How to get the most out of your rooftop solar PV system
Many solar PV system owners are not getting the most benefit out of their PV systems.
This requires some management of how and when general appliances are used during the
day and night. This includes the building heating and cooling appliances. Different
approaches are required between homes and businesses.
Your home solar PV system is often generating more power than is being used by your appliances
that are running at any moment during daylight hours. This is particularly so between about 9am
and 3pm when most solar systems are generating their maximum power, and home owners may
be away from home at work. By comparison, consumption patterns are very different for
businesses as they typically use most of their energy during the day. This makes self-consumption
of solar energy directly in your appliances much more likely.
Before we examine solar PV on homes and businesses, you need to understand how the different
electricity tariffs work. If you are not familiar with these tariffs, then read the “Electricity Tariffs
Explained” section below.

Electricity Tariffs Explained
Homes and Small Business
Different electricity rates apply to energy imported from the electricity network, such as tariffs 11,
12A, 14, 31 and 33. Excess solar energy exported from your solar system to the electricity network
is paid to the system owner under a Feed-in tariff (FIT) rate.
Here’s a review of the tariff types and charge rates available for homes and small businesses.
Note the rates are indicative only as these vary over time.
General information can be found at: https://www.qld.gov.au/housing/buying-owning-home/energywater-home/electricity/electricity-prices/electricity-prices-tariffs
Home and small businesses tariffs are similar. You are classified as a small user if the total
annual energy consumption is less 100 Megawatt-hours (MWh). That is equivalent to about the
energy use of 13 average SEQ homes.
Most homes and small businesses are on a fixed or flat-rate tariff such as tariff 11. This consists
of two main charges:



A charge per unit of energy consumed (cents per kilowatt-hour, abbreviated c/kWh) over
the billing period E.g. 21 to 30c/kWh.
A daily supply or fixed charge to cover the cost of supplying and metering power at the site
(cents/day) E.g. 100 to 110c/day

In some cases a controlled load is included where the load such as a hot water system is
supplied with power outside of peak electricity usage hours only. Tariffs 31 (off-peak) and 33
(economy) are examples. These are metered separately and rates are typically 17 to 18c/kWh for
tariff 31 and 20 to 22c/kWh for tariff 33.

You may also choose to use either time of use or demand tariffs. Time of use tariffs (tariff 21A)
charge varying rates for energy used at different periods of the day. For example, for homes,
there are three periods and rates for week days, 7am to 4pm (shoulder - 21c/kWh), 4pm to 8pm
(peak – 29c/kWh), 8pm to 10pm (shoulder), and 10pm to 7am (off-peak – 18c/kWh). Week-ends
are broken into off-peak (10pm to 7am) and shoulder (7am to 10pm) periods at the same rates as
week-days.
For homes, a demand tariff (tariff 14) consists of a lower fixed general consumption rate
(15c/kWh), and a daily supply charge (106c/day). The demand charge is calculated for the average
highest, half-hour power (kW) consumption period for each day, during the billing period. This is
typically 28c/kW/day. So if your peak average power over 90 days (3 months) of highest usage
half-hour periods was 5kW, your demand charge for the month would be $0.28 x 5kW x 90 days or
$126.
Small businesses on flat rate tariffs are usually charged a little high rate than homes for both the
energy charge (31c/kWh) and the supply charge (146 c/day). For time of use tariffs, small
businesses are charged higher rates during the day (7am to 9pm) and lower rates at night E.g. 34
and 27 c/kWh respectively. They have a similar daily supply charge to the flat rate tariff.
By comparison, a demand tariff (tariff 14) consists of a lower fixed general consumption rate
(17c/kWh), a much higher daily supply charge (575c/day). A demand charge is levied for the
average highest, half-hour power (kW) consumption for each day, during the billing period, for
example - 72c/kW/day. So if your peak average power over 30 days (if paying monthly) of highest
usage half-hour periods was 20kW, your demand charge for the month would be $0.72 x 20kW x
30 days or $432.
Other Charges & Discounts
In all the tariffs above, there are a number of small charges, such as solar meter charges, paper
bill fee, credit card fee, and sometimes entry and exit fees etc. Discounts may also be offered on
the energy cost and supply cost. Some of these discounts are quite high (E.g. 28%) so check
carefully.

