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Executive Summary
This report reviews the potential consumer value and uptake of residential stationery energy storage
(“storage”) in the Australian market over the next decade. It was produced as an input to the Energy
Consumers Australia funded project: “Research & Advocacy into Fair Value for Distributed
Generation.”
To date the most common form of distributed generation in the Australian market has been rooftop
solar photovoltaic (PV) technology, which has the obvious limitation of generation being restricted
to times of available solar irradiance.
Take up of distributed storage is being driven by:


The increasing prevalence of “plug and play” style storage solutions for household energy use;



rapidly falling prices of lithium batteries, driven in large part by developments related to the
expanding market for electric vehicles; and



the same desire to increase self-sufficiency and grid independence and reduce energy costs
that has driven the uptake of rooftop solar over recent years.

In addition, the 275,000 consumers in New South Wales, Victoria and South Australia with existing
solar PV systems, coming to the end of their premium (i.e. higher)feed-in tariff schemes, may
catalyse a significant market for retrofitting storage.
Distributed storage has multiple types of economic value for households and for electricity
networks, particularly when combined with solar PV. To understand the likely growth of distributed
storage and its impact on the value of distributed generation, the ATA was commissioned to:


Consider current and future prices of energy storage and related technologies for residential
application;



Review the publicly available literature in regards to potential uptake of residential energy
storage; and



Examine the potential of residential customers utilising energy storage and related
technologies to disconnect from the electricity grid.

Off-Grid Economics
The detailed modelling in Sections 3.0 and 4.0 is based on previously unpublished work by ATA
which looks in detail at likely cost trends for off-grid systems (referred to in this report as Standalone
Power Supplies [SAPS]).
The analysis was done for Melbourne and Mildura. A detailed model was developed of the likely cost
trends in the various components of SAPS (i.e. panels, inverters, batteries with management system,
back-up generators, balance of system [BoS] and installation costs).
On the basis of the current and projected system prices, the net present value (NPV) of investment
in a SAPS in 2015, 2020 or 2025 for various size residential and small business customers was
calculated.
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The results showed that a SAPS investment was broadly uneconomic for all scenarios modelled,
including in future years.
ATA also considered the economics for converting an existing grid connected solar PV system (sunk
cost) to a SAPS by adding storage and other relevant components. The economics of this are more
favourable but most configurations still do not achieve positive 10-year NPV until 2025.

Storage Uptake Predictions
ATA reviewed several existing publicly available predictions of the uptake of residential stationery
energy storage. Four sources of predictions were identified:


AEMO’s 2015 Emerging Technologies Information Paper;



Predictions by Morgan Stanley based on a survey of 1600 households;



Predictions by Bloomberg New Energy Finance (BNEF) of the uptake of solar PV and household
storage in Australia by 2040; and



The AEMC’s 2015 Future Trends Report.

These predictions have differing methodologies and widely differing predictions of the rate of
uptake, however they all assume that domestic energy storage is predominantly grid connected
rather than stand-alone.

Summary
ATA’s view is that there is not likely to be significant grid defection (i.e. disconnection by an existing
grid connected electricity consumer) in urban areas and regional towns as:


systems with a diesel or petrol generator for back-up (which is the common design for SAPS)
have noise, smell and convenience issues;



sizing a SAPS PV and battery system to meet year round demand (and thereby avoiding the
need for a back-up generator) would be significantly more expensive than the systems
modelled in this exercise and therefore have significantly worse economics than the options
modelled above.

Take up of domestic storage is likely to be dominated by grid-connected systems as these are less
complex, less expensive, offer better potential for sound project economics and do not rely on user
operation or ongoing system support, in the same way as for SAPS.
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1.0 Introduction
This report reviews the potential consumer value and uptake of residential stationery energy storage
(“storage”) in the Australian market over the next decade. It was produced as an input to the Energy
Consumers Australia funded project: “Research & Advocacy into Fair Value for Distributed
Generation”.
Specifically, ATA undertook the following tasks:


Consider current and future prices of energy storage and related technologies for residential
application;



Review the publicly available literature in regards to potential uptake of residential energy
storage; and



Examine the potential of residential customers utilising energy storage and related
technologies to disconnect from the electricity grid.

It should also be noted that the budget for this exercise was low. As such, ATA has relied upon
previous (but recent) modelling and investigations undertaken for other projects relating to energy
storage to inform the tasks identified above. Primary analysis and modelling to address the tasks
above within this project was not possible within the budget constraints.
This document is the final report. It presents the results of analysis undertaken and discussion
regarding its implications.

1.1

Context

There are two main drivers influencing the Australian market for residential stationary energy
storage.
At a global level is the influence of the automotive industry. Plug-in hybrid electric vehicles (PHEVs)
and battery electricity vehicles (BEVs) have now established a level of market share within US1 and
other global markets that is unlikely to be reversed. With technology advancements and
manufacturing scale increasing, the cost of lithium ion batteries has been falling – with relatively
steep declines forecast by many industry analysts over the coming decade2.
In the Australian market, grid connected solar photovoltaic (PV) system prices have fallen to a level
that can provide electricity to a user significantly cheaper than day time retail tariffs (i.e. flat or
peak/shoulder tariff rates).
On its own however, solar PV cannot directly supply electricity in the evening – when most
Australian homes have their highest energy demand. This mismatch provides an opportunity for
energy storage – and with Australia’s retail electricity prices being some of the highest in the world3,

1
2

3

http://insideevs.com/monthly-plug-in-sales-scorecard/
Whilst the global automotive sector will be a key influence on the economics and uptake of storage for
residential stationary energy application, it should be noted that analysis of future economics and uptake of
PHEVs and BEVs in the Australian market was not within scope for this project.
www.carbonmarkets.com.au: Mountain, Bruce 2012. “Electricity Prices in Australia: An International
Comparison”, Melbourne.
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some industry analysts are suggesting that Australia will be one of the first markets internationally to
experience mass uptake of distributed energy storage4.
Stationary energy storage for residential and commercial application is not new. For many decades,
homes and businesses have been able to utilise storage technologies to support grid supply or
operate independently from the mains grid.
This has largely been achieved using traditional lead acid-based technologies with systems being
somewhat bespoke, configured in “cell by cell” formats and with significant time and cost involved in
design and installation.
Scale, partially driven by PHEVs and BEVs, will result in batteries that will support the evolution of
the residential stationary energy storage market. These new batteries are virtually “plug-in” (albeit
by a qualified installer only). They are packaged as single or modular units, often lighter, have
integrated control and communications systems and are relatively quick and simple to install.
These will be the batteries that lead the evolution of the residential storage market in Australia over
the coming decade.

4

http://reneweconomy.com.au/2016/gcl-poly-takes-on-tesla-with-multi-coloured-5-6kwh-battery-storage96932
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2.0 System Configuration
With the price of storage falling, and with over 1.5 million (or 5GW5 of) solar PV systems installed in
Australia, many existing solar customers are wondering whether their system is ‘battery ready’.
There are multiple ways that batteries can be added to an existing or new solar PV system –
involving different component configurations which ultimately influence different overall system
capabilities. These need to be considered in order to understand the concept of battery readiness.
In broad terms however, it can be assumed that the majority of solar PV systems installed in
Australia are not completely battery ready – i.e. an existing solar customer cannot simply purchase a
lithium ion, flow or sodium battery on its own and have it retro-fitted to their existing system.
The solar panels in existing solar systems can generally be retained6 – however the existing inverter
can only be retained in one of two ways:


by installing an additional battery-dedicated inverter and charge controller, in which case the
solar panels become AC coupled to the batteries; or



by fitting a dedicated DC to DC converter7 between the solar array and the battery bank. This
allows the battery to charge directly from the solar PV array and when the battery discharges,
the DC to DC converter steps the battery voltage back up to a nominal voltage that meets the
requirements of the existing grid-interactive inverter.
The main disadvantage of using the DC to DC converter approach is that the system cannot
island from the grid, and so battery back-up isn’t available if the grid goes down.

As such, all bar one8 of the 20 or so new battery products currently on the Australian market:



are sold with a new inverter, as part of an integrated unit, or separate from the battery; or
require a separate inverter to be purchased for installation;

There are two main options when installing batteries as part of an existing or new solar PV system:
referred to as ‘AC’ or ‘DC coupling’. ‘Coupling’ in this context broadly refers to where within the
system the batteries are connected.

5

http://reneweconomy.com.au/2016/australian-solar-pv-installations-hit-the-5-gigawatt-mark-65729
This is dependent on the string voltage and the input voltage range of the inverter. If the existing arrays’
voltage is too high, some panels may need to be discarded. If too low, then all may have to be replaced. Or a
different battery chosen.
7
Such as the GoodWe BP series: http://www.goodwe.com.cn/product/show-605.aspx. The GoodWe converter
can only be coupled to a 48 V battery. ATA understands that the device has been industry tested and has
proven to work on existing grid connect solar systems. Should these devices materialise, these will
significantly reduce the cost of retro-fit battery projects.
8
The GCL e-KwBe battery is the only battery for which the GoodWe converter is available and at the time of
writing, a number of these have been installed in Victoria.
6
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DC Coupling

DC coupling involves siting the battery on the DC side of (or indeed plugging it directly into) the solar
inverter.
The wires on this side of the solar inverter carry DC electricity and the solar-generated electricity can
be used to charge the battery prior to it being converted to AC for household/on-site consumption
or export to the grid. A DC to DC converter may still be required to convert the DC voltage generated
by the solar panels to that which can be accepted by the battery.
Figure 1 outlines a typical DC coupled solar-battery system:
Figure 1: DC Coupled Battery9

There are a few key points of note. Most important is the solar ‘hybrid’ inverter. The hybrid inverter
has a higher level of functionality than traditional grid connect string inverters.
A hybrid inverter converts both the panels’ and the battery’s DC power to AC and takes care of the
required battery control and switching functions. Given this increased functionality, hybrid inverters
are more expensive than traditional string inverters – starting at around $1.50 per watt (noninstalled) and in the order of $1,500 more for the equivalent rated capacity. This is in additon to the
cost of the battery and installation costs.

