

















The potential for renewable energy to provide baseload power in Australia

Current drilling technology limits geothermal extraction to 5 km — at this depth sufficiently
high temperatures to make the process economically feasible occur only in ‘hot spots’ of
above average temperature. Future development of drilling and extraction technologies is
expected to expand the available geothermal resource.

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.rise.org.au/info/Res/geothermal/index.html

Twenty-seven companies are exploring for geothermal energy resources over about
149 000 sg km in Australia. The Energy Supply Association of Australia suggests that 6.8 per
cent (~ 5.5 GWe) of Australia’s base-load power could come from geothermal resources by
2030, at $50-3$60 per MWh. Without the pricing of CO, emissions, 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 transmission losses
using conventional 3-phase AC high tension lines. High voltage direct current transmission
lines result in less energy loss, and are calculated to limit energy losses between remote NE
South Australia and Port Augusta or Brisbane to around 5 per cent to 8 per cent
respectively.® Alternatively, hydrogen generation on site may be a more cost-effective option
to transport power to major centres. These additional costs may affect the market
competitiveness of this technology.

50. Geodynamics Ltd, Annual Report 2007
http://www.geodynamics.com.au/IRM/Company/ShowPage.aspx?CPID=1464 , accessed on
24 July 2008.
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Table 3: Summary of key features for alternative renewable resources for electricity generation

Capacity MW* Cost $/MWh?
Renewable type Reliability L Stage of development Constraints
Now|2020-30| -°"9 | Now Projected
term
Biomass High 458 | ~ 5500 - 80 50 Mature; further development & improved waste CO, emissions. Distributed waste sources. Possible impact on
management needed to cut cost food production.
Wind I__ow, _ 817 | 10000 + 70 40-45 Established; upscaling in progress is bringing Intt_armlttency. Good_ wind limited to southern Aust. NIMBY
intermittent down costs resistance to new wind farm proposals
P, . . . . High capital cost. Currently best suited to remote
Photovoltaics Medlur_n high, 61 | ~500 + 180 ? _Small scale_lqstallatlons. R&D in progress to installations. Growth dependence on subsidies. Requires
intermittent 220 increase efficiency, reduce costs and to upscale
large land area.
R&D with some demonstration installations. Early stage of development. Potential large-scale ener:
Solar thermal Medium-high, 135- Development in part driven by conjoined y stage of P ' . ge-s 9y
- - - Low| ?~500 ++ 60 - . . source including hydrogen generation. Requires large land
concentration intermittent 185 installations at coal plants to improve coal area
efficiency '
Medium-high, One small experimental installation overseas. First | Very early stage of development. Probably resource and
Solar tower - - 0 50 + ? ? P . . 70 : :
intermittent Australian installation at planning stage capital-intensive. Requires large land area.
Several small-scale installations overseas. Require relatively deep water close to shore. Desalination
Wave Medium-high 0 ~ 550 + 50 50 Agreements in place for some small (upscaleable) quire re y deep '
. . potential is a bonus.
installations here.
Hiah Mature small-scale. Larae scale at concent stade Extreme tides limited to N & NE Australia, remote from
Tidal High, 0 ? +++ | 410 ? - -arg . ptstag developed areas. High capital cost & long time to build.
intermittent (e.g. Severn estuary UK) but nothing here : - . -
Environmental impact. Potential for hydrogen generation.
Geothermal . 1.40 . L .
aquifer High 20 ~40 = - 1.40-1.70 | Mature very small scale. No significant prospects for upscaling in Australia.
1.70
i Early stage of development. Technical (drilling) challenges.
dGreoﬁg(e;Lmal hot high 0? | 5500 +++++ ‘Z% 50-60 At resource definition and demonstration stage High potential areas are remote. Potential very large-scale
y energy source including hydrogen generation

Notes: 'Australia’s total installed power generation capacity in 2006 was 51,000 MW; * For comparison, coal $28-40; clean coal with carbon capture $52-105; gas $37-54; gas
with carbon capture $52-94; nuclear $40-65 (Electric Power Research Institute. Review and comparison of recent studies for Australian electricity generation planning: Report for
UMPNER. 21 November 2006) Symbols used in ‘Long term capacity’ column: = indicates capacity will stay about the same as 2020-30; + indicates probable further growth in
capacity beyond 2030 —the 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 renewables are compared with the

cost of coal and gas-based generation including carbon capture and storage (Table 3; Figure
4).

