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About 

The Clean Energy Investor Group (CEIG) represents domestic 
and global renewable energy developers and investors, with 
more than 16GW of installed renewable energy capacity 
across more than 76 power stations and a combined portfolio 
value of around $38 billion. 
 
CEIG members’ project pipeline is estimated to be more than 
46GW across Australia. It is an investor body, representing the 
unique perspective of clean energy investors to regulators, 
policy makers and the broader energy sector. 
 

In the spirit of reconciliation, the Clean Energy Investor Group 
acknowledges the Traditional Custodians of country throughout 
Australia and their connections to land, sea and community.  
 
We pay our respect to their Elders past and present and extend that 
respect to all Aboriginal and Torres Strait Islander peoples today.  
 
 
 
 
 
 
 
www.ceig.org.au  
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Executive summary 
South Australia has become one of the world’s most advanced renewable energy power systems and 
a leading example of how to transition from fossil fuels to a reliable, secure and affordable grid powered 
by variable renewable energy (VRE). In 2024, wind and solar supplied 74% of the state’s electricity 
demand, with renewables meeting total demand for part of the day on 299 days, equivalent to being 
fully renewable 27% of the time. The state has brought forward its 100% net renewable generation 
target from 2030 to 2027.  
 
This achievement places South Australia alongside Denmark as one of only two jurisdictions globally to 
reach such high levels of VRE integration, but under far more challenging conditions: a sparser, less 
interconnected grid with no large hydropower nearby. Success has come from more than a decade of 
consistent policy, market reform, private investment and innovation in system security services. It puts 
South Australia's capital city, Adelaide, in strong contention to host the UN Climate Conference 
(COP31) in 2026.  
 
The 2016 statewide blackout marked a turning point. Rather than retreat from renewables, South 
Australia responded with evidence-based solutions that strengthened system security and investor 
confidence. The Hornsdale Power Reserve, delivered in 2017 as the world’s largest lithium-ion battery 
at the time, demonstrated how storage could stabilise the grid, lower costs and enable high VRE 
operation. The state’s experience laid the groundwork for new system security services and grid 
operability innovation, such as Fast Frequency Response, that have since informed broader national 
market developments.  
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Today, South Australia operates regularly at or near 100% instantaneous renewable generation. 
Advanced inverter-based resources, synchronous condensers and new firming mechanisms such as 
the Firm Energy Reliability Mechanism are preparing the system for enduring system security and 
reliability as coal generation exits the wider National Electricity Market. The Hydrogen and Renewable 
Energy Act 2023 establishes a world-leading framework for assessing projects across their full 
lifecycle, ensures First Nations participation and embeds social licence and environmental protection.  
 
South Australia is also positioning itself for the next frontier in green industrial exports. Modelling by 
Baringa identifies South Australia as a leading location for green iron production, supported by 
abundant magnetite ore, low-cost renewable resources and clear policy direction. The analysis 
highlights how new green industries, underpinned by clean power and flexible storage, could drive 
regional growth and strengthen Australia’s long-term competitiveness in global supply chains. 
 
As nearly 200 countries commit to tripling renewable capacity by 2030, South Australia offers 
practical proof that this goal can be achieved in a way that is economical, equitable and secure. Its 
experience shows that renewable energy is not just about decarbonisation but also about energy 
security and shared prosperity. Above all, it demonstrates that policy certainty and clear, long-term 
direction are essential to mobilise private investment and maintain public confidence.  
 
South Australia’s continued ambition to expand from renewable generation into green industry and 
exports marks a new wave of progress in Australia and beyond, providing a model for governments 
seeking to deliver the promises of COP28 through stability, innovation and inclusion. South Australia’s 
capital would be an ideal host city for COP31, with a real, concrete example of how to transition and 
build a net zero economy.  
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Introduction 
One week after the Glasgow Climate Conference, in late 2021, the Australian Labor Party decided that 
if it won the federal election the next year it would bid to host a UN Climate Conference in Australia in 
partnership with the Pacific. In the thirty-year history of the United Nations Framework Convention on 
Climate Change, Australia had never put its hand up to a host a conference, until now.  
 
The reason given for this significant shift in appetite to host a Conference of the Parties (COP) was not 
the moral imperative to address climate change nor the growing diplomatic momentum building from 
the Glasgow and Paris Summits. The reason according to the Australian Climate & Energy Minister is 
showcase and leverage the clean energy transition.  

 

"This is an opportunity  
- will be an opportunity, if we win the bid -  

to show Australia's capacity to help the world 
 as a renewable energy powerhouse."  

Minister for Climate & Energy, Chris Bowen 1 
 
The state in Australia that best reflects the ‘renewable energy powerhouse’ is South Australia. Over the 
last fifteen years, South Australia has quietly led the country, and arguably the world, in building small- 
and large-scale renewables to power its grid.  Now at almost three quarters energy consumption 
renewables, it sits unrivalled in its ability to pioneer a high-variable-renewable grid and expand into 
green industries.  
 
The members of the Clean Energy Investor Group have invested in and own many of these clean 
energy assets, with many of the case studies shared in this report. It is therefore no wonder that earlier 
this year the Australian Prime Minister confirmed Adelaide, the capital of South Australia, would be the 
host city for the COP31 bid in 2026.   
 
The host of COP31 will be decided at the end of COP30 in Brazil, and there remains a competing 
Turkish bid. There are many compelling reasons for why it should be hosted in Australia.  Three of the 
last four COPs have been held in the same global region around the Middle East and North Africa. Not a 
single COP has been held in Australia and the last one held in the Asia-Pacific region was in 2007 in Bali.  
 
By the far the strongest reason, is that South Australia can show the world how it can deliver on the 
global goal of tripling renewable energy by 2030. Especially given around half of all the renewables 
needed to meet this global tripling goal will be in the Asia-Pacific. It is therefore time for a Renewable 
COP and there is no better place than South Australia – the Denmark Down Under.  

 
1 SBS News – The Right Year for Us 

https://www.sbs.com.au/news/article/the-right-year-for-us-australia-announces-bid-to-co-host-2026-un-climate-summit/yd1hetgh3
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South Australia’s Transformation from Fossil to 
Clean 
Australia is aiming for 82% annual renewable generation by 2030, and in 2024 reached around 39%. 2 
Yet within this national landscape, one state stands apart. South Australia has become a global front-
runner in managing a grid largely powered by variable renewable energy (VRE).  
 
Wind and solar met 74% of its annual electricity consumption in 2024, and on 299 days of the year, 
renewables supplied the entire demand for at least part of the day, equivalent to being fully renewable 
27% of the time. 3  
 

Building on this progress, the state recently brought forward its 100% net renewable generation target 
by three years to 2027. 4  
 
This achievement is a global standout. According to International Energy Agency analysis, only two 
jurisdictions worldwide have reached such advanced levels of renewable integration: Denmark at the 
country level, and South Australia as a sub-region. 5  
 
In contrast to Denmark, South Australia operates a much smaller, limited interconnected grid, with no 
access to large hydropower resources for balancing. Sitting at the end of a long, stringy transmission 
network, the state has instead focused on boosting system flexibility and resilience from within, 
through advanced battery storage, smart management of distributed energy resources and forward-
looking incentives alongside market and planning reforms.  
 
