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Executive summary

A Electricity generation in Australia is dominated by efi@d power stations, which contribute o
third of Aust r al iemi8stons.nSgmificagtrciearge imahe sstedd gnergy
sector vill be required to substantially reduce emissions. The options are to intradieze codd
technologies including geosequestration of,Cahd to substitute cofited power stations with
renewable energy such as solar, wind, biomass, wave and geothdiowiag to lower emissior
feedstock (e.g. brown to black coal; black coal to gas) would produce only a relatively mg
reduction in emissions.

A Coal is used to fueb b a s edowea stdaions, which run continuously and provide reliz
continuous poweioutputs. Renewables are criticised as being unsuited to providing ba
power because of their intermittency.

A The technology is already available for generating reliable continuous electrical power fron
renewablesd.g biomass). However, theurrent power capacitis small. Further development
the renewables sector is required before any significant level of substitution dfredgower
can take place. Research and development into solar thermal, photovoltaic, ocean and ge
energy imlicates very promising prospects for reliable and continuous power from rene
within the next two to four decades.

A A key to supplanting coal and gpswered generation will be the development of storage n
able to capture intermittent energy angpy controlled output to match demand. Promig
technologies are at the demonstration level. The more decentralised distribution of rer
resources compared to fossil fuels will require reconfiguration of the national electricity ¢
better integate power inputs from more variable input sources and reduce transmission loss
the more remote renewable sites, especially geothermal.

A Overall, the cost of electricity from renewables is significantly higher than for coal anc
However this diférential disappears when the costs of carbon capture and sequestrat
included in the price of coal and gaased generation.

A Provided a suitable policy framework is in place, there appears to be no technical or fi
impediment to renewablgsroviding about 50 per cent of all Australian electricity demanc
2040. In the longer term, current research and development suggests thataablomvelectricity
sector is attainable with total substitution of coal, with gas filling the role of clegagd.
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Glossary of abbreviations and technical terms

AGEG

Baseload

BCSE

Btu

Capacity

CO,

CCs
CETO

CRC

Diurnal

Geosequestration

GJ

GWe

GWh

HFR

Hydrocarbons

IEA
IEA-GIA

Intermediate Load

kv
kw
kwh

Australian Geothermal Energy Group.

The minimum power demand; -salledbaseload power stations in Australia gener:
operate at higher outputs than the minimum level of demand so as to meet mos
intermediate load and even some of the peak load.

Australian Business Council for Sustainable Energy.

British Themal Unit, a standard measure of energy based on the amount o
required to increase the temperature of a pound of wdteFahrenheit. Equal
1 055.05585 joules.

The maximum output level of a generating plant. Actual output is generallyr,lc
particularly where the energy source such as wind is intermittent.

Carbon dioxide a colourless, odourless and Ateimmable gas. It is produced by tl
combustion of carbeoontaining fuels and is the dominant greenhouse gas by vo
and impactAs CQO, equivalent it is used as a standard unit for comparing emis:
levels of the different greenhouse gases, and as a measure for assessing carbon

The

The name given by Renewable Energy Holdings Plc (UK) to a patented device to
energy from wave power and to desalinate seawater; named after a hideous
monster, the daughter of Gaia and Pontus in Greek mythology.

Carbon capture and storage. 6car

Cooperative Research Cent

Events or actions which are completed in 24 hours and are repeated every 24 h
this instance applied to the level of demand or load for electricity.

Geological storagef carbon dioxide requiring its injection into wrground geologica
formations. Declining oil fields, saline aquifers, and unminable coal seams are pao
storage sites.

Gigajoule: one billion joules (1,000,000,000 joules otjbales).

Gigawatt of electricity, 1Dwatts, 1 billion watts, or 1,000,000,000 watts of electri
energy.

Gigawatt hour: the amount of energy equivalent to a power of 1 gigawatt running
hour.

Hot fractured rock as a source of geothermal heat for power generation (also len
6hot dry rocko).

Compounds containing hydrogen and carbon formed by the decomposition of pla
animal remains. These compounds include coal, oil, and natural gas.

International Energy Agency (of the OECD).

The Geothermalnmplementing Agreement established by IEA to encourage coopet
on geothermal energy research and technology. Its four different research ar
Environmental Impacts of Geothermal Development, Enhanced Geothermal Sy
Advanced Geothermal Drillinglechnology and Direct Use of Geothermal Energy.

The range from base load to a point between base load and peak. This point is vi
applied as the midpoint, a per cent of the peak load, or the load over a specifie
period.

Kilovolt, 1,000 volts.
Kilowatt, 1,000 watts.

Kilowatt hour: a measure of electricity; 1 kilowatt (1,000 watts) of power expende



Mt

MTSA
MW

MWh
NEM
NEMMCO
NSEC
Peak load

Petajoule

PV

STT

TWa
TWh
UMPNER

1 hour. One kWh is equivalent to 3,412 Btu.

Megatonne, 1,000,000 tonnes.

Multi-tower solar array.

Megawatt, 1,000,000 watts.

One thousand kilowattours or 1 million wathours.

National Energy Market.

National Electricity Market Management Company.

National Solar Energy Centre, Newcastle NSW, operated by CSIRO.
Themaximum load of electricity demand during a specified period of time.

One petajoulés 10" joulesi the joule is the standard unit of energy in electronics
general scientific applications. One petajoule equates togig@Watt hours, anc
approximates the heat energy content of about 43,000 tonnes of black coal or 29
litres of petrol.

Photovoltaics.

Solar thermal technologies

Terawatt annum: one trillion watts (1,000,000,000,000 W) of energy for one year.
Terawatthour: one trillion watts (1,000,000,000,000 W) of energy for one hour.

Uranium Mining, Processing and Nuclear Energy Review Taskforcea
Commonwealth Government review panel which released its final repor
29 December 2006.



The potential for renewable energy to provide baseload power in Australia

Introduction

Mo s t of Australiads el eficed paweristatpns.iThe rajeeoh e r a t ¢
renewable energy in present and future energy scenarios is commonly portrayed as marginal
owing to the perception that it eften generated in remote areas distant from major centres;

and that it is mostly intermittent in nature and cannot deliver a reliable and continuous level

of power to match continuous demand, or Oba
these percepiins about renewable sources. The conception that renewables are unsuitable for
providing baseload power is termed by safifiee Baseload Fallady Those who hold this

view claim that some renewables are indeed able to produce reliable continuous payer. Th
suggest that more use can be made of the similar profiles of diurnal output levels frem solar
based renewables and the daily electricity demand curve; and that integration of a distributed
system utilising a variety of renewable energy sources will llagecapacity to provide

reliable power on a continuous basis.

This paper investigates the degree to which renewable sources of generation can deliver
power, including baseload power. Technological developments which may influence this
availability are ale briefly reviewed.

As <coal wi || remain the worlddés main feedst
future, the prospect of increasing the efficiency of energy production from coal, and the
reduction of CQemissions, is also examined.

Definingoaseload power

Baseload is the term commonly used to describe the amount of electdnigndrequired

on a continuous basis, i.e. 24 hours a day all year round, to power continuous industrial
processes, and essential services such as traffic lightstatogtc. Baseload represents the
minimum continuous level of demand in a grid system, and thus requires reliable supply
sources without the risk of output dropping below the baseload level.

The demand for electricity fluctuates during the day and freas@ to season. Periods of
demand above baseload are designated intermediate and peadkdoagll]).

In some quarters, the terms baseload, intelatednd peak load have been applied on the
supply side of the energy market to describe power stations with characteristics claimed to
most efficiently deliver base, intermediate and peak demand. For examplérezbalower
stations are sometimes debexl as baseload stations owing to low cost generation,
efficiency and safety at set outputs. Typically these plants are large, provide most of the
power used by a grid, and are slow to fire up and cool down. More responsive types of power
plants such as aabined cycle plants or combustion turbines, which produce electricity at a
higher unit cost, are termed peak load plants. These can be brought into action at short notice,
to respond to sudden increases in demand. A baseload generator on the otheebandagk

or more to reach an efficient operating state and is less able to vary output to match demand.
Whilst a smaller gafired plant may be more energ¥ficient in terms of energy produced

1. M.Di esendor f , 0 T hkact Bheed® 20072 d Fal | acy 6,
http://www.energyscience.org.au/FS16%20BaselLoagdapdéssedn 6 July 11
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per unit of carbon, a larger cefaed plant is able to prode power at a lower unit cost
because of the economy of scale, even though it is less esf@iggnt in terms of converting
chemical energy to electricity.

