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Planting native trees is a natural way to sequester carbon
and improve air quality. Through photosynthesis, a
growing tree absorbs CO. from the atmosphere and stores
it as biomass. The carbon benefits accrue over the tree’s
lifespan, although they vary by species and conditions.
Planting trees also yields co-benefits like habitat for
wildlife and urban cooling.

e CO: absorption: An average native tree sequesters
about 5-10 kg CO: per year (0.005-0.01 tonnes) in its
first 30 years.” Over a 30-year lifetime, that’s roughly
0.15-0.3 tonnes CO. removed. (For context, this is a
modest offset - on the order of a few hundred
kilograms total.)

e Carbon footprint reduction: While one tree’s annual
offset is small, large-scale plantings can contribute
significantly. (Australia’s 20 Million Trees program
estimated 147-295 kilotonnes CO. per year absorbed
by ~29.5 million trees.) " Every tree helps in reducing
greenhouse gas levels when maintained over decades.

e Air quality improvement: Trees act as natural air filters
- they trap particulate pollution and absorb gaseous
pollutants. A healthy canopy also produces oxygen,
improving local air quality.. In urban areas, increased
tree cover cools the environment and can reduce
smog formation. These benefits make tree planting a
simple but visible climate action.

Trees eventually release carbon when they decay or burn,
so protecting trees long-term is key. Overall, planting
natives is a low-cost, co-beneficial strategy for carbon
uptake and cleaner air, albeit with a relatively small
annual CO; impact per tree.

Rooftop solar is one of the most impactful household
actions for cutting carbon emissions. A 6.6 kW solar
photovoltaic (PV) array (around ~18-20 panels) can
supply most of a home’s electricity demand using
sunshine, thereby avoiding grid electricity generated from
fossil fuels (predominantly coal/gas in Victoria).

e Annual solar energy output: In Melbourne’s climate a
6.6 kW system produces on the order of 8,000-9,000
kWh per year. (Melbourne averages ~3.6 kWh per day
per kW installed,” so 6.6 kW yields ~8,670 kWh/year.)
This clean power can offset nearly 100% of a typical
household’s annual electricity needs, with surplus fed
into the grid.

e Annual CO; reduction: By displacing grid power, a 6.6
kW solar system cuts emissions by roughly 7-8 tonnes
CO: per year. Victoria’s grid emits about 0.86 kg CO.
per kWh of electricity (2024 factor). Thus, using
~8,700 kWh of solar instead of grid prevents ~7.5 t CO:
annually. (If the grid mix is dirtier — e.g. ~1 kg/kWh - the
savings exceed 8 t.) This is a huge carbon reduction,
roughly equivalent to taking two typical cars off the
road each year.

e Lifetime impact: Solar panels are long-lived. Over a 25-
year lifespan, a 6.6 kW system can generate
~200,000+ kWh and avoid about 180-190 tonnes CO.
in total emissions. The cumulative impact is
enormous. Even accounting for manufacturing
emissions of panels, the net carbon benefit remains
strongly positive after only ~1-2 years of operation.

e Fossil fuel avoidance: Every kWh of solar electricity
directly reduces demand for coal and gas-fired
generation. At ~9 MWh/year, one home’s PV array
spares the combustion of roughly 2-3 tonnes of coal
or ~900 m?® of natural gas annually (energy

e equivalent), helping to curb fossil fuel use. It also
reduces strain on the grid during peak times on sunny
days.

¢ Additional benefits: Solar lowers household power
bills significantly (often by >$1,000/year in Victoria). It
also enables further actions like electrification of
heating or charging an EV with clean energy. In sum, a
6.6 kW solar system delivers one of the largest carbon
footprint reductions among individual home
improvements, while also cutting costs.

By generating renewable energy on-site, rooftop solar is
central to Victorian programs targeting emissions. It’s a
cornerstone of achieving net-zero, typically eliminating 5-
8 tonnes CO: per year for the average home.

Converting a home’s heating, ventilation & air
conditioning (HVAC) from gas-fired to an all-electric heat
pump (reverse-cycle air conditioner) can dramatically
reduce fossil fuel use. Modern electric heat pumps
provide efficient heating in winter and cooling in summer
from one unit. We consider a high-capacity (16 kW output)
ducted heat pump system replacing gas heating.

