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1. Executive Summary
The ATA supports a transition from fossil fuels to renewable generation in Australia’s electricity grid.
As well as being important to meet our international commitments to fight climate change, this
brings other benefits such as improved local health outcomes, greater energy security and more
jobs. This should form part of an overall plan to reduce Australia’s greenhouse gas emissions.
We do not advocate replacing all of Australia’s fossil fuel power stations with simple wind farms and
solar panels, as that would result in blackouts.
We support the development and deployment of an appropriate mix of solutions including:
‐ Smarter wind and solar generation.
‐ Upgraded transmission lines.
‐ Energy efficiency.
‐ Energy storage.
‐ Smart appliances.
This approach can deliver reliable grid electricity, as demonstrated in several studies, including one
by the Australian Energy Market Operator (AEMO). During periods of calm, cloudy weather
electricity is sourced from sunny or windy parts of the country, and supplemented with energy
stores such as hydroelectric dams, molten salt heat storage, batteries, renewable gas and stockpiles
of pelletised woody waste. Some consumption is postponed, eg running swimming pool pumps and
topping up hot water tanks.
This upgraded grid would be robust, with smarter renewable generators and batteries automatically
injecting extra electricity when required for grid stability. Similarly, smart appliances would detect
disturbances in the grid and independently adjust their power level to compensate.
Building a 100% renewable grid could be seen as a 21st century version of the Snowy Mountains
Scheme, whose cost approximated 16% of Australia’s Gross Domestic Product in its commencement
year. Going 100% renewable might cost a similar proportion of a single year’s GDP today. Any capital
costs would be spread over the project’s duration, which would span at least a decade.
This investment must be weighed against alternative costs such as replacing existing coal‐fired
power stations, many of which are approaching their design lifespan. A study by the Institute for
Sustainable Futures found that overall electricity generation costs during the transition would be
higher than “business as usual”, but only by about 5%‐10%. Several measures are available to
protect vulnerable consumers during this time.
Once constructed, a newly‐built fleet of renewable generators would place downward pressure on
electricity bills by eliminating fossil fuel procurement. The Institute for Sustainable Futures
estimated a 30% reduction in electricity generation costs, compared to “business as usual”. Costs
would reduce further as assets are depreciated. In the longer term, replacement wind turbines and
solar panels will be relatively cheap, as they can re‐use infrastructure such as footings.
For long‐term economic and health benefits as well as helping to fight climate change, Australia
should confirm the costs, quickly prepare a plan for a 100% renewable electricity grid, and begin
implementing it.
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2. Introduction
The ATA supports a transition from fossil fuels to renewable generation in Australia’s electricity grid.
As well as being important to meet our international commitments to fight climate change1, this
brings other benefits such as improved local health outcomes2, greater energy security3 and more
jobs4. This should form part of an overall plan to reduce Australia’s greenhouse gas emissions.
As the energy transition progresses we must ensure the grid remains reliable, and avoid economic
hardship. How can this be achieved as we approach 100% renewables?
This discussion paper provides an overview of the issue, with jargon kept to a minimum. Many
references are included to assist further inquiry.
2.1.1. Electricity: the initial focus
We use energy in many forms, but electricity is the most important. Electricity is integral to our
modern society and currently accounts for about one‐third of Australia’s carbon dioxide emissions5.
Electricity can substitute for petrol and diesel (eg using trains, trams and electric vehicles) and for
natural gas (eg with efficient heat pumps to heat buildings and water).
Electricity is also relatively easy to produce from renewable sources. That’s why most plans to clean
up our energy supply have focused on electricity, and then aimed to expand its use throughout the
economy.
Australia’s response to fossil fuels must extend beyond the electricity grid to other forms of energy
and other parts of the economy. However, this paper focuses on the electricity grid.

Fossil Fuels

Renewables

Figure 1: simplified chart showing mid-point of range. from page v,
http://www.co2crc.com.au/wp-content/uploads/2016/04/LCOE_Report_final_web.pdf
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3. The challenge of intermittent generation
3.1 Our ageing coal‐fired generators
The average age of a coal‐fired power station in Australia is nearly 30 years6, and some are operating
beyond their design life.7 For example, Hazelwood started up in 1964. In the absence of renewables,
substantial investment would be required to rebuild or renovate these old assets.
Coal electricity’s current low wholesale price (about 4‐5c per kilowatt‐hour, kWh)8 is possible
because these power stations were paid off decades ago. Energy from a newly‐built coal generator
would cost more. The best estimates for future costs are in the Australian Power Generation
Technology Report9, which estimates that the average cost of electricity over a coal plant’s lifespan
(excluding decommissioning) is about 8c/kWh. Allowing for profit margins, the price would be even
higher. This report also found that new power stations fuelled by natural gas will have a similar cost,
assuming they are of the most efficient type.

