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	Overview
Climate change and global climate action will have profound impacts on the economy, reshaping Australia’s industry mix and requiring effective mitigation and adaptation to manage the impacts of higher temperatures. 
The renewable energy transformation is well underway. It has potential to drive down energy costs and help traditional and emerging industries compete internationally. Other sectors are also transforming as demand from domestic consumers and export destinations shifts to more sustainable products.
Opportunities are emerging in new industries. Australia’s industrial response could harness mineral reserves and abundant sources of renewable energy to supply critical minerals, hydrogen and green metals needed for modern, sustainable economies and to materially affect global climate trajectories.[footnoteRef:2] The actions taken by governments, businesses and individuals now and over the coming decades will affect Australia’s prosperity and place in the global economy. [2:  	Green metals are metals produced with little to no greenhouse gas emissions.] 

Inaction on climate also has significant economic costs. Better economic outcomes can be achieved through strong global action to limit temperature increases. The Australian Government has legislated Australia’s emissions reduction targets and is committed to working with global partners through the Paris Agreement. 
However, some costs related to the physical risks of climate change are already unavoidable. Sustained action across adaptation and emissions reduction will be required to maintain productivity and fiscal sustainability as well as achieve better social and environmental outcomes. Effective investments in resilience will also reduce costs to the economy in the long run.




The economy and climate change
Climate change will affect the shape of Australia’s economy, where and how Australians live, work and travel, the health of the population, migration patterns, food and energy security, and the state of our environment. These effects, and the way households, businesses and governments respond to them, will drive innumerable changes in the size and structure of Australia’s economy, presenting new opportunities and economic challenges. This all carries economic and fiscal implications.
International efforts to mitigate climate change will alter global export demand, impact Australia’s industrial base and create new opportunities to develop competitive industries. While global demand shifts will cause some fossil fuel‑intensive industries to decline, Australia is well positioned with renewable energy potential and abundant natural resources to capitalise on the net zero transformation and broaden and grow Australian industry. 
The net zero transformation has the potential to support new green industries, such as hydrogen and other clean energy exports, critical minerals and green metals.[footnoteRef:3] It is also likely to drive new, innovative ideas as businesses invest in and develop low emissions technologies, providing a source of future productivity growth in a more sustainable economy.[endnoteRef:2] [endnoteRef:3] [endnoteRef:4] Australia’s potential to generate renewable energy more cheaply than many countries could also reduce costs for both new and traditional sectors, relative to the costs faced by other countries. [3:  	Green industries are those whose production produces little to no greenhouse gas emissions.]  [2:  	Productivity Commission (Commonwealth of Australia), ‘5-year Productivity Inquiry: Managing the climate Transition, Vol. 6,’ Productivity Commission (2023), 2, https://www.pc.gov.au/inquiries/completed/productivity/report/productivity-volume6-climate-transition.pdf, accessed 12 July 2023.]  [3:  	Stern, N., & Valero, A., ‘Innovation, growth and the transition to net-zero emissions’, Research Policy (2021), 5, https://doi.org/10.1016/j.respol.2021.104293, accessed 4 Aug. 2023.]  [4:  	Ahmad, M., & Wu, Y., ‘Combined role of green productivity growth, economic globalization, and eco-innovation in achieving ecological sustainability for OECD economies’, Journal of Environmental Management (2021), 11, https://doi.org/10.1016/j.jenvman.2021.113980, accessed 28 July 2023.] 

Rising temperatures will also present new economic challenges, impacting labour productivity, capital investment, and demand for our exports. Effective adaptation and investment in resilience can reduce the impacts of some climate change related disruptions. However, the extent of economic disruption will increase significantly with greater temperature increases. This means mitigating further climate change through effective global action by way of decarbonisation has significant economic value to Australia.
The Intergovernmental Panel on Climate Change (IPCC) and the United Nations (UN) warn that average global warming is likely to exceed 1.5 degrees Celsius (°C) before 2100, potentially before 2040, and may exceed 2°C or 3°C unless international commitments and policies shift significantly (Chart 5.1).[endnoteRef:5] [endnoteRef:6] As temperature increases approach 2°C, the risk of crossing thresholds which cause nonlinear tipping points in the Earth system, with potentially abrupt and not yet well understood impacts, also increases. Australia is part of global commitments under the Paris Agreement to hold increases in the global average temperature to well below 2°C above pre‑industrial levels and pursue efforts to limit the temperature increase to 1.5°C, and has legislated its commitment to emissions reduction (Chart 5.1).[endnoteRef:7]  [5:  	Masson-Delmotte, V. et al., ‘Summary for Policymakers. In: Climate Change 2021: The Physical Science Basis. Contribution of Working Group I to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change’, International Panel on Climate Change (Cambridge and New York, 2021), 14, https://www.ipcc.ch/report/ar6/wg1/downloads/report/IPCC_AR6_WGI_SPM.pdf, accessed 20 May 2023.]  [6:  	United Nations Framework Convention on Climate Change (UNFCCC), ‘Nationally determined contributions under the Paris Agreement, Synthesis report by the secretariat’, UNFCCC (26 Oct. 2022), 30, https://unfccc.int/sites/default/files/resource/cma2022_04.pdf, accessed 20 May 2023.]  [7:  	United Nations, ‘The Paris Agreement’, United Nations (2015), 2, https://unfccc.int/files/meetings/paris_nov_2015/application/pdf/paris_agreement_english_.pdf?gclid=EAIaIQobChMItqn-qqLOgAMVAmqLCh051QeOEAAYASABEgJBQ_D_BwE, accessed 5 Aug. 2023.] 


[bookmark: _Ref141516124]Australia’s average sea and air surface temperature change
[image: This chart shows the change in Australia's average air and sea surface temperatures from 1910 to 2020; using a baseline of Australia's average air and sea surface temperature measurements between 1910-1930. 

The chart highlights that since the 1960s Australia's average air and sea temperatures have trended upwards. Australia's average air surface temperature change reached its highest point in 2019 of 1.93 degrees Celsius above the baseline average temperature; and Australia's average sea surface temperature change reached its highest point in 2016 of 1.17 degrees Celsius above the baseline average temperature.]
Note: The 1910–30 Baseline for Sea Surface Temperature is 21.9°C and the 1910–30 Baseline for Surface Air Temperatures is 21.3°C.
Source: Bureau of Meteorology, Australian climate variability and change – Time series graphs, n.d.

By anticipating and planning for the economic and fiscal impacts of climate change, Australia can position itself to take advantage of the opportunities emerging from the global net zero transformation. This will require proactively transitioning the energy system, investing in new industry growth opportunities, adapting to warmer temperatures and strengthening the resilience of our communities, businesses and infrastructure. 
Australia is committed to mitigating further climate change
The world needs to reduce emissions and reach net zero to limit the impacts of climate change. The latest findings of the IPCC make clear that deep, rapid, and immediate greenhouse gas reductions are needed to limit warming to 1.5 to 2°C.[endnoteRef:8] Under the 2015 Paris Agreement, countries agreed to put forward and maintain commitments to address emissions through Nationally Determined Contributions (NDCs). Over 170 countries have lodged updated NDCs, with many having recently strengthened their commitments. [8:  	Lee, H., et al., ‘Summary for Policymakers. In: Climate Change 2023: Synthesis Report. Contribution of Working Groups I, II and III to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change’, IPCC (2023), 11, https://www.ipcc.ch/report/ar6/syr/downloads/report/IPCC_AR6_SYR_SPM.pdf accessed 11 Aug. 2023.] 

Australia has an important role in this historic global economic transformation. In 2022, Australia updated its NDC to include a strengthened commitment to reduce emissions by 43 per cent from 2005 levels, by 2030 and reaffirmed a commitment to net zero by 2050.[endnoteRef:9] Australia is also committed to playing a constructive leadership role to advance ambitious climate action in the region, including by supporting its partners to adapt to the impacts of climate change and to carry out their own orderly energy transitions.  [9:  	Department of Industry, Science, Energy and Resources (Commonwealth of Australia), ‘Australia’s Nationally Determined Contribution Communication 2022’, (2022), 3, https://unfccc.int/sites/default/files/NDC/2022-06/Australias%20NDC%20June%202022%20Update%20%283%29.pdf, accessed 11 Aug. 2023.] 