Figurel: Load curve for Victorian electricity grid
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Shown here is théypical power demand (or load) by time of day, in summer and winiéhn,
contributions from baseload, intermediate, and peak load generation. Baseload is about 5100 MWe;
total capacity must allow for at least 50 per cent more than this, with intermeatiatendrmally
supplied by ga$ired plant, and peak loads typically supplied by hydro and gas turlfoesce:
Source: World Nuclear Associatiphttp://www.world-nuclear.org/info/inf64.htmhbccessd on

6 July 2011

Total annual demand for the eastern Australian States is divided almost equally between the
peak and offpeak periods, but only 9 per cent of the peak period electricity consumption is
generated using peak load technologie®. 91 percent of all electricity consumption above
baseload requirements was generated using black and brown coal.

In order to reduce the degree of fluctuation between high and low demand, lower pricing
through @ff-peald electricity rates (mainly for domestic thwater) is used to move some
daytime demand to lower demand periods. This helps to even out the diurnal demand curve,
but also reflects inefficiencies in baseload technologies which have limited capacity to ramp
production (and inputs) up or down to matbdmand fluctuations. This strategy has been
criticised for moving consumers to inherently less efficient use of electricity and for
artificially inflating the baseload requiremérithere may be prima faciecase for improved
overall efficiency by bringig the Australian electrical generation mix between conventional

2. I an Lowe, 6Reaction ti me: c | i Quarterly Essdy2a,n g e
Melbourne, Black Inc., 200

an
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inflexible baseload systems (i.e. coal), and more flexible systems such as gas, hydro and
renewables, closer to the 50:50 ratigle of thumid

Why baseload is misleading as a supjolg erm

The observation that supposed baseload-fo@a power stations supply 91 per cent of all
electricity consumed above base load requirements underlines the fact that the term baseload
has no relevance in discussion of the supply of electricity. Assedsof the viability of
electricity supplied from any source needs to be conducted in terms of the essential
requirements foreliable and continuous power, with flexibility of outgatmatch diurnal

and seasonal fluctuations in demand.

This is in fact he basis of the Australian National Electricity Market (NEM), where all power
supplied to the market contributes to forecast demafbe Australian Energy Market
Operator (AEMO, which on 1 July 2009 replaced NEMMC®ational Electricity Market
ManagemenCompanyi as the manager of the national electricity grid) forecasts demand at
five minute intervaldor every day of the year and generators are abtbitein6to provide
electricity to the network. As these forecasts are available to all markets)lggeerators

can, and do, plan and vary supply to take advantage of best prices. NEMMCO does however
have rules to ensure supplies are maintained at all times and that gaming for high prices does
not distort the market

All electricity, irrespective of saarce, contributes to both base and peak demand. Those
generators that claim to kipeak loade®are also in fact making statements about sending
their electricity to the market when the demanandpricesi arehigh; they could generate

and send power whenever they like. Equally the popular belief @ndlaiibility 6 of coal

fired power generation to provide peak power is not true. Although coal fired boilers need to
be maintained at relatively constant opergttemperatures and are therefore operated on a
continuous basis, the production of steam and generation of electricity can be, and is, varied
so that power generators can provide power to the market to take advantage of higher prices
during peak perordshence the provision of 91 per <cent
and peak demand being met by coal. Goatl generators have always maintained capacity

to meet peak demarnidand forecasting in the NEM has made this more effective.

Further debatelmut sources of electricity generation should therefore focus on reliability,
continuity and flexibility of generation, within the context of the competitive bidding
formulation of the NEM. The term baseload does not appropriately encapsulate the relevant
issues.

3. The NEM is the worldés |l ongest interconnected
Australia. It is operated bthe Australian Energy Market Operator (AEMCOthrough a
pool system where the output from all generators is aggregated and edheduleet demand.
The system balances supply with demand, maintains reserve requirements, selects which
components operate at any one time, determines the spot price and facilitates the financial
settlement of the physical market. Live market data amdladde at www.aemo.com.au
accesseodn 6 July2011.
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Australiads current and projected

In 200506 Australia's power stations produced 257 terawatt hours (TWh) of electricity (243
TWh public supply plus 12 TWh for offrid producers), and output is growing at about 3.3
per cent per mum? Of this gross amount, about 18 TWh is used by the power stations
themselves, leaving 237 TWh actually sent out (net production). A further 17 TWh is lost in
high voltage transmission and 9 t010 more in energy sector consumption, leaving 210 TWh
for final consumption (or 187 TWh apart from aluminium productfon).

Demand is projected to rise to 415 TWh by 2329 an average annual growth of 2 per ent.
This projection accounts for policy measures in operation in 2007, but not for the current
Government 6s proposed emissions trading sche

Current and projected mix of resource inputs for electricity generation

In 200506, 54.5 per cent of total electricity production was from black coal, 21.1 per cent
from brown coal, 15.0 per cent from gas, 1.8 per cent from oil, and 7.6 per cent from
renewables. Of the renewable power, 82 per cent was from hydro and the balante rough
equally divided between biomass and winill baseload power was sourced from black and
brown coal. Whilst gas, oil and hydro are significant contributors to intermediate and peak
requirements, black and brown coal power is also bheedusédotal geneating capacity from
intermediate and peak generators is less than intermediate and peak power demand.

Using adusiness as usucenario ABARE in 2007 predicted little change in the relative
shares of electricity generated from fossil fuels and renlesahrough to 20280: wind,

biogas and biomass were expected to account for most of the increase in electricity
generation from renewable sources.

This modelling suggests that without external stimulation, future growth in the proportion of
renewably sorced energy in Australia is likely to be slow. However, continued growth in the
sector should be motivated ncreases in fossil fuel prices aagpansion of the Renewable
Energy Target scheme (REahjnounced in the Ma3008 Budget with a target of 20mpeent

share of renewable energy in Australia's electricity supply by 2020. The RET will guarantee a
market for renewable energy by setting a target of 45300 of renewable electricity by

2020. Renewable electricity generation is expected to increasé/nmregional areas, and

the relative cost of technologies is expected to become more competitive as the scale of their
deployment increases. The government is providing funding in partnership with Australian

4. Australian Bureau of Agricultural and Resource EconomiEsiergy Update 20Q7
http://www.abareconomics.com/interactive/energy_julyO7/index.fasdessedn 6 July 2011

5. Electricity losses occur between regions and within regions and are equivalent to approximately
10 per cent of the total electricity transported between power stations and market customers.
http://wwww.aemo.com.au/corporate/080062.pdf accessed duly 2011

6.  Australian Bureau of Agricultural and Resource Economics6 Austr al i an Energy:
state projections to 20R9 OResearch Repqr07.24, 2007.

7. Australian Bureau of Agricultad and Resource EconomjcEnergy in Australia 2008
Department of Resources, Energy and Tourism, Australian Government, 2008.
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industry to stimulate technology developmaatoss the sector, including photovoltaics, solar
thermal, and hot fractured rock development. RE will be phased out between 2020 and
2030, as Australia's proposed emissions trading scheme nfatures.

Estimates of the possible growth of Rleydro rengvables range from 23 per cent to 41 per

cent of the electricity generation market by 2050, dependent upon modelling of different
geopolitical scenarios relating to greenhouse gas abatement programs, and whether or not
CO, geosequestration is commerciallypdied?

Nonrenewable sources of electricity supply

World wide, the nofrenewable resources of black and brown coal and uranium have evolved
as the principal feed for electricity generation, generally owing to their ready availability,
available technolgy, and relatively low cost of electricity generated. In some countries
where the resources are available, renewables have developed into locally significant energy
sources for continuous supply, including hydro, geothermal, biomass and wind. However,
the® installations are generally not at the same scale as coal and nuclear, which dominate
particularly in the more heavily industrialised countries.

In the past, the choice of electricity generation technology was largely based on availability
and cost. Howver, concerns related to global warming and climate change, and the large role
played in greenhouse gas emissions by hydrocdilmdled power generation, demand that in

the future, environmental costs are factored in to the deaisaking process. Lowngissions

will become a key performance indicator.