Figure 4: Cost ranges for electricity generation from various sources

$120-
Coal — supercrifical Solar PV
pulvenzad coal Renewsbles
S combustion + CCS
$1104
. Ceal —intagraded
gasification combined

$100- cycle + CC5 Gas —combined
— eIy r aycle gas turbine
g + CCs
s 3909
g Sclar tharmal /
3] Biomass
s =
2 380
@
=2
m 201
= 570 Muc b=ar
7 L
i -
% 360 Gas — combined
o 60 cycle gas furbine High capacity
LE] factar wind /
B il - small hiydra
2 350
2
3 . Ceal

$40 I

$30 |

B

Muclzar costes are s=itled down costs for new plant
CCS estimates are indicative only
Renewables have large rarges and substantial overlaps

Source: AREVA, Submission to the Garnaut Climate Change Review, 2008,
http://www.garnautreview.org.au/CA25734E0016A131/WebObj/D0851413GeneralSubmission-
AREVAAustralia/$File/D08%2051413%20%20General%20Submission%20-
%20AREVA%20Australia.pdf, accessed on 16 September 2008.

Recent predictions suggest that the 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 quarter.”* The
cost of power from biomass, wind and wave power is already within the range of costs for
coal generation with carbon capture and storage, and technological advances and upscaling
promise to reduce these costs further.

51. John Arlidge, Peter Gill and Keith Orchison, Powering Australia: the business of electricity
supply 2007-08, Focus Publishing, Woolloomooloo, 2007.
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The argument that renewable energy will necessarily cost more is weaker when the costs of
reducing carbon emissions, and the advances and technological improvements in alternative
energy generation are taken into account. Brad Page, CEO of the Energy Supply Association
of Australia suggests: ‘If you were to have a 20 per cent renewable target by 2020 across the
board for the whole of Australia, then you're probably going to add somewhere around
10 per cent to the production cost of electricity, so that would translate into, maybe, 4-6 per
cent at the retail end.” This increase would be above ‘business as usual’ coal generation costs
without taking account of increased costs to the consumer of carbon capture and storage.

Limitations of renewable energy as suitable sources of reliable power

Critics of renewable energy as sources for baseload power base their point of view on cost,
scale, location, and continuity of power output. The issues of cost and scale are interlinked, as
unit costs will fall as the scale of installation grows. Research and development are focussing
not only on technical issues such as the efficiency of power production, but also on the type
and amount of material used in constructing the technology, which will bring down costs,
especially in the photovoltaic field.

As technical design improves and operational experience is gained, the scale of installations
is increasing. This is best evident in wind technology, where in the last decade generating
capacity per turbine has roughly doubled to 3 MW linked to an increase in rotor diameter of
66 m, and the average aggregate capacity of wind farms has increased from typically around
50 MW to up to 140 MW (e.g. at the Woolnorth wind farm in Tasmania). Upscaling is
anticipated across all renewable sources except geothermal aquifers. Dependent upon
adequate solutions being identified for the drilling problems related to hot fractured rocks,
there appear to be few impediments to the rapid expansion of this technology. Installations
for several technologies are modular (e.g. wave systems, solar thermal, PV and wind), which
means that upscaling is readily achievable.

The location and distribution of several renewable resources are relatively remote from main
areas of energy use and from the NEM grid. However, systems can be constructed to solve
this problem in much the same way that railways have been constructed to bring coal from
remote mine sites and gas is piped from central Australia to the eastern seaboard.
Developments suited to renewables are extensions to the grid, and conversion of thermal
energy into transportable energy such as hydrogen transmission by pipeline. The range of
renewables available in combination present a widely distributed number of feed-in points,
such that wind farms along the southern coast, ocean power systems near main coastal
centres, strategically positioned solar plants, and biomass plants in major agricultural areas
can all feed into the common NEM grid.

