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Foreword

The Hon. Matt Kean MP

Minister for Energy and Environment

I’m pleased to release this updated NSW
Home Solar Battery Guide, an important
tool that helps our NSW Electricity
Strategy to deliver better outcomes

for energy consumers.

Rooftop solar panels are more affordable than
ever and the people of NSW are capitalising
on this clean energy opportunity. Around
500,000 households are already harnessing
the power of the sun.

Battery storage allows people to bank their
solar supply and use it any time—day or
night. While batteries may not be suitable for
everyone, people with rooftop solar should
consider whether storage works for them.

The Australian Energy Market Operator
anticipates more than 1,000 megawatts of
batteries will be installed in NSW by 2035.
This is partly due to progress in battery
efficiency and affordability.

NSW Home Solar Battery Guide

This guide seeks to help consumers answer
two questions:

e Will battery storage save me money?
* How do | choose the right battery system?

The guide provides general advice and every
care has been taken to provide accurate and
up to date information about the rapidly
evolving battery market. You should seek
expert advice to decide what option is right
for you.

NSW has an objective of net zero greenhouse
gas emissions by 2050 and the actions of
individual households and consumers will be
crucial to helping meet this target. The NSW
government aims to accelerate the transition
to emerging clean energy sources. Part of that
is empowering you to access clean energy in
the best ways possible. This NSW Home Solar
Battery Guide shows you how.
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Contributors

The NSW Home Solar Battery Guide was originally published in 2017 with advice from the Total
Environment Centre, in collaboration with then Alternative Technology Association (now Renew)
and Zumio. This updated edition was developed with advice from ITP Renewables in consultation
with industry stakeholders. The Department appreciates the valuable input provided by industry
and other stakeholders in the development of this guide.
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The changing energy market

Australia’s energy system is going through a transformation. More than 500,000 households
in NSW have already installed rooftop solar systems, with many more expected to follow in

coming years.

Home solar battery systems can store
solar energy generated during the day and
make it available when the sun isn’t
shining—potentially saving the household
money. They deliver a clean, secure and
reliable energy supply.

Battery storage systems for households are
not new. For decades people have used them
to support their use of the grid or to operate
offgrid if they are in remote locations. These
systems mainly relied on lead acid batteries.
They were individually designed and often
involved significant installation time and cost.

Increased demand and improvements in
battery storage technologies, including
lithium-ion, mean that today’s systems can
store much greater amounts of energy in

Figure 1. The changing energy market’

Recent Past

In the old system energy
flowed in one direction.

a smaller volume and have an increased
lifespan. While lithium-ion batteries are the
market leading technology, there are other
types available, and there are even variants
within the lithium-ion family. Most importantly,
their cost is rapidly reducing, making them
more financially viable.

Home solar batteries are also an important
link in the transformation of the grid. The

old centralised model featuring the one-

way flow of electricity from big generators

to consumers is changing into a new model
featuring two-way flows between ‘prosumers’
(producer-consumers) and the grid (see
Figure 1 below). They can help reduce the
need for expensive peaking generators when
electricity demand is high.

Into the future

Energy flows in two directions, and the

customer is at the centre of the energy flow.

NSW Home Solar Battery Guide
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What this guide covers

Battery storage systems are a substantial investment, so it is important to understand what
value they provide and if you would benefit from one. Keep in mind that there are alternative
options available to save energy and money. This guide will help you understand the below

points when considering a home solar battery.

In many NSW locations and households a new solar battery system can pay for itself within
the typical 10-year warranty period. However, most of these savings will usually come from
the solar PV rather than the battery. Batteries are expected to provide greater value as battery
costs reduce and tariffs change. Also they provide opportunities for households to generate
additional revenue from their system through energy services such as virtual power plants.

Is getting a battery a good idea?

* Your motivations for considering a battery
will help establish whether you would
benefit from one.

* Understanding how and when your
household uses electricity will help you
decide whether a battery is right for you.

 There are a range of alternatives
available to you, and depending on your
circumstances, they may offer better value
for money than a battery.

When do batteries make
financial sense?

