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Executive summary

As part of the policy of achieving net zero carbon 
emissions by 2050, the federal government 
has declared its ambition for Australia to be a 
‘renewable energy superpower’ and ‘renewable 
energy export superpower’. 

The purpose of this research report is to 
calculate the amount of Australian land that 
will be required to generate the energy needed 
for Australia to become a ‘Renewable Energy 
Superpower’ by the year 2050. The estimates 
are based on four scenarios.

Scenario 1: All renewable energy produced in 
Australia to replace energy from coal, gas, and oil 
will be derived from solar power: 

The land required could amount to  
57 million hectares. 

This is equivalent to over 7 per cent of 
Australia’s landmass, over 15 per cent 
of Australia’s agricultural land, or an 
area equal to eight Tasmanias.

Scenario 2: All renewable energy produced in 
Australia to replace energy from coal, gas, and 
oil, will be derived from wind power.

The land required could amount to  
181 million hectares.

This is equivalent to 23 per cent of 
Australia’s landmass, approximately half 
of all Australia’s agricultural land, or an 
area approximately the size of the entire state 
of Queensland. 

Scenario 3: All renewable energy produced in 
Australia to replace energy from coal, gas, and oil 
is derived from wind and solar based on a solar-
intensive renewable expansion.

In the third scenario, we assume that the renewable 
energy produced in Australia to replace energy 
from coal, gas, and oil will be a combination of 
both solar and wind power with much greater 
reliance on solar (at a ratio of approximately 9:1) 
as considered by Net Zero Australia.

The land required could amount to  
68 million hectares.

This is equivalent to 9 per cent of 
Australia’s landmass, over 18 per cent 
of Australia’s agricultural land, or an 
area equivalent to ten Tasmanias. 

Scenario 4: All renewable energy produced in 
Australia to replace energy from coal, gas, and oil 
is derived from wind and solar in equal proportion.

In the fourth scenario, we assume that the 
renewable energy produced in Australia to 
replace energy from coal, gas, and oil will be 50 
per cent solar and 50 per cent wind power.

The land required could amount to  
119 million hectares.

This is equivalent to 15 per cent of 
Australia’s landmass, approximately 
one-third of all Australia’s 
agricultural land, or an area larger  
than the size of South Australia.
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Becoming a net zero superpower

At the Asia Pacific Economic Forum in November 
2023, Prime Minister Anthony Albanese reaffirmed 
‘Australia’s vision for becoming a renewable energy 
superpower for our region … [And] in exporting clean 
energy’ to countries like Singapore and Indonesia.1 
Earlier in the year, Climate Change and Energy 
Minister Chris Bowen boasted about Australia’s 
ambition to become a renewable energy superpower, 
with a vision to produce ‘not just raw minerals—but … 
of exported renewable energy itself’.2 

While Australia does not directly import or export 
energy into and out of its electricity grids, it does trade 
in energy-producing commodities such as coal and 
gas. Energy contained in these commodities are used 
to produce energy both domestically and overseas.

The commitment by successive federal governments 
to meet a net zero emissions target by 2050 will 
have a significant impact not only on the composition 
of domestic energy production, but also Australia’s 
export of coal and gas. Changing the composition 
of energy production to less efficient sources such as 
wind and solar will be more land intensive. 

In 2021, following the United Nations Climate 
Change Conference in Glasgow, the federal 
government published Australia’s Long-term 
Emissions Reduction Plan: A whole-of-economy 
plan to achieve net zero emissions by 2050.3 
This document outlined the broad policies that the 
government would implement to meet Australia’s net 
zero by 2050 target, and speculated on the future of 
Australia’s energy export.

1	� Anthony Albanese, ‘APEC Press Conference’ (San Francisco, United States, 17 November 2023):  
https://www.pm.gov.au/media/apec-press-conference.

2	� Chris Bowen, ‘Speech on Australia as a Renewable Energy Superpower, Australian Embassy, Japan’ (Speech delivered to 
the Australian Embassy, Japan, 26 July 2023): https://minister.dcceew.gov.au/bowen/speeches/speech-australia-re-
newable-energy-superpower-australian-embassy-japan.

3	� Department of Industry, Science, Eneregy and Resources, Australia’s Long-term Emissions Reduction Plan: A 
whole-of-economy plan to achieve net zero emissions by 2050 (Commonwealth of Australia, 2021).

4	 Ibid.

5	� It should be noted hydrogen energy storage, whether it be green, grey (produced with natural gas), blue (natural  
gas supported by carbon capture technology), or pink (nuclear), is a chemical energy storage mechanism and is not,  
in itself, a means to produce kinetic electricity. Green hydrogen is produced by way of converting solar radiation or  
the wind’s kinetic energy into storable and transportable chemical potential energy. 