This same distributed feed-in strategy from a variety of technologies positioned in different
geographic areas experiencing different weather patterns at a point in time serves to moderate
fluctuations in power inputs and reduce the strength of the argument that renewable power
lacks certainty of supply and continuity. Indeed, some renewable sources of energy
generation such as biomass and geothermal energy (also ocean thermal layering which is not
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being developed in Australia), are based on continuous inputs to generate power.
Development of these technologies could substantially offset the limitations posed by those
renewables which are based on discontinuous inputs, i.e. sunlight, wind, wave motion and
tides.

There is however an issue with concentration of intermittent sources of supply on the
network. Provided wind or any other intermittent source is disbursed across the grid the
current system can cope with significantly more than is currently produced. Some problems
can occur when there is too much concentration in one part of the grid. South Australia is one
area where there is a very good wind resource but a relatively low load, which can produce
bottlenecks into the national grid. Potential issues in this part of the grid have been subject to
studies by the Australian and South Australian governments and have been effectively
managed by NEMMCO without any adverse impacts on the NEM.

Overall, there is no theoretical impediment to the use of renewable energy as a reliable power
source. In practical terms renewable energy will not be available in sufficient quantity until
its stage of development matures, the issue of scale is addressed, and pricing is acceptable.
This analysis indicates that renewables could provide 20-30 per cent of Australia’s electricity
capacity by 2030, dependent upon adequate support for continued research, development and
demonstration. Pricing support may prove necessary to achieve targets. However it is worth
noting that projections for the costs of electricity from ‘clean coal’ and gas which incorporate
carbon capture are in the range of $52-$105 per MWh, which make the cost of energy from
renewables relatively competitive (Table 3). The Intergovernmental Panel on Climate Change
(IPCC) suggests that all renewable energy sources except solar electricity are already less
expensive than the projected cost of coal-fired electricity incorporating capture and
geosequestration of CO, emissions.> It is worth noting that carbon capture technology may
not be demonstrated as a proven technology for about a decade, by which time significant
advances are likely to have been made in the demonstration, application and upscaling of
several renewable energy technologies.

Solutions to the intermittency issue

As mentioned above, several renewable energy sources depend on harnessing power from
intermittent energy sources such as sunshine, wind and waves. Continuity of supply can be
provided through:

- amix of generating capacities to reduce reliance on daylight hours, sun, wind , or waves;

- incorporation of renewables in the mix which are not subject to intermittent energy, i.e.
biomass and geothermal hot fractured rock;

52. IPCC, “Carbon dioxide capture and storage’, op. Cit.
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- back-up generation utilising sources which can respond quickly to demand fluctuations
and which are less polluting in CO, and other greenhouse gases than conventional coal
technologies; and

. technologies to store excess energy to be used when primary generation does not match
demand.

Technology mix: a range of possible mixes has been advanced incorporating renewable
energy to combat increasing CO, emissions. For example, one model suggests that biofuels
(28 per cent), wind (20 per cent), solar (5 per cent), and hydro (7 per cent) could supplement
gas (30 per cent), black coal (9 per cent) and oil (1 per cent) to produce all of Australia’s
electricity needs by 2040.>® This model provides for the intermittency being offset by
retention of significant gas generation in preference to coal, owing to its lower greenhouse
gas emissions. As other renewable technologies are proven, such as geothermal hot dry rock
energy, these can replace fossil fuel inputs into the energy mix.

Energy storage: Concern over the ability of renewables to displace significant generating
capacity from conventional sources is based on the inherently intermittent nature of wind and
solar, and their apparent limited ability to provide continuous power and system support
requirements. Contributions to the grid at lower levels of penetration are not an issue:
intermittent renewable energy sources are presently connected into the UK power system
without significant difficulty and with no requirement for energy storage, and this is expected
to extend to beyond 10 per cent of the total electrical energy mix being derived from
renewables.

