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1.

Introduction and SEN Background
Sustainable Energy Now (SEN) is a volunteer organisation taking an innovative approach to
promote the use of renewable energy in Western Australia’s southwest interconnected electricity
grid.
Western Australia has vast areas of rich renewable energy resources, with strong wind and
wave resources near our populated coastlines driven by the circumpolar energy flow around
the Antarctic, sunshine in abundance, geothermal hot aquifers right under the Perth metro area
to Geraldton, and hot rock resources to the north of the state. Australia has developed, and
continues to develop world-leading renewable energy technologies.
SEN liaises with industry, government, utilities and community stakeholders to shape the
transition to a sustainable energy future with improved ‘Triple Bottom Line’ (environmental,
economic and social) outcomes. In pursuit of our goals to research, promote and educate on the
benefits of the adoption of renewable energy for WA, we have developed the following initiatives.
• An interactive renewable energy computer simulation to demonstrate scenarios for WA’s
main electricity grid, the south-west interconnected system (SWIS). Refer to the Appendix for
details and www.sen.asn.au/simulation to run the simulation online.
• A website to host the simulation and other resource information - www.sen.asn.au.
• An educational resource kit for schools.
• A series of events with speakers on renewable energy and related topics.
• Numerous contributions to government and parliamentary discussion papers.
• Frequent participation in community events.

SEN’s renewable energy computer simulation is built with modelling in a way that creates
opportunities to test and adjust parameters as new research information is brought to light.
We have a list of improvements to make to our simulation including the input of real time and
historical meteorological data and SWIS load profiling in half hourly increments. This will enable
simulation of system management during actual weather and demand patterns, providing
valuable information for planning the efficient distribution of generating plants around the
regions of WA.
Through our simulation we have developed some potential scenarios that, with integrated
planning, policy and regulation changes, can lead Western Australia to achieving a 30%
renewable energy by 2020 target, and beyond to a goal of 80-100% before 2050.
There is opportunity to be more ambitious in planning for transitioning to renewable energy, and
this has been modelled in detail by Beyond Zero Emissions (BZE) in their ‘Zero Carbon Australia
2020’ report. BZE, in conjunction with the University of Melbourne Energy Institute have launched
a fully costed Stationary Energy Plan to transform all of Australia’s energy sources to 100%
renewable supply by 2020.
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Our world and industries are changing and the time is right for visionary leadership in our energy
planning to realise the economic, social and environmental benefits of participating in this
change. Supportive incentives, regulatory and electricity market rules will make Australia a much
more attractive country for some of the multi-billion dollar renewable energy investment that is
occurring around the world.
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2.

Types of Renewable Energy and Opportunities for WA
WA has abundant renewable energy resources including wind, solar, wave, geothermal and
biomass. Here we summarise the technology available to utilise these resources. For detailed
information, including references, please visit our website at www.sen.asn.au.
Wind
By rotating turbine blades that drive an electrical generator,
wind produces up to 40 per cent of electricity in several
countries linked to large grids and a similar share in several
WA towns. The UK plans to install 30,000 MW of offshore wind
farms by 2020, equivalent to seven times the peak demand on
the SWIS.

Figure 2.1 Coastal regions usually
have the best wind resources.

Available energy
There are about 500,000 sq km in WA’s South-West that have
average wind speeds above six metres per second at a height
of sixty metres. Just 2,500 sq km (50 km x 50 km) in this area
would on average produce energy equivalent to the peak
demand on the SWIS.

Concentrated Solar Thermal
First developed in the 1970s, solar thermal or
concentrated solar power uses mirrors to concentrate
the sun’s thermal energy, heating water, oil or molten
salt, which is used to make steam for powering an
electrical generator. Solar thermal technologies include
the parabolic trough, power tower or heliostat reflectors
and linear fresnel reflectors. Storage technology,
currently operating at small scales, enables thermal
energy to provide baseload or dispatchable power.
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Available energy
It is estimated that all electricity demand on the SWIS
could be supplied by just 200 sq km (14 km by 14 km)
of solar thermal collectors in sunny, clear-sky areas.

Figure 2.2 Linear fresnel reflectors direct solar
thermal energy at central collection pipes.

Figure 2.3 A central power tower collects solar thermal energy
reflected by a field of mirrors.

Figure 2.4 Parabolic troughs reflect solar
thermal energy onto pipelines for collection.

Wave
CETO technology developed by Carnegie Wave Energy in Fremantle uses sub-surface buoys that
move in the swell, causing pistons below the buoys, anchored to the seabed, to pump seawater
at high pressure to shore. This water can turn a generator to create electricity, or pass through a
desalination membrane to create fresh water, or a combination of these.
Available energy
Carnegie Wave Energy estimates that
there is enough wave energy along
WA’s coastline between Geraldton and
Bremer Bay to produce more than five
times the SWIS peak electricity demand.

Figure 2.6 Pelamis Wave Energy uses the motion
of surface waves to generate electricity.
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Figure 2.5 CETO technology captures the power of ocean currents
while generating electricity onshore, away from the harsh
conditions of the sea.

Figure 2.7 Oceanlinx, a wave powered
generator.

Figure 2.8 Offshore
buoys for capturing
wave energy.

Geothermal: Hot Rocks and Hot Aquifers
Australia has extensive hot granites and geological
formations suitable for geothermal energy production.
In the Cooper Basin in South Australia, Geodynamics
is demonstrating the use of hot dry rocks 3–5 km
underground. The rock is fractured hydraulically and
water is pumped down and circulated repeatedly,
transferring heat to the surface with each circulation to
generate electricity.
Lower temperature geothermal energy in hot sedimentary
aquifers directly beneath Perth can be used for heating,
cooling and desalination. The proximity of these resources
is an advantage Perth has over other Australian cities. The
University of WA is planning to convert its air-conditioning
to use this resource and it is already used to heat some
public swimming pools, such as Challenge Stadium.

Figure 2.9 Enhanced Geothermal Systems:
Water is pumped into hot dry rocks 3-5km
below the ground, producing steam to run
a turbine.