Individual circumstances, such as how
much electricity you use in your home and
when you use it, will determine whether

a battery makes financial sense for you.
Accredited suppliers can help you make this
financial assessment.

* In most NSW locations and household
types, a new solar battery system is
expected to pay for itself within the typical
10 year warranty period.

8 | NSW Home Solar Battery Guide

In most situations, retrofitted batteries

will not yet pay for themselves within 10
years, but this may change as battery costs
reduce, tariffs change and other benefits
develop such as virtual power plants.

Batteries can also have practical, non-
financial benefits such as powering your
home in a power outage or supporting the
grid by exporting energy at peak times.

Going offgrid only makes financial sense in
a few select circumstances.

What are the critical things you need
to know when buying a battery?

Quality—choose a quality product and an
accessible and licensed installer with a
good reputation.

Size—choosing an appropriately sized
battery for your needs is critical to get the
best economic return. The payback for
smaller batteries, when purchased with a
new solar system, is typically shorter than
for large batteries (see page 34).

Software—the energy management system
is key to making the whole system work
(see page 22).



Who is this guide for?

The NSW Home Solar Battery Guide helps households make informed decisions when
considering buying and owning a battery system.

The guide will explore a range of consider when making financial decisions.
topics including: However, the guide does not provide
« installing new rooftop solar together financial advice.
Wlth. a battery o The guide does not cover going offgrid in
* adding a battery to an existing rooftop detail because in most cases this is not a
solar system financially viable option.

* installing a battery without solar S ] ] )
The technical information and financial

analysis in the guide are based on extensive
This guide is designed for home owners, modelling undertaken by ITP Renewables,
and is not intended for business owners or using current information as at January 2020.

tenants. It outlines things you may wish to

e using a battery to disconnect from the grid.

Extra resources

The NSW Home Solar Battery Guide page on the Energy Saver website
provides extra resources, fact sheets and practical examples to further
support the information in this guide.

energysaver.nsw.gov.au/solar-battery-systems

NSW Home Solar Battery Guide | 9
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How to use this guide

Whether battery storage is right for you, and which kind, depends on what you want it to
achieve. Your motivations will also affect how you navigate this guide and supporting material
on the website. Refer to the below motivations and practical examples relevant to you when
considering a home solar battery system.

energy bills

£ 1 want to save money

by reducing the amount

of power | import from
the grid.?

With energy bills having
risen significantly in
recent years, it makes
sense to look at ways
to reduce costs. While a
battery may reduce your
bills, it does not mean that
it will pay for itself within
the warranty period.

Guide focus areas

Understanding your
energy use (page 12)

Easy things to do first
(page 18)

Planning for a battery
(page 32)

Will a battery save me
money? (page 40)

Become more
self-sufficient

£ 1 want to have more
control over my
power supply.?

Many people want
to buy a battery as
insurance against
potential future energy
price rises. You may
also wish to rely less on
your electricity retailer
or network.

Guide focus areas

Easy things to
do first (page 18)

Planning for a battery
(page 32)

Should | go offgrid?
(page 36)

Access
renewable energy

€1 am concerned
about climate change
and want to support
renewable energy.’?

Any solar energy you
generate will reduce
emissions from fossil
fuelled generation,
whether you use it
yourself or export it
to the grid. Adding
a battery may not
necessarily further
reduce emissions.

Guide focus areas

Easy things to
do first (page 18)

How green is that
battery (page 30)

NSW Home Solar Battery Guide




Sell excess
electricity

£ 1 want to sell energy
back to the grid.?

With a battery you may
be able to earn money
by exporting energy
to the grid during
peak periods.

Guide focus areas

Will a battery save me
money? (page 40)

Managing your battery
(page 53)

Power outage
backup

£ 1 want backup
power in case of
power outages.?

Most parts of the
network in NSW have
been very reliable over
a long period. Not all
batteries can operate

independently if the
network goes down.

Guide focus areas

Battery sizing
(page 34)

Will a battery save me
money? (page 40)

Should | go offgrid?
(page 36)

Preferred
choice

€| just want one!?

As an early adopter or
a tech enthusiast, we
recommend researching
a range of topics
from battery basics to
designing and buying
your home solar battery
so you’re informed
of the potential
considerations.