Comparing Home and Small Business Electricity Offers
To make comparisons between offers from electricity retailers, you can use the following website
calculators:
https://www.energymadeeasy.gov.au/ - A Federal Government site comparing all available
retailers. It does not include excess energy exported from solar systems and the savings from this,
but does include feed-in tariffs rates. It provides you with an estimate of your cost based on the
amount of imported energy. You can subtract from these estimates your solar exported energy by
checking your solar exports on your current bills and multiplying the amount of exported energy by
the FIT rate on the offer. Note that solar exports will vary quarter to quarter, as will your bills, so
use an average bill.
https://wattever.com.au/ - A free electricity retailer comparison site, comparing every electricity
retailer in Australia. Comparisons include solar feed-in tariffs based on average estimated daily
solar generation. WATTever is an independent, impartial Australian family business and is not
owned by any energy industry participants or retailers.
Both these calculators have limitations. They are most accurate when comparing electricity
offers using flat or fixed rate (often referred to on bills as peak rate) offers for all electricity
consumption, such as tariff 11.

However, if you are thinking of switching to a time of use tariff (12A) or demand tariff (14), a
more detailed breakdown of your electricity consumption is required. For example, for time of use
tariffs, you need to know the amount of electricity consumed in each time period (peak, shoulder
and off-peak). This can be determined if you were to read your electricity meter (Most are EM1000
meters) at the relevant time of day each day for say a week (at 7am, 4pm, 8pm and 10pm). Most
calculators would use estimates based on statistical analysis of existing smart meter data for a
“typical” home load profile. Your load profile might vary significantly from this “typical” profile.
For demand tariffs, you would need to have a smart (interval) meter installed that can then
measure the average power demand (kW) for each half-hour period of the day. Most calculators
would use estimates based on statistical analysis of existing smart meter day for a “typical” home
power usage profile. Your profile might vary significantly from this “typical” profile.
Large Companies
Larger companies using 100MWh/year or more are placed on a demand tariff. This consists of
many more charges including:





Energy charges for both peak and off-peak periods.
Network charges for both the volume of energy used and the peak half-hour power demand
measure in kilovolt-amperes (abbreviated kVA). This is a measure of the peak power and is
charged at a very high rate such as $23/kVA. So a school for example with a 100kVA peak
in power over one month would pay $2300 for this peak demand charge alone.
Other charges including for the Australian Energy Market Operator (AEMO) and service
and metering charges and the renewable energy target charges.

The table below shows these charges over one month of a 14 storey commercial building in
Brisbane. Often large business contracts and charges are negotiated case by case.
Figure – Example of a Large Business Electricity Charges for a 14 storey commercial
building

For
more information of electricity tariffs and prices for businesses, see:
https://www.business.qld.gov.au/running-business/energy-business/energy-pricing/electricity-prices