Yet it was not always this way. South Australia’s pioneering energy transformation has been both rapid 
and hard-won. Shaped by policy choices, industry innovation and moments of crisis, the state’s journey 
from around 1% renewables to 74% in just over 16 years has made it a global case study demonstrating 
how a modern grid can be reliable, secure and affordable with minimal fossil fuels. 6  
 
 
 
 
 
 
 

 
2 CER| Quarterly Carbon Market Report December Quarter 2024 
3 Electranet | Transmission and Annual Planning Report 2025 
4 Government of South Australia | New target for renewables 
5 IEA | Integrating Solar and Wind - Global experience and emerging challenges. Note: 50 power 
systems were analysed, accounting for ~90% of globe solar PV and wind generation. 
6 Government of South Australia | Leading the Green Economy 

https://cer.gov.au/markets/reports-and-data/quarterly-carbon-market-reports/quarterly-carbon-market-report-december-quarter-2024/state-total-renewables
https://electranet.com.au/wp-content/uploads/2025/06/250516_TAPR_Final-3.pdf
https://www.premier.sa.gov.au/media-releases/news-archive/new-target-for-renewables
https://iea.blob.core.windows.net/assets/4e495603-7d8b-4f8b-8b60-896a5936a31d/IntegratingSolarandWind.pdf
https://www.energymining.sa.gov.au/industry/hydrogen-and-renewable-energy/leading-the-green-economy
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Figure 1: South Australia’s annual generation mix 

 
Source: Open Electricity | South Australia energy. Note: Wind generation appears in OpenNEM data from 
2007 onward. Some wind farms were operating earlier, but only became visible in AEMO datasets once 
registered as semi-scheduled generators. 

Back to the beginning: the early rise of wind  
South Australia has some of the most favourable conditions in the world for renewable generation. The 
state’s geography, extensive coastline exposed the powerful ‘Roaring Forties’ winds, combined with 
high solar irradiance and abundant sunshine, creates exceptional potential for both wind and solar. 7 
 
The foundation for South Australia’s clean energy transformation was laid by the national Renewable 
Energy Target (RET), launched by the Howard Government in 2001. The policy required electricity 
retailers to source a fixed proportion of their power from renewable energy, creating demand for 
Large-scale Generation Certificates (LCGs). These certificates underpinned long term power 
purchase agreements (PPAs) that helped make early wind projects bankable. 8  
 
South Australia quickly became an attractive choice for local and international investors and 
developers due to its excellent wind resources, a supportive state government and comparatively 
efficient planning and grid connection processes. As a result, it emerged as the core region for 

 
7 ABC Science | Roaring Forties 
8 Clean Energy Regulator | Renewable Energy Target 

https://explore.openelectricity.org.au/energy/sa1/?range=all&interval=1y&view=discrete-time&group=Detailed
https://www.abc.net.au/science/articles/2007/09/20/2038604.htm
https://cer.gov.au/schemes/renewable-energy-target
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Australia’s first wave of commercial wind development, hosting roughly half of the nation’s 1.7 gigawatts 
of installed capacity by 2009. 9  
 
The Australian Capital Territory’s 2015 wind reverse auction further accelerated investment. Through a 
contract-for-difference mechanism, it awarded 20-year contracts to projects such as Neoen’s 
Hornsdale Wind Farm. These long-term price guarantees unlocked more large-scale private 
investment and cemented South Australia’s position as the national wind capital.  
 

By 2016, wind, as well as solar, supplied around 40% of South Australia’s annual electricity 
consumption, well ahead of other states. 10 That same year, the Northern and Playford B coal-fired 
power stations in Port Augusta in South Australia had become increasingly uneconomic and were 
permanently closed. Their closure marked both the end of coal generation in South Australia and the 
symbolic shift towards a new phase of the state’s clean energy transformation.   
 

CASE STUDY 

Canunda Wind Farm (46 MW, commissioned 2005)  
 
Located in South Australia’s south-east, the Canunda Wind Farm is one of the oldest continuously 
operating commercial wind farms in Australia. It celebrated its 20th anniversary of operations in 
March 2025.  
 
Developed by ENGIE (then International Power Australia) its 2MW turbines were some of the largest 
models globally deployed at the time.  
 
The farm’s output is contracted to ENGIE’s retail arm (previously known as Simply Energy), which 
purchases both the Large-scale Generation Certificates (LGCs) and electricity.   
 
Despite its age and initial expectations of a 20-year operational life, ENGIE now expects it to operate 
for another 10 years before requiring decommissioning or repowering. 11  
 
Canunda, as well as other early commercial wind projects in the state, helped accumulate 
commissioning and operational experience which informed grid-connection standards and 
forecasting practices for subsequent, larger projects. 

 

CASE STUDY 

Hornsdale Wind Farm (Stages 1, 2, and 3 315 MW total, commissioned 2015-2017)  
 
The Hornsdale Wind Farm, located near Jamestown in South Australia’s mid north, was delivered in 
three stages by Neoen and later acquired by Atmos Renewables.  
 

 
9 Commonwealth of Australia | Australian Energy Resource Assessment - Chapter 9 - Wind Energy 
10 OpenNem | South Australia; Note: With the exception of Australian Capital Territory, which had 
contracted with projects to meet 100% of its consumption once operational. 
11 Renew Economy | One of Australia’s oldest wind farms turns 20 today, and will live on for another 
decade 

https://engie.com.au/about-us/our-generation-activities/wind-farms/canunda
https://hornsdalewindfarm.com.au/
https://www.ga.gov.au/bigobj/GA17056.pdf
https://explore.openelectricity.org.au/energy/sa1/?range=all&interval=1y&view=discrete-time&group=Detailed
https://reneweconomy.com.au/one-of-australias-oldest-wind-farms-turns-20-today-and-will-live-on-for-another-decade/
https://reneweconomy.com.au/one-of-australias-oldest-wind-farms-turns-20-today-and-will-live-on-for-another-decade/
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Hornsdale became central to the Australian Capital Territory’s 100% by 2020 renewable energy 
target, supplying a major share of its contracted wind capacity through the reverse auctions held 
between 2014 and 2016. These contract-for-difference agreements provided long-term revenue 
certainty that unlocked large-scale private investment and helped establish Neoen as one of 
Australia’s leading renewable energy developers.  
 
Beyond generation, Hornsdale Stage 2 participated in a landmark trial with the Australian Renewable 
Energy Agency (ARENA) and the Australian Energy Market Operator (AEMO) from 2017 
demonstrating how wind farms could provide Frequency Control Ancillary Services (FCAS), rapid 
frequency-stabilising responses traditionally supplied by coal, gas and hydro plants. The project 
showed that wind plants using advanced control systems could respond to frequency deviations 
within seconds, helping pave the way for greater recognition of the system security value of 
renewable generation. 12 

A blackout that led to a turning point 
 
On 26 September 2016, South Australia experienced a statewide blackout, the first “system black” 
event to affect an entire state in the history of the National Electricity Market (NEM). Extreme storms 
brought down multiple high-voltage transmission towers, cutting off several major 275 kV lines. The 
resulting voltage disturbances caused a rapid cascade of events, tripping the interconnector to 
Victoria, islanding South Australia and within seconds the entire state lost power. 
 
While early commentary around the country blamed the blackout on the state’s growing share of 
renewables, within South Australia then-Premier Jay Weatherill maintained confidence in the state’s 
clean energy direction. His continued support helped provide political stability and public assurance 
during a period of intense scrutiny and debate. AEMO’s final investigation concluded that the event 
stemmed from the physical loss of transmission infrastructure and cascading protection responses 
across the system, not by renewable variability itself. 13 The report also underscored that as the shifting 
generation mix towards inverter-based resources like wind and solar, new operational realities must be 
managed. In particular, it was no longer appropriate for the system to rely solely on traditional 
generators to deliver essential system services that keep the grid stable.  
 