Guide focus areas

Battery basics
(page 24)

Planning for a battery
(page 32)

Buying a solar battery
(page 46)

Practical examples

The NSW Home Solar Battery Guide page on the Energy Saver website

provides practical examples to help demonstrate how households, with varying
scenarios, decide on the best solution for them.

energysaver.nsw.gov.au/solar-battery-systems

NSW Home Solar Battery Guide
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Household energy use

When considering a battery, it is important to understand how much energy you use in your
home and when you use it.

To correctly size and design your battery The appliances using the most energy in
storage system, you need to understand how average NSW homes are hot water systems,
you are already using energy in your home. fridges and heating and cooling systems (see

Figure 2 below). Most homes use the highest
amount of energy in the early morning as well
as late afternoon and evening (see Figure 3
on page 14).

This is useful for two reasons:

1. to avoid using power when it is most
expensive

This means households are not always using
energy during daylight hours, when the solar
panels are producing electricity.

2. to find the right battery size by knowing
how much excess solar you have and when
you use power.

Figure 2: Typical energy consumption for an average household in NSW?2

Hot water 40%

Other 3%

Computing 6%

TV &
entertainment 7% '—I
Cooking 4% .—l
Clothes dryer 2% ]
I~

Washing machine <1%

Dishwasher 4%

*r———
Lighting 7% e——

Refrigeration 11%

Cooling 6%

Heating 10%

NSW Home Solar Battery Guide | 13



Measuring energy

There are two units to measure energy. One is It works the same way for consumption.

the power used at a given moment in kilowatts If your air conditioner uses 1.5 kW of power
(kW), the other is the total energy used or and you leave it on for 13 hours, it will have

produced in kilowatt hours (kWh). If your solar consumed about 20 kWh (1.5 kW multiplied
produces 5 kW of power for 4 hours, then the by 13 hours) as shown in Figure 4 below.

total energy produced is 20 kWh.

Figure 3. Typical household energy usage pattern

Evening peak

Morning peak

Energy usage

AM NOON PM

. Energy use from the grid

Figure 4. Guide for calculating usable power from solar power generation

The below figure provides a guide for calculating usable power from solar generation,
based on an equivalent of 4 hours of sun and a 90% round-trip efficiency of the battery.

= Q-4 Y

5 kW 4 hours 20 kWh 1.5 kW 13.3 hours
solar system of sun of energy rated appliance running time
(a 5kW system doesn't produce produced (If the solar energy was

5kW electricity all the time stored in a battery)
during the day)

14 | NSW Home Solar Battery Guide
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Find and understand your

energy information

Before purchasing a battery, it is important to understand your energy consumption and energy
costs, as well as alternative ways to use less energy.

There are several sources of information
to help understand how you are currently
using energy. These include:

Electricity bills

Compare your daily average consumption for
each billing period. This will indicate whether
your consumption is increasing or decreasing
and will show you how your energy usage
varies across different seasons. If your bill is
based on estimated usage, ask your retailer
for accurate values.

Read the ‘Tariffs’ box on the following page
for more information about what makes up
your bill.

Meter data

Data may be accessible via your meter
depending on the kind of meter you have.
Older meters are only read periodically, while
newer meters generally provide more detail,
for example half-hourly grid import and
export data.

From December 2017, all new solar systems
and new connections would be connected to
‘smart’ meters that send information about
your energy usage back to the grid.

16 | NSW Home Solar. Battery Guide

Your energy retailer and network provider
keep smart meter data and are required to
provide it to you within 10 business days upon
request. More conveniently, many energy
retailers now have online portals where you
can log in and access your usage data.

Solar inverters

If you already have a solar system, a solar
inverter collects data about energy generated
by your solar panels and most display certain
data on a small screen.

Many inverters are able to upload data in real
time to an online web portal or smartphone
app where you can access your usage data.

In-home displays

You can receive detailed data from in-home
displays. Simple displays show data about
one appliance, while more sophisticated ones
are WiFi connected and can tell you how the
whole home is performing on your smart
device or computer.