Well‑designed emissions mitigation measures can support opportunities in growth areas and reduce the likelihood that workers impacted by the net zero transformation move to occupations with lower hours or mismatched skill levels or exit from the labour force. Jobs and Skills Australia is completing a Clean Energy Capacity Study to provide evidence and insights to support the workforce transition as the clean energy sector expands.[endnoteRef:10] The Australian Government will also establish a new national Net Zero Authority with responsibility for promoting the orderly and positive economic transformation associated with achieving net zero emissions.[endnoteRef:11]  [10:  	Jobs and Skills Australia, ‘Clean energy Capacity Study’, Jobs and Skills Australia (n.d.), https://www.jobsandskills.gov.au/work/clean-energy-capacity-study, accessed 11 Aug. 2023.]  [11:  	Prime Minister of Australia (Commonwealth of Australia), ‘National Net Zero Authority’, Prime Minister of Australia [media release] (5 May 2023), https://www.pm.gov.au/media/national-net-zero-authority, accessed 11 Aug. 2023.] 

However, even with effective global efforts to mitigate further temperature increases by achieving net zero emissions, temperature increases that have occurred to date will have an impact on Australia’s economy.[endnoteRef:12] Ongoing analysis of the channels through which climate change poses risks to Australia will support effective planning and adaptation. [12:  	Steffen, W., et al., ‘Compound Costs: How Climate Change is Damaging Australia’s Economy’, Climate Council of Australia (2023), ii–iii, https://www.climatecouncil.org.au/wp-content/uploads/2019/05/Costs-of-climate-change-report.pdf, accessed 11 Aug. 2023.] 

Higher temperatures will change how we work
Higher temperatures will impact labour productivity and require us to work differently.[endnoteRef:13] As temperatures rise, workers in exposed industries may need to reduce their exposure to heat or the physical intensity of their work. Higher temperatures will also increase some occupational safety risks such as heat stress.[endnoteRef:14] These factors present challenges for workers, businesses and labour productivity. The impact this will have on Australia’s economy depends on global efforts to limit temperature increases, and how effectively industries innovate and adapt to the challenges higher temperatures present. [13:  	Sahu, S., Sett, M., & Kjellstrom, T., ‘Heat exposure, cardiovascular stress and work productivity in rice harvesters in India: implications for a climate change future’, Industrial Health 51/4 (2013), 424–431, https://doi.org/10.2486/indhealth.2013-0006, accessed 28 July 2023.]  [14:  	International Labour Organisation, ‘The Employment Impact of Climate Change Adaptation – Input Document for the G20 Climate Sustainability Working Group’, International Labour Organisation (2018), 15–17, https://www.ilo.org/wcmsp5/groups/public/---ed_emp/documents/publication/wcms_645572.pdf, accessed 5 June 2023. ] 

The impacts of temperature on labour productivity will vary across regions, occupations and industries. Analysis of the potential size of these impacts indicates the value of effective mitigation, and the extent of adaptation that would be required to mitigate productivity headwinds. However, it is partial analysis and does not reflect other physical climate impacts, potential outcomes after investments in adaptation, or broader economic adjustment to these changes.[footnoteRef:4]  [4:  	The physical impacts of climate change are many and include both acute and chronic impacts. Selected impacts have been examined in this analysis and represent only a partial assessment of the physical impacts of climate change that could occur under different climate scenarios. Other physical climate impacts include health impacts, biodiversity loss, storm surge and sea level rise, amongst many others.] 



Differences across regions
Over the next 40 years, under a scenario where global temperatures increase by up to 3°C by 2100, [footnoteRef:5] Australia’s national average temperature is projected to increase by 1.7°C. [footnoteRef:6] All regions of Australia will experience higher temperatures over this time period, but some are more exposed than others (Figure 5.1). For example, the average temperature in parts of central and northern Western Australia is projected to increase by 1.8°C, whereas the average temperature in Tasmania is projected to increase by just 1.3°C.[footnoteRef:7] [endnoteRef:15] This suggests Western Australia could be more directly affected by the labour productivity impacts of higher temperatures than some other Australian states and territories. Similarly, some regional and remote communities, including Aboriginal and Torres Strait Islander communities, are expected to be particularly exposed to higher temperatures. This highlights the need for effective mitigation of further temperature increases and targeted investment in adaptation. [5:  	Projected temperature increase is relative to 1850–1900 ‘pre‑industrial’ levels. ]  [6:  	Projected temperature increase is relative to the IPCC reference period 1986–2005. Calculated using data from select CMIP5 Global Circulation Models provided by the Bureau of Meteorology. ]  [7:  	Projected temperature increases are relative to the IPCC reference period 1986–2005.]  [15:  	CSIRO and Bureau of Meteorology, ‘Climate Futures Exploration Tool’, Climate Change in Australia (n.d.), https://www.climatechangeinaustralia.gov.au/en/projections-tools/climate-futures-tool/detailed-projections/, accessed 9 Aug. 2023.] 


0. [bookmark: _Ref139612498]Changes in temperature across Australia between 2023–2063 under a sub 2°C (left) and sub 3°C (right) climate scenario
[image: This chart shows two heat maps of Australia. The maps show the change in the 10-year moving average temperature in each SA4 region between 2023 and 2063, averaged across select Global Circulation Models for each climate scenario. The left map shows the global sub 2°C scenario and the right shows the global sub 3°C scenario.  These global scenarios are projected temperature increases in 2100 relative to 1850-1900 'pre-industrial' levels. 

SA4 is a statistical area classification defined within the Australian Statistical Geography Standard (ASGS) heirarchy. SA4 regions are the largest sub-state regions in the Main Structure of the ASGS and their boundaries represent labour markets and the functional area of Australian capital cities respectively. Whole SA4s aggregate to Greater Capital City Statistical Areas and States and Territories.

Global Circulation (Climate) Models (GCMs) represent weather and climate processes mathematically over a three-dimensional grid of points across the globe, including the surface, oceans, cryosphere and atmosphere. These models can be driven by changes in the Earth's energy balance caused by natural factors (e.g., volcanic eruptions) or anthropogenic factors (e.g., greenhouse gas increases). Calculations are made for hundreds of climate variables, at sub-hourly time steps, over thousands of grid points and over hundreds of years.  
GCM's were selected by the Australian Climate Service - BoM, based on the requirements of the analysis.]
Note: Maps show the change in the 10‑year moving average temperature in each Statistical Area 4 (SA4) region between 2023 and 2063, averaged across select Global Circulation Models for each climate scenario.
Source: Bureau of Meteorology, provided data, 2023.
	
Differences across occupations
The labour productivity of some regions will also be more impacted than others by temperature increases due to the nature of economic activities in those areas as labour productivity impacts from rising temperatures will differ across occupations and sectors. Occupations that are labour‑intensive, where outdoor daytime work is common, and which rely heavily on physical effort, such as labourers, technical and trades workers, and machinery operators are likely to be more heavily impacted, relative to other occupations (Chart 5.2). These roles are common in sectors such as construction, agriculture, tourism and recreation.

[bookmark: _Ref141446056][bookmark: _Ref139461013]Extent of physical intensity (left) and heat exposure (right) across occupations
[image: This figure shows two charts. The left chart shows a boxplot of physical intensity scored from 0-100 for eight occupations, with a higher score indicating higher physical intensity.The right chart shows a stacked bar chart for heat exposure from 0-100 measured as low, medium or high for each of the eight occupations.   

The eight occupations are Machinery Operators and Drivers, Labourers, Technicians and Trades Workers, Community and Personal Service Workers, Managers, Sales Workers, Clerical and Administrative Workers, and Professionals.

Heat exposure is defined as exposure to outside temperatures and therefore excludes exposures to other sources of heat (i.e. exposure to hot cook tops). ]
Note: The left chart is a boxplot of physical intensity across occupations, where physical intensity is measured as a score from 0 to 100, with a higher score indicating higher physical intensity. The heat exposure chart (right) shows the share of occupations under each heat exposure category. Heat exposure is defined as exposure to outside temperatures and therefore excludes exposure to other sources of heat.
Source: ABS, Australian and New Zealand Standard Classification of Occupations (ANZSCO), 2022; O*NET, O*Net Database, 2023; Jobs and Skills Australia, ANZSCO to O*NET–SOC correspondence, 2019; Treasury.