The report called for “proof of concept” projects to demonstrate how non-traditional sources like solar, 
wind and battery storage could provide advanced system services, such as Fast Frequency Response, 
and strengthen system resilience. Within months, the South Australian Government announced its 
$550 million Energy Plan, including a tender for what would become the world’s largest battery energy 
storage system, new emergency generation capacity and powers to direct generation during supply 
shortfalls. 14 The response marked the start of a new chapter for South Australia, one defined not by 
retreat, but by resilience, reinvention and innovation. 

 
12 ARENA | Hornsdale Wind Farm Stage 2 FCAS Trial 
13 AEMO | Black System South Australia 28 September 2016 
14 Government of South Australia | Our Energy Plan 

https://arena.gov.au/projects/hornsdale-wind-farm-stage-2/
https://www.aemo.com.au/-/media/files/electricity/nem/market_notices_and_events/power_system_incident_reports/2017/integrated-final-report-sa-black-system-28-september-2016.pdf
https://apo.org.au/sites/default/files/resource-files/2017-03/apo-nid74435.pdf
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Rebuilding forward: a grid reimagined under pressure  
 
Far across the Pacific Ocean, California had just faced an energy crisis of its own. A massive leak in the 
Aliso Canyon natural gas storage facility near to Los Angeles became one of the worst accidental 
releases of methane in U.S. history, spewing gas into the atmosphere from October 2015 to February 
2016. 15  
 
In the aftermath, Californian utilities were under pressure to prevent grid outages during periods of high 
demand. They urgently needed to procure flexible, fast-responding assets that could be deployed 
quickly. 16 At the same time, as wind and solar costs declined, battery costs were also plummeting, 
piggybacking on advances in electric vehicle manufacturing and the supply chain scale-up.  
 
Utilities Southern California Edison and San Diego Gas & Electric rapidly procured around 100 MW of 
grid-scale battery storage projects, contracting from three pioneering providers of the time: AES 
Energy Storage (later part of Fluence), Tesla and Greensmith (later Wärtsilä). Tesla’s Mira Loma 
project (20 MW / 80 MWh) was completed in record time, just 88 days by early 2017, providing 
California with rapid-responding grid support faster than any other asset type could have delivered. 17 
 
Back in South Australia, in March 2017 the state government was about to officially launch its new 
energy plan, which would include a tender for 100 MW of battery storage, with financing support from 
the Clean Energy Finance Corporation. At the time, only a handful of small demonstration projects 
existed in Australia, the largest measuring just a few megawatts and megawatt hours. 
 
Just before the official launch however, a dramatic exchange on Twitter (now X) between Atlassian co-
founder Mike Cannon Brookes and Tesla CEO Elon Musk captured global attention. Musk claimed that 
Tesla could deliver and commission a 100 MW system in under 100 days from contract signature, or it 
would be free. 18 The project, which needed to be up and running by 1 December in time for summer, 
drew more than 70 expressions of interest from developers and technology providers.  
 

After a competitive process, the South Australian Government selected Neoen, with Tesla as its 
technology partner, to deliver what would become the Hornsdale Power Reserve. Once completed (as 
promised, in less than 100 days from contract signed) it became the largest lithium-ion battery in the 
world at 100 MW / 129 MWh, well ahead of the previous largest in California.  
 

 
15 NOAA | NOAA and partners report the largest methane leak in U.S. history in a joint study 
16 The Guardian - Julian Spector | California’s big battery experiment: a turning point for energy 
storage? 
17 AFR - Tom Randall | Tesla’s battery revolution just reached critical mass; Solar Power World - Kelly 
Pickeral | Tesla’s 80-MWh energy storage project completed with assist from Swinerton 
18 ABC - Daniel Keane | Tesla's big battery started with an Elon Musk Twitter exchange – but behind 
the scenes, it wasn't that simple 

https://cpo.noaa.gov/noaa-and-partners-report-the-largest-methane-leak-in-us-history-in-a-joint-study/
https://www.theguardian.com/sustainable-business/2017/sep/15/californias-big-battery-experiment-a-turning-point-for-energy-storage
https://www.theguardian.com/sustainable-business/2017/sep/15/californias-big-battery-experiment-a-turning-point-for-energy-storage
https://www.afr.com/technology/teslas-battery-revolution-just-reached-critical-mass-20170131-gu1tnd
https://www.solarpowerworldonline.com/2017/02/teslas-80-mwh-energy-storage-project-completed-assist-swinerton/
https://www.abc.net.au/news/2022-08-13/tesla-big-battery-began-with-elon-musk-mike-cannon-brookes-bet/101301882
https://www.abc.net.au/news/2022-08-13/tesla-big-battery-began-with-elon-musk-mike-cannon-brookes-bet/101301882
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This gave AEMO and the South Australian Government a chance to put this new asset to the test. In 
one of the most variable renewable-rich regions globally, Hornsdale Power Reserve pioneered world-
first demonstrations of advanced system security services at scale, while also participating in existing 
energy and ancillary service markets.  
 
In its first two years of operation, the asset repeatedly proved its ability to stabilise South Australia’s 
grid, and support the wider NEM. It responded within milliseconds to major contingency events, 
reducing the risk of load shedding and system blackouts. Over that period, it saved South Australian 
consumers over AUD 150 million (USD 98 million) by driving down the cost of Frequency Control 
Ancillary Services (FCAS). 19 It also paved the way for new system security services, regulatory 
frameworks and operational learnings to run a grid with much higher shares of variable renewable 
energy.  
 

CASE STUDY 

Hornsdale Power Reserve (100 MW / 129 MWh, commissioned 2017 later expanded to 150 MW / 
193.5 MWh in 2020) 
 

Commissioned in December 2017 near Jamestown, South Australia, Hornsdale Power Reserve was 
delivered by Neoen with Tesla as the technology partner supported by a 10-year system security 
contract with the South Australian Government. Built in under 100 days, it was the largest lithium-ion 
battery in the world at the time. 
 
While 30 MW / 119 MWh was available for Neoen to participate in the NEM’s then-9 energy and 
Frequency Control Ancillary Service (FCAS) markets, the remaining 70 MW / 10 MWh was reserved 
by the state government to provide: 

● Fast Frequency Response (FFR) - injecting or absorbing power in response to a frequency 
disturbance outside of the normal frequency operating range. At the time, the fastest FCAS 
Contingency market required a response within 6 seconds. Battery energy storage 
responds within 150 milliseconds, which can more rapidly arrest frequency changes. 

● System Integrity Protection Scheme (SIPS) - a scheme designed to prevent the loss of the 
Heywood Interconnector (between South Australia and Victoria). Once a signal is received 
from Transmission Network Service Provider, Electranet, the asset rapidly discharges 
output. This prevents the interconnector tripping, and can reduce the risk of South Australia 
islanding, load shedding and a system black event. 20   

 
The impacts on South Australia’s grid were impressive: 21 

● The asset introduced greater competition in FCAS markets, reducing average Regulation 
FCAS costs from AUD 470/MWh (USD 305/MWh) to below AUD 40/MWh (USD 26/MWh). 

 
19 CEFC | SA big battery a game changer 
20 Aurecon | Hornsdale Power Reserve Technical and Market Impact Case Study Years 1 & 2  
21 Aurecon | Hornsdale Power Reserve Technical and Market Impact Case Study Years 1 & 2  

https://hornsdalepowerreserve.com.au/
https://www.cefc.com.au/case-studies/sa-big-battery-a-game-changer/
https://www.aurecongroup.com/projects/energy/hornsdale-power-reserve
https://www.aurecongroup.com/projects/energy/hornsdale-power-reserve
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○ AEMO had historically required 35 MW Regulation FCAS to be locally procured in 
South Australia. The asset’s competitive addition relieved the state of an extra AUD 
40 million (USD 26 million) costs required in both 2016 and 2017. 