Coal

Coal is an extremely important fuel and will remainirsahe near to medium termiround

27 per cent of global primary energy needs are met by coal and 42 per cent of electricity is
generated from cdaAbout 70 per cent of world steel production depends on black coal
feedstock. Coal is the world's most abundant and widely distributed fossil fuel source. The
us Elrgergy Information Administratioexpects a 56 per cent increase in its use from 2007
2035

Although in Australia coaburning is used overwhelmingly (93 per cent) for electricity
generation, globally, the picture is a little different. Of #igbillion tonnes of carbon dioxide
emitted by coaburning around the world each year, ab®uper cet comes from the use of

8. Depart ment of The mAtuet rCalainaRe.n@dwaebrl remembnt edrsgy T
Australian Government,

http://www.climatechange.gov.au/government/initiatives/renewtbget. aspx
accessed o6 July 2011

9. CSI RO, 6The heat i s on: Enbrgy Fitwe$orume20062006Ener gy

10. US Energy Information Administration, International Energy Outlook 2010
http://www.eia.gov/oiaf/ieo/coal.htmhccessed on 6 July 2011
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coal in power generation. Therefommalfired power generation accounts for abaRil per
centof the world total C@emissions of aroun®7 billion tonnes™*

In 2004, coal burning in Australia produced about 200 million to(kigsof CO, equivalent

emi ssions, or about 35 per cent of the natioc
came from electricity generation plants, with the rest from steelworks, alumina plants and
cementworkd?Austral i a has igheseperoehtagestokeleatricity fededation h

from coal, after Poland and South Africa.

The present dominance of cdakd electricity in Australia and its low cost make it clear
that, under existing policy settings, coal will continue to be the prihf@pd for electricity in
Australia for the foreseeable future.

Challenges faced by the cbetd energy sector

Three challenges face the cdiaéd energy sector, each of which has ramifications for its
mar ket share in Australiabds future energy mi

Sutability as a source of intermediate and peak power

Large coafired power stationgre relatively inflexible in their power output, whialeans

that there is limited ability to vary output to match skterm demand fluctuations, such as

the diurnal vaations evident irFigure 1. Pricing mechanisms such as-p#ak power have

been used to smooth out the diurnal demand curve and so reduce the ffic&nicies
inherent in generating electricity in excess of demand. Responses to the availability of
cheaper electricity have been mainly the heating of hot water during the night, and extension
of industrial activity beyond normal 080QL700 hr activity.

In contrast, output from solar power and to a lesser extent wind power, tends to emulate the
diurnal demand curve and offers a potentially less distorted match between energy supply and
intermediate and peak load demand.

Improved efficiency

Extraction ofener gy from <coal by burning only rele
intrinsic chemical energy? and so it would appear that there is potential to develop more
effective ways of generating power from coal. Greater energy productivity would reduce the
amount of coal required and hence improve -effstiency and reduce CQOand the

11. International Energy Agency;O2 emissions from fuel combustion 192005 2007 edition,
OECDI/IEA, Paris, 2007.

12. M. DiesendorfGreenhouse solutions with sustainable engtg)y\SW Press, Sydney, 2007.

13. World Coal Association http://www.worldcoal.org/coal/usasf-coal/coalelectricity/
accessed 6 July 2011

14. Coal has an energy density of 6.67 kWh of energy per kilograngdmarally onlyabout 30%
of that (2.0 kwWh per kg of burned coad)successfully béurned into electricityi the rest is
waste heat. Mokrzyck and Ol k u-sdalienergyatilizators e s o f
exot her mi cApplied &rerg)yd/al @4s2003, pp. i3
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production of other wastés utilising so-called &clean coal technolo@y Research is being
conducted into improving the thermal efficiency of power stations, andgonduston
separation of feedstock components to reduce emisSions.

Greenhouse emissions

Conventional coapowered plants have the highest greenhouse gas emissions of all power
generation technologies-ifure 2), which compars emissions on a lifeycle basis.This
includes, br examplegemissions produced durirextraction, processing and transpatch
asventing of CQ at thehead ofhatural gasvells However, Australiads Nat
Gas Inventory in 2006 found that coal mining and handling accounted fethings of

Au st r a-talled fagitivessmissions (inadvertent emissions), with oil and gas production,
processing and distribution accaimg for the rest® Worldwide, coal generates about twice

the CQ emissions of gas, despite having a similar share in the world energy supply. World
average emissions are 919 and 389 grams per kWh of electricity and heat production from
coal and gas, respiively. Australia emits 990 grams of GPer kWhof electricity and heat
productionfrom coal, and 627 grams per kWh from gas.

&Clean coad technologies promise to substantially decrease the level of greenhouse gas
emissions, but resultant levels woutdl $eabout 10 to 100 times higher than for renewables
(Figure2; note that emissions from renewable engrgyer generation deperma the source

of energy used in its production and operatiotheoretically if this is also a renewable
energy source the total emissions should be neay eeceptingsituations such asmissions

from drowned vegetatiocaused by construction of hydro syst¢ms

There are small scale projects in operation and under development that capturerCO
commercial applications. An exampletine Victor Smorgon Group project in Victoria where
CQO; is stripped from flue gases and used in an algal bioreactor; the algal massitisrelé
then processed to produce bioftfeFor the emissions from coal to be addressed adequately,
however,much larger scale technologies are needed to captusea@Disolate it from the
environment (carbon capture and storagdCC5technology. Much effort is being focused

on geosequestration, that is the injection of liquefied, @@ geological traps such as
exhausted gas and oil welifter capture and transport from the emission source

15. |IEA Clean Coal Centrénttp://www.ieacoal.org.ukaccessedn 24 June2008.

16. Department of Climate Changd\ational Greenhouse Gas Inventory 2Q0Australian
Government, 2008.

17. International Energy Agency, CO2 emissions from fuel combustioni P905b,0p. cit

18 CSIRO, 0Al gae bi oreacgteomissst ansd,t a€Bl RO CPubl
http://www.publish.csiro.au/?act=view_file&file id=EC133p34.atfcessedn 7 July 2011
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Figure2: Greenhouse gammissions from various energy sources
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Figure 2. Estimates of lifecycle greenhouse gas emissions (g CO2eq/kwh) for broad
categories of electricity generation technologies, plus some technologies integrated with
carbon capture and storage. Land-tedatednet changes in carbon stocks (mainly applicable

to bio-power and hydropower from reservoirs) and land management impacts are excluded;
negative estimates for bjmower are based on assumptions about avoided emissions from
residues and wastes in landfiilsdosals and eproducts. Source: IPCC Working Group 3,
Mitigation of Climate Change; Special Report on Renewable Energy sources and Climate
Change Mitigation; final release. Summary for policy makers, May 2011. Figure SPMS.
http://srren.ipcenvg3.de/report/IPCC_SRREN_SPM/view accessed 20 July 2011

The practical application of geosequestration to achieve meaningfuted@ctions appears

to be several decades awdyThe first Australian field trial for CO, sequestration
commenced on 2 April 2008: in which 100,000 tonnes of @0being compressed and
transported by pipeline to the Otway Basin in Victoria, to be injected into a depleted gas

19, H. Saddler C. RiedyandR. Pas s ey, 6Geosequestration: wha't

contribute to a sust ai na Dikcassioa paperg;gAuspatal i cy
Institute, Canberra, 2004.

f
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reservoir 2 kmunderground® If successfully demonstrated, commercialisation of, CO

capture and storage is unlikely to commence until about 2086me commentators suggest

t hat t he cost of devel oping and demonstrat.i
capacityo fund®?l n t hi s context it is pertiépragdentt to o
which aimed to develop and demonstrate the feasibility of commercialising carbon capture

and storage, was mothballed in early 2008 as a consequence of cost whiclpledddri

$US1.8 billion. However, the Australian Government considers CCS to be one of the
cornerstones of its approach to reducing, @@issions, and recently announced plans for a

$100 million international carbon capture and storage institute to belimsfeustralia®

The development, infrastructure and operational co$t€CS are expected iacrease the
overall cost of electricity by 25 50 per cent, to between 4.5 and 10 c/k¥/Nodelling of
the capacityfor CCSto cut emissiondrom coalfired electricity generation between 1999
and 2100 in Australia suggests that:

A

A

Distance between sources and sinks will limit its economic feasibility in NSW and SA;

Emissions will ultimately continue to grow under busirasssual growth of the
electricityindus r y wi tohn 60 agdedoesde Bigure3;t r at i on (

Unless the efficiency of C{carbon capture and storage is close to 100% in each of the
capture, trasport and storage stages, long term reduction in annual emissoms
geosequestration may happen only if the annual growth inficedlgeneration between

now and 2100 is reduced to significantly less than that predicted to occur between the
present ad 2020; and

20.