The direct impacts of higher temperatures on how we work are just one of the channels through which climate change will impact labour productivity, but one which could be significant. If global temperatures were to increase by up to 3°C or over 4°C, without adaptive changes to current ways of working, Australia’s aggregate labour productivity levels could decrease by 0.2 to 0.8 per cent by 2063.[footnoteRef:8]  [8:  	Appendix A5 details the methodology. Given the uncertainty inherent in predicting long‑term climatic conditions, these estimates should not be considered a forecast of future outcomes. Actual outcomes will vary depending on future global emissions and their effect on the climate, the availability of new technology, and how economic, political and social systems respond.] 

This is a significant economic cost, reducing economic output over this period by between $135 billion and $423 billion in today’s dollars, through the direct impacts of higher temperatures on labour productivity. If global action limits temperature increases to 2°C, Australia could benefit from up to an additional $155 billion in GDP in today’s dollars, relative to a scenario where temperatures increase up to 3°C. This is equivalent to 26 to 41 million more hours of work in 2063, underscoring the value of timely action to reduce emissions. Investing in targeted adaptation measures to limit worker heat exposure, such as strategic planting of trees or altering building designs to enhance passive cooling, can also mitigate the labour productivity impacts of higher temperatures to some degree.[endnoteRef:16]  [16:  	Turek-Hankins, L., et al., ‘Climate change adaptation to extreme heat: a global systematic review of implemented action’, Oxford Open Climate Change, 1/1 (2021), 6, https://doi.org/10.1093/oxfclm/kgab005, accessed 28 July 2023. ] 

Differences across industries
Australia’s industries will experience different labour productivity impacts due to rising temperatures, reflecting their reliance on labour for production and occupations that are physically intense and undertaken outdoors, or both. Certain sectors will require more investment in different forms of adaptation and resilience measures to support continued growth. 


Reflecting their occupational and production make‑up, the agriculture, construction, manufacturing and services sectors could be particularly exposed to labour productivity impacts (Chart 5.3). In the case of services, sector output could be up to 0.9 per cent lower by 2063, if global temperatures were to increase by over 4°C.[footnoteRef:9]  [9:  	Appendix A5 details the methodology. Given the uncertainty inherent in predicting long‑term climatic conditions, these estimates should not be considered a forecast of future outcomes. Actual outcomes will vary depending on future global emissions and their effect on the climate, the availability of new technology, and how economic, political and social systems respond.] 


[bookmark: _Ref141442486][bookmark: _Ref141526269][bookmark: _Ref142148481]Potential change in output across sectors from direct labour productivity impacts of higher temperatures across climate scenarios, 2023 to 2063
[image: This chart shows an error bar chart for the potential change in output across sectors (agriculture, construction and services) between 2023 to 2063 for three climate scenarios (sub 2 degrees Celsius, sub 3 degrees Celsius and exceeding 4 degrees Celsius). The impact is shown as the percentage deviation relative to 2023, where each scenario is represented by a bar and range of error indicating the variation in modelled results. The percentage deviation ranges between 0 per cent to -2 per cent.]
Note: Error bars indicate the variation in modelling output using temperature pathways from select Global Circulation Models. Global Circulation Models project the global climate system and potential future pathways for climatic variables such as temperature, rainfall and CO2 concentration under different climate scenarios.
Source: Treasury.

The direct labour productivity impacts of higher temperatures presented in Chart 5.3 are not the only channel through which high temperatures may impact economic output. For example, the agriculture sector is expected to face additional exposure from other physical climate impacts because it is heavily dependent on natural resources and climatic conditions.[footnoteRef:10] This includes the effect of rising temperatures on crop cultivation (Figure 5.2).  [10:  	The physical impacts of climate change are many and include both acute and chronic impacts. Selected impacts have been examined in this analysis and represent only a partial assessment of the physical impacts of climate change that could occur under difference climate scenarios.] 

Over the next 40 years, there is a risk that advances in agricultural output driven by innovation are outpaced by the impact of more frequent and severe natural disasters, more prolonged droughts and changes to rainfall patterns, localised changes in growing conditions, and heightened biosecurity risk from changing global pest pathways.[endnoteRef:17] [endnoteRef:18] [endnoteRef:19] [endnoteRef:20] Research has shown broadacre cropping farms, on average, face heightened risk, particularly compared to livestock and mixed farms.[endnoteRef:21]  [17:  	CSIRO, ‘What are the impacts of extreme weather and climate events?’, CSIRO (2021), https://www.csiro.au/en/research/environmental-impacts/climate-change/climate-change-qa/impacts, accessed 5 July 2023.]  [18:  	Gullino, M., et al., ‘Climate Change and Pathways Used by Pests as Challenges to Plant Health in Agriculture and Forestry’, Sustainability 14/19 (2022), 12421, https://doi.org/10.3390/su141912421 accessed 4 Aug. 2023.]  [19:  	Lee, H., et al., ‘Synthesis Report of the IPCC Sixth Assessment Report (AR6)’, IPCC (2023), 36–38, https://www.ipcc.ch/report/ar6/syr/downloads/report/IPCC_AR6_SYR_LongerReport.pdf, accessed 5 July 2023.]  [20:  	CEBRA, ‘Annual Report 2021–22’, CEBRA (2022), 14, https://cebra.unimelb.edu.au/__data/assets/pdf_file/0003/4369431/cebra-annual-report-2022-LOW-RES.pdf, accessed 5 July 2023.]  [21:  	Hughes, N., & Gooday, P., ‘Climate change impacts and adaptation on Australian farms’, ABARES Insights (2022), https://www.agriculture.gov.au/abares/products/insights/climate-change-impacts-and-adaptation#future-changes-in-climate-could-make-conditions-tougher-for-australian-farms, accessed 5 July 2023.] 


[bookmark: _Ref139618429][bookmark: _Ref141446386][bookmark: _Ref141527097]Share of agriculture‑related labour across regions, 2021
[image: This chart shows a heat map of the share of employment for the agriculture sector across Australia. It highlights the concentration of agricultural employment in SA4 regions across Australia from 0 per cent to 25 per cent in a gradient from light orange to purple.]
Note: Map shows share of employment across the Agriculture, Forestry and Fishing sector at the SA4 level across Australia.
Source: Australian Bureau of Statistics (ABS), 2021 Census, 2021.

Individual crop species are expected to respond differently to a warming climate. Some crops, such as wheat, are relatively resilient (Chart 5.4). However, modelling using crop‑specific estimates of the relationship between yields and climate variables shows yields for most crops are projected to be negatively affected by higher temperatures by 2063, particularly under severe climate scenarios (Chart 5.4). As with labour productivity, this is a partial analysis and does not reflect other physical climate impacts, potential outcomes after investments in adaptation, or broader economic adjustment to these changes. 
In the absence of adaptation measures Australian crop yields could be up to 4 per cent lower by 2063 in a scenario where global mitigation does not keep temperature increases below 3°C this century.[footnoteRef:11] These yield reductions could be largely avoided if global temperatures rise less than 2°C, demonstrating the significant cost of not taking action to reduce emissions.  [11:  	Appendix A5 details the methodology. Given the uncertainty inherent in predicting long‑term climatic conditions, these estimates should not be considered a forecast of future outcomes. Actual outcomes will vary depending on future global emissions and their effect on the climate, the availability of new technology, and how economic, political and social systems respond.] 


[bookmark: _Ref143157787]Potential production‑weighted impact on crop yields due to direct impacts of temperature rises and precipitation changes across climate scenarios, 2023 to 2063
[image: This chart shows a line chart for the potential production-weighted impact on crop yields from 2022-23 to 2062-63 for three climate scenarios (sub 2 degrees Celsius, sub 3 degrees Celsius and exceeding 4 degrees Celsius). The impact is shown as a percentage deviation relative to 2022-23, where each scenario is represented by an average pathway and shaded band indicating the range of impact. This deviation ranges between 1 per cent to -4 per cent.]
Note: Shaded bands indicate the variation in modelling output using temperature pathways from select Global Circulation Models. Global Circulation Models project the global climate system and potential future pathways for climatic variables such as temperature, rainfall and CO2 concentration under different climate scenarios. This analysis does not account for changes in water availability beyond precipitation (commonly referred to as water stress) and subsequent impacts on irrigated crops, as well as extreme or compounding weather events (such as droughts or multiple successive hot days).
Source: Treasury.