Economic benefits from higher levels of penetration of renewables in the energy sector could
be constrained by the volatile nature of primary supply availability, but energy storage can
address this problem.>® Many technologies have been developed with the aim of offering
storage, but to date only pumped hydro schemes have achieved significant penetration.
Growth in hydro is constrained by geography and cost. Emerging technologies do not share
the geographical constraints and their potential cost is lower than pumped hydro.

Energy storage devices can be grouped as:*°

53. H. Saddler, M. Diesendorf and R. Denniss, A clean energy future for Australia, Clean Energy
Future Group, Sydney, 2004, http://wwf.org.au/publications/clean_energy future report.pdf,
accessed on 18 May 2008.

54.  United Kingdom, House of Lords Select Committee on the European Community’s, ‘Electricity
from Renewables’, House of Lords, Paper 78-I, June 1999, para 61.

55. N. Jenkins, and G. Strbac,’Increasing the value of renewable sources with energy storage’ in
Renewable Energy Storage, Institution of Mechanical Engineers Seminar Publication 2000-7.

56. A.C.R. Price, ‘The Regenesys™ energy storage system’,in Renewable Energy Storage,
Institution of Mechanical Engineers Seminar Publication 2000-7.
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- mechanical — flywheels, pumped hydro, compressed air storage;
- thermal — e.g. ice storage, hot water, molten salts;

- electrochemical — e.g. low temperature batteries, high-temperature batteries, flow cells and
fuel cells, and hydrogen; and

- direct — e.g. capacitors and superconducting magnetic energy storage.

A number of flywheel systems are in commercial development, but their use is usually
directed towards short-term objectives (5 seconds to 5 minutes) of power quality and
uninterruptible power supply. Superconducting devices are too expensive for large-scale use.

An Australian innovation in thermal energy storage in the form of hot water from
concentrated solar collectors has recently received substantial US financial backing for
commercial-scale development.”” The ‘Ausra’ storage system being developed by Dr David
Mills, formerly of Sydney University, has received US$40 million in venture capital for a 175
MW storage system which will be used to generate backup power to provide baseload for up
to 24 hours from steam-driven turbines. Backers claim that this power will be cheaper than
nuclear power on an unsubsidised basis, and cheaper than carbon-capture coal.

Demonstration of another thermal energy storage system using graphite blocks is planned for
Cooma NSW, connected with a high concentration tower solar.® Once proven, a 16-tower
solar array system is mooted for Lake Cargelligo in western NSW.*°

Significant advances are being made in the development of electrochemical storage options.
Examples of current installations, and R&D for use in power networks in this field, include:

- Lead-acid batteries of the conventional type are only commercially viable in small
installations or in high-value applications for large (i.e. grid) systems owing to the high
cost per kWh.%° CSIRO is developing the “Ultra battery’ which combines the best energy
storage characteristics of a conventional lead acid battery with the high power density
characteristics of a supercapacitor. The battery is targeted at hybrid car applications and
has already been prototyped. A large stationary energy storage version for

57. M. Peacock, ‘Solar takes off with US power supply deal’, ABC News, 2 October 2007
http://www.abc.net.au/news/stories/2007/10/02/2048420.htm, accessed on 26 May 2008.

58. ‘Cooma Project receives $5 million in funding’, Bombala Times, 8 May 2007,
http://bombala.yourquide.com.au/news/local/news/General/cooma-project-receives-5-million-
in-funding/267734.aspx, accessed on 26 June 2008.

59.  Malcolm Turnbull, ‘$17.6 million funding to reduce barriers to renewable energy’, 2 May 2007
http://www.malcolmturnbull.com.au/Pages/article.aspx?1D=762, accessed on 26 June 2008.