21,

22,

23.

24,

25,

CO, Cooperative Research Centtepy st r al i ad s Cfis2carBo@ didxideustoradge e s
project in Southern Hemisphemedia release April 2008.
http://www.co2crc.com.au/dls/media/08/OtwayLaunch_Nirrandagmtfessedn 7 July 2011

John Boshier, Interview with the author, 7 April 2008:
http://www.abc.net.au/7.30/content/2007/s2210205.atoessedn 7 July 2011

See for example discussion on Crikey .com
http://blogs.crikey.com.au/rooted/2011/05/20/sdoomedyet-weve pumped
millions-in-to-it/ ; Hamilton , Clive, 2010Requiem for a Speciéswhy weresist the truth
about climate chang&\llen & Unwin, Sydney. Accessed 7 July 2011

L Taylor, O6Kevin Rud dbesAusaliah 09rsepteinlea2008,cvieveedd p | an
21 July 2011,
http://parlinfo.aph.gov.au/parlinfo/search/display/display.w3p;query=1d%3A%22media
%2Fpressclp%2FY8LR6%22

IPCC Special Repor€arbon dioxide capture and storag&ummary for policy maker2005,
http://www.ipcewg3.de/publications/specta¢ports/.filesimages/SRCCS
SummaryforPolicymakers.pdiccessed on 7 July 2011,table SRMBN Bosler, Interview
with the author, 7 April 2008:http://www.abc.net.au/7.30/content/2007/s22102085.htm
accessedn 7 July 2011

Passey & MacGil 0The A u s Gepsaduestaation Bdmect r i ci
Abat ement S cDestirmtion o0 s Renewables i ANZSES 2003
http://www.ergo.ee.unsw.edu.au/solar03 _geosegscenarios_passasycpdfedn 7 July 2011
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A Whilst geosequestration may help in achieving lofigen emissions abatement, it is
unlikely to be able to deliver the desired level of abatement without substantial assistance
from energy efficiency, gafired generation and renewabf@s.

Figure 3: CO2 emissions from a cdiaéd power plant with and without carbon capture and
storage

Without Geosequestration With Geosegquesiration

4 y=ar moving averags 4 year moving average

Annual Carbon Dioxide Emissions (Mt)
ad
o
o~

Years After 1999

Shown here areusinessasusual annual carbon dioxide emissions from 6ivatl plant in Australia,
with and withoutgeosequestration, between 1999 and 21@0year moving averagéd. Saddler,
C.Ri edy and R. Passey, 6Geosequestration: what i
ener gy pol i cDBiscdssion papen EXustralia Instit?e) Canioe, 2004.

Nuclear

Presently, 439 nuclear reactors operating in 30 countries have an installed capacity of about
370 GWe.In 2010, they generated 2,630 TWh, which is around 17 per cent of world
electricity productiorf” The number of reactors under constiort (33, with 26.8 GWe
capacity), planned (94, with 101.6 GWe capacity) and proposed (222, with 193.1 GWe
capacity), clearly indicate strong growth in the nuclear power sector. The majority of this
growth reflects strong economic development (e.g. Chimaeaaccounts for more than one

third of the planned and proposed reactors), but the desire to reduce greenhouse gas
emissions is another reasdénfor example, there are new nuclear reactors slated for
developed countries such as Japan and the USA.

Owingt o Australiads endowment iin black and br
electricity from coaffired power stations, the use of uranium for electricity has until recently

not been on the domestic agenda. However, recent concern over approaldvesritg

Aust r abamassoss h&@ed to considerable debate on thisiisso&bly the House of
Representatives Standing Committee on Industry and Resources@epostt r al i ads wur

26. ibid.

27. World Nuclear Association, Londonhttp://www.world-nuclear.org/info/inf16.html
accessedn 7 July 2011
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i Greenhouse friendly fuel for an energy hungry wifldnd thecSwitkowski repordfor the
Department of Prime Minister and CabifgBoth reports make a case for introducing
nuclear energy into Australia, mainly to mitigate greenhouse gas emissions in the future.
Nuclear power would be 280 per cent more expensivean coal without C@pricing, but
roughly equivalent withdow to moderaté pricing of CQ emissions (Seé&igure 4). The
Switkowski report describesunlear power asthe leastcost lowemission technology that

can provide baseload power and which is well establiéhed.

Current disadvantages of nuclear power include investment and financing risks, long
construction times compared with most other electrigégerating technologies, persistently
negative perceptions, especially regarding the safety of nuclear waste kispubaa
possibility of accidents releasing harmful radiation. There is also a need to provide specialist
regulatory agencies and detailed safety regimes. Opponents of nuclear energy consider that
the full environmental costs, and the cost of disposalgit-level radioactive waste, are not
factored into the claimed low cost of nuclsaurced electricityTheyalso cite concerns over

the danger of transporting either radioactive waste or nuclear fuel, the potential fteriong
human health effects anccasystem damage following accidental release of radioactive
material from the power plant, and deliberate targeting of nuclear facilities by rogue
elements.

Renewable energy sources for power generation

A wide range of technologies offer potential for eyyegeneration from renewable resources.
These include hydro power, biomass, wind power, solar power (photovoltaics and solar
thermal), ocean energy, tidal power, and geothermal. Background information was recently
gathered on these renewable resourceth&yHouse of Representatives Standing Committee
on Industry and Resourc#s.

Key characteristics of the renewable energy sources reviewed in this paper are described here
and summarised ihable3.

Hydro powers a longstanding source of electricity generation using renewable energy, but
its role in meeting demand for clean energy is severely limitdddkyof suitable new sites

for dam construction; community resist@ to land flooding; and concerns that climate
change may reduce flows and thus reduce the certainty of future energy Supptwide,

in response to these limiting factors, there is a move toward development dfyahiai
power systems that are appht&in smaller rivers and more distributed locations. In a recent
innovation, a minhydro project has been developed in Victoria to utilise the energy in an

28. Australian ParliamentAu st r al i aiéGeenhause ririendlynfuel fan energyhungry
world, Standing Committee on Industry and Resources, Canberra, November 2006.

29.  Uranium Mining, Processing and Nuclear Energy Review Taskfodzanium mining,
processing and nuclear energy: opportunities for Australepartment of ta Prime Minister
and Cabinet, Canberra, 2006.

30. Australian ParliamenfRenewable Power: A case study into selected renewable energy sectors
in Australiag Standing Committee on Industry and Resources, 2007
http://www.aph.gov.au/house/committee/isr/renewables/report.htm#chapterscessed on
16 May 2008.
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existing water pressure reduction station between the mains and distribution water pipe
systems?

In Australia, hydro power is being used increasingly to meet peak load requirements owing to
its inherent flexibility. Australia has about 100 hydroelectric power stations with 7,050 MW
capacity providing about 16,000 GWh annually. A further 310 MW areeriunder
construction or plannetf.

Biomassas an energy source involves two different methods: burning vegetative material,
and burningbiogas (methane) produced by the breakdown of organic matter. Australia has
about 808 MW of electricity generation cafg in total from biomass sources. Growth in
this sector, together with wind power, i s e
in electricity generation from renewable sources to Z8®agassé a by-product of sugar
productioni has been sl in Queensland and northern NSW for 50 years for commercial
power generation, contributing about 1 per
amounts of energy are also produced by burning wood waste at some timber mills.
Vegetative matter cahe grown specifically to be burned directly to produce energy, or to
make biofuels, but this is considered environmentally and economically inefficient as it
would supplant other, more higlalue forms of agriculture such as plantation timber or food

cropgng.