Some impacts on crop yields could be mitigated through adaptation, like changing which crops are planted in particular regions. Increased innovation and investment, for example in improved water efficiency for irrigated cropping, could also play an important role.[endnoteRef:22]  [22:  	Hughes & Gooday, ‘Climate change impacts and adaptation on Australian farms.’] 

While there is significant uncertainty around these estimates, findings from global climate and agricultural models suggest other countries in our region may be even more affected than Australia.[endnoteRef:23] [endnoteRef:24] This could result in heightened demand for Australian agricultural exports over time, assuming the sector is able to position itself – for example, through adjusting the types of crops grown in certain regions – to increase production.[endnoteRef:25] [23:  	Kornhuber, K., et al., ‘Risks of synchronised low yields are underestimated in climate and crop model projections’, Nature Communications 14/1 (2022), 3528, https://doi.org/10.1038/s41467-023-38906-7, accessed 28 July 2023.]  [24:  	Kompas, T., Pham, V., & Nhu Che, T. ‘The effects of climate change on GDP by country and the global economic gains from complying with the Paris climate accord’, Earth’s Future 6/8 (2018), 1161–1163, https://doi.org/10.1029/2018EF000922, accessed 28 July 2023. ]  [25:  	Kompas, Pham, & Nhu Che, ‘The effects of climate change on GDP by country and the global economic gains from complying with the Paris climate accord’.] 

The services sector will also experience additional changes caused by rising temperatures as tourists adjust where and when they decide to travel. Australia has a large number of natural attractions at risk of environmental degradation which may attract fewer tourists in a world of higher global temperatures.[endnoteRef:26] At least 50 per cent of Australia’s sandy coastline, a major drawcard for tourism, is under threat of erosion due to climate change.[endnoteRef:27]  [26:  	Tourism Research Australia (TRA), ‘State of the Industry 2018–2019’, TRA (2020), 15, https://www.tra.gov.au/ArticleDocuments/185/TRA_State_of_the_Industry_2019.pdf.aspx, accessed 29 July 2023.]  [27:  	Vousdoukas, M., et al., ‘Sandy coastlines under threat of erosion’, Nature climate change, 10 (2020): 260–263, https://doi.org/10.1038/s41558-020-0697-0, accessed 4 Aug. 2023.] 

Many of Australia’s top attractions are also in regions likely to be increasingly susceptible to natural disasters, risking travel disruption and reputational harm.[endnoteRef:28] For example, in the immediate aftermath of the 2019–20 bushfires, an estimated 80,000 tourists cancelled or postponed activities.[endnoteRef:29]  [28:  	Osipova, E., et al., ‘IUCN World Heritage outlook 3: a conversation assessment of all natural World Heritage sites’, IUCN (2020), 25–27, https://portals.iucn.org/library/sites/library/files/documents/2020-035-En.pdf, accessed 3 May 2023.]  [29:  	TRA, ‘International Visitors in Australia’, TRA (2020), https://www.tra.gov.au/ArticleDocuments/185/IVS_Summary_March_2020.pdf.aspx, accessed 26 July 2023.] 



Given the wide range of factors that impact tourism demand, there is significant uncertainty around the total impact on the sector. Limiting further global temperature rises is essential to reduce Australia’s exposure to these risks. For example, the reduction in tourism demand associated with higher temperatures is projected to be half as big if warming can be limited to 2°C, compared to a 3°C scenario (Chart 5.5).[footnoteRef:12]  [12:  	Appendix A5 details the methodology. Given the uncertainty inherent in predicting long‑term climatic conditions, these estimates should not be considered a forecast of future outcomes. Actual outcomes will vary depending on future global emissions and their effect on the climate, the availability of new technology, and how economic, political and social systems respond.] 


[bookmark: _Ref140827083][bookmark: _Ref141531837]Potential change in projected international tourism arrivals due to direct impacts of temperature rises across climate scenarios, 2023 to 2063
[image: This chart shows a line chart for the potential change in expected international tourism arrivals from 2022-23 to 2062-63 for three climate scenarios (sub 2 degrees Celsius, sub 3 degrees Celsius and exceeding 4 degrees Celsius). The impact is shown as a percentage deviation relative to 2022-23, where each scenario is represented by an average pathway and shaded band indicating the range of impact. This deviation ranges between 0 per cent to -30 per cent. ]
Note: Shaded bands indicate the variation in modelling output using temperature pathways from select Global Circulation Models. Global Circulation Models project the global climate system and potential future pathways for climatic variables such as temperature, rainfall and CO2 concentration under different climate scenarios. This analysis does not account for the impacts of extreme weather events, degradation of tourism attractions, changes in tourist behaviour, structural changes in the tourism market, or changes in the costs of travel associated with the net zero transformation. 
Source: Treasury.

There is a wide range of additional channels, including biodiversity loss, storm surge, sea level rise and health impacts, through which global temperature increases could impact the Australian economy over the next 40 years and beyond. These could present significant other costs, beyond those discussed above, for people, communities, businesses and the broader economy, especially under higher temperature increase scenarios.
Increasing natural disaster risk warrants investment in resilience 
Climate change is exacerbating the frequency and severity of natural disaster risk from bushfires, flooding, storms, coastal inundation, erosion and landslip.[endnoteRef:30] Natural disasters pose a risk to the economy as they tend to reduce physical capital, decrease productivity, and disrupt economic activity and supply chains. Global action to reduce emissions and limit further temperature increases is critical to reduce Australia’s exposure to the impacts of more frequent natural disasters. [30:  	Steffen, W., et al., ‘Compound Costs: How Climate Change Is Damaging Australia’s Economy’, Climate Council, (Sydney, 2019), 6, https://www.climatecouncil.org.au/wp-content/uploads/2019/05/Costs-of-climate-change-report.pdf, accessed 23 Mar. 2023.] 

One key economic impact of natural disasters is to reduce the longevity of physical infrastructure. In the absence of adaptation, this presents a headwind to productivity growth by reducing capital stock, decreasing the return on these investments and diverting capital and labour from other investments.[endnoteRef:31] Insurance Council of Australia data on insured losses over the past 40 years shows a steady increase in natural disaster related payouts, particularly since the turn of the century (Chart 5.6).[footnoteRef:13] This is in addition to other significant costs to the community, including health, social and environmental impacts, and the unpaid labour typically deployed to support affected communities.  [31:  	Congressional Budget Office, ‘CBO’s Projection of the Effect of Climate Change on U.S Economic Output’, Congressional Budget Office, 5–7, https://www.cbo.gov/system/files/2020-09/56505-Climate-Change.pdf, accessed 29 July 2023.]  [13:  	The trend shown also represents increases in population and asset values, and therefore total value of assets insured, highlighting the difficulties in measuring total social and economic impacts of natural disasters.] 


[bookmark: _Ref139468673]Normalised value of insured losses caused by natural disasters, 1982–83 to 2022–23
[image: This bar chart shows normalised value of insurance losses in $s, caused by natural disasters (bushfires, cyclones, flooding, storms and other) over a 40 year period, from 1982-83 to 2022-23.

The chart shows that insurance losses, while volatile, have generally increased over the period.

Between 1982-83 and 2004-05 insured losses exceeded $1 billion twice, between 2005-06 and 2022-23 insured losses exceeded $1 billion thirteen times, increasing over the period from over $2 billion in 2007-08 to over $6 billion in 2021-22.

Please note this may have also been driven other changes such as insurance payout ratios, policy coverage and rates of insurance coverage, which also contribute to total insurance losses independent of natural disaster losses.]
[bookmark: _Hlk142728611]Note: This graph represents only insurance losses. Changes to insurance payout ratios, policy coverage and rates of insurance coverage also contribute to total insurance losses independent of natural disaster losses.
Source: Insurance Council of Australia, Historical Catastrophe Data – June 2023, 2023.