9

http://onestepoffthegrid.com.au/the-truth-about-battery-ready-solar-systems/
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Examples of hybrid solar inverters currently available in the Australian market include:






the Sungrow SH5K10;
the StorEdge inverter for use with panels with SolarEdge DC optimisers11;
the Solax X-Hybrid;
the Redback Smart Hybrid System12; and
the Fronius Symo Hybrid13.

The majority of existing grid connect solar PV systems in Australia do not have hybrid inverters with
the required battery control and switching functions. As such, these will either need to be replaced,
or additonal battery control and switching systems will need to be retro-fitted to the existing system.
Whilst the latter is technically possible, ATA is unaware of any ‘plug in’ type products currently in the
Australian market to retro-fit battery management and control systems to either existing grid
connect inverters or batteries.
2.1.1

Back-up Power

The next point of note is the isolation switch. This sits on the grid side of the solar inverter’s
connection to the switchboard and allows the solar-battery system to be used as a back-up system in
the event of a blackout14 (for a simple diagram, see Figure 2).
For reasons of network safety (and product capability), solar inverters must shut down when the
voltage on the distribution network drops below a certain level. This means the vast majority of
households with a solar system still experience a loss of power when there is an outage (blackout)
on the local network.
Several battery systems are available that provide back-up power during network outages. For the
same safety reasons, before supplying power the household must be disconnected (islanded) from
the electricity network.
It should be noted that whilst DC coupling may be the slightly more common approach to retrofitting (and new) solar-battery systems, grid isolation switches are not at all common – either in
existing grid connect solar PV systems or in new solar or solar-battery systems. This means that the
majority of solar-battery systems are not able to operate when a power failure on the grid occurs.
Should a solar-battery customer want to be able to use their system for back-up power, they will
need to specifically request this from their provider/installer – and pay the additional cost for the
switch and its installation. (An automatic transfer switch installed in the switchboard, allowing the
household load/circuits to be automatically switched from the grid to the batteries, range in price
from between around $25015 and $45016 non-installed).

10

http://en.sungrowpower.com/index.php/products/storage-system/4-6-sh5k
http://www.solaredge.com/groups/products/storedge
12
http://www.redbacktech.com/smart-hybrid-system/
13
http://www.fronius.com/cps/rde/xchg/fronius_international/hs.xsl/83_35246_ENG_HTML.htm
14
The isolation switch ensures that power does not flow to the grid during a blackout event, thereby
protecting any linesman or other technician who may be trying to rectify the network fault. The switch also
protects appliances in the home, including the inverter, from out-of-phase energy sources.
15
http://www.jaycar.com.au/Power-Products-Electrical/Power-Conversion-%26-Transformation/SpecialtyPower-Conversion-%26-Transformer-Products/Mains-Auto-Transfer-Switch/p/MS5300
11
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The amount of power the battery storage system can supply to the house will be limited to the
rating of the battery system inverter. For this reason additional modifications to household wiring
may be required so the inverter can power critical household circuits, for example lighting, fridge(s),
etc. In these circumstances less critical circuits remain unpowered (e.g. pool pumps, etc).

Figure 2: Isolation Switches for Back-up Power

2.1.2

Charging from the Grid

DC coupling with the majority of the latest hybrid inverters do not typically allow battery charging
from the grid. Typically, the batteries will simply charge when solar generation exceeds on-site
consumption and discharge when the opposite occurs, as a priority over the purchase of electricity
from the grid.
Charging a battery from the grid (e.g. on an off-peak tariff) as well as from solar panels, can lead to
additional benefits being realised by the solar-battery customer. A well designed system may allow
that consumer to rarely purchase electricity at peak rates (a benefit that must be weighed up against
the additional upfront system cost).
Charging batteries from the grid (or mains AC) requires a dedicated AC to DC battery charger and
smart communications and control technology to ensure grid charging is optimised (e.g. overnight
on off-peak but without displacing the next day’s available solar generation for battery charging).
This is not typically possible with hybrid solar inverter functionality or in DC coupled systems.

16

http://www.offgridbatteries.com.au/latronics-automatic-ac-transfer-switch/?gclid=CKebp2tvMkCFYaUvQodeMMHJw
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AC Coupling

AC coupling involves the battery system being sited on the AC side (or the grid or household side) of
the solar inverter – meaning the wires connecting the battery to the solar system are 240V AC.
Given all batteries operate in DC, AC coupling requires a second battery-dedicated inverter (and
battery charge controller [BCC]) – which further adds to the cost of the overall system. Typically
referred to as “inverter-chargers”, these:





convert the battery’s DC to a household/grid compatible AC;
convert the solar inverter’s AC output to DC in order to charge the battery;
control the charging so that the battery is not damaged;
can charge the battery with solar electricity or electricity from the grid – e.g. during cheaper
off-peak times; and
only discharge the battery when the household/site requires it – and not back to the grid17.



AC coupled inverter-chargers can only perform these last two tasks if they know what the site’s
power consumption and solar generation is at any given time. The inverter-charger therefore needs
to talk to a power-monitor (or current transformer) that attaches to the wires coming both out of
the solar inverter and into the site.
In addition, whilst an AC coupled battery may allow the consumer to retain their existing solar
inverter, the solution has some downsides. In particular, the BCC is unlikely to be able to
communicate with or control the existing solar inverter.
This is of no consequence whilst the grid is available, but is sub-optimal during a grid blackout. As
the batteries approach capacity, their charging rate should be reduced. With no communication, the
inverter-charger’s only option is to disconnect the solar inverter, inducing it to shut down
unexpectedly.
By contrast, if the solar inverter was compatible with the inverter-charger’s communication
protocol, its power output could be gradually scaled back, reducing stress on both the inverter and
battery.
In addition, AC coupling results in relatively high energy losses. The DC output of the solar panels
converted to AC by the existing solar inverter must then be converted back to DC to charge the
battery, and converted back again to AC for use by household appliances or export to the grid.
Overall efficiency from solar panel to battery to house is 77% in one example examined.
By comparison, in DC coupling a typical high-voltage battery requires only a small amount of DC-DC
voltage conversion from the panels, with relatively low energy losses. Overall efficiency from solar
panel to battery to house is 88% in one example examined.
Existing solar inverters are not designed to manage batteries and do not contain the necessary
charge control functionality. Most existing solar inverters sold in the Australian market cannot be
easily integrated with a new BCC. This is because the solar inverter does not provide a suitable local
communications option for the BCC to monitor and control solar system output. This
communications and control is used by the BCC to manage battery charging and discharging.
17

This is unless you have a system enabled to sell electricity directly from your batteries to the wholesale
energy market when wholesale energy prices are high – such as offered by Reposit Power:
http://www.repositpower.com/. The Reposit controller and required software costs in the order of $800.
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No Back-up Power

As for DC coupling, the operation of the system during a blackout is an important consideration.
Should a solar customer not require the system to provide back-up power during a power failure,
then little else is needed – and an AC coupled battery with dedicated inverter-charger and power
monitor can be retro-fitted to virtually any existing solar PV system. Prices for these systems are
currently in the order of $1,500 - $3,000 per kilowatt hour.
The inverter-charger and the solar inverter do not need to talk to each other as the solar generation
does not need controlling during blackout events – the entire system will simply be switched off. As
such, the system is not dependent upon the functionality of the existing grid connect solar inverter –
any existing solar inverter is compatible. The following diagram outlines this simple AC coupled
system.
Examples of inverter-chargers that can be used in this type of system include the SMA Sunny Boy
Storage18 and the micro inverters in the Enphase AC battery19. Pricing again starts at around $1.50
per watt (non-installed) – again in additon to the cost of the battery and installation costs.
Figure 3: AC Coupled Battery – no Back-up Power20

18

http://www.sma.de/fileadmin/user_upload/SBS25-DEN1604-V10web.pdf
https://enphase.com/en-us/products-and-services/storage/our-system
20
http://onestepoffthegrid.com.au/the-truth-about-battery-ready-solar-systems/
19
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Back-up Power

Should the solar customer want to use the retro-fit solar-battery system for backup power during a
blackout, then two additional smart technologies are required.
Firstly, the system requires an isolation switch. Secondly, the new inverter-charger (for the battery)
and the grid connect solar inverter ideally should talk to each other – specifically the invertercharger needs to be able to communicate to the solar inverter regarding the level of its AC power
output.
If the battery is full and the household load is being supplied, AC output from the solar inverter
should be controlled as the battery fills up. The alternative is a sudden disconnection of the solar
inverter, which is harsh on both the inverter and the battery.
For the BCC to manage charging and discharging of the batteries several additional measurements
are required: The output of the solar panels; the flow of electricity to and from the battery system
and the flow of electricity to and from the grid (see Figure 4.7):

Figure 5: Additional Measurements by the Battery Charge Controller

The battery controller uses the measurements to control the battery inverter and charger. For
example when there is sufficient charge in the battery bank the output of the battery inverter is
adjusted to meet household electricity needs.
This has implications for the functionality and cost of a new inverter-charger – and potentially a new
solar inverter. There are different communication systems by which electronic devices can talk to
each other – with the most common being ‘MODBUS’. If an existing solar inverter is MODBUS
enabled, then it may be able to be gracefully retro-fitted with AC coupled batteries that can provide
power in a grid islanded situation21.