¢ Fossil gas displaced: Victorian homes with gas central
heating consume large amounts of gas. The average
household uses ~50 GJ of gas per year (mostly for
heating). Replacing gas HVAC eliminates this usage -
avoiding the combustion of ~50 GJ of natural gas
annually, which equates to about 2.5 tonnes CO. per
year (natural gas emits ~51.4 kg CO. per GJ) . This 2.5
t/year is the direct emission savings if the heat pump
is powered by renewable or zero-carbon electricity.

e Energy efficiency gains: Reverse-cycle heat pumps are
300-600% efficient (COP 3-6), meaning they produce
3-6 kWh of heat per 1 kWh of electricity input . By
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contrast, gas furnaces are ~70-90% efficient. Thus, an
electric heat pump uses far less energy for the same
heating output. In practice, a heat pump can reduce
heating energy consumption ~60% or more. According
to Sustainability Victoria, switching from gas ducted
heating to reverse-cycle can cut greenhouse
emissions by up to ~60% for the same warmth . (This
assumes typical grid power; the reduction is greater
with greener electricity).

Annual emissions avoided: If powered by Victoria’s
current grid mix, a heat pump’s emissions depend on
electricity source. In purely grid-supplied scenario, the
CO: benefit is smaller — a heat pump (COP ~3) might
use ~5,000 kWh/year for heating, causing ~4.3 t CO: (at
0.86 kg/kWh) versus ~2.5 t from gas - highlighting the
need for clean electricity. However, when that
electricity is supplied by solar (daytime) or
renewables, the heat pump heating is near-zero
emissions. Each home converting off gas not only
avoids on-site gas burning but also reduces methane
leakage from gas supply. With partial solar use, it’s
reasonable to save 1-2+ tonnes CO. per year
compared to a gas heater (and this saving will increase
as the grid decarbonises further).

Lifetime impact: Over an assumed ~15-year system
life, a heat pump HVAC can avert on the order of 30-
40 tonnes CO: (assuming ~2.5 t/year avoided if
powered cleanly). Even under current grid conditions,
using a reverse-cycle system primarily in place of gas
heat will yield tens of tonnes in emissions reduction
over time. Additionally, the homeowner avoids buying
~50 GJ of gas annually, improving energy security and
insulating against gas price rises.

Other benefits: The electric heat pump provides year-
round climate control - efficient cooling in summer
(replacing any older AC) with no additional emissions.
Eliminating gas heating also removes indoor NOx
pollution from gas combustion, improving indoor air
quality. From a climate perspective, widespread
adoption of electric HVAC is crucial: it permanently
avoids combustion of fossil gas and leverages the

e steadily improving emissions intensity of Victoria’s
electricity (which is projected to plummet as
renewables increase). In summary, converting a 16 kW
gas heater to electric heat pump can save a few
tonnes of CO: annually while future-proofing the
home for a renewable energy future.

Victoria has even incentivised this switch — e.g. rebates to
replace gas heaters with efficient reverse-cycle systems,
yielding ~$500/year heating cost savings and significant
emissions cuts < . Electrification of heating is a key step
toward zero-carbon homes.

e Water heating is another major energy use in homes
(and a common use of gas or old electric resistive
tanks). Replacing a conventional gas-fired or electric
resistance hot water system with an electric heat
pump hot water unit can greatly reduce energy
consumption and emissions. Heat pump water heaters
extract ambient heat to warm water, using a fraction of
the energy of standard systems.

e Energy savings: A heat pump hot water system uses
about 60-75% less electricity than an equivalent
conventional electric storage heater . For example, if
a household’s old electric tank consumed ~3,000-
4,000 kWh/year, a heat pump might use only ~1,000
kWh for the same hot water output - saving ~2,000-
3,000 kWh annually. This translates to substantial
emissions reduction (e.g. ~1.7-2.6 t CO. saved per year
at 0.86 kg/kWh). In the case of replacing a gas water
heater, the heat pump avoids that gas usage entirely. A
typical gas hot water system might use ~15-20 GJ of
gas per year (for a family), causing ~0.8-1.0 tonne CO..
A heat pump running on renewable electricity can cut
that to effectively zero.