Natural disasters contribute to fiscal pressures across all levels of government, particularly through disaster assistance. For the Australian Government, disaster assistance is primarily provided through the Disaster Recovery Funding Arrangements (DRFA). This is a cost‑sharing mechanism where the Government reimburses states and territories for eligible disaster relief and recovery expenditure. Beyond the DRFA, there are other fiscal impacts such as increased payments through social security and transfer programs and foregone tax revenue due to lost employment and economic opportunities. 
Projections relative to the historic average of DRFA expenditure show the increased frequency and severity of natural disasters could increase the Government’s DRFA expenditure between 3 to 3.6 times over the next 40 years (Chart 5.7). This equates approximately to a cumulative $130 billion of Government spending on DRFA, in today’s dollars, assuming global action is only sufficient to limit temperature increases to 3°C. Under the DRFA, as a state’s costs rise, so does the Government’s share of expenditure.[footnoteRef:14]  [14: 	The DRFA currently embeds tiered reimbursement thresholds. For example, the Australian Government’s reimbursement to the states and territories for reconstruction of essential public assets can be as low as zero and as high as 75 per cent, increasing with total state eligible expenditure. ] 


[bookmark: _Ref140671919]Australian Government expenditure on the DRFA, total percentage change
[image: This chart shows the projected total percentage change in the Australian Government's expenditure on the Disaster Recovery Funding Arrangement from 2023-24 to 2062-63 under 3 different climate scenarios. The chart shows that under all 3 scenarios, expenditure is expected to increase by between 200% to 260% from 2023-24 to 2062-63. The increase is greatest if global warming levels exceed 4 degrees Celsius while the increase is lower if global warming level are kept below 2 degrees Celsius.
]
Note: The projected expenditure presented in the chart reflects the growth in costs under different climate scenarios. Actual costs in any given year are likely to vary significantly from projected costs. Appendix A5 provides further details. 
Source: Treasury.

Australia’s future social, economic and fiscal impacts of natural disasters will depend in large part on the extent of proactive and well‑targeted investment in resilience. The Insurance Council of Australia has found that resilience funding could provide returns of $8.10 by 2050 for every $1 invested under a scenario where global temperatures remain at current levels.[endnoteRef:32] If global temperatures continue to rise, the returns on resilience measures could be higher.[endnoteRef:33] Investments in disaster resilience and risk reductions such as the Government’s new Disaster Ready Fund, which will provide up to $1 billion over the next five years, and the Second National Action Plan for Disaster Risk Reduction are an important part of this. [32:  	Insurance Council of Australia, ‘Reaping the rewards of resilience’, Insurance Council of Australia (2022), 10, https://insurancecouncil.com.au/wp-content/uploads/2022/02/R_ICA_Resilience_Final_220218.pdf, accessed 15 May 2023. ]  [33:  	Insurance Council of Australia, ‘Reaping the rewards of resilience’, 10. ] 

Energy sector transformation will strengthen Australia’s competitive advantages
Increasing global temperatures will disrupt economic activities, requiring significant adaptation in order to mitigate potential impacts on productivity and economic growth. However, Australia’s natural competitive advantages mean it is also positioned to benefit from important aspects of the global net zero transformation.
[bookmark: _Hlk142991100]Australia is in a strong position to benefit from the global transition towards renewable energy. Renewable energy is already the cheapest form of new energy in Australia, with onshore wind and solar photovoltaic technologies having a lower cost of electricity, after accounting for integration costs, compared to gas, coal or nuclear electricity generation.[footnoteRef:15] [endnoteRef:34] With abundant wind, sun and open spaces, Australia can generate renewable energy more cheaply than many countries and on a greater scale. Technological developments are further reducing the cost of renewable energy. Sufficiently low energy costs can provide a foundation for developing other industries – old and new – particularly those where energy makes up a large proportion of input costs.  [15:  	Cost of electricity is measured using levelised cost of electricity, which is an electricity generation technology comparison metric. It represents the total unit costs a generator must recover to meet all its costs including a return on investment. ]  [34:  	Graham, P., et al., ‘GenCost 2022-23: Final report’, CSIRO (2023), ix, https://www.csiro.au/en/research/technology-space/energy/energy-data-modelling/gencost, accessed 4 Aug. 2023. ] 

Renewable energy can also improve energy security by reducing Australia’s reliance on global fossil fuel markets, providing an additional buffer from global commodity price shocks and creating more resilient supply chains. This will involve large‑scale transformation, but with cheaper, lower‑carbon energy and greater certainty, traditional industries and newer ones can grow and compete in a decarbonising world.
The electricity sector is transforming with more renewable generation
[bookmark: _Hlk139981178]Electricity generation is Australia’s largest source of greenhouse gas emissions, producing one third of Australia’s emissions.[endnoteRef:35] The sector is crucial to Australia’s climate commitments and is expected to drive emissions reductions.[endnoteRef:36] The electricity sector will also be a critical enabler of decarbonisation in other sectors of the economy through electrification. [35:  	Department of Climate Change, Energy, the Environment and Water (DCCEEW)(Commonwealth of Australia), ‘Quarterly Update of Australia’s National Greenhouse Gas Inventory: December 2022’, DCCEEW (2023), 11, https://www.dcceew.gov.au/sites/default/files/documents/nggi-quarterly-update-dec-2022.pdf, accessed 29 July 2023.]  [36:  	DCCEEW (Commonwealth of Australia), ‘Australia’s emissions projections 2022’, DCCEEW (Dec. 2022), 10, https://www.dcceew.gov.au/sites/default/files/documents/australias-emissions-projections-2022.pdf, accessed 19 May 2023.] 

The nation’s electricity generation mix is changing. This will accelerate over coming decades as the share of renewable generation increases (Chart 5.8), providing a significant but variable supply of electricity. [endnoteRef:37] The Government has set a target to transform to an 82 per cent renewable electricity grid by 2030, from a base of around a third today. [37:  	DCCEEW, ‘Australian electricity generation – fuel mix’, energy.gov.au (n.d.), https://www.energy.gov.au/data/australian-electricity-generation-fuel-mix, accessed 16 Mar. 2023.] 


[bookmark: _Ref136006334][bookmark: _Ref142148658]Generation Capacity, National Electricity Market, 2023–24 to 2050–51
[image: This chart shows the amount of electricity capacity available in the National Energy Market from different technology types (Wind, solar. hydro, fossil fuels and  storage).  Capacity is forecasted out to 2050. ]
Note: The 2022 Integrated System Plan (ISP) models scenarios over the period to 2050. The National Electricity Market does not include Western Australia and Northern Territory.
Source: Australian Energy Market Operator, ISP Step Change scenario 2022, 2022.

The scale of electricity sector transformation is significant. For example, the Australian Energy Market Operator’s (AEMO) ‘step change’ scenario suggests an additional 154 GW of generation capacity will be required.[endnoteRef:38] AEMO also estimates a nine‑fold increase in largescale wind and solar capacity, a tripling of firming capacity and a near five‑fold increase in small‑scale solar will be needed.[footnoteRef:16] [endnoteRef:39] This new infrastructure will be needed to support electrification and decarbonise the broader economy, including for transport, industry, offices and homes. [38:  	Treasury (Commonwealth of Australia), 2023–24 Budget Paper No.1 Budget Strategy and Outlook, (Canberra: 2023), 157.]  [16:  	Firming technologies – including battery storage, gas‑fired generation, and pumped hydro – increase the ability to control and maintain output from intermittent sources, including variable renewables.]  [39:  	Australian Energy Market Operator (AEMO), ‘2022 Integrated System Plan’, AEMO, 8 https://aemo.com.au/-/media/files/major-publications/isp/2022/2022-documents/2022-integrated-system-plan-isp.pdf?la=en, accessed 17 Aug. 2023] 

The energy transition, together with industrial decarbonisation, will require significant additional investment. For example, the Australian Industry Energy Transformations Initiative estimates that an additional $225 billion of investment may be required by 2050, above business‑as‑usual levels, to transition the energy system and decarbonise heavy industries (iron and steel, aluminium, other metals, chemicals, and liquefied natural gas (LNG)).[endnoteRef:40] [40:  	Horngren, T., et al., ‘Pathways to industrial decarbonisation: Positioning Australian industry to prosper in a net zero global economy’, Energy Transitions Commission (2023), 174, https://energytransitionsinitiative.org/wp-content/uploads/2023/02/Pathways-to-Industrial-Decarbonisation-report-February-2023-Australian-Industry-ETI.pdf, accessed 4 Aug. 2023.] 