21

Most existing solar system owners would need an inspection from a qualified solar installer to ascertain the
communications capability of any existing inverter or inverter-charger.
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While the MODBUS communications standard has been available for several decades, solar
functionality has only been added relatively recently – meaning no certainty that all inverters
supporting MODBUS will be suitable. Until clear standards and product certification is provided,
consumers will have to seek specialist advice to determine if their inverter can be used in the new
system.
In addition, AC coupled batteries that can provide back-up power typically require some re-wiring
within the home or site to ensure that essential loads/appliances are connected to a separate circuit
from non-essential loads – further adding to the installation cost.
Examples of inverter-chargers available in Australia with MODBUS communications include the
Selectronic SP Pro22 (Australian-manufactured, and one of the most popular and best quality inverter
chargers for off-grid type systems) and the SMA Sunny Island23. Pricing for these higher functioning
inverter-chargers starts at around $2.00 per watt (non-installed). This is in additon to the cost of the
battery.
Figure 6 outlines an AC coupled system with the ability to provide power islanded from the grid:
Figure 6: AC Coupled Battery – with Back-up Power24

22

http://www.selectronic.com.au/sppro/models.htm
http://www.sma-australia.com.au/products/battery-inverters/sunny-island-30m-44m.html
24
http://onestepoffthegrid.com.au/the-truth-about-battery-ready-solar-systems/
23
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3.0 Current & Future Prices
ATA reviewed publicly available 2016 prices and future price forecasts for the key components and
other elements associated with new solar-battery-inverter and retro-fit battery-inverter systems.
These prices and price forecasts were used to construct a capital and operational cost model
(capex/opex model) that defined 2016, 2020 and 2025 system prices.
The six key elements of the capex/opex model for which prices were defined for 2016 and future
years are:







PV modules (for those scenarios involving new solar-battery-inverter systems;
Inverters (either hybrid or inverter chargers);
Batteries;
Balance of System (BoS) costs25;
Labour; and
Retail margin.

The key data sources and assumptions used to guide the 2016 and future capex and opex model
inputs are outlined in detailed below.

3.1

Modules

3.1.1

2016 Prices

2016 module prices are based on current retail prices for installed grid connect solar PV systems (i.e.
without storage) – for which monthly installed price data is available26. ATA used individual module
retail prices as a guide to inform the breakdown from the total solar PV system price.
In 2016, when offered as part of grid-connect solar system packages, module prices in Australia are
in the order of $0.60-$0.80 per watt ($AUD, retail). When purchased separately in Australia, module
prices hover around $1 per watt ($AUD, retail).
Small Technology Certificates27 (STCs) were also accounted for in the model for those scenarios
where a new solar-battery system was being installed. The deeming period for the STCs within the
model was based on the current Renewable Energy Target (RET) legislation – i.e. scheme closure in
2030. This resulted in a reducing number of STCs awarded for investment in new solar-battery
systems in 2020 and 2025.

25

These were defined for a typical DC coupled system for baseline scenarios; with additional costs (e.g.
communications) included for an AC coupled system using the Tariff Optimise strategy (sensitivity analysis).
26
http://www.solarchoice.net.au/blog/news/residential-solar-pv-system-prices-may-2016-100516
27
STCs are awarded to consumers installing new grid connect and off-grid solar PV systems under the Federal
Renewable Energy Target scheme. The certificates have financial value (based on current market prices or
prices contracted between solar retailers and liable entities under the RET) thereby providing a discount to
the consumer on the capital cost of the system (typically in the order of 15-20% of total system price in
2016).
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Future Prices

ATA reviewed seven separate international price forecasts for solar PV modules as part of the
literature review. In a variation of Moore’s law for computing, the price of PV modules over time has
found to have a relationship with the total number manufactured. Economists call this an
‘experience curve’ or ‘learning curve’.
In 2014, the IEA released a ‘roadmap’ predicting that module prices will continue to decline,
reaching ‘US$0.30/watt to US$0.40/watt by 2035’. A comprehensive analysis of the experience curve
by Citigroup published in February 2013 resulted in a range of predicted module prices for 2020 –
between US$0.54 to US$0.25/watt. These sources are somewhat unclear but the weight of evidence
strongly suggests these are wholesale price estimates.
China-based Energy Trend also publishes price trends for modules on a weekly basis28. Energy Trend
states:
“The price information provided by EnergyTrend is primarily a result of periodical survey of a pool of
major manufacturers via telephone, questionnaires, and site visits. EnergyTrend cross-surveys major
buyers and suppliers throughout the supply chain and strives to ensure all enclosed price information
reflects actuality.”

The average price for ‘Multi-Si Module’ in May 2016 was US$0.502 per watt. ATA again take this to
be a wholesale price.
Figure 7: Module Price Forecasts (US$/watt)
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http://pv.energytrend.com/pricequotes.html
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Despite some analysts forecasting further material reductions in the price of modules over the next
decade, it is ATA’s view that there are some significant factors that may act to hold module prices up
and prevent the kind of rapid decline the Australian market has seen over the past decade.
After providing substantial subsidies to increase their market share of manufacturing capacity, the
Chinese Government has actively reduced support for its local solar manufacturing industry – which
has in turn led to a consolidation in the number of Chinese component manufacturers. Whilst China
will likely continue to be a major player in both the component manufacturing space, the reduction
of subsidies will likely act as a restraint on further significant price falls. Consolidation will, however,
increase available economies of scale to an extent.
Given current module production methods and the range of efficiencies of the technology itself, it is
reasonable to be sceptical that current production processes will be able to significantly reduce
module prices without a step change in the technology itself.
In May 2016, researchers from the University of NSW announced that they had reached a panel
efficiency29 of 34.5%30 - more than double the current efficiency of commercially available crystalline
panels for sale in the Australian market. However, 34.5% efficient panels will likely take many years
to move from the R&D arena to being commercially available, if at all.
Changes to currency exchange rates may have a far greater impact over the next ten years, as these
directly affect module prices and, in turn, overall system costs. For example, change from today’s
rate (US$0.75=AU$1) to parity (US$1=AU$1) would reduce the whole of system price in the order of
15%.
The US/AUD exchange rate is influenced in the short term by factors such as interest rate
differentials and perceptions of risk. Long-run factors are Australia’s foreign asset position and the
terms of trade31. Reliable ten year forecasts of the exchange rate are unavailable. Short-term
forecasts are available from a range of commentators for the next 12 months or so. These tend to be
either an extrapolation of recent trends or reverting to an average rate from some (arbitrary) period.
Since it floated in December 1983 until 2012, the AUD$ has averaged US$0.7532. In 2013, the
Governor of the RBA said “for much of the floating era, the exchange rate's behaviour could be
characterised as fluctuating around a stable mean.”33
In the absence of reliable long term exchange rates, ATA has assumed the current rate as the stable
mean for the modelling exercise – as such, the exchange rate does not change the modelling
outputs.
Taking into account all of the above, ATA has assumed a conservative 1% p.a. (real) reduction in the
future price of modules for the modelling.
29

Panel efficiency refers to the proportion of energy in the form of solar radiation that can be converted via
the photovoltaic panels into electricity.
30
http://newsroom.unsw.edu.au/news/science-tech/milestone-solar-cell-efficiency-unsw-engineers
31
Understanding the appreciation of the Australian dollar and its policy implications’, 2012, Phil Garton, Danial
Gaudry, and Rhett Wilcox, at the Australian Treasury (not official Treasury views)
http://www.treasury.gov.au/~/media/Treasury/Publications%20and%20Media/Publications/2012/Economic
%20Roundup%20Issue%202/Downloads/03_Appreciation_of_the_Aust_dollar.ashx
32
Garton et al 2012
33
‘The Australian Dollar: Thirty Years of Floating’ by Glenn Stevens, RBA Governor, Speech to Australian
Business Economists' Annual Dinner. Sydney - 21 November, 2013
http://www.rba.gov.au/speeches/2013/sp-gov-211113.html
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3.2

Batteries

3.2.1

2016 Prices

As of late 2015, retail prices began emerging in the Australian market for a range of packaged
battery systems. There are currently around 20 different battery and battery-inverter products
commercially available.
ATA used the range of retail AUD$/kWh prices currently available for packaged batteries to inform
the 2016 prices for the modelling. ATA excluded both the cost of any inverter and installation cost
associated with each offer (retail margin remained included).
Retail margin was established using one 2016 wholesale price that ATA has found (GCL batteries,
AUD$535/kWh to Australian distributors/retailers); and taking into account the $US wholesale price
to distributors/retailers announced in April, 2015 by Tesla (AUD$600/kWh at the US/AUD April 2015
exchange rate).
ATA was provided one additional anecdotal data point regarding an $AUD wholesale price for
another battery currently available in the Australian market. However this price was in the order of
double that of the Tesla 2015 price, and the distributor confirmed the very low purchase volume
associated with this price. As such, this second $AUD wholesale price point was not used to inform
the retail margin on batteries.
The current range of retail battery prices for a small and large battery based on this analysis are as
follows:
Figure 8: Range of $AUD Battery Prices (Retail), 3kWh Battery
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Figure 9: Range of $AUD Battery Prices (Retail), 10kWh Battery
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For many homes (particularly those closest to the average or with higher than average energy
consumption), a 3kWh battery is unlikely to be sufficient to supply the entire evening load (e.g.
between 5-6pm and midnight). However given its smaller size, the battery is more likely to be fully
utilised in part-supplying the evening load.
By comparison, a 10kWh battery will be able to supply the entire evening load for many homes –
and indeed for some, would represent excess storage capacity. As a result, the 10kWh battery may
not be fully utilised each day to meet evening and overnight load requirements.
The modelling presented in this report has been obtained from a recent modeling project
undertaken by ATA (September, 2015). That analysis was undertaken prior to retail prices existing in
Australian market for the latest lithium storage for residential application.
The previous model assumed that the Tesla Powerwall announced price in April 2015 (in US dollars,
wholesale) would be realised at a retail level in the Australian market in early 2017 (~AUD$550/kWh
retail price for the battery alone in 2017, non-installed).
Since this time, the Powerwall and other lithium based storage systems have hit the Australian retail
market and as can be seen in Figures 8 & 9, retail prices in 2016 remain considerably higher than
assumed in the previous ATA modeling. As of August 2016, the range of retail prices for lithium
storage is between AUD$1,000 – AUD$3000/kWh.
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Future Prices