60. A. Collison, “The costs and benefits of electrical energy storage’, in Renewable Energy
Storage, Institution of Mechanical Engineers Seminar Publication 2000-7.
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renewable/intermittent supply applications is in the planning stage.* The discharge and
charge power is expected to be 50 per cent higher and its cycle life at least three times
longer than that of the conventional lead-acid counterpart.

sodium-sulphur high-temperature battery: the 51 MW Futamata wind farm in Japan is
incorporating 34 MW of sodium-sulphur (NaS) batteries and will be the largest combined
wind and storage installation in the world when completed in 2008.%? The technology is
expected to be suited to upsizing up to several tens of MW.

vanadium redox storage flow cells are used on King Island to store wind energy (200 kW
for 4 hours, 400 kW maximum output), to store excess energy, and to reduce the
requirement for diesel generator back-up.” In Ireland, a 2 MW, 12 MWh vanadium flow
battery is being installed to provide 3 MW of pulse power for 10 minute periods every
hour in order to deal with short-term volatility in wind generation — studies estimate that
700 MW of storage could be used across Ireland as wind expands to 3000 MW of installed
capacity.®* Vanadium-redox batteries are to be installed with photovoltaic solar panels and
wind turbines at the remote fishing community of Windy Harbour in WA, and on
Cockatoo Island and the Environmental Research Institute for Art at Homebush in
Sydney.®

demonstration of a 500 kWh zinc-bromine battery at CSIRO’s National Solar Energy
Centre in Newcastle.®®

Upscaling and installation of innovative electrochemical systems are not without problems.
Development of the Regenesys™ system of sodium bromide-sodium polysulphide flow cells

61.

62.

63.

64.

65.
66.
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CSIRO, “Addressing National Challenges: Science sustaining Australia’s future’, National
Research Flagships, February 2007 http:.//www.csiro.au/files/files/pg5m.pdf, accessed on
16 May 2008.

Renewable Energy World Magazine,

http://www.renewable-energy-world.com/display article/308327/121/CRTIS/none/none/A-
call-for-back-up:-How-energy-storage-could-make-a-valuable-contribution-to-renewables/,
accessed on 16 May 2008.

Australian Greenhouse Office, ‘Hydro Tasmania’s King Island Wind Farm’, Wind Power —
Harnessing Tasmania’s Wind Energy Resource
http://www.taswind.com/Documents/Renewables%20Development/5882Roaring40s.pdf,
accessed on 16 May 2008.

R. Baxter, Energy Storage: a Non-technical Guide, PennWell Publishing, USA.
http://www.renewable-energy-world.com/display _article/308327/121/CRTIS/none/none/A-
call-for-back-up:-How-energy-storage-could-make-a-valuable-contribution-to-renewables/,
accessed on 16 May 2008.

Malcolm Turnbull, op. cit.
ibid.
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has been cancelled following engineering difficulties encountered in building operational-
scale 12 MW storage plants in Tennessee®” and at Little Barford in the UK.%® However,
installations of fuel cells of this and other chemical types are likely in the future following
further development: the Regenesys system was designed to be readily upscaleable by
increasing the size and number of electrolyte tanks to enlarge storage capacity and the
discharge (i.e. supply) period, for example up to several days.*

Energy from renewables can be used to produce hydrogen from water by electrolysis or by
thermolysis. Both processes can be coupled with an intermittent renewable energy source
such as a wind turbine for hydrogen production, and can also provide load-levelling in stand-
alone or electricity utility networks by using excess or off-peak electricity to generate
hydrogen for later use.”” Whilst electrolysis is a mature technology, it is extremely energy-
intensive and probably best suited to large renewable energy projects in areas remote from
the electricity grid such as the proposed hot fractured rock sites in outback Queensland, NSW
and SA, where hydrogen could be piped or trucked to major centres for conversion to
stationary and transport energy.

Another approach to hydrogen generation is the dissociation of ammonia into hydrogen and
nitrogen. A research grant has been provided to demonstrate this system and deploy it as a
solar energy storage system near Whyalla SA, where four 400m? solar dishes will be installed
to concentrate sunlight and provide the heat required to split ammonia into nitrogen and
hydrogen for storage. When power is required, the gases are recombined which gives off heat
to boil water and generate electricity through a steam turbine.”