Biomass asiogas entails harvesting methane from the breakdown of organic maditerial
principally human or animal sewerage, municipal rubbish, and waste from food processing.
Installed capacity for biogas electricity production in Australia was 1W il 2006, having

grown at around 78 per cent per year since 1995. Most of the capacity is at sewage treatment
plants, which are considered highly ceffiective. Methangowered generators at rubbish

tips can provide dividends to authorities to offsebgge collection and disposal costs, and if
operated at sufficient scalesuch as at the Woodlawn Bioreactor near Canberra (utilising
Sydney 6s i gaa bé eograeycially profitable. Improved waste management and
incentives are required to reduce thestcof the electricity from as high as $80/MWh
currently, to $50/MWh, in order to improve competitiveness.

Whilst the Australian Business Council for sustainable Energy (BCSE) has suggested that
biomass electricity could increase to-1(07 per cent of Australie
consumption by 2020, environmental and food equity concerns arising from a d¢rend t
increased agricultural production for bioenergy could limit this growth to utilisation of waste
agricultural and forestry products, which may require further technological advances to

31.  G. Jennings (Minister for Environment and Climate Chanlgi)i hydro delivers more green
energy to Victorians media release, Victorian Government, 2 July 2008. Available at
http://www.legislation.vic.gov.au/domino/Web_Notes/newmedia.nsf/b0222c68d27626e
2ca256¢8c001a3d2d/8cca8f68148dabldca25747a007d9d3d!OpenDqcuacentsed
7 July 2011

32, Clean Energy Council Fact Sheet, Al about Hydroelectricity 2007
http://www.google.com.au/search?q=Clean+Energy+Council+Fact+Sheet%2C+All+ab
out+Hydoelectricity&ie=utf8&oe=utF8&ag=t&rls=org.mozilla:en
GB:official&client=firefox-a, accessed 7 July 2011

33. Australian Bureau of Agricultural and Resource Econontiogrgy in Australia 2008p. cit.
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increase energy conversion efficiendyarallel development of biomagwoduction for
electricity generation, and biofuel production for petroleum substitution, would offer greater
certainty to the agricultural sector.

Methane is collected through a series of drillholes and pipes from
jCanberrads two rubbish tips and
old Woodlawn mine near Tarago. The gas is fed into small generators
i on-site, which produce about 27,500 MWh annually at the Canberra
% rubbish tipsi enough to power around 4,000 homes. When fully

/| operational, the Woodlawn operation will produce 20 MW, enough for
~* | around 20,000 homes. Sources:

~{ powerhouse: Woodlawn is transformed,
http://www.wme.com.au/categories/waste _managemt/august4 04.php
accessed 20 July 2011. Veollia Environmental Services brochure,
Woodlawn Eco-precinct,
http://www.veoliaes.com.au/Content/Documents/newsroom/woodlawn-
eco-precinct.pdf accessed 20 July 2011

Wind poweiTotal installed wind capacity in Australia is currently 817 MW, and has grown
strongly n recent years (by 109 MW iR006). This rate of growth has been assisted to a
significant degree (and greater than other 1
more advancediechnology ready status) through the setting of Mandatory Renewable

Energy Targets by Australian governments. Aba80@ GWh is generated annuaifyThe

wind energy industry suggests that anothef0Q@ MW could be installed in Australia,
providing up to 10 per cent of efficiereies@a®unt r y
improving, particularly as the size of rotors and turbines increases. The IEA anticipates that
wind power technology will continue to improve and capital costs will decline with larger
volumes of turbines produced. The trend towards laxgers and taller towers is expected to

continue, improving performance and reducing the unit cost of electricity. In the past 15 years
costs have halved to about $70/MWh and could drop to abou$$8MWh by 2020. At the

best sites, wind may become cagtipve with the cheapest fossil fuel resources by 2010.

While the generating costs in good sites are quite close to the cost of conventional
technologies, additional costs to cope with intermittency and grid integration tend to increase

the generating co®f wind substantially.

3. Auswind, O6Wind Energy in Australiad6, Fact She

http://www.google.com.au/search?hl=en&client=firefphs=aO1&rls=org.mozilla%3Aen
GB%3Aofficial&g=Clean+Energy+Council+Fact+Sheet%2C+wind&og=Clean+Energy+Coun
cil+Fact+Sheet%2C+wind&ag=f&agi=&agl=undefined&gs sm=e&gs_upl=14947Q160|
414101210101231129911.0.112 accessed 7 July 2011.

13


http://www.wme.com.au/categories/waste_managemt/august4_04.php%20accessed%2020%20July%202011
http://www.wme.com.au/categories/waste_managemt/august4_04.php%20accessed%2020%20July%202011
http://www.veoliaes.com.au/Content/Documents/newsroom/woodlawn-eco-precinct.pdf
http://www.veoliaes.com.au/Content/Documents/newsroom/woodlawn-eco-precinct.pdf
http://www.google.com.au/search?hl=en&client=firefox-a&hs=aO1&rls=org.mozilla%3Aen-GB%3Aofficial&q=Clean+Energy+Council+Fact+Sheet%2C+wind&oq=Clean+Energy+Council+Fact+Sheet%2C+wind&aq=f&aqi=&aql=undefined&gs_sm=e&gs_upl=149470l150276l0l4l4l0l2l0l0l231l299l1.0.1l2
http://www.google.com.au/search?hl=en&client=firefox-a&hs=aO1&rls=org.mozilla%3Aen-GB%3Aofficial&q=Clean+Energy+Council+Fact+Sheet%2C+wind&oq=Clean+Energy+Council+Fact+Sheet%2C+wind&aq=f&aqi=&aql=undefined&gs_sm=e&gs_upl=149470l150276l0l4l4l0l2l0l0l231l299l1.0.1l2
http://www.google.com.au/search?hl=en&client=firefox-a&hs=aO1&rls=org.mozilla%3Aen-GB%3Aofficial&q=Clean+Energy+Council+Fact+Sheet%2C+wind&oq=Clean+Energy+Council+Fact+Sheet%2C+wind&aq=f&aqi=&aql=undefined&gs_sm=e&gs_upl=149470l150276l0l4l4l0l2l0l0l231l299l1.0.1l2
http://www.google.com.au/search?hl=en&client=firefox-a&hs=aO1&rls=org.mozilla%3Aen-GB%3Aofficial&q=Clean+Energy+Council+Fact+Sheet%2C+wind&oq=Clean+Energy+Council+Fact+Sheet%2C+wind&aq=f&aqi=&aql=undefined&gs_sm=e&gs_upl=149470l150276l0l4l4l0l2l0l0l231l299l1.0.1l2

The potential for reewable energy to provide baseload power in Australia

The 140MW Woolnorth wind farm in NE Tasmania is
Australiads | argest wind pc
and producing enough electricity for around 70,000
homes.

Source: Woolnorth Windfarm
http://www.roaring40s.com.au/article.php?Doo=ContentVi
ew&id=296

Image:
http://www.circularhead.tas.gov.au/site/page.cfm?u=476

Australia is not particularly wekndowed with sites for wind farms, and development tends

to be restricted to southern regions, which is where the windiest locations are. In addition, the
ONI MBY6 (6not i n my bseddoyepropgoda)s foswind thhrmemteto h a s
proceed. The risk of bird deaths has affected the final siting of some projects, and required
special monitoring and mitigation procedures which appear to have reduced the general level
of concern.

Wind can contribte to small community offirid systems, as well as supporting remote- end
of-grid consumers by improving stability and reducing transmission Téesultimate share

of the national electricity market supplied by windaybe constr ai ned by
intemittence, site limitations, and issues related to grid connection. Options for managing
intermittency of power supply include reserve power plants; interconnection with other grid
inputs; distributed generation; matching demand to the intermittent swppdyglectricity
storage. As the market penetration by wind power increases, the impacts of intermittency on
the NEM will become more apparent and will require technical compensation. These costs
are likely to be imposed on the wind generator, therebyasarg the cost of wind energy,
reducing its competitiveness against other less intermittent sources, and ultimately capping
wi ndbs maTherefdre, grawth beyand about 20 per cent of the market share may
require major advances in management ofitisted and intermittent power sources, such as
developing reliable wind forecasting ability to ppt the effects of intermittency of
supply; and by making the grid more flexible in its receipt of intermittent p&iie latter
approach, i . e. devel opment of an 6intellig
intermittent renewable energy sources such as solar and tidal.