Figure 2: Anglesea coal mine and power station,
https://www.climatecouncil.org.au/uploads/7b40d7bbefbdd94979ce4de2fad52414.pdf
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3.2 Wind and solar: the front‐runners
Wind and solar farms are the cheapest renewable options, generating electricity at around 10c/kWh
and 14c/kWh respectively, averaged over their lifespan. Those costs are for 2015 but they’re
dropping fast, expected to reach around 7c/kWh and 8c/kWh respectively by 203010. Operating
costs are very low (the fuel is free!), so the dominant factor is capital costs, calculated assuming an
8% cost of debt. Money can currently be borrowed more cheaply than this assumption, assisting
new renewable generators to commit to sell electricity below 8c/kWh in Australia11 and below
US5c/kWh overseas.12
(With such prices for electricity generation, you may be wondering why you’re paying 25c or
35c/kWh for electricity from the grid. The bulk of each residential bill pays for other factors such as
poles and wires and retail billing costs, profit margins etc.)
The main drawback of wind and solar is that they operate intermittently, depending on weather
conditions. However, their generation is very predictable using short‐term weather forecasting and
cloud tracking techniques.13 Some people worry about the energy required in construction, but
modern turbines and panels cover this very rapidly. For more information see “How green is my
solar” in ReNew 135.
Tidal power and wave power are also intermittent renewable energy sources, but their development
lags far behind wind and solar.

3.3 “Base load” vs. “Peakers”
Fossil fuel power stations are often called “base load” generators, meaning that they are not
intermittent and can be dispatched as required by the grid operator. This is a very useful feature, as
our current grid has almost no capacity to store electricity and must be balanced minute‐by‐minute.
The term “base load” originally referred to the grid’s minimum demand for electricity that was
always present. Traditionally, coal‐fired power stations preferred to never shut down, so electricity
demand at quiet times was incentivised, for example household electric hot water tanks would
switch on around 1:00am. Relatively modern coal generators do have reasonable flexibility, such as
Loy Yang A which can halve its output in a less than an hour.
Natural gas is another fossil fuel that can be burnt to generate electricity. Some gas power stations
are reasonably efficient and operate as “base load” generators. Other types are different: cheap to
build, but expensive to run because their efficiency is low so they require a lot of gas. These are
referred to as “peakers”, because they can respond quickly to supply demand peaks when called
upon by the grid operator. Although these power stations sit idle for most of the time they are still
profitable, because they only operate when the wholesale electricity price is high. Hydroelectric
generators are also commonly used as “peakers”.
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3.4 A calm, cloudy week
The main challenge for renewables is to supply an extended period when wind and sunlight are
scarce. In response, plans for 100% renewables tend to employ a mix of solutions. A partial answer is
to simply build extra solar panels and wind turbines to maximise generation when the resource is
weak. However, dispatchable forms of renewable energy are available.
Hydroelectric generation from large dams is a big, existing, dispatchable renewable electricity
source but has little expansion potential as few suitable sites exist in Australia.
A useful dispatchable generation option is biomass – plant material such as crop stubble, sawdust
and woody waste. For example, sugar processing plants have generated electricity for over 100 years
by burning sugar cane residues (bagasse) left over after sugar extraction.14 To mitigate transport
costs, biomass can be made into pellets. This fuel can be sustainable as long as the plant material is
re‐grown thoughtfully. Alternative uses for biomass must be considered – this organic material may
normally be returned to the soil. If so, taking it to burn for energy instead could eventually deplete
the land of nutrients and degrade soil structure. Farmland can be used to create renewable liquid
fuels, for example ethanol from sugar or wheat, and biodiesel from oil crops. However heavy use of
such biofuel is problematic as it competes with food production.
It’s already common for landfill sites to collect methane gas (known as biogas) that leaks from the
ground and burn it to generate electricity. This gas could be captured from many more sources, such
as sewage treatment plants and farms. Burning this methane has an additional environmental
benefit because if it’s allowed to escape unburnt to the upper atmosphere its greenhouse effect is
much more potent than carbon dioxide. Biogas can also be created from biomass.
Geothermal power plants draw energy from underground heat sources; Birdsville’s electricity is
partially supplied this way. Massive resources of deep “hot rocks” exist in central Australia and
Victoria, but pilot projects run in the past few years have not been successful.15