Homes with Solar PV – Managing your system
For new solar PV systems or systems installed since July 2012, typical flat rates such as tariff
11 cost about 25 to 30 cents per kilowatt-hour (abbreviated c/kWh) for imported energy. It may be
less if discounted. FIT rates for exported solar energy range 8 to 20 cents per kilowatt-hour but are
mostly around 10c/kWh, which is the typical wholesale price of electricity averaged across all
generators. Any solar energy supplied directly to appliances and not exported saves you at the
same rate as imported energy, that is, 25 -30c/kWh. So it makes sense to self-consume as much
of your solar generated electricity as practicable on-site. However, many people go to work during
the day and so only 30 percent of your solar electricity may be consumed directly on site. The
remainder is exported to the electricity network for use by your neighbours.
Note that a solar PV system facing north produces its peak power on a clear day at 12 noon,
whereas systems facing east or west will produce peak power around 10am or 2pm respectively.
So east and west facing systems tend to increase energy production early morning and late
evening, compared with a north facing solar system. This helps to increase self-consumption of
solar energy. But east and west facing systems produce a little less energy over the whole day
than solar systems facing north.
For older solar PV systems installed before July 2012, you may still be receiving a higher FIT
rate under the State Government’s incentive scheme known as the Solar Bonus Scheme. Under
this scheme home owners with solar PV where guaranteed a minimum of 44c/kWh for exported
energy. This was often topped up by electricity retailers so that some system owners were
receiving up to about 60c/kWh. North facing solar systems tend to export more energy and benefit
home owners still on the Solar Bonus Scheme more due to these high FIT rates.
Note that if you bought this home with the solar PV after this date, or have increased the size of the
PV array or inverter, or added batteries since you bought the house, you may longer be eligible for
the 44c/kWh. For more information on changes to eligibility to continue on this scheme, see:
https://www.qld.gov.au/housing/buying-owning-home/energy-water-home/solar/feed-in-tariffs/solarbonus-scheme-44c
How can you do make better use of your solar energy on-site? Well it depends on which of the
FITs you are eligible for.

New PV Systems
For NEW solar PV systems or systems installed since July 2012, it makes sense to selfconsume as much as possible of your solar energy on-site, thus limiting exports of excess solar
energy. Note that if you have solar modules mounted on east or west facing roof areas, then these
will generate more energy earlier and later in the day and will in general increase your selfconsumption of solar energy. See the residential case study below. Suitable energy management
strategies that increase self-consumption and reduce costs are as follows:
1. Have a smart digital (interval) meter installed. This allows you to see how your electricity
demand varies over the day as these meters measure the average power for each halfhour of the day. This information allows you, the solar supplier and your retailer to full
assess which type of electricity tariff is best for you. For example, if you work from home
and have a gas stove, solar water heater and little need for air conditioning, but your total
consumption (kWh) is quite high due to office equipment, then a demand tariff may be best
as your peak power demand (kW) during the evening peak period of 4pm to 8pm may be
quite low. Alternatively, a time of use tariff might be best, rather than a flat rate tariff.
2. Put suitable large appliances on timers and schedule them to run at different times between
9am and 3pm. This is called load shifting. The inverter may also have this function built in
to control at least one large appliance. Check with the supplier. The aim here is to spread
the power demand across the day to avoid very large peaks in power demand averaged
over half-hour periods. For example, the dishwasher might run between 10am to 11am, and
the clothes drier (if you don’t have an outside clothes line) could run between 12noon to
1pm. Then you might heat water in a storage tank from 1pm to 3pm, or pre-cool part of the
house a little with an air conditioner between say 3 and 4pm before you get home from
work. If pre-cooling, make sure windows and doors are closed when air conditioners
operate to avoid excessive run time from hot outside air coming in through open windows
and doors.
3. You can use demand response enabling devices (DRED) for individual appliances on tariff
11. DREDs allow the network provider, such as Energex, to switch off your appliance for
short periods, reducing peak power usage on the network on very hot or cold days. This
includes hot water systems, air conditioners and pool pumps.
4. If you already have controlled load tariffs 31 (off-peak) or 33 (economy) (i.e. DREDs fitted)
for electric hot water or a pool pump on separate metering, consider removing them off this
tariff and putting them on the standard tariff or swap to a time of use tariff. Put these loads
on a timer or power diverter to run during daylight hours as in steps 1 and 4. It is best to
have a larger hot water tank (250 litres or more) to ensure you don’t run short of hot water
between 4pm and 8pm. Two stage timers can allow for additional heating after 8pm if
necessary. It is important to ensure hot water temperatures are maintained at 60 deg. C or
more to prevent legionella disease.
5. Fit a power diverter to the electric hot water system. This device will automatically divert
only excess solar power to the hot water tank until it is heated to the thermostat setting.