e Emissions comparisons: If the heat pump is grid-
powered, its emissions will depend on efficiency. With
a coefficient of performance ~3, the heat pump might
emit ~0.3 kg CO. per kWh of heat delivered (versus
~0.19 kg if using gas directly). This means current grid-

electric heat pumps are slightly higher in CO: than gas
per unit heat in Victoria if running solely on grid
power. However, the big advantage is that electric
systems can be powered by solar or wind. By using
daytime solar or off-peak renewable-rich power, a heat
pump can supply hot water with minimal greenhouse
impact, whereas gas always emits CO. when burned.
Over a year, switching from gas to a solar-assisted heat
pump could easily avoid on the order of 0.5-1 tonne
CO: (more if replacing an older inefficient unit or if hot
water usage is high).

Lifetime impact: Heat pump water heaters typically
last ~15 years. Over that time, one unit can prevent
~10-15 tonnes CO: (assuming ~0.7-1.0 t/year reduction
on average as the grid cleans up). If paired with
rooftop solar, the majority of water heating energy can
be drawn from surplus solar generation, making the
hot water essentially emissions-free for decades. This
also frees the household from gas bills or high electric
bills, often paying back the upfront cost through
energy savings.

Additional notes: Beyond carbon benefits, heat pump
systems often have better insulation and less standby
heat loss, reducing overall energy needed. They work
in cold climates (down to subzero temperatures with
defrost cycles) and can often be set to run at times of
day when renewable electricity is abundant. In
Victoria, rebates are available for heat pump hot water
upgrades, underlining their role in reducing residential
emissions. In summary, upgrading to a heat pump hot
water system significantly cuts energy use (by ~60-
75%) < and emissions, especially when combined with
clean electricity.

This move is a key part of home electrification.
According to sustainability experts, replacing an aging
gas or electric water heater with a heat pump is one of
the most cost-effective ways to save energy and avoid
emissions in a household.
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Installing a home battery (e.g. ~10 kWh lithium-ion
battery) to store excess solar energy can further
enhance the environmental benefits of a solar PV
system. While the battery itself doesn’t generate
power, it enables a household to use a larger share of
their solar production on-site, especially during
evening and night, thereby reducing reliance on fossil-
fueled grid electricity during peak times.

Increased solar utilisation: Without a battery, a typical
solar household might use ~20-40% of the solar
energy directly, exporting the rest to the grid. A
battery allows the capture of midday surplus to cover
evening/night demand. This can raise self-
consumption to 60-80% of solar generation, meaning
more of the home’s total electricity is supplied by
solar instead of grid. For example, a 10 kWh battery
charged daily can store ~3.65 MWh/year that would
otherwise be sent to the grid or curtailed. Using that
storage to avoid drawing power during night-time
(when Victorian grid supply often comes from gas
peaker plants or coal) yields a carbon benefit.

Carbon and energy savings: The additional CO: savings
from a battery are more nuanced than other
measures. If your excess solar would have been
exported and displacing someone else’s grid use, the
net system-wide benefit of storing it for yourself can
be small. One analysis found that shifting 3 kWh of
grid use to off-peak via battery saved only ~27 kg
CO:q/year, and a 10 kWh battery might save on the
order of ~80 kg CO: per year beyond a solar-only
setup . This is a modest 0.08 tonne - because the
solar was already clean energy whether used at home
or by the grid. However, in Victoria’s context, battery
storage can avoid evening gas-fired generation. If a
battery delivers (say) 5 kWh nightly that would
otherwise come from a gas plant (~0.5 kg CO./kWh
emissions), that’s ~2.5 kg CO. saved per day. Over a
year this could be 0.9 tonnes avoided. In practice,
real-world savings typically fall somewhere in the tens
to few hundred kilograms CO. per year range due to
round-trip losses and the fact that daytime solar

exports already displace some emissions.

Energy independence and grid benefits: From an
energy standpoint, a battery can supply a home
during peak demand hours, cutting peak grid
consumption (when the grid is most stressed and
fossil generators ramp up). It also provides backup
power during outages (a resiliency benefit). While the
direct CO. impact is relatively small, batteries play a
role in smoothing renewable energy supply and
reducing the need for carbon-intensive peaking power
plants. As the grid mix gets cleaner, the carbon
rationale for batteries will further diminish, but their
ability to maximise rooftop solar usage and potentially
feed energy back at critical times supports the
broader transition to renewables.