Tariffs

A tariff is the rate you pay for grid electricity. It is usually composed of a fixed daily
charge (in cents per day) and a usage charge (in cents per kWh). The usage charge can
vary at different times of the day, days of the week or months or seasons of the year.

Most households in NSW are currently on
flat (or nearly flat) tariffs. That is, you pay
the same amount for electricity all day
and night, plus the fixed daily charge.

Many solar and some other households
are on a time of use tariff. This tariff
charges more for peak periods and less
for shoulder and offpeak periods (see
Figure 5 below).

Retailers also offer demand-based

tariffs to customers with a smart meter.
This tariff structure includes a demand
charge which is based on maximum
power demand the customer puts on the
network at any one time. Demand-based
tariffs encourage customers to spread
their electricity usage over time rather
than all at once. To benefit from demand-
based tariffs, you need to be vigilant in
monitoring power usage to avoid spikes
in demand.

Figure 5. Example of time of use tariff periods

Peak
Tariffs are
highest.

Shoulder &—
Tariffs are
average.

From July 2019, retailers are required
to make a default market offer to
households to ensure that annual prices
are capped, and price offers can be
compared across different providers.
The default market offer is set by the
Australian Energy Regulator each year
for each electricity distribution zone
based on average usage.

In the future, more households may be
encouraged to move to time of use and
other new tariffs which better reflect
the pressure on the network during
peak periods.

A controlled load tariff refers to a
separate tariff and meter with lower
charges. This tariff can only be applied
overnight by using special appliances
such as hot water systems, some pool
pumps and slab floor heating. Currently,
home battery charging on controlled load
tariffs is not available so if you charge
your battery from the network it would
be on a different tariff.

Tariff periods:

. Lowest

Offpeak
Tariffs are Average
lowest.
. Highest
Peak
Tariffs are
highest.

NSW Home Solar Battery Guide
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Easy things to do first

If you are mainly interested in a battery to save money on electricity bills, there are some
simple steps you can follow to take control of your energy use and save money, even without a
battery. In terms of value for money, there is a simple hierarchy.

1. Shop around for the best price

Competitive pricing and discounts

Find the most competitively priced
retailer to help you save money
each year and ask for discounts for
direct debit or on-time payments.
You should make sure you are

on the most appropriate type of
retail tariff to suit your needs. Visit
energyswitch.service.nsw.gov.au to
help find the most competitive offer.

2. Reduce your household
consumption

i

W -

%

4
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Use less energy

Replace old light bulbs with LEDs,
switch off appliances and lights
when not in use, use less hot water,
have shorter showers and wash
clothes in cold water.

Upgrade your home insulation

Good building insulation including
ceiling batts, gap sealing and
window shading, may have a
shorter payback period than either
solar or batteries.

Purchase energy efficient
appliances

Energy efficient appliances, with
at least four stars on their Energy
Rating label®, may cost less over
the life of the product, despite a
higher upfront cost.

Additional tips

For more tips on how to fine-tune the energy used in your home and
save money on your power bills visit:

3. Make the most use of your existing
solar energy

@]
.:°

Change your habits

If you have existing solar, run
appliances such as dishwashers

and washing machines when there
is sunlight. If your house is well
insulated, pre-heat your house (in
winter) or pre-cool your house (in
summer) while your solar system is
producing energy to reduce evening
consumption from the grid.

Engage an expert

Arrange an electrician to rewire
your hot water tank so it uses

your own solar panels and when
replacing an existing gas or electric
storage hot water system, consider
replacing with a heat pump hot
water system.

4. Increase your rooftop solar power

o)

Add more solar panels

Install a rooftop solar system

or add more panels to your
existing system to cover more of
your consumption.

5. Installing a household battery

Is a battery the right solution?

If you have explored all of the tips
mentioned, only then consider
installing a household battery.

energysaver.nsw.gov.au/households/fine-tune-your-home

NSW Home Solar Battery Guide
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Three easy alternatives to batteries

o Heat pumps powered from solar

Heat pumps work like air conditioners
in reverse, extracting heat from the
atmosphere and using it to heat the
water in the tank.