6. Improve the energy efficiency of your home by swapping to more efficient appliances when
the time comes to upgrade appliances. This reduces your total energy consumption and
costs. It also reduces the peak power demand. This is important if you are on a time of use
or demand tariff. Being more energy efficient ensures that your solar system will supply a
larger portion of your day-time consumption. You can use the Government energy rating
site to select more efficient appliances. See http://www.energyrating.gov.au/calculator
Don’t forget that part of being energy efficient is about behavioural change, such as
switching off appliances at the wall to reduce standby power, or turning lights and fans off
when not in the room. Also, set air conditioning temperatures to 24 degrees Celsius in
summer and no more than 20 deg. C in winter.
7. Swap to time of use tariffs that charge you different rates during peak, off-peak and
shoulder periods of the day. Ensure the appliances listed in strategy 1 are on timers that do
not come on during peak periods when electricity rates are highest, such as between 4pm
and 8pm.
8. Add energy storage to your solar PV system to store excess solar energy that would not
otherwise be used during the day, for use at other times such as night-time. This can be
achieved through thermal storage, such as heating water (see strategies 1 and 4 above).
Alternatively, you can use batteries that are charged using your excess solar energy, and
then discharged via an inverter/charger (known as a hybrid or multi-mode inverter) to
provide power during peak periods to off-set high electricity costs. This is particularly
important if you are on a time of use or demand tariff where very high electricity rates apply
between typically 4pm and 8pm. Battery energy storage systems (BESS) are now widely
available and can also provide power during power outages.

Older PV Systems
For older solar PV systems installed before July 2012, it makes sense to minimise selfconsumption of your solar energy on-site by limiting the amount of energy used during the day,
particularly between 9am and 3pm. This is because you are paid much more for energy exported
to the grid than energy consumed within the home. Suitable energy management strategies are as
follows:
1. Consider having a smart digital (interval) meter installed. This allows you to see how your
electricity demand varies over the day as these meters measure the average power for
each half-hour of the day. This information allows you, the solar supplier and your retailer to
full assess which type of electricity tariff is best for you.
2. Put suitable large appliances on timers and schedule them to run in the evening after 8pm,
and preferable after 10pm during the off-peak period from 10pm to 7am. The inverter may
also have this function built in to control at least one large appliance. Check with the
supplier. This could include the dishwasher or clothes drier. This avoids the likelihood of
contributing to peak power demand on the electricity network, particularly during very hot or
cold days. This in turn helps keep electricity prices lower by reducing or deferring
infrastructure upgrades to poles, wires, transformers etc.
3. If you have electric hot water or a pool pump, make sure they are on controlled tariffs 31
(off-peak) or 33 (economy).
4. Improve the energy efficiency of your home by swapping to more efficient appliances when
the time comes to upgrade appliances. This reduces your total energy consumption and
peak power demand. This will ensure that your solar system will export even more energy
during the day. You can use the Government energy rating site to select more efficient
appliances. See http://www.energyrating.gov.au/calculator

5. Swap to time of use tariffs that charge you different rates during peak, off-peak and
shoulder periods of the day. Ensure the appliances listed in strategy 1 are on timers that do
not come on during peak periods when electricity rates are highest, such as between 4pm
and 8pm.
Note that adding battery storage in this case will make you ineligible to continue receiving
the Solar Bonus Scheme high FIT rate of 44c/kWh.

