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Outline

• Sustainability – a definition & key issues
• Climate change & peak-oil
• Climate change policies – just hot air?
• Reducing electricity industry emissions:

– Is there a miracle cure?

• Conclusions:
– Today’s adult population will decide their 

kids’ future…
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Sustainability – definition & 
issues

• Many definitions – here we will say:
– Sustainable societies do not violate critical 

social, economic, environmental or technical 
constraints

– A total society’s impact (eg CO2, resource depletion) 

= population x (average per-capita impact)

• Threats to sustainability arise from:
– Growth in population and/or per-capita use

• Exponential growth is unsustainable:
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Diverging views on Australian 
population size in 2050

• “just the larger population, putting aside the other [issues] that 
I've referred to today, does pose a set of challenges for 
Australian governments, Commonwealth and state, that is 
probably in order of magnitude larger than any that the 
Federation has yet had to deal with”
– Attributed to Ken Henry, Secretary of the Treasury, ABC 22/10/09

• “I actually believe in a big Australia & I make no apology for 
that. I actually think it's good news that our population is 
growing”
– Attributed to Kevin Rudd, Prime Minister, ABC 23/10/09
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Opinions on climate change #1

• “The scientific evidence has now become overwhelming that human 
activities, especially the combustion of fossil fuels, are influencing the 
climate in ways that threaten the well-being and continued development 
of human society… Rapid, sustained, and effective mitigation based on 
coordinated global and regional action is required to avoid ‘dangerous 
climate change’” (Richardson et al, Climate Change Conference March 
2009, Synthesis Report, 
http://climatecongress.ku.dk/pdf/synthesisreport) 

• “We already have caused atmospheric carbon dioxide to increase from 
280 to 387 ppm (parts per million).  What science has revealed in the 
past few years is that the safe level of carbon dioxide in the long run is 
no more than 350 ppm” James Hansen, NASA, 13/7/09. Available at: 
www.columbia.edu/~jeh1/
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Opinions on climate change #2

• “The hypothesis that humans can actually change climate is 
unsupported by evidence from geology, archaeology, history and 
astronomy.”
– Prof. Ian Plimer, Heaven and Earth, 2009

• “If we want electricity in Victoria, you need to be able to ensure that 
the generators who use water as part of the cooling process get a 
guaranteed supply … If the drought continues and if you haven’t got 
the water for cooling, you face the potential for blackouts”
– Peter Bachelor, quoted in The Age, 9/11/09

• We can’t wait for full agreement about the future!
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Risks associated with 0C temp. rise above 1990 level
(C Hamilton, ANU, 19/10/09)
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Band of
uncertainty

Band of
uncertainty



Global energy-related CO2 reduction to reduce risk of 
dangerous climate change (C Hamilton, ANU, 19/10/09)
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• Kyoto protocol aimed to reduce rich 
country emissions by 5% cf 1990

• Will not be met except by “offsets”
• Global emissions now rising at 3%pa
• Reduction of 9% pa - implausible challenge



Per capita annual CO2 for selected countries 
from fossil fuels, cement & gas flaring (2005 data)

(http://cdiac.ornl.gov/trends/emis/meth_reg.html) 
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USA & Australia 
have very high per-

capita emissions

USA & Australia 
have very high per-

capita emissions
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(Provided 
by David 
Spratt)

USA & Australia
will exceed their 
“safe” 2010-2050 
budget by 2020



We also face “Peak Oil” constraints
(www.globalwitness.org,  Oct 2009)

• Governments & appropriate multilateral agencies should publicly 
recognise the imminence of an oil supply crunch

• Governments must act urgently to fast-track the development and the 
building of a sustainable set of safe energy provision systems and 
implement energy conservation measures

• To that end, and as a matter of national security, global leaders should 
commit to dialogue about energy both within and between countries at 
the highest level

• Transparency is required for global petroleum reserves and exploration 
data, on a field-by-field basis. This transparency should be extended to 
other key primary energy sources, such as gas, uranium and coal

• Promising technologies must receive sufficient investment as a matter of 
priority; reliance only on market solutions is insufficient. These should 
then be rolled out to achieve economy-of-scale price reductions
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Oil production & price
(www.odac.info.org) 



Conventional oil: discovery & production 
(www.odac.info.org)
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Reducing emissions to avoid 
dangerous climate change

• Require a committed, whole-of-society 
approach:
– Becomes less plausible for each year start 

delayed &“almost inconceivable” by 2020 

• Current rich-country policies “reflect a child-
like belief that climate change can be averted 
by ignoring the truth”

(quotations from C Hamilton, ANU, 21/10/09)
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Australian emissions & imported permits, 
Treasury modelling quoted in Denniss (2009)
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Australian Treasury CPRS modelling assumes we can 
pay other countries to reduce their emissions on our 
behalf: implausible that this would prevent dangerous 
climate change

Australian Treasury CPRS modelling assumes we can 
pay other countries to reduce their emissions on our 
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climate change



Ways in which we could reduce emissions 
from the Australian electricity industry

• Future possibilities for substantial 
reduction (promises, promises, …):
– Carbon capture & storage (CCS)

– Nuclear energy
– Renewable energy

• Presently available but unpopular options:
– Frugality & efficiency in electricity use

• And in all other aspects of our lives!
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Carbon capture 
& storage

(IEA, 2009)

It is implausible that we 
can sequester all CO2 
that we are presently 

planning to create



Treasury studies: projected emissions from the 
Australian electricity industry (Denniss, 2009)