If you set the timer to run when the sun
is shining, it’s a win-win outcome for
renewable energy and low bills.

Modern heat pumps are highly efficient,
producing up to five times the energy
required to run them. You have to pay
for the cost of the heat pump unit, but it
should save money in the long run.

o Solar electric hot water

If you have an existing electric storage
hot water system you can heat it directly
(or as a priority) with electricity from
your rooftop solar.

Doing this instead of using grid electricity
could save around $300 per year (on a
flat tariff). About half of the electricity for
your hot water system would then come
from your solar system, with the rest
coming from the grid.

Using excess solar energy for hot water
heating may be more cost effective than
battery charging, however you may need
to make changes to how the hot water
heater is set up, particularly if it is already
on a controlled load. A smart hot water
heater may also be required.

Adding solar for early morning
and evening

Adding more solar panels to an existing
system or installing a larger new solar
system may have a shorter payback
period than buying a battery. This can
be especially beneficial where the new
panels’ setup helps produce energy later
in the afternoon or in the early morning.

You will need to receive professional
advice about whether you can add more
panels to your existing solar system

or will need to install a whole new
system, and whether this is beneficial

to match your existing or planned
energy consumption.

v ‘!.-. f'-h o
Solar.Battery Guic
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How a home power station works

A home solar battery system is a mini power station that produces and stores solar energy to
provide power to your home and allow greater energy independence.

Solar panels on your roof generate energy
while the sun is shining, and this is used in
your home during the day. The unused solar
electricity is stored in an energy storage
device installed in your home (the battery).
This battery can help power your home when
the panels aren’t producing electricity, such
as during the evening, when grid electricity is
usually most expensive, or on overcast days.

Any solar energy not used in your home or
stored in your battery is exported to the grid.
Without a battery, exports can represent a
large share of the electricity generated from a
rooftop solar system, especially for households
which are not at home during the day.

Solar feed-in tariffs

If you have a solar system, any energy

you export usually earns a feed-in tariff

from your electricity retailer. In NSW, the
Independent Pricing and Regulatory Tribunal
has recommended voluntary feed-in tariffs
in the range of 6 to 7.3 cents per kWh for
2020-2021.

Figure 6. A home power station

I3

N

5 Be

\
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Using power from the grid generally costs more
than that, so it makes sense for you to use

as much of your own rooftop solar energy as
possible, rather than exporting it to the grid.

How a home solar
battery works

When you add a battery to a rooftop solar
system (or install them together), the solar
energy not used at home during the day is
used to charge the battery. Figure 6 illustrates
the setup of a home solar battery system.
Figure 7 on page 23 shows the typical daily
energy consumption for a NSW household
without solar, with solar and with solar and
batteries.

Some batteries can also be charged from grid
electricity, for example during offpeak times on
a time of use tariff when electricity is cheaper
than during the day. Installing a battery will
slightly increase total household energy

usage as a battery consumes electricity in the
process of storing it for later use.

= AC power

Solar panels circuit

= DC power

Inverter(s) circuit

Switchboard
and meter

Local network

Battery

Energy management system

Household appliances
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Solar panels

Solar panels convert sunlight into direct
current (DC) electricity. Some batteries charge
directly with DC electricity, while others need
to be connected after the inverter.

Because they have no moving parts, good
quality solar panels are usually reliable and
can last up to 25 years without a significant
loss of output.

Inverters

Inverters manage the flow of electricity,
converting the electricity generated from
the solar panels or stored in the battery
into alternating current (AC), the type

of electricity that powers your home.

It is beneficial to purchase a good quality
inverter for higher efficiency and because their
typical lifespan is around 10-15 years. Ambient
temperature, unstable grid voltage, dust, heat,
ventilation and vermin such as ants can affect
the lifespan of the inverter.

There are two main types of inverters used in
residential systems:

» Stand alone inverters: do not connect to
the grid and are used in offgrid homes
where there is no grid connection.

e Grid-connected (or grid-tie) inverters:
these inverters may be solar only,
battery-only or hybrid. A hybrid grid-
connected inverter can change both
solar and battery current from DC to AC.
Some grid-connected inverters can also
run independently from the grid during
power outages, if they are designed for
that. Inverters with this backup function
are usually more expensive.