This level of investment is of a similar scale to that which occurred during the establishment of Australia’s gas industry, where $305 billion was invested in LNG projects over a shorter period of 13 years.[endnoteRef:41] [41:    	Horngren, ‘Pathways to industrial decarbonisation: Positioning Australian industry to prosper in a net zero global economy’ 10.] 

Transitioning Australia’s electricity grid to 82 per cent renewables by 2030 will require significant investments in enablers such as firming capacity, supply chains and clean energy workforce. For example, battery storage, peaking gas generation and other forms of firming technologies will need to be scaled alongside weather‑dependent sources of renewable energy to ensure sufficient dispatchable capacity is in place. The materials and workers required to deliver large scale energy infrastructure are also in short supply. The Institute for Sustainable Futures has estimated that an additional 12,000 workers will be required by 2025 to support the transition for the National Electricity Market, from the current level of about 45,000.[endnoteRef:42]  [42:  	Rutovitz, J., et al., ‘The Australian Electricity Workforce for the 2022 Integrated System Plan: Projections to 2050. Revision 1.’, Race for 2030 (Apr. 2023), 3, https://www.racefor2030.com.au/wp-content/uploads/2023/03/FINAL-ISP_Workforce_Rev1-1.pdf, accessed 19 July 2023.] 

To implement this transition, regulatory frameworks and grid technology will also need to evolve rapidly. For example, rooftop solar and other small‑scale technologies that have the capability to consume and supply electricity bring increased flexibility to the energy system but also operate differently from the traditional operation and power flows in the grid.[footnoteRef:17] [endnoteRef:43] [endnoteRef:44] The current electricity grid was not designed to facilitate two‑way power flows. This raises the importance of designing regulatory and market settings that support efficient and secure integration of these technologies. It is also essential that engagement with communities and landholders is undertaken proactively, to ensure the best community outcomes are achieved.  [17:  	Small‑scale technologies include rooftop solar, stationary batteries and electric vehicles.]  [43:  	AEMO, ‘About the DER Program’, AEMO (n.d.), https://aemo.com.au/en/initiatives/major-programs/nem-distributed-energy-resources-der-program/about-the-der-program, accessed 16 Mar. 2023.]  [44:  	AEMO, ‘Markets and Framework’, AEMO (n.d.), https://aemo.com.au/en/initiatives/major-programs/nem-distributed-energy-resources-der-program/markets-and-framework, accessed 19 July 2023.] 

Renewable energy will also create new industrial opportunities
[bookmark: _Hlk142990924]Transitioning the economy towards cleaner, cheaper forms of energy will be structurally important to the global competitiveness of Australian businesses. Energy is an important input for many business activities, as well as to household living costs. This means the cost of Australia’s energy supply has a substantial impact on the overall competitiveness of Australian businesses and the ability for output to grow. Reducing barriers to entry and investment will be essential to ensuring this period of change generates greater dynamism and competition within the economy, and to further enable emerging industries.
High levels of renewable energy generation will support creation of green industries through the decarbonisation of emissions‑intensive sectors, including mining and manufacturing, through electrification and potentially fuel switching to green hydrogen.[footnoteRef:18] Growing international demand for renewable energy and low‑emissions products could also present significant trade opportunities for Australia, further supporting new jobs and economic growth.  [18:  	Green hydrogen is hydrogen produced using renewable energy.] 

Australia has historically been a secure and reliable energy trading partner in our region and is well positioned to become a key renewable energy trade partner to help meet growing international demand. Access to significant solar and wind resources, availability of land and low population density provides the basis for a potential competitive advantage to power new renewable export industries, including electricity through undersea cables and hydrogen. 
New clean energy technologies could present significant opportunities for Australia. For example, Australia has potential to export energy in the form of green hydrogen or ammonia produced with renewable energy. Large‑scale Australian hydrogen production for both domestic and export use could require nearly an eight‑fold increase in the capacity of the grid, under AEMO’s hydrogen superpower scenario.[endnoteRef:45]  [45:  	AEMO, ‘2022 Integrated System Plan’, 36.] 

To realise this ambition, a number of technical challenges would need to be overcome. These include production costs of the energy‑intensive process to produce hydrogen and the energy infrastructure roll‑out required to support this, costs to store and transport hydrogen, and other technological challenges. 
Similarly, there is potential for high‑voltage undersea cables to help trading partners access Australia’s secure, affordable low‑emissions electricity. Challenges involved in this approach include the need for technological innovation, financing high upfront costs, workforce and materials supply constraints, and implementing changes to regulatory and market settings across multiple countries.
Electrification of facilities and potential development of hydrogen and other technologies can help reduce emissions and generate opportunities in sectors outside energy. Mining and manufacturing were collectively responsible for around 32 per cent of emissions in 2020.[endnoteRef:46] These emissions come from the use of fuel in extraction and production processes and fugitive emissions from coal, oil and gas production.[footnoteRef:19] Wind and solar capacity accompanied by relevant energy storage will help provide a reliable and low‑cost electricity supply. Off the grid renewable energy may make it economically viable to mine additional remote deposits. [46:  	DCCEEW ‘National inventory by economic sector: annual emissions’, DCCEEW (2022), https://www.dcceew.gov.au/climate-change/publications/national-greenhouse-accounts-2020/national-inventory-by-economic-sector-annual-emissions, accessed 18 Mar. 2023. ]  [19:  	Fugitive emissions are the emissions (typically natural gas, which contains methane) that are lost to the atmosphere or groundwater during coal, oil and gas mining activities.] 

Emissions are also generated by energy intensive industrial processes such as the production of chemicals, steel, cement, and aluminium, which are critical to modern industrialised economies and are key inputs in the transition to sustainable energy generation. There is potential to decarbonise large amounts of our emission intensive industries through renewable energy, creating opportunities for a modern industrial base. Use of renewable energy can help Australian exports to compete in a decarbonising world and can establish comparative advantages in energy intensive manufacturing. 
Australia is the world’s largest iron ore producer. In 2020, global steelmaking, which uses iron ore and metallurgical coal to produce steel, represented between 7 per cent to 9 per cent of global emissions.[endnoteRef:47] With the presence of abundant renewable energy and green hydrogen, Australia has the opportunity to produce green iron ore, green iron and green steel, reducing global emissions. [footnoteRef:20] [47:  	World Steel Association, ‘Climate change and the production of iron and steel’, World Steel Association (2021), 3, https://worldsteel.org/wp-content/uploads/Climate-policy-paper-2021-1.pdf, accessed 18 Mar. 2023. ]  [20:  	Green iron ore, green iron and green steel are produced in a manner that uses renewable energy and generates little if any greenhouse gas emissions. ] 

Australia is one of the few countries in the world that has all three key elements of the aluminium industry: bauxite mining, alumina refining, and aluminium smelter operations. Aluminium is an important input to a number of technologies critical to the energy transition. It features in electric vehicles, wind turbines, batteries and is a more sustainable building material due to its recyclable properties. It is also a significant source of global emissions. It is responsible for around 3 per cent of the world’s emissions in 2022.[endnoteRef:48] Our abundant reserves of all three key elements of the aluminium industry, along with technology advancement provide the potential to produce and export green aluminium.[footnoteRef:21]  [48:  	International Energy Agency, ‘Aluminium: Tracking progress 2022’, International Energy Agency (2023), https://www.iea.org/reports/aluminium, accessed 18 Mar. 2023. ]  [21:  	Green aluminium is produced in a manner that uses renewable energy and generates little if any greenhouse gas emissions.] 