Lifespan and disposal: Most home batteries come with
~10-year warranties (around 4,000+ charge cycles).
Over 10 years, a battery might facilitate an extra ~5-10
MWh of solar self-use annually and prevent perhaps
0.5-1 tonne of CO; in that period (depending on grid
changes). It’s important that end-of-life batteries are
recycled to mitigate environmental impacts. The
technology is improving, and future virtual power
plant schemes may enable batteries to contribute
even more to grid-wide emission reductions by
discharging when the grid is dirtiest.

Adding a battery does not by itself offset huge CO:
amounts like solar panels do, but it complements solar by
minimising fossil power draw at night. It’s largely an
enabling technology - its value is in maximizing renewable
energy usage and providing energy security, with a
secondary benefit of incremental carbon reductions
when it displaces high-emission peak electricity.)

Transportation is a significant source of carbon emissions.
Replacing a petrol or diesel car with an electric vehicle
(EV) - and crucially, charging it using solar energy or
renewable electricity — can virtually eliminate the

emissions from personal car travel. Victoria’s
electricity has historically been carbon-intensive, but
pairing an EV with rooftop solar means the vehicle is
effectively powered by the sun.

Emissions per km: Driving a petrol car produces
around 180-200 g CO: per km on average . (The
average new light vehicle sold in Australia emits ~184
g/km = | and the fleet average is ~194 g/km) . In
contrast, an EV charged on 100% renewable energy
has near-zero operational emissions. Accounting for
upstream generation, an EV on Victoria’s current grid
might emit ~100-150 g/km, but on solar it’s effectively
0 g (the only emissions being from manufacturing,
which are outside daily use). Thus, every kilometre
driven on solar electricity instead of petrol saves
roughly 0.18 kg CO. - a ~97% reduction < . This is a
huge per-km drop in carbon footprint.

Annual emissions saved: Australians drive about
12,000 km per year on average - . For a typical car,
that equates to roughly ~2.2-2.4 tonnes CO. per year
from fuel (e.g. 12,000 km x 0.19 kg/km = 2.3 t).
Switching that vehicle to an EV charged mostly by
solar could avoid essentially all of those ~2+ tonnes.
Even if some charging is from the grid, the difference
is stark: an average EV in Victoria might use ~0.2
kWh/km; if using solar, that’s O CO., whereas a petrol
car emits ~200 g/km - every kilometre in the EV is a
net savings. In practical terms, one family EV powered
by home solar can easily cut 2-3 tonnes of CO:
annually (more if driving distances are above average).
If the household had two petrol cars converted to EVs,
the savings double. This is one of the largest personal
emissions reductions one can achieve.

Lifetime impact: Over a vehicle’s lifetime, the carbon
avoided is enormous. Assuming ~15 years of use and
~180,000 km driven, a single EV (solar-charged) can
prevent on the order of 30-40 tonnes of CO: that a
comparable petrol car would have emitted. (At 12,000
km/yr and 0.19 kg/km, ~34 t in 15 years.) Even factoring
in EV manufacturing emissions, the lifetime net CO:
reduction remains very large - studies find EVs in
Australia outperform ICE vehicles on lifetime
emissions, especially with renewable charging.
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e Additionally, reduced tailpipe emissions improve
urban air quality by eliminating exhaust pollutants
(NOXx, particulates) - a local health bonus.

e Avoided fossil fuel use: Recharging an EV with solar
means avoiding the use of roughly ~1,000 L of petrol
per year (for a car that would otherwise consume ~8
L/100 km). Over 10 years, that’s ~10,000 L of fuel not
burned. This also reduces oil consumption and related
upstream emissions. On the electricity side, smart
charging (e.g. daytime solar soak, or off-peak overnight
when wind power is abundant) ensures minimal grid
emissions. As Victoria’s grid moves toward
renewables, EVs will only get cleaner over time,
whereas petrol cars cannot improve.

In summary, transitioning to an EV charged by solar can
save on the order of 2-3 tonnes of CO: per vehicle per
year, making it one of the most impactful actions for
households. It directly tackles the ~193.7 g/km emission
intensity of our current vehicle fleet . Along with cutting
home energy emissions, electrifying transport is essential
for a zero-carbon future.