Energy management system

An energy management system (EMS)
controls the different components of your
home power station, including your battery.
The EMS is usually software and/or an energy
management device.

They are not the same as battery
management systems (BMS). The BMS
controls the internal safety of a battery while
the EMS helps to integrate it with the other
components of a home power station.

The EMS will decide when to:
e charge the battery from the solar system
e charge the battery from grid electricity

e discharge the battery to power
home appliances

e export to the grid.

Some batteries come with an integrated EMS.
If they don't, it is important to know how this
functionality can be provided separately so
you can achieve the best use of your battery.
In general, brands offering an integrated
system (solar, batteries, inverters and
software) are likely to work better together,
although you may pay more.

Some EMS may also enable intelligent
battery control where both energy demand
and generation are predicted and used

to optimise electricity usage and costs. In
some cases, a separate energy management
device may be required to participate in a
virtual power plant (VPP). See page 39 for
more information.

Most inverters currently being installed don’t provide
backup during a power outage. If you need backup
power capability, make sure you request it to be included
in your quote from your supplier.

NSW Home Solar Battery G




How solar power and a battery affect your home energy

How solar power and a battery affect your home energy is demonstrated in Figure 7 below.
This figure compares energy usage of a household with no solar or batteries, to a household with
solar only and with both solar and battery.

Figure 7. How solar power and a battery affect your home energy

Household with no solar or batteries
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Battery basics

Before purchasing a battery, you should check with your supplier for any information about the
battery that can affect how it should be used and what is covered in the warranty. This section
details a few basic things you should be aware of.

Put simply, a battery is a box of chemicals.
One type of chemical reaction stores energy

(the charging cycle), while the reverse reaction

produces energy (the discharging cycle).
Different battery chemistries have different
properties that affect how they perform.

Chemistries

The following information provides an

introduction into the most important technical
specifications you need to understand when

considering buying a battery.

There are a range of chemistries currently available in the market.

Lithium-ion: Network-connected
household batteries are increasingly
focused on lithium-based chemistries,
which have seen a steady decrease

in cost in recent years. Lithium-ion
batteries are also widely used in mobile
devices such as mobile phones or
tablet computers.

These batteries are small and light in
comparison to their capacity. They
can be efficiently charged and have
relatively long lifespans.

There are many variants within the
lithium-ion family, the two main
varieties currently being sold are
lithium NMC (nickel manganese
cobalt) and LFP (lithium ferrous
phosphate).

Lithium-ion technology generally
displays high energy density (more
energy stored in less space), high cycle
life (lifespan) and excellent charge
acceptance (allowing faster charging).
Within the lithium-ion family, LFP
technology is generally considered
safer than NMC owing to better
thermal stability, but overall quality is
the key factor for battery safety.

NSW-Home Solar Battery Guide

Lead-acid: Offgrid solar systems have
until most recently used lead-acid
batteries for solar storage. Lead-acid
batteries are relatively simple, reliable,
and have a low upfront cost. However,
they are less suited for solar storage
applications as they must be fully
charged regularly, are slow to charge,
are quite heavy, and have relatively
low cycle life. They also require regular
maintenance and must be keptin a
ventilated environment.

Other technologies: The other main
chemistry is ‘flow’ batteries, which
use liquids to store energy. Their
main advantages are safety, ease

of maintenance and the ability to
store the charge for long periods.
The main disadvantages are lower
energy density compared to lithium-
ion as well as being relatively

more expensive.

Other chemistries such as advanced
lead-acid batteries are in various
stages of development and could
increase their market share in future.




Lifespan and warranty

You want your battery to last as long as the
warranty and hopefully well beyond it. A
battery’s lifespan will be influenced by several
factors including the charge or discharge rate,
the depth of discharge (DoD) employed in its
everyday operation and the temperatures the
battery is exposed to.

Some battery manufacturers’ warranties

are for a specific time period (e.g. 10 years),
but there are other warranty types. These
include for a specific number of cycles, where
charging and then discharging the battery
makes up one cycle, and energy throughput,
which relates