Available energy
Geoscience Australia estimates that the geothermal energy resource in Australia from rocks hotter
than 150 degrees Celsius and shallower than 5 km would provide about 26,000 times Australia’s
2005 primary power energy usage.
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Solar Photovoltaic
Solar photovoltaic (PV) cells directly convert
solar energy to electricity. Solar PV is ideal for
smaller applications such as a house or office,
reducing transmission losses and energy costs.
Available energy
If 1.5 kW solar panels were installed on just
a quarter of the WA homes currently supplied
by Synergy, 230 MW of electricity would be
created – comparable to one of the larger WA
coal-fired power generating turbines.

Figure 2.11 Downdraft biomass gasification process.

Figure 2.10 Solar photovoltaic cells directly convert solar
energy into electricity. They can be implemented in
both small and large scale systems.

Figure 2.12 The mallee tree can be used both as feedstock
for a biomass facility and to help address dryland salinity.

Biomass
Plant matter can be converted into electricity
in a number of ways. When heated with limited
oxygen, for example, biomass breaks down into
a hydrogen rich gas, which can run a gas turbine
or fuel cell. In addition to producing electricity, oil
mallee can be used to combat dryland salinity and
soil erosion, enrich soils and sequester carbon.
Available energy
Biomass power plants could be installed wherever
there is a sustainable source of biogenic waste
or semi-arid land unsuitable for food production.
Resource recovery centres, abbatoirs, agricultural
waste, oil mallee plantations and algae salt ponds
provide significant opportunities to provide a
portion of baseload and dispatchable energy for
the SWIS.
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Figure 2.13 ’Bricks’ for fuelling biomass facilities
made from organic waste.

Western Australia has some of the best renewable energy resources in the world — solar, wind
and wave — plus large areas of land and coastline suitable to capture them.
Mean Wind Speed
at 80m Above Ground Level

Estimated Temperature
at 5km Below Ground Level

Wave Power

Figure 2.14

Figure 2.15

Wind farms in WA have
some of the highest
capacity factors in the
world, at about 40%
compared to an average
of 30% in South Australia,
which has the next best
wind resource in Australia.

Figure 2.16

Carnegie Wave Energy
estimates that there is
enough wave energy along
WA’s coastline between
Geraldton and Bremer
Bay to produce more than
five times the SWIS peak
electricity demand.

It is interesting to note
that under the Perth metro
area is an easily-accessible
hot sedimentary basin
with water temperatures
estimated at up to 150
degrees Celsius at a depth
of 3-4 km.
Solar irradiation in WA
reaches the highest levels
in the world. In Australia
we have twice the amount
of solar irradiation as
Germany and yet Germany
produces about 100 times
the amount of electricity
from solar energy. Most of
WA experiences an average
of between 8 and 10 hours
of sunshine daily.

Average Solar Irradiation from 1990 to 2004
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Western Australia also has the advantage of space, with vast stretches of non-agricultural land.
Such land is not only useful for the installation of sustainable energy systems but, where it
has been made unproductive by dryland salinity and soil erosion, could also be revitalised by a
regional biomass industry, using oil mallee plantations to enrich soils.
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3.

Frequently Asked Questions about Renewable Energy
Q: How much renewable energy do we need?
A: WA has abundant renewable energy resources including wind, solar, wave, geothermal and
biomass. The map of South-West WA below shows to scale the land area each of these energy
sources would require to meet the SWIS demand, although a mix of sources is preferable.

Meeting the Demand
The energy used on the SWIS grid could be met by any one
of these energy sources within the land area shown here, to
scale in relation to this map of Southern WA.
Coal
Solar thermal
Solar photovoltaic
Wind
Wave
Geothermal
Natural gas

on-shore
off-shore
land can be used simultaneously
for other purposes, eg. farming

The South-West
Interconnected
System is WA’s main
electricity grid,
distributing energy to
more than 840,000
residential and
business properties.
It covers this entire
orange area.
4
Figure 3.1 Meeting the demand of the SWIS grid with a variety of renewable energy technologies.

Q: How can we depend on renewable energy to be there when we need it?
A: A mix of renewable energy with diverse geographic locations takes advantage of different
renewables’ availability at different times, giving a more steady output. Some renewables are
‘dispatchable’ whenever they are needed (on demand), such as biomass, solar thermal with
storage, geothermal, and wave in certain locations.
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Q: How can we have a reliable and secure electricity system?
A: As well as the answer to the previous question, a modern electrical grid already has
a number of ‘backstops’ built in and we can continue to have a reliable system using
measures such as:
•

Load-following plants which adjust output to meet variations in demand;

•

‘Spinning reserve’ which provide a large injection of power on demand when a large
generator fails; and

•

Demand-side management which can be used for spinning reserve and to meet
extreme peak events on the network at least cost.

Advanced resource forecasting for wind, solar and wave conditions and a competitive
wholesale electricity bidding market can be used to reduce the need for the aforementioned
measures, while at the same time lowering the cost of electricity.

Q: How much will it cost?
A: The lifecycle cost of a fossil-fuel plant is about 20% upfront (capital) cost and the remaining
80% are ongoing costs, including fuel. Renewables are the opposite as they have no fuel
costs. To compare them fairly, their lifecycle costs must be used instead of their capital
costs. The common term for this is the ‘levelised cost of electricity’ (LCoE) expressed as cost
per unit of energy generated over the lifecycle, in terms of $/kW-hr, $/MW-hr.
On the above basis, fossil-fueled generation costs are increasing while renewable generation
costs are decreasing with mass-production, larger projects, and advances in technology.
Some renewables such as biomass, wind, solar thermal and roof-top solar PV (located where
their energy is used) are competitive with our existing generation costs at various times of
the day. ‘Peak cost’ of electricity generation during the day is very high and solar thermal
can supply energy at this time with similar costs.