Figure 3: Biogas from landfill site.
https://www.cleanenergycouncil.org.au/technologies/bioenergy.html
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4. Ways to cope with intermittent generation
4.1 Connecting the states
Australia is well‐endowed with wind and sunshine – the entire continent is never cloudy and calm
simultaneously. The intermittency problem can be mitigated by dispersing wind and solar farms
around the country and sharing their generation. Originally each state’s electricity grid was separate,
but in recent decades they have all been interconnected to the National Electricity Market (NEM)
except for WA and NT. Presently the interconnecting cables are few and their capacity is small, so
each state can only export a fraction of its generation at any time.16

Figure 4: Map of existing transmission lines.
Commonwealth of Australia (Geoscience Australia) 2015
Tasmania is a good example – it has huge generation potential from the “roaring forties” winds that
blow over its land mass and smaller islands.17 But it’s connected to Victoria by only a single cable
that failed in 2016 (taking 6 months to repair)18 and also during a 35‐degree heatwave in 2009.19
South Australia’s grid has only two connections, both with Victoria. To share renewable generation
more widely, new direct interconnectors have been proposed to NSW and QLD. Some plans include
connecting WA to SA.
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4.2 Energy Storage
It is possible to store energy and then use it to generate electricity during a cloudy, calm period. The
biggest existing store of renewable energy is rainwater held in large hydroelectric dams, particularly
in Tasmania and near the Great Dividing Range. Few of these can recycle their water; after flowing
through and turning the generator it heads away downriver. Ideally this water would be captured in
a lower dam and then pumped back to the upper level at windy or sunny times.
You don’t have to dam a river to store energy using pumped hydro. According to the Melbourne
Energy Institute, the best option is to build a dam on a tall hill or cliff. This height creates strong
water pressure, enabling significant energy to be stored with a relatively small dam. Suitable sites
are plentiful, and the theoretical cost is $200 per kWh of usable storage capacity. When added to a
solar farm, a dam to store 5 hours of generation would increase the system cost by about 25%.20
Concentrated Solar Thermal (CST) plants collect and store energy like an enormous solar hot water
system. Mirrors reflect and concentrate sunlight, heating a fluid such as molten salt up to 300‐1,000
degrees Celsius. The fluid is stored in an insulated tank; when required, its heat boils water into
steam to spin an electric generator. This technology has been proven, notably in the USA and Spain
and at Liddell in NSW. Electricity from a plant built in 2015 with 6 hours of storage is estimated to
cost about 24c/kWh averaged over its lifespan. This is projected to halve to 12c/kWh by 2030.21

Figure 5: Concentrating Solar Thermal power station.
http://dea.org.au/images/general/The_human_health_tolls_of_coal_fact_sheet_06-15.pdf
Batteries can be used to store energy either in central locations or distributed close to the point of
electricity consumption. Household batteries for solar systems currently cost around $1,200 per
kWh of storage capacity, which is expected to drop to around $700 by 2030. Larger batteries for
industrial and commercial use are cheaper.22
Biomass pellets and biogas can also be stored for later electricity generation.23 In a 100% renewable
scenario, biogas could be stored and distributed in the pipeline infrastructure currently used for
fossil gas.24 Renewable electricity can also be used to produce hydrogen gas from water, to be used
in vehicle engines, for heating buildings or used for electricity generation later on.
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4.3 Energy efficiency
Australia has an opportunity for huge bill savings from reduced energy consumption, and this
becomes imperative in a 100% renewable world. Heating buildings in southern states is especially
important, as this consumes large amounts of energy at times when sunshine is scarce. Retrofits
such as draft sealing and insulation pay for themselves very quickly, and are one reason why an
average German household consumes only about half as much electricity as an Australian one25.
Efficiency keeps German residential electricity bills small, even though their tariffs are relatively
high.26 Modern reverse cycle air conditioners are now the most efficient and cheapest way to heat
buildings, fitting in well with renewable electricity generation.27
Commerce and industry make up about 70% of Australia’s electricity consumption28, and measures
have already been identified for substantial reductions in this sector’senergy use.29