Photovoltaiq(PV) technology transforms the energy of sunlight (solar photons) into direct
eledric current using semiconductor materials. The basic unit of this technology is a PV or
solar cell. When photons enter the PV cell, electrons in the semiconductor material are freed,
generating direct electric current. Solar cells are made from a vafietaterials and come

in different designs. The most important PV cells are crystalline silicon and thin films,
including amorphous silicoff.

35, See CSI RO6s Wi nd Emtp:/iwaw.csiiR.autseiemae/pd2k?.inaldcdassed
on 25 August 2008; and CSIR®Gtelligent grid for Aus r al i ads f ut,umeda power
release, 19 August 2008itp://www.csiro.au/news/IntelligentGridCluster.htralccessed on 7
July 2011.

36. A. Joll ey, 0 T ec hnolgyglitnate chdngerworkirig Paper N@derntre e Ener
for Strategic Economic Studies, Victoria University, March 2006.
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The amount of energy that can be produced is directly dependent on the intensity of available
sunshine and the alegat which solar PV cells are oriented. PV cells are still capable of
producing electricity even in temperate winter conditions and during cloudy weather, albeit at
a reduced rate. Obviously, however, the cells will not work at night. Most current
photovdtaic power is decentralised, being generated on rooftops to power individual
buildings.

PV is an attractive option in areas of abundant sunshine such as in Australia, and may play a
useful role in meeting peak consumption associated with the use ohditioning systems.

In remote areas it can also be a afétctive option. Mostnonrooftop Australian
installations are imemote areas (such as Kings Canyon and Hermannsburg in the NT), where
peak output tends to match peak demand owing to the use adraitioning in the hotter

parts of the day.

Installed capacity grew by 24 per cent in 2005 to 60.6 MWost of this (86 per cent) is
off-grid, but growth in grieconnected installations is very strong (154 per cent in 2005). PV
rebates and feeid tariff developments are likely to sustain and possibly strengthen this
trend. The current rebate of $8000 for PV installatiortsoimes, schools and community use
buildings under current and previous versions of the Australian Government Solar Homes
and Commnities Planhas substantially increased the number of sswlle installations,
even though the payback period with the rebate-2QLQears.

PV is reliable and low maintenance, albeit predictably-cmmstant over a 2hour cycle. It is
readily adaptable and scaleable, from stalwhe (offgrid) systems where baalp is
generally required commonly in the form of a diesel generator; tecgnoected systems
whereexcess electricity production can be sold into the grid, and there is no requirement for
storage or backip systems; and utilitgcale systems.

PV installations are almost all reafounted systems at the domestic scale. However, the
longer term commercial potential is considerable provided capital cost can be brought down.
In California, 250 MW of PV panels are being installed on six million square metres of
industrial roof space, in a $1 billion initiative announced in March 200&hridogies are

also under development to better integrate PV into building architecture, including modular
rooftop PV systems, the development of a solar PV rooftop tile, and solar PV wall Fanels.

Whilst it is unlikely that PV technology for oefbof utility-scale generation will become
price.competitive for another twenty yearssignificant technological advances are being
made: A grid-connected 100 MW CPV (Concentrated Photo Voltaics) plant is being
developed in Victoria. Preommercial development workas been completed. A 2MW
demonstration plant is to be constructed by mid 2013; construction of the full scale 100 MW
plant near Mildura is expected to begin in 2dBland take around 2 years. The project is

37. Australian Business Council for Sustainable Ene@jgan Energy Report 2007.

38. N. S. Lewi ssEféd FPawavae CodS@encevdin3H5, § ebrihs @@7,
p. 798.

39. Australian ParliamenRenewable Poweop. cit.
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being funded by The Victorian and Federal goveents'® Manufacturing cost of PV cells

wi || be brought down by advances such as 0
silicon required is substantially reducddanufacturing cost of PV cells will be brought

down by advances sucdh, awhedrSeL | tVIER drmaclhmtol ofgy
substantially reducett.

Future policy frameworks including subsidies, and variations in the level ofirfetadiffs,

could significantly influence the uptake of PV and the size of its contribution to the NEM. If
technology delivers a substantial reduction in capital cost, then PV may develop into a
significant contender for generation into the grid, particularly from builditegrated
installations.

Sol ar Systemsb®6 NE Victori
heliostats (mirrors) to concentrate solar radiation by a
factor of 500, onto high-efficiency PV cells developed by
Boeing for satellite energy systems. The output is 1500
times the power output of the same area of a
conventional PV cell. The cost of power generated is
expected to be ¥ of that from traditional PV technology.
Solar Systems, Factsheet:

Solar Systems fact sheet, Concentrated PV Dish System
Overview, http://solarsystems.com.au/technology-2/cpv-
systems-overview/ accessed 20 July 2011.

Solar_thermal technologi€STT) concentrate solar radiation on to a receiver, wheir® it
converted into heatvhich can theroil a liquid to produce steato drive turbines. STT is
suitable for lage-scale electricity generation and there are a number of technology options
available, although they are at different stages of deployment and development. STT can be
split into two groups:

A zero to low concentration, low temperature solar thermal techieslgeeTable 1), such
assolar chimneys, solar ponds and solar water heaters; and

A high concentration, high temperature solar thermal technologésTéble 2), such as
parabolic troughs, central receivers (Opowi
and multitower solar arrays.

Solar thermal energy is emerging as a-coshpetitive sorce of electrical power, especially
because it can combine beneficially with current energy sources such as coal power
generation. In 2002, costs wereegicted to become equal to cédaéd generationonce

40. Energy Sector Development Division, Victorian Department of Primary Industry,
http://new.dpi.vic.gov.au/energy/projegtssearckdevelopment/solar/solaystems
accessed 7 July 2011

41 Origin Energy and US company Micron Technology Inc formed a 50:50 partnership in
2010 to pursue commercial development of &NU-developed sliver technology
concepthttp://www.transformsolar.coméaccessed 7 July 2011
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global capacity reaches|000 MW, by around 201¥The | EA6s current

to achieve costompetitiveness is more conservative, at 2030.

est

Tablel: Brief description of some zero to low concentration, low temperature solar thermal technologies

Solar Chimney

T h e sradiaiios heats air under a large glass collector zone (around 1 km diameter), which then
rises through | arge turbines at the base of a
Australian proposal would see hot air passing through 32 x 6.25 MW pressure staged turbines to
generate electricity.

See EnviroMission, The Project, http://www.enviromission.com.au/project/project.htm, accessed on
16 May 2008.

Solar Pond

A body of saline water several metres deep with increasing salinity with depth. Solar radiation
entering the pond is stored as heat in the lower layer. Heat up to 80°C is available on a 24 hour
basis for low-grade (40 7 80°C) heating applications at $10 and $15/GJ. Possible applications
include agriculture, aquaculture, water desalination and salt production. It is not suited to electricity
generation, but can reduce electricity demand.

Solar water heaters

Heat-absorbing flat panels or tubes capture solar radiation and transfer the heat by circulating water
to a storage tank. Mostly used for domestic and small-scale industrial use, with fixed collectors
mounted on the roof, sometimes on frames to place the collector perpendicular to the incidence
angle of winter midday sunlight for maximum efficiency. Not applicable to electricity generation, but

reduces electricity demand.

Table2: Brief description of some high concentration, high temperature solar thermal technologies

Parabolic trough

Constructed as a long parabolic mirrors which concentrate and reflect sunlight onto a horizontal
tube. Fluid running through the tube picks up heat and is used to heat steam in a standard turbine
generator. The mirrors can be rotated to track the sun on a daily or seasonal basis. Thermal
efficiency for heating the fluid ranges from 60-80 per cent. Overall efficiency from collector to grid is
about 15 per cent, similar to Photovoltaic Cells.

Solar power tower

An array of flat, movable mirrors (heliostats) focuses sunlight upon a collector tower, in which a
substance is heated. Water was originally used for immediate power generation via a steam turbine,
which did not allow for power generation when the sun was not shining. Other media can be used to
store heat from which steam can be generated to run turbines at any time of day: purified graphite is
being used in the 10 MW power plant in Cloncurry; liquid sodium (sodium is a metal with a high heat
capacity) has also been successfully demonstrated as a heat storage medium.

