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Disclaimer 
 

The information, views, and conclusions set out in each report are entirely those of the authors and do not 
necessarily represent the official opinion of the International Forum on Pumped Storage Hydropower (IFPSH), 

its partner organisations or members of the Steering Committee. While all reasonable precautions have been 
taken, neither the International Forum on Pumped Storage Hydropower nor the International Hydropower 

Association can guarantee the accuracy of the data and information included. Neither the International Forum 

on Pumped Storage Hydropower nor International Hydropower Association nor any person acting on their behalf 
may be held responsible for the use, which may be made of the information contained therein. More information 

on the International Forum on Pumped Storage Hydropower is available online at https://pumped-storage-
forum.hydropower.org 
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Overview of the Australian electricity market  

 
Australia’s National Electricity Market (NEM) interconnects five regional market jurisdictions, being the five 

eastern and southern states. The NEM experienced a significant renewable energy boom between 2017 and 

2019, due in large part to a national Renewable Energy Target to generate 33,000 GWh p.a. by 2020, the 
continually falling costs of wind and solar PV, and the retirement of Australia’s ageing thermal generation assets.  

 
In 2020, renewable energy made up 27.7% of the national annual electricity generation, with the remaining 

72.3% generated by fossil fuels.1 In the same year, Hydropower was responsible for 23.3% of the renewables’ 

contribution, second to wind (35.9%).2  
 

All states and territories in the NEM have set their own emissions target (net zero by 2050) and emissions 
trajectory, though the extent of enabling policies varies. The Australian Energy Market Operator (AEMO) has 

forecast that coal-fired generation is expected to decrease from 23 GW of installed capacity, to 9 GW over the 

next 20 years (approximately 63% of all current coal-fired generators are expected to retire over this period). 
 

Figure 1 2020 Integrated System Plan3 

 
 
  

To effectively manage the expected coal retirement schedule, AEMO’s analysis indicates that a further 26 – 50 
GW of replacement renewable energy generation will be required.4  As can be seen in Figure 1, retiring thermal 

generation is expected to be replaced primarily by solar and wind generation. AEMO also expect distributed 

energy resources (DER) to double or triple by 2040, potentially supplying up to 22% of total underlying NEM 
energy demand.5  

 
To underpin Australia’s ambitious and ongoing renewable energy revolution, investment in flexible and 

dispatchable generation and storage assets will be critical. Recognising this imperative, AEMO also forecast that 

 
1 Clean Energy Council (2021) Clean Energy Australia Report 2021 
https://assets.cleanenergