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EXECUTIVE SUMMARY

In this report I will summarize the key findings from modeling and literature review on the
Ultrabatteries technology from a Techno-economic analysis perspective. Key findings:
-

The Ultrabattery has fewer technical obstacles than Lithium as presented.

-

The Ultrabattery may have a payback of as low as 5 years compared with Lithium’s 7
years as modeled under assumptions.

-

There is scope for this technology and potential for residential storage growth in the WA
market.

-

Developments in the market in economics of electricity and the photovoltaic (PV) and
energy storage system improvements in cost will help the growth of the market.
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1.0 Introduction
The reason for this project is to explain the background of why Western Australian markets need
energy storage for solar photovoltaic (PV) and to look at the Ultrabattery as an option for energy
storage in solar PV systems. As batteries become more and more economical, and as electricity
prices continue to rise, they will continue to increase in popularity. For solar PV systems in
residential areas in Australia an area of key interest and growth is in energy storage. This section
of the project will look at some of the popular technologies for residential purposes. Batteries are
needed to store excess energy for when it is needed. Energy storage is very useful for solar PV
systems, whether residential or commercial.
The research question deals with the Ultrabattery: the research is to find specific examples where
the Ultrabattery may be used in residential applications with solar PV for use in Western Australia
(W.A.). The Ultrabattery is an advanced lead acid battery technology. It combines improved
capacitor technology with a longer life battery using shallow recharge capability. The battery was
invented by Dr. Lan Lam and supported through CSIRO in its development (Lam and Louey
2006). It comes into development at a time of growing battery competition and the growth of
battery technology generally. It is also to see how it compares with other energy storage and PV
systems in the presence and absence of batteries with solar PV. The Ultrabattery currently does
not have any suppliers in W.A.; however, it is well established in the Eastern states and has been
used in some telecommunications and residential uses (Stone et al. 2013). Solar PV is increasingly
used in residential areas to offset increasing electricity prices and for environmental reasons.
Similar modelling has been done for different parts of Australia and shown savings.
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The aim of the project is to look at the technical, economic and cost benefit analysis for
Ultrabatteries in comparison to other current battery systems in the market used for solar PV
systems. The project covers Lithium, Sodium, Vanadium and Zinc-Bromine or flow battery
technologies. In this project my objectives will be to:
1. Have an in depth knowledge and understanding field to prevent blackouts and brownouts
by showing the potential of batteries.
2. Develop the battery storage industry in Australia further.
3. Increase knowledge available more publically for these energy storage technologies.
Many brands are now seeking niches in residential, commercial and utility applications. There is
research into the cost benefits of and techno-economic analysis of these new systems (Moshövel
et al. 2016); however, currently there are gaps in the research for specific applications and
comparisons in a more localised context.

1.1 Background
The solar PV industry continues to grow in W.A. Perth has one of the largest percentages of solar
PV residential systems in Australia. With the growth in adoption of battery storage technologies
and retrofits for solar PV systems with energy storage, a techno-economic comparison of some of
the alternative energy storage options for residential uses is valuable. With the falling costs of
battery technologies and the wider public discourse on these systems there is potential to increase
the affordability of using battery systems. In W.A. there are already several solar farms including
the Greenough River Solar One facility. Residential and commercial solar systems continue to
grow, including in rural areas, amongst families and seniors. Now newer residential developments
11
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such as apartments are also considering micro grids with solar and battery storage as new
residential developments like Alkimos start to include solar and battery storage systems in W.A.

1.2 Solar Photovoltaics
1.2.1 What are solar photovoltaics
Solar PV consist of solar cells which make use of solid state devices which convert sunlight into
electricity via the photovoltaic effect.
Benefits of solar photovoltaics in Western Australia
Solar PV systems could enable households to have cheaper and more reliable electricity in
specially designed systems with energy storage. Solar PV makes good use of the great solar
resources available in W.A. Solar PV makes use also of available solar tariffs and tax incentives/
rebates for solar PV systems in W.A. Western Australian battery industry growth supported by
subsidies and rebates would help to increase renewable energy penetration and increase the
adoption of residential solar energy. In Australia and W.A. in particular a solar rebate scheme
using Small Technology Certificates and a solar tariff helped to increase the adoption of solar PV
in Perth and the growth of the industry. Western Australia has good resources for solar
photovoltaics. The solar resources available in W.A. are amongst the best in the world as shown
below in Figure 1.
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Figure 1: Annual average solar radiation (in MJ/m2) and currently installed solar power stations with a
capacity of more than 10 kW (Bureau of Meteorology 2009).

1.2.2 Comparing solar with hydropower and wind for residential consumers in W.A.
Solar is cheaper and more plentiful than hydropower potential in W.A. Hydropower for sufficient
storage and power relies on enough rainfall. Wind power is a very good resource for W.A.;
however, wind power is currently more suited for non-residential areas while solar photovoltaics
are readily available for residential purposes. Currently there are few regulations for domestic size
wind power and standards for residential wind power.
In terms of the scientific perspective, solar photovoltaics have enough efficiency to be effective
for residential power generation with some incentive economic policy batteries could become very
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popular as a way to ensure security of supply. Electricity prices are rising currently in W.A. More
money is being invested in electrical infrastructure (Laschon 2017). As solar tariffs are reduced
and battery costs fall there is a need for research in this area to see how this transition could be
done and the advantages of this opportunity (Kathryn 2016). “Pumped hydro, on the other hand,
is a relatively inexpensive storage technology (already at around A$100 per kWh) as it can store
large amounts of energy using a very inexpensive material” (Dargaville 2016). Pumped hydro
would not be sufficient for individual residential areas due to the large area required. Solar PV
continues to grow in W.A. and there is much interest in Lithium batteries. It is especially
interesting that W.A. also has one of the largest reserves of Lithium in the world among the top
three producers and that Lithium mines have expanded in W.A. As stated by Dargaville, “in the
same way that rooftop PV has gained more popularity than large-scale solar (even though the latter
should be cheaper), distributed storage in the form of lithium ion batteries may be the eventual
winner, not because of economics but because of human behaviour” (Dargaville 2016).

1.2.3 Physics and the efficiency of solar

In terms of efficiency typical crystalline solar panels may have efficiencies of 15-18%. The
manufacturing costs are falling for solar PV systems and as labour costs also fall solar PV systems
will be more available to more consumers. Solar PV and energy storage for residential solar
generators of electricity for residential uses are some different uses for these systems in residences.
Solar rebate schemes and small micro-grid solar are other residential uses for solar Photovoltaics
and energy storage. These uses include apartments, old age care homes and small residential micro
grids. Such examples include the Alkimos suburb scheme and a recent apartment scheme
14
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supported by Curtin University. These systems could be financed differently and also share the
costs among residents.
“Most solar PV is distributed on rooftops throughout the grid, the antithesis of the central
generation model. Another significant change, still in its earliest stages, is the consumer-driven
decision to install home battery storage systems. More than 1.5 million solar PV systems generate
electricity from the rooftops of Australian homes” (Department of the Environment and Energy
2016). According to the Now switching over Solar PV and looking at Electricity Network
Transformation Roadmap: Final Report - April 2017, intermittent energy from solar needs to be
stored. It recommends energy storage of which the two leading residential energy storage
technologies are lithium and lead acid batteries. “forecasts suggest that by FY2035 there will be
approximately 1.1 million battery storage systems installed alongside new rooftop solar PV
systems in households across the NEM” (Department of the Environment and Energy 2016). Solar
PV is also an intermittent energy source and as a report by CSIRO 2012 finds “A number of
mechanisms can be employed to manage the impact of intermittency on electricity networks. Some
of these include: using short-term energy storage systems”. The report discusses the importance of
energy management systems, the flexibility that energy storage gives for PV systems and electric
vehicles and energy storage with photovoltaics being used in conjunction (CSIRO 2012).

1.2.4 Why is solar PV system use growing in W.A.?

Solar photovoltaics are growing in W.A. because:

15
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Solar PV located on consumers’ premises has become a partial alternative to traditional
grid-supplied electricity in Australia. Australians households have invested several billion
dollars in such systems over the past decade.



Rooftop solar PV combined with battery storage can save consumers money. Instead of
selling excess electricity to the retailer during the day at low feed-in prices they can store
the excess and avoid purchasing electricity in the evening and night at higher retail prices.



Advances in batteries and other storage technologies are likely to make it cost-effective for
increasing numbers of residential and commercial consumers to partially or even fully
disconnect from the grid and operate independently, or be supplied by a micro-grid (for
example, small-scale local generation and storage supporting an entire town or suburb
using its own separate network).



Digital meters, using the ‘Internet of Things’ and energy management software can help
consumers trade, track and control their electricity usage to manage their electricity costs.

Figure 2: Rooftop PV penetration rates as a percentage of households (Department of the Environment and
Energy 2016).
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Residential vs. Commercial:
Residential solar PV systems are growing at 2GW this year (Department of the Environment and
Energy 2016). Rooftop penetration is quite high in Australian states as shown in Figure 2.
Household and commercial solar PV growth continued steadily, with many solar businesses now
targeting the 30-100 kW section of the market. With power prices rising and the cost of solar
technology continuing to fall the business case strengthens each year. The fastest-growing sector
of the solar market is commercial systems between 75-100 kW, which helped to push up the
average size of solar power systems to 5.56 kW at the end of 2016. Commercial systems between
30-100 kW are particularly popular in the ACT, New South Wales, South Australia and the
Northern Territory, where they make up about 30 per cent of sales. Australia is one of the sunniest
continents in the world. Given a stable policy environment, there is massive potential for solar PV
to make a significant contribution to electricity generation in Australia over the coming decades.
(SunWiz Consulting 2014) Figures 3 and 4 below show the expected growth in PV installations.

Figure 3: Forecast PV Installs by region out to 2030 (Ainscough 2016).
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Figure 4: Forecast PV Installs by region out to 2030 (Ainscough 2016).

1.2.5 Seasonal effects in W.A. on Solar PV systems

The summer and winter resources are very good for solar PV systems. There needs to some
allowance for the lower Peak Sun Hours in winter and the increased amount of electrical appliances
used in winter. As this project will be looking at grid connected solar PV systems these systems
will not necessarily cover the entire electricity bill of a household. There will be variance also in
different parts of W.A. with some areas having even better solar resources than in Perth.
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1.3 Energy Storage
Energy storage is a key area of interest in the West Australian market. There is increasing interest
with the changes in the SWIS electricity grid with the coming closure of coal power plants in the
south west and increasing investments in the grid leading to increasing electricity prices. Perth is
currently one of the highest adaptors or residential PV. With the coming changes in the PV tariff
there and the decreasing prices in batteries there is an increasing interest and growth in the battery
market for residential PV systems. “A number of factors in Australia’s electricity market are now
combining to produce favourable conditions for residential battery storage uptake out to 2030.
These factors are: decreasing battery prices, increasing forecast grid electricity prices, the removal
of state based premium feed-in tariffs and the continued willingness of Australian households to
reduce their electricity costs through installing solar” (Ainscough 2016). Recent interest in storage
has grown nationally with the release of the chief scientist report, by Alan Finkel, called
“Independent Review into the Future Security of the National Electricity Market” which discusses
battery storage systems for both residential and commercial sectors.
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Figure 5: System drivers for energy storage (Hector 2015).
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Figure 6: Schematic diagram of battery energy (IEA 2011).
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Figure 7: Storage characteristics (Dargaville 2016).
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Figure 8: Historical Price (USD/Wh) of Lithium batteries vs. Cumulative production (MW, MWh)
(Dargaville 2016).

(Figures 5 to 8 show the place in terms of price and characteristics of the different technologies
for energy storage.)

1.3.1 Advantages and Disadvantages of Energy Storage
Advantages:
-

Cost savings.

-

Peak shaving.

-

Smoother and more stable supply of electricity.

-

Security of supply.

-

Enable the usage of potentially wasted energy, increase autonomy and, therefore, improve
the reliability of the energy supply for a household.
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Disadvantages:
-

Initial capital costs.

-

Maintenance costs.

-

Using the right system for the right situation.

Why choose batteries?


Utility Load Levelling (correction of mismatch between production and consumption
of electricity) as seen in Figure 9.



For using solar and wind energies continuously and reliably.



For emergency and backup power supply.

Advantages of Batteries:


They store and release electrical energy directly.



Fast response.



Being modular, they can be used flexibly; (depend on demand).



Easy to locate near load site.



They are largely free of environmental problems.



They typically have a short lead time in manufacture.
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1.3.2 Battery management Systems

Energy storage requires effective battery management systems (B.M.S.) to enhance and improve
energy storage solutions. Reliable load profiles, knowledge of peak loads and battery management
systems that can operate in the case of interruptions are important. A B.M.S. enhances the
reliability of a PV system which is important for residential customers. As mentioned in NREL
2008 reports, residential load modeling, energy modeling and project case studies are important
for improving existing energy storage solutions and ensuring the best system solutions are selected.
Battery attributes, size and functionality are important for residential customers as each system is
designed to customer specifications and locations. Payback period is a very important factor as is
reliability. Cost remains the most important factor to consumers. “Cost was unsurprisingly the
most important factor in consumer decision making. However, its influence is moderated when
considered in conjunction with the interaction effects of battery size and payback period” (Agnew
and Dargusch 2017).

1.4 Battery Technologies
Residential customers in Western Australia wants energy storage for solar PV systems for
electricity during the night, security of supply and cost savings for electricity. Security of supply
and cost savings are bigger motivators in W.A. than selling electricity to the grid for profit.
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Figure 9: figure for load profile with and without storage (Sundaram 2017).

There are many other types of battery technologies available and in development. There are other
growing technologies in the field such as flow batteries and various group 1 metal batteries. In this
project I have chosen to focus these three types of batteries because Lithium and lead-acid batteries
are leading battery technologies. The aim of this project is to compare the Ultrabattery with leading
competing technologies in the field in W.A.

1.4.1 Conventional Lead Acid battery

Lead acid (Pb-A) batteries are a mature technology used for many applications including PV
systems. Deep cycle lead acid batteries are used commonly in Solar PV systems and have been
26
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used successfully in PV systems in W.A. They can be easily accessed and there are a range of
brands available. They are heavier batteries and in some applications compete with NI-Cd
batteries. “The lead-acid battery is the oldest and most mature technology that has been used for
electrical energy storage and is currently a front-runner for use in distributed generation
application.” (Garimella and Niraj 2009).
“Pb-A batteries were first created in the 1860’s and are one of the most mature, least expensive
and widely used rechargeable battery technologies in the world today. Decades of research and
development have been spent on all aspects of the Pb-A battery including plate design, active
material composition, electrolyte composition, separator materials, and case design” (Leadbetter
and Swan 2012). Lead acid batteries remain the most widely used batteries for solar PV
applications and is the most mature technology. There have been a range of improvements in its
capacity and efficiency.

1.4.2 Advantages and disadvantages of Lead Acid batteries
“The defining characteristics of lead-acid batteries include relatively low cost, technological
maturity, low energy density, and limited cycle life” (Leadbetter and San 2012).
Table 1: Advantages and disadvantages of lead acid batteries (Sundaram 2017).
Advantages

Disadvantages

They store and release energy directly.

Lead is toxic and Sulphuric acid is toxic and corrosive.

They have a fast response and good high rate
performance.
Good temperature performance.

Lead acid batteries are very heavy.

High cell voltage.

Stratification of electrolyte.

Batteries are modular and can be used flexibly
depending on their demand.

Low utilisation of active materials.

They need electrolyte maintenance.
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Batteries are easy to locate near load sites.

Need to follow correct charge procedures.

Batteries typically have a short lead time to
manufacture.
Mature technology.

Corrosion of grids.

Lower cost.

Shorter cycle life.

Need to charge.

Limited rechargeability.

Options in the market for Deep cycle solar Lead Acid batteries in W.A.:


Panasonic.



Century.



Drypower VRLA.



Ritar VRLA.

Why use the advanced lead acid battery?
The battery is a hybrid device containing an ultracapacitor and a lead-acid battery both sealed in a
single unit sharing a common electrolyte – a technology combining trusted, world-class, lead-acid
batteries with fast cycling capabilities and partial charge operation to suit modern energy storage
needs.
Competition for Lead Acid battery
Nickel Cadmium batteries are comparable to lead acid - they have good power density,
maintenance free over a wide temperature range, long cycle life and acceptable self-discharge.

1.4.3 Lithium batteries
“Li-ion batteries are a recent technology with roots based at Bell labs in the 1960’s and the first
commercialization by Sony in 1990” (Leadbetter and Swan 2012). Lithium batteries are a very
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popular technology with a lot of research going into the battery type and many brands now
available in the West Australian market. It is lighter and has a higher energy density as well as
being able to operate at lower states of charge. Lithium batteries do require a BMS as they have
the challenge of thermal runaway. Also there are fewer recycling options and disposing of the
batteries can be expensive. As well as this they are more expensive than lead acid batteries and do
not have as good payback periods as other technologies. Western Australia actually has very good
Lithium resources currently being further developed by companies such as Tianqi and Talison
Lithium. As there is more demand and there are more companies producing Lithium batteries the
cost is expected to decrease further.

Options in the market for Lithium based technology batteries:


SonnenBatterie.



Tesla Powerall.



Enphase (modular lithium-ion phosphate).



Samsung SDI.



Panasonic LJ-SK84A.
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Figure 10: History of battery specific energy (Sundaram 2017).

Figure 11: Schematic of the electrochemical process in a Li-ion cell (Linden and Reddy 2002).
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Figure 12: Thermal Runaway schematic (Sundaram 2017).

Safety issues of Li Ion Batteries


Safety issues: occur if a cell exceeds the critical temperature above which the increase
of temperature is irreversible due to the heat produced by the cathode, anode, and
electrolyte and their interactions above the critical temperature.



Excessive ambient temperatures: excessive ambient temperatures will lead to
electrolyte heating, thus increasing the exothermic chemical reactions.



Overcharging:

All Lithium ion (Li-ion) batteries are equipped with protective

circuitry to avoid overcharging, but if the protective circuitry fails, Lithium ions will
build up on the graphite anode, forming a lithium dendrite. If the charging continues,
the dendrite will grow until it penetrates the separator, creating a short circuit by
connecting with the cobalt oxide cathode.
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Safety problems begin with flammability and electrochemical instability of (nonaqueous) electrolyte.



Li-ion batteries die quickly if operated at 60 oC and explode at 80 oC.

1.4.4 Lithium Ion Battery Advantages and Disadvantages
Lithium ion battery advantages
There are many advantages to using a li-ion cell of battery. These li-ion battery advantages include:
High energy density: The much greater energy density is one of the chief advantages of lithium
batteries. The much higher power density offered by lithium batteries is a distinct advantage over
other technologies.
Self-discharge: One challenge with batteries is that they lose their charge over time. This selfdischarge can be a major issue in battery usage. One advantage of lithium batteries is that their rate
of self-discharge is much lower than that of other rechargeable cells such as Ni-Cad and NiMH
types.
No requirement for priming: Some rechargeable batteries need to be primed when they receive
their first charge. Lithium batteries don’t require this.
Low maintenance: One major lithium battery advantage is that they do not require maintenance
to ensure performance.
Variety of types available: There are several types of lithium battery types available. This
advantage of lithium batteries can mean that the right technology can be used for the particular
application needed (Poole 2017).
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Lithium ion battery disadvantages
Like the use of any technology, there are some disadvantages of lithium batteries that need to be
balanced against the benefits. The lithium battery disadvantages include:
Table 2: Lithium battery disadvantages (Poole 2017).
Disadvantage

Details

Protection required

Lithium batteries are not as robust as some other
rechargeable technologies. They require protection
from being over charged, being discharged too far and
they need to have the current maintained within safe
limits. One lithium battery disadvantage is that they
require protection circuitry incorporated to ensure they
are kept within their safe operating limits. Fortunately,
with modern integrated circuit technology, this can be
relatively easily incorporated into the battery or within
the equipment.
One of the major lithium ion battery disadvantages for
consumer electronics is that lithium ion batteries suffer
from ageing. This is time dependent and dependent
upon the number of charge discharge cycles that the
battery has undergone.
Lithium batteries have certain restrictions placed on
their transportation, especially by air. Lithium batteries
must be protected against short circuits by protective
covers.
A major lithium battery disadvantage is their higher
cost. Typically, they are around 40% more costly to
manufacture than similar batteries. This is a major
factor when considering their use in mass produced
consumer items where any additional costs are a major
issue.
Lithium ion battery technology is a developing
technology. This can be a disadvantage in terms of the
fact that the technology does not remain constant.
However as new lithium ion technologies are being
developed and it can also be an advantage as better
lithium battery solutions are coming more readily
available.

Ageing

Transportation

Cost

Immature technology
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1.5 Ultrabattery (Advanced Lead Acid battery)
The Ultrabattery is an advanced lead acid battery technology. It combines improved capacitor
technology with a longer life battery using shallow recharge capability. The battery was invented
by Dr. Lan Lam and supported through CSIRO in its development (Lam and Louey 2006). The
battery is shown in Figure 13 below.

Figure 13: Diagram of the Ultrabattery (Sundaram 2017).

1.5.1 Advantages and disadvantages of the Advanced lead acid battery
Advantages include:
• The reduced cost of tower ownership for telecommunications.
• Increased generator life for remote users.
• Reduced diesel haulage and use due to energy storage.
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• Increased generator efficiency due to energy storage.
• Longer battery life compared to conventional lead acid batteries.
• High temperature tolerance suitable for Australian conditions.
• Higher safety standard due to stability of the battery.
• Reduced generator maintenance.
• Reduced hours spent visiting site.
• Reduced site diesel emissions due to less diesel being needed.
• Reduced site noise levels due to less diesel generator use.
• Closed loop manufacturing for high sustainability.
• Proven renewable integration.

Disadvantages of the Advanced lead acid battery


Expensive compared with lead acid batteries.



Fewer suitable battery management systems for this type of battery.

Advanced lead acid battery Options in the market:
Ultrabattery
“A new lead acid battery developed by a consortium with the CSIRO is being trialed on off-grid
conditions, including as storage for intermittent renewable energy. Called the Ultrabattery, it takes
the 150-year-old lead-acid battery technology, like those used to start cars, and adds a supercapacitor” (McHugh 2016).
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1.5.2 Why use the Ultrabattery?
Table 3: Key Benefits and Features of the Ultrabattery (Ecoult 2017).
Key Features
Modular Design.
Available in a pre-installed or pre-wired for ease of use
on site.
Small footprint – uses less space – 1 m x 0.6 m.
Passive thermal design – Maximized battery life by
using airflow to operate within optimum temperature
limits.
Ultrabattery monitoring system.
Over-current Protection Protects the system from high currents and faults.

Benefits
Flexible sizing for different power and energy
requirements – good for residential requirements.
Reduced labour costs and quicker installation time.
High power for less space on site needed.
Suits different applications, operating environments
(indoor and outdoor) and maximizes the return on
investment.
Helps to achieve the greatest longevity and allows
remote monitoring.
A safety feature and helps the longevity of the system.
It helps the battery operate within performance limits.

Competition for the Ultrabattery
Competition is based on cost and application. The other batteries discussed as the main competitors
were considered.

1.5.3 Comparison between the Ultrabattery and the lead- acid battery
“Examination of the UltraBattery against its conventional counterpart revealed improvements in
performance using the conventional tests, mainly related to Ah capacity and overall internal
impedance” (Fairweather, Stone and Foster 2013).
Case studies of the Ultrabattery:


Remote telecoms base station (N.S.W., Australia).



Small commercial peak shaving and solar self-consumption (N.S.W., Australia).



Health Retreat (N.S.W., Australia).



PNM ‘Prosperity’ Project (New Mexico, United States).
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Hampton Wind Farm (N.S.W., Australia).



Ecoult Grid Energy Storage and PJM Interconnection (Pennsylvania, United States).

(Ecoult 2016).

1.5.4 Advantages and disadvantages of battery technologies for residential
applications
Table 4: Advantages and disadvantages of lead acid batteries, Lithium batteries and the Ultrabattery (A. A.
Franco 2015; Mckeon, Furukawa and Fenstermacher 2014; Energy Networks Australia 2017; Summer et al.
2012).
Lead Acid batteries
Advantages







Cheapest technology.
Mature technology.
Has
been
used
successfully
in
residential PV systems
the longest.
Lead acid batteries can
last up to 15 years with
70-75% discharge rate.

Lithium batteries











Disadvantages




Short cycle life.
Limited
rechargeability.







Highest energy
density.
High efficiency
(nearly 100%).
Relatively long
cycle life.
Widespread use
and
good
performance.
Lower weight.
Longer cycle life.
Maintains
its
voltage
throughout
the
entire discharge
cycle.
No maintenance.
High rate and
high
power
discharge rate.
High coulombic
efficiency.
Not adequate for
many
applications.
High cost.
Need
special
packaging,
internal
overcharge
protection
circuits.
Thermal
runaway, safety
issues with fire.

hybrid/advanced
lead
acid (Ultrabattery)
 Combines
the
benefits of a
capacitor and a
battery.
 Charged much
faster
than
conventional
lead-acid
batteries.
 Most of the
benefits of leadacid batteries.
 The Ultrabattery
is cheaper than
Tesla batteries.
 The Ultrabattery
has
more
cyclability than
the other two
batteries.



Higher
cost
compared with
conventional
lead
acid
batteries.
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Degrades at high
temperature.
Tesla has a 12
year
payback
which is longer
than its current
warranty.

1.5.5 Table of typical values for comparison of the three types of batteries
Table 5: Typical values for comparison of the three types of batteries Lead acid, lithium and hybrid/advanced
lead acid batteries (A. A. Franco 2015; Mckeon, Furukawa and Fenstermacher 2014; Energy Networks
Australia 2017; Summer et al. 2012).
Typical values

Lithium batteries

Energy Density

Lead
acid
battery
(flooded, AGM or Gel)
90-160 Wh/kg

Cost

$100-300 /kWh

$400-600 /kWh

Cycle Life

800-5600

1200 - 2600

Specific Energy
Charge/discharge
efficiency
Lifecycle

180 Wh/kg
50–95%

100-265 Wh/kg
80-90%

10-20 years

2-7 years

storage temperature

25°C

-40-50°C

130-200 Wh/kg

Hybrid/Advanced lead
acid (Ultrabattery)
3 to 4 times conventional
lead acid batteries.
CSIRO, claims “The
UltraBattery is about 70
per cent cheaper to make
than
batteries
with
comparable performance
and can be made using
existing
manufacturing
facilities”
UltraBattery will last
about three to four times
longer than a conventional
VRLA battery.
80 Wh/kg
DC–DC efficiency of 93–
95%
UltraBattery will last
about three to four times
longer than a conventional
VRLA battery.
25°C

1.6 Software Used
1.6.1 What is HOMER
HOMER (Hybrid Optimization Model for Electric Renewables) software is a software that
simulates micro power systems to find the lowest Net Present Cost (N.P.C.) combinations. In this
project it will be used for residential area PV with battery systems. HOMER is a micro-grid
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software that does optimization and sensitivity analysis on renewable energy systems. HOMER
can also model a power systems physical behavior and life cycle cost (capital cost, replacement
installation and maintenance) to look at performance and cost parameters to aid in making
decisions in selecting systems. It can carry out a quick feasibility study and can simulate different
system configurations top generate a list of feasible solutions based on lowest NPC. HOMER has
access to NASA databases for solar resources data and the ability to input battery data for
simulation.

How HOMER works
HOMER is a micro-grid software by HOMER Energy that optimizes micro-grid design. It uses
three tools in one software product that does engineering and economics functions: sensitivity
analysis, simulation and optimization. It also can be customized with up to 9 individual models for
modeling needs (HOMER Energy 2015).

1.6.2 What is SAM
SAM (System Advisor Model) is software that analyses performance and is also a financial model.
It will make performance predictions and cost of energy estimates based on costs and design
parameters that are specified as inputs. It can simulate grid connected PV and battery systems as
well as financing options. SAM has access to the NREL databases and can include more financial
input data. It has been used in a previous study for the W.A. as well, “NREL's (National Renewable
Energy Laboratory) modelling software, System Advisor Model (SAM), was used to determine
energy production for rooftop and 1-axis tracking of PV.” (Lu, Blakers and Stocks 2017) SAM
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has also had changes to the PV with battery storage model and case studies of economic analysis
of battery energy which will prove helpful.
How SAM works
“SAM makes performance predictions and cost of energy estimates for grid-connected power
projects based on installation and operating costs and system design parameters that you specify
as inputs to the model. Projects can be either on the customer side of the utility meter, buying and
selling electricity at retail rates, or on the utility side of the meter, selling electricity at a price
negotiated through a power purchase agreement (PPA)” (National Renewable Energy Labs 2010).
How software will help
The software will help simulate various combinations currently used in W.A. and the three battery
types in practice and compare costs. There is currently available literature using these software
packages to model similar systems in other parts of the world. These papers will help in creating
these software simulations as well as the software case studies available on the respective websites.
The software will help to simulate all the combinations will be looking at using real life costs and
allow us to look at optimal solutions for feasibility.
Why software will be used
Software will be used to calculate the energy generated money that would be saved and payback
periods. It can also include any current rebates and use W.A. conditions for the simulations. The
software will also help to analyse the current feasibility of the three battery energy storage
solutions.
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System inputs
SAM
SAM System Inputs:


Weather Data



Financial and economic inputs



Incentives



System performance



Costs

HOMER
HOMER System Inputs:


Load details



Component details



Resource details



Sensitivity variables

1.6.3 Modeling batteries (Lithium and Advanced lead acid batteries)
1.6.4 SAM modeling batteries
SAM is able to model residential systems with lead acid and lithium ion battery chemistries. SAM
is able to model system lifetime analysis (including battery replacement costs), it models terminal
voltage, capacity and temperature and can model dispatch controllers as well (DiOrio 2015).
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A study in modeling Lithium ion batteries in SAM models a Tesla Powerwall in the following
way:


Lithium-ion nickel manganese cobalt.



An assumed cycle full 6.4 kWh down to 20% of state-of-charge over 10-year warranty.



Assume the battery degrades ~20% over 10 years.



Full installed capacity is then: 6.4 kWh/ 0.8/ 0.8 = 10kWh

(DiOrio 2015).
Modeling the batteries in SAM can be done with a PV and battery model which has been made
available. Case studies have been made using lithium batteries with assumptions to model these
batteries in the SAM software.

1.6.5 HOMER modeling batteries
In the paper Micro power system modeling with HOMER as stated by Lambert, Gilman and
Lilienthal, “HOMER models a single battery as a device capable of storing a certain amount of dc
electricity at a fixed round-trip energy efficiency, with limits as to how quickly it can be charged
or discharged, how deeply it can be discharged without causing damage, and how much energy
can cycle through it before it needs replacement.” Assumptions have been made and
simplifications based on battery behaviour and user behaviour for modelling purposes. “Concerns
arising due to the variability and intermittency of renewable energy sources while integrating with
the power grid can be mitigated to an extent by incorporating a storage element within the
renewable energy harnessing system. Thus, battery energy storage systems (BESS) are likely to
have a significant impact in the small-scale integration of renewable energy sources into
commercial building and residential dwelling.” (Garimella and Niraj 2009). All of the batteries
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modeled will rely on BESS and will most likely continue to be in use as it is more convenient and
leads to better system results.
“Optimisation and sensitivity analysis algorithms used by HOMER allow for evaluation of
economic and technical feasibility of technology options and account for uncertainty in technology
costs, energy resource availability and other variables” (Garimella and Niraj 2009). HOMER has
been used already in many studies of battery system behaviour with results that are comparable to
real life systems in addition it is suited for economic analysis. “HOMER can model a single battery
or an entire bank of batteries, which HOMER treats as a DC storage device.” (Lithium ion battery
modeling in HOMER paper (Alexis 2012)). “The system designer is able to select the number and
size of the batteries that HOMER is to consider in its system analysis. If the user is unable to find
a suitable battery in the library, HOMER does have the option of allowing the user to create a
battery, and select the way that battery is modelled” (Alexis 2012). The size of the batteries could
be used from previous studies into the West Australian market with current and predicted trends
for costs. “Currently, there are two models that HOMER uses in its calculations, the KBM and the
simple battery model. The KBM is much more robust and detailed than the simple battery model”
(Alexis 2012). From the literature the KBM model could be used for battery usage and the
simplified model for economics.

Load and Resource inputs
For this project the load and resource inputs will be based on data from Perth and costs from current
systems used in Australia. Sizes to be considered for PV will in include 5 and 6.5 kW. Using the
below simulation graph as a guide for sizes and retrofits from Ainscough’s 2016 paper the
simulation looked at 5kW and 4kW with retrofits.
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Figure 14: Paybacks for W.A. scenarios limited to 20 years’ payback. (Ainscough 2016).

Figure 15: W.A. – forecast PV and battery vs overall PV installs (Ainscough 2016).
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From Figures 14 and 15, we can see the rise in expected W.A. PV and battery installs and the
decreasing payback for PV systems and retrofits of batteries to these systems especially as the size
of system increases.

1.6.6 Advantages and disadvantages of using the different software packages
In Table 6 below is detailed further information of the software packages relevant for modelling
these scenarios that were considered.
Table 6: Advantages and disadvantages of SAM and HOMER (Okedu and Uhunmwangho 2014; Tozzi and Ho
Jo 2017).

SAM
Advantages








Can
produce
P50/90
reports, stochastic and
parametric calculations.
Can
choose
different
physical models.
Can choose different ways
to simulate for optimal
outcomes other than lowest
NPC.
Uses the NREL databases.
Simpler battery models.

HOMER











Disadvantages





Fixed
equipment
databases.
Simulations can take a
longer time for comparable
results.
Harder to input details for
newer battery models.





HOMER can input new
equipment
into
the
database.
HOMER can input weather
data manually.
The program can simulate
hybrid systems.
Simulates a list of real
technologies,
as
a
catalogue of available
technologies
and
components.
Very detailed results for
analysis and evaluation.
Determines the possible
combinations of a list of
different technologies and
its size.
It is fast to run many
combinations.
Results could be helpful to
learn
a
system
configuration
and
optimization.
The program sorts systems
by NPV only – it cannot
sort by multi criteria
analysis.
Homer
cannot
do
stochastic or P90, P50
calculations.
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SAM

HOMER






Quality input data needed
(sources).
Detailed input data (and
time) needed.
An experienced criterion is
needed to converge to the
good solutions.
HOMER will not guess key
values or sizes if there are
missed.
Could be time consuming
and onerous.

46

PEN624 Renewable Energy Dissertation, Neil Salam

1.7 Updated technology and the effect of the current market

Figure 16: Schematic of supercapacitors and hybrid rechargeable batteries (Sundaram 2017).

New Battery Technology
“Public investment in energy storage research and development has led to significant cost
reductions. However, additional efforts (e.g. targeted research and development investments and
demonstration projects) are needed to further decrease energy storage costs and accelerate
development” (IEA 2014).
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New battery markets and uses
Grid storage, residential micro-grids, powering electric and hybrid cars are all possible growth
factors for solar PV and energy storage systems. As the Solar and storage trial at Alkimos Beach
residential development website states “This project involves developing, deploying and testing
the commercial feasibility of a new energy retail model. It will combine community scale battery
storage, high penetration rooftop solar PV and energy management within a new residential
development at Alkimos Beach, Western Australia” (Australian Renewable Energy Agency 2015).
Decentralised Energy Exchange (deX)
There are moves within the local power utility to consider energy exchanges for retail residential
electricity. These may increase the growth of community owned solar systems which can then
trade electrons on such systems. These systems have been made possible with the increasing
integration of the Internet of Things (IoT) and new software which allows such an exchange to
exist as well as new regulation on such exchanges. “deX is a prototype online marketplace that
will provide a way for households and businesses with rooftop solar and battery storage systems
to be paid for allowing electricity network businesses to access their rooftop solar and stored
electricity to strengthen the grid” (Australian Renewable Energy Agency 2017).
Electric cars and solar photovoltaics systems with energy storage
Following trends with all major car manufacturers and companies such as Tesla and Volvo there
is an increase in both hybrid and electric vehicles which will be within the cost range of a greater
majority of residential customers. There are currently companies in W.A. that provide home
charging systems which are integrated with solar PV battery systems. Whether these systems
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become more popular and add to the growth of solar PV with battery storage in W.A. will be seen
in the coming years.
Power Purchasing Agreements
Power purchasing agreements with PV and battery storage in W.A. are being trialed following
examples from the USA and Europe. How to model Power purchasing agreements in SAM and
HOMER – both have the option to do this and this may help to reduce the costs of PV/battery
systems. In the present and future power trading programs using block train transactions are
becoming more popular. As the Power Ledger website explains: “Our technology enables the sale
of surplus renewable energy generated at residential and commercial developments (including
multi-unit/multi-tenanted) and at homes and businesses connected to existing electricity
distribution networks, or within micro-grids” (Power Ledger 2016).

1.8 Conclusion
In conclusion from the literature the gaps appear to be with the new hybrid lead-acid batteries and
their use in residential solar PV with energy storage systems in W.A. Modeling for these systems
have yet to be done in SAM or HOMER from the available literature so this project will examine
this. In this project the software can cover this gap in in terms of the limits in the research by
modeling in SAM and/or HOMER Ultrabatteries in comparison with the two leading technologies
(Conventional Lead-acid and Lithium Ion batteries). SAM and HOMER both have the capability
to model these systems and newer battery models are also being implemented.
The research suggests the project use an existing methodology for modeling such batteries which
inputting existing data bases and using researcher’s techniques as a guide to approximate these
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batteries. For this project the project will restrict the terms to these limits in order to focus the
research and look at the technical and economic aspects in real residential terms. In W.A. currently
there is growth and interest in the solar PV field and a growing uptake of energy storage with such
systems. With the current existing societal (acceptance of Solar PV and growth of energy storage)
and environmental factors (good solar resources) it appears this would be a good area of further
developed research. Existing software can be used to help model the economic and technical
aspects of these batteries effectively to give consumers and retailers better information with which
to make better decisions. It still remains with the consumer what needs they will have for their
residential systems and the wider society trends that this technology may be influenced by. In fact,
energy providers such as AGL have “plans to have 1,000 smart, connected energy storage devices
installed at homes and small businesses in Adelaide. Less than six months into the trial more than
half the systems have been sold and a substantial fraction of these are already installed and
operational” (Department of the Environment and Energy 2016).

2.0 Research Design and Methodology
For this project several computer modelling papers on SAM (System Advisor Model) and HOMER
were reviewed to use as a guide for methodology. Similar studies have been carried out with newer
versions of the software that allow for more diverse battery technologies to be modelled with
assumptions in the software. Sources of data for the project was an important aspect.
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2.1 Research Design
Research Questions
1. Is the UltraBattery suitable for residential applications in W.A?
2. What are the benefits of this technology compared with Li Ion and conventional lead acid
batteries?
3. What can be found through computer modelling of the economic and cost benefit of the
Ultrabattery compared with Li Ion and conventional lead acid batteries?

Figure 1: Research Design

For this project the project will look at the research questions, the tools and the data required for
answering the research questions. Our approach will be to use a modelling approach as suggested
by Bahramara, Moghaddam and Haghifam 2016. The data will be collected from quotes and
readily available data from papers on modelling in the Australian context using SAM and HOMER
as well as NASA and NREL databases. The results will be analyzed using these tools and the
results will be explained, analyzed and discussed in context.
Methods
The purpose of this project is to provide one Solar Home System (SHS) solution using Ultrabattery
batteries for Western Australian residential applications to cover the power needs for residents and
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compare this with other system technologies in similar situations. Thereby a clear understanding
of the techno-economic aspects of this solution within the time scope will be provided. The project
will include a literature survey, modelling the costs and understanding the cost benefits from this
information. The following method is to achieve the mentioned objectives:
1. The state of the art of the Ultrabattery (lead acid hybrid battery) and comparison systems will
be summarised with a special emphasis on the technological transitions and potentials based on
previous literature (Malhotra 2016).
2. Modelling inputs for the Solar Home Systems (SHS) components to be analysed and compared
will be found and provided.
3. The modelling and optimisation of the SHS in the presence and absence of batteries is performed
for different reference technologies (Linssen, Stenzel and Fleer 2015; Lahnaoui, Stenzel and
Linssen 2017).
4. The results for the different systems economic feasibility within the Western Australian context
are developed.
5. Useful conclusions from the proposed SHS techno-economic and cost benefit analysis.

2.2 Aim and Objectives
My research objective is to create further knowledge on the applications of Ultrabatteries for
residential PV systems in W.A. compared with two other popular energy storage technologies
(Lead acid and Lithium batteries). My objectives for this project are to increase knowledge and
understanding in this field to prevent blackouts and brownouts by showing the potential of
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batteries, develop the battery storage industry further and increase knowledge available more
publicly for these technologies.

2.3 Data Required
Data was provided by the programme, from quotes, company and scientific literature. Refer to
the Appendix.

2.4 Modelling Approach
The modelling approach was based on papers and the literature of NREL (developers of the
SAM programme) and HOMER the website.

2.5 Modelling Inputs - data
Both programs require sources of data for modelling. This project will gather this data from
databases, quotes and papers. For the quote data three solar retailers were chosen and for load data
the author’s own data and data from papers as explained in the literature review were used. (Refer
to the Appendix.)
System inputs SAM
SAM System Inputs included:


Weather Data – use program data.



Financial and economic inputs – available as preset.



Incentives – estimated using calculation.



System performance – was modelled using quote data.



Costs – estimated from quotes directly.
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Figure 2: SAM Steps for enabling the battery model (DiOrio 2015).

For the data for SAM I followed the steps in Figure 1 and the video shown in figure 2 using already
available data for Perth from the SAM program. The idea was to look at payback periods and
compare the battery technologies.
HOMER
System Inputs included:


HOMER System Inputs.



Load details.



Component details.



Resource details.



Sensitivity variables.
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2.6 Approach - Research Methodology
2.6.1 Steps in Modelling
Modeling a PV-Battery System in SAM:
-

SAM and battery modelling capabilities.

-

Designing a battery system.

-

Downloading applicable electricity rate data.

-

Programming the dispatch strategy.

-

Optimal sizing approach.

-

Viewing and interpreting results.

HOMER
1. Inputs Data.
2. Simulation and Optimization.
3. Sensitivity analysis.
4. Uncertain parameters.

2.6.2 Dispatch Storage Strategy for Battery use
The dispatch strategy for a battery system determines its charging and discharging parameters as
well as it use throughout the day. The dispatch strategy for battery use is important to model for
all of the batteries concerned. I will use papers created by the creators of the SAM and HOMER
programmes as the well as some other similar studies as a guide for what dispatch strategy to use.
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2.7 Modeling Inputs Values
Residential areas considered and resource data sources:
The project will consider the Perth residential area as this is a growth area. These are more heavily
populated areas with growing populations and represent northern and southern population areas.
W.A. does have a larger area to consider; however, the project will not consider the northern areas
or more country areas. Data sources will come from the local Perth BOM, NREL and NASA
databases. This will be based mainly on the data available to SAM and HOMER.

SAM

2.7.1 SAM Lead Acid Performance Models:
-

Capacity Model.

-

Parameter determination

-

Charge Transfer.

2.7.2 SAM Lithium-ion Performance Models:
-

Default Chemistries.

-

Capacity Model.
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Figure 3: Lithium Ion battery model in SAM Assumptions (DiOrio, Dobos and Janzou 2015).
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2.7.3 SAM Ultrabattery Performance Model

Figure 4: SAM Battery financials model (DiOrio, Dobos and Janzou 2015).

The main data for the simulation was filled as needed and following steps from DiOrio, Dobos
and Janzou 2015 and are included in the Appendix. Battery Bank Replacement was estimated at
7 years. For user specified replacement criteria no cost of removal was estimated.

HOMER Values and Inputs included:


Capacity.



SOC (State of Charge).



Cycles.
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Modeling was based on a standard LG Chem Lithium battery, a model lead acid battery and a
model for an Ultrabattery based on the lead acid model provided with cost and operation
modifications. The values in Figure 3 below were either estimated, taken from the program or from
the battery specifications.

Figure 5: Battery inputs (HOMER Program).
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Figure 6 : Ultrabattery capacity curve at 0,500 and 16,740 HRPSoC (High Rate Partial State of Charge) Utility
Cycles (Mathews 2015).

Values for the charge cycles were taken from graphs such as Figure 4 or based on existing customer
usage data.

Figure 7: Ultrabattery HRPSoC Utility Cycle Accelerated Rise (Mathews 2015).
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Figure 8: Ultrabattery HRPSoC Utility Cycle Aging Effect (Mathews 2015).

2.4.1 Lithium-Ion
Daily-cycle lithium-ion nickel manganese cobalt oxide (NMC) batteries similar to the Tesla
Powerwall batteries or LG Chem batteries were selected for the lithium-ion battery bank. Table 1
shows properties for a single battery pack.
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Table 1: Battery Specifications (DiOrio, Dobos and Janzou 2015).

This analysis assumed that 7 kWh of energy can be cycled daily within the minimum and
maximum state of charge limits, which are assumed to be 30% and 100% respectively. This implies
a full capacity of 10 kWh which is assumed to cost $3000, implying a price of $300/kWh. The
project assume this cost includes installation and permitting, but additional analysis would be
required to incorporate these costs at a specific site. This analysis assumed that the battery begins
with 7 kWh of daily cycle life and is replaced once the maximum capacity has degraded to 70%
of the original value. As detailed lifetime cycling information is not readily available, the project
assumed that the batteries can be fully cycled daily for five years beyond the stated 10-year
warranty period before the battery capacity degrades to 70% of the original installed capacity, at
which point the battery bank must be replaced. This implies about 365 cycles per year, for 15
years, or 5475 cycles. (DiOrio, Dobos and Janzou 2015).
2.4.2 Lead Acid
Deep cycle valve-regulated lead-acid (VRLA) absorbed glass mat (AGM) batteries were selected
for the lead acid battery bank similar to the Outback Energy Cell. Table 2 shows the Outback
EnergyCell properties.
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Table 2: Outback Energycell 200RE Specifications (DiOrio, Dobos and Janzou 2015).

The lead-acid system was similarly allowed to cycle from 30% to 100% state-of-charge, or
approximately 1.18 kWh per battery at a four-hour discharge rate. The cost of one battery was
found to be about $425, implying a price of $255/kWh. This cost again assumes that installation
and permitting are included, though additional analysis would need to be performed for a specific
site. No efficiency was listed for the battery, so single point AC/DC and DC/AC conversion
efficiencies of 92% were assumed. These efficiencies were chosen to remain consistent with the
lithium-ion system. The battery bank is assumed to be replaced when the maximum capacity has
degraded to 70% of the original value. The following cycling information was used from the
battery spec sheet.

Table 3: Outback EnergyCell 200 RE Lifetime (DiOrio, Dobos and Janzou 2015).
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As the battery is allowed to consistently discharge 70% of its energy, the expected lifetime before
degradation to 70% of maximum capacity and replacement is about 1400 cycles, as shown in Table
5. The “Relative Maximum Capacity” is the maximum capacity of the battery relative to the
original maximum capacity, which changes over time as cycles elapse (DiOrio, Dobos and Janzou
2015).
SAM Storage Dispatch Strategy and Inputs:

Figure 9: Algorithm description - Dispatch Control Strategy (DiOrio et al. 2015).

It will be important to model different controller strategies to represent different systems. The
project will concentrate on some common schemes for this project:

64

PEN624 Renewable Energy Dissertation, Neil Salam
State-of-Charge Controller
The state if charge controller will look at the state of charge in the battery to determine whether it
should be charged or not first.
Switching Controller
The Switching controller will have set limits when the charging will be switched on.
Current Controller
This controller will charge depending on the current which depends on the MPPT on the panels.
Battery Economics
Battery costs will consist of maintenance and initial capital costs. Higher initial capital costs will
affect the viability of systems and is one of the main reasons that such systems are not more
commonly used with PV in residences. Modelling these costs along with the effect of cycles and
state of charge modelling will determine lifespans of the batteries which can be used for payback
calculations. The better the payback period on the batteries the better the economic value which
increase that systems viability.
Financial Analysis
A table of data was required with values estimated for the following: $/kWh, Battery shed, and
Battery system miscellaneous initial cost.

2.7.4 HOMER battery models
The analysis framework was as follows:
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I. Site specification.
II. Derivation and verification of modelled data sets.
a. Solar energy.
b. Temperature.
c. Load demand.
III. System analysis and operational performance impact.
(Halabi et al. 2017).

2.7.5 Battery Degradation Modelling
“Important mechanisms resulting in battery capacity loss are generally divided into two main
areas:

electrodes

degradation

modes

and

electrolyte

degradation

modes”

(Hamedi,

Hamedi and Rajabi-Ghahnavieh 2016). The project can model the Ultrabattery degradation from
the advanced lead battery research.
System Costs and Financial Parameters
For the analysis there are many financial parameters to be considered which could impact the value of
installing a battery system. Battery costs are captured on a $/kWh basis as reported by vendors.
Installation labor, margin, operation and maintenance, and other costs are captured as a function of the
size of the installed PV system using the defaults in SAM. The battery bank is assumed to be DC
connected such that battery power output is inverted to AC using the same inverter as the PV system.
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Table 4: System costs for equipment (DiOrio, Dobos and Janzou 2015).

Modeling procedure:
SAM Steps:
1. Photovoltaic Performance model.
2. Irradiance and Weather Data.
3. Sun position.
4. Surface Angles.
5. Incident Irradiance.
6. Effective POA Irradiance.
7. Self-Shading Algorithm.
8. Module DC Output.
9. Array DC Output.
10. Inverter AC Output.
11. System AC Output.
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Figure 10: Flow chart of system operation in various scenarios.
Based on a schematic from (Halabi et al. 2017).

A Techno-economic model for behind-the meter residential, commercial, and third-party
ownership systems will include also:


Lead acid and lithium ion battery chemistries.
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System lifetime analysis including battery replacement costs.



Models for terminal voltage, capacity, temperature.



Manual dispatch controller algorithms/schedule.
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Figure 11: SAM PowerPoint slides showing battery details (DiOrio et al. 2015).
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Figure 11: SAM PowerPoint slides showing battery dispatch (DiOrio et al. 2015).
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Figure 12: Dispatch Visualization for batteries (DiOrio et al. 2015).
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Figure 13: Lifetime degradation and financials (DiOrio et al. 2015).

Figures 10 to 13 show us what new features the SAM Program has for battery simulations has as
well as different parts to consider for the battery simulation. Further information can be found on
the SAM website and in the SAM program as well as in the Appendix.
Steps shown in Figures 10 to 13:
1. Create a detailed PV case with Commercial financial model.
2. Input details about location, PV system, battery system.
3. Tailor dispatch strategy to electricity rates.
4. Compare payoff period to no-battery case.
(DiOrio 2015).
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2.8 Research Methodology Flowchart
Flowchart Diagram:

Figure 14: The comprehensive framework of HOMER optimization PROCEDURE
(Bahramara, Moghaddam and Haghifam 2016).
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With a view to fully understanding the effectiveness of the types of energy storage systems
considered, the Hybrid Optimization of Multiple Energy Resources program (HOMER) was used
in order to model each storage system with electrical demand and selected renewable resources in
W.A. HOMER is a software analysis tool that allows the user to input data in relation to what type
of system they want to model. Using complex algorithms, HOMER simulates the designed system
and generate results for specified sensitivity cases and also shows the user the optimum system
design for the data inputted. The program has also been highlighted in literature as being one of
the ‘preferred tools’ in energy modelling (Chmiel and Bhattacharyya 2015). This tool has also
been used by various scholars to model small-scale renewable energy systems (Dodds 2015). This
makes HOMER one of the most suitable programs for the modeling of energy storage systems, as
its battery calculation methods are very thorough and succinct (Dodds 2015).

2.9 Data Collection
System Schematic:

Figure 15: Modelled Configuration (Dodds 2015).
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Modelling parameters:
Lithium battery system inputs needed from data were:


Battery Chemistry model.



Cells per unit.



Number of batteries.



Nominal voltage.



Bank Capacity.



Bank Energy.

Lead-acid battery system inputs needed from data were:


Lead acid battery Chemistry model.



Cells per unit.



Number of batteries.



Nominal voltage.



Bank Capacity.



Bank Energy.

Ultrabattery Battery system inputs needed from data were:


Ultrabattery Chemistry model.



Cells per unit.



Number of batteries.



Nominal voltage.



Bank Capacity.
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Bank Energy.

SAM Model Limitations:
-

Voltage losses.

-

Round-trip efficiency.

Types of SAM models:
-

Thermal model.

-

Lifetime model.

Lead Acid performance models for SAM:
- Built in models allowing for ease of modelling allow comparison.

2.10 Data Analysis
Results that simulations can give for consumers
The results tell us the payback periods and economics of the different systems. They can also
model further changes in the market of battery costs and electricity cost changes. The programs
are not specifically designed for a battery like the Ultrabattery and so will depend on using the
current lead-acid model and modifying it.
What can be learned from the simulation results
The project can learn the economics of the batteries and simplified payback cost.
What answers have this project found for the research questions?
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This project has found that Ultrabatteries may payback faster and that batteries will have a more
acceptable payback in addition to having many of the benefits of Lithium batteries.
How could these results be used?
The information gained could be used for policy makers, retailers, wholesalers, consumers and the
public for education and awareness.
How should the results be viewed and interpreted?
They should be viewed under the caveat that the results are based on assumptions and the
limitations of the programs used. Also that the economics may change due to trends and policies
in the W.A. market.

SAM Vs. HOMER
Table 1: battery modelling between SAM and HOMER.

Energy to charge battery

SAM

HOMER

Simplified model.

Complex model.

Simplified model.

Simplified model.

Modelled as needed.

Modelled as needed.

(kWh)
Energy discharged to load
(kWh)
Battery efficiency (%)
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2.11 Research Design – Tools
SAM
SAM will be used in this research by to help determine the better options from a battery use
viewpoint. SAM also has the ability to show in greater detail the battery usage and dispatch
strategy. It can also be used as software to compare the results from HOMER. SAM also allows
greater comparison between the systems however it can only do one system at a time.

HOMER
HOMER will be used to help determine the best option from a lowest NPC ranking. It will be able
to determine the best batteries to use or combination to use. HOMER can present all the optimal
solutions for the different combinations. HOMER is useful as a way to show life cycle costing for
each system.
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Figure 16: Research methodologies for measuring life cycle costing in using photovoltaic solar systems (Tam
et al. 2017).

2.12 Significance and Impact of Research
The significance of this research in the current research is to further the knowledge of the
Ultrabattery and hybrid lead-acid batteries as an energy storage option for residential PV systems
results were needed as shown in Figure 16. As a cheaper and more effective technology it could
expand the viability of PV systems for residential use as well as provide a retrofit option.
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2.12.1 Significance and Impact on Society
The significance of this research for W.A. and on society are myriad. There is need for more
research into energy storage options for residential and grid electricity for Australia and W.A. With
the ongoing trials of “virtual” power plants, newer Power Purchasing Agreements and power
sharing agreements as well as decentralized grids this option (for energy storage for PV systems)
is still viable for the future and is expanding. The economic and technical viability of newer battery
technologies is of interest to society as well as its combination in residential PV systems.

3.0 Comparison of battery and PV systems rebates and differences between
the states of Australia
3.1 Comparison with the different states
Solar panels rebates in the state and federal governments
The solar rebate subsidy varies depending of the program and may cover up to 30% of the solar
power system cost. The Federal government also allows you to deduct 30% of your solar power
system costs off federal taxes through an investment tax credit (ITC) (Solarcity 2017). In W.A you
can also be eligible for financial assistance for the cost of a small scale solar system under the
Australian Government’s Small-scale Renewable Energy Scheme (SRES).

3.1.1 Battery rebates and solar subsidies
Western Australian rules and standards for battery technologies have had a significant impact on
the dollar PV take up and also on the local PV/battery market. The solar PV rebates continue to
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have an effect on the acceptance and growth of PV in the market. Newer factors such as the
continuing drop in cost of solar due to subsidies and improvements in manufacturing and
installation have also helped to lower costs. Rebates and changes to the documentation or ease of
the process of getting solar PV do make changes to its adoption. The changing standard rules for
Lithium batteries and its impact on other battery technologies in the market continue to have an
effect on the residential storage market. The designations of batteries (payback and lifetime) as
well as the power requirements continues to be of interest to consumers. Subsidies on battery
technologies as well as well-defined standards have helped battery growth in some states. Lower
cost storage of batteries and the systems required to manage them are key to greater acceptance of
batteries. In addition, a market for trading electricity, a focus on self-consumption and a change in
tariffs to Time of Use have been shown to encourage battery adoption.
“The rooftop PV with battery is most suited for QLD (Queensland) and SA (South Australia). The
rooftop PV without storage is most suited for TAS (Tasmania). Furthermore, the analysis implies
that the rooftop PV is not suited for ACT (Australian Capital Territory) unless the electricity price
rises substantially” (Nicholls, Sharma and Saha 2015). Although TAS has the worst solar
insolation conditions, it possesses the fastest payback period amongst the Australian states. This
implies that when it comes to obtaining a fast payback on rooftop PV investment, load profile and
the electricity price have a significant effect which can offset any shortcomings in the solar
conditions. The larger the load profile the greater the effect of PV on a residential household. The
greater the $/kWh price the more that solar PV becomes attractive as well as self-consumption of
power and therefore batteries.
It is also noted that electricity price has a greater impact than the FiT and variations in the solar
exposure levels in determining the economic viability of a PV system. A doubling in electricity
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price constitutes on average a decrease in Payback period by 60% which indicates that a continual
increase in electricity price relates to an increase in PV economic viability. This is contrary to the
general perception whereby greater emphasis is placed on the existence of the FiT and the solar
conditions for the growth in the uptake of PV systems than on the electricity price. Finally, the
PV panels are the main contributor to system set-up cost. A decrease in PV panel costs, possibly
due to improved manufacturing processes, will result in a quicker payback period due to a lower
capital cost” (Nicholls, Sharma and Saha 2015).

Figure 1: Annual electricity bill trend for a representative consumer across jurisdiction; graph. (Australian
Energy Market commission 2016).

As shown in Figure 1, W.A. has had a steadily increasing electricity price which has been a good
correlator with the uptake of solar PV. The generally higher electricity prices as well as solar PV
policy and better economics would be a better indicator of solar PV uptake. There has been seen
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with newer battery technologies employed with solar PV a range of factors that can explain the
rise in the use of a certain technology. Victoria has the lowest annual residential electricity bill and
the worst policy for solar photovoltaics. Even so the uptake of solar photovoltaics in Victoria is
still higher due to greater factors in play such as the lower costs of solar photovoltaics, community
acknowledgement of savings and community environmental sentiment. “In June 2016, the
Victorian Government committed to renewable energy generation targets of 25% by 2020 and
40% by 2025 and a net zero emissions target by 2050” (Climate Council of Australia 2017).
“Additional sources of value for storage have been proposed; including electricity network
services and taking advantage of variable electricity pricing tariffs, so that electricity can be stored
when it is cheap and imports avoided when it is expensive” (Jones et. al. 2017).
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Figure 2: An MLP (Master Limited Partnership)/energy culture reflection on socio-technical transitions
(Ford et al. 2017).

Many of the same factors shown in Figure 2 that increased PV systems uptake will also help new
battery technology uptake in W.A. The diagram above was based on New Zealand and the same
factors may help in Australia due to similar economic and social conditions. For W.A. an
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incumbent industry including suppliers, manufacturers and trusted information and a lowered
upfront cost will help the Ultrabattery in application. The Ultrabattery will need practices and skills
as well as norms and a material culture to enable further uptake of PV and battery systems. The
Ultra battery will form a niche market and will rely on access to energy information, education on
the technology and perceived benefits of the technology.

Figure 3: Household energy price index (Australian Bureau of Statistics 2016).

Figure 3, the Household energy price index, shows the close relationship between the household
price of gas and electricity showing a correlation. This is an interesting relationship as in Australia
the project also use gas to generate electricity. Gas energy applications can also be replaced with
electricity. As gas prices have increased especially in the Eastern states this has also led to higher
electricity prices which has then had an effect of increasing solar PV usage. Here in W.A. and
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Northern Territory (N.T.) while both states do not have gas shortage issues (as both states have
readily available off shore gas reserves) there is still great opportunity for solar PV due to the
excellent resources; however, W.A. has had a larger degree of uptake of PV due to regulatory and
localised economic context challenges (N.T. has more renters and lower income households either
unwilling or unable to purchase solar PV). Again incentives for the uptake of PV and batteries is
a result of economic and technical challenges.

Figure 4: How does your state measure up on renewables? (Data from ABS 2012; ACT Government 2013;
Australian PV Institute 2014; Clean Energy Council 2014; Renew Economy 2014).

Figure 4 details the different incentives in each state for solar PV also showing the targets and
policy in each state. For batteries also each state has unique incentives and disincentives showing
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that even for one nation there can be many reasons why battery storage for Ultrabatteries may have
a niche or not. Renewable Energy Targets from earlier have been shown to work when the
incentives are directly related to the market or the fostering of industries. Restrictive policy or too
much or too little regulation has been shown to have a detrimental effect. Western Australia has
other policies supporting the solar PV industry. Policies to support the industry, further lowering
prices for batteries and increasing electricity prices will help to grow the battery market.

Figure 5: Large-scale renewable energy capacity installed since 2001 per person (kW/cap)
(Australian Energy Council 2017; ABS 2012; Commonwealth of Australia 2014).

Shown in Figure 5 above, South Australia has had the largest scale renewable energy installed per
person a result of community acceptance as well as a suitable techno-economic environment.
South Australia’s government provides generous incentives for residential and large scale PV and
has been a very strong proponent of renewable energy. Western Australia despite not have a
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Renewable Energy Target (R.E.T.) still ranks third. In fact, some literature suggests that having
more education or appropriate standards for solar PV and battery systems helps integration and
acceptance (Australian Energy Council 2017).
Cost reductions have been a major factor in acceptance of solar PV in Australia and the same has
been shown to be a factor for solar battery storage. Lower cost options such as the proposed
Ultrapod Ultrabattery (a residential home storage form of the Ultrabattery) will be a welcome
addition to a market now considering metering innovations such as mobile phone apps, net
metering with set goals for consumption and the DeX (Decentralised Energy Market) which would
be enhanced with the addition of a battery to solar PV systems. Tariff rates in line with or better
than electricity prices are another generally good indicator for solar PV uptake; however, lower
tariffs have been seen to encourage self-consumption and therefore batteries. Where other parts of
the world consistency of electricity supply is an issue cost of electricity is more of a challenge in
Australia. Findings “demonstrate how residential consumers are motivated to choose specific
storage characteristics and functionality based on drivers for self-sufficiency and grid
independence” (Agnew and Bartusch 2017).
Agnew and Bartusch 2017 states, “battery storage could still be poised on the cusp of a similar
trajectory” speaking of the rise of solar and battery systems. “International drivers are converging,
much like they did for PV, with subsidies in many countries and rapid technology development
resulting in price declines and upscaling of manufacturing.” This could mean an exponential
growth of batteries in W.A. and the whole of Australia due to similar factors influencing growth.
Agnew and Bartusch 2017, explains further about the role of the consumer in adopting technology
faster and faster, “Understanding the role of the consumer in this transition will help government
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and industry prepare for and optimise the impending market transformation while enabling a
smoother, more efficient pathway for the integration of decentralized, low-emission technologies.”

Key Points for the different states in Australia
Western Australia
In W.A. PV systems had/have the advantages of:


A boost from an initial 47c/kWh FiT and $8000-dollar initial solar rebate from the
government which created the solar industry.



Small Scale Technology certificates (STC’s) leading to some of the cheapest solar PV costs
in the world.



Simpler battery regulations.



Simpler regulations for batteries and accompanying inverters (though single phase
inverters are limited compared with other states).



Some of the best solar resources in the world.

Table 1 shows some key statistics and an idea of the growth of the industry. There is scope for
more renewable energy capacity and jobs in W.A. according to the Clean Energy Council 2017
report.
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Table 1: Western Australia – key statistics (Clean Energy Council 2017; ABS 2012; Australian PV Institute
2014; Clean Energy Council 2014; Commonwealth of Australia 2014; Department of Environment 2014).

Statistic (measure) Total

Percentage

Population
(million, % of
Australian total)
Installed renewable
energy capacity
(December 2013)
(MW, % of
Australian total)
Installed solar PV
capacity (December
2013)
(MW)
Dwellings with solar
PV
(%)
Renewable energy
jobs
(number, % of
Australian total)

2.43

11

936

6

398

/

/

18.4

1615

8

Queensland
In 2013, Queensland had 2,219 MW of installed renewable energy (Clean Energy Council 2014).
Only 682 MW of renewable capacity has been added to Queensland since 2001 (Commonwealth
of Australia 2014). Queensland was fifth in terms of new renewable capacity per capita. Almost
half of Queensland’s renewable energy capacity is solar PV and Queensland has the most installed
solar PV capacity (1,151 MW as seen in Table 2) of any state or territory. Hydro and biomass are
also significant sources of renewable energy” (Australian Energy Council 2017).
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Table 2: Queensland – key statistics (ABS 2012; Australian PV Institute 2014; Commonwealth of Australia
2014; Clean Energy Council 2014; Department of Environment 2014).

Statistic (measure) Total

Percentage

Population
(million, % of
Australian total)
Installed renewable
energy capacity
(December 2013)
(MW, % of
Australian total)
Installed solar PV
capacity (December
2013)
(MW)
Dwellings with solar
PV
(%)
Renewable energy
jobs
(number, % of
Australian total)

4.56

20

2219

14

1,151

/

/

25

6545

31

Victoria
Victoria now has the worst policy environment for renewables in the country. It has few subsidies
or regulations that suit photovoltaics. (Australian Energy Council 2017) “Victoria’s state-based
renewable energy target (previously set at 20 percent of energy consumed by 2020) was also closed
after the introduction of the expanded national RET for 2020” (Climate Change Authority 2012).
Tasmania
Has the lowest amount of PV due to few policies, industry to support and Tasmania has lower
insolation values than other states. In addition, Tasmania has a higher renewable energy percentage
from hydroelectric power.
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ACT
South Australia and the ACT – with progressive renewable energy policies and targets - are
winning the Australian renewable energy race. (Australian Energy Council 2017)
Canberra
Has some of the highest tariffs and the largest renewable energy target. It depends on how the
federal government decides to implement the target whether it is done through large scale solar,
residential or wind power. Only about 10% of the households have solar so there is room to grow
(Solargain 2016).
NSW
NSW has a large percent of solar PV and a growing market. It also has a large proportion of
hydroelectric power and a mandatory emission trading scheme. This will help for residential
adoption of solar PV. There are over 350,000 households in NSW with installed solar PV systems
(Planning and Environment NSW Government 2017).
South Australia
South Australia and the ACT – with progressive renewable energy policies and targets - are
winning the Australian renewable energy race. A little over a decade ago, South Australia had very
little renewable energy capacity to speak of, but is now a leader in renewables after a decade of
increasing targets for renewables and supporting policies. “South Australia's solar energy
installations have hit a level not seen since 2012, when generous feed-in tariffs were still offered
by the State Government.” As stated by Harmsen and McLoughlin 2017, “Nearly 9,000 solar
generation units have been sold in SA (South Australia) in the past year, which is more than double
the rate of two years earlier. Mr. Johnston said cheaper equipment also made solar energy a more
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attractive business proposition. "System prices have fallen significantly ... since the feed-in tariffdriven boom," he said. "So people are really taking this up just for the underlying business case
rather than trying to rush in to secure some government subsidy, which isn't needed any more."”

3.2 W.A., the Ultrabattery and Lithium
3.2.1 The Lithium market and the “white gold” rush
As Lithium mines and battery factories continue to increase in number and viability the cost of
Lithium batteries on the scale of solar storage will decrease. News around the world of larger and
larger factories, international competition as well as larger renewable energy storage and grid
stability use of batteries have helped to increase public awareness (Lazerson 2017).

3.2.2 Changing Mindset of Australians to battery storage
“Australians love rooftop solar, and most now expect home battery storage to be as commonplace
as dishwashers in our homes in a decade, Amanda McKenzie, chief executive, the Climate
Council, said in a statement week” (Renewable Energy World 2017). Key factors in the acceptance
of battery and PV systems include the cost/kWh, the lower cost of PV systems as a whole and the
regulations, standards and costs of batteries. An important factor in addition to these is the mindset
and quick acceptance by the Australian community of new solar and battery technology.
Contributing causes for the rise of PV systems appears to be the perception of these systems and
the cost savings of these systems in the local context.
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More Australians expect home storage to be more normal as electricity prices continue to rise
amidst political uncertainty in energy policy. Lithium is a rare earth metal and costly so there is a
market for competing technologies such as the Ultrabattery. Education of the market and the cost
savings appear to be very important to the spread of the technology. In addition, making the process
of getting a system easier and the newer battery management systems making the running of the
system easier continues to help customers. Since the lead acid battery is a mature technology with
mature standards a lead acid based hybrid technology has the advantage of these standards and
regulations.

Battery storage and management systems can make use of:


Self-consumption of energy - this is the ability to store excess solar PV produced during
the day and used at a later point.



Time-of-use billing - rate shifting is when the system stores solar PV or grid supplied
energy for use when electric rates are the highest.



Smart home energy management - which is achieved through an energy management
platform, which continuously optimizes the home consumption, solar PV production and
state of charge of the batteries.



Remote monitoring capabilities – which is done through the use of either a smart phone
or web portal.

(Delony 2017b).
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The Renewables subsidy debate
In National government there is a debate on the STC rebates. These rebates have helped to start
the solar PV industry. Similar smaller subsidies for batteries exist in the NT and SA and in south
Australia are having an impact on battery adoption by the public. An effective subsidy or lowering
of battery costs from indigenous manufacturing would help grow the battery market. The growing
acceptance of solar and energy storage in commercial and larger scale use has affected residential
and societal acceptance. The improvement of standards and increase in viable financial models for
projects have also helped to increase the flexibility and acceptance of solar and battery systems.

3.3 Micro-grids and the Ultrabattery
Micro-grids (small power grids which use solar and battery systems) will benefit from the use of
battery systems such as the Ultrabattery through the use of control, communication and data
functions. There is a growth in Micro-grids across Australia and the world especially in off the
grid applications, fringe of grid and suburban trials. Benefits for Micro-grids include:

Availability of Load Data

Providing accurate load data can help with renewable micro-grid design efficiency. Predicting load
data for projects is a challenge, especially given the limited amount of publicly available data on
load usage.

Long-term Supervisory Control
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As the center of smart grids, information technology will help the micro-grid market by allowing
intelligent decisions. According to the Delony 2017b, real-time decision making can be supported
by the development of control algorithms that balance economically-based decisions with
renewables usage. The software algorithms for inverters and battery management systems continue
to improve as research and investment are directed into this area.

Improvements in Storage Manufacturing

As one of the key components to renewable micro-grids, storage technologies need to continue to
come down in cost for affordable deployments worldwide. Innovations in manufacturing are
helping to bring down those costs such as larger scale plants and more efficient use of materials.
Advancements in materials are improving energy densities in batteries and weight to energy stored
ratios. Delony 2017b said potential advancements in materials include, among other things,
elimination of N-methylpyrrolidone and reduction of the electrolyte wetting and solid electrolyte
interface layer formation. Whether these advancements can all be done cost effectively is currently
being researched. Research is currently being done in these areas as well as other research into
battery materials which may bring further cost reductions and efficiency gains.

Inverter Performance

New features for battery inverters will improve their performance and allow smoother interaction
with other components. Delony 2017b reports that updates, such as droop control (allowing
switching between different operation modes and power sharing between parallel inverters), in the
capability of dual-mode inverters will help them shift easily from grid to island mode in black start
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and seamless forms. Better quality inverters will help battery performance and system efficiency
as well as lowering costs.

Power Output

New battery technologies that have higher power outputs and inputs for long time periods can
allow renewables to better provide support for power demands that are high for short periods. “The
report said that one approach for providing that type of robust service is to include graphene in
supercapacitors’ electrodes, which will result in power capability that is 10 to 100 times higher
than current batteries” (Delony 2017a).
Micro-grid systems in residential areas – the potential growth in the sector and different models
being employed in trials and in use
Fringe of grid applications
-

Population and/or household income growth – both drive increased demand for electricity,
along with expectations for the reliability and quality of supply.

-

Reliability and/or resilience – susceptibility to storm damage and other environmental
hazards tends to increase with the length of the network extension.

-

Environmental sensitivity – many remote communities lie within or adjacent to areas of
high environmental value, inconsistent with the presence of overhead power lines.
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Figure 6: Long-Term and Recent Installed Price Trends (Barbose and Dargouth 2016).

Lower manufacturing costs, shown in Figure 6, demand management awareness in communities,
education on the PV systems and building energy capacity has helped to increase solar battery
systems.

3.3.1 Financing Micro-grid applications
Micro grid residential applications will include battery and PV systems and these project case
studies help with the adoption of the technology. It is also another way this technology can be
applied in residential areas in developing newer electrical grids. This application will be applied
much more frequently and the lessons learnt will also help to develop these systems and make
them better.
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Table 3: Project ownership models as influenced by the involvement of the regional network operator
(Handberg 2016).

3.4 Interest in PV/battery for micro-grids in residential areas
For customers, there are a range of reasons that may promote interest in a grid-connected microgrid:
• The micro-grid architecture may allow a larger amount of distributed generation – particularly
solar PV – to be deployed. This may reduce the operating expenses for communities that are likely
to be economically disadvantaged, and align with sustainability objectives that may be above the
mean.
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• Battery storage will be more cost-effectively deployed in the micro-grid architecture – due to be
the economy of scale over individual household deployments, and to account for the often variable
occupancy of many dwellings (e.g. holiday accommodation).
• Remaining grid-connected will allow the community to get the competitive pricing benefits from
the National Electricity Market, and reduce the need to over-capitalise on local energy
infrastructure.
• The micro-grid islanding capability will promote the reliability of supply and community
resilience – potentially an issue in locations that may be vulnerable to the effects of climate change
(e.g. increased bushfire risk, storm frequency and severity) (Handberg 2016).

State and federal government policy on renewables and the history of rebates in W.A.
State policy has had an effect on the economics of solar PV and battery systems in W.A. This
dissertation will not focus on government policy as its focus in on economic and technical issue;
however, government rebates on panels through Small Technology certificates and rebates on the
panels have helped to foster and grow the industry as did the generous FiT (an economic and policy
issue). As the FiT has now been reduced to 7 cents/kWh this has also promoted more selfconsumption of power and this is more supportive of battery use.
The Australia Renewable Energy Target (RET) for the different states and targets to achieve them
have effected rebates for PV/batteries and their uptake. Indeed, the different states approach to
battery technology and PV system uptake for residential areas has led to differing results.
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Time of Use Tariffs and Solar/Battery systems
In W.A. there are two major energy retailers: Synergy and Horizon. Under the current system with
Synergy, W.A. actually has some of the lowest service charges and electricity prices in Australia
with South Australia having some of the highest. Australia does have higher electricity prices than
other countries and the Western Australian electricity price has continued to grow though the past
years. Synergy has predicted that solar PV and battery systems will grow and will have to adapt to
this changing reality (Synergy 2017).
These two Retailers have different approaches for Time-Of Use and fixed rate which have different
feed in tariffs for certain suburbs with some of the highest FiT in the Nation (under a Horizon
scheme) for some regional areas and a much lower tariff for residential metro areas (7 cents/kWh).
Time of Use Tariff plans do exist and would be useful with batteries, currently most residential
areas are on the basic A1 tariff with a daily supply charge. The current tariff strategy for Synergy
is behind cutting edge pricing controls and will take time to reform. A Solar credit scheme in
Melbourne did exist which did help the industry in the state to start; however, Victoria has since
lost many incentives for solar and battery systems and now has amongst the least incentives for
solar and PV. A rebate on installation in Victoria also did exist which helped lower the labour
costs. Horizon regional FiT in W.A. is much higher which is to help reduce the dependence of the
grid for regional edge of grid towns. Some model towns now have micro-grids under Horizon
which helps reduce grid costs and helps towns to save electricity. Horizon also has been much
more accepting of renewable energy applications in farming areas. This could mean more case
studies and more applications for PV and battery applications in W.A. Regional areas.
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The focus on maximum self-consumption of electricity in Australia
Building and retrofits for energy efficiency and cost savings may include the installation of solar
and battery systems. As solar and PV systems and education on energy savings are more
widespread these systems will increase and become more popular. Battery and PV systems
subsidies must be done with context and with the idea of growing the industry and lowering costs
not just subsidising an industry. A focus on education and maximising the use of solar PV will
have assisted the growth in the use of batteries. Numen devices (energy monitoring) and other
energy monitoring devices have shown an effect on energy use. In studies in Australia up to 20%
of electricity has been saved in households who just had the information to make decisions with
(Synergy 2017). Energy monitoring in inverters and battery management systems will help and
have been shown to help reduce energy use. Better energy monitoring, matching needs to energy
generated and more consumer information will help to increase consumer use of systems such as
solar and battery systems.

Comparisons with W.A. and other countries PV/batteries
Western Australia has a range of advantages from great solar resources to a large area of land.
Australia also has its own disadvantages from a lack of manufacturing in the industry to an
uncertain policy climate. Australia also has challenges with growing the industry however these
are not insurmountable challenges. All the states have a solar industry and W.A. has a growing
solar industry. The main barrier is from battery costs and this looks to change in the next 5 to 10
years (Clean NRG Solar 2014).
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Figure 7: Which payback period would motivate Australians to invest in battery storage (Clean NRG Solar
2014).

Figure 7 above illustrates What payback period is most important to Australians with less than 2
years being the ideal. Electric cars, house charging and PV/battery systems in Australia are another
potential growth factor for batteries such as the Ultrabattery. Electric/hybrid cars and solar
charging at home is a future need for solar and battery systems in W.A. as the electric charging
network grows and the costs of electric cars decreases. Improving battery technology for cars
including the Ultrabattery use in cars could lead to synergy in the future.
An Architectural local perspective on trends in solar battery systems
Information from Bassendean: Sid Thoo Architecture and sustainability lecture.

From a live lecture by Sid Thoo, Sunday, September 17 2017 at 12:30 AM. Sustainable House
Day in Bassendean, at the Bassendean Memorial Library and hosted by Bassendean Sustainability
Network.
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From the lecture by Sid solar BIPV (Building Integrated Photovoltaics) could also be another
growth area with houses being retrofitted with PV and batteries or built with PV and batteries as
part of the design. This is an interesting growth area for the Ultrabattery as it is a lower cost battery
that may be more popular with home builders.
In Western Australia:
-

Single phase vs. triple phase and battery systems in W.A. – Single phase systems which
are the majority have a strict limit to what sort of inverters they can use.

-

Increasing efficiency of inverters such as the SolarEdge and increasing warranties have
helped to increase reliability of inverters.

-

Battery management system and inverters information to consumers are getting better
though warranty information could improve further for customers.

-

In W.A. there is a maximum of a 5kW system to get the 7 cent tariff which naturally
limited the size of usable systems.

-

In W.A. there also needs to be a 3 phase inverter for batteries to be used and standards for
inverters are not as well defined as other states. This has an effect on the type of battery
and PV systems possible in W.A.

Lithium battery standard changes are also currently being considered which may impact on
Lithium battery market share. The Lithium standard was challenged in Queensland which lead to
increased installation costs to Lithium batteries. These changes will affect the more widespread
use of Lithium batteries. Any further changes to Lithium batteries storage standard or safety
standard will affect the growth of the technology.
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Table 4: States and territories total solar PV installations and 2015 installations (Australian Energy Council
2016)

As can be seen in Table 4, W.A. had a smaller proportion of solar systems than Queensland, NSW
and Victoria and W.A. also has a lower proportion of soalr systems installed. There is consistent
growth in this sector and batteries will have a proportion of this growth.
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Figure 8: States and territories proportion of households with solar panels. (Climate Council of Australia
2017)

As can be seen in the Figure 8 above, W.A. in May 2016 had the third highest proportion of solar
panels. Considering the land area and the space available in W.A. and other information on battery
growth there is greater growth available for solar and battery systems.

3.5 Warnings of energy storage market chaos, as industry unites against ban
“The potentially industry crippling home battery installation safety guideline proposed by
Standards Australia has again been slammed by the industry, as fundamentally flawed and – if
passed – certain to throw the energy storage industry into chaos, both in Australia and overseas”
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(Vorrath 2017). The power industry will need to contend with the growth of solar and battery
systems. As these systems add to the power generation and energy trading platforms increase there
will be disruption to the power utility industry in W.A. and around the world. Energy storage may
face opposition in the industry as it may supplant the power utility market. The home battery will
have technical challenges from how it will be used in conjunction with the grid as well as economic
issue on how they become part of the grid. This may lead to Ultrabatteries used in residential
application but not in homes but in larger battery farms depending on the economics. Figure 9
below shows some possible steps for battery introduction for residences.

Figure 9: Tools for Transition (Parkinson 2016)
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3.6 The History of lead acid batteries in solar renewables and research
There was a lot of early development of deep cycle lead acid batteries for use in
telecommunications and remote applications. The first solar batteries were lead acid batteries.
Later on as solar was used for residences beyond labs and space stations early use of lead acid
batteries with solar photovoltaics was used in Australia. Different brands have been developed
specifically for Australian conditions. Later local deep cycle lead acid battery technologies were
developed. As the technology became more mature, hybrid batteries have now come to be seen as
the forefront. There are challenges to lead acid based technologies for wider use as they are heavy
and have lower discharge capability than other technologies; however, the Ultrabattery does not
have this disadvantage. The “classic Lead Acid battery in stationary systems should be treated as
obsolescent technology and it is expected that it will be exchanged in the near future with the new
advanced hybrid Lead Acid Ultrabattery or other technologies, such as Nickel Zinc (NiZn)”
(Jarnut, Wermiński and Waśkowicz 2017).

3.7 Lithium battery Risks and Ultrabattery advantages in the local context
-

Rare earth metal.

-

Manufacturing risk.

-

Import risk.

-

Ultrabattery manufacturing.

-

Common components in lead acid batteries.

-

Battle tested lead acid batteries however they are becoming obsolete.
– Ultrabattery has a chance in terms of performance and cost.
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– Fast cycling, efficiency and sustainability.
(Ecoult 2017).

Figure 10: Ultrapod Ultrabattery – An Ultrabattery for residential applications (Ecoult 2017).

Residential products

For residential applications Ecoult supply their UltraPod and UltraFlex products, which can
deliver between 4 and 20 kW (4 to 17 kWh) at 48 V.

These products provide:


CSIRO-developed UltraBattery technology.



High cycle life, efficiency and power (publicly tested by SANDIA and other worldleading laboratories).



Increased energy independence.



High surge power to cover peak moments when several household members turn on
appliances and devices at once.



50° C temperature tolerance for hot environments.



Easy installation with indoor and outdoor options.
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Australian-built engineering, software and hardware.



Batteries manufactured in the environmentally award-winning East Penn plant in the US.



Sydney-based engineering support team and distributors across Australia.



The world’s most sustainable closed-loop recyclable battery”

(Ecoult 2017).

3.8 Use of smart meters and Time of use tariffs on battery/ PV systems
-

Smart metering schemes.

-

Feed-in-Tariff schemes.

-

Smart tariffs and real time pricing.

-

The adoption of PV – battery systems for the management of peak demand and deferment
of investments in distribution networks may be a result.

Energy saving devices that are now coming into the market including energy auditing equipment,
specialised devices like the “Numen” device and improving Battery Management Systems will
help to increase the uptake of battery and PV systems. They may have a greater impact on the
market going forward. Maximising self-consumption as an important factor in grid-connected PVBattery systems. The more power the system uses the more the benefit from a PV and battery
system.

The growth in the different states of Australia will depend on factors such as cost (effected by
subsidies and electricity prices) and also policy (what will be needed for batteries and solar
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systems). The different utilities FiT in each state also has an effect. Many of the solar companies
I have asked for quotes regarding batteries explain how batteries can also be retrofitted later to PV
systems. Education of solar systems is growing as well as awareness. Lowering the barriers to
solar systems for different housing populations in Australia is needed. Barriers include expert
personnel, availability of different appropriate batteries and the cost of batteries. The easier it is to
install a battery, the lower the cost of a battery and installation as well as the knowledge of how a
battery can help consumers will increase these systems. The Ultrabattery and other battery
technologies have the opportunity to use to increases their market share by taking into account the
consumers’ needs and knowledge.

The increasing use of smart meters and Time of use tariffs on Ultrabattery and PV systems in W.A.
will mean:
-

Smart metering schemes are being considered as well as smart meters by Synergy and will
be proposed next year.

-

FiT schemes will continue in W.A.

-

Smart tariffs and real time pricing are currently being trialed and a Time of Use Tariff
suitable for batteries already exists.

-

The adoption of PV and battery systems for the management of peak demand and
deferment of investments in distribution networks. Devices including the Numen device
and others on energy use and battery/PV systems will also help to grow these technologies
(Bainbridge 2017).
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Energy saving devices that are now coming into the market including energy auditing equipment,
specialised devices like the Numen device and improving Battery Management systems will help
to increase the uptake of battery and PV systems. They may have a greater impact on the market
going forward. Maximising self-consumption is an important factor in grid-connected PV and
battery systems. The growth in the different states of Australia will depend on factors such as cost
(effected by subsidies and electricity prices) and also policy (what will be needed for batteries and
solar systems). The different utilities FiT in each state also has an effect. Many of the solar
companies I have asked for quotes regarding batteries explain how batteries can also be retrofitted
later to PV systems. Education of solar systems is growing as well as awareness. Lowering the
barriers to solar systems for different housing populations in Australia is the government policies,
economics and market drivers.

4.0 PEN624 Renewable Energy Dissertation Analysis and Discussion
Background


The battery rollout.



Renewable energy and the rising cost of electricity.



What does storage mean for residential customers?



Customer-side – residential level (backup power, customer energy management, bulk
energy shifting, power quality).



What was chosen for analysis and what will not be considered.
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4.1 SAM Modelling results

The results show that Lithium batteries can have a payback of 7 to 10 years depending on the size of the
system. For Ultrabatteries have a third of the Lithium battery cost however they may need more capital for
pallets so the cost payback could be 5 to 8 years (refer to the Appendix for results).

SAM Model
The SAM battery models were done using guidance form the SAM website and following the
same steps.
SAM Modelling Assumptions:


Data sources – Literature from Ecoult and modelling papers referenced in the literature
review.



Battery costs $/kWh dc – kept this at standard costs for lithium and estimated cost for
Ultrabattery based on Literature from the company.



Battery models in SAM – Used available models.



Modelling the Ultrabattery – used publically available information.



FiT, rebate and electricity costs assumptions – used current FiT from Synergy and costs
as per a “regular” household.

A fixed FiT was used for the simulations however power prices were varied to see the effect on
system payback costs in line with expected increases in the price of electricity. Refer to the SAM
methodology in earlier sections for details.
Questions that were asked during modelling:
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Why simulate SAM and HOMER? They were the best tools for Technical and economic
focus analysis on a cost and one-on-one basis.



What was focused on? - Payback costs, local data and relative costs.



Where this information was found – data sheets from Ecoult, LG Chem and using
estimated load profile data.



How this information is useful for society? Refer to the literature Survey.



The effects of rebates and FiT in W.A. for battery systems – Solar rebates have the
largest effect for W.A. as there are no current battery rebates.

Figure 11: Example Lithium SAM screenshot (SAM Program). (Note that 5kWdc/unit module and 7
kWh dc battery bank do not match due to different prices for the units not sizes)
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Figure 12: Lead-acid SAM screenshot (SAM Program). (Note that the battery capacity is modelled higher
due to program restrictions for Li Ion modelling and is only an example)
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Figure 13: Ultrabattery SAM screenshot (SAM Program). (Note that the battery capacity is modelled higher
due to program restrictions as no Ultrabattery model exists)

Figure 14: Capital costs in SAM for batteries (SAM Program).
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Lithium
The screenshots Figures 11 to 15 show how the data was input into SAM. Costs were important in
terms of the size for the simulation. SAM looks more at the technical aspects of the running of the
batteries and so the focus is how these batteries differ from Ultrabatteries in terms of payback and
lifetime costs.

Figure 15: Lithium Battery dispatch and model (SAM Program). (Note that sizes varied for simulations and
the above is only an example)
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Figure 16: Lead Acid Battery dispatch and model (SAM Program). (Note that sizes varied for simulations
and the above is only an example)

As can be seen in the above print screens a lead acid battery is cheaper however the lithium has
far more advantages in the model. For the Ultrabattery price and operation controls were modified
within the existing models provided according to data available.
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4.2 HOMER Modelling results
HOMER Model Assumptions


Battery costs – from quotes/literature



Ultrabattery model – from literature



Lead acid model – from literature



Lithium battery model – from HOMER



FiT, rebate and electricity costs assumptions – from existing Synergy data based on the
A1 plan (Vikas, Nema and Baredar 2014).

Figure 17: Lead acid battery HOMER Screenshot (HOMER program). (Note that sizes varied for simulations
and the above is only an example)
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Figure 18: Lithium HOMER Screenshot (HOMER program). (Note that sizes varied for simulations and the
above is only an example)
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Figure 19: Ultrabattery HOMER Screenshot (HOMER program). (Note that sizes varied for simulations and
the above is only an example)
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Figure 20: Battery inputs acid battery (HOMER program).

HOMER
HOMER was used for simulation using available battery models. Modelling was done for the
three battery types as shown in Figures 18 to 23. Costs for electricity effecting payback, rising
costs and the costs of heatwaves was also analyzed briefly for sensitivity from 27 cents/kWh to
40 cents/kWh.
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Lead acid battery:

Figure 21: Lead acid costs (HOMER program).

Figure 22: Lithium battery costs (HOMER program).
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Ultrabattery: For the Ultrabattery simulation there had to be some assumptions since the HOMER
program uses certain assumptions and there is not a prescribed Ultrabattery model. From the
HOMER simulations the results of the battery types show lead acid batteries have a higher upfront
cost due to pallet however Ultrabattery may be cheaper in the long run over Lithium as seen in
figures 20 to 23.

Figure 23: Battery Inputs screenshot of cost (HOMER program).
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Figure 24: Screenshot of Ultrabattery (HOMER program).

As can be seen in the above, print screens Figures 17 to 24, there is a limit to data input however
HOMER can also compare multiple systems together allowing for some comparison of costs and
feasibility study for sizes of batteries and PV systems.

4.3 Comparing battery types
Lead acid – Modelling results


Lead acid batteries have a payback period of 10 to 15 years



This means that for most houses the payback is often not worth it as well as the space
needed for lead acid batteries.
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Lithium


Lithium batteries payback will be as low as to 7.5 years for W.A.



This does make the payback acceptable.

Ultrabattery


Ultrabatteries has shorter payback periods than Lead acid batteries of 5 years this is just
using one simulated size and cost which was from company claimed prices.



Ultrabatteries could be used as a combination with other types of panels and inverters
which may help to lower overall system costs.



Modelling hybrid batteries was done within what was possible for lead acid batteries and
modeling in the program.

Table 1: Operating parameters of advanced and conventional lead-acid batteries (CSIRO 2015).

Table 2: Advantages and disadvantages of advanced lead-acid batteries (CSIRO 2015).
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Table 3: Characteristics of different energy storage technologies (CSIRO 2015).

Importantly, some of the technologies listed in Table 3 are more mature than others, and thus are
suitable for immediate deployment for grid applications. Examples of existing larger-scale
deployments include advanced lead-acid batteries that have been demonstrated in the “Hampton
Wind Park, New South Wales, and Li-ion batteries installed on Mackerel Island, Western
Australia” (CSIRO 2015).

4.4 Payback periods and cost analysis


Sizes used for the analysis were:
For pure solar systems– 2,5 and 6.5 kW.
For Lithium battery systems – 2,5 and 6.5 kW.
For Lead acid battery systems – 2,5 and 6.5 kW.
For Ultrabattery systems – 2,5 and 6.5 kW.

From the results from the simulation:


Ultra-battery can pay back in shorter time than Lithium batteries.
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W.A. has a lower payback period for standard Lithium batteries than other states.



Ultra-batteries are cheapest for the capacity and abilities it has.

4.5 Results
As can be seen from the modelling results and literature review:


As power prices in W.A. increase pure solar systems continue to grow and is popular.



W.A. has some of the best solar resources and along with some of the highest electricity
prices has meant that battery and solar systems have shorter payback periods.



Of the three batteries simulated with the assumptions stated the Ultrabattery is either on
par or has a shorter payback period than existing Lithium batteries.



Growth of solar systems is steady however the growth of solar and battery is much smaller
due to the costs of batteries and BMS and has longer payback periods as seen in
simulations.

Impact of FiT and battery prices on payback periods


FiT had less effect than the battery prices.

Impact of electricity prices on payback of PV/battery systems on Ultrabattery


Electricity prices do have a greater effect on the viability and lower payback of these
systems.
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4.6 Analysis and interpretation of results
The results from the modeling and literature review show that existing modeling methods can be
used and payback for the Ultrabattery and Lithium models have a payback from 5 to 7.5 years.
Further modeling will need to be done in 5 years as electricity prices go up and the different models
for PV and battery systems are implemented as well as when the final pricing for the Ultrabattery
is known.

4.7 The significance of the results
1. The significance of solar and batteries for consumers, companies, government and the
community are that batteries allow more flexibility, cost savings and additional utility such
as trading spare power or charging an electric car.
2. The significance of a battery like the Ultrabattery is that is it tested in multiple applications,
cheaper than Lithium and easier to use than Lead-acid.
3. The significance for residential solar and renewable energy in W.A. is the cheaper and
more standardized energy storage systems will become more popular in states with higher
electricity prices it could be assumed.

The limitations of the results
Modelling assumptions and literature assumptions define the limits:
1. Data source assumptions – limit simulations ability to predict payback.
2. Modelling the batteries – the programs themselves limit what can be simulated to an
extent.
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Dissertation assumptions and limitations include that the scale has been limited and does not
cover larger micro-grid systems.

The extent to which the aims of the research were achieved:
The project’s aim and research objectives were:
The aim of a is to look at the technical, economic and cost benefit analysis for Ultrabatteries in
comparison to other current battery systems in the market and only solar PV systems. This analysis
was completed using software and literature review. The project looked at Lithium, Sodium,
Vanadium and Zinc-Bromine or flow battery technologies shortening it to the three mentioned in
this project. In this project, my objectives were to increase knowledge and understanding in this
field to prevent blackouts and brownouts by showing the potential of batteries, develop the battery
storage industry further and increase knowledge available more publicly for these technologies.
This part was not covered as much due to time constraints and because it was thought that
comparing three technologies would be sufficient.

4.8 Discussion

From these results, here it appears if the Ultrabattery does indeed fulfill the manufacturers claims
it will have a successful niche in the W.A. Market. Further research and analysis will have to be
done in a few years’ time when the literature and trends suggest that battery prices will lower and
there will be more competition in the market. Market forces may also be more favorable. Also, it
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appears that costs and policy will have determining factors as well as availability. Technical issues
in modeling may also be present.
General points



Background – The W.A. market has unique conditions compared to other states and
locations.



What the results seem to indicate - that the Ultrabattery will have a market niche
assuming assumptions given previously.

5.0 Conclusion

The Ultrabattery, lithium batteries and W.A.
The Ultrabattery would seem to have a growing market considering recent changes in the price of
solar systems and beneficial economic factors. If Ecoult’s cost numbers can be realised it would
be a competitor with the popular and more common Lithium home batteries. The lead acid hybrid
battery (Ultrabattery) uses a more tried technology with a better price point. Lithium batteries lose
capacity due to having a BMS to control thermal runaway and still have a higher price point.
Australians expect home storage to become normal and W.A. is a growing solar home PV sector
in Australia.
Lithium batteries are currently the market leader and solar PV; however, even in residential uses
it still has a small proportion of the renewable energy generated. The SWIS continues to need to
develop to use the solar PV available and these technical issues still remain to be worked on.
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W.A.’s unique position of not being connected to the NEM and world class resources should be
capitalised on and using an Australian made and designed battery would be one way to capitalise
on this. Lithium batteries are constrained by the relative rarity of Lithium as well as its current use
in other types of battery. The Ultrabattery is made of more commonly available materials which
are also cheaper to source.
Modelling results and analysis findings
From the modelling results we see that Ultrabattery Ultrapods may be able to pay themselves in 5
to 8 years depending on the size of the system using average load profiles. The Lithium batteries
currently have 7 to 8 years for payback with higher payback times for premium lithium batteries
such as the Tesla Powerwall 2. Currently the most price efficient system is a pure solar system
with batteries expected to be more common in 5 to 10 years as prices drop from market increase
and improvements in manufacturing. The market sector may not need a subsidy, the more it is
encouraged in the marketplace and the removal of barriers will help the markets growth. Currently
the Ultrabattery needs to be trialed in more residential applications and battery standards must be
kept consistent.
The deep cycle lead acid battery is the longest in use solar battery in Australia. It has been used
for decades in remote applications and is a proven technology in the Australian environment. The
Ultrabattery provides more capacity and power as well as reliability to a residential market which
is looking for better payback periods and is uncertain about recyclability of batteries. Here in W.A.
the long record of the lead acid battery in Australia is a benefit and should be a benefit to the
expansion of the market for the Ultrabattery.
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Different Australian states and the Ultrabattery
Western Australia does have specific benefits for Ultrabatteries compared to other states including
many solar retailers, availability and incentive for batteries as well as a battery standard. While SA
may have incentives for batteries and Queensland may have more of a battery market there is
definitely an opportunity for growth of the Ultrabattery in W.A. There are a decent amount of
owner occupiers and subsidies for the PV systems themselves. A sign of the growth of PV systems
could be seen in the fact that Synergy now sells such systems and is currently having an ad program
to promote PV/battery systems.
The federal government has discussed about dispatchable power and each of the different states
have Renewable energy targets and lowering emissions targets. Ultrabatteries and home storage
will clearly play a role in these targets and in Australian homes. The different competing
technologies need favourable economics and customer/ retailer familiarity for their growth in
market share. In this environment the Ultrabattery has notable advantages in being a dependable
technology with none of the disadvantages of the lithium batteries and may of its advantages for
each state.
Micro-grids, PV/battery systems and residential decentralised grids
The future growth of PV/battery systems cannot be fully known. While prices continue to decrease
for such systems and factors continue to be positive for storage the form it may appear in is yet to
be seen. Currently peer-to-peer trading is still being trialed as are residential micro-grids and is an
exciting area for growth of PV and battery systems. The decentralised energy market is also being
proposed which may give further incentive for home storage systems so that anyone may sell their
power to their neighbor. The policy and technical challenges of such systems still remain to be
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solved. The technical challenges for the Ultrabattery is fewer compared to Lithium ion batteries
which have already been used successfully in micro-grid trials and in home systems. Western
Australia appears to be near to a tipping point in regards to our electricity supply and the
Ultrabattery will be able to take advantage of the current electricity market public discussion.

135

PEN624 Renewable Energy Dissertation, Neil Salam

References
Australia. Australian Bureau of Statistics. 2012. Energy Consumption.
http://www.abs.gov.au/ausstats/abs@.nsf/Lookup/by+Subject/1367.0~2012~Main+Featu
res~Energy+Consumption~6.38

Agnew, Scott and Paul Dargusch. 2017. “Consumer preferences for household-level battery
energy Storage.” Renewable and Sustainable Energy Reviews 75: 609-617.
https://doi.org/10.1016/j.rser.2016.11.030

Ainscough, Jeremy. 2016. Assessment of the economic viability of battery storage for Australia’s
residential

electricity

sector.

M.

Renewable

Energy.,

Murdoch

University.

http://researchrepository.murdoch.edu.au/id/eprint/33653/1/whole.pdf.

A.J. Fairweather, D.A. Stone and M.P. Foster. 2013. “Evaluation of UltraBattery™ performance
in comparison with a battery-supercapacitor parallel network.” Journal of Power Sources,
226: 191-201. https://doi.org/10.1016/j.jpowsour.2012.10.095.

Amin Lahnaoui, Peter Stenzel, Jochen Linssen. 2017. “Tilt Angle and Orientation Impact on the
Techno-economic Performance of Photovoltaic Battery Systems.” In Energy Procedia,
136

PEN624 Renewable Energy Dissertation, Neil Salam
105: 4312-4320. https://doi.org/10.1016/j.egypro.2017.03.903.

Australia. Department of the Environment and Energy. 2016. Preliminary Report

of the Independent Review into the Future Security of the National Electricity Market.
http://www.environment.gov.au/energy/publications/energy-market-preliminary-report.

Australian Energy Council. 2017. Solar Report THE AUSTRALIAN RENEWABLE
ENERGY RACE: WHICH STATES ARE WINNING OR LOSING?
https://www.energycouncil.com.au/media/7687/australian-energy-council-solarreport_march-2017.pdf.

Australia. Australian Energy Market Commission. 2016. Final Report 2016 Residential
Electricity Price Trends. http://www.aemc.gov.au/getattachment/be91ba47-45df-48ee9dde-e67d68d2e4d4/2016-Electricity-Price-Trends-Report.aspx

Australia. Australian Renewable Energy Agency. 2015. Solar and storage trial at Alkimos Beach
residential development. https://arena.gov.au/projects/solar-and-storage-trial-at-alkimosbeach-residential-development/

137

PEN624 Renewable Energy Dissertation, Neil Salam

Australia. Australian Renewable Energy Agency. 2017. Decentralised Energy Exchange (deX).
https://arena.gov.au/projects/decentralised-energy-exchange-dex/

Bahramara, S., M. Parsa Moghaddam and M.R. Haghifam. 2016. “Optimal planning of hybrid
renewable energy systems using HOMER: A review.” Renewable and Sustainable
Energy Reviews 62: 609-620. http://dx.doi.org/10.1016/j.rser.2016.05.039.

Bainbridge, Amy. 2017. Energy tracking 'Numen' device could help slash home power bills.
http://www.abc.net.au/news/2017-03-26/revolutionary-technology-could-help-usersslash-power-bills/8384454

Barbose, Galen and Naïm Darghouth. 2016. Tracking the Sun IX.
https://emp.lbl.gov/sites/all/files/tracking_the_sun_ix_report.pdf#page=18

Bin Lu, Andrew Blakers, Matthew Stocks. 2017. “90–100% renewable electricity for the South

West Interconnected System of Western Australia.” Energy 122: 663-674.
https://doi.org/10.1016/j.energy.2017.01.077.

Australia. Bureau of Meteorology. 2009. Chapter 10 Solar Energy.
138

PEN624 Renewable Energy Dissertation, Neil Salam
https://arena.gov.au/assets/2013/08/Chapter-10-Solar-Energy.pdf

C. Menictas, M. Skyllas-Kazacos and L. T. Mariana eds. 2014. Advances in Batteries for
Medium and Large-Scale Energy Storage Types and Applications. A volume in
Woodhead Publishing Series in Energy.
http://www.sciencedirect.com/science/book/9781782420132

Clean NRG Solar. 2014. Battery storage payback times – the facts & figures.
http://www.cleannrg.com.au/battery-storage-payback-times-facts-figures/

Australia. Climate Change Authority. 2012. 2012 Renewable Energy Target Review.
http://climatechangeauthority.gov.au/reviews/2012-renewable-energy-target-review

Climate Council of Australia. 2017. RENEWABLES READY: STATES LEADING THE
CHARGE.
https://www.climatecouncil.org.au/uploads/9a3734e82574546679510bdc99d57847.pdf

Australia. Department of Industry, Innovation and Science. 2016. Australian Energy Statistics.

139

PEN624 Renewable Energy Dissertation, Neil Salam
https://www.industry.gov.au/Office-of-the-ChiefEconomist/Publications/Pages/Australian-energy-statistics.aspx

Australia. CSIRO. 2015. Electrical Energy Storage: Technology Overview and Applications.
http://www.aemc.gov.au/getattachment/7ff2f36d-f56d-4ee4-a27b-b53e01ee322c/CSIROEnergy-Storage-Technology-Overview.aspx

Dargaville, Roger. 2016. Despite the hype, batteries aren’t the cheapest way to store energy on
the grid. http://theconversation.com/despite-the-hype-batteries-arent-the-cheapest-way-tostore-energy-on-the-grid-68417

Delony, Jennifer. 2017a. This Is the Next Step for Energy Storage in South Australia.
http://www.renewableenergyworld.com/articles/2017/08/this-is-the-next-step-for-energystorage-in-south-australia.html

Delony, Jennifer. 2017b. 5 Prospects for Renewable Microgrid Technology Innovation.
http://www.renewableenergyworld.com/articles/2017/09/5-prospects-for-renewablemicrogrid-technology-innovation.html

140

PEN624 Renewable Energy Dissertation, Neil Salam
DiOrio, Nicholas, Aron Dobos and Steven Janzou. 2015. Economic Analysis Case Studies of
Battery Energy Storage with SAM. National Renewable Energy Laboratory.
https://www.nrel.gov/docs/fy16osti/64987.pdf

DiOrio, Nicholas. Aron Dobos, Steven Janzou, Austin Nelson, and Blake Lundstrom. 2015.
Technoeconomic Modeling of Battery Energy Storage in SAM. National Renewable Energy
Laboratory. www.nrel.gov/docs/fy15osti/64641.pdf

DiOrio, Nicholas, Aron Dobos, Steven Janzou, Austin Nelson and Blake Lundstrom. 2015.
NREL Technoeconomic Modeling of Battery Energy Storage in SAM. National
Renewable Energy Laboratory. https://www.nrel.gov/docs/fy15osti/64641.pdf

DiOrio, Nick. 2015. System Advisor Model Battery Storage. National Renewable Energy
Laboratory. file:///C:/Users/32923923/Downloads/Battery_Summary.pdf.

Dodds, Nicolas. 2015. “Feasibility study of small-scale battery systems for domestic
application.” Master of Science Sustainable Engineering., University of Strathclyde
Engineering. http://www.esru.strath.ac.uk/Documents/MSc_2015/Dodds.pdf

141

PEN624 Renewable Energy Dissertation, Neil Salam
Donohue, Craig. 2016. Battery storage payback times – the facts & figures.
http://www.cleannrg.com.au/battery-storage-payback-times-facts-figures/.

Ecoult. 2016. UltraBattery Ecoult Case Studies. http://www.ecoult.com/case-studies.com.

Ecoult. 2017. Commercial & Residential.
http://www.ecoult.com/applications/commercial-and-residential.

Ecoult. 2017. Ultraflex Product Fact Sheet.
http://www.ecoult.com/component/phocadownload/category/8products?download=15:ecoult-ultraflex-fact-sheet-4pp.

Australia. Department of the Environment and Energy. 2017. Electricity feed-in tariff.
http://yourenergysavings.gov.au/rebates/electricity-feed-tariff-wa

Australia. CSIRO. 2017. Roadmap Final Report.
http://www.energynetworks.com.au/roadmap-final-report

Fairweather, A. J. D.A. Stone and M.P. Foster. 2013. "Evaluation of UltraBattery™ performance
142

PEN624 Renewable Energy Dissertation, Neil Salam
in comparison with a battery-supercapacitor parallel network." Journal of Power Sources
226: 191-201. https://ac.els-cdn.com/S0378775312016618/1-s2.0-S0378775312016618main.pdf?_tid=e5cc6e50-cdd2-11e7-b80100000aacb35d&acdnat=1511169314_b774fb07c8d2d745213b10aea9a53e1e

Ferreira, Summer. Wes Baca, Tom Hund and David Rose. 2012. “Life Cycle Testing and
Evaluation

of

Energy

Storage

Devices.”

US

Department

of

Energy.

https://energy.gov/sites/prod/files/ESS%202012%20Peer%20Review%20%20Life%20Cycle%20Testing%20and%20Evaluation%20of%20Energy%20Storage%2
0Devices%20-%20Summer%20Ferreira%2C%20SNL.pdf.

Finkel, Alan. 2017. "Independent Review into the Future Security of the National Electricity
Market" Australian Government, Department of the Environment and Energy.
https://www.energy.gov.au/government-priorities/energy-markets/independent-reviewfuture-security-national-electricity-market

Genevieve Simpson and Julian Clifton. 2016. “Subsidies for residential solar photovoltaic energy
systems in Western Australia: Distributional, procedural and outcome justice.”
Renewable and Sustainable Energy Reviews 65: 262-273.
https://doi.org/10.1016/j.rser.2016.06.060.

143

PEN624 Renewable Energy Dissertation, Neil Salam
Halabi, Laith M., Saad Mekhilef, Lanre Olatomiwa and James Hazelton. 2017. “Performance
analysis of hybrid PV/diesel/battery system using HOMER: A case study Sabah,
Malaysia.” Energy Conversion and Management 144:322-339.
https://doi.org/10.1016/j.enconman.2017.04.070.

Hamedi, Amir-Sina, AS Hamedi, and A. Rajabi-Ghahnavieh. 2015. “Explicit degradation
modelling in optimal lead-acid battery use for photovoltaic systems.” IET Generation,
Transmission & Distribution 10:1098-1106. https://doi.org/10.1049/iet-gtd.2015.0163.

Handberg, Kristian. 2016. MICROGRIDS: The pathway to Australia's smarter, cleaner energy
Future. http://www.issinstitute.org.au/wp-content/media/2016/10/handberg-FinalLowRes.pdf

Harmsen, Nick and Chris McLoughlin. 2017. “Solar installation in South Australia boosted
by government feed-in tariff.” Australian Broadcasting Corporation, August 22.
http://www.abc.net.au/news/2017-08-22/solar-installation-reaches-new-levels-in-southaustralia/8829002

144

PEN624 Renewable Energy Dissertation, Neil Salam
Harvey, Alexis R. 2012. “The Modification of HOMER Software Application to provide the
United States Marine Corps with an energy planning tool” M. Sci., Naval Postgraduate
School. https://calhoun.nps.edu/handle/10945/27842

Hector, Gillian. 2015. “Distributed renewable energy storage in the national electricity market:
Options for commercial energy users and implications for utilities.” M. Renewable
Energy., Murdoch University.
http://researchrepository.murdoch.edu.au/id/eprint/29833/1/whole.pdf

Holderhead, Sheradyn. 2017. “How to save money on your power bill: Australian Energy
Regulator website allows you to compare provider costs.” The Advertiser, July 18.
http://www.adelaidenow.com.au/news/south-australia/how-to-save-money-on-yourpower-bill-australian-energy-regulator-website-allows-you-to-compare-providercosts/news-story/5c70fc3d0ae1ec40a9b0680a7722a715

HOMER Energy. 2015. HOMER Pro.
http://www.homerenergy.com/HOMER_pro.html.

145

PEN624 Renewable Energy Dissertation, Neil Salam
IEA. 2014. World Energy Outlook. International Energy Agency.
https://www.iea.org/publications/freepublications/publication/THE PROJECTO2014.pdf.

International Energy Agency. 2011. Technology Roadmap and Electric and Plug-in
Hybrid Electric vehicles. Paris: IEA.
http://www.iea.org/publications/freepublications/publication/technology-roadmapelectric-and-plug-in-hybrid-electric-vehicles-evphev.html.

Jones, Christopher, Vladimir Peshev, Paul Gilbert and Sarah Mander. 2017. “Battery storage for
post-incentive PV uptake? A financial and life cycle carbon assessment of a nondomestic building.” Journal of Cleaner Production 167: 447-458.
https://doi.org/10.1016/j.jclepro.2017.08.191.

Kathryn, Diss. 2016. “Solar panels owners caught between a rock and a hard place.” Australian
Broadcasting Corporation, October 22.
http://www.abc.net.au/news/2016-10-22/falling-electricity-tariffs-force-solar-users-tobatteries/7957386.

Khare, Vikas, Savita Nema and Prashant Baredar. 2015. “Optimisation of the hybrid renewable

146

PEN624 Renewable Energy Dissertation, Neil Salam
energy system by HOMER, PSO, CPSO for the study area.” 2014. International Journal
of Sustainable Energy 36: 326-343.
http://www.tandfonline.com/doi/full/10.1080/14786451.2015.1017500

Laith M. Halabi, Saad Mekhilef, Lanre Olatomiwa, James Hazelton. 2017. “Performance
analysis of hybrid PV/diesel/battery system using HOMER: A case study Sabah,
Malaysia.” Energy Conversion and Management 144: 322-339.
https://doi.org/10.1016/j.enconman.2017.04.070.

Lam, L. T. and R. Louey. 2006. "Development of ultra-battery for hybrid-electric vehicle
applications."

Journal

of

Power

Sources

158(2):

1140-1148.

https://doi.org/10.1016/j.jpowsour.2006.03.022.

Laschon, Eliza. 2017. “WA householders hit with a $440 hike to bills and fees as Government
attempts budget repair.” Australian Broadcasting Corporation, July 4.
http://www.abc.net.au/news/2017-06-22/wa-govt-raises-fees-and-charges-power-bills-up169/8642372.

Lazerson, Jared. 2017. How to Build a Lithium-Powered Clean Energy Economy from the

147

PEN624 Renewable Energy Dissertation, Neil Salam
(Under)Ground Up.
http://www.renewableenergyworld.com/ugc/articles/2017/09/18/how-to-build-alithiumpowered-clean-energy-economy-from-the-underground-up.html

Leadbetter, Jason and Lukas G. Swan. 2012. “Selection of battery technology to support gridintegrated renewable electricity.” Journal of Power Sources 216: 376-386.
http://dx.doi.org/10.1016/j.jpowsour.2012.05.081.

Linssen, Jochen. Peter Stenzel and Johannes Fleer. 2017. "Techno-economic analysis of
photovoltaic battery systems and the influence of different consumer load profiles."
Applied Energy 185(2): 2019-2025.
http://www.sciencedirect.com/science/article/pii/S030626191501538X

Linssen, Jochen. Peter Stenzel and Johannes Fleer. 2015. “Impact of Different Load Profiles on
Cost Optimal System Designs for Battery Supported PV Systems.” In Energy Procedia,
75: 1862-1868. https://doi.org/10.1016/j.egypro.2015.07.165.

Lu, Bin. Andrew Blakers and Mathew Stocks. 2017. "90–100% renewable electricity for the South
West

Interconnected

System

of

Western

Australia."

Energy

122:

663-674.

http://www.sciencedirect.com/science/article/pii/S0360544217300774
148

PEN624 Renewable Energy Dissertation, Neil Salam

Manz, D., Schelenz, O., Chandra, R., Bose, S., Rooij, M., Bebic, J. 2008. Enhanced Reliability
of Photovoltaic Systems with Energy Storage and Controls. NREL Subcontract Report.
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.324.730&rep=rep1&type=pdf.

Malhotra, A., Battke. 2016. "Use cases for stationary battery technologies: A review of the
literature and existing projects." Renewable and Sustainable Energy Reviews 56: 705-721.

Mathews, Shaji V. 2015. High Renewable Energy Penetration Hybrid Power System for Rural
and Desert Areas. PhD diss., Curtin University of Technology.
file:///C:/Users/32923923/Downloads/225397_Mathews%202015.pdf.

Marcin, Jarnut, Szymon Wermiński and Bartosz Waśkowicz. 2017. “Comparative analysis of
selected energy storage technologies for prosumer-owned microgrids.”, Renewable and
Sustainable Energy Reviews 74: 925-937. https://doi.org/10.1016/j.rser.2017.02.084.

McHugh, Babs. 2016. “Sydney company taking CSIRO developed UltraBattery to off-grid and

149

PEN624 Renewable Energy Dissertation, Neil Salam
renewable energy projects.” Australian Broadcasting Corporation, September 27.
http://www.abc.net.au/news/rural/2016-09-27/new-generation-acid-lead-ultrabattery-foroff-grid-renewable-use/7881656.

Merei, Ghada. Janina Moshövel, Dirk Magnor and Dirk UweSauer. 2016. "Optimization of
self-consumption and techno-economic analysis of PV- battery systems in commercial
applications."

Applied

Energy

168:

171-178.

https://ac.els-

cdn.com/S0306261916300708/1-s2.0-S0306261916300708-main.pdf?_tid=f25504dccdcf-11e7-9f0000000aacb362&acdnat=1511168047_d79255c8557ec677f15e2dd177178f1c

Minakshi Sundaram, Manikam. 2017. “Topics 19 to 22: Batteries and Other Energy Storage
Options.” https://moodleprod.murdoch.edu.au/course/view.php?id=8775&section=17

Mokheimer, Esmail. M. A. Abdullah Al-Sharafi, M. A. Habib and Iyad Alzaharnah. 2015. “A
New Study for Hybrid PV/Wind Off-Grid Power Generation Systems with the
Comparison of Results from Homer.” International Journal of Green Energy 12(5): 526542.
https://www.researchgate.net/publication/270393987_A_New_Study_for_Hybrid_PVWi
nd_offGrid_Power_Generation_Systems_with_the_Comparison_of_Results_from_Homer.
150

PEN624 Renewable Energy Dissertation, Neil Salam

Moshövel, Janina, Kai-Philipp Kairies, Dirk Magnor, Matthias Leuthold, Mark Bost, Swantje
Gährs, Eva Szczechowicz, Moritz Cramer and Dirk Uwe Sauer. 2015. “Analysis of the
maximal possible grid relief from PV-peak-power impacts by using storage systems for
increased self-consumption.” In Applied Energy 137: 567-575.
https://doi.org/10.1016/j.apenergy.2014.07.021.

Nair, Garimella, & Niraj, N.-K.C. 2009. “Battery energy storage systems: Assessment for smallscale renewable energy integration.” Energy and Buildings 42: 1 - 6. https://ac.elscdn.com/S0378778810002185/1-s2.0-S0378778810002185-main.pdf?_tid=765cf24ecdd0-11e7-ba5200000aacb35f&acdnat=1511168268_60d5f29bc5426ea3447290f0f0056df9

National Renewable Energy Labs. 2010. Welcome to SAM. https://sam.nrel.gov/

Nicholls, A. R. Sharma and T.K. Saha. 2015. “Financial and environmental analysis of rooftop
photovoltaic installations with battery storage in Australia.” Applied Energy 159: 252-264.
https://doi.org/10.1016/j.apenergy.2015.08.052.

Nick Diorio. 2016. “Modeling a Photovoltaic Battery System in SAM.” National Renewable
151

PEN624 Renewable Energy Dissertation, Neil Salam
Energy Laboratory. https://sam.nrel.gov/sites/default/files/sam-webinars-2016-pv-battery2016-3-14-presentation_0.pdf.

NREL. 2008. 2008 Solar Technologies Market Report. U.S. Department of Energy.
https://www.nrel.gov/tech_deployment/pdfs/2008_solar_market_report.pdf

Okedu, Kenneth Eloghene and Roland Uhunmwangho. 2014. “Optimization of Renewable Energy
Efficiency using HOMER.” International Journal of Renewable Energy Research 4(2):
421-427. http://www.ijrer.org/ijrer/index.php/ijrer/article/view/1231.

Parkinson, Giles. 2016. Thousands of Canberra homes to receive subsidised battery
storage. https://onestepoffthegrid.com.au/thousands-of-canberra-homes-to-receivesubsidised-battery-storage/.

Peter Tozzi Jr. and Jin Ho Jo. 2017. “A comparative analysis of renewable energy simulation
tools: Performance simulation model vs. system optimization.” Renewable and
Sustainable Energy Reviews 80: 390-398. https://doi.org/10.1016/j.rser.2017.05.153.

Australia. Planning & Environment NSW Government. 2017. Solar Panels and systems.
www.resourcesandenergy.nsw.gov.au/energy-consumers/solar/solar-panels.
152

PEN624 Renewable Energy Dissertation, Neil Salam

Poole, Ian. 2017. Lithium Ion Battery Advantages & Disadvantages. Radio-Electronics.com.
http://www.radio-electronics.com/info/power-management/battery-technology/lithiumion-battery-advantages-disadvantages.php.

Power Ledger. 2016. All Power to Producers and Consumers.
https://powerledger.io/

Rebecca Ford, Sara Walton, Janet Stephenson, David Rees, Michelle Scott, Geoff King, John
Williams, Ben Wooliscroft. 2017. “Emerging energy transitions: PV uptake beyond
subsidies.” Technological Forecasting and Social Change 117:138-150.

Renewable Energy World. 2017. Survey: 3 Out of 4 Australians Expect Home Storage to
Become ‘New Normal’. http://www.renewableenergyworld.com/articles/2017/09/survey3-out-of-4-australians-expect-home-storage-to-become-new-normal.html

Ren, Zhengen. George Grozev and Andrew Higgins. 2016. "Modelling impact of PV battery

153

PEN624 Renewable Energy Dissertation, Neil Salam
systems on energy consumption and bill savings of Australian houses under alternative
tariff

structures."

Renewable

Energy

89:

317-330.

https://doi.org/10.1016/j.renene.2015.12.021

Rudié Emma, Alex Thornton, Nikhil Rajendra and Shawn Kerrigan. “System advisor model
performance modeling validation report: analysis of 100 sites.” 1st ed.; 2014. Locus energy
and NREL. https://sam.nrel.gov/case-studies

Sayeef, Saad. Simon Heslop, David Cornforth, Tim Moore, Steven Percy, John K. Ward, Adam
Berry, Daniel Rowe. 2012. “Solar intermittency: Australia’s clean energy challenge:
characterising the effect of high penetration solar intermittency on Australian electricity
networks.” Sydney, Australia: CSIRO.
https://publications.csiro.au/rpr/download?pid=csiro:EP121914&dsid=DS1

Shafiullah, G. M. 2016. "Hybrid renewable energy integration (HREI) system for subtropical
climate in Central Queensland, Australia." Renewable Energy, 96: 1034-1053.
https://ac.els-cdn.com/S0960148116304220/1-s2.0-S0960148116304220main.pdf?_tid=838562e8-cdd1-11e7-8e1f00000aab0f02&acdnat=1511168720_7381481ad3b9758812c87703728cc925

154

PEN624 Renewable Energy Dissertation, Neil Salam
Shahinzadeh, Hossein., Gevork B. Gharehpetian, Shabnam Hamid Fathi and Sayed Mohsen
Nasr-Azadani. 2015. “Optimal Planning of an Off-grid Electricity Generation with
Renewable Energy Resources using the HOMER Software.” International Journal of
Power Electronics and Drive Systems (IJPEDS), 6(1): 137-147.
http://iaesjournal.com/online/index.php/IJPEDS/article/view/6723

Solar Cities in Australia. 2017. Solar Cities in Australia.
https://en.wikipedia.org/wiki/Solar_Cities_in_Australia#Perth

Solarcity. 2017. Federal, state and local solar tax credits and rebates.
www.solarcity.com/residential/solar-energy-tax-credits-rebates

Solargain. 2016. Solar Power Canberra.
https://www.solargain.com.au/solar-power-canberra

Su, Wencong. 2009. Microgrid Modeling, Planning and Operation.
https://theses.lib.vt.edu/theses/available/etd-11282009225455/unrestricted/Su_W_T_2009.pdf

155

PEN624 Renewable Energy Dissertation, Neil Salam
SunWiz Consulting. 2014. Clean Energy Australia Report 2016.
https://www.cleanenergycouncil.org.au/technologies/solar-pv.html,

Synergy. 2017. Solar Return & battery.
https://www.synergy.net.au/Your-home/SolarReturn-and-battery

System Advisor Model. 2015. “Battery Storage for Photovoltaic Systems in SAM.” Youtube
video,
1:03:00, September 17. https://www.youtube.com/watch?v=0qtlzkU5wEM.

Tam, Vivian W.Y., Khoa N. Le, S.X. Zeng, Xiangyu Wang, I.M. and Chethana S. Illankoon.
2017. "Regenerative practice of using photovoltaic solar systems for residential
dwellings: An empirical study in Australia." Renewable and Sustainable Energy Reviews,
75: 1-10. https://doi.org/10.1016/j.rser.2016.10.040.

Vorrath, Sophie. 2016. Australia’s top solar states and suburbs.
http://reneweconomy.com.au/australias-top-solar-states-and-suburbs-23048/

Vorrath, Sophie. 2017. ACT tips another $4m into home battery subsidy scheme.

https://onestepoffthegrid.com.au/act-tips-another-4m-home-battery-subsidy-scheme/

156

PEN624 Renewable Energy Dissertation, Neil Salam
Vorrath, Sophie. 2017. Battery ban off the table after industry roundtable “consensus”.
https://onestepoffthegrid.com.au/battery-ban-off-table-industry-roundtable-consensus/

Vorrath, Sophie. 2017. Warnings of energy storage market chaos, as industry unites against
home battery ban. https://onestepoffthegrid.com.au/warnings-energy-storage-marketchaos-industry-unites-home-battery-ban/

Zbigniew Chmiel and Subhes C. Bhattacharyya. 2015. “Analysis of off-grid electricity system at
Isle of Eigg (Scotland): Lessons for developing countries.” Renewable Energy 81: 578588. https://doi.org/10.1016/j.renene.2015.03.061.

Zhenguo Yang, Jianlu Zhang, Michael C. W. Kintner-Meyer, Xiaochuan Lu, Daiwon Choi, John
P. Lemmon, Jun Liu. 2011. “Electrochemical Energy Storage for Green Grid.” Chemical
Reviews 111(5):3577-613. https://doi.org/10.1021/cr100290v.

157

PEN624 Renewable Energy Dissertation, Neil Salam

Bibliography
A. A. Franco eds. 2015. Rechargeable Lithium Batteries from Fundamentals to Applications. A
volume in Woodhead Publishing Series in Energy.

Boyle, G., Renewable Energy - Power for a Sustainable Future, Oxford University Press, 2004.

Lambert, Tom. Paul Gilman and Peter Lilienthal. Chapter 15 Micropothe projectr System
Modeling
with
HOMER.
2006.
Accessed
July
3,
2017.
https://www.homerenergy.com/documents/MicropowerSystemModelingWithHOMER.pdf

McEvoy, Augustin, Markvart, Tom, and Castaner, Luis, eds. Practical Handbook of Photovoltaics.
Saint Louis: Elsevier Science, 2011. Accessed July 3, 2017. ProQuest Ebook Central.

McKeon, Brian B. Jun Furukawa and Scott Fenstermacher. 2014. Advanced Lead–Acid
Batteries and the Development of Grid-Scale Energy Storage Systems. IEEEXplore. Accessed
June 15, http://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=6809148.

Reddy, Thomas and David Linden. 2002. Handbook of Batteries. McGraw-Hill Education.

158

PEN624 Renewable Energy Dissertation, Neil Salam

APPENDIX
Battery ban off the table after industry roundtable “consensus”
“Australia’s energy storage industry looks to have notched up a quiet win earlier this week, with
the news that Standards Australia appears likely to scrap draft guidelines that could have
effectively banned the installation of lithium-ion battery systems in Australian homes and garages”
(Vorrath 2017).

ACT tips another $4m into home battery subsidy scheme
“The Australian Capital Territory government will extend its subsidised roll-out of battery storage
to Canberra homes and businesses, after announcing on Wednesday that it would allocate another
$4 million to support the scheme” (Vorrath 2017).

Thousands of Canberra homes to receive subsidised battery storage
“Thousands of homes and businesses in the Australian Capital Territory will be equipped with
battery storage in coming years in the largest subsidised roll-out of battery storage outside of
Germany. More than 5,000 homes and households will get discounted battery storage under the
latest round of capacity auctions for large scale renewables in the ACT. Around $25 million will
be raised from the auctions for the specific purpose of subsidising battery storage installations in
the national capital” (Vorrath 2017).
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“Perth:
Under Stage 1 of the Perth Solar City project it is proposed to:


install 6,000 smart meters and 2,514 smart meters with monitors



distribute and install 6,300 Perth Solar City energy efficiency packs



have 20 schools install a 1 kW photovoltaic system and in-class monitors.



install 663 1 kW PV systems and 695 solar hot water systems.”

(Solar Cities in Australia 2017)

“Victoria is putting $25 million towards its tender for 100MW of storage, while South Australia
is putting up to $15 to $20 million, and may also write contracts to provide “firm” output at critical
points” (Parkinson 2016).

Western Australia
“Western Australia's largest solar power farm, the Greenough River Solar farm, is at Walkaway,
70 km SE of Geraldton. It was opened in October 2012. The 10MW field has 150,000 solar
panels.”
Solar cities program
Main article: Solar Cities in Australia

160

PEN624 Renewable Energy Dissertation, Neil Salam
Solar Cities is a demonstration program designed to promote solar power, smart meters, and energy
conservation in urban locations throughout Australia. One such location is Townsville,
Queensland.
Renewable Energy Master Plan 2030
The Council of Sydney is attempting to make the city run 100% on renewable energy by 2030.
This plan was announced earlier in 2014 with the blueprints made public on their website. This
ambitious plan was recently awarded the 2014 Eurosolar prize in the category of
"Towns/municipalities, council districts and public utilities".”

SAM Screenshots
Table and Graphs comparing system types:

SAM Model for Lithium battery
Table 1: SAM simulation values for the Lithium battery simulation
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Graph 1: After Tax CashFlow for the system lifetime for the Lithium battery simulation

Table 2: Production, savings and operating expenses from the SAM simulation for the Lithium battery
simulation
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SAM Model for Ultrabattery graphs
Table 3: SAM simulation values for the Ultrabattery simulation

Graph 2: After Tax CashFlow System Lifetime for the Ultrabattery simulation
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Table 4: Production, savings and operating expenses from the SAM simulation for the Ultrabattery simulation

Lead acid battery tables and graph for SAM

Table 5: SAM simulation values for the Lead Acid battery simulation
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Graph 3: After Tax CashFlow System Lifetime for the Lead Acid battery simulation

Table 6: Production, savings and operating expenses from the SAM simulation for the Lead Acid battery
simulation
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Graphs showing $/kWh for each battery type
Table 7: System costs for equipment (DiOrio, Dobos and Janzou 2015)

Table 8: Typical values for comparison of the three types of batteries Lead acid, lithium and hybrid/advanced
lead acid batteries (A. A. Franco 2015; Mckeon, Furukawa and Fenstermacher 2014; Energy Networks
Australia 2017; Summer et al. 2012)
Typical values

Lithium batteries

Energy Density

Lead
acid
battery
(flooded, AGM or Gel)
90-160 Wh/kg

Cost

$100-300 /kWh

$400-600 /kWh

Cycle Life

800-5600

1200 - 2600

Specific Energy
Charge/discharge
efficiency
Lifecycle

180 Wh/kg
50–95%

100-265 Wh/kg
80-90%

10-20 years

2-7 years

storage temperature

25°C

-40-50°C

130-200 Wh/kg

Hybrid/Advanced lead
acid (Ultrabattery)
3 times conventional lead
acid batteries.
CSIRO, claims “The
UltraBattery is about 70
per cent cheaper to make
than
batteries
with
comparable performance
and can be made using
existing
manufacturing
facilities”
UltraBattery will last
about three to four times
longer than a conventional
VRLA battery.
80 Wh/kg
DC–DC efficiency of 93–
95%
UltraBattery will last
about three to four times
longer than a conventional
VRLA battery.
25°C
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Table 9: Financial parameters (DiOrio et al 2015)

Table 10: Advantages and disadvantages of advanced lead-acid batteries (CSIRO 2015)

Table 11: Characteristics of different energy storage technologies (CSIRO 2015)
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Graph showing payback for Ultrabatteries
Payback period for Ultrabatteries assuming a cost of $200 to 300 /kWh can be from 4 to 7 years
according to the size of the system. It can be estimated that the solar system can save up to 80%
of a bill which was around 400 dollars per quarter (1200 dollars a year) in our example. If a typical
system costs around

Figure 1: HOMER simulation results for the Ultrabattery simulation

Then a payback graph would be:

Figure 2: An example Cumulative savings comparison for Lithium batteries
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(https://www.evergen.com.au/news/payback/)
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Graph 4: Payback for the Lithium battery simulation
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Graph 5: Cumulative savings from the Lithium battery simulation
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HOMER
Graphs comparing system types:

Figure 2: HOMER Graph showing Component cash flow

In the simulation results above the costs of the Ultrabattery compared to system savings could be
compared.

Figure 3: HOMER Screenshot
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Quotes and industry information/ wholesaler information
INFINITE

ENERGY

Quote
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REGEN

POWER Quote

173

PEN624 Renewable Energy Dissertation, Neil Salam
SOLARLUNA Quote

174

PEN624 Renewable Energy Dissertation, Neil Salam

175