○ In its second year of operation, it reduced total Contingency FCAS costs by AUD 80 
million (USD 52 million) and Regulation FCAS costs AUD 26 million (USD 17 million), 
totalling AUD 116 million (USD 75 million).  

● The asset repeatedly supported the South Australian grid during multiple contingency 
events. 

○ On 25 August 2018, during a major system security event that islanded South 
Australia, it provided FFR to help arrest the initial frequency fall across the NEM. This 
allowed the stabilisation of frequency without the need for load or generation 
shedding in South Australia, while Under-Frequency Load Shedding was triggered in 
parts of Victoria and New South Wales. 

○ On 16 November 2019, during a five-hour separation event, it provided a rapid 
stabilising response, significantly reducing the duration and severity of FCAS price 
spikes. Aurecon modelled the market benefit as approximately AUD 14 million (USD 9 
million) during this single event.   

 
Building on this, the early demonstration of FFR helped pave the way for the introduction of FCAS 
Contingency Very Fast markets in 2023, requiring a Raise/Lower response within one second. 22 The 
demonstration of SIPS also informed the design of later schemes involving battery storage, including 
the Victoria Big Battery and the Waratah Super Battery projects.  
In 2020, the project was expanded by 50 MW / 64.5 MWh, supported by Clean Energy Finance 
Corporation and the Australian Renewable Energy Agency. This was accompanied by a trial of a new 
operating mode that could mimic the grid stabilising behaviour of a traditional generator, providing 
inertia-like services to the grid, which had the potential for South Australia to further reduce its 
dependence on synchronous generation. 23  

South Australia doubles down on pioneering system security and 
renewable integration 
Following the success of Hornsdale Power Reserve, as well as early demonstrations that wind farms 
could provide frequency control services, South Australia entered a new era of system integration. 24 
With no hydropower and only limited interconnection with the rest of the NEM, the state’s next 
challenge was to prove that, with the right operations, market design and flexible resources, a gigawatt-
scale power system could run securely and reliably on very high levels of variable renewables. 

 
22 AEMO | Very Fast FCAS Market Transition 
23 Neoen | Hornsdale Power Reserve Expansion 
24 ARENA | Hornsdale Wind Farm Stage 2 FCAS Trial 

https://www.aemo.com.au/energy-systems/electricity/national-electricity-market-nem/system-operations/ancillary-services/very-fast-fcas-market-transition
https://arena.gov.au/assets/2022/03/hornsdale-power-reserve-virtual-machine-mode-testing-summary-report.pdf
https://arena.gov.au/projects/hornsdale-wind-farm-stage-2/
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Recognising that future power systems would increasingly experience periods when renewables 
supply most or even all electricity demand, AEMO launched its Engineering Roadmap to 100% 
Renewables in 2022. 27 The roadmap prepares Australia’s power systems for secure operation during 
periods of high renewable contribution, managing the technical complexities that arise as regions, and 
eventually the entire NEM, approach 100% instantaneous renewable generation. South Australia 
began experiencing such conditions regularly from around 2020, when rooftop and utility-scale solar 
first pushed operational demand close to zero during mild, sunny days. 28 
 
Figure 2: South Australia generation mix and operational demand by time of day, 11 Oct 2020 

 
Source: AEMO | Quarterly Energy Dynamics Q4 2020 

 
25 ARENA | System security and reliability 
26 IEA | Energy Security 
27 AEMO | Engineering Roadmap to 100% Renewables; AEMO | Engineering Roadmap FY2026 
Priority Actions 
28 AEMO | Quarterly Energy Dynamics Q4 2020 

Reliability vs System Security vs Energy Security 

In the NEM, system security refers to the technical resilience and stability of the grid. When an 
unexpected event occurs, such as a generator trip or a transmission line fault, a secure grid 
continues to operate safely within defined technical limits. 25  
 
By contrast, reliability refers to the grid’s ability to deliver electricity in the quantity and quality 
demanded by consumers over time, ensuring that enough generation, storage and network capacity 
to meet demand and minimise “unserved energy.” 
 
Energy security is broader. It concerns the availability and affordability of energy supplies, both fuels 
and electricity, and the resilience of those supply chains and infrastructure to shocks and 
disruptions. 26 
 
While distinct, the three are interlinked: stronger system security and reliability enhance energy 
security, while threats to energy security (such as fuel shortages or supply chain disruptions) can 
undermine both reliability and system security.  

https://www.aemo.com.au/-/media/files/major-publications/qed/2020/qed-q4-2020.pdf
https://arena.gov.au/renewable-energy/system-security-reliability/
https://www.iea.org/topics/energy-security
https://www.aemo.com.au/-/media/files/initiatives/engineering-framework/2022/engineering-roadmap-to-100-per-cent-renewables.pdf?la=en&rev=fce632fe896a4ecb8a46e0178b38aa91&sc_lang=en&hash=FC6FDE635F66C650885A36A0E5D3AC31
https://www.aemo.com.au/-/media/files/initiatives/engineering-framework/2025/engineering-roadmap-fy2026-priority-actions-report.pdf?rev=e99db0d3c01543d584e25df0df6936ad&sc_lang=en
https://www.aemo.com.au/-/media/files/initiatives/engineering-framework/2025/engineering-roadmap-fy2026-priority-actions-report.pdf?rev=e99db0d3c01543d584e25df0df6936ad&sc_lang=en
https://www.aemo.com.au/-/media/files/major-publications/qed/2020/qed-q4-2020.pdf
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Building on lessons from advanced inverter-based services and several synchronous condensers 
installed across the state, AEMO has progressively reduced the number of synchronous gas units 
required online for system security. In August 2025, AEMO confirmed the successful demonstration of 
secure operation with only one synchronous generator online, a key step towards full inverter-based 
operation. 29 The next phase will be a world-first trial of zero synchronous generation in an islanded 
system, which could mark a major milestone for gigawatt-scale power systems worldwide. 30 

 
To guide this evolution, AEMO’s Integrated System Plan (ISP) serves as Australia’s national blueprint 
for least-cost, secure development of the electricity system. 31 Updated every two years, the ISP 
identifies the optimal development path for transmission, generation and energy storage needed to 
deliver reliable and affordable electricity as coal retires. It also helps ensure that investment in 
Renewable Energy Zones, interconnectors, energy storage and essential system services is 
coordinated across the NEM. In South Australia, this includes preparing for major transition points such 
as the commissioning of Project Energy Connect (linking South Australia with New South Wales and 
adding a further link to Victoria), better coordination of system services and managing reduced 
minimum demand periods driven by rooftop solar. 

Longer duration firming: the final step to manage 100% renewables  
As South Australia approaches its 2027 target of net 100% renewable generation, attention has turned 
from short-term system balancing towards ensuring reliability over extended periods of low wind and 
solar output. Early system security challenges are now being progressively addressed through 
advanced system services. The next phase focuses on firming the system: providing dependable 
supply across hours and days of low renewable generation through long-duration energy storage and 
a limited use of gas generation. 

 
29 AEMO | Reduction of Minimum Synchronous Generators in South Australia  
30 AEMO | AEMO progressing transitional system security services 
31 AEMO | 2024 Integrated System Plan (ISP) 

https://www.aemo.com.au/-/media/files/electricity/nem/security_and_reliability/congestion-information/related-resources/reduction-of-minimum-synchronous-generators-in-south-australia.pdf?rev=65e725334b35432e9e5c614c13a3ea1c&sc_lang=en
https://www.aemo.com.au/newsroom/news-updates/aemo-progressing-transitional-system-security-services
https://www.aemo.com.au/energy-systems/major-publications/integrated-system-plan-isp/2024-integrated-system-plan-isp
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Battery storage durations and evolving business models 

Early battery storage projects in South Australia were designed with short durations, typically under 
two hours, reflecting both the services most needed at the time and project economics. Hornsdale 
Power Reserve had a 1.3 hour duration, while Electranet’s ESCRI Dalrymple battery (30 MW / 8 MWh 
or roughly 15 minutes) was built primarily to deliver FFR, islanding services, SIPS and FCAS.  
 