4.4 Flexible Demand
We expect an instant response when we switch on most appliances, but some electricity
consumption can be postponed or brought forward to suit available generation. Timers on electric
hot water tanks can be changed from night‐time to daytime, as is already happening in
Queensland.30 Swimming pool water must be filtered, but this can be done at any time of the day.
Electric vehicle (EV) charging is also a good opportunity, as most people only use a fraction of their
car’s battery capacity each day. Cars can be plugged into chargers while parked in home garages or
in large car parks. Drivers could nominate their preferences, perhaps paying less if they allow more
flexibility in charging time. If EV chargers can avoid peak times for demand on the grid, their
additional electricity consumption will help smooth out peaks and troughs in grid demand. This
might even reduce the tariff you pay for each kilowatt‐hour, as higher grid consumption brings
economies of scale.31
Large opportunities for demand response exist in industrial processes.32
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5. Grid Stability
5.1 A sudden shock
Even when generation is plentiful, an electricity grid can be blacked out by a brief disruption. The
grid operates like a team of people pedalling stationary bicycles to power a building. If some bikes
suddenly disconnect (eg if their electricity connection is severed), the remaining generators will
immediately feel extra resistance and their cadence will slow.
If you look at the label on a household appliance, you’ll probably see the term “AC” for “Alternating
Current”. This means that electricity is alternately pushed from the grid into your house, then sucked
back again in the reverse direction. The frequency of this direction change is 50 cycles per second, or
50 Hertz (Hz), which is the heartbeat of the grid. From Cairns to Melbourne to Adelaide, electric
generators and motors spin precisely synchronised to this pulse.
Generators can be damaged if the grid frequency slows below 48 or 49 Hertz, so if this occurs they
may switch off to protect themselves. These shutdowns (or “trips”) place extra resistance on the
remaining generators, causing further disconnections and a blackout. To keep grid frequency stable,
some generators run their turbines below full power, reserving generation capacity to jump in and
inject extra electricity as soon as a drop in grid frequency is detected. Part of our electricity bills pay
for this service to keep the grid stable, sometimes referred to as “frequency control ancillary
services” (FCAS) or “spinning reserve”; payments amount to about 1% of the wholesale trade in
electricity.
A coal‐fired power station that shuts down unexpectedly can create a large disruption to the grid. In
recent years coal generators have been closed by bushfires, flooding and coal quality issues.33 If the
grid were instead served by a larger number of smaller, widely‐spaced generators, the potential
shock would be reduced.
Grid stability is assisted by generators that have heavy spinning parts synchronised to the grid
frequency, such as fossil fuel and hydroelectric turbines. Due to their inertia it takes significant
energy to start such turbines rotating, but once up to speed they similarly resist slowing down.
Thanks to inertia, frequency slowdowns due to grid disruptions occur more gradually. In an
emergency the frequency might take 0.5 seconds to drop from 50 to 49 Hertz, rather than 0.2
seconds if the grid had less inertia. This provides sufficient time for protective mechanisms such as
FCAS to kick in.
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5.2 Wind and solar – reducing grid stability?
The blades of modern wind turbines are not synchronised with the grid’s frequency. Instead,
rotation speed is constantly adjusted to harvest maximum energy from prevailing wind conditions.
And solar panels have no rotating components at all. So how can wind turbines and solar panels
generate electricity compatible with the grid, pulsing at exactly the right frequency? They use clever
electrical components to convert their “asynchronous” generation into electricity with a suitable
alternating current. A modern wind generator’s electrical output is decoupled from its mechanical
input. The blades and hub may weigh over 20 tonnes and rotate 20 times per minute, but this
mechanical inertia is not readily available as electrical inertia.34
As wind turbines and solar panels replace fossil‐fuel generators, overall levels of inertia in the grid
are falling. If not managed, this trend could reduce grid stability and make blackouts more likely in
the future. Industry is well‐aware of this issue, for example AEMO’s “Wind Integration Studies” in
2011‐2013.35
Generators are not required to have inertia, but they must be able to tolerate grid faults that arise.
For example, if the grid voltage drops to zero for a fraction of a second, standards require a
generator to have resilience to “ride‐through” the fault and keep operating, assisting the grid to
recover. Similarly, if the grid frequency dips temporarily, the generator must continue operating.
Wind and solar farms are installed with smart electrical components to comply with these
requirements. The South Australian blackout in October 2016 showed that existing wind farms can
successfully ride‐through even very severe grid faults, as long as they are properly configured.36
AEMO, along with other organisations, has been studying future grid stability in detail since late
2015.37

5.3 Smarter generation
There are many possible solutions to maintain grid stability as levels of wind and solar generation
increase.38 One simple expedient to maintain inertia in the grid is to retain the steam turbines within
decommissioned fossil fuel power stations.39 They would remain connected to the grid and continue
to rotate in synch with grid frequency, without burning fuel.
Wind and solar farms can be upgraded with more grid support features.40 For example, when a
slowdown in grid frequency is detected, the wind turbine’s controller could immediately increase its
power output by temporarily sacrificing some blade speed – this approach is termed “synthetic
inertia”41 and is already required in part of Canada.42
Rooftop solar systems are already evolving to help keep the future grid stable. As of October 2016 all
new grid‐connected inverters must be capable of reducing their generation or export, in response to
a signal from the grid operator43. Known as Demand Response Mode (DRM), this feature allows
solar generation to be curtailed when it exceeds overall demand. Implementation is not expected
for many years, and requires an additional device known as a Demand Response Enabling Device
(DRED) to be plugged into the inverter. Wind farms can already be curtailed by AEMO.