Whilst hydrogen can be generated from renewable energy sources, it can also be produced as
a by-product from some clean coal technologies and from coal seam gas etc. Hydrogen from
renewables will therefore be at a price disadvantage until the cost of renewable energy
becomes competitive, either through technological improvements, or through carbon
accounting.

67. ‘TVA’s Green Power’, The Guardian, 9 December 2003,
http://www.mensetmanus.net/windpower/no-green-giant2.shtml, accessed on 16 May 2008.

68. Electricity Storage Association, EESAT Conference covers wide range of storage topics,
February 2004, http://electricitystorage.org/pubs/2004/Newsletter Feb 2004.pdf page 4,
accessed on 16 May 2008.

69. Price, op. cit.

70.  Department of Industry, Australian Hydrogen Activity Report, 2006.

71. Australian Government Department of Climate Change, ‘Australia’s renewable energy target’,
http://www.greenhouse.gov.au/renewabletarget/index.html, accessed on 21 July 2008.
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Timeline for implementation of renewable energy for power supply

Information collated in Table 3 suggests that, by 2030, renewables in Australia may be able
to provide a level of generating capacity equivalent to around 40 per cent of 2006 capacity. In
recent years most of the growth in power generation from renewables has been delivered by
wind power which has high intermittency, so that the percentage of energy delivered as a
proportion of total load is necessarily low. In future years it is probable that renewables will
be able to deliver high levels of reliability and continuity of supply similar to that delivered
by fossil fuel power plants, although this will require considerable technological development
and infrastructure investment.

The intermittency issue, mainly represented by wind energy and to a lesser degree solar
energy, is commonly cited as the main technical reason limiting the level of renewable
energy which can be incorporated into a grid without compromising overall reliability. Whilst
this can be offset to some degree by ensuring a wide geographic distribution of renewable
inputs to decrease the frequency of low supply periods, and by ensuring a variety of
renewable technology inputs into the grid, the ultimate solution required to deliver the
reliability of supply required will be based on storage systems able to store intermittent
energy inputs and release continuous and reliable energy on demand.

It is difficult to predict future levels of capacity and supply deliverable from renewable
energy sources, as the rate of growth depends of the success of research, development and
demonstration; successful operational deployment; funding for R&D; government policies
regarding research funding, preferential tariffs or other incentives for renewable energy;
policies relating to the level of greenhouse gas emissions such as emissions trading;
encouraging fuel switching and shortening the operational lives of conventional power
stations, and any future policies to encourage decommissioning of coal-fired power stations
in favour of less polluting alternatives.

As mentioned earlier, one Australian scenario proposes that a ‘clean energy supply mix’
could be delivered by 2040; entailing coal-powered generation of 9 per cent (plants
decommissioned as circa 35-year operational life is reached); natural gas 30 per cent (the
least polluting of the fossil fuels, using both cogeneration and combined cycle power
stations); bioelectricity from crop residues 28 per cent; wind 20 per cent; hydro 7 per cent;
solar 5 per cent (produced during peak periods when its economic value is highest); and oil
1 per cent (which could progressively be replaced by biofuels).”

This scenario is relatively consistent with a German model which claims that by 2050 half of
global energy demand can be met by renewable energy technology in use today.” This model

72. H. Saddler, M. Diesendorf and R. Denniss, op. cit.

73.  Fraunhofer Ise, Solar Electrical on a large scale linear fresel collectors for solar thermal
power stations in a practical test, 16 April 2007, http://www.innovations-
report.com/html/reports/energy _engineering/report-82659.html, accessed on 13 May 2008.
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foresees a much greater role for solar generation than the Australian model. Meanwhile, the
State and Territory jurisdictions are embarking on programs which will demonstrate the
capability of renewables to contribute to the energy mix and reduce the need for new
conventional baseload power stations. For example, the ACT Government is undertaking a
feasibility study into the construction of a 33 MW solar plant in 2009 ‘capable of supplying
electricity to 10,000 homes’,”* and a new 71 MW wind farm near Adelaide will see South
Australia achieve its target of 20 per cent power from renewables by 2009, 5 years ahead of

schedule.”