As more battery storage projects entered FCAS markets and wholesale price volatility increased, 
the balance of revenue streams shifted. By 2024, energy arbitrage (buying power when prices are 
low and discharging when they are high) overtook FCAS as the dominant revenue stream for the 
NEM’s battery fleet. 32  
 
Figure 3: Percentage of monthly market revenue earned by batteries  
 

 
Source: WattClarity | The state-of-charge for 2024: The highs and lows of the big battery boom 
 
The shift reshaped business cases for developers and investors. Two-to-four hour assets were able 
to capture greater wholesale price spreads and can firm supply for utilities and large industrial 
customers. The latest wave of South Australian projects increasingly targets four-hour durations, 
such as Copenhagen Infrastructure Partners’ Summerfield Battery Energy Storage System (240 
MW / 960 MWh), one of the largest in the state under construction. The project is supported by a 
tolling agreement with gentailer Origin Energy.  
 
However, extending durations beyond four hours, such as to eight hours or more, typically requires 
new forms of underwriting or revenue streams not yet remunerated. The first such project in 
Australia, the RWE Limondale Battery Energy Storage System in New South Wales, received a state-
backed long-duration storage agreement to help commercialise the eight-hour business case. 

 
32 WattClarity | The state-of-charge for 2024: The highs and lows of the big battery boom 

https://wattclarity.com.au/articles/2025/02/the-state-of-charge-for-2024-the-highs-and-lows-of-the-big-battery-boom/
https://www.summerfieldbattery.com.au/
https://au.rwe.com/projects/limondale-bess/
https://wattclarity.com.au/articles/2025/02/the-state-of-charge-for-2024-the-highs-and-lows-of-the-big-battery-boom/
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Longer duration firming contracts: Firm Energy Reliability Mechanism 
(FERM) 
In October 2025, the South Australian Government released the Firm Energy Reliability Mechanism 
(FERM), a competitive tender scheme to procure eight-hour duration dispatchable capacity. 33 The 
scheme is designed to provide deeper firming and move closer to 100% renewables.  
 

Building on the lessons from the national Capacity Investment Scheme and New South Wales’ Long 
Duration Storage Long-Term Energy Service Agreements, FERM makes South Australia the second 
Australian jurisdiction with a dedicated framework for 8 hour + dispatchable capacity.  
 
FERM contracts underwrite a portion of a project's revenue over a 15-year term. When market 
revenues are high, the state shares in the upside. When revenues fall, the contract provides downside 
protection. This structure aims to attract private investment in long-duration energy storage, pumped 
hydro, gas peakers and other dispatchable technologies, while minimising long-term costs to 
taxpayers and consumers.  

Modernising planning reform and building social licence  
As South Australia strengthens the system security and reliability of its power system, it also reformed 
the institutional frameworks guiding renewable energy development. The state’s success in integrating 
high shares of wind and solar had created a new challenge: managing a surge of investment while 
protecting environmental, cultural and community values.  
 
To address this, the state government introduced the Hydrogen and Renewable Energy Act 2023, 
which came into effect in July 2024. The Act establishes a world-leading regulatory framework for 
renewable and hydrogen projects, covering the entire project lifecycle, from site exploration to 
construction, operation and decommissioning. It gives investors greater certainty while ensuring that 
developments meet stringent environmental, cultural and social standards. 34  
 
Importantly, the Act replaces the previously fragmented approval pathways with a single transparent 
system that coordinates overlapping land uses (such as pastoral leases, mining tenements and native 
title rights). It recognises meaningful First Nations participation in decision-making as central to South 
Australia’s clean energy future, and it ensures that multiple land uses can coexist through clear tenure 
and access rights. The Act also requires proponents to address community, environmental and 
economic impacts and demonstrate how they will deliver benefits to South Australians. These reforms 
have already attracted interest from other Australian states and abroad as a model for orderly 
renewable development backed by strong social licence.  Recognising more can be done to increase 
First Nations engagement and ownership, South Australia is leading the way in crafting solutions. 
 

 
33 ASL | SA FERM - Tender Round 1 
34 Government of South Australia | Hydrogen and Renewable Energy Act 

https://asl.org.au/tenders/sa-ferm-tender-round-1
https://www.energymining.sa.gov.au/industry/hydrogen-and-renewable-energy/hydrogen-and-renewable-energy-act/about-the-act
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CASE STUDY  

Bungala Solar Farms 1 & 2 (110 MWac / 137.7 MWdc each, total 220 MWac / 275 MWdc, 
commissioned 2018 and 2019)  

Located near Port Augusta in South Australia’s Upper Spencer Gulf region, the Bungala Solar Farms 
1 and 2 together form the state’s largest operational solar PV facility and, for a period, were the largest 
in Australia. 

Now fully owned by Potentia Energy, the projects were delivered without direct government funding 
and are supported by a long-term power purchase agreement with Origin Energy. At financial close, 
they represented the largest combined equity-and-debt financing package for a solar PV 
development in Australia. 35 

The project is located on land owned by the Bungala Aboriginal Corporation and maintains a strong, 
ongoing relationship with the local council, supporting community development initiatives each year. 
In 2025, this included a program that brings together local schools and nursing homes to build 
connections across generations.  

On the same site, the Emeroo Battery Energy Storage System (225 MW / 900 MWh) became, in 
August 2025, the first utility-scale battery to have its Statement of Environmental Objectives 
approved under South Australia’s new Hydrogen and Renewable Energy Act. 36 

 
 

CASE STUDY  

Goyder South Wind Farm (412 MW, commissioned 2025) 
 
The Goyder South Wind Farm, located near Burra in South Australia’s Mid North, ranks among the 
state’s largest wind projects and showcases South Australia’s approach to integrating 
environmental, social and industrial priorities in renewable development.  
 
In an industry-first initiative developed by Neoen, in collaboration with the South Australian 
Government, Traditional Owners and local conservation groups, the project supported the creation 
of a new national park in the region. 37  
 
Goyder South also demonstrates how large-scale renewable projects can increasingly support 
industrial demand. The wind farm is underpinned by three long-term power purchase agreements: a 
14-year contract with the ACT Government, a 10-year agreement with retailer Flow Power and a 
renewable baseload supply contract with Australian mining giant BHP. This latter agreement 
combines output from Goyder South with firming capacity from Neoen’s nearby Blyth Battery, 
providing a 24/7 70 MW supply solution to BHP’s Olympic Dam copper operations. These 

 
35 Commonwealth Bank of Australia | Our ongoing support for solar energy 
36 Government of South Australia | SA's charged-up renewable energy sector sparks jobs and 
economic activity 
37 Neoen | Neoen’s Goyder South project paves the way for a new national park in South Australia 

https://potentiaenergy.com.au/project/bungala-solar-farm-1-and-2/
https://goyderenergy.com.au/goyder-south/
https://www.commbank.com.au/guidance/newsroom/CBA-finances-bungala-solar-project-in-south-australia-201706.html
https://www.energymining.sa.gov.au/home/news/latest/sas-charged-up-renewable-energy-sector-sparks-jobs-and-economic-activity
https://www.energymining.sa.gov.au/home/news/latest/sas-charged-up-renewable-energy-sector-sparks-jobs-and-economic-activity
https://australia.neoen.com/en/news/2023/neoen-goyder-south-project-paves-the-way-for-a-new-national-park-in-south-australia/
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agreements are pioneering how renewables and storage can reliably power the future of industrial 
demand, linking South Australia’s clean-energy leadership to the decarbonisation of Australia’s 
heavy industry. 38 

 

Realising South Australia’s green export 
opportunity 
South Australia’s clean energy transformation does not end with reaching net 100% renewables to 
serve current demand. Rather, the state is now positioned to turn the traditional energy trilemma of 
affordability, reliability and emissions intensity into an advantageous trifecta, a system capable of 
powering not only existing homes and businesses, but also new industrial demand driven by clean 
energy. 
 