ATA reviewed 10 different, recent international price forecast studies for storage technologies as
part of the literature review34. The results of this task were somewhat complex given that sources
sometimes reported average price; whereas others reported lowest price; and others again refer
only to sale prices to Tesla (given their large EV manufacturing capacity).
Additionally, forecasts varyingly consider costs to manufacture, wholesale costs, retail costs, or
installed cost, none of which are directly comparable with each other. The starting prices across the
10 forecast papers vary considerably, however by 2020 all are considerably lower.
The most comprehensive and up-to-date meta-analysis of price forecasts is a research paper by
Nykvist and Nilsson (2015)35. In this paper, Nykvist and Nilsson present a systematic review of 80
different wholesale price estimates of lithium-ion battery packs for BEV manufacturers published
between 2007 and 2014.
Given the car industry’s influence over the evolution of storage globally, all of the forecasts take into
account the wholesale cost of battery packs to manufacturers of EVs, today and in the future. The
paper establishes the cost of EV battery packs in 2014 being US$300/kWh to leading EV
manufacturers; and US$410/kWh to the whole industry36. The report specifically states:
“We show that industry-wide cost estimates declined by approximately 14% annually between 2007 and
2014, from above US$1,000 per kWh to around US$410 per kWh, and that the cost of battery packs
used by market-leading BEV manufacturers are even lower, at US$300 per kWh, and has declined by 8%
annually.”
“Learning rate, the cost reduction following a cumulative doubling of production, is found to be between
2
6 and 9%, in line with earlier studies on vehicle battery technology . We reveal that the costs of Li-ion
battery packs continue to decline and that the costs among market leaders are much lower than
previously reported.”
“This has significant implications for the assumptions used when modelling future energy and transport
systems and permits an optimistic outlook for BEVs contributing to low-carbon transport.”

34

CitiGroup (2014): http://citi.us/1vJooWQ
McKinsey (2012):
http://www.mckinsey.com/insights/energy_resources_materials/battery_technology_charges_ahead
UBS - Navigant (2014): http://www.navigantresearch.com/research/materials-for-advanced-batteries
Bloomberg (2013) – original source not found:
http://cleantechnica.com/2013/07/08/40-drop-in-ev-battery-prices-from-2010-to-2012/
Winfried Hoffmann - PV mag (2014):
http://www.pv-magazine.com/news/details/beitrag/forecast-2030--stored-electricity-at-005kwh_100016581/#axzz3Uo1IFkaS
Navigant (2014): www.eastmanbusinesspark.com/.../pdf/Sam_Jaffe_Navigant%20_Energy..
Handleman blog (2013):
https://handlemanpost.wordpress.com/2013/12/24/cost-projections-for-lithium-ion-batteries/
TrendWatch (2013) - referring to Tesla (German):
http://green.wiwo.de/trendforscher-elektroautos-2016-billiger-als-herkoemmliche-spritschlucker/
Björn Nykvist and Måns Nilsson (2015):
http://www.nature.com/nclimate/journal/v5/n4/full/nclimate2564.html
Deutshe (2011):
http://cleantechnica.com/2013/06/14/the-electric-car-price-slide-chart/
35
http://www.nature.com/nclimate/journal/v5/n4/full/nclimate2564.html. ATA purchased a copy of this
paper and can be provided to the client on request.
36
Based on a 95% confidence range.
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This supports recent commentary in Australia and elsewhere noting that storage prices have fallen
faster than many forecasts predict. Overall, Nykvist & Nilsson identified 37 forecasts where the
source gave estimates for multiple years. ATA considers forecasts from 2011 or earlier are largely
out of date as they do not reflect technology and market developments that have occurred since.
Of the 13 forecasts were published in 2012 or later, two contain 2015 projections that were proven
significantly inaccurate and have also been removed; and a further two where only the low end of
their predicted range is now plausible. ATA merged the remaining 11 of the post-2012 Nykvist &
Nilsson forecasts with the original ten reviewed as part of the literature review with the following
results (one reference was duplicated between ATA’s original analysis and Nykvist & Nilsson’s work).
These 20 sources were used to guide ATA’s input prices for the modelling exercise. Importantly, the
above surveys are focussed on the costs of lithium batteries for EVs. It should be noted that some of
the residential batteries currently on the Australian market involve different chemistries (e.g.
sodium, flow technology, for which reliable price forecasts do not exist37).
Figure 10: Storage Price Forecasts
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Source: ATA, Nykvist & Nilsson

Based on the above, and in order to calculate a 2020 and 2025 capital cost for the batteries, ATA
reduced the selected 2016 input prices annually by 9%.
37

The limitation of the modelling to lithium chemistries would only likely become an issue if other chemistries
reduce in price and choose to compete on price.
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3.3

Inverters

3.3.1

2016 Prices

23

As of late 2015, retail prices emerged in the Australian market for a range of packaged, batteryinverter systems. There are currently around 10 different battery-inverter products commercially
available.
ATA used the range of retail AUD$/kWh prices currently available for hybrid inverters and inverter
chargers to inform the 2016 prices for the modelling. ATA excluded the cost of any battery and
installation cost associated with each offer (retail margin remained included).
These prices were benchmarked against both prices for traditional string inverters packaged as part
of grid connect solar PV systems38 and against retail $AUD prices for hybrid inverters and inverter
chargers sold as individual units.
This approach resulted in the following average hybrid inverter prices by system size:


3.3.2

2kW hybrid inverter – $1,422;
5kW hybrid inverter – $1,867.
Future Prices:

There is a lack of comprehensive data regarding historic and future price trajectories for traditional
string inverters – and no historic/future price data exists for more sophisticated hybrid inverters and
inverter chargers.
Navigant Consulting produced a report entitled ‘A Review of PV Inverter Technology Cost and
Performance Projections’ in 2006, published for the US Department of Energy39. ATA analysis of this
report suggests that inverter prices dropped 13% per annum in the period 1998 - 2004; and 20% per
annum since then (2004-2014). The first period was associated with streamlining of inverter
requirements; whilst the second period was with global manufacturing.
According to Citi, 2014 prices for grid-interactive inverters were US$0.16/kWh (wholesale). Citi
forecasts a “near term” case where inverters cost US$0.12/kWh. In 2013, Bloomberg40 also forecast
modest declines in inverter prices. These two sources are unclear about whether they refer to retail
or wholesale prices, but both reflect relatively flat price trajectories for traditional string inverters.
Regarding the trend of inverter prices, the International Energy Agency has recently said41:
“Inverters have followed an impressive learning curve, similar to that of PV modules. The reduction in
material has been dramatic in the last ten years, from 12 kg/W to 2 kg/W. Manufacturers expect this
trend to continue.” (p32)

This trend represents an approximate 18% annual reduction.

38

http://www.solarchoice.net.au/blog/news/residential-solar-pv-system-prices-may-2016-100516
http://www.nrel.gov/docs/fy06osti/38771.pdf
40
https://www.iea.org/media/workshops/2014/solarelectricity/bnef2lcoeofpv.pdf
41
https://www.iea.org/publications/freepublications/publication/technology-roadmap-solar-photovoltaicenergy---2014-edition.html
39
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Broadly speaking, price trajectories from 2016 for traditional string inverters are not likely to be
absolutely appropriate for hybrid inverters and inverter chargers. As the market for residential
storage evolves, more of the grid connect solar PV systems being installed (irrespective of whether
they are installed with a battery in the first instance) will use more sophisticated inverters.
As scale and market share increases, hybrid inverters and inverter chargers may experience a slightly
higher price decline than forecast for traditional string inverters. ATA would not however anticipate
that this level of price fall would be of a magnitude significantly greater than that of future battery
prices for the next decade.
One further dataset found was released by Bloomberg New Energy Finance (BNEF), involving
component forecasts from 2015 to 2020. Forecast price reductions associated with Inverters (as a
subset of system components) were:
Table 5: Inverter Price Forecast, BNEF
Year

Capex ($)

% Reduction p.a.

2015

303

2016

276

8.91%

2017

249

9.78%

2018

222

10.84%

2019

195

12.16%

2020

142

27.18%

Total reduction (by 2020)

48.55%

Ave reduction p.a.