A less optimistic contribution for renewables by 2050 is indicated by scenarios developed
jointly by CSIRO and ABARE in 2006.”° Their most ‘renewable-friendly’ assessment,
assuming high levels of policy intervention on emission levels and maximum use of
technology, concludes that coal (with and without carbon capture and storage) will still
contribute about 30 per cent of total electricity, gas around 20 per cent, renewables about 47
per cent, and possibly nuclear 3 per cent. Potential for significant contributions from solar
energy and geothermal energy (hot fractured rocks) is discounted on the basis of
technological infancy, lack of demonstration, and unknown costs of electricity produced.

It appears safe to conclude from these three views of the future that at least 50 per cent of
electricity will be generated from renewables by 2050 — provided that suitable policy
instruments are in place to encourage transition from a high-carbon (coal/gas/petroleum) to a
low-carbon (biomass/solar/wind) infrastructure. With increased penetration of the more
reliable renewable sources (i.e. biomass and potentially hot dry rock), and successful
development of storage systems, there appears to be little impediment in the longer term to
the total displacement of coal as the mainstay of baseload generation.

Gas will probably play the role of a change agent in moving from the high-carbon to the low-
carbon infrastructure. Like coal, Australia possesses very large resources of gas. But gas
offers greater flexibility than coal in providing for both baseload and peak load needs, with
significantly less CO, emitted per joule of energy and lower infrastructure costs. Provided
that policy and pricing settings are amenable, the contribution to the power mix from gas
would diminish as the generating capacity and reliability from renewables is established.

74. Jon Stanhope (Chief Minister), Feasibility study into solar power plant, media release, ACT
Government, 18 March 2008, http://www.chiefminister.act.gov.au/media.php?v=6567,
accessed on 24 July 2008.

75. ‘SA to meet renewable energy target early: Rann’, ABC News, 14 November 2007
http://www.abc.net.au/news/stories/2007/11/14/2091047.htm, accessed on 13 May 2008.

76. CSIRO and ABARE, Modelling Energy Futures Forum Scenarios using ESM, December 2006,
http://www.csiro.au/files/files/pb63.pdf, accessed on 13 May 2008.
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Conclusions

Combinations of renewable sources of electricity can significantly augment electricity
generating systems based on fossil fuels and nuclear power (see Table 4). With renewable
sources, reliable supply to meet base-load electricity demand can be met by biomass, hot rock
geothermal, solar thermal electricity with storage, and wind power with storage. Gas turbine
energy with its lower CO, emissions can replace coal-fired power stations as they are
decommissioned and provide support until renewable power installations ramp up in size and
number. By 2040 renewable energy could supply over half of Australia’s electricity, reducing
CO, emissions from electricity generation by nearly 80 per cent. In the longer term, it appears
that there is no technical reason to stop renewable energy from supplying 100 per cent of grid
electricity.

The key challenges in meeting such an objective would be achieving the necessary technical
advances to provide cost-effective and reliable energy storage devices; delivering appropriate
policy and funding frameworks for major restructuring of the electricity generating industry
in order to move away from the dominance of coal; and significant funding to provide for
restructuring of power distribution infrastructure away from the highly centralised coal-based
infrastructure, towards a more widely distributed infrastructure reflecting the very different
geography of renewable resources. A more distributed network would carry with it the
benefits of reducing transmission losses, and improving the stability and reliability of supply
to end-of-grid consumers.

Table 4: Summary of renewable energy technologies and their suitability to produce continuous/reliable
power

Renewables best suited to continuous power output are:
» biomass: relatively low cost, could contribute 10 per cent total load by 2020;

« wave power: demonstrated but no full scale commercial installations at this point; low cost, avoids land-
based environmental issues, by-product desalination is a bonus; and

» geothermal hot fractured rock: very high potential to produce large amounts of electricity at low cost;
drilling limitations may need to be overcome.