South Australia has all the ingredients for a new export era: world-class renewable resources, rich 
magnetite iron ore deposits, strong policy momentum and deep industrial know-how. It now can 
expand into green commodity production that creates local prosperity while helping Australia’s global 
trading partners decarbonise.  
 

Electranet’s 2025 planning report reinforces this trajectory. Policy certainty and a rapidly 
decarbonising grid are translating into a rise in connection enquiries from industrial proponents seeking 
new, grid-connected load. 39 These early signals point to a future where South Australia's leadership 
extends from clean generation to green manufacturing and export, defining the next phase of its 
transformation.  
 

  

 
38 Neoen | Neoen inaugurates its 412 MW Goyder South Wind Farm, the largest in South Australia 
39 Electranet | Transmission and Annual Planning Report 2025 

https://neoen.com/en/news/2025/neoen-inaugurates-its-412-mw-goyder-south-wind-farm-the-largest-in-south-australia/
https://electranet.com.au/wp-content/uploads/2025/06/250516_TAPR_Final-3.pdf
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Figure 4: Correlation of policies and connection interest in South Australia 
 

 
Source: Electranet | Transmission and Annual Planning Report 2025 

What a green exports economy looks like 
Modelling by Baringa, in Powering Australia’s Green Export Future, explores what it would mean for 
Australia to fully embrace green industrialisation in a below 2°C (~1.8°C) trajectory. In this Renewables 
Superpower scenario, Australia leverages its abundant clean energy and mineral resources to become 
a major producer and exporter of green commodities, particularly green iron and aluminium. 40 
 
Green iron, produced through the hydrogen-based Direct Reduction Iron (H₂-DRI) process, emerges 
as one of Australia’s most significant new export opportunities. In this pathway, hydrogen acts as the 
reducing agent in place of coal or natural gas, allowing iron to be processed with very low emissions. 
Because hydrogen is the key cost driver, access to low-cost, reliable electricity becomes critical.  
 
The modelling shows that early, economically viable green iron projects will cluster in grid-connected 
regions close to ore deposits, with South Australia identified as the primary location in the NEM due to 

 
40 Baringa | Powering Australia’s Green Export Future;  

https://electranet.com.au/wp-content/uploads/2025/06/250516_TAPR_Final-3.pdf
https://www.ceig.org.au/wp-content/uploads/2025/11/Baringa_CEIG_Powering-Australias-green-export-future-web.pdf
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its advanced clean generation mix, enabling policy settings and established industrial base. The 
Superpower Institute similarly models and identifies South Australian locations such as the Eyre 
Peninsula as among the most competitive nationally for first-mover green iron projects. 41 
 
In Baringa’s projections, green iron exports flow primarily to China, reflecting existing trade patterns but 
onshoring the energy-intensive step of iron making. By processing iron ore domestically using clean 
electricity and hydrogen, South Australia can then export green iron metal, helping major trading 
partners cut emissions while adding new value domestically. 
 
Green aluminium also shows strong growth potential under this scenario, as the EU Carbon Border 
Adjustment Mechanism (CBAM) and global buyer preferences lift demand for certified low-carbon 
metals. New or repowered smelters are expected to be within the NEM, largely concentrated in New 
South Wales, Victoria and Queensland, where smelting infrastructure already exists. Here, South 
Australia’s role is complementary, to supply clean firmed electricity into the wider system, enabling 
decarbonisation of industry across the market. 42 
 
Table 1: Potential industry growth in Australia by industry 
 

The Superpower Institute’s analysis finds 
that Australia’s clean-energy-intensive 
exports could directly displace between 
6.7% and 9.6% global 2021 emissions by 
mid-century. 
 
Most of these reductions would occur in 
hard-to-abate sectors in China, Japan, 
Korea, India and Europe. Australia’s green 
trade could meet a large share of future 
clean-energy commodity demand, 
accelerating industrial decarbonisation at a 
lower cost. 43  
 
Source: Baringa | Powering Australia’s Green Export 
Future 

 
 

 
41 The Superpower Institute | A Green Iron Plan for Australia (2025) 
42 The Baringa analysis also examines green ammonia and green steel which were found to have 
smaller major industry growth potential, unlike green iron and aluminium.  
43 The Superpower Institute | The New Energy Trade (2024) 

https://www.ceig.org.au/wp-content/uploads/2025/11/Baringa_CEIG_Powering-Australias-green-export-future-web.pdf
https://www.ceig.org.au/wp-content/uploads/2025/11/Baringa_CEIG_Powering-Australias-green-export-future-web.pdf
https://www.superpowerinstitute.com.au/work/green-iron-plan
https://www.superpowerinstitute.com.au/work/the-new-energy-trade
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Why South Australia for green iron? 
Two factors make South Australia the natural starting point for Australia’s green iron industry, its 
favourable resources and clear, consistent policy leadership.  
 
South Australia has significant deposits of magnetite iron ore, which is well suited to the hydrogen-
based DRI process modelled in the Renewables Superpower scenario. These deposits are located 
close to existing grid-connected industrial zones, allowing projects to access clean, reliable electricity 
for hydrogen supply without the need for isolated infrastructure. This proximity gives South Australia 
an early-mover advantage, enabling it to develop green iron production at lower cost and risk 
compared to more remote regions.  
 
The South Australian Government has explicitly identified green iron and steel as strategic priorities 
through its Green Iron and Steel Strategy, launched in 2024. 44 It sets out coordinated actions to 
transform existing steelmaking, establish new green iron plants and ensure the transition delivers 
economic, social and environmental benefits across communities.  
 
These efforts complement the national Future Made in Australia agenda, aligning state and federal 
ambitions for clean industrial development. 45 Baringa notes that targeted government support will be 
essential to unlock the large-scale investment required for Australia’s green iron industry to compete 
globally. 
 
Figure 5: NEM total electricity demand in the Renewable Superpower scenario and 
Australia-wide electricity consumption from green iron 

 
Source: Baringa | Powering Australia’s Green Export Future 

 
44 Government of South Australia | South Australia’s Green Iron and Steel Strategy 
45 Australian Government | Future Made in Australia 

https://www.ceig.org.au/wp-content/uploads/2025/11/Baringa_CEIG_Powering-Australias-green-export-future-web.pdf
https://www.energymining.sa.gov.au/__data/assets/pdf_file/0010/1017829/South-Australias-Green-iron-and-steel-strategy.pdf
https://treasury.gov.au/policy-topics/future-made-australia
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Under the Renewables Superpower scenario, total electricity demand in the NEM rises from around 
400TWh in 2050 in the Base Case to approximately 580 TWh, a 45% increase. For green iron 
production, much of this additional demand is driven by hydrogen electrolysis, with a much smaller 
portion used directly in the H₂-DRI process. 

Scaling up the energy system to power green exports 
Within this scenario, South Australia hosts the majority of the new industrial load, emerging as a leading 
green iron production region in the NEM. The modelling finds that the least-cost pathway combines 
new renewable generation and firming resources in South Australia with complementary capacity 
across the NEM, enabled by stronger interconnection between states. This integrated approach 
draws on diverse wind and solar profiles across regions, unlocking investment in clean generation, 
storage and transmission.  
 