13.78%

Ave reduction p.a. (2016-19)

10.42%

BNEF predicts that the rate of per annum price reductions will increase over the coming five years –
with a resultant 27% price reduction from 2019 to 2020. It is unknown whether BNEF was referring
to standard grid connect inverters; or more sophisticated inverters, in this analysis.
However, the 2016-19 percentages are plausible given the likely increasing market share of more
sophisticated inverters globally. This equates to around a 10% per annum price reduction.
The 27% price reduction in 2020 appears optimistic – particularly in the context of hybrid inverters
and inverter chargers being based (technologically) on standard grid connect inverters, for which
price forecasts and recent history is relatively flat.
In addition, 27% is significantly higher than battery price forecasts (8-10% p.a.) and batteries have
the luxury of serving two markets in the future (i.e. residential storage and automotive).
On this basis, the 27% 2020 price reduction was applied over the 2020 to 2025 period in the
modelling (i.e. a 5.4% p.a. reduction).
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3.4

Balance of System

3.4.1

2016 Prices

25

As with inverters, there is a lack of comprehensive data regarding historic, current and future prices
for Balance of System (BoS) costs. This is partly due to the fact that battery-inverter systems are
new, and the components that make up the range of BoS costs for these types of systems are
considerably different from typical grid connect solar PV systems.
ATA approached a number of Australian retailers regarding relevant BoS costs for available systems,
but all declined to put forward specific price estimates.
The IEA distinguishes between ‘hardware costs’ (i.e. panels, mounting systems and inverters) and
‘soft costs’ (everything else) for traditional grid connect solar PV systems. In the US between 2010
and 2012, whilst hardware costs halved, soft costs for residential systems remained the same, thus
growing as a share of total system prices to 63.5%. The US has a program to reduce costs of installed
PV systems by 2020. The target for soft costs in 2020 is US$0.65/watt for residential systems42.
Citi (2014)43 research agrees that the balance of system costs (BOS): “are difficult to forecast because
they vary considerably across installations.” They forecast an annual reduction of 6% to residential
scale BoS costs.
Australian PV system installation costs have been tracked by Solar Choice44 back to Aug 2012. The
costs vary by city and by size, but have fallen considerably in this time.
ATA has used the Solar Choice data, extracting the more accurate price estimates for modules and
inverters, to ascertain indicative prices for BoS costs. BoS costs have been defined separately for:



typical grid connect solar PV systems (including string inverter), as distinct from;
BoS costs associated with a battery.

ATA used both sets of data to ascertain indicative BoS costs for battery-inverter systems with and
without PV modules.

3.4.2

Future Prices

BoS costs are likely to reduce in the residential storage market for two main reasons:


As improvements in containerisation and installation occur;



As scale increases in BoS component purchases by installers.

Future BoS price reductions may be held up to some extent by greater sophistication in the
development and provision of BoS components – in the same way that PV module framing has
become engineered to a higher level in order to speed up installation times.
Ultimately though, ATA expect BoS costs to fall sharply into the future and have allowed for a 30%
reduction in this capex element by 2020; and 50% by 2025.
42

These figures include labour, which ATA is separating for this modelling exercise.
Citi, Evolving Economics of Power and Alternative Energy, 23 March 2014. Accessed here
44
For example http://www.solarchoice.net.au/blog/residential-solar-system-prices-april-2015
43
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3.5

Labour

3.5.1

2016 Prices

26

Labour is a significant component of the balance of system costs for solar PV systems, and likely for
battery-inverter systems and solar-battery-inverter systems. As such, it is important to obtain an
understanding of how labour costs may change over time and influence system prices.
Based on feedback from two Australian retailers45, ATA used the following installation time
allowances and labour cost for the different system types for 2016:




0.75 day x 2 installers for retro-fit battery inverter systems;
1.25 day x 2 installers for new solar-inverter-battery inverter systems; and
Labour cost - $80/hr.

The retailer feedback was that installation would be slightly quicker than this. However their
feedback included the caveat that the suggested times were based on standard, simple installs.
The simplest solar-battery and battery only installations will not necessarily be representative of the
average or typical install. Many inverters are sited in close proximity to switchboards and meters,
often near the front of the house or property.
Many consumers will not necessarily want a battery system taking up space in the same location,
meaning the potential for long AC cabling runs, trenches and battery housing may increase. There
may also be switchboard issues that may require addressing as part of the installation. On this basis,
it was agreed to slightly increase installation times from those provided through retailer feedback.
3.5.2

Future Prices

ATA had feedback from one Australian retailer that by 2020, the following labour cost assumptions
could be used:




0.5 day x 1 installer for retro-fit battery inverter systems;
1.5 day x 1 installer for new solar-inverter-battery inverter systems; and
Labour cost - $80/hr.

By 2020, this represents a 50% reduction in labour cost for retro-fit battery-inverter systems; and a
25% reduction for new solar-inverter-battery inverter systems.
Separately, ATA considered an “experience curve” that allowed for a 10% reduction in labour costs
for every doubling of system installations. Assuming one million battery installations over the next
10 years, this equates to an approximate 48% reduction in labour cost for battery-inverter system by
2020 – reinforcing the above methodology46.
45

The feedback was highly qualified, with both sources commenting on the difficulty of estimating installation
times and costs, even for relatively standard installs. Variability with regards to battery size and weight,
positioning, switchboard characteristics and other factors was considered high.
46
Whilst the selection of how quickly the number of installations would double was based on a subjective
judgement, ATA found that two additional, or two fewer, doublings of installs by the year 2020 only changed
the overall percentage reduction by a margin of 5%. This increase confidence in the 50% figure.
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Solar PV systems are unlikely to drop at this rate given the maturity of modules and framing and the
inability to substantially reduce installations times associated with these components. As such, ATA
allowed for a 1% reduction in the labour cost associated with the solar component of solar-batteryinverter systems.
Regarding wages growth over time, the ABS publishes relevant information quarterly. The Reserve
Bank of Australia (RBA) has the most timely, publically available summary and interpretations – and
its mandate is to keep inflation in the 2-3% bracket.
The RBA suggests wage growth has ‘stabilised at around 2-3 per cent in most industries and lists a
significant number of pressure sources that contain wages growth at the inflation rate.
As with the grid-connected PV sector, the emerging market for hybrid solar-battery systems will
likely continue to be a competitive industry with a non-unionised workforce. As such, ATA used the
same expectations in regards to wage growth in this industry for the modelling (i.e. no change in real
terms).

3.6

Retail Margin

3.6.1

2016 Prices

The 2016 retail margin was defined by subtraction of the total of the other five capex elements from
the total 2016 system prices for each system configuration, which was based on available retail
prices in the Australian market.
3.6.2

Future Prices

The 2016 retail margin (expressed as a percentage) set the upper end of a range for 2020 and 2025.
Retail margins for grid connect solar systems in Australia in 2016 were used to define the lower end
of that range for 2020 and 2025. The average of the two in each future year was then used to define
the annual retail margin reductions.
This approach was taken in line with economic theory that suggests that as a market evolves,
products and services mature and competition increases, retail margins are likely to decrease.

3.7

Component Replacement

The asset life of the major system components was assumed as follows:




Modules: 25 years (i.e. replacement in the 26th year);
Inverters: 10 years (i.e. replacement in the 16th year); and
Batteries: 10 years (i.e. replacement in the 11th year).

Importantly, the inverter and battery replacement capex does not affect the first ten year net
present values defined in the modelling.
Given the lack of any data re component prices out from 2025, ATA reduced modules, inverters and
batteries by 1% p.a. from 2025 onwards.
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4.0 Off Grid Modelling
As part of a previous project undertaken in 2015, ATA undertook economic modelling to understand
the value proposition to a residential customer of installing a standalone power system (SAPS) and
choosing to disconnect from the electricity grid.
The modeling was undertaken for Victoria only – with three different locations selected – these were
based on the highest (Mildura) to lowest (Warnambool) levels of solar irradiance as defined by the
Bureau of Meteorology. Melbourne was selected as the third and middle case.
The modelling sought to understand the value proposition of installing a SAPS now (i.e. in 2015); as
well as installing it at two future times – 2020 and 2025. Economic inputs were defined for each of
these three time periods, taking into account reductions in component capital and operating costs
over time.
The above context provides a large number of potential permutations for the modelling exercise.
This is due to the many variables within each scenario, including:


the load size (kWh energy and kW demand) of the customer, and their impact on requisite
SAPS sizing and configuration;



whether or not the customer has existing solar PV installed to which they are retrofitting
batteries;



the type of tariff– flat tariff vs. a 2-part tariff with peak and off-peak kWh costs;



locational differences in solar resource and tariffs;



the development of distribution tariffs and energy retail offerings over time; and



future price changes of the individual component technologies – for example storage and
hybrid inverter / inverter-charger prices are predicted to fall considerably over the coming
decade; whilst PV module and grid-feed inverter prices are likely to remain relatively stable.
Costs of labour, exchange rates and balance of systems costs are also potential variables.

4.1

Modelling Inputs

The majority of the capital cost inputs to the model are outlined in Section 3.0 of this report.
Additional non-capex model inputs are outlined below:
4.1.1

System Components

Solar-battery-petrol/diesel generator SAPS are the most economic way to implement off grid
systems as a replacement for grid supply for residential and small business customers. Given storage
price forecasts and the existing low cost of PV modules, this will remain the case for the foreseeable
future.
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Given these systems rely primarily on solar for generation, the major consideration for system
design and optimisation is therefore how the system services winter loads – when solar generation is
at its lowest; and for homes without mains or bottled gas, when energy consumption is at its
highest47.
Previous research by ATA has shown that homes that utilise gas for space heating and water heating
tend to have an electrical load shape that better matches the solar resource. It will be cost effective
for gas-supplied homes to go off-grid for electricity long before electric-only homes.
In addition, most electric only homes in urban areas lack sufficient solar access to go off-grid at any
time. It is also unlikely that a proliferation of current-day petrol and diesel generator technology in
urban backyards will be palatable to urban communities in the foreseeable future.
Whilst storage prices continue to fall, they will remain a significant proportion of the overall SAPS
capital cost (i.e. in the order of 50% currently; trending down towards 25% of capex over the coming
decade).
4.1.2

Customer Loads

ATA considered a range of household loads in the modelling, as follows:

Table 6: Household Loads Modelled
Name

Customer Type

Annual Energy Use (kWh p.a.)

Very small

Residential

1,500

Small

Residential

3,000

Medium

Residential

5,000

Large

Residential

8,000

SME/Commercial – Small

Commercial

4,500

SME/Commercial - Medium

Commercial

9,000

Daily energy demand (i.e. kWh per day) and weekly solar resource during winter months are the
major determinants of SAPS design. By contrast, the impact of the interval (e.g. 30 minute) load
profile is more important for on-grid storage offering the potential to significantly reduce peak
electricity demand and utilise off peak energy, thereby reducing system costs.
The marginal cost of increased kW capacity is relatively low for SAPS and as such, these systems are
less susceptible to shorter term spikes in hourly demand.

47

A significant consideration here is whether or not the customer uses gas or another electricity-substitute for
winter heating loads.
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System Design

A petrol or diesel powered back-up generator (genset) is a standard feature in SAPS for reliability.
The size and configuration of batteries and solar are optimised to minimise overall cost within the
constraints of a site.
Should a customer seek to avoid including a genset, they will incur higher capital costs associated
with larger batteries (and potentially modules), and a significantly higher levelised cost of energy.
Additionally, due to the lack of redundancy they will be at greater risk of protracted outages during
times of extended cloud cover/low solar resource, or when the panels or battery may develop a
fault.
Another key factor regarding system design is automation – and in particular whether any back-up
generator has automatic-start function, integrated with the inverter and battery management
system.
Due to generator features, wiring, configuration, housing and safety related costs, automatic-start
back-up generators involve material cost premiums (in the order of $4-8k extra for a medium sized
customer) as compared with standard manual gensets, which must be operated by the customer.
The modelling takes the approach that for mass market uptake of SAPS to materialise, a high degree
of automation (reflective of the reliability of a distribution network) will be expected by consumers.
As such, capital costs reflect this approach. It should be noted that it is standard practice for SAPS
customers today to save approximately $5-10k upfront by installing a manual-start system.
These customers will also have lower maintenance costs, thereby improving the economics of the
results presented herein. Customers who are content to manually operate a generator a number of
times each year will be able to access significantly improves economics of SAPS compared to those
who opt for automation.
The following components form the basis of the SAPS designs modelled:







Solar PV modules with associated framing, mounts, wiring, connections;
Single string DC to AC inverter;
Inverter-charger;
Lithium battery bank with battery management system;
Petrol genset with automatic start; and
Labour for installation & commissioning.

System sizing and design was modelled in Homer48 – a US software tool designed for SAPS system
sizing and design. It includes NASA global solar irradiance data and has the ability to manually
construct customer load profiles.

48

http://www.homerenergy.com/
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Modelling Results

SAPS economics were modelled in two of the three locations (Melbourne and Mildura) identified
above. Warnambool was not specifically modelled for off-grid as given its lower solar irradiance than
Melbourne, higher capex would be incurred for solar modules and batteries (leading to worse
economic results).
The system designs, capital and operational expenditure modelled for each customer type, in each
location, were as follows:
Table 7: SAPS Designs, Capex & Opex
Very Small

Small

Medium

Large

SME Small

Unit

Energy Usage p.a.

1.5

3.0

5.0

8.0

4.5

MWh

Modules

3.0

5.0

9.0

12.5

9.0

kW

DC to AC Inverter

3.0

5.0

9.0

12.5

9.0

kW

Inverter-Charger

3.0

5.0

7.5

10.0

7.5

kW

Batts (Useable kWh)

10.0

14.0

21.0

40.0

21.0

kWh

Genset

4

6

6

8

6

kVA

Labour (x2 installers)

32

32

40

40

40

hours

20,885

28,700

42,270

63,555

41,970

$

212

290

350

275

fs329

$

13,933

19,577

28,538

38,244

27,983

$

212

290

350

275

329

$

10,816

14,431

20,643

26,868

19,866

$

212

290

350

275

329

$

18,500

28,700

40,780

61,965

40,480

$

212

186

269

248

329

$

13,157

19,207

26,708

36,891

26,708

$

212

186

269

248

329

$

10,200

13,912

18,789

25,734

18,789

$

212

186

269

248

329

$

2015 - Melbourne:
Capital Cost
Operating Cost p.a.
2020 - Melbourne:
Capital Cost
Operating Cost p.a.
2025 - Melbourne:
Capital Cost
Operating Cost p.a.
2015 - Mildura:
Capital Cost
Operating Cost p.a.
2020 - Mildura:
Capital Cost
Operating Cost p.a.
2025 - Mildura:
Capital Cost
Operating Cost p.a.
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The results of the off-grid modelling for each customer type is presented below. All results are
presented in 2015 dollars, with cash flows being discounted by 2.5% - indicative of the real cost of
2015 mortgage finance.
To simplify the analysis, ATA used a $0.30/kWh tariff (inc. GST) and a $1.10 per day fixed charge for
the BAU scenario. After reviewing tariff rates for Mildura on the Victorian Government’s ‘My Power
Planner’ tariff comparator website, this can be considered very uncompetitive, and as such, a worst
case BAU annual cost – but best case for SAPS economics.
Table 8: Modelling Results
Melbourne:

Melbourne:

Mildura:

Mildura:

NPV (10 Years)

NPV (20 Years)

NPV (10 Years)

NPV (20 Years)

2015

-$14,912

-$17,111

-$12,585

-$14,296

2020

-$8,130

-$10,329

-$7,372

-$9,084

2025

-$5,089

-$7,288

-$4,487

-$6,199

2015

-$19,360

-$21,640

-$18,475

-$19,873

2020

-$10,460

-$12,740

-$9,214

-$10,612

2025

-$5,439

-$7,719

-$4,048

-$5,446

2015

-$27,987

-$30,812

-$25,842

-$26,926

2020

-$14,590

-$17,415

-$12,113

-$13,197

2025

-$6,888

-$9,712

-$4,387

-$5,471

2015

-$40,428

-$41,830

-$38,646

-$39,239

2020

-$15,735

-$17,136

-$14,184

-$14,777

2025

-$4,635

-$6,037

-$3,299

-$3,892

2015

N/A

N/A

-$27,342

N/A

2020

N/A

N/A

-$13,906

N/A

2025

N/A

N/A

-$6,181

N/A

Customer
Very Small (1.5MWh p.a.):

Small (3.0MWh p.a.):

Medium (5.0MWh p.a.):

Large (8.0MWh p.a.):

SME (4.5MWh p.a.):

As can be seen, the off-grid results are broadly uneconomic for all scenarios modelled, including in
future years.
10 year NPVs have been utilised as the primary economic output. 10 years was chosen as this is
within one asset life of the initial batteries and other components installed. Beyond this time, asset
replacement would begin to impact future cash flows.
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Even using a relatively uncompetitive tariff in Mildura, where SAPS capex could be somewhat
reduced due to higher solar irradiance, and taking into account forecast technology price reductions,
a customer installing a SAPS in the year 2025 will still be approximately $3k - $5k worse off (across
the system and customer sizes modelled) over 10 years (i.e. by 2035), just before the batteries
would likely need replacement.
A 5kWh per day Mildura customer installing a SAPS in 2015 (for whom the best economics currently
apply), and avoiding the high tariff rate, will still be approximately $12k worse off over 10 years, and
remain approximately $14k worse off after 20 years.
By 2025, investing in a SAPS in or around that year gets relatively close to becoming economic, and
on a site specific basis, some installs would probably relatively close to payback within 10 years.
Most significantly, given the above-noted cost reduction for non-automated systems, by 2025 many
households would be able to cost-effectively go off grid with a system with manual generator start.
This is of course unlikely to be palatable to the majority of households for both inconvenience and
urban amenity reasons.
4.2.1

Retro-fit SAPS

ATA also considered the economics for converting an existing grid connected solar PV system (sunk
cost) to a SAPS by adding storage, an inverter charger and related system components.

Table 9: Existing PV Households Converting to SAPS, 10 year NPV
2015

2020

2025

NPV (10 Years)

NPV (10 Years)

NPV (10 Years)

Very Small (1.5MWh p.a.):

-$8,189

-$2,977

-$92

Small (3.0MWh p.a.):

-$10,435

-$1,174

$3,992

Medium (5.0MWh p.a.):

-$13,354

$375

$8,101

Large (8.0MWh p.a.):

-$20,958

$3,504

$14,389

SME (4.5MWh p.a.):

-$14,854

-$1,418

$6,308

Customer

For existing PV owners, it was still nowhere near economic in 2015 to convert to a SAPS, however
from around 2020 (and before, in the case of larger systems), SAPS investment starts to become
economic within 10 years. The basis for larger systems becoming economic first is the significant
reduction in storage prices.
By 2025, most customers with an existing PV system would be able to achieve a return within 10
years by adding storage, with some achieving excellent returns. A key consideration here may be
how old their current asset (modules and string inverter is) and whether these may also need
replacement soon after 2025.
Given the strength of NPVs in 2025, even on competitive tariffs, converting to SAPS will be
economically achievable for many.
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Discussion

4.3.1

Other Jurisdictions

34

The previous modelling undertaken by ATA considering the economics of off-grid SAPS was
conducted for Victoria only. As yet, ATA has not undertaken such detailed modelling for other NEM
jurisdictions or indeed WA/NT.
Given their higher solar resource and sometimes higher electricity tariffs, jurisdictions such as SA,
QLD, WA and QLD will offer better economics than those presented above.
The economics for new SAPS investment, in urban areas, as identified in Table 4 above are however
extremely poor. Whilst other jurisdictions will be better, there is a significant margin to overcome to
turn the negative 10 year NPVs in Table 4 positive – even in 2025.
For retro-fit systems, it would appear that from 2020, economic opportunities do materialise – with
the 10 year NPVs in some other jurisdictions likely to be better than those presented in Table 5
above.
In addition, over the next decade, a number of premium feed-in tariffs (Vic, SA, QLD) will end and
this may provide additional impetus for existing solar households to consider the retro-fit option.
These households will however also have the opportunity to install a hybrid (gird connected) solarbattery retro-fit system and optimise their energy management in other ways (e.g. leaving the gas
grid, optimising large appliance loads to solar generation time).
4.3.2

Back-up Generation

Despite the economics, a key issue for ATA however in the consideration of whether large numbers
of urban and/or regional town dwellers will completely disconnect from the electricity grid with
SAPS is the requirement for back-up generation.
A system without a diesel or petrol genset will be more expensive and therefore offer worse
economics than those presented in Table 4 or 5 above.
A system with a diesel or petrol genset has associated noise, smell and convenience issues that must
be addressed by the householder. Even a system with a small amount of genset run-time over the
course of a year can mean at least 50-100 hours of genset operation and easily a few hundred
dollars in fuel costs.
Even beyond 2025 when new SAPS economics may be compelling, it remains difficult to envisage
large swathes of urban areas/regional towns with gensets in each backyard and average consumers
prepared to manage the operational requirements of these systems, without some degree of
technological change to SAPS design/service provision.
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Storage Alternatives

The economics of SAPS is likely to remain poor for the majority of consumers over the next decade.
However this does not mean there are not good technical and economic storage options for
consumers now and in the short to medium term.
With some premium feed-in tariffs nearing the end of their legislated lives around the country49,
some level of renewable energy storage will be beneficial for solar homes maximise the value of
their solar generated electricity. There exists other ways to store renewable energy – cheaper and
just as effectively as using batteries.
Thermal energy storage (for example, as heat in water) is a concept that has been around for a long
time – however in the context of renewable energy, it has until recently only been associated with
solar hot water or with large generation projects (e.g. energy storage in molten salt for large solar
generation plants).
Electric heating and storage of water for domestic use is broadly done in two ways50:


by utilising a traditional electric storage hot water (ESHW) system – which uses single or
multiple resistive electric elements in a tank to heat and store water; or



using a heat pump – which involves the compression and expansion of ambient air through a
heat exchanger to extract heat, which combined with electricity creates multiple units of heat
output for heating water stored in a tank.

Both of these systems use electricity as an input to the system and can be powered directly from
solar PV – provided:


the home or business is configured for net metering;



the ESHW or heat pump is connected the main electrical circuit (e.g. not a separate, dedicated
circuit established for off-peak hot water); and



the ESHW or heat pump operates during the day (i.e. when the solar system is generating
electricity).

ESHW and heat pump systems offer the potential for existing (and new) solar customers to maximise
the usage of their solar-generated electricity, without the need to invest in as yet expensive
chemical energy storage in batteries.

49
50

http://www.abc.net.au/news/2016-07-19/bill-shock-looms-as-lucrative-solar-tariffs-roll-back/7638952
Solar hot water systems can also use electricity to provide power to the boost system – i.e. that part of the
overall system that is largely relied upon in winter and other low-solar resource times to heat the water.
However SHW and solar PV suffer the same loss of performance at the same times of the year and day,
making the two technologies not particularly compatible.
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5.0 Storage Uptake
ATA does not currently possess an internal model of storage uptake for the Australian market or the
NEM. As such, publicly available datasets have been relied upon. A small number of analyses exist of
relevance to the Australian market for which the uptake of storage technologies has been predicted.

5.1

AEMO

The most comprehensive uptake analysis released to date is the Australian Energy Market
Operator’s (AEMO) “Emerging Technologies Information Paper” (2015)51. It seeks to understand the
potential uptake of energy storage in the NEM, as well as the uptake of electric vehicles and fuel
switching (gas to electric) out to 2035.
In developing the paper, AEMO acknowledged it had limited data to work with – in particular, retail
prices for hybrid (i.e. grid connected) lithium ion, flow and sodium storage did not exist in the
Australian market for the majority of 2015. As such, the analysis can be viewed as a high level
consideration of uptake under various scenarios – as opposed to a confident prediction of the
future.
5.1.1

Modelling Approach

Given the lack of data regarding at what price signal households will decide to invest in storage,
AEMO built an economic payback model (taking into account different household loads in different
locations and for different hybrid system sizes) and then used historical installation data related to
the uptake of solar PV (provided by the Clean Energy Regulator) to inform future storage uptake.
AEMO assumed a similar historical relationship between payback and the number of installations
and applied this forwards to project future uptake.
Importantly, the 2014 calendar year monthly uptake rate of rooftop PV was assumed as the longterm average growth rate. This was chosen as it represented uptake in the absence of past
incentives additional to STCs (e.g. premium feed-in tariffs). This was applied as an upper threshold
on the long-term average growth of hybrid systems.
Given storage is an emerging technology (and PV was mature in 2014), the payback/installation
relationship was modified slightly to account for the immaturity of storage. A penalty factor was
applied to storage uptake, in the case where it was estimated payback was greater than what was
observed in historical PV installations.
A linear relationship was still assumed where storage payback became similar to historical PV
payback. AEMO also applied a further reduction of 50% to the forecast uptake for 2015–16, based
on an assumption around when the technology is first introduced into the market.
Payback or other financial models have obvious limitations when it comes to attempting to predict
consumer demand. Whilst ATA concurs with AEMO that the use of historical PV installations is the
only useful dataset upon which to base such analysis, this involves “back-calculation” of historical

51

https://www.aemo.com.au/Media-Centre/2015-Emerging-Technologies-Information-Paper
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payback times for another technology. Significant variability and poor transparency exists in
historical capital costs by location, along with tariff levels/structures.
ATA are also uncomfortable with some of the input assumptions in the AEMO modelling –
specifically, the component forecasts. As chosen by ATA, AEMO chose the Tesla $US wholesale price
announced by Tesla in early 2015 for the battery costs. Presumably, AEMO translated this $US
wholesale price to an $AUD retail price to inform the payback model. As discussed, this approach
proved significantly inaccurate once retail prices hit the Australian market in late 2015.
In addition, AEMO assume an 8-12% price reduction for the battery system component. It is not
known whether this includes or excludes non-battery items such as the inverter, balance of system
costs, labour or retail margin.
5.1.2

Model Results

AEMO predicts NSW and Victoria will have the highest uptake rates over the next two decades –
with Victoria due to the existence of time of use tariff structures and NSW due to better daily
demand profiles. The report predicts 2,774 MWh of storage in Victoria by 2035, with 2,482 MWh for
NSW. NSW is predicted to have the largest percentage of installed rooftop PV (72%) that is
integrated with battery storage by this time.
Table 10 contains the uptake projections by NEM jurisdiction:

Table 10: AEMO Forecast Installed Capacity of Battery Storage (MWh)
QLD

NSW

SA

VIC

TAS

NEM

2017-18

129

201

2

188

9

529

2024-25

982

1,043

206

1,131

83

3,445

2034-35

2,046

2,482

484

2,774

196

7,982

To put the above data in perspective, 194 terawatt hours (TWh – 194,000,000 megawatt hours
[MWh]) was generated in the NEM in 2014/15.
Cycled daily to its full capacity, the 7,982 MWh of storage projected in 2035 would broadly equate to
just under 3.0 TWh of electricity stored across the NEM in that year. This represents around 1.5% of
NEM generation in 2014/15.
It is important to note that the AEMO study did not consider the economics of retrofitting storage to
existing residential solar systems. As such this “market” is not included within the projections above.
The study also didn’t take into account the potential for commercial scale storage.
Separately, Morgan Stanley has forecast that around half of the storage market could be retrofits to
existing solar systems52. They predict that between 1 and 2 million Australian homes could have
battery storage by 202053.
52

http://reneweconomy.com.au/2015/morgan-stanley-sees-2-4m-australia-homes-with-battery-storage20668
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AEMO also forecast the impact storage may have on maximum demand from the grid – suggesting
that storage associated with newly installed solar only (not including retrofits) could reduce
maximum demand in Victoria by 720MW, or 6.2 per cent.
Table 11 sets out forecast demand reductions by NEM jurisdiction:

Table 11: AEMO Forecast Reduction in the 10% PoE Maximum Demand (MW)
QLD

NSW

SA

VIC

TAS

Summer

%

Summer

%

Summer

%

Summer

%

Winter

%

2017-18

41.4

0.5

54

0.4

0.4

0.0

47

0.5

0

0.0

2024-25

187.9

2.0

210

1.4

33.9

1.0

280

2.7

1.9

0.1

2034-35

225.3

2.1

414

2.4

76.1

2.2

720

6.2

5.3

0.3

5.2

Other

Bloomberg New Energy Finance (BNEF) released a significantly stronger projection54 of storage
uptake in Australia in 2015. BENF forecast 37GW of small scale solar PV and 33GW of storage
installed in Australia by 2040.
Finally, the Australian Energy Market Commission (AEMC) also published projected forecasts of
storage uptake in Australia in the same timeframe as AEMO (i.e. 2035). In its Future Trends Report
(2015)55, the AEMC state:
“Key finding 8: We should expect significant adoption of stationary and vehicle battery storage by 2035.
Under our assumptions about the relationship between payback period and adoption results in
projected adoption of stationary and vehicle battery storage applications with GW capacity in the range
of 5–30% of NEM generation capacity by 2035.
Under our TOU tariff case with solar PV, adoption of residential stationary battery storage reaches a
maximum of 4.5% of households with solar by 2035.
With no PV under a TOU tariff, residential PV reaches a maximum of 8% of households without solar
under medium battery costs, or 18% under low battery costs.
Under our standard tariff case without solar PV, adoption of commercial stationary battery storage
reaches 3–22% of commercial customers without solar by 2035.
If battery costs decline faster, this penetration may increase to 5–30%.”