Q: Besides reducing CO2 emissions, what other benefits are there from renewable energy?
A: Renewable energy generates more jobs than fossil industries. The coal industry has been
shedding jobs over the last 10-15 yrs as it strives to increase productivity.
Australia continues to develop world-leading renewable energy technologies such as solar PV,
solar thermal (CLFR), wave, and geothermal hot rocks but has lost most of this to overseas
investment and development due to unfavourable regulatory conditions in Australia. With an
improved certainty of Feed-in Tariffs and other incentives, to give them a kick-start so they
can grow, Australia can generate export income.
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Regional and agriculture areas benefit by farm forestry in Oil Mallee and other native
vegetation cultivated for biomass. Nature’s solar panel - the leaf - enhances agriculture
through wind-breaks for soil erosion control, salinity abatement, livestock shelter, supports
biodiversity by limiting the spread of salinity and providing wild-life corridors. Over 400 plant
species will probably become extinct if nothing is done about salinity. It is carbon neutral
because trees are planted on cleared farmland so the carbon fixed from the atmosphere is
borrowed, not mined like coal. The Narrogin Integrated Wood Processing project provides an
example of such opportunities for sustainable regional energy sources:
http://www.oilmallee.org.au/2009-Site/wood_processing.html
Regional biomass employs people in the planting, harvesting and transportation of biomass,
in nurseries and at the facility, and flows on into regional towns by providing an alternative
income to farmers.
Coal-generated fuels have unseen ‘externalised’ costs from pollution and mining, in the form
of: health issues; sulphur dioxide (acid rain); nitrogen oxides; and use of significant amounts
of water in coal mine dewatering and cooling systems.
Gasification of municipal and sewerage waste for generation of electricity diverts waste from
landfill.

Are renewables ready to power our economy and how fast can they be deployed?

A:

The table below shows that some renewables are commercially competitive now
while others are in various stages of development. Technologies go through a cycle of
development, as shown in the ‘Grubb’ curve below. Generally the costs also reduce as they
become more mature and with increasing mass production and economy of scale.

Anticipated cost of full-scale application

Q:

Solar dish-stirling STE
Biomass gasification
Solar PV
concentrating

Wave

Tidal and
river turbines

Solar central receiver STE
Geothermal
Solar PV
thin-film

Offshore wind
Solar parabolic trough STE

Solar PV silicon

Cofired biomass

Direct-fired biomass
Solar PV
nano-structured

Research

Development

Demonstration

Deployment
Time

Onshore wind
Hydro

Mature technology
AERA 2.21

Figure
2.21 Grubb
a range
of renewable
energy
technologies Source: ABARE Australian Energy Resource
Figure
3.2 Grubb
curve curve
for a for
range
of renewable
energy
technologies.
S ource: EPRI
technology status data, 2010
Assessment
2010
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For the scenarios to follow, the table below indicates the assumptions of the state of
maturity of renewables for this report.
Renewable Energy
Conversion Technology

Present
Renewables Status

2020 Scenario:
30% of SWIS Electricity
from Renewable Energy

Solar Thermal

Commercial (against peak
electricity generation cost)

Mature

Wind

Commercial

Mature

Biomass

Development - Commercial

Mature

Solar PV - distributed

Commercial (against retail
electricity)

Mature

Geothermal - Hot Sedimentary
Aquifers (HSA)

Demonstration - Commercial

Commercial

Geothermal - Hot Dry Rocks (HDR)
or Enhanced Geothermal Systems
(EGS)

Demonstration

Commercial

Wave - Carnegie CETO

Development

Commercial

Figure 3.3 Maturity of a range of renewable energy technologies.
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Q:

How would a renewable energy future look?

A:

See the scenarios in Section 5.

4.

Improving our Energy System with Renewables
The design of WA’s SWIS is not unlike the original implementation by Thomas Edison about 100
years ago, and has worked well for us. However, it is heavily dependent on coal and gas, which
offers little diversity of energy sources and is therefore critically susceptible to security of supply,
as experienced after the Varanus Island gas explosion. Furthermore, the centralised generation
and limited ability to modulate demand loads (DSM) using two-way communication and control
technology (that is, a ‘smart grid’), contributes to a peak energy demand, driving the need for
more generation and transmission infrastructure. The Western Power load duration graph below
shows that 25% of the power demand only exists for less than a few percent of the time. If the
peak load were clipped off by ‘shifting’ some demands to off-peak periods, a significant amount
of infrastructure and costs can be avoided.
Central generation also results in problems with reliability of supply at the outer fringes of the grid.
2009 SYSTEM LOAD DURATION CURVE

MEGAWATTS
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Figure 4.1 2009 System Load Duration Curve. Source: Western Power.

Coal generation is not efficiently able to vary its output power to follow the demand load,
whereas energy sources such as biomass, solar thermal with storage, geothermal and wave are
‘dispatchable’, and can vary output to quickly follow demand, and complement those renewables
which are variable.
We can take advantage of a new energy system to allow more energy to be fed in from
renewable sources at distributed locations around the grid, which will improve the diversity,
security and resilience of supply.
Upgrades to our electricity network should be to an integrated plan and consider locations of
renewable sources, amount of electricity demand and at what locations, and how the existing
grid can be augmented most effectively, to minimise additional costs.
Smart metering systems that allow consumers to modulate their demand in response to
peak prices are being developed overseas to moderate peak demand and to enable the use
of intermittent resources such as wind. This is known as Prices-to-Devices and works on the
basis that when demand increases, thus increasing the cost of generation or supply, devices or
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appliances are programmed to reduce energy use, thereby minimising costs. This capability is
part of ‘Demand-side Management’ (DSM) and by levelling loads, it also reduces energy losses,
costs and environmental impact.
Another complementary and beneficial addition to the grid are electric vehicles (EVs). We are
already seeing the start of the influx of EVs (see http://www.greenchipstocks.com/report/theelectric-car-revolution-starts-now/479) and by 2020 EVs will be commonly sold by all major
manufacturers. A large fleet of EVs, or EV batteries, plugged in to the grid can provide useful
‘ancillary’ services as they represent a controllable electrical load on the grid, in effect a DSM
service. As battery capacity and life improve, the energy stored in the battery packs could also
be drawn upon to provide supplemental power to the grid for short periods. These ancillary
services are known as ‘Vehicle-to-Grid’ (V2G), see: http://sustainability.curtin.edu.au/research_
publications/renewable_transport.cfm.
The ‘BetterPlace Project’ (http://www.betterplace.com/) plans to have the Australian eastern
states and much of WA and NT fitted with battery charge and swap stations enabling drivers to
travel long distances by quick swap of battery packs. Better Place have contracted with wind
farms to buy their electricity and at the same time provide grid stabilisation with their fleets of
batteries on charge.