Other renewables with high intermittency can contribute to the power mix, but this total contribution
above about 20 per cent is unlikely without development of suitable large-capacity power storage systems
or improved grid design and management. They include:

« wind: technology well established, and upscaling is bringing down costs;

« solar thermal concentration: early development stage, high long term potential but requires large land area,
moderate cost;

» photovoltaics: high capital cost and small scale of installations. Research and development is likely to
improve its suitability for large-scale installations. Ideal for off-grid installations. Continued development
and uptake is highly responsive to policy and financial support; and

« tidal energy: has considerable potential but owing to the remoteness of suitable areas, and environmental
impacts, development is not anticipated in the foreseeable future.
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Following recent rises in fossil fuel prices, renewable energy is already cost-competitive with
diesel-powered off-grid systems in outback Australia. The decentralised nature of renewable
power and the ability to hybridise between different types of renewable energy and with
fossil-fuel based back-up systems suggests that renewables will dominate in the expansion of
electricity supply to the one third of the global population presently without power, especially
in mountainous and island regions where the cost of extending grid power is very high and
major centralised power stations may be impractical. For example, there are many thousands
of remote villages in India that are not connected to the electricity grid, and the Indian
Government has decided to provide power these villages using decentralised power systems
based on renewable energy sources.

Any major change in direction towards renewables carries several significant uncertainties.
Whilst some argue that the technical challenges and costs of renewable energy are so great
that it is foolhardy to commit to strict deadlines, others point out that the development and
implementation of CO, geosequestration and clean coal technologies are not guaranteed and
will incur costs which will substantially increase the cost of energy to the consumer.

This review shows that there is a lot of potential for major advances in renewable energy
technologies over the next few decades: rapid advances in the science and engineering of
renewable energy are being made on several fronts, continuing through to demonstration and
implementation of commercial projects across most of the renewable energy technologies.
The coal-fired electricity market is pinning its hopes on geosequestration of CO; in order to
conform to the demands of the future carbon economy, but its commercial feasibility is yet to
be demonstrated and it may prove so costly that the energy cost advantage currently offered
by coal relative to renewables is likely to be eroded.

The term *“baseload’ closely reflects the characteristics of electricity generated by coal (and
nuclear) power stations and has been used as a basis for arguments that renewable sources
cannot supply reliable energy to power key infrastructure, health services, and industrial and
domestic needs to support activities which are fundamental to the operation of Australian
society. However, energy requirements from these key sectors also extend to intermediate
and peak power. This review suggests that the term ‘baseload’ is misleading, and that the
essential requirement is for reliable and continuous power, with flexibility of output to match
diurnal and seasonal fluctuations in demand.

Some renewable energy resources such as biomass, waves, and hot fractured rock are clearly
capable of delivering reliable and continuous electricity. Other sources such as wind and
solar thermal concentration will be able to enhance the flexibility of supply by contributing
power during periods of intermediate and peak demand. As energy storage technology
becomes sufficiently well developed this ability will expand, and also extend into the supply
of continuous power.

The dollar cost of energy derived from renewable resources will be greater than we have been
used to, and considerable investment will be needed by government and industry on research
and development, and construction of the appropriate distribution infrastructure. Costs may
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also accrue in relation to restructuring of the electrical energy sector. Offsetting these costs
will be the dividends that accrue to Australia through decreased environmental impact,
meeting national and international targets for greenhouse gas reductions, and maintaining a
defensible position in international negotiations.

© Copyright Commonwealth of Australia

This work is copyright. Except to the extent of uses permitted by the Copyright Act 1968, no person may
reproduce or transmit any part of this work by any process without the prior written consent of the
Parliamentary Librarian. This requirement does not apply to members of the Parliament of Australia acting in
the course of their official duties.

This work has been prepared to support the work of the Australian Parliament using information available at the
time of production. The views expressed do not reflect an official position of the Parliamentary Library, nor do
they constitute professional legal opinion.

Feedback is welcome and may be provided to: web.library@aph.gov.au. Any concerns or complaints should be
directed to the Parliamentary Librarian. Parliamentary Library staff are available to discuss the contents of
publications with Senators and Members and their staff. To access this service, clients may contact the author or
the Library’s Central Entry Point for referral.

34