Realising Australia’s green-export ambition will require a major build-out by 2050: an additional ~140 
GW wind, ~90 GW solar, ~66 GW battery storage and ~33 GW pumped hydro. Greater interconnection 
is vital to enable this efficiently.  
 
South Australia, once again, is well placed to show how a power system built around variable 
renewables can underpin new green industries, offering a model for broader replication in Australia and 
overseas. 
 
 
Figure 6: NEM total electricity demand uplift from green iron and aluminium 

 
Source: Baringa | Powering Australia’s Green Export Future 
 
 
 
 
 

https://www.ceig.org.au/wp-content/uploads/2025/11/Baringa_CEIG_Powering-Australias-green-export-future-web.pdf
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Figure 7: Capacity build required for the Renewable Superpower scenario compared to the 
Base Case 
 

 
Source: Baringa | Powering Australia’s Green Export Future 

South Australia as an international frontrunner of 
renewable integration  
 
South Australia has quietly become one of the world’s most advanced power systems for renewable 
integration. The IEA’s 2024 report Integrating Solar and Wind: Global Experience and Emerging 
Challenges identifies it, alongside Denmark, Ireland, Spain’s Iberian Peninsula, Japan’s Kyushu and 
California as benchmark systems operating in the highest phases of variable renewable energy (VRE) 
integration.  
 
South Australia is explicitly classified as Phase 5, the only sub-national system analysed at that level. 
Phase 5 describes a system where VRE regularly exceeds local demand, creating daily or multi-day 
surplus periods that require whole-of-system changes in planning, operations and market design. 46 
The IEA notes that a key challenge for Phase 5 systems is increasingly economic, sustaining 
investment when wholesale prices are low or negative during high-VRE periods.  
 
As South Australia has started to explore, these regions can turn this challenge into an opportunity by 
using surplus clean energy to power new low emissions industries. 

 
46 International Energy Agency | Integrating Solar and Wind - Global experience and emerging 
challenges. Note: 50 power systems were analysed, accounting for ~90% of globe solar PV and wind 
generation. 

https://www.ceig.org.au/wp-content/uploads/2025/11/Baringa_CEIG_Powering-Australias-green-export-future-web.pdf
https://iea.blob.core.windows.net/assets/4e495603-7d8b-4f8b-8b60-896a5936a31d/IntegratingSolarandWind.pdf
https://iea.blob.core.windows.net/assets/4e495603-7d8b-4f8b-8b60-896a5936a31d/IntegratingSolarandWind.pdf


   
 

25   
 

 
 
Figure 8: Analysed countries by phase of renewable integration  

 
Source: IEA | Integrating Solar and Wind - Global experience and emerging challenges  

Comparing Denmark and South Australia 
Denmark is identified by the IEA as the leading national example of a Phase 5 power system and the 
first country to reach this level of renewable integration. It manages its wind-heavy mix through strong 
interconnection with Nordic and continental European grids, supported by growing solar capacity, 
biomass generation and some energy storage.  
 

https://iea.blob.core.windows.net/assets/4e495603-7d8b-4f8b-8b60-896a5936a31d/IntegratingSolarandWind.pdf
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Ember analysis finds that in 2023, Denmark generated 57.7% of its electricity from wind and 9.3% from 
solar, far ahead of the European Union average. Ireland followed with 35.8% wind power that year, 
while in the UK, wind provided 28.8% of total generation. 47  
 
South Australia operates under similar high-VRE conditions but with very different physical constraints. 
Unlike Denmark, it has limited interconnection and a pronounced midday solar surplus that deepens 
the daily ‘duck curve’. It manages these dynamics through one of the highest concentrations of battery 
energy storage in the world (around 785 MW / 1,200 MWh utility-scale currently operating), 
complemented by distributed energy resources, demand response, curtailed generation and some 
gas. 48  
 
IEA data for 2023 put Denmark and South Australia at the global frontier. Both record high annual wind 
and solar shares around 70% and maximum hourly shares approaching 100% of demand.  
 
Figure 9: Annual and maximum hourly solar PV and wind generation shares, 2023 

 
Source: IEA | Integrating Solar and Wind - Global experience and emerging challenges 

Insights from AEMO’s international comparison  
AEMO’s international review (2019) similarly highlighted South Australia and Denmark as early outliers 
in operating with very high shares of variable renewable generation. At that time, instantaneous wind 
and solar penetrations exceeded local demand, reaching around 142% in South Australia and 157% in 

 
47 Ember | European Electricity Review 2024; Our World in Data | Share of electricity production from 
wind, 2023 to 2024 
48 AEMO | Generation information 

https://iea.blob.core.windows.net/assets/4e495603-7d8b-4f8b-8b60-896a5936a31d/IntegratingSolarandWind.pdf
https://ember-energy.org/latest-insights/european-electricity-review-2024/insights/
https://ourworldindata.org/grapher/share-electricity-wind?time=2023..latest&mapSelect=%7EGBR
https://ourworldindata.org/grapher/share-electricity-wind?time=2023..latest&mapSelect=%7EGBR
https://www.aemo.com.au/energy-systems/electricity/national-electricity-market-nem/nem-forecasting-and-planning/forecasting-and-planning-data/generation-information
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Denmark. The surplus was either exported to neighbouring regions or curtailed when export capacity 
was constrained. 49  
 
AEMO also showed that Australia’s NEM presents a uniquely challenging context for renewable 
integration, a geographically vast, long and stringy network, compared with the compact and highly 
interconnected systems in Europe or the United States. 
 
Figure 10: Large international power systems operating with high instantaneous 
penetrations of wind and solar generation, and Australian comparisons 

 
Source: AEMO | Maintaining Power System Security with High Penetrations of Wind and Solar Generation 

 
Figure 11: Grid topology of other regions with high 
uptake of variable renewables 
 
Source: AEMO | Maintaining Power System Security with High 
Penetrations of Wind and Solar Generation 

 
 
 
 
 

 
49 AEMO | Maintaining Power System Security with High Penetrations of Wind and Solar Generation. 
Note: these values are higher than the IEA’s maximum hourly generation shares due to differences in 
data resolution and system boundaries. 

https://www.aemo.com.au/-/media/Files/Electricity/NEM/Security_%E2%80%8Cand_Reliability%E2%80%8C/Future-Energy-Systems/2019/AEMO-RIS-International-Review-Oct-19.pdf
https://www.aemo.com.au/-/media/Files/Electricity/NEM/Security_%E2%80%8Cand_Reliability%E2%80%8C/Future-Energy-Systems/2019/AEMO-RIS-International-Review-Oct-19.pdf
https://www.aemo.com.au/-/media/Files/Electricity/NEM/Security_%E2%80%8Cand_Reliability%E2%80%8C/Future-Energy-Systems/2019/AEMO-RIS-International-Review-Oct-19.pdf
https://www.aemo.com.au/-/media/Files/Electricity/NEM/Security_%E2%80%8Cand_Reliability%E2%80%8C/Future-Energy-Systems/2019/AEMO-RIS-International-Review-Oct-19.pdf
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South Australia’s lessons for global progress 
 
At COP28 in Dubai, nearly 200 countries united behind a landmark goal to triple renewable energy 
capacity to at least 11 TW by 2030, double the rate of energy-efficiency improvement by 2030 and to 
transition away from fossil fuels in a just, orderly and equitable manner, setting a clear marker for the 
speed and ambition of the global energy transition. 50 
 
South Australia, Denmark and other high-VRE systems are paving the way for how this triad of 
commitments can be implemented at scale and offer valuable learnings for jurisdictions now working to 
deliver on the ambition of COP28. 51  

1. Delivering on tripling renewables can be achievable, economical and 
equitable 
 
South Australia’s transformation has demonstrated how jurisdictions can transition from a fossil-based 
economy, to a near 100% renewable one with the right combination of policy, economic, infrastructural 
and social support.  
 