53

http://www.360storage.com.au/news/morgan-stanley-battery-storage-to-grow-four-times-quicker-thanmarket-thinks
54
http://reneweconomy.com.au/rooftop-solar-battery-storage-to-dominate-australian-grid-58078/
55
http://www.aemc.gov.au/Major-Pages/Integration-of-storage/Documents/CSIRIO-Future-Trends-Report2015.aspx
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6.0 Appendix A: Storage Chemistries
The most common chemistry used until recently for household and commercial stationary energy
storage has been the lead-acid battery.
The evolution of stationary (and transport) energy storage is increasingly focused on lithium-based
chemistries. For household and commercial systems, this typically means lithium ion chemistries,
which have seen considerable advancements in recent years and a steady decrease in cost as
manufacturing scale has increased.
A high level overview of the main storage chemistries currently (or soon to be) available in the
Australian market for residential application is presented below.

6.1

Commercially Available

6.1.1

Lead Acid

Lead-acid batteries consist of lead and lead-sulphate plates suspended in a sulphuric acid electrolyte.
They are a reliable and well-understood chemistry that is relatively forgiving to mild overcharging,
although over-discharging can impact lifespan considerably.
In years past, the most common type of lead-acid batteries in household stationary power systems
were flooded cell types. In more recent times there has been a trend towards prioritising safety and
lowering maintenance requirements, resulting in a shift from flooded to sealed lead-acid batteries
that have no risk of acid spillage or need to check cell electrolyte levels or check for internal
corrosion. Sealed lead-acid batteries come in two main designs—AGM (absorbent glass mat) and gel
cell. (Figure 2.1 contains an image of flooded cell and sealed lead acid batteries).
The main failure mode of lead-acid batteries is corrosion – typically accelerated by higher
temperatures. Lead-acid batteries are also constrained by what’s known as the ‘Peukert effect’ – a
battery concept that expresses the capacity of a battery in terms of the rate at which it is discharged.
As the rate increases, the battery's available capacity decreases.

Figure 2.1: Typical flooded-cell (left) and sealed lead acid batteries
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In applications where long life and frequent discharge is required, researchers from the CSIRO state
that lead-acid batteries shouldn’t be discharged faster than a C10 rate (‘C’ being the reference to the
charge/discharge time and is a unit published by battery manufacturers as part of the product
specifications). This is equivalent to discharging at one-tenth of the rated capacity of the battery in
any hour.
This is a significant limitation of lead-acid technology for those users who wish to use a significant
proportion of a battery’s capacity in a relatively short time period (e.g. during typical residential
evening peaks).
Lead-acid batteries must also be periodically charged to 100% to maintain their useable capacity
(e.g. once per month).
6.1.2

Lithium

Variants of lithium-based chemistries offer considerable advantages over traditional and modern
lead-acid.
Lithium Ion batteries have higher storage densities (more energy can be stored in a battery of a
given volume), greater power densities (batteries can produce far greater instantaneous power
outputs without damage), much better charging efficiency and longer life spans than any lead-acid
formats. (An example of the latest lithium –based batteries is contained in Figure 2.2.)
They currently have higher capital costs but increasingly lower lifetime costs – and typically with
more ‘useable’ storage capacity. This is likely to continue to improve as the global push for lower
cost batteries for electric vehicles continues.
Broadly speaking, lithium batteries are not constrained by the Peukert effect56. According to the
CSIRO however, most lithium storage systems can be used at up to a 3C rate, (being 30 times higher
than the C10 rate of lead acid batteries). Given that there are few applications that require such fast
charge or discharge, there is effectively no practical limit on discharge rate and lithium
manufacturers typically publish charging capacity at the ‘C1’ rate – i.e. complete discharge over one
hour.
Their longer asset lives, higher charging and discharging efficiency and their ability to provide
capacity over very short charge/discharge periods enables smaller capacity banks to be used as
compared to lead-acid.
Lithium batteries must have an effective battery management system (BMS). This enables each cell
in the battery bank to be individually monitored when charging and discharging. Overcharged cells
and cells discharged below the minimum voltage point can fail. Some batteries, particularly smaller
format lithium, are supplied with a fully integrated BMS. Larger format cells typically come with the
BMS modules supplied separately—fitted once the bank is assembled in the final location.
Given their advantages outlined above, the properties of lithium-based batteries currently available
in the Australian market have been used to inform the modelling exercise for this project.

56

Although it should be noted that the pattern and frequency of the charge/discharge regime can still affect
battery lifespan and useable capacity towards the end of asset life.
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Figure 2.2: The Magellan HESS Battery (Lithium Manganese Cobalt Oxide, left) &
Fronius Solar Battery (Lithium Iron Phosphate)

6.1.3

Flow Batteries

Flow batteries are usually based on vanadium or bromine chemistries, such as the zinc bromide flow
battery57. Unlike most batteries, which store their energy in metal-based plates, flow batteries use
two liquids, the anolyte and catholyte, to store energy. The liquids flow through a cell which contains
a membrane that allows current to travel across it.
Because the energy is stored in the liquids, flow batteries have the advantage that they can be
recharged by replacing the liquids, although most flow batteries are simply recharged like other
batteries. Further, to increase the battery storage capacity, additional storage tanks of anolyte and
catholyte can be added.
The primary disadvantages of flow batteries are their many moving parts and their high upfront cost.
On the basis of these disadvantages, it has been thought by some industry commentators that flow
batteries may only be useful in large scale applications – however it should be noted that one flow
battery product already exists in the Australian market for residential application (see Figure 2.3):
Figure 2.3: The Redflow ZCell Battery (Zinc Bromide)

57

For an example, see www.redflow.com
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Sodium

A new player in the energy storage field, Aquion Energy, is manufacturing sodium ion storage
systems for solar and wind power systems based on benign materials such as manganese oxide,
sodium sulphate, carbon and cotton (see Figure 2.4). ATA understands that Aquion has one
Australian-based distributor/ installer (located in Port Melbourne).
The batteries are extremely simple internally and use salt water for the electrolyte. The batteries are
manufactured in single 48 volt, 2.4 kWh stacks which are also available in a bank of 12 stacks as a
25.5 kWh battery. The Aquion batteries however have relatively low discharge rates and low energy
density.
The main advantage of these batteries is the environmentally benign component materials, the
ability to withstand 100% depth of discharge (DOD) without damage and the rated cycle life of 5000
cycles. Disadvantages include their current high cost (although initial installed prices in Australia
appear anecdotally to be approaching that of lithium) and their high weight and physical size per
battery.
Figure 2.4: The Aquion Battery (Aqueous Hybrid Ion)

6.2

Future Chemistries

6.2.1

Ultra Batteries

The Ultra-battery is essentially a lead-acid battery with capacitors added in to the electrolyte for
enhanced performance. Like all lead-acids, ultra-batteries remain susceptible to corrosion and must
be periodically charged to 100% to maintain their capacity (e.g. once per month). This requirement
comes at an economic cost to the end user as the battery will not be available for normal use for a
portion of the time. This would need to be taken into account in any modelling of economic value
against alternative chemistries.
Ultra-batteries have an effective limit on discharge rate in the range of a ‘C1’ rate. However
according to the CSIRO, this is only achievable provided that the technology is only cycled between
50% and 80% state of charge (SoC) – effectively a significant limit on useable capacity. Maintaining
this SoC however will avoid any tapering issues associated with charging/discharging.
As yet, ultra-batteries are not commercially available and ATA was unable to find retail pricing for
these batteries as of the time of this report.
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Zinc Air

Zinc-air batteries are expected to become commercially available in the near term. Normally found
as single use batteries in small devices such as hearing aids, this chemistry has been developed into
rechargeable batteries in the US58.
Zinc-Air battery technology is rated as being capable of 10,000 cycles (DOD not specified) and a 30year lifespan. Zinc-air chemistry is relatively non-toxic and low cost. EOS is quoting a price of
US$160/kWh in commercial quantities. Their first system is a 4 MWh battery storage system for grid
stabilisation, but hopefully smaller systems for domestic use will be available in the near future.
Other Air-based technology is in development including Aluminium-air technology, however none of
these are approaching commercial viability at this time. As with ultra-batteries, zinc-air is not
commercially available and ATA was unable to find retail pricing for these batteries as of the time of
this report.
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