The Government has invested over $40 billion in measures to realise this pathway for an industrial future underpinned by renewable energy. This includes the Rewiring the Nation program to deliver priority transmission infrastructure at lower costs to consumers. It also includes the Capacity Investment Scheme, which will unlock investment in firmed generation and storage, and the Hydrogen Headstart program which will scale up development of Australia’s renewable hydrogen industry.[endnoteRef:49] These initiatives are targeted at investment in priority energy infrastructure needed to support the rapid uptake of renewable energy.  [49:  	Treasury, 2023–24 Budget Paper No.1 Budget Strategy and Outlook, 23.] 

The Government is also targeting improved energy performance and productivity through the Household Energy Upgrades Fund and the National Energy Performance Strategy.[endnoteRef:50] [endnoteRef:51] The National Energy Transformation Partnership will enable collaboration across Australian, state and territory governments to support Australia’s energy transformation.[endnoteRef:52] [50:  	Treasury, 2023–24 Budget Paper No.1 Budget Strategy and Outlook, 23.]  [51:  	Treasury (Commonwealth of Australia), Budget Paper No.2 Budget Measures, (Canberra: 2022), 77. ]  [52:  	Treasury (Commonwealth of Australia), October 2022–23 Budget Paper No.1 Budget Strategy and Outlook, (Canberra: 2022), 15.] 

Global factors will impact the pace of transformation in export‑oriented sectors
The net zero transformation will impact global energy and resources markets as global demand for low‑emission commodities increases. While the transition to renewables will boost demand for many of the minerals mined in Australia, global demand for fossil fuels is expected to decrease over time as nations act to reduce emissions. 
[bookmark: _Hlk141859417]The transition will be complex. For example, how countries decide to use LNG for electricity generation, including as a flexible peaking and firming fuel to support the expansion of renewables, will have a significant impact on global gas demand forecasts. While global demand for thermal coal will decline, demand for critical minerals which are required for renewable energy technologies are expected to increase significantly.
Overall, the mix of resources produced by Australia’s mining sector is expected to change significantly. In these export‑oriented sectors, the pace of change will be significantly influenced by the pace of emissions reduction and economic transformation undertaken by the rest of the world.[endnoteRef:53]  [53:  	McKibbin, W., ‘How should technocrats count the true cost of climate?’, Australian Financial Review (2019), https://www.afr.com/policy/energy-and-climate/how-should-technocrats-count-the-true-cost-of-climate-20190326-p517nf, accessed 19 July 2023.] 

Australia’s supply of critical minerals is crucial to global emissions reduction
The growth in global demand for renewable technologies presents opportunities for a broad array of Australian minerals, especially critical minerals. The IEA estimates that, for the world to reach net zero by 2050, global demand for critical minerals will need to increase by around 350 per cent between today and 2040.[endnoteRef:54]  [54:  	International Energy Agency, ‘Critical Minerals Demand Dataset’, International Energy Agency (2022), https://www.iea.org/data-and-statistics/data-product/critical-minerals-demand-dataset 4 Aug. 2023. ] 

The Australian critical minerals industry has the potential to scale up and meet a significant share of this anticipated demand. Australia has the scale of resources, established industry, technical expertise and track record as a stable, reliable and responsible supplier to support the scale of investment required. These factors, in addition to the potential for abundant renewable energy, could also support critical minerals downstream processing industries (Table 5.1).
Australia produces 9 of the 10 minerals used in lithium‑ion battery and has projects seeking to develop refineries for the tenth (graphite).[endnoteRef:55][endnoteRef:56] It is a world leading producer of titanium and zirconium.[footnoteRef:22] [footnoteRef:23] [endnoteRef:57] [endnoteRef:58]  [55:  	Australian Trade and Investment Commission (Commonwealth of Australia), ‘The Lithium-ion Battery Value Chain’, Austrade (Dec. 2018), 5, https://www.austrade.gov.au/ArticleDocuments/5572/Lithium-Ion%20Battery%20Value%20Chain%20report.pdf.aspx?Embed=Y, accessed 15 Mar. 2023. ]  [56:  	Geoscience Australia, ‘Graphite’, Geoscience Australia (Jun. 2023), https://www.ga.gov.au/scientific-topics/minerals/mineral-resources-and-advice/australian-resource-reviews/graphite, accessed 14 Aug. 2023. ]  [22:  	Titanium is derived mainly from the minerals ilmenite and rutile. ]  [23:  	Zirconium is derived from the mineral zircon. ]  [57:  	Australian Trade and Investment Commission (Commonwealth of Australia), ‘Australian Critical Minerals Prospectus 2022’, Austrade (Dec. 2022), 9, https://www.globalaustralia.gov.au/sites/default/files/2022-12/australian-critical-minerals-prospectus-dec-2022.pdf, accessed 3 Aug. 2023. ]  [58:  	Geoscience Australia, ‘World Rankings’, Geoscience Australia (n.d.), https://www.ga.gov.au/digital-publication/aimr2022/world-rankings, accessed 15 Mar. 2023.] 


0. [bookmark: _Ref136357015]Global significance of Australian minerals
	Mineral
	Geological potential
	World Ranking for Resources 
	World Ranking for Production

	Lithium
	High
	2nd
	1st (> half global production in 2021)

	Rare earths
	High
	6th
	4th

	Cobalt
	High
	2nd
	3rd

	Graphite
	Moderate
	8th
	No current Australian production.

	Manganese
	High
	4th
	3rd

	Antimony
	Moderate
	6th
	4th

	Bauxite*
	Moderate
	3rd
	1st

	Vanadium
	High
	2nd
	Negligible current Australian production.


*Note: Bauxite is not listed on Australia’s Critical Minerals List. The European Union identifies bauxite (an ore of aluminium) as critical.
Source: Geoscience Australia, World Rankings, 2021; Department of Industry, Science and Resources, Australia’s Critical Minerals List, 2023.

Australian minerals are critical in defence, aerospace, automotive manufacturing, renewable energy, telecommunications and agricultural technology (agtech). Lithium, cobalt, manganese and rare earth elements are crucial to battery manufacturing. Rare earth elements are also essential for permanent magnets used in wind turbines and electric vehicle motors (Table 5.2). 

[bookmark: _Ref136008189]Key minerals required for clean energy technologies
	
	Electric vehicles and batteries
	Electric network
	Solar
	Wind
	Hydro
	Bioenergy
	Geothermal

	Bauxite
	
	
	
	
	
	
	

	Cobalt
	
	low importance

	
	
	
	
	

	Lithium
	
	
	
	
	
	
	

	Rare Earth Elements
	
	
	
	
	
	
	


Note: Relative importance of critical mineral for a particular clean energy technology is indicated by red circles for high importance, blue circles for medium importance and green circles for low importance. 
Note: Bauxite is not listed on Australia’s Critical Minerals List. The European Union identifies bauxite (an ore of aluminium) as critical.
Source: IEA, the Role of Critical Minerals in Clean Energy Transitions, 2022; Department of Industry, Science and Resources, Australia’s Critical Minerals List, 2023.

Making a 55 kWh battery and associated systems for a small electric car typically requires over 200 kg of minerals including copper, lithium, nickel, manganese, cobalt and graphite. This compares to 35 kg of copper for the powertrain of a comparable internal combustion engine vehicle.[endnoteRef:59] Reflecting this, electric vehicles and static battery storage have already displaced consumer electronics as the largest consumers of lithium and are set to overtake stainless steel as the largest end use of nickel by 2040.[endnoteRef:60] Global sales of electric cars exceeded 10 million in 2022, or 14 per cent of new car sales.[endnoteRef:61]  [59:  	International Energy Agency, ‘The Role of Critical Minerals in Clean Energy Transitions’,  International Energy Agency (2022), 52, https://www.iea.org/data-and-statistics/data-product/critical-minerals-demand-dataset https://www.iea.org/reports/the-role-of-critical-minerals-in-clean-energy-transitions, access 21 July 2023. ]  [60:  	International Energy Agency, ‘The Role of Critical Minerals in Clean Energy Transitions’, 50.]  [61:  	International Energy Agency, ‘Global EV Outlook 2023’, International Energy Agency (Apr. 2023), 8, https://iea.blob.core.windows.net/assets/dacf14d2-eabc-498a-8263-9f97fd5dc327/GEVO2023.pdf, accessed 9 Mar. 2023.] 