Parabolic dish

A curved mirror which concentrates sunlight on to a focal point where the temperature may reach up
to 3,000°C. This heat can be used to generate electricity or make hydrogen fuel.

42. Declaration of BerlinExpanding the Market for Concentrating Solar Pow20 June 2002

http://www.solasthermie.org/internationales/documents/Beflaclaration.pdf accessedon
7 July 2011
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Fresnel reflector

A series of long, narrow, shallow-curvature or flat mirrors focus light onto one or more linear
receivers positioned above the mirrors. On top of the receiver a small parabolic mirror can be
attached for further focusing the light. Cost is lower than trough and dish concepts because a
receiver is shared between several mirrors; there is just one axis for tracking; and as the receiver is
stationary, fluid couplings are not required. The mirrors also do not need to support the receiver, so
they are structurally simpler.

Multi Tower Solar Array

Several tower-mounted receivers stand close together so that the surrounding heliostat fields partly
overlap. In some parts of the total heliostat field the mirrors are alternately directed to different
aiming points on different towers, so that radiation is collected which would usually remain unused
by a conventional solar tower system due to mutual blocking of the heliostats.

In 2004, electricity generation from solar thermal power cost between US$85 and $135 per
MWh, which is two to three times higher than the cost of conventional energy sources.
Barriers to uptake include theigh upfront cost of equipment to collect and rtcsolar
energy, theneed for large collecting areas, and intermittence. The capacity to generate high
temperatures provides the potential for hydrogen production as a method for storing energy
for use in producing continuous energy supply; hydrogen ai@ades the possibility for
energy use beyond the stationary electricity sector (see discussion on energy storage below).

Whilst the intermittency of solar energy (i.e. PV and solar thermal) is sometimes used as a
basis to argue against its potential fapglanting energy from hydrocarbons, it is worth
noting that in summer the diurnal fluctuation in solar power output approximately parallels
demand associated with airconditioningemand tends to occur later in the day due to
temperature peaking in mid tate afternoon as well as the concurrent demand of office and
home airconditioning systems in the late afternoon and early evening as workers return home.

Current costof solar thermal systemare the lowest of any solar technology, but more
expensive han hydro, wind and biomass. By 2015, technological improvements should
reduce cost to USRMWh, which would make it one of the lowest cost renewables able to
service peak load and, provided adequate thermal energy storage systems can be developed,
baselad power deman®f.

Ocean energgan be tapped from a range of sources including tides, waves, marine currents,
thermal layering, and salt gradiefitsSystems to harness this energy are largely at the
research and developmd®&D) and precommercial stage of development. France, Canada,
China, Russia and Norway operate tidal power stations, and there is a commercial wave
power plant in the United Kingdom. The IEA estimates that by 2030 world ocean energy
generation could amount &bout 12 TWh, or 0.1 per cent of total energy generation. Only
two of these sources are being investigated for development in Aukttialés and waves.

Tidal powerincurs relatively high capital costs, and construction times can be several years
for larger projects. In addition, operation is intermittent with a relatively low load factor (22

43, L. Wibberely, Synergies with renewables: Concentrating solar thern@RC for Coal in
Sustainable Development, Pullenvale, 2006, p. 4,
http://www.ccsd.biz/publications/files/TA/ACFAFBFE.pdiccessedn 7 July 2011

44.  A. Jolley,op. cit.
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35 per cent). Thus, although plant life can be very long, the high capital costs and long
construction time have deterred the construction of large tidal scheimefnVironmental
impacts from the large scale excavations required during construction are a further
impediment, as is the potential for significant and possibly permanent alteration ofnestuar
tidal dynamics.

Tidal energy was considered for the Derlsgion of WA. However, economic and
environmental considerations made a-fyaesl power station a more cost effective option in
that casé® Tidal energy from a 5 MW tidal plant suited to local electricity requirements
would have met 50 per cent of annual mMand with the balance from diesel powered
generators; the estimated cost of power was $410/MWh.

A tidal range of at least 5 m is considered necessary fordage@ | e i nst al |l ati on
best tidal energy resources are in the Kimberley region. Howgueen the high costs of
transmitting the power to faaway metropolitan regions, the resource may only be suitable

for local demand. A low probability role could be to generate hydrogen, if a hydbagewdl

economy were to develop in the future.

Wave errgy depends on wind speed, the distance over wtiiehwind interacts with the

water, and the duration of time for whittie windblows. Wave energy systems do not make

use of waves as such, but rather the swell that occurs in deeper water or which can be
captured by coastal installations. Currently in the world, only two wave power installations
are operating as commerciaisting installations. The fact that there are many different
concepts under investigation in various countries (e.g. Scotland, ypréuggests that the

best technology has not yet been identifiétie technology is relatively straightforward
compared to most other renewable energy technologies, and is easily scaled up to match
supply opportunities. An added bonus is the capabilitgdg@enerate desalinated water.
Projected costs into the long term are the lowest amongst the renewables. Reliability is
relatively high, although predictable periods of lower output would be associated with calm
ocean conditions.

Wave power worldwide is potentially large resource but is still in the R&D stage. It appears

to have a fairly low priority for commercialisation or for research. Nevertheless, wave power
holds promise for offshore installations with minimal environmental impact, and is al#e to b
sited close to coastal settlements with little effect on access to or utilisation of the adjacent
coast or sea. If the technology were to develop faster than anticipated, Australia has suitable
coastline conditions in its southern regions, and localn@olgical expertise. Two systems
currently under trial in Australia are described in the boxes.

45. Hydro TasmaniaStudyof tidal energy technologies for Derbyeport prepared for
Sustainable Energy Development Office, Govt. of W.A., Perth, December 2001,
viewed 21July 2011,
http://web.archive.org/web/20050530085634/http://www1.sedo.energy.wa.gov.au/uploads/Der
by%20Tidal%20Energy%20Study%2020Full%20Report_22.pdf
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The motion of underwater balloons is used to pump seawater
ashore under pressure to produce electricity via a turbine, or for
desalination. The system is modular, with each balloon capable of
generating 180 kW. A o6wave farn
would cover the area of 2 football fields and produce an average of
20 MW and about 50 GL of fresh water. Testing of a commercial-
scale plant At Garden Island WA has verified modelled water
pressure output. A grid-connected commercial plant is in the
detailed design phase and construction is planned for 2012.
http://www.carnegiewave.com/files/asx-
announcements/2011/110705 CETO%203%20Results%20and%2

OFN.pdf and

http://www.carnegiecorp.com.au/files/press/2007/ElectricalConnecti
on A Freshwater Solution 070904 2.pdf, accessed 7 July 2011

OceanlLinx is a moored system in which wave energy is focussed in
__aconfined chamber; the resulting airflow passes through a turbine
2 to create electricity. Prototypes have been developed and tested at
Port Kembla, culminating in deployment of a 1/3 scale 2.5 MW unit
in 2010 which demonstrated the viability of the full-scale design.
Recent work has focussed on improved turbine design.
http://www.oceanlinx.com/ accessed 7 July 2011.

Geothermaknergy sources originate from thermal energy trapped beneath and within the
solid crust of the Earth. Theoretically, the total accessible resource base of geothermal energy
to adepth of 5 km is over one million terawggars (TWa), but only an extremely small
fraction of this total could ever be captured, even with advanced techffflogy.

Geothermal energy for electricity generation is cheap whereeéssy accessiblebut that

tends to be in places that are volcanically active. In the longer term, tagemigermal

energy by pumping water into subterranean hot fractured rocks may become a useful source
of renewable energy with widewailability. The IEA suggests thi is possible, with the full
exploitation of opportunities, that geothermal energy could supply 5 per cent of global
electricity by 2020.

There are two forms of geothermal energy resources in Austrgéothermal aquifer and
geot her mal rdéohcoktd .f ractured

Geothermal aquiferAustralia has very limited geothermal aquifer resouiicesilike the
volcanically active regions of New Zealand which have been tapped as a source of
geothermal energy for electricity generation since the late 1950s and cupmenige an

46. A. Jolley,op. cit
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installed capacity of 444 MWe or 7 per cent of New Zealand's total installed capacity for
electricity generation of about 5,000 MWe.