4.1.

Employment and Regional Benefits
The higher employment associated with renewable energy plants results in a net increase
of jobs in regional areas, particularly the southwest of the state. The addition of biomass
energy in co-firing of coal plants allows coal workers to continue working in the area.
Wind, solar and biomass farms in these areas will provide additional regional income and
employment.

4.2.

Costs
In costing any plan, it is valuable to consider the ‘Triple Bottom Line’ (TBL) accounting
method which evaluates the outcomes based not only on economics, but also on society
and the environment. Only by doing this can we optimise the outcome. Examples of TBL
considerations include:
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•

Lifecycle cost per unit of energy generated (also called ‘Levelised Cost of Electricity’
(LCoE) or ‘Long-range Average Cost’ (LRAC)), as shown in the ABARE graphs
(Figures 5.41 and 5.42) in section 5. This is a true representation, rather than just
considering the up-front capital or other short-term costs, and puts a value on the
ongoing fuel and maintenance costs, which for fossil generation is around 80% of
the lifecycle cost.

•

WA’s fossil-generation has a significantly high fuel security risk because of its single
source, and a price escalation risk. Given that gas in WA competes on international

markets, its price is likely to escalate strongly as global demand continues, making
renewables even more attractive.
•

Externalised costs not directly associated with electricity generation, such as the
costs of pollution to our health and environment, including water use, land clearing
for coal mining and climate change due to greenhouse emissions. Land needed for
renewables such as wind can co-exist with other land uses, and Solar can be placed
on marginal land.

•

Benefits to regional areas through additional employment and income in marginal
farming areas, and rehabilitating salinity-degraded land with Oil Mallees and similar
biomass crops, which would otherwise be additional costs to society.

•

Solar (thermal and PV) cost comparisons with fossil generation should be made
relative to peak daytime electricity costs during which solar generates and is able
to compete.

•

Reducing waste to landfill by converting it to energy.

•

The present retail price of the SWIS fossil-fueled electricity supply has increased by
50% since April 2009 and is expected to continue to rise to reflect the true cost of
electricity supply. This excludes any price on carbon. Costs of renewable electricity
generation presently range from being competitive with fossil generation to higher.
However, the downward cost trend for these technologies will continue over time as
technology advances, and mass-production and size of power systems increases in
scale. See the Grubb curve shown in Section 3 (Figure 3.2).

Below we show two possible scenarios, for 2020 and 2050.
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5.

30% Renewable Energy Scenario for 2020
The amount of renewable energy presently generated on Western Australia’s southwest
interconnected grid (SWIS) is about 5% of the total. Under Australia’s Mandatory Renewable
Energy Target, WA is committed to achieving 20% of its electricity from renewables by 2020.
Reducing our emissions to address pollution and global warming we need to have a more
aggressive goal in sight, so the target for this 2020 scenario is 30% renewable energy. This is not
necessarily the maximum achievable in the timeframe, just a starting point.
The SWIS represents about 55% of the total electrical energy used in WA. Assuming WA’s projected
growth in energy use is 3.7% annually (ref: http://www.imowa.com.au/f2189,459124/2010_IMO_
SOO_rev1.pdf), this will increase energy demand by 42%.
It is commonly accepted that we can reduce waste of electricity and improve the efficiency
by which we use it, for a total energy reduction of 20-30%. However, for this scenario we
conservatively assume that no gains are made in this area.
Furthermore, our electricity generation can be reduced by using waste energy or low-temperature
energy for some of our low-grade energy needs, such as process heating, air-conditioning and
others from waste heat. This is known as combined heat and power (CHP) or co-generation. As
with energy efficiency, we simplify our 2020 scenario by ignoring this option.
To help provide a diverse and reliable supply of energy it is necessary to use a ‘mix’ of different
renewable types and place them over diverse geographical locations to take advantage of
differing weather and natural energy resources.
The majority of renewable energy generation to be installed first will be those renewables that
are ‘commercial-ready’, and can be installed as soon as grid upgrades and regulations are
available to allow them entry into the system.
A relatively small amount of generation capacity from other renewable technologies that are
presently in development, such as wave energy technology, have been included because they are
expected to be commercial-ready before 2020.
Refer to the following table and map, which illustrate this scenario.
Renewable Energy Conversion Technology
- 30% Renewable Energy Scenario for 2020

Total Installed
Capacity (MW)

Solar Thermal

350

Wind

940

Biomass

330

Solar PV - distributed

100

Geothermal - Hot Sedimentary Aquifers (HSA)

200

Wave - Carnegie CETO

120

Figure 5.1 Total installed capacity of various renewable energy conversion technologies for a 30% scenario.
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30% Renewable Energy Scenario for 2020
Geraldton

Kalgoorlie

Perth

Collie

Albany

South West Interconnected System
Existing Grid
New Grid
Other Energy Sources
Fossil Fuels

Figure 5.2 30% renewable energy scenario for 2020.
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Typical 24 Hour Load Demand
Season: Summer

4
Power (GW)

Renewable Energy Facilities
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Biomass
Wave
Solar
Geothermal
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Time (hrs)

20 24

5.1.

Generation
For each of the renewable energy types making up this scenario, the following explains
the reasons for their locations and their potential. Most of our current energy generation
on the SWIS is located in the Collie area. Starting our transition to renewable energy,
commencing the achievement of the 2020 target energy generation in the Collie region
will help the coal power plant workforce transition to renewable energy roles.