www.ata.org.au

17 November 2016

5.4 Smarter appliances
Household appliances can assist grid management and stability. Some air conditioners and pool
pumps already support DRM44, and in Queensland their power level is sometimes reduced during
times of peak demand on the grid. Households receive up‐front payments for participating in this
scheme.45 Similarly, some hot water tanks can already respond to remote instructions, turning on to
heat the water temporarily to a higher temperature than usual. This helps the grid to deal with
occasional over‐supplies of electricity. 46
Appliances can also act independently to support the grid frequency. When it detects a drop in grid
frequency, a fridge could switch off for 30 seconds and then resume its normal operation. Multiplied
over millions of appliances, this reduction in electrical demand can have a very useful effect.47
Batteries are especially well‐suited to support grid stability, as they can discharge electricity into the
grid with zero start‐up time. Large batteries have already been installed in the grid for such
purposes overseas.48 Household batteries could also provide this service, as well as delivering bill
savings for their owners. Some batteries in Australian households already earn money by exporting
electricity to the grid at times of high demand.49

Figure 6: Battery plant at Schwerin, Germany.
http://www.adlershof.de/en/news/europes‐first‐commercial‐battery‐plant‐remains‐a‐driver‐for‐
innovation/
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6. Planning for the future
6.1 Existing studies on 100% renewables
Several organisations have studied this issue, finding that a reliable, 100% renewable grid is
possible. For proper planning, more comprehensive and definitive studies are required.
6.1.1. Beyond Zero Emissions
In 2010, Beyond Zero Emissions (BZE) and the Melbourne Energy Institute produced a ten‐year plan
to phase out fossil fuels.50 Under this scheme, electricity is mostly supplied from concentrated solar
thermal plants with molten salt storage and wind farms, with a smaller amount from hydro and solar
panels. During rare cloudy, calm periods biomass is burned to directly heat the molten salt tanks.
Energy consumption is reduced via building retrofits and efficient appliances, interconnections are
strengthened (including WA) and the economy is fully electrified, except for a small amount of
biofuel for uses such as air transport. Total capital cost was estimated at $370 billion.

Concentrated Solar
Thermal power station

New transmission line

Figure 7: BZE Proposed National Renewable Grid. Pxviii,
http://media.bze.org.au/ZCA2020_Stationary_Energy_Report_v1.pdf
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6.1.2. Commonwealth Scientific & Industrial Research Organisation
In 2012, CSIRO examined a 100% renewable grid in 2050, as one of four scenarios from their “Future
Grid” forum. Cumulative expenditure to that date was about $940 billion, including distribution
upgrades. However this was found to be not much higher than the cost for their baseline scenario
($850 billion), implying a relatively inexpensive transition to a 100% renewable grid.51

6.1.3. Australian Energy Market Operator
In 2012‐2013, AEMO produced an exploratory report into a potential 100% renewable electricity grid
for the eastern states.52 It assumed increased flexibility in electricity demand, minor energy
efficiency upgrades, and a moderate uptake of electric vehicles. The report’s first scenario is
discussed here, as it considers a relatively rapid transition to 100% renewables by 2030.
Via multiple full‐year simulations of the National Electricity Market, AEMO found the cheapest
reliable option was to install a spread of renewable generation technologies. New transmission lines
would connect population centres to sunny and windy regions. Battery storage wasn’t used, as other
energy storage options were cheaper. Also, extra wind and solar capacity was built to help cover
cloudy, calm periods. Operational issues such as frequency control were found to be manageable.

Rooftop solar systems

Solar farms

Figure 8: Installed capacity by technology, Scenario 1, 2030. Page 37,
https://www.environment.gov.au/system/files/resources/d67797b7-d563-427f-84ebc3bb69e34073/files/100-percent-renewables-study-modelling-outcomes-report.pdf