To put the above actions in perspective, it’s useful to
compare them against the average fossil fuel energy
usage and emissions of a typical Victorian household. The
table below summarises key figures for an average home
in Victoria:

Energy Use Typical Vic Household Associated Emissions
(annual)
Grid Electricity ~4,600 kWh (mostly coal/gas-sourced) ~4.0tCO: (at ~0.86
kg/kWh)
Mains Gas (natural ~50,000 MJ = 50 GJ (for heating, hot ~261CO: (at~514
gas) water, etc.) kg/GJ)
Petrol Car (1 ~12,000 km travel per year ~23tCO: (at ~0.19
vehicle) kgfkm)

Table 1

Total: In sum, a typical Victorian household with one car
emits on the order of ~9 tonnes of CO. per year from
home energy and personal transport. (Households with
additional cars, more occupants, or larger homes will have
higher emissions - e.g. two cars would make it ~11-14 t/yr.)
This baseline illustrates how each of the measures
discussed can slash significant portions of these
emissions:

e Solar panels (6.6 kW) can cut ~7.5 t CO/year -
effectively  neutralising all  electricity-related
emissions and even offsetting some of the others
(surplus solar exported helps decarbonise the broader
grid). This is often the single biggest reduction, taking
out ~80%+ of a typical household’s direct CO..

e EV adoption (with solar charging) saves ~2-3 t
CO:/year - roughly eliminating the car’s entire 2.3 t
footprint . For many households, cars are the next-
largest emitter after electricity; one EV swap can
knock out ~25% of total emissions (more if multiple
vehicles are replaced).

e Heat pump space heating can avoid ~2+ t CO/year (if
fully replacing ~50 GJ of gas) -, which is basically the
household’s gas emissions (~2.6 t) gone. In our
average scenario that’s ~15-20% of the total footprint.
Real-world savings might be a bit lower initially if using
grid power, but as the electricity supply greens, heat
pumps will outperform gas more and more each year.

e Heat pump hot water might save on the order of ~0.5-
1t CO2/year, knocking out the remainder of gas usage
for water heating. Combined with space heating, going
all-electric with heat pumps could zero out the
household’s 2.6 t from gas. Notably, Sustainability
Victoria estimates an all-electric home can reduce
emissions by ~5 to 8.5 t/year compared to a typical
gas-equipped home - which aligns with combining
solar + heat pumps + efficient appliances.

e Battery storage adds a smaller incremental benefit
(perhaps ~0.1 t/year in strict CO. terms ), but it
enables the above technologies to work optimally.

For instance, a battery lets solar power an EV at night or
run the heater predawn - squeezing out the last fossil
fuels from a home’s usage. Its impact is harder to quantify
in isolation, but it’s an enabler for a 100% renewable
household.

e Tree planting, while very worthwhile for many reasons,
has a relatively tiny carbon impact next to household
energy measures. One tree at 0.005-0.01 t CO:/year is
only ~0.1-0.2% of an average home’s footprint. You’d
need hundreds of trees per household to offset its
emissions. Thus, tree planting is best seen as a
community-scale effort - it contributes to carbon
drawdown and climate resilience (and improves
liveability), but by itself one tree doesn’t move the
needle like solar panels or EVs do.

Annual CO2 Emission Reduction by Various Measures
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Figure 1: Annual CO: reduction achieved by each measure,
compared to the scale of emissions of a typical Vic
household. Rooftop solar provides by far the largest
yearly offset (several tonnes), followed by electrifying
transport and heating. A single tree or a battery have
much smaller individual impacts per year.

From the figure, it’s clear that installing solar panels and
switching to electric appliances/vehicles yield order-of-
magnitude larger CO. reductions per year than measures
like planting a single tree or adding a battery. For example,
solar PV can save ~7.5 t/year, whereas a tree offsets only
~0.01t - that’s a 750x difference annually. Replacing a gas
heater (~2.5 t saved) or a petrol car (~2.3 t saved) are each
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http://www.zeroenergygroup.com.au/

about 200x the impact of one tree per year. This isn’t to
disparage tree planting (trees provide cumulative benefits
and vital ecosystem services), but it underscores that
decarbonising energy use has a very immediate and
substantial effect on a household’s carbon footprint.
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Figure 2: Cumulative CO. reduction over the lifespan of
each solution. Solar panels (25-year life) prevent ~188 t,
an enormous benefit. Electrifying a car or home heating
for ~15 years avoids on the order of 30-40 t each. A tree
over 30 years might sequester ~0.3 t. (Note the
logarithmic disparity — the solar bar is ~600x the tree’s.)