Australiabds best resources of conventional C
region, where man bores discharge water at high enough temperatures to operate heat
engines. Two smalcale power plants utilise low temperature hot water to generate
electricity for remote settlements, and a small geothermal power station is operating as a
demonstrationin Birdsville. As the resource is available only in central Australia it can

supply only the very few towns located near the resource, where the total demand for power

is about 20 MW. Present capacity is 18 MW and annual production about 43*Mwh.

Hot fradured rock(HFR) is rock (normally granite) at temperatures of 250°C and higher,
which occurs at depths of 3 to 5 km. This represents an enormous energy resource which can
be tapped by pumping water into the HFR and extracting it as high pressure steam to
conventional steam turbine power equipment. The technology holds the promise of providing
continuous power output. Preliminary work by Geoscience Australia suggesiteraial

HFR resource equival ent to 20 O0OePelsyabautr s of
1.2billion petajoules’®

To develop this resource, boreholes need to be drilled into the HFR to facilitate the injection

of water, which passes through fractures in the rock to extraction boreholes and returns to the
surface as steafl.Suc@ss primarily depends on the ability to drill deep into hot hard rock.
Current drilling technology limits geothermal extraction to 5 kmat this depth sufficiently

high temperatures to make the process econo
alove average temperature. Future development of drilling and extraction technologies is
expected to expand the available geothermal resource.

47. Redding Energy Managemenith RMIT Energy and Environmental Management
Group 2% renewables target in power supplies: potential for Australian capacity to
expand to meet the targeeport prepared for Australian Greenhouse Office, Canberra,
January 1999, viewed 21 July 201Http://pandora.nla.gov.au/pan/23324/20020129
0000/www.greenhouse.gov.au/markets/2percent_ren/expert/exec.pdf

48. M. Somerville, D. WybornP. N. Chopra, S. S. Rahman, D. Estrella and T. van der Meulen,
O0Hot Dry RocKks Abstaias Erneigy Resegrch 8rnd Delvglapment Corporation
Report94/243 1994.

49. In testing, Geodynamics Pty Ltd has reported that the expécyeftactured rock at target
depth is in fact water saturated. Hence the titot Fractured Rodkis now being used.
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Heat
*\ exchanger

Hot Fractured Rock technology is at the experimental stage
with no commercial schemes anywhere in the world.
Successful development of the main areas in remote Qld
and SA will require large-scale engineering and major
infrastructure development to link it to the grid. There is also
some potential in the Hunter Valley which is well located to
tap into the existing electricity grid.

Image source:
http://www.eepe.murdoch.edu.au/resources/info/Res/geoth
ermal/index.html, accessed 7 July 2011

Twenty-seven companies are exploring for geothermal energy resources over about
149000sgkm in Australia. The Energy Supply Association of Australia suggests that 6.8 per
cent (~ 5.5 GWe)loadopbwerAcautdtcama framagéotherrbaaresesiiog

2030, at $50$60 per MWh. Without the pricing of G@missions, this is considerably more
expensive that many forms of conventional energy generation from coal and natural gas.
Current drilling limitations may need to be overcome to allow widely distributed
implementation. Remoteness of currently viable geothermal resources will require substantial
investment in infrastructure to extend the grid, and will incur significant triasgm losses

using conventional Jphase AC high tension linekligh voltagedirect currenttransmission

lines result in less energy loss, and are calculated to limit energy losses between remote NE
South Australia and Port Augusta or Brisbane to aroungeb cent to 8 per cent
respectively® Alternatively, hydrogen generation on site may be a moreeftesttive option

to transport power to major centres. These additional costs may affect the market
competitiveness of this technology.

50. Geodynamics LtdAnnual Repor2007

http://www.geodynames.com.au/IRM/Company/ShowPage.aspx?CPID=146kcessed on
24 July 2008.

22


http://www.eepe.murdoch.edu.au/resources/info/Res/geothermal/index.html
http://www.eepe.murdoch.edu.au/resources/info/Res/geothermal/index.html
http://www.geodynamics.com.au/IRM/Company/ShowPage.aspx?CPID=1464

The potential for renewable energy to provide baseload power in Australia

Table3: Summary of key featuries alternative renewable resources for electricity generation

Capacity MW Cost $IMWRH
Renewable type | Reliability L Stage of development Constraints
Now|202030| -2"9 | Now Projected
term
Biomass High 458| ~ 5500 _ 80 50 Mature; further development 8nproved waste CGo, emissions. Distributed waste sources. Possible impag
management needed to cut cost food production.
Wind !_ow, . 817! 10000 + 70 4045 Established; upscaling in progress is bringing Intgrmlttency. Good.W|ntim|ted to southern Aust. NIMBY
intermittent down costs resistance to new wind farm proposals
. . . . . High capital cost. Currentlpest suited to remote
. Mediumbhigh, _ 180 s Small scale installations. R&D in progress to . : L .
Photovoltaics intermittent 61 500 + 220 7 increase efficiency, reduce costs and to upscale installations. Growth dependence on subsidies. Requires
large land area.
R&D with some demonstration installations. Early stage of development. Potential le energy
Solar them.‘a' Medlumhlgh, Low| ?~500| ++ 135 60 _Development in part driven b_y conjoined source including hydrogen generation. Requires large lang
concentration intermittent 185 installations at coal plants to improve coal area
efficiency )
Solar tower Mediumbhigh, 0 50 + s s One small experimentaistallation overseas. Firs|{ Very early stage of development. Probably resource and
intermittent Australian installation at planning stage capitakintensive. Requires large land area.
Several smalbcale installations overseas. Require relatively deep water close to shore. Desalination
Wave Mediumhigh 0 | ~550 + 50 50 Agreements in place for some small (upscaleab quire T y P ’
. . potential is a bonus.
installations here.
High Mature smaliscale. Large scale at concent stage Extreme tides limited to N & NE Australia, remote from
Tidal mign, 0 ? +++ 410 ? - -arg . P 9 developed areas. High capital cost & long time to build.
intermittent (e.g. Severestuary UK) but nothing here ; . . -
Environmental impact. Potential for hydrogen generation.
Geothermal . 1.40 - oo .
aquifer High 20| ~40 = - 1.401.70 | Mature very small scale. No significant prospects for upscaling in Australia.
1.70
Early stage of development. Technical (drilling) challengeg
dGreorthekrmal hot high 0? | 5500 ++:+ 56% 50-60 At resource definition and demonstration stage | High potential areas are remote. Potential very laigmle
y energy source including hydrogen generation
Notes: ’Australiads total install ed powe r’Fogempansant doad $280¢ ceanaceal witly carbom captlred $D5wms$3541gad 0 0 MW

with carbon capture $584; nuclear $4665 (Electric Power Research Institute. Review and comparison of recent studies for Australian electricity generation plaonirigr Re
UMPNER. 21 November 2008y mbol s wused in o6Long term capacityo6 col um30;+ indicatempdobabla further grondhpra c i t y
capacity beyond 2030the more + the higher the prospects.
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Cost of electricity from renewables versus coal and gas

Overall, the cost of electricity generated from renewables is significantly higher than for coal
and gas. However this differential is markedly less when renewablesmparmea with the

cost of coal and gasased generation including carbon capture stochge(Table 3; Figure

4).

Figured: Cost ranges for electricigggneration from various sources

Source: AREVA, Submission to the Garnaut Climate Change Revie\2008,
http://www.garnautreview.org.au/CA25734E0016A131/WebObj/D0851413GeneralSubmission
AREVAAustralia/$File/D08%2051413%20%20General%20Submission%20
%20AREVA%20Australia.pdfaccessed o2l July 2011

Recent predictions suggestathithe adoption of clean coal technology would see the cost of
wholesale electricity rise by 50 per cent and the price to consumers go up by a°jTémer.
cost of power from biomass, wind and wave power is already within the range of costs for
coal geneation with carbon capture arsforage and technological advances and upscaling
promise to reduce these costs further.

51. John Arlidge, Peter Gill and Keith OrchisoRpwering Australia: the business of electricity
supply 200708, Focus Publishing, Woolloomooloo, 2007.
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