Businesses with Solar PV – Managing your system
Many small businesses use most of their energy during the day so their pattern of energy use
(often called the Load or Demand Profile) can be a very good match between the solar PV system
output and the business power demand. See the business case study below.
For businesses that own their premises and choose to install solar PV systems, suitable
energy management strategies are as follows:
1. Use digital smart (interval) meter that measures your average power use for each half-hour
of every day. This is used to calculate both energy consumption (kWh) and peak power
(kW or kVA) use during any billing period. Then undertake an energy audit once you have
some metered data. This allows you to examine in detail appliance power ratings and
operating times, and identify how much energy individual appliances consume, and which
appliances contribute to peak power periods during the day. You may wish to employ an
energy auditor to assist you with this assessment. An audit will also examine historical
energy use trends and costs through your energy bills. This provides a baseline to decide
how to manage your appliance use better, to avoid peak power charges if you are on a
demand or time of use tariff, and to maximise the use of solar energy on site. A very useful
site for businesses with energy saving tips is: http://energycut.com.au/
2. Spread your power demand (kW) across the day to follow as closely as possible the solar
PV output curve. Put suitable large appliances on timers and schedule them to run at
different times between 9am and 3pm. The inverter may also have this function built in to
control at least one large appliance. Check with the supplier. Cooling and ventilation
systems are often a very good match with solar system output. For example, both air
conditioning and refrigeration systems have to work hardest during the hottest part of the
day, around 2pm. Solar PV systems are putting out their maximum power between 10am
and 2pm. However, you need to ensure windows and doors are closed when air
conditioners operate to avoid excessive run time from hot outside air coming in through
open windows or doors.
3. You can use demand response enabling devices (DRED) for individual appliances on tariff
11. DREDs allow the network provider such as Energex to switch off your appliance for
short periods during peak power usage times on the network, and hence reducing peak
demand and network costs. This includes hot water systems, air conditioners, refrigeration
systems and pumps.
4. If you have already have some controlled loads, such as electric hot water on tariffs 31 or
33, consider removing them off these tariffs and putting them on the standard tariff or time
of use tariff. Put these loads on a timer to run during daylight hours at shoulder or off-peak
times. This allows the solar PV system to supply part or all of this load, while avoiding peak
rates and increasing peak power demand on the network. It is best to have larger well
insulated tanks to ensure you don’t run out of hot water during peak periods. It is important
to ensure hot water temperatures are maintained at 60 deg. C or more to prevent legionella
disease.

5. If your business has substantial heating applications that store the heat such as in hot
water tanks, then consider fitting a power diverter to the electric hot water system. This
device will automatically divert only excess solar power to the hot water tank until it is
heated to the thermostat setting.
6. Improve the energy efficiency of your business by swapping to more efficient appliances
when the time comes to upgrade appliances. This reduces your total energy consumption
and in most cases, peak power demand. It ensures that your solar system will supply a
larger portion of your day-time consumption. You can use the Government energy rating
site to select more efficient appliances and energy saving tips. See:
http://www.energyrating.gov.au/calculator and http://energycut.com.au/
7. Train staff in energy management including behavioural change to switch off appliances
when not in use, check regularly thermostat settings such as on hot water systems,
refrigeration cabinets or food warmers. As the owner/manager, set the example yourself.
8. Swap to time of use tariffs that charge you different rates during peak and off-peak periods
of the day. Ensure the appliances identified in strategy 1 are on timers or controlled so that
do not come on during peak periods when electricity rates are highest. This is between 7am
and 9pm for business time of use tariffs.
9. Add energy storage to your solar PV system to store excess solar energy that would not
otherwise be used during the day, for use at other times such as night-time, or for use
during peak demand periods. This can be achieved through thermal storage, such as
heating water, or cold storage such as chilled beam air conditioning. Alternatively, you can
use batteries that are charged using your excess solar energy, and then discharged via an
inverter/charger (known as a hybrid or multi-mode inverter). It can provide power during
peak periods to off-set high electricity costs. This is particularly important if you are on a
time of use or demand tariff where higher electricity rates apply between typically 7am and
9pm on business tariffs. Battery energy storage systems (BESS) are now widely available
and can also provide power during power outages.