AEMO’s hypothetical capital cost for new generation and transmission infrastructure to achieve
100% renewables in 2030 was $219 billion. This includes investments in rooftop solar by property
owners. Several costs likely to be associated with the transition were not covered, such as land
acquisition and upgrades to the distribution network. After construction, wholesale electricity from
the new generators might cost about 11.1 cents per kilowatt‐hour, and bills might also increase by
1c/kWh to cover the new transmission lines.
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6.1.4. University of New South Wales
Also in 2013, the University of New South Wales simulated electricity scenarios comparing fossil gas‐
fired generation against a mix of renewables including wind and solar panels, CST plants, hydro and
biogas. They found that this mix could meet Australia’s electricity demand. Costs were drawn from
estimates made in 2012 for 2030. Electricity from renewables and fossil gas was found to cost
roughly the same, if the wholesale gas price was high at $12 per gigajoule.53 (Note: most future gas
price forecasts are lower than this, but this price was reached during July 2016.54) If a carbon price is
included, renewable generation was found to be significantly cheaper than gas.
6.1.5. University of Technology Sydney
In 2016 the Institute for Sustainable Futures at the University of Technology Sydney studied
renewable scenarios in a long‐term economic model.55 The grid would be 100% renewable by 2030,
and the entire economy by 2050. The generation mix was similar to previous studies, but included
the use of hydrogen gas. Estimated investment costs to 2050 would be $650 billion, which is higher
than the “business as usual” reference scenario. This investment would be paid off by 2050 due to
lower expenditure on fossil fuels. For example, the fuel saving is over $140 billion per year by 2050.

Cost for “Business
as Usual” reference
scenario

Cost for
renewable
scenarios

Figure 9: Annual costs by sector and scenario (assumed low coal and gas prices). P33,
http://www.uts.edu.au/sites/default/files/article/downloads/ISF_100%25_Australian_Renewable_E
nergy_Report.pdf
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6.2 Can we cope with such a huge project?
In many ways, building a 100% renewable grid is a challenge comparable to the Snowy Mountains
Scheme. The Snowy scheme took 25 years to complete, and its total cost equates to approximately
16% of Australia’s annual Gross Domestic Product (GDP) in the commencement year of 194956. By
comparison, capital costs indicated by AEMO’s 100% renewables report are about 13% of 2016 GDP.
BZE’s estimated costs amount to 22% of single‐year GDP, with the broader scope of decarbonising all
energy consumption.
The Snowy scheme involved cooperation between multiple states, employment reform and
legislative change. Its successful completion resulted in an important asset that still provides large
economic and social benefits today. It could act as inspiration for a modern project to create a 100%
renewable grid.

6.3 Bill impacts
AEMO’s modelling translates into retail bill increases of about 6c per kWh. For a residential tariff of
say 30c, this represents a 20% increase. Other studies by BZE, UNSW and University of Technology
Sydney gave similar results57, especially in comparison to actual increases of about 66% between
2007 and 2012, due primarily to network upgrades.58 The extra bill cost per kWh is however a more
significant increase for large electricity users who may be paying only 10‐15c per kWh. Bill increases
would phase in gradually, over ten years or more. During early stages wholesale prices may be
reduced, as found by modelling for the government’s review into the current Renewable Energy
Target.59
In periods when residential bills are rising, it’s important to protect vulnerable consumers, such as
those on low or fixed incomes. This could be delivered by a number of complementary measures
such as subsidised energy efficiency upgrades, improved concessions, and targeted increases to
income support payments.
Future 100% renewable bills should be compared against future “business as usual” bills, which will
likely also be higher than today’s. The CSIRO study found only minor residential and commercial bill
differences between scenarios, especially when expressed as a percentage of household budget.60
Industrial bills however were significantly more expensive in the 100% renewable scenario. The
Institute for Sustainable Futures found that during the transition, overall electricity generation costs
could be 5%‐10% higher than “business as usual”, but afterwards would be around 30% cheaper.61 In
a coordinated national project, governments might deploy taxpayer funding, in which case electricity
bills wouldn’t rise as much.
A completed transition to renewables will put downward pressure on future electricity bills. Running
costs are low since most of the fuel is free! As wind turbines wear out, they can be replaced
relatively cheaply by re‐using existing support structures, towers and power lines. Similarly,
replacement solar panels can use existing bases and racking. Ongoing grid maintenance should be
mitigated by ongoing innovation in smart appliances and energy efficiency. Cost involved in fossil
fuels are avoided, such as remediating coal mines. Bills might decline, once the initial capital cost
has been depreciated.
100% renewable bills would be more stable than today, since they won’t depend on the volatile
price of fossil fuels in international commodity markets.
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Figure 10: Average electricity costs for each scenario – low coal and low gas price. Page 32,
http://www.uts.edu.au/sites/default/files/article/downloads/ISF_100%25_Australian_Renewable_Energy_R
eport.pdf