In lifetime terms, the gap between measures grows even
more striking. A 6.6 kW solar array might avert 150-200
tonnes of CO: before it needs replacement - an enormous
climate contribution from one household installation

By contrast, a single tree might only sequester a few
hundred kilograms in the same timeframe . Electrifying
one car for 15 years keeps ~30+ tonnes out of the air; a
heat pump HVAC system over 15 years, ~35-40 t; a heat
pump water heater, ~15 t. These are all massive numbers
relative to current per-capita emissions. It highlights that
to achieve deep emissions cuts, scaling up renewable
energy and electrification is pivotal, while tree planting
and other offsets, though helpful, cannot substitute for
cutting fossil fuel use at the source.

By combining these actions, a Victorian household can
transform from a typical emitter of ~9 tonnes CO./year to
potentially near zero net emissions. For instance, a home
with solar panels, a battery, electric heat pump heating
and hot water, and an EV (all powered by
solar/renewables) would have almost no direct fossil
energy use - the gas line could be disconnected and
petrol stations skipped. Any residual grid electricity can
be 100% GreenPower (wind/solar). Meanwhile, planting
trees and supporting reforestation can offset any minor
remaining emissions and contribute to broader climate
goals. In summary:

e Solar power and electrification (of heating, hot water,
and transport) deliver the largest and most immediate
carbon reductions for households - on the order of
several tonnes each annually, cumulatively far
exceeding the household’s own emissions over time.

e Efficiency and storage (e.g. using efficient heat pumps,
adding batteries) further optimise energy use and
ensure that as little fossil fuel as possible is needed,
especially during peak times. These measures amplify
the impact of solar and electrification.

e Tree planting and similar offset projects play a
supporting role - important for drawing down legacy
carbon and greening communities, but not a
substitute for cutting energy emissions. Think of them
as complementary: we reduce what we emit, and also
remove CO; through nature. Victoria’s goal of net-zero
by 2045 will require both eliminating most fossil fuel
use and expanding carbon sinks like forests

Overall, official sources like Sustainability Victoria, Solar
Victoria, the Clean Energy Council, ABS and CSIRO all
point toward the same conclusion: transitioning our
homes to clean energy and our cars to electric - while
improving green cover - can dramatically shrink our
carbon footprint. The numbers show that a single
household can offset dozens of tonnes of CO. within a

decade by taking these steps . Multiply that across
thousands of homes and it becomes a cornerstone of
climate action. Each measure has its role: solar PV slashes
power emissions, electrifying appliances and vehicles
cuts gas and petrol use, batteries maximise renewable
usage, and tree planting steadily removes carbon and
enhances our environment. By implementing a
combination of these, the average Victorian household
can go from being a source of greenhouse emissions to a
leader in carbon reduction and sustainability — all while
often saving money and improving quality of life in the
long run.

Sources: Sustainability Victoria
Solar Victoria

Clean Energy Council

ABS

CSIRO

Victorian Dept. of Environment
Energy

Climate Action

National Transport Commission
Environment Victoria

Climate Council

See inline citations for specific data.


https://www.energy.gov.au/solar/get-know-solar-technology/solar-panels#:~:text=Melbourne
https://www.dcceew.gov.au/sites/default/files/documents/20-million-trees-program-review.pdf#:~:text=A%20likely%20range%20of%20CO2,decade%20from%202021%20to%202030
https://www.environment.vic.gov.au/more-trees-for-a-cooler-greener-west/program/about-the-program#:~:text=,improve%20mental%20and%20physical%20health
https://www.esc.vic.gov.au/sites/default/files/documents/OTH%20-%20Greenhouse%20Gas%20Co-efficient%20for%20Electricity%20Bills%202024%20-%2020231102.pdf#:~:text=commission%20that%20the%20new%20co,efficient
https://www.sustainability.vic.gov.au/about-us/what-we-do/past-programs/zero-net-carbon-homes#:~:text=Zero%20Net%20Carbon%20Homes%20,built%20to%20meet%20current