Globally, 72% of NDCs include quantified targets for renewable energy deployment, but blockers still 
remain with bottlenecks in investment, grids, energy storage solutions and supply chains. 52 South 
Australia’s achievement to date derives from its whole-of-system approach that encompasses each of 
these critical factors. By strategically planning to increase renewable capacity while building stable and 
flexible grids and implementing energy storage solutions, Hornsdale Power Reserve, South Australia 
has reached advanced levels of renewable integration that focus on boosting system flexibility and 
resilience from within.   
 
Furthermore, for most of what is needed, the economics stack up. As longer-duration energy storage 
becomes increasingly important, new mechanisms, such as South Australia’s Firm Energy Reliability 
Mechanism (FERM), can help make projects financially viable until broader market reforms are in place.  
 
Lastly, South Australia has centred the commitment to transition in an equitable manner into its 
planning, a critical factor to supporting energy transitions in emerging markets and developing 
economies (EMDEs). Rapid renewable expansion depends on community trust and responsible 
development, and the state’s Hydrogen and Renewable Energy Act shows how well-designed 
planning frameworks can also strengthen social licence, ensuring that benefits are shared, values are 
respected and livelihoods protected.  

 
50 UNFCCC | COP28 Global Stocktake decision, CMA.5 / L.17 (2023)  
51 COP28 | Global Renewables and Energy Efficiency Pledge 
52 E3G | NDC Commitments Tracker  

https://unfccc.int/sites/default/files/resource/cma2023_L17_adv.pdf
https://www.cop28.com/en/global-renewables-and-energy-efficiency-pledge
https://www.e3g.org/publications/ndc-3-0-energy-commitments-tracker/
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2. Renewable energy is about energy security and prosperity  
 
South Australia’s blackout in 2016 was a stark reality of the technical and operational risks that arise 
when a power system lacks adequate protection responses and system security services.  More 
recent events - such as the 2022 global energy crisis following Russia’s invasion of Ukraine, which 
caused price volatility, fuel-shortages and supply chain disruptions across the world, and the 2025 
blackout across the Iberian Peninsula, which left millions of households and businesses without power - 
demonstrate the growing interdependence of system security, reliability and energy security in 
modern economies. 53  
 
While global renewable capacity additions reached a record 582 GW in 2024 according to the 
International Renewable Energy Agency, renewable generation alone does not guarantee energy 
security. To avoid vulnerabilities, the clean energy transition must also deliver reliability and system 
security, ensuring that electricity remains available, affordable and stable as fossil fuel dependence 
declines. This requires progress not only in renewable deployment, but also in electrification, grid 
modernisation, storage and system flexibility. 54 These priorities were central to the Summit on the 
Future of Energy Security in early 2025: the global energy transition is, at its core, an energy security 
strategy.  
 
Learning from its 2016 blackout, South Australia’s resilience and evolution have demonstrated how 
evidence-based solutions can strengthen both system security and long-term energy security. 
Decisive action to launch the 2017 battery tender that delivered the world-leading Hornsdale Power 
Reserve has improved frequency stability and reduced exposure to price shocks, saving consumers 
AUD 150 million in its first two years of operation. Looking ahead, South Australia’s clear direction 
through its green export strategy will enhance economic security by diversifying export markets and 
underpinning prosperity with clean, reliable energy.  

3. Policy certainty is the first condition for tripling renewables 
 
With the First Global Stocktake having concluded at COP28, the world is moving into an era of 
implementation to embed these commitments into national strategies, development plans and actions 
to rein in greenhouse-gas emissions and limit global warming to 1.5 °C above pre-industrial levels. 
Governments providing policy and investment confidence is key. Durable, bipartisan policy signals 
lower the cost of capital and unlock private investment at the pace required for large clean energy 
deployment.  
 

 
53 IEA | Russia’s War on Ukraine; IEA | The Iberian blackout has highlighted the critical importance of 
electricity security  
54 GRA | World Breaks Renewable Records but Must Move Faster to Hit 2030 Tripling Goal; E3G | 
Hardwiring the energy transition into energy security   

https://www.iea.org/topics/russias-war-on-ukraine
https://www.iea.org/commentaries/the-iberian-blackout-has-highlighted-the-critical-importance-of-electricity-security
https://www.iea.org/commentaries/the-iberian-blackout-has-highlighted-the-critical-importance-of-electricity-security
https://globalrenewablesalliance.org/news/world-breaks-renewable-records-but-must-move-faster-to-hit-2030-tripling-goal/
https://www.e3g.org/publications/hardwiring-the-energy-transition-into-energy-security/
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Clear, stable direction remains one of South Australia’s greatest advantages. The state laid the 
groundwork early with renewable energy targets, clear planning and connection processes that gave 
investors confidence to commit capital long before other jurisdictions. In a global economy where 
renewables are now the most cost-effective climate solution, and the private sector is providing three-
quarters of global clean energy investment, governments acting decisively, with clarity, and with long-
term goals in mind is critical. 55  
 
South Australia has harnessed policy and investor confidence by prioritising support mechanisms to 
enable fast-responding battery storage, demand response, distributed resources and stronger 
interconnection, leading to balanced supply and improved system security. Global market frameworks 
must now catch up to value these system services and reward flexibility, dispatchability and resilience. 

4. South Australia is marking a new wave of ambition in Australia and 
beyond 
The Asia-Pacific region is projected to deliver around 47% of the global growth in renewables required 
to meet the COP28 goal of tripling capacity by 2030. 56 Australia is key to realising this success, and its 
ambition to become a renewable energy superpower and indispensable part of the global economy 
depends on making strategic, long-term and evidence-based decisions. Yet, according to Australia’s 
Climate Change Authority, renewable deployment is currently occurring at only about half the pace 
required to reach the 2030 renewables target. 57  That is where a UN Climate Conference in South 
Australia’s capital in 2026 can help. Garnering the additional support and capacity required to drive the 
transition in the country and the region.  
 
South Australia’s rapid transformation towards clean energy demonstrates that large-scale transitions 
away from fossil fuels are both achievable and economically viable. Building on this success, South 
Australia holds the key to realising a new era of clean industrialisation. By leveraging its magnetite ore 
reserves, abundant renewable resources and skilled workforce to produce green iron, the state will 
need to continue expanding renewable generation, firming capacity and transmission infrastructure to 
meet rising industrial demand, both within Australia and for export.  
 
The steps that South Australia has taken are not just critical for climate action, but for energy security, 
creating quality jobs, protecting households and First Nations communities, building local industry and 
generating opportunities for trade and business. Situated within a region critical to achieving the clean 
energy transition, South Australia’s holistic, whole-of-system approach should be recognised as a 
model for progress worldwide. 

 
55 GRA | World Breaks Renewable Records but Must Move Faster to Hit 2030 Tripling Goal 
56 Climate Analytics | Tripling renewables by 2030: interpreting the global goal at the regional level 
57 Climate Change Authority | Annual Progress Report 2024 

https://globalrenewablesalliance.org/news/world-breaks-renewable-records-but-must-move-faster-to-hit-2030-tripling-goal/
https://climateanalytics.org/publications/tripling-renewables-by-2030-interpreting-the-global-goal-at-the-regional-level
https://www.climatechangeauthority.gov.au/sites/default/files/documents/2024-11/2024AnnualProgressReportAtAGlance.pdf
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