6.4 How nimble is the electricity market?
Our privatised electricity system responds very well to the type of event that it was designed for. For
example, when the wind dies down, the price of electricity increases and gas‐fired “peakers” pick up
the slack. Or if an old coal‐fired power station closes in Victoria, more electricity is imported from
NSW via interconnectors. This approach harnesses the initiative of many independent companies,
each competing to maximise financial returns to shareholders.
On the other hand, the market’s response can be poor if the change was unforeseen by its designers
in the mid‐1990s. The NEM is an energy‐only market; participating companies can only get paid for
energy they sell (or defined FCAS services). For example, there is no incentive for any participant to
maintain inertia in the grid, because low inertia was not anticipated. When a fossil‐fuel power
station closes, it might make overall economic sense to retain the turbine for its inertia, but that
doesn’t happen because no individual company can earn money from it.
The market design can be changed, but the process is slow and cumbersome, with rule changes
often taking years.
Several market reforms conducive to higher levels of renewables have been proposed, only to be
rejected or delayed by the rule‐making body, the AEMC. These include issues such as demand
response62, shared solar63 and market settlement timeframes64.
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6.5 How quickly should we shift?
To date, the fastest timeline proposed to reach a 100% renewable grid is 10 years (the BZE plan).
Compared to a fast transition, a slower one would incur lower capital costs, as more existing
equipment could be operated to retirement age. Also, the cost of renewables is dropping, so delays
would result in capital savings. On the other hand, a fast transition reduces spending on fossil fuels.
Australia’s policy on renewable electricity should be part of a credible plan to reach our climate
goals. If we can make fast progress to reduce carbon dioxide emissions in other areas (eg
agriculture), perhaps a relatively slow grid transition is possible. Overall, early actions are less costly
than later actions, as they have a larger cumulative effect. Such considerations are beyond the scope
of this paper.
Given the uncertainty involved in long‐term policy‐making, the ATA supports early action consistent
with a fast transition. This provides maximum flexibility to adjust plans in the future.

6.6 What are the impacts of our current actions?
Our decisions today can help lay the groundwork for a 100% renewable grid, or alternately can
become an obstacle to change. For example, Australians who design or upgrade their homes to
reduce winter heating requirements are also easing the toughest task for renewable energy. If we
prioritise home appliances that have smart grid‐interactive features,
we’ll be ready to help integrate wind and solar generation by
keeping the grid stable (once the grid managers catch up with us!).
Installing a home battery also helps to develop an industry and
technology that will assist the renewable transition in future.
For policy‐makers, early action on regulations and standards is
crucial. For example, tighter enforcement of existing regulations
would reduce current high levels of non‐compliance with building
energy efficiency requirements.65 Similarly, appliance energy
standards should be broadened and tightened.66 Electric vehicle
chargers and home batteries should be incentivised to support the
grid by smoothing out peak demand rather than adding to it.

In addition to supporting a transition to renewables, most of these
actions deliver a very fast economic payback, so there should be
little resistance to their adoption. Similar cases are likely to be
available in commercial and industrial businesses.
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7. Conclusion
A reliable, 100% renewable electricity grid is entirely possible, using a mix of technologies beyond
current wind and solar farm designs. A coordinated, far‐sighted approach is required, which will be
challenging to sustain under the current energy market design and regulatory regime.
Several studies have indicated that the cost of this transition is likely to be moderate, compared to
the inevitable “business as usual” costs such as replacing ageing coal‐fired power stations. Once
complete, the transition will put downward pressure on bills and help make them more stable.
However, work to date by authoritative bodies has been exploratory in nature; much deeper analysis
is required on a regular basis to confirm the economics, inform policy debate and provide confidence
to investors.
Researchers and businesses should be actively supported to develop innovations identified as
important to a 100% renewable grid. In electricity generation this includes concentrating solar
thermal and biomass. Pumped hydro and batteries are key opportunities for energy storage and grid
stability. Perhaps most significant are innovations relating to energy demand, such as smart
appliances and electric car chargers, and similar opportunities in commerce and industry.
For long‐term economic and health benefits as well as helping to fight climate change, Australia
should quickly prepare a plan for a 100% renewable electricity grid, and begin implementing it.
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Appendix 1: Alternative scenarios
This section discusses other options to reduce the climate impact of our electricity grid.

7.1 What about an 80% renewable grid?
It’s possible that Australia could meet its climate commitments in the long term while still generating
some electricity from fossil fuels. This would depend on decarbonisation efforts elsewhere in the
economy, for example locking up carbon dioxide in trees, and organic material in the soil. In this
scenario, cheap natural gas power stations would help supply electricity demand at calm, cloudy
times. The University of NSW found that the cost increase to go from 80% up to 100% is likely to be
only slightly greater than the increase from 60% to 80%.67

7.2 What about going off‐grid?
Widespread disconnections from the grid would lead to poor outcomes for Australia as a whole.
Many households cannot sensibly go off‐grid due to capital constraints, an unsuitable roof etc. And
large electricity consumers such as hospitals and manufacturers cannot generate enough clean
energy to supply themselves. These consumers remaining on the grid would face higher bills, as they
would have to pay for a larger share of grid maintenance costs than today.
Off‐grid solar systems are sized for cloudy conditions. In sunny weather they generate a surplus
that’s wasted, as it can’t be exported to the grid.68 If people instead remain on the grid, their surplus
solar generation will be shared with parts of the country experiencing calm, cloudy weather,
assisting the transition to renewables.
Renewable off‐grid solutions do make sense for many remote locations. If a town’s grid connection
is very expensive to maintain or fault‐prone, it could be replaced with a “micro‐grid” that’s shared by
all inhabitants. New towns or suburbs under construction might find that installing a off‐grid micro‐
grid is cheaper than paying for a connection to the grid69.