5.1.1. Wind
Wind is particularly strong along WA’s coastal areas. Wind farms would be installed
south of Geraldton, close to the main northern grid line and future mining and
industry demand and also some along the south coast at Augusta and Albany.
The Collgar windfarm presently planned near Merredin, will provide geographic
diversity to take advantage of the differing weather across the state.
Geraldton’s winds are generally stronger at night and complement daytime solar
resources. South coast winds are stronger in the day, but also a good resource at
night.
Australia’s growth in wind power has been over 40% per year since 2004. (Ref
http://cleanenergyaustraliareport.com.au/technologies/wind-2/ )

5.1.2. Biomass (Sustainable Plantations)
WA has significant resources in plantation and plantation-mill wastes, oil mallee,
agricultural and animal wastes with a potential of 280 MW. Some 80MW could be
used to co-fire existing coal plants in the Collie area and so could be installed
relatively quickly.
Other biomass power stations would be distributed throughout the state wherever
fuel is available and power is required. As the biomass fuel can be produced
from either existing wood, plantation and agricultural wastes or grown specifically
as a fuel, moderate sized biomass power stations would be established around
the Perth Metropolitan area and most likely near regional towns throughout the
southern areas of the State, such as the Coral Coast, Wheatbelt, Southwest, Great
Southern and lower Goldfields.

5.1.3. Biomass (Municipal Solid Waste - MSW)
In Western Australia we generate approximately 2.5 tonnes of waste per capita
each year (EPHC, 2009). A significant proportion of this waste is organic material
that can be used to produce power. While nearly half of the organic portion is
recycled or recovered, the remaining quantity of nearly 1 million tonnes each year
(WMA, 2010) is currently disposed of to landfill. If this landfilled organic waste
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was used to produce refuse derived fuel (RDF) for biomass power generation, this
would provide approximately 110MW capacity of renewable power.
Significant quantities of waste are generated throughout Perth and the larger
regional centres (such as Karratha, Port Hedland, Geraldton, Kalgoorlie, Mandurah,
Bunbury, Busselton and Albany) which match the areas requiring power.
Therefore moderate sized biomass power stations would be established in these
locations to minimise the transport of fuels and the distribution of power.
Further information is available from the Alternative Waste Treatment (AWT)
Technologies Draft Guidelines document Discussion Paper for the Govt. of Western
Australia, by ASK Waste Management Consultancy Services (March 2010).

5.1.4. Solar PV (Rooftops)
Perth presently has approximately 10MW of roof-top grid-connected solar
PV. Australia’s annual growth rate of solar PV has been over 200% per
year between 2004-2008 (Ref: Clean Energy Council of Australia, http://
cleanenergyaustraliareport.com.au/technologies/solar/) and the global growth rate
has been more than 25% per year. To estimate potential solar PV installed capacity
by 2020, it is assumed the rate of growth continues to compound at 25% per year,
yielding 100MW. (Approximately equal to 10% of Perth households with 1.5kW PV
systems).
The benefit of roof-top solar PV is that it is embedded directly into the area where
its energy is needed, comparable to a retail cost of electricity far higher than the
wholesale electricity market, and corresponds well to the higher daytime electrical
demand. As such it needs little or no additional transmission infrastructure, and
reduces the demand from other areas.

5.1.5. Solar Thermal (Concentrated Solar Power - CSP)
Concentrated solar thermal power plants are located southeast of Geraldton (at
Perenjori) and at Kalgoorlie to take advantage of the high solar resource while
being near existing transmission infrastructure.
Midwest Energy has plans for two CSP plants of 100MW each at Perenjori, and
states that to implement a solar thermal project would typically require 1 year
for planning and 2-3 years for construction and commissioning. Four projects
of 100MW each could be run in parallel, therefore 400 MW of solar thermal
generation could be operating within 4 years.
Kalgoorlie is a transport hub for goods to and from the eastern states, has mining
energy needs and has good solar resources so for this scenario, it is assumed that
300MW of CSP is installed.
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Solar resources in WA are virtually unlimited as far as the SWIS demand would
ever reach, but plants do have to be located in areas of appropriate land use.

5.1.6. Geothermal Hot Sedimentary Aquifer (HSA)
In WA, recent legislation changes have allowed for geothermal exploration and
tenements awarded in both the south of the state and the Pilbara.
The “Perth Basin” which runs from Augusta to Geraldton includes a hot
sedimentary formation where underground water is heated at temperatures of up
to 140 degrees C below Perth, and greater than 160 degrees C south of Geraldton
is available at 3-4km depths. Commercial power generation in Germany’s Rhine
Basin (geologically analogous to the Perth Basin) successfully uses geothermal
water at 160 degrees C. While this temperature is low for generating electricity,
it can nevertheless be useful. Local geothermal companies such as Green Rock
Energy and New World Energy are targeting demonstration of 3-5 MW generation
by 2014 and is scaleable beyond that in 10-25MW clusters.
There are numerous other uses for energy at these temperatures, such as:
industrial process heating, space and water heating, air-conditioning, desalination
and more. It is presently used to heat several major public pools, such as
Challenge Stadium, and Green Rock is planning the installation of a geothermal
air-conditioning system on the University of WA campus. Much of the demand for
‘high-grade’ energy such as electricity and gas can be met by using ‘low-grade’
thermal heat.

5.1.7. Geothermal Hot Rocks / Enhanced Geothermal Systems (HR/EGS)
WA’s hottest known geothermal areas are in the Pilbara and so their relevance
is mostly likely to be to the mining industry and other users in the North of the
state. Although there are hot rock prospects in the Perth Basin south of Geraldton,
within the SWIS range, they are not included in this scenario. However, this
area has great potential as temperatures and resources are well known in the
tenements presently awarded.
Further exploration is needed for information, including; rock types and water
permeability in the depth range of 3-5km.

5.2.