At the time, the federal government’s net zero plan 
expressed an intention that ‘Australia’s coal and gas 
export industries will continue through 2050 and 
beyond’, but even then raised the possibility of a 
reduction in the share of coal and gas in Australia’s 
overall energy export.4 Despite Australia’s natural 
comparative advantage in coal, gas, and oil 
production, the plan sought to justify creating a new 
source of trade advantage in green energy, which 
revolves around wind, solar, and green hydrogen.5

In the years after Australia’s initial commitment to the 
policy of net zero by 2050, the conversation has 
shifted away from complementing traditional energy 
production and export, towards replacing them 
altogether under a green ‘superpower’ plan under 
various iterations. 

In April 2023, academics from Australia and 
Princeton University in the United States, working 
under the banner of Net Zero Australia, released 
a study that models various pathways to achieving 
Australia’s net zero carbon equivalent emissions 
target by 2050 (the Net Zero Australia Study). 

Net Zero Australia’s report highlights the magnitude 
of the undertaking, which seems to have been 
underestimated by policy makers to date. One of its 
key findings is that achieving net zero in Australia 
requires up to $9 trillion worth of cumulative 
capital investment to 2060, which translates to 
approximately $243 billion per year. Moreover, 
solar photovoltaic devices will need to be installed 
on 80 per cent of private buildings across the nation. 
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The report also identifies that large parcels of land 
in Australia must be apportioned for the construction 
of solar and wind farms and their associated 
transmission and energy storage facilities.6

The study confirmed earlier Institute of Public 
Affairs research, The Economic and Employment 
Consequences of Net Zero Emissions by 2050 
in Australia, that achieving the net zero by 2050 
target is inconsistent with the commencement of new 
coal and gas projects. Indeed, Net Zero Australia 
envisions the replacement of not just Australia’s 
domestic consumption of hydrocarbons (coal, gas, 
and oil) but also its export with energy derived from 
wind and solar.

The Australian Energy Market Operator’s 2022 
Integrated System Plan introduced an ambitious 
‘hydrogen superpower’ scenario, mapping 
out a path towards Australia becoming a large 
renewable energy exporter through the production 
of green hydrogen. The present government has 
consistently expressed its determination for Australia 
to become a renewable energy superpower.7 
It has committed to investing an additional $2 
billion in Hydrogen Headstart, a new program 
to support hydrogen production,  bringing total 
government investment in becoming a renewable 
energy superpower to more than $40  billion.8

6	� Net Zero Australia, Final modelling results (April 2023): https://www.netzeroaustralia.net.au/wp-content/up-
loads/2023/04/Net-Zero-Australia-final-results-full-results-pack-19-April-23.pdf; Net Zero Australia, How to  
make net zero happen: Mobilisation report (July 2023): https://www.netzeroaustralia.net.au/wp-content/up-
loads/2023/09/Net-Zero-Australia-Mobilisation-How-to-make-net-zero-happen-updated-19-Sep-23.pdf.

7	� Graham Readfearn, ‘Labor promises to “grab this opportunity” to become renewable energy superpower’,  
The Guardian (22 April 2023): https://www.theguardian.com/environment/2023/apr/22/labor-promises- 
to-grab-this-opportunity-to-become-renewable-energy-superpower.

8	� Commonwealth of Australia, ‘Budget 2023-24: Becoming a renewable energy superpower’ (Online):  
https://budget.gov.au/content/03-economy.htm. 

9	� Sun Cable, ‘About us’ (Website, 2023): https://suncable.energy/.

10	� Jonas Kristiansen Nøland, Juliette Auxepaules, Antoine Rousset, Benjamin Perney and Guillaume Falletti, ‘Spatial  
energy density of large-scale electricity generation from power sources worldwide’ (2022) Vol. 12 Article 21280  
Scientific Reports 1-26.

11	 Coal was not included as a part of the study.

Projects such as Sun Cable’s Australia-Asia 
PowerLink seek to bypass the use of green hydrogen 
altogether and create mega-infrastructure aimed at 
allowing the direct export of renewable energy to 
Southeast Asia from mainland Australia.9 

Accordingly, this study is concerned with the 
impact of a complete replacement of Australia’s 
coal, gas, and oil production with renewable 
energy on Australian land. A paper by Nøland et 
al, published in Scientific Reports, finds that wind 
and solar are among the most land area-intensive 
sources of electricity generation.10 Among 
renewable sources of power, hydroelectricity 
is the most energy dense and therefore the least 
land area-intensive. Non-renewable sources, 
such as nuclear and gas, are by far the least area-
intensive and the most energy dense, meaning that 
non-renewable sources of power use land much 
more efficiently to generate energy.11
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Modelling by Net Zero Australia estimates that five 
Tasmanias’ worth of solar farms will be needed to 
produce the energy necessary to replace Australia’s 
current hydrocarbon fuel exports in addition to 
domestic consumption.12 This will be in addition to the 
existing wind, solar, and hydroelectricity generators, 
as well as the wind turbines and transmission lines that 
will need to be built to service the renewable facilities.

Our estimate suggests that the solar land use necessary 
to replace hydrocarbon fuel energy production by 
2050 will be slightly more than anticipated by the 
aforementioned study—at approximately 7.5 times 
the size of Tasmania, in addition to land needed to 
accommodate windfarms and renewable transmission 
facilities. Should solar power be relied on exclusively 
to replace hydrocarbon fuels, the necessary land 
area will be larger.

In this research report, we study how much land will 
be required if energy from wind and solar were to 
replace all the energy contained in the hydrocarbon 
fuels (coal, gas, and oil) produced in Australia each 
year. Furthermore, it estimates the amount of land 
that will be required to satisfy Australia’s and the 
world’s growing energy demand by 2050.

It is estimated that renewable facilities in Australia 
today can produce approximately 84 TWh of 
electricity annually.13 Under ideal conditions and 
assuming the presence of sufficient storage and 
transmission facilities, they will be able to meet 
the needs of less than half of Australia’s domestic 
electricity consumption.

12	� Loz Blain, ‘Five solar farms, each as big as Tasmania: Australia’s path to net zero’, New Atlas (19 September 2023): 
https://newatlas.com/energy/net-zero-australia/; Net Zero Australia, Final Modelling Results (2023, April).

13	� Clean Energy Council, Clean Energy Australia Report 2023 (2023):  
https://assets.cleanenergycouncil.org.au/documents/Clean-Energy-Australia-Report-2023.pdf.

In order to proportionally replace all the energy 
attributable to Australia’s hydrocarbon fuel 
production as of today, including for export purposes, 
roughly 5,025 TWh of electricity per annum will 
need to be generated by wind and solar farms. 
However, to replace all the energy attributable to 
Australia’s hydrocarbon fuel production by 2050, 
this number will treble to 15,459 TWh.

To calculate how much land will be required to 
generate renewable electricity of such magnitude, 
we considered four scenarios and found between 
57 million hectares of land and 181 million hectares 
of land could be required by 2050. 

Importantly, this calculation is conservative in that it 
only considers the land that would be required by 
wind farms and solar farms, but does not include 
an assessment of land use by the new transmission 
networks that will need to be built to support the 
rapid transformation of Australia’s energy system, 
nor does it consider the land use by green hydrogen 
production facilities or other storage mechanisms 
such as batteries.
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Four scenario analyses pertaining to the use of 
land to produce renewable energy for export and 
domestic consumptions were conducted in this study.

In the first scenario, we assume that all the renewable 
energy produced in Australia to replace energy 
from hydrocarbon fuels (coal, gas, and oil) will be 
derived from solar power. 

In the second scenario, we assume that all the 
renewable energy produced in Australia to 
replace energy from hydrocarbon fuels will be 
derived from wind power. 

In the third scenario, we assume that the renewable 
energy produced in Australia to replace energy from 
coal, gas, and oil will be a combination of solar and 
wind power with a greater reliance on solar power 
as considered by Net Zero Australia.

In the fourth scenario, we assume that the renewable 
energy produced in Australia to replace energy from 
hydrocarbon fuels will be a combination of solar 
and wind power with a 50-50 share between wind 
and solar.

Data source and assumptions regarding 
energy resources
The data on resource production were derived from 
September 2023’s Resources and Energy Quarterly 
dataset, released by the Commonwealth Department 
of Industry, Science and Resources.14

In the said database, the volume of natural gas 
production is measured in units of billion cubic metre; 
the volume of coal production is measured in units of 
megatonne (i.e., one million tonnes); and the volume 
of oil production is measured in units of thousand 
barrels per day.

14	� Department of Industry, Science and Resources, Resources and Energy Quarterly: September 2023 (3 October 2023): 
https://www.industry.gov.au/publications/resources-and-energy-quarterly-september-2023.

15	� Unit Juggler v.40 (2023): https://www.unitjuggler.com/index.html; JustinTOOLs, Unit converter (2023):  
https://www.justintools.com/.

16	� Hannah Ritchie, ‘How does the land use of different electricity sources compare?’, Our World in Data  
(Online, 16 June 2022): https://ourworldindata.org/land-use-per-energy-source; Consumer Ecology, ‘How Much  
Land Does Solar Use’: Available from https://consumerecology.com/solar-land-use/.

The energy estimate for each type of input is based 
on the energy output of the relevant resource. We 
utilised publicly available online conversion tools 
to arrive at our estimates.15 For instance, a tonne 
of coal produces the equivalent to 8.14 MWh of 
energy. Therefore, 216 Mt of thermal coal produced 
in Australia in the financial year ending 2023 can 
be expected to produce 1,758 TWh of electricity.

DISR provides forecast data stretching to the financial 
year ending 2025. However, due to uncertainties in 
the global market, forecast reliability is somewhat 
limited. We opted, therefore, to anchor our annual 
production assumption on actual data from the most 
recent full financial year—namely the financial year 
ending 2023.

Data source and assumptions regarding 
renewables’ land use
The upper limit of land use by silicone on-ground 
solar panels, utilised in solar farms, per MWh of 
energy generation is 0.0037 hectares—or 3,700 
hectares per TWh of energy.16 We assume, therefore, 
that 3,700 hectares of land will need to be occupied 
by solar panels each year in order to produce this 
much energy.

The land area usage of wind farms varies 
considerably depending on factors such as the size 
of the wind turbines, layout of the farm and wind 
availability at each location. Wind farms require 
considerably more land than other power generation 
facilities such as solar farms—but the land required is 
not used exclusively.

Research methodology
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For instance, land covered by solar panels generally 
cannot be used for growing crops in a practical 
sense because it receives little sunlight. Moreover, 
land under solar panels is required to accommodate 
the densely packed infrastructure needed to support 
the panels. Land around wind turbines, on the other 
hand, can be used for growing crops and grazing, 
though its utilisation is affected by the presence of 
the turbines and supporting infrastructure. Such 
infrastructure includes power lines criss-crossing 
between the turbines (including underground 
power lines), storage facilities and the main energy 
network, such as eastern Australia’s National 
Electricity Market and Western Australia’s South 
West Interconnected System.

Information on land area coverage and average 
historical or forecast generation output of wind farms 
and wind project are not readily accessible to the 
public. So, for the purpose of the present analysis, 
an assumption is made that land use per MWh of 
electricity is comparable to New South Wales’ 
Sapphire wind farm, one of the largest wind farms in 
Australia, which uses approximately 11,677 hectares 
per TWh of annual energy generation.17

17	� Sapphire’s total site area is estimated to be 8,921 hectares and is estimated to produce 764GWh of energy per annum. 
See: Squadron Energy, ‘Our Porjects: Sapphire Wind Farm (2023):  
https://www.squadronenergy.com/our-projects/sapphire-wind-farm.

18	� 4C Offshore, ‘Offshore Wind farms in Australia’ (2023): https://www.4coffshore.com/windfarms/australia/..

19	� Sky News, ‘Central Coast controversy over planned windfarm construction ten kilometres offshore’ (5 July 2023):  
https://www.skynews.com.au/business/energy/central-coast-controversy-over-planned-windfarm-construction-ten-kilo-
metres-offshore/video/7e274408fd4efcb00f1ada50a56ac7f4; Jordyn Beazley, ‘Windfarm plans in choppy waters as 
Coalition and One Nation whip up doubts’, The Guardian (2 December 2023): https://www.theguardian.com/environ-
ment/2023/dec/03/windfarm-plans-in-choppy-waters-as-coalition-and-one-nation-whip-up-doubts.

Australia does not currently have any offshore wind 
farms nor is electricity from an offshore wind farm 
likely to start contributing to the energy grid to a 
significant extent in the near future. Renewable 
energy analyst 4C Offshore notes that none of 
Australia’s proposed offshore wind farm projects is 
currently in operation. Moreover:

[There is] none where construction has progressed 
enough to connect the turbines and generate 
electricity, none are in the build phase, and none 
are either consented or have applied for consent.18

Furthermore, offshore wind farms carry significant 
environmental risks, impose unacceptable risks to 
marine life and face stiff local opposition.19 Offshore 
wind turbines are expected to each reach up to 300 
metres tall—as tall as the Eiffel Tower or Sydney’s 
Centrepoint Tower. Their effect on the wildlife, tourism 
and the natural landscape will be significant and, for 
many local residents, unacceptable.

This report assumes that all Australia’s future wind-
powered energy generation will come from onshore 
rather than offshore facilities.
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Australia’s production of coal, oil, and gas (known as hydrocarbons or hydrocarbon fuels) as of the 2022-
23 financial year and the annual energy equivalent is presented in the table below.

TABLE 1: Australia’s coal, gas, and oil production in the 2023 financial year

ENERGY RESOURCE PRODUCTION VOLUME UNIT ANNUAL ENERGY EQUIVALENT

Natural gas 165 bcm 1,722 TWh

Metallurgical coal 168 Mt 1,368 TWh

Thermal coal 216 Mt 1,758 TWh

Crude oil 298 kb/d 177 TWh

Total 5,025 TWh

Source: DISR, IPA
Note: bcm = billion cubic metres; Mt = megatonnes; kb/d = thousand barrels per day

The energy production covers export as well as domestic use. Australia’s total energy production from natural 
gas, coal, and crude oil is equivalent to approximately 5,025 TWh. This amounts to roughly one-fifth of the 
world’s current entire electricity consumption.20

Chart 1: Share of Australia’s coal, gas, and oil production in the 2023 financial year

Source: DISR, IPA

20	� Statista, ‘Net electricity consumption worldwide in select years from 1980 to 2022’, (19 September 2023):  
https://www.statista.com/statistics/280704/world-power-consumption/.

Australia’s energy production

Crude oil

4%
Natural gas

34%

Coal

62%
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Estimated energy production in 2050
Projection of the future of Australia’s energy 
production is based on the expected growth in 
international energy demand. The rationale for this 
is that the government has endorsed the concept of 
Australia being a renewable energy superpower,21 
so domestic production will be driven by demand 
not only from Australia but from our trading partners, 
most of whom are in the Asia Pacific. 

Global electricity consumption in the immediate 
year after the pandemic was five per cent higher 
than in the previous year.22 Growth in electricity 
consumption in the Asia Pacific in the five years 
leading to 2022 was approximately five per cent per 
annum. The International Energy Agency’s World 
Energy Outlook 2022 report suggests that under net 
zero, global electricity demand is expected to grow 
by 3.5 per cent per ammum.23

21	� Graham Readfearn, ‘Labor promises to “grab this opportunity” to become renewable energy superpower’,  
The Guardian (22 April 2023): https://www.theguardian.com/environment/2023/apr/22/labor-promises-to- 
grab-this-opportunity-to-become-renewable-energy-superpower.

22	� Enerdata, ‘Total energy consumption’ (World Energy & Climate Statistics, 2023):  
https://yearbook.enerdata.net/total-energy/world-consumption-statistics.html.

23	 International Energy Agency, World Energy Outlook 2022 (October 2022).

24	� Economic growth in Asia Pacific is expected to be 4.6 per cent in 2023, per International Monetary Fund, Regional Economic 
Outlook: Asia and Pacific: Challenges to Sustaining Growth and Disinflation (October 2023). While growth is expected to  
slow down in subsequent years, we assume that growth in electricity and metallurgical coal demand continue at around  
4.25 per cent due to an increase in electrification (including the production of green steel).

25	� Lucian Pugliaresi, Balancing Energy Security, Affordability and Decarbonization, What Would Net Zero Mean for the 
Economy and Geopolitics? (Energy Policy Research Foundation Online Seminar, 16 June 2023). 

For the purpose of this report, we assume that growth 
in energy consumption over the next 27 years up to 
2050 is right in between the 3.5 per cent and 5 per cent 
figures above: namely, at 4.25 per cent per annum. 
Compounded, this will amount to an increase of 208 
per cent, by 2050, over and above the 2023 level.24 

This means that by 2050, the total amount of energy 
production—to meet increased export and domestic 
consumption levels—could be up to 15,459 TWh. 
This will be equivalent to roughly one-fifth of the 
world’s expected electricity consumption by 2050 
according to the IEA.

We recognise that there is a tendency for future 
forecast to under-estimate growth in energy 
demand, especially among non-OECD nations.25 
For this reason, demand for Australian energy export 
may, in fact, be considerably higher. The implication 
is that replacing Australia’s energy exports from 
hydrocarbon fuel-derived sources to renewable 
sources may in fact require a larger total land area.

TABLE 2: Australia’s estimated coal, gas, and oil production by 2050 

ENERGY RESOURCE PRODUCTION VOLUME UNIT ANNUAL ENERGY EQUIVALENT

Natural gas 506 bcm 5,297 TWh

Metallurgical coal 516 Mt 4,208 TWh

Thermal coal 665 Mt 5,410 TWh

Crude oil 917 kb/d 544 TWh

Total 15,459 TWh

Source: IPA
Note: bcm = billion cubic metres; Mt = megatonnes; kb/d = thousand barrels per day
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Four scenarios were analysed pertaining to the use of Australian land to produce renewable energy for export 
and domestic consumptions to replace hydrocarbon fuels. Each of the four scenarios is presented in this section.

TABLE 3: Results of analysis of various renewable land use scenarios

SCENARIO TOTAL 
AUSTRALIA 
LAND AREA

TOTAL 
AGRICULTURAL 
LAND AREA

ESTIMATED 
LAND USED BY 
WIND/SOLAR 
BY 2050

% TOTAL 
AUSTRALIA 
AREA USED

% TOTAL  
AGRICULTURAL 
LAND USED

Scenario 1:  
All solar

769 million 
hectares

369 million 
hectares

57 million 
hectares

7.4% 15.5%

Scenario 2:  
All wind 

181 million 
hectares

23.5% 48.9%

Scenario 3:  
Solar intensive

68 million 
hectares

8.8% 18.3%

Scenario 4: 
Equal wind  
and solar

119 million 
hectares

15.5% 32.2%

Note: Land area figures rounded to the nearest million hectares, and percentages rounded to the first decimal point

Results from scenario analysis
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SCENARIO ONE: All energy from 
coal, oil and gas is replaced by 
solar-generated electricity 
As earlier noted, the upper limit of land use by 
silicone on-ground solar panels, used in solar farms, 
per TWh of energy generation is 3,700 hectares.

Today, Australia’s hydrocarbon fuels produce 
approximately 5,025 TWh of energy per annum.

Should current energy generation from all of 
Australia’s coal, gas and oil be replaced by 
solar-powered electricity, the land required could 
amount to:

5,025 × 3,700 = 18,592,740 hectares

By 2050, Australia’s hydrocarbon fuels would need 
to produce approximately 15,459 TWh of energy 
per annum to meet the expected needs of domestic 
and international consumers.

Should energy generation from all of Australia’s 
coal, gas and oil be replaced by solar-powered 
electricity, the land required could amount to:

15,459 × 3,700 = 57,200,142 hectares

This is equivalent to 7.44 per cent of Australia’s 
landmass,26 or 15.50 per cent of Australia’s 
agricultural land, or an area equal to the land 
area of eight separate Tasmanias. 

26	� Australia’s land area is 7,692,024 km2, which is the equivalent to 769,202,400 ha.: Geoscience Australia, ‘Australia’s 
Size Compared’ (Online, 7 June 2023):  
https://www.ga.gov.au/scientific-topics/national-location-information/dimensions/australias-size-compared.

27	� Squadron Energy, ‘Our Porjects: Sapphire Wind Farm (2023):  
https://www.squadronenergy.com/our-projects/sapphire-wind-farm.

28	� Power Technology, ‘Sapphire Wind Farm, New South Wales’:  
https://www.power-technology.com/projects/sapphire-windfarm-new-south-wales/

SCENARIO TWO: All energy from 
coal, oil and gas is replaced by  
wind-generated electricity 
The land area usage of wind farms, as noted earlier 
in this report, varies depending on factors such as the 
size of the wind turbines, layout of the farm and wind 
availability at each location. Compared to solar 
farms and hydrocarbon-fuelled power generators, 
wind farms require a larger area of clearance in 
order to allow for wind power to flow and spin the 
blades on each installation.

In this report, we have based our assumptions on the 
land use and generation output of one of Australia’s 
largest wind farms, namely the 270 MW Sapphire 
wind farm in New England. 

Sapphire’s estimated net annual output is 764 GWh 
or 0.764TWh.27 It stretches across 8,921 hectares of 
land within the Inverell Shire Council and Glen Innes 
Severn Council.28 This equates to 11,677 hectares 
per TWh of annual electricity generation.

Should current energy generation from all of Australia’s 
coal, gas, and oil be replaced by wind-powered 
electricity, the land required could amount to:

5,025 × 11,677 = 58,677,682 hectares

By 2050, Australia’s hydrocarbon fuels would need 
to produce approximately 15,459 TWh of energy 
per annum to meet the expected needs of domestic 
and international consumers.

Should energy generation from all of Australia’s 
coal, gas and oil be replaced by wind-powered 
electricity, the land required could amount to:

15,459 × 11,677 = 180,520,558 hectares

This is the equivalent to 23.47 per cent of 
Australia’s landmass, approximately half (48.92 
per cent) of all Australia’s agricultural land, 
or an area approximately the size of the entire state of 
Queensland. 
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SCENARIO THREE: Energy from  
coal, oil and gas is replaced by  
wind and solar under a solar- 
intensive renewable transition
The Net Zero Australia Study envisions a future 
in which hydrocarbon fuel energy consumption 
and export are replaced by renewable energy 
generation featuring 1 TWh of wind generation for 
every 10.75 TWh solar power generation. 

Today, Australia’s hydrocarbon fuels produce 
approximately 5,025 TWh of energy per annum. 
In this scenario, the breakdown of wind and solar 
generation is as follows:
•	 Solar generation: 4,597 TWh
•	 Wind generation: 428 TWh

The amount of land needed would amount to:

•	 Solar:4,597 × 3,700 = 17,010,379 hectares

•	 Wind: 428 ×11,677 	 = 4,993,845 hectares

•	 Total solar and wind: 	= 22,004,224 hectares.

By 2050, Australia’s hydrocarbon fuels would need 
to produce approximately 15,459 TWh of energy 
per annum. In this scenario, the breakdown of wind 
and solar generation is as follows:

•	 Solar generation: 14,144 TWh

•	 Wind generation: 1,316 TWh

The amount of land needed would amount to:

•	 Solar: 14,144 × 3,700 = 52,332,045  hectares

•	 Wind: 1,316 ×11,677 = 15,363,452 hectares

For a total of 67,695,497 hectares.

This is equivalent to 8.80 per cent of Australia’s 
landmass, or 18.35 per cent of Australia’s 
agricultural land, or an area the equivalent to 
roughly ten Tasmanias.

SCENARIO FOUR: Energy from coal,  
oil and gas is replaced by a wind  
and solar (equal distribution)
Today, Australia’s hydrocarbon fuels produce 
approximately 5,025 TWh of energy per annum. If 
they are to be replaced with energy from wind and 
solar in equal measure, the breakdown of wind and 
solar energy generation will be as follows:

•	 Solar generation: 2,513 TWh

•	 Wind generation: 2,513 TWh

The amount of land needed would amount to:

•	 Solar:2,513 × 3,700  = 9,296,370 hectares

•	 Wind: 2,513 ×11,677 = 29,338,841 hectares

•	 Total solar and wind: = 38,635,211 hectares.

By 2050, Australia’s hydrocarbon fuels would need 
to produce approximately 15,459 TWh of energy 
per annum. In this scenario, the breakdown of wind 
and solar generation is as follows:

•	 Solar generation: 7,730 TWh

•	 Wind generation: 7,730 TWh

The amount of land needed would amount to:

•	 Solar: 7,730 × 3,700 = 28,600,071 hectares

•	 Wind: 7,730 ×11,677 = 90,260,279 hectares

For a total of 118,860,350 hectares.

This is equivalent to 15.45 per cent of Australia’s 
landmass, approximately one-third (32.21 per 
cent) of all Australia’s agricultural land, or 
an area larger than the size of South Australia.
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Additional factors affecting land use

The estimated land use for renewable energy 
production, covered in this report, represents a 
conservative estimate because it only covers land 
that will be occupied by solar and wind farms. It 
does not include land use associated with the new 
transmission network that will need to be built to 
support just the domestic market in the transition.

Up to an additional 28,000 km of new electricity 
transmission will need to be built by 2050 under 
AEMO’s Hydrogen Superpower plan for the NEM.29 
More electricity transmission lines will be needed in 
Western Australia and the Northern Territory.

Furthermore, Net Zero Australia calls for up to 
14,839 km of green hydrogen pipeline to be built 
to support the green energy export.30 For context, 
Australia is approximately 3,860 km long from its 
most northerly point to its most southerly point in 
Tasmania, and approximately 4,000 km wide from 
east to west.31

29	� Australian Energy Market Operator, 2022 Integrated System Plan for the National Electricity Market (June 2022).

30	� Net Zero Australia, Final Modelling Results (2023, April).

31	� Geoscience Australia, ‘Continental Extremities’ (Commonwealth of Australia, 7 June 2023):  
https://www.ga.gov.au/scientific-topics/national-location-information/dimensions/continental-extremities.

32	� Andrew Blakers, Matthew Stocks, Bin Lu and Cheng Cheng, ‘A review of pumped hydro energy storage’ (2021)  
Vol. 3(022003) Progress in Energy 1-18.

33	� Department of Premier and Cabinet (Western Australia), ‘Collie Just Transition’ (Last accessed 7 December 2023): 
https://www.wa.gov.au/organisation/department-of-the-premier-and-cabinet/collie-just-transition.