7.3 What about Nuclear?
Nuclear power stations can generate “base load” electricity without carbon emissions, but
unfortunately have become very expensive and also have other environmental problems. The
Australian Power Generation Technology Report estimates that nuclear‐fuelled electricity would cost
around 18c per kWh70, 1.5 times as much as concentrating solar thermal. This is an average lifetime
cost excluding waste disposal and site decommissioning for a generator built in 2030. Since Australia
has no existing nuclear power industry, it would take at least 12 years to begin generating71.
The new British power station “Hinkley Point C” illustrates the cost of nuclear generation. To attract
investors, the government had to promise to buy its electricity for about 9p (15c) per kWh,
increasing with inflation for 35 years!72
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7.4 What about Clean Coal?
Carbon Capture and Storage (CCS), sometimes termed “clean coal” involves capturing carbon dioxide
from fossil fuel smokestacks, compressing it into a liquid, pumping it through pipelines to a suitable
location and injecting it deep underground. All these activities require energy, which is supplied by
the fossil fuel power station, increasing the amount of fossil fuel burnt by 11%‐40%73. Challenges
include finding a suitable storage site and the risk of dangerous carbon dioxide leakage.
This technology is expensive – in 2030 all types of CCS‐enabled fossil fuel generation are expected to
cost more than concentrating solar thermal.74 In addition, CCS generally only captures a portion of a
power station’s emissions.
Despite decades of government support, CCS remains tiny compared to overall fossil fuel generation
and its prospects appear dim.75
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Glossary
AEMO

Australian Energy Market Operator https://www.aemo.com.au/About‐
AEMO

Alternating Current (AC)

An electric current in which the flow of electric charge periodically
reverses direction, eg 50 cycles per second.

Bagasse

Residue left over from processing sugar cane.

Base Load

(1) Demand for electricity that’s always present – minimum demand.
(2) A power station that can operate when desired, not dependent on
weather etc.

Biofuel

Liquid fuel made from biological sources, eg ethanol from sugarcane or
biodiesel from canola.

Biogas

Methane gas created from biological sources such as landfill sites.

Biomass

Woody waste such as sawdust and crop stubble.

BZE

Beyond Zero Emissions, http://bze.org.au

Carbon Capture & Storage (CCS)

A way to lock up carbon dioxide emitted by power plants.

Concentrated Solar Thermal (CST)

A power station using mirrors to concentrate sunlight creating heat.

CSIRO

Commonwealth Scientific And Industrial Research Organisation,
www.csiro.au

Curtail

Instruct a generator to reduce its output.

Current

The flow of electricity. Similar to the flow rate in a water pipe.

Demand Response Mode (DRM)

A method of remotely controlling appliances, to assist the grid.

Dispatch

An instruction from the grid operator to a power station.

Frequency Control Ancillary Services
(FCAS)

A service to assist grid stability. Typically, generators run below their
maximum power, so they can increase quickly when required.

Grid fault

A disruption in the grid with abnormal electric current. Eg due to a short‐
circuit or lightning strike.

Hertz

A unit of frequency. 1 Hertz = 1 cycle per second.

Inertia

A useful property of resisting change in speed. Eg big, heavy things.

Interconnector

An electricity transmission line connecting two states.

Intermittent generation

Generation that varies depending on weather conditions etc.

Kilowatt (kW)

A unit of power (1,000 watts). More than 1 horsepower.

Kilowatt‐hour (kWh)

A unit of energy (1,000 watt‐hours). Equal to 1 kW for 1 hour.

Levelised Cost of Energy (LCOE)

The cost of energy from a power station, averaged over its lifespan.

Microgrid

A small, independent electricity grid, eg for a remote town.

National Electricity Market (NEM)

The electricity grid covering most of Australia, and its associated market
for companies to buy and sell electricity.

Pumped Hydro

Pumping water uphill, to store energy.

Peaker, Peaking Plant

A power station that’s often not operating, but is called upon when
necessary to supply infrequent peaks in electricity demand.

Voltage (Volts, V)

A kind of force that drives electric current. Similar to pressure in a water
pipe.
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