Upgraded Grid
The SWIS grid capacity would be upgraded in various areas to match the more distributed
generation; but initially the northern line from Perth to Geraldton. Other lines to the
other renewable generators would be updated to transmit power as needed considering:
locations of renewable sources; amount of electricity demand and at what locations; and

20

how existing grid can be augmented most effectively, to minimise additional costs.
The grid would incorporate 2-way data communication with user ‘appliances’ (smart grid)
to maximise the benefits of ‘Demand-side Management’ (DSM), reducing the amount of
transmission and generation infrastructure required, and energy losses.
Pricing of electricity would reflect the true cost with regard to peak demand, and be
‘tiered’ so that higher prices accompany higher electricity use. Consumers would have
ultimate control over which appliances and when they may be centrally controlled, or
when the will draw their energy, to reduce their costs.
Feed-in Tariffs will be applied to renewable energy generators to get fair return on
investment, compensate for some of the positive ‘externalities’ and remove existing
market barriers.
Locations of renewable generation will have been defined based on an integrated longterm plan of the SWIS.
Electric vehicles (EVs), commonly sold by all major manufacturers, will be actively
controlled by DSM when plugged into the smart grid, helping to stabilise the energy
fluctuation on the grid, and is known as ‘Vehicle-to-Grid’ (V2G).

5.3.

Employment and Regional Benefits
The higher employment associated with renewable energy plants results in a net increase
of approximately 1,500 jobs in the southwest of the state, despite the reduction in
demand for coal. The addition of biomass energy in co-firing of coal plants allows coal
workers to continue (Ref: “The net employment impacts of climate change policies” 3
June 2009, by Access Economics). Wind, solar and biomass energy production in these
areas will provide additional regional income and employment.

5.4.

Costs
Costs of renewable-electricity generation presently range from being competitive with
fossil-generation to much higher, as illustrated below, excluding any cost on carbon
pollution.
Note on conversion: $100 per MWhr = 10c per kWhr.

21

1000

1000
900
1000

800
900

CO2 emissions
Levelised cost of technology

800
900

700
800

CO2 emissions (kg/MWh-net)
CO2 emissions
(kg/MWh-net)

Levelised cost of technology

cost of technology
(2009
A$/MWh
)
LevelisedLevelised
cost of technology
(2009 A$/MWh
)

900
1000

700
800

CO2 emissions

600
700

600
700

500
600

500
600

400
500

400
500

300
400

300
400

200
300

200
300

100
200

Resource Assessment 2010

Parabolic Trough w/ Storag
e
Parabolic Trough w/ Storag
e

Parabolic Trough w/out Storag
e
Parabolic Trough w/out Storag
e

Fixed PV

Figure
Technology
ranking,
Figure
2.185.41
Technology
ranking,
20152015, based on levelised cost of technology and CO2 emissions.
600
Source:
Australian
S ource:
EPRI ABARE
technology
status data,Energy
2010

cost of technology
(2009
A$/MWh
)
LevelisedLevelised
cost of technology
(2009 A$/MWh
)

100
0

600
500

CO2 emissions (kg/MWh-net)
CO2 emissions
(kg/MWh-net)

CO2 emissions
Levelised cost of technology

500
400

0

600

Levelised cost of technology

600
500

100
200

AERA 2.18

Fixed PV

Single Axis PV
Single Axis PV

Central Receiver w/out Storag
e
Central Receiver w/out Storag
e

Two Axis PV
Two Axis PV

OCGT

OCGT

IGCC Black CCS
IGCC Black CCS

SCPC Brown CCS
SCPC Brown CCS

Nuclear

Nuclear

Central Receiver w/ Storage
Central Receiver w/ Storage

S ource: EPRI technology status data, 2010

SCPC Black CCS
SCPC Black CCS

Figure 2.18 Technology ranking, 2015

Hot Rocks Geotherma
l
Hot Rocks Geotherma
l

PC-Oxy Black
PC-Oxy Black

CCGT CCS
CCGT CCS

Wind

Wind

IGCC Black
IGCC Black

Hot Sedimentary Aquifer
Hot Sedimentary Aquifer

CCGT

CCGT

SCPC Brown
SCPC Brown

0

SCPC Black
SCPC Black

0
100

AERA 2.18

500
400

CO2 emissions

400
300

400
300

300
200

300
200

200
100

200
100

Parabolic Trough w/out Storag
e
Parabolic Trough w/out Storag
e

Parabolic Trough w/ Storag
e
Parabolic Trough w/ Storag
e

Fixed PV

Fixed PV

Single Axis PV
Single Axis PV

OCGT

OCGT

Central Receiver w/out Storag
e
Central Receiver w/out Storag
e

Two Axis PV
Two Axis PV

Nuclear

Nuclear

Central Receiver w/ Storag
e
Central Receiver w/ Storag
e

Figure 2.19 Technology ranking, 2030

Hot Rocks Geothermal
Hot Rocks Geothermal

S ource: EPRI technology status data, 2010

SCPC Brown CCS
SCPC Brown CCS

Figure 2.19 Technology ranking, 2030

IGCC Black CCS
IGCC Black CCS

SCPC Black CCS
SCPC Black CCS

PC-Oxy Black
PC-Oxy Black

CCGT CCS
CCGT CCS

Wind

Wind

0

AERA 2.19

Hot Sedimentary Aquife
r
Hot Sedimentary Aquife
r

100
0

0

100

AERA 2.19

0

pro-forma costs, individual projects may lie outside
Note for 2.18 and 2.19:
EPRI levelised cost of technology estimates based on
S ource: EPRI technology status data, 2010
this. Levelised cost of technologies: includes weighted cost of capital (8.4% real before tax); excludes
support mechanisms; excludes
Figure
5.42
Technology
ranking,
2030,
based
on
levelised
cost
of
technology
and CO2 emissions.
grid connection, transmission, and
(standing reserve requirements); and includes a notional allowance of 7.5% for
costs.
Source:
ABARE
Energy
Assessment
Note
for 2.18 and
2.19: Australian
EPRI levelised
cost ofResource
technology estimates
based 2010
on
pro-forma costs, individual projects may lie outside
this. Levelised cost of technologies: includes weighted cost of capital (8.4% real before tax); excludes
support mechanisms; excludes
grid connection, transmission, and
(standing reserve requirements); and includes a notional allowance of 7.5% for
costs.