Land to be occupied by green hydrogen production 
facilities and other storage mechanisms such as 
batteries and pumped hydro facilities have also not 
been taken into account. Pumped hydro, the most 
mature, long-lasting and proven energy storage 
solution needed to support large-scale wind and 
solar facilities, requires 12 hectares for every GWh 
of energy storage.32

Workforce relocation and the associated cost and 
land use are also outside the scope of the present 
study, but  can be further explored in future research. 
The Western Australian Government has committed 
over $662 million to support the town of Collie and 
surrounding regions through the renewable transition 
as it plans the decommissioning of both state-owned  
coal-fired power stations, namely Muja and 
Collie.33 Without this cash injection, which consists 
of renewable subsidies, and funding for retraining 
and career transitions, the town risks disappearing 
altogether.
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The initiative, however, cannot address the need 
for workforce and regional communities to be 
established along the vast renewable energy 
corridors that will take up a significant chunk of 
Australia’s landmass.

A landmark study by the IPA, Unprecedented 
Nationwide Jobs Crunch,34 measures the ratio of 
job openings to working-aged Australians not in 
the labour force in various regions throughout the 
country (i.e., the extent local employment must 
expand to meet the number of jobs available for 
immediate filling). It finds that regional communities 
are disproportionately affected by worker shortages; 
four of the five geographic zones most severely 
impacted by worker shortages are in regional 
Western Australia and Queensland. The rapid push 
for an energy transition will worsen the situation.

34	� Saxon Davidson, Unprecedented Nationwide Jobs Crunch: Geographic analysis of worker shortages in Australia (Institute of 
Public Affairs Research Report, September 2023).

Moreover, the rapid push for an energy transition 
to wind and solar calls for the resettlement of 
workers around renewable projects, which, in turn, 
will need to be supported by local communities, all 
of which add to the land area needed to support 
the transition. Land required to access renewable 
infrastructure post-construction, for maintenance 
purposes and asset disposal among others, will also 
be in addition to the land use estimates covered in 
the present study.

It cannot simply be assumed that renewable 
infrastructure and access ways will be designed 
in the most efficient manner to minimise land use 
and resources, as well as their negative impact on 
the local environment. This is because the location 
of renewable infrastructure needs to be directed 
by wind and solar availabilities, geography, and, 
according to proponents, the demands of Indigenous 
communities. 

The effect of all the aforementioned factors in the 
renewable land use necessary for Australia’s energy 
transformation is likely to add to the land coverage 
discussed in this report. 
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Renewable facilities in Australia today are capable 
of producing approximately 84 TWh of electricity 
annually. Under ideal conditions and assuming 
the presence of sufficient storage and transmission 
facilities, they will be able to meet the needs of less than 
half of Australia’s domestic electricity consumption.

Another 5,025 TWh of electricity per annum will need 
to be generated by wind and solar farms, however, 
if they are to replace all the energy attributable to 
Australia’s hydrocarbon fuel production, including 
for export purposes. By 2050, this number will more 
than treble to 15,459 TWh.

To calculate how much land will be required to 
generate renewable electricity of such magnitude, 
we considered four scenarios.

In the first scenario, we assume that all of the 
renewable energy produced in Australia to replace 
energy from hydrocarbon fuels will be derived from 
solar power.

Should energy generation from all of Australia’s 
coal, gas and oil be replaced by solar-powered 
electricity, the land required could add up to 57 
million hectares.

This is equivalent to over 7 per cent of Australia’s 
landmass, over 15 per cent of Australia’s 
agricultural land, or an area equal to eight 
Tasmanias.

In the second scenario, we assume that all of  
the renewable energy produced in Australia to 
replace energy from hydrocarbon fuels will be 
derived from wind power.

Should energy generation from all of Australia’s 
coal, gas and oil be replaced by wind-powered 
electricity, the land required could amount to 181 
million hectares.

This is equivalent to 23 per cent of Australia’s 
landmass, approximately half of all Australia’s 
agricultural land, or an area approximately the 
size of the entire state of Queensland.

In the third scenario, we assume that the renewable 
energy produced in Australia to replace energy 
from hydrocarbon fuels will be a combination of 
both solar and wind power with a greater reliance 
on solar power as per Net Zero Australia’s forecast.

Should energy generation from all of Australia’s 
coal, gas and oil be replaced by a combination 
of wind and solar-powered electricity, the land 
required could amount to 68 million hectares.

This is equivalent to 9 per cent of Australia’s 
landmass, over 18 per cent of Australia’s 
agricultural land, or an area equivalent to ten 
Tasmanias. 

In the fourth scenario, we assume that the renewable 
energy produced in Australia to replace energy from 
hydrocarbon fuels will be a combination of both 
solar and wind power in equal parts.

Should energy generation from all of Australia’s 
coal, gas and oil be replaced by a combination 
of wind and solar-powered electricity in equal 
parts, the land required could amount to  
119 million hectares.

This is equivalent to 15 per cent of Australia’s 
landmass, approximately one-third of all 
Australia’s agricultural land, or an area larger 
than South Australia.

Conclusion
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