Residential Case Study – How much can you save with load shifting – new PV
System?
This case study examines in detail a typical SEQ home and how energy management practices
increased the annual savings from the solar PV system by about $370 or 28 percent.
A typical home uses about 18 units of electricity each day for light and power, excluding hot water
and pool pumps. These units of energy are called kilowatt-hours, abbreviated kWh, and can be
measured for each half-hour period by digital, smart, electricity meters. Hot water and pool pumps
are generally metered separately on controlled tariff 33 at a cheaper rate so the solar system does
not off-set this consumption directly. This consumption can average 7 kWh per day for a hot water
storage system, and 6 kWh per day for a pool pumping and chlorinator. Most houses now install a
5 kilowatt (abbreviated 5kW) solar PV system, roof space allowing. This is typical of many homes
now that have solar PV and 3 to 4 people.
The figure below shows the average power demand (grey line) of this home throughout the day,
based on Energex data. Average power (kilowatts), as measured for each half hour of the day, is
plotted against the solar PV output power from the inverter for a clear day (orange line) and an
average day (blue line). For example, at around 10am, this home is using 0.7 kilowatts of power,
while the 5 kilowatt solar system is generating about 3.8 kilowatts at the same time on a clear day.
So the difference, 3.1 kilowatts is being sent (or exported) to the electricity network. You can see
this in the figure below at the 10am vertical (black) time line.
The green line shows the amount of power being exported on an average day, which is less than a
clear day. The area under each of the coloured lines is the energy used (grey line), generated
(orange and blue lines), and exported (green line). In this case, 18 kWh per day is used by
appliances (excluding hot water), the PV system generates 25 kWh per average day and exports
70 percent of this.
Figure - Solar PV Power Output versus Home Power Demand
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Cost Savings without Energy Management
The figure below shows the flow of energy and associated costs of imported energy or savings
from the PV system. Without solar, the household annual bill would be $2462. With the solar, the
bill falls to $1122, an annual saving of $1340. This is made up of $700 saving from solar energy
supplied directly to appliances, saving imported energy at 25c/kWh. An additional $640 of savings
comes from the 70 percent of solar energy that is exported. However, you are only paid 10c/kWh
for this energy. So it makes sense to use as much solar energy as possible within the home and
limit exports, as using the solar energy directly in your appliances saves money at 25c/kWh rate,
rather than 10c/kWh.
Figure – Flow of Energy, Costs and Savings – no energy management strategies implement

Cost Savings with Energy Management
The figure below shows the flow of energy, costs and savings after the changes made in strategies
1 to 3 outline above. The result is that a lot more of your energy use is now shifted to daylight
hours and is supplied directly from the solar system. Hence the annual savings may be increased
from about $1340 to $1709 as only 43 percent of solar energy is exported now, instead of 70
percent before these changes.
Figure – Flow of Energy, Costs and Savings – with energy management strategies

implement

Small Business Case Study – How much can you save?
This case study is for a Brisbane café open 6 days a week. They installed a 12 kW solar PV
system to reduce their bills. The system cost about $12000. The result for the café owners was
that their annual electricity cost reduced from $9600, to about $4400, a saving of 50 percent,
with a simple payback time of just over 2 years. Here’s why it did this.
Figure shows the power output of a 12 kW PV system (blue line) super-imposed over the power
demand (or load) profile (grey line). The solar system generates about 58 kilowatt-hour (kWh) of
energy per day, of which 90 percent is used on site. Their daily energy consumption is around 94
kWh/day. The cafe is on a fixed flat rate electricity tariff charging 28.6 cents per kilowatt-hour
(c/kWh), and is paid 8 c/kWh for exported solar energy.
The figure below shows how the solar PV output power closely matches the use of energy in the
café for much of the day, except in the early hours from 6 to 8am. Therefore, the PV system will
displace a lot of day-time consumption, charged at 28.6 c/kWh. This good match between energy
demand and solar output minimises exports of excess solar energy to about 4 to 5 kWh/day,
mostly after 2pm (14 on graph or green line).
Figure - Solar PV Power Output versus Café Power Demand
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How could the café owners reduce their energy costs future? There are several strategies:






Improve the energy efficiency of appliances by replacement of old appliances with more
energy efficient models. This is always cost effective at the time of replacement at the very
least, and sometimes earlier.
Install a battery energy storage system to store exported solar energy generated on the one
non-work day per week and the small amount exported after 2pm on workdays. Use this to
partly supply the early morning demand from 6 to 8am.
Install more solar PV panels on a roof area and tilt these to 20 degrees to face to the East if
there is roof area available. This will increase early more self-consumption of solar energy.