Australia is already the world’s largest producer of lithium (spodumene concentrate), supplying almost 50 per cent of total global demand.[footnoteRef:24] [endnoteRef:62] Australia’s export volumes of spodumene concentrate are projected to double over the next five years, from 2.2 million tonnes in 2022 to 4.5 million tonnes by 2028.[endnoteRef:63] [footnoteRef:25]  [24:  	Refined lithium can either be extracted directly from lithium brine or from lithium minerals such as spodumene concentrate. ]  [62:  	International Energy Agency, ‘The Role of Critical Minerals in Clean Energy Transitions’, International Energy Agency (2022), 30 and 139. ]  [63:   	Department of Industry, Science and Resources (DISR) (Commonwealth of Australia), ‘Resources and Energy Quarterly March 2023’, DISR (2023), 158, https://www.industry.gov.au/publications/resources-and-energy-quarterly-march-2023, accessed 19 July 2023.]  [25:  	This reflects the volume of spodumene concentrate exported plus the volume of spodumene concentrate used to produce lithium hydroxide for export. ] 

Global demand for lithium is projected to increase significantly over the next forty years, significantly expanding Australia’s potential export market (Chart 5.9). Even if global action is only sufficient to limit temperature increases to 3°C, global demand for lithium is projected to quadruple.[footnoteRef:26] If global actions are consistent with limiting temperature increases to 1.5°C, global lithium demand could be more than eight‑times larger than current levels by 2063. [26:  	The infancy of the lithium market creates significant uncertainty around future scenarios as the industry is still exploring various sources and production processes. Actual outcomes resulting from the net zero transformation will depend on many factors.] 


[bookmark: _Ref140773240][bookmark: _Ref141714258]Potential volume of global demand for refined lithium (Mt) under different global emissions reduction pathways
[image: The chart shows the projected volume of global refined lithium demand under different climate scenarios which presents a significant opportunity for Australia's exports. Even if global action is only sufficient to limit temperature increases to 3°C, global demand for lithium would be expected to quadruple due to demand linked to electric vehicles alone. If global actions are consistent with limiting temperature increases to 1.5°C, global lithium demand could be more than 8  times larger than current levels by 2063.]
Source: Treasury calculations based on International Energy Agency global demand data, 2023.

China accounts for over half the world’s lithium processing and refining capacity, consuming most of Australia’s spodumene concentrate. However, over the next 40 years, there is scope for Australia to pursue other avenues such as precursor chemicals for cathodes, electrolyte production, battery anode plants, battery cell research, and battery manufacturing.[endnoteRef:64] By 2025, Australian investments in lithium refinement are projected to lead to a market share of 6.2 per cent.[endnoteRef:65] Australia’s natural endowment of critical minerals also has potential to support the development of a domestic battery manufacturing industry. [64:  	DISR, ‘Resources and Energy Quarterly March 2023’, DISR (2023), 156, ]  [65:  	DISR (Commonwealth of Australia), ‘Commonwealth of Australia Resources and Energy Quarterly June 2023’, DISR (2023), 147, https://www.industry.gov.au/sites/default/files/2023-07/resources-and-energy-quarterly-june-2023.pdf, accessed 19 July 2023. ] 

Australia has moderate‑to‑high potential for more undiscovered critical minerals. Well‑established mining regions cover just 20 per cent of Australia with the remaining 80 per cent largely under explored.[endnoteRef:66] This could offer opportunities in regions across Australia (Figure 5.3).  [66:  	Minister for Resources and Minister for Northern Australia, the Hon Madeleine King MP, ‘Speech to AMEC awards night, Perth’, Ministers for the Department of Industry, Science and Resources (8 Dec. 2022), https://www.minister.industry.gov.au/ministers/king/speeches/speech-amec-awards-night-perth, accessed 9 Mar. 2023.] 


[bookmark: _Ref140826938]Australian critical mineral deposits and operating mines as at 31 December 2022
[image: This map shows the locations and status, as at 31 December 2022, of Australian critical mineral deposits and operating mines.

The shape of the icon differentiates operating mines, mines under development, mines on care and maintenance and resource deposits associated with critical minerals. The type of critical minerals are differentiated by colour on the map. 

For the purposes of this map, critical minerals are defined as minerals and elements (solid and gaseous) that are vital for modern technology and whose supply may be at risk of disruption. The Australian critical minerals list comprises aluminium (high-purity alumina), antimony, beryllium, bismuth, chromium, cobalt, gallium, germanium, graphite, hafnium, helium, indium, lithium, magnesium, niobium, platinum group elements, rare earth elements, rhenium, scandium, silicon (high-purity silica), tantalum, titanium, tungsten, vanadium and zirconium. The critical mineral deposits on this map may not be comprehensive for all commodities.] 
Source: Geoscience Australia, Critical minerals at Geoscience Australia, 2023.

The global shift towards low‑emissions, renewable energy and clean energy industries will correspond to slowing demand for fossil fuel‑intensive exports, such as thermal coal. The pace and magnitude of this shift will be driven by developments in international markets, with approximately 80 per cent of Australia’s thermal coal production exported in 2022.[endnoteRef:67]  [67:  	DISR, ‘Commonwealth of Australia Resources and Energy Quarterly March 2023’, 60. ] 

Understanding the pace of these trends will help clean energy investors and impacted communities anticipate changes in industrial opportunities and manage regional transitions.
International think tanks and market analysts forecast that global demand and supply for thermal coal could vary significantly depending on global decarbonisation pathways.[footnoteRef:27] Treasury has drawn on these international supply and demand forecasts to illustrate how these global trends could impact demand for Australia’s thermal coal over the next 40 years (Chart 5.10).[footnoteRef:28]  [27:  	Treasury analysis leverages IEA supply forecasts and Wood Mackenzie demand forecasts.]  [28: 	The analysis here represents a partial view of what might happen to thermal coal exports. Actual outcomes resulting from the net zero transformation will depend on many factors.] 

Under the Paris Agreement, 195 countries have committed to hold the increase in the global average temperature to well below 2°C above preindustrial levels and pursue efforts to limit the temperature increase to 1.5°C above preindustrial levels. If global action limits temperature increases to 1.5°C, the associated reductions in global demand for thermal coal could reduce Australia’s exports to less than 1 per cent of current levels by 2063. Conversely, if global action limits temperature increases to 2°C this century, thermal coal exports are estimated to fall by 50 per cent by 2063. The decline in international demand for Australia’s thermal coal would be expected to be slower in a scenario where global action fails to deliver on the Paris Agreement, resulting in warming above 2°C this century.

[bookmark: _Ref141464869][bookmark: _Ref141540204]Potential demand for Australian seaborne thermal coal export volumes under different global emissions reduction pathways
[image: This chart illustrates the impact of global energy trends on Australian exports of thermal under different climate scenarios. The export volumes of thermal coal could be around 50 per cent of current levels in 2063, if global climate targets are met on time and temperature increases are limited to 2°C this century. If global action is only sufficient to limit temperature increases to 3°C this century coal experts are estimated to fall by 22 per cent, however in a world of more rapid mitigation exports could be less than 1 per cent of current levels by 2063.]
Source: Treasury calculations based on Wood Mackenzie and IEA global demand and supply data, 2023.

The shift in Australia’s export structure and industrial base due to the global net zero transformation is likely to change the industry mix in some rural and regional economies over the next 40 years. By planning ahead, communities can position themselves to take advantage of opportunities and ensure those with emissions‑intensive industries are ready for the transformation. The Government is establishing a national Net Zero Authority to help drive the transformation to a clean energy economy and ensure Australia’s regions, workers and First Nations people benefit. It will include a focus on the regions, industries and workers that have traditionally powered Australia’s economy. 
As some traditional industries adapt and transition, the Net Zero Authority will help workers, communities and regions benefit from opportunities presented by the net zero economy. Jobs and Skills Australia and the Department of Climate Change, Energy, the Environment and Water are undertaking further capacity studies. The Powering the Regions Fund will help the net zero emissions transformation drive growth across regions that have traditionally powered Australia.
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