Note for 5.41 and 5.42: Levelised cost of technology estimates are based on simplified pro-forma costs, individual
projects may lie outside this. Levelised cost of technologies: includes weighted cost of capital (8.4% real before
tax); excludes financial support mechanisms; excludes grid connection, transmission, and firming (standing reserve
requirements); and includes a notional allowance of 7.5% for site-specific costs.
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When a cost on carbon is imposed on various generation, most renewables become
competitive with fossil generation. (See graph of MMA 2009 Comparison of long-run
marginal costs of generation using Australia Federal Treasury CPRS-5 Carbon Pricing
below).

Figure 5.43 Comparison of long-run marginal costs of generation using the CPRS-5 carbon price mechanism.
Source: McLennan Magasanik Associates, Comparative Costs of Electricity Generation Technologies, 2009.

However, cost reductions of renewable energy are continuing as technology has
advanced, and mass-production and size of power systems have increased in scale,
illustrated by the solar PV price graph below.

23

Average Sales Price
Year 2007 Dollars per Peak Kilowatt

PV Power-Module Global Average Sales Price

Cumulative Sales, GW
Figure 5.44 Worldwide PV Module Price Experience and Extrapolation to 10 TW.
Ref: EPRI Technology Innovation White Paper Dec 2007 (Illustrating capital cost reductions).

It is projected that costs of renewable generation which have not yet fully matured will
continue to decrease as shown in the graph below. (For reference, current SWIS average
coal and gas generation cost is about $50 per MWhr).

Average case cost - wind, biomass, geothermal, small-hydro 2005-2050
Wind

Biomass

Geothermal

Hydro

80
75
70

LRAC, $/MWh

65
60
55
50
45
40
35
30

24

2050

2045

2040

2035

2030

2025

2020

2015

2010

2005

Figure 5.45 Average case costs for various renewable energy conversion technologies.
Source: McLennan Magasanik Associates, 2006.

Present commercially available roof-mounted grid-connected solar PV systems (installed)
generate electricity which compete directly with retail electrical prices because they don’t
need additional transmission infrastructure or other markups.
Whether the SWIS generation increases by using fossil generation or renewables, there
will be additional infrastructure needed. To simplify a comparison of the 30% renewable
scenario with the business as usual option (ie. 95% fossil and 5% renewable), the costs
are expressed as the difference in between the two options based on assumptions in the
table below.
Note that ‘N’ indicates they are not included in the costings because they are assumed to
be similar. For further discussion on this refer to Roam Consultants’ report to the Clean
Energy Council ‘The true costs and benefits of the enhanced RET’, 25 May 2010.

Additional Costs

2020 Case 1:
30% Renewable Energy

2020 Case 2:
Continued Coal and Gas
Generation at Collie Area

Generator Capital

Included

Included

Generator Operation and
Maintenance

Included

Included

Generator Fuel
(including price rises)

Included
(zero except biomass)

Included

Connection Fees

N

N

Transmission line connection
to SWIS grid

Included

Included

SWIS grid aumentation to
support extra generation

N

N

Smart Grid implementation

N

N

Figure 5.46 The assumptions that determine the difference in costs at 2020 between a 30% renewable
energy scenario and a business as usual scenario.
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Summarising the costs of the two cases in present value, PV$.
2020 Case 1:
30% Renewable Energy

2020 Case 2: Continued Coal and
Gas Generation at Collie Area

Annual Electrical
Energy, GW-hrs

LCoE
PV$ per MWhr

Annual Electrical
Energy, GW-hrs

LCoE
PV$ per MWhr

Fossil Generation and
Transmission

17,500 (70%)

187 2, 4

23,750 (95%)

187 2, 4

Renewables Generation
and Transmission

7,500 (30%)

270 -350 3

1,250 (5%)

270-350 3

Totals 1

25,000

212 - 236
average

25,000

191-195
average

Additional cost per capita
per day, at actual 2010/11
A1 Tariff 5

$0.50 to $0.98

N/A

Additional cost per capita
per day at recommended
2011/12 A1 Tariff 5

$0.06 to $0.54

N/A

Figure 5.47 2020 costings for case 1 and case 2.
1

2010-11 SWIS expected electrical energy generated is 17,500 GWhr
(Ref: IMO WA http://www.imowa.com.au/f2189,459124/2010_IMO_SOO_rev1.pdf )

2

Office of Energy’s Recommended A1 tariffs for 2010/11 is $253 per MWhr excluding carbon price, and
2011/12 is $288 per MWhr excluding carbon price.
(Ref: Office of Energy http://www.energy.wa.gov.au/cproot/1448/2/OOE%20Final%20Recommendations%20
Report%20Submitted%20to%20Minister%20-%20Final.pdf ).
Actual A1 tariff is $0.208 per kWhr ($208 per MWhr). It is conservatively assumed that from 2010/11
the cost of fossil generation will rise at the nominal CPI to 2020, however the Office of Energy is
recommending a 13% increase from 2010/11 to 2011/12 alone.

3

Simulation costings.

4

LCoE is calculated 90% of the A1 tariff, i.e. 50% for generation + 40% for infrastructure.
(Ref: Office of Energy http://www.energy.wa.gov.au/cproot/1448/2/OOE%20Final%20Recommendations%20
Report%20Submitted%20to%20Minister%20-%20Final.pdf, p.15)

5

This is the difference in the averaged levelised cost of electricity between the two, excluding a carbon
price. Assumes the present average annual energy use of 8.8 MWhr per capita.

It should be noted that this represents only one possible scenario and it is not optimised,
so this value could vary significantly. As stated previously, an integrated plan and
supportive regulatory and policy environment will play a major role in the cost outcome.
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6.

80-100% Renewable Energy Scenario for 2050
This case illustrates what an 80-100% renewable energy scenario for the SWIS could look like
leading up to 2050, assuming that it is engineered and policy regulated in an integrated manner.
(See the illustrating map and tables below).
It assumes a SWIS annual energy consumption would be about 2 times our 2020 amount, at
52,000 GWhr.
Renewable Energy Conversion Technology
- 80-100% Renewables in 2050

Total Installed
Capacity (MW)

Solar Thermal

2,050

Wind

2,847

Biomass

330

Solar PV - distributed

800

Geothermal

2,050

Wave - Carnegie CETO

1,600

Figure 6.1 Total installed capacity of various renewable energy conversion technologies for an 80-100% scenario.