Treasury CPRS modelling assumes 
CCS makes large contribution from 

2030

Treasury CPRS modelling assumes 
CCS makes large contribution from 

2030
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Projected global CCS activity (IEA, 2009)

• Present global energy CO2 emissions ~30GT/yr
• CCS - at best 3GT/yr or <10% reduction by 2030
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Uranium mining, 
processing & 

nuclear energy 
Review, 2006
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• Nuclear < 10% contribution by 203
• Emissions still way above 1990 

level

• Nuclear < 10% contribution by 203
• Emissions still way above 1990 

level



Note: Solar & wind energy are non-storable fluxes 
with low energy-density. Electricity generation 
technologies are material-intensive

“Founding an International Renewable Energy Agency”, 
IRENA, 2009
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(physical upper bound)
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Renewable electricity 
generation: shares & ave. 

ann. growth rates, 2000-2006 
(REN21, 2008)

GW

%/yr

~60%

~40%

• 2 doubling times for “new renewables”
to reach nuclear or large hydro share: 
~20 years at ~8% pa but would require 
massive material & energy (CO2) 
investment.

• Not sufficient to avoid climate change 
without frugal & efficient energy use
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Estimates of Australian 
cost-effective energy 
efficiency

50%
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“There are numerous examples 
which we will provide of the pink 
batt scandal rorting - double 
quoting, over quoting, sometimes 
making phantom quotes”
(Greg Hunt, Fed. Opposition, 7/9/09)

• Energy reductions uncertain 
but possibly large

• Rebound effect may negate
energy savings

• Require well-regulated, 
skilled workforce, including 
“social transition” agents

(NFEE, 2003)



“Smart grid” or dumb idea?
• Key ideas first proposed in 1980:

– Schweppe, Tabors, Kirtley, Outhred, Pickel & 
Cox (1980), Homeostatic Utility Control, IEEE 
Transactions on Power Apparatus & Systems

– Outhred & Schweppe, Quality of Supply Pricing 
for Electric Power Systems, IEEE Power 
Engineering Society Winter Meeting,1980

• The Australian National Electricity Market has 
some “smart grid” attributes & will have more:
– But the smart grid won’t save our bacon 

& may yet cook it …
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Summary: the future will depend on 
choices made by today’s adult population

Scenario Issues Likely outcome

Business as 
usual (BAU)

• Meets social 
expectations

Dangerous climate 
change

Carbon 
capture & 
storage

• “Fig-leaf” for BAU
• Suits the coal lobby

Dangerous climate 
change

Nuclear 
energy

• Politically hard & slow
• Storage & proliferation

Dangerous climate 
change & insecurity

Renewable 
energy

• Material intensity
• Integration issues

Delay but not prevent 
climate change

Frugal & 
efficient
material &
energy use

• Economic “recession”
• Threat to “social 

status”
• Would require equity-

based society

Best available near-
term option but 
unpopular
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Conclusions
• Human civilisation faces existential risks:

– Such as dangerous climate change & “peak-oil”

• Rich-country policies “reflect a child-like 
belief that climate change can be averted by 
ignoring the truth” (Clive Hamilton, 2009)
– Techno-optimists promise miracle-cures
– Others deny the climate change science

• Frugal & efficient energy use might buy 
enough time to deploy better technologies:
– But only if communities act now
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Solar energy - photovoltaics

• PV cells convert solar energy directly to 
DC electricity

– Use inverter to create AC

• Stand-alone or building integrated

650 kW, Newington 
(Pacific Power)

200kW, Singleton 
(EnergyAustralia)
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Australian PV 
Concentrator 
Technology

(www.solarsystems.com.au)

• Each dish has 112 curved 
mirrors which focus sunlight 
onto a central receiver, 
500x concentration, 25kW

• Dishes are cooled & 
independently track the sun

• Suited to end of grid 
applications & CHP

• Installed in 6 diesel grids
• Another 30 dishes (750kW) for 

3 NT Power and Water 
Authority diesel grids

• 154 MW grid-connected (solar 
towers, 500x concentration, 
20% capacity factor) now 
funded for rural Victoria

Solar Systems Pty Ltd: 220 kW PV 
dish concentrator, Pitjantjara lands
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Solar thermal concentrators for 
electricity generation 
(www.greenpeace.org)

• Parabolic trough (~350MWe):
– Most mature but low efficiency

• Central receiver (~10MWe):
– High efficiency but pre-commercial

• Parabolic dish (<1MWe):
– High efficiency but pre-commercial

• Tower (50MWe)
– Artificial wind;

pre-commercial



31Reducing Australian electricity industry CO2 emissions

Wave energy high where 
off-shore winds high

Risk of 
cyclonic 
winds
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Albany wind farm, Western 
Australia
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Biomass energy 
(www.greenhouse.gov.au)

• Energy crops, salinity control…
• Agricultural by-products - eg 

bagasse, rice husks
• Sawmill residues; 
• Municipal wastes 
• Burn directly, liquify or gasify

Rocky Point 
30MW bagasse
(www.industcards.com)
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Integrated wood 
processing plant in WA 

(www.verveenergy.com.au)
• Biomass resource:

– Up to 20 million mallee trees, providing coppiced 
wood & salinity control

• Outputs:
– 5 MW electrical power

– Activated carbon 
– Eucalyptus oil
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Geothermal 
energy -

radioactive rock

Australia has plentiful 
radioactive rock at 

~3,000m covered by 
insulating rock layers:-

safe nuclear energy
eg: Geodynamics trial 
at Cooper Basin, SA

(www.greenhouse.gov.au)
(www.geodynamics.com.au) 


