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Advancing energy storage for Australia
Australia must prioritise the development and deployment of energy storage 
technologies to enable increased use of intermittent and widely dispersed low emission 
electricity generation systems.

The growing importance of energy storage
Energy storage technologies are crucial for the wider 
deployment of low emissions energy systems based on 
renewable energy sources like solar and wind, which are 
dynamically variable and relatively low-intensity. For Australia 
to maximise the contribution of renewable electricity to meet 
near, medium and long-term emissions reduction targets, 
more secure, efficient, scalable and affordable energy storage 
systems will be required. 

The primary drivers for advancing storage of renewable energy 
are large-scale and reliable supply of base-load electricity 
and the electrification of transportation. Australia’s ability to 
realise the full potential of solar and wind in replacing fossil 
fuels for electricity generation - particularly in distributed 
generation systems - depends directly on the development of 
cheaper, longer life and larger-scale technologies for storing 
electrical energy.

Technology options to boost energy 
storage
There are five key categories for energy storage technologies:

1. Gravitational potential (e.g. pumped hydro)

2. Electrochemical (batteries)

3. Chemical (e.g. phase change)

4. Thermal (e.g. molten salts, sensible heat)

5. Kinetic (e.g. flywheels, compressed air)

Different energy storage technologies have been developed 
and exploited on varying scales and with varying degrees of 
success.

Pumped water hydroelectricity and electrochemical 
battery systemsare established commercial energy storage 
technologies. In addition to dams and conventional batteries, 
the most prospective storage options include:

 » various advanced/novel electrochemical energy devices, e.g. 
carbon-enhanced lead-acid, vanadium-redox flow, nickel-
cadmium, metal-air, and lithium-ion  
(which is gaining in prominence)

 » phase change materials as thermal energy storage  
(e.g. molten salts), especially for solar thermal applications; 
emerging technologies such as cryogenic liquids

 » flywheel electromechanical devices storing kinetic energy

 » fuel synthesis for chemical storage  
(e.g. hydrogen via electrolysis)

 » compressed air systems storing kinetic energy

These technologies are all at different stages of development 
and demonstration, and could each have a potential role 
to play in particular applications. However none of these 
technologies alone currently satisfies all storage applications. 
The applicability of these different technologies depends 
upon the electrical storage demand

of the device being powered, which can range from just a few 
watthours (Wh) to many millions of watt-hours (MWh). For 
example, pumped hydro and molten salt are suitable mainly 
for large-scale grid applications; batteries and flywheel are 
best suited for transportation and small scale stationary 
applications; and hydrogen is suitable for internal combustion 
or fuel-cell driven motors in transport and stationary energy 
applications.

At present, pumped water hydro schemes are the only 
example of proven and cost-effective storage technology 
on a large scale. Pumped hydro schemes account for more 
than 95 per cent of energy storage worldwide. Off-river 
pumped hydro storage schemes are not common, but have 
potential providing they are located in suitable environmental 
conditions with adequate water supplies.

Barriers to enhancing energy storage  
in Australia
Scale-up constraints and costs are barriers that may prevent 
many of the present technologies from meeting more than 
a small proportion of the storage capacity required to meet 
Australia’s emissions reduction targets.

In addition to economic challenges, there are also technology 
barriers and environmental issues. For example, pumped 
water hydro schemes typically require access to large water 
resources with adequate height differentials, with the 
potential environmental and ecological impacts well known 
and not always positive. Phase change materials require a 
large thermal mass of material, and further research and 
development would be required on heat storage (molten 
salts) for scaling up solar thermal electricity generation for 
Australian conditions. 
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1. Professional degrees refer to those that qualify individuals to commence employment in specific occupations. For professional engineering, 
for example, this is either a 4 or 5 year BEng(Hons) or MEng degree.
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Energy density, charging and discharge rates, and cycle 
lifetimes can be limiting factors to the efficiency and 
affordability of batteries.

Technological advances will continue, provided there is 
ongoing and significant investment in research, development 
and demonstration projects. The innovation needed to scale 
up storage technology options for grid applications will in 
part be driven by demand for renewable energy. Similarly, 
prospects for battery technology innovation (for application to 
electrification of transport and solar photovoltaic electricity) 
will be heavily influenced by cost, storage capacity and market 
acceptance.

The way forward
ATSE has identified the following five key recommendations 
for governments, industry and other stakeholders to ensure 
Australia’s energy future is secure, sustainable, low emission 
and cost effective:

1. Invest in energy storage technology solutions

 » The critical need for further attention to energy storage 
technology solutions must be recognised by governments, 
industry and other stakeholders as a key factor for Australia 
to achieve its emission reduction goals. Overcoming barriers 
to energy storage technologies will drive transformative 
change in how energy is produced, transported and used 
in Australia, and assist Australia in achieving its emissions 
reductions goals.

2. Review mass energy storage options

 » Undertake a review of the most prospective large-scale 
energy storage options for Australia to provide:

 » An evaluation of the clean energy generation technologies 
or both on and off grid applications along with the social, 
environmental and economic context for urban, regional 
and remote use

 » A levelised cost of electricity (LCOE) study for each 
generation/storage combination, including the whole of 
life-cycle costs under Australian conditions and market 
economics

 » A consideration of the role of carefully targeted programs 
that support more rapid deployment of energy storage 
technology to help realise cost reductions that would 
flow from increased local and global production and 
deployment volumes

3. Review the regulatory framework

 » Undertake a review of the regulatory framework for 
establishing energy storage sites throughout electricity 
supply systems to identify and remove unnecessary barriers 
and to facilitate the adoption of innovative solutions

4. Enhance the knowledge base

 » Increase investment by all stakeholders in research, 
development and demonstration on the most prospective 
energy storage technologies for Australia, guided by an 
LCOE study outcomes on feasibility and cost for  
different locations

5. Anticipate impacts

 » Conduct economic modelling to determine the likely 
influence of the wide-scale adoption of domestic and 
commercial PV and battery storage systems on the low 
voltage grid in Australian cities
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