27

80-100% Renewable Energy
Scenario for 2050
Geraldton

Kalgoorlie

Perth

Albany

South West Interconnected System
Existing Grid
New Grid
Other Energy Sources
Fossil Fuels

Typical 24 Hour Load Demand
Season: Summer

8
6
Energy (GW)

Renewable Energy Facilities
Wind
Biomass
Wave
Solar
Geothermal

4
2
0
0

4

8

12

16

Time (hrs)
Figure 6.2 80-100% renewable energy scenario for 2050.
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As this scenario projects into the distant future, it is not costed in detail, but LCoE projections
from McLennan Magasanik and Associates (Figure 5.45, Section 5), indicate continuing declines in
the costs of maturing technologies.
An option which could be considered in the long term, to assist the SWIS and Eastern States
networks in accessing dependable renewable energy, is to build a HVDC line running from
Kalgoorlie in the west to South Australia in the east. Access to the hundreds of windswept
kilometres along the Great Australian Bight for wind farms and reliable solar resources on each
end would provide a massive and reliable sustainable electricity source.
A further option to consider is the potential that this could also power a high-speed rail across
the continent, capable of displacing domestic air travel and further reducing GHG emissions.
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7.

Reaching our Renewable Energy Scenarios
While renewables have much to offer in long-term benefits, these will not be realised while they
are impeded by various factors. Changes need to and can be made, to give them a fair chance
to become established so they can compete on their own, and to meet WA’s emission reduction
targets.

7.1.

Technical Changes
There are a number of technical aspects to be addressed to assist an increase in
renewable generation, including:
• The portion of coal-generation must be reduced as it is not efficiently able to vary its
output power to follow the demand load, nor complement those renewables which
are variable.
• The grid design and capacity needs to be upgraded to allow electricity to be
distributed from various parts of the grid, rather than just from the Collie area.
• There must be an integrated grid upgrade strategy which considers where future
sources of energy and demand will be.
• The grid stability can be improved with renewables by forecasting the meterological
resources.
• More sophisticated resource forecasting and electricity market designed to
accommodate higher levels of renewable energy onto the network, and a greater
range of DSM options at least cost.
• Energy storage on the grid, (ref: Western Power submission to the Strategic Energy
Initiative 2030) including; pumped air/hydro, thermal with solar thermal plants,
and EVs (V2G), are needed to complement the use of larger amounts of variable
renewable energy such as wind and solar.
• There are not enough drilling rigs in WA for geothermal development (60% of capital
cost is for drilling and there is a shortage of rigs - only one available for lease/hire in
Australia able to drill to the depths required).
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7.2.

Market and Regulatory Changes
The present energy market conditions and regulations make it difficult for new generators
to be added.
Some of these impediments and changes needed are:
• System balancing (’balancing’ generation supply with demand) is currently done
exclusively through Verve Energy, and as they provide only a portion of the energy
generated on the SWIS grid, their generators struggle to balance all of the intermittent
generation. This leads to an inefficient market and wasteful subsidies. The rules need
to allow other operators and methods to contribute in balancing.
• Strategic planning of network upgrades to areas of high levels of demand growth and
renewable resources to encourage generation in appropriate areas. This will reduce
costs of adding generation capacity.
• Network access subsidies for distributed and embedded generation that defers
network augmentation in that area.
• The existing electricity market greatly favours ‘dispatchable’ energy technologies that
can determine their output a week in advance of when the energy is traded. A realtime energy market allows the most economically efficient generator to run, and thus
reduces the cost and discrimination of particular technologies.
• Fully cost-reflective electricity tariffs that help provide price-signals to limit ‘peak’
demand and network augmentation.
• The government needs to give clear strong signals in the form of feed in tariffs to
encourage investment and provide certainty of viability. The investment sector is
currently not participating in financing of renewable projects in general.
• The rapid uptake of renewable energy and energy storage should be encouraged by
incentives and/or removal of impediments.
• Co-ordinated strategy for planning approvals and land-use to encourage particular
energy technologies in ‘renewable energy corridors’.
Further useful information is available from the Western Power public submission to
the Strategic Energy Initiative 2030, see: http://www.energy.wa.gov.au/2/3438/3312/
submissions_to_.pm
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8.

Appendix - Useful References
SEN’s Concept Renewable Energy Simulation for South-West WA
Welcome to the renewable energy concept simulation of Western Australia’s South-West
Interconnected System (SWIS), developed by Sustainable Energy Now, Incorporated (SEN).
WA’s renewable energy resources could provide many times the amount of fossil-fuelled power
currently used in WA. In southern WA our electricity is supplied by the SWIS grid. SEN’s concept
simulation models the SWIS and allows you to create, cost and evaluate scenarios for supplying
electricity using a mixture of renewable energy sources.
SEN’s computer simulation allows to you to place virtual renewable energy plants around WA in
optimal locations to access renewable energy sources, minimise grid connection costs and meet
the varying demand on the SWIS. The simulation uses the average daily load profile on the SWIS
and average meteorological conditions for each season.
Using the simulation, you can create your own scenarios for achieving the best efficiency, cost
effectiveness, energy security, job creation and carbon reduction for Southern WA.

Figure 8.1 Sustainable Energy Now’s Conceptual Renewable Energy Computer Simulation.

SEN’s renewable energy simulation is available on our website: www.sen.asn.au/simulation
We describe the simulation as conceptual at this stage because it currently uses seasonal
average data rather than real-time or historical data and it needs to be subjected to independent
verification. We look forward to enhancing the simulation so that the energy output from the
renewable technologies is calculated from real-time and historical meteorological data for each
location. These energy supplies will be integrated into the SWIS grid and compared against the
actual grid demand. This will provide a more accurate tool for planning what WA’s renewable
energy future could be, given suitable regulatory and other conditions.
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