us.” Given that "price separation” (ie pricesin different state markets that vary by more than 20%) impose $1.5 billion of deadweight losses on the national economy
T m;';‘]nnery’ annually, eliminating these losses by unifying the grid would pay for itself in one year. A very good deal, indeed.
utnor

"I don't think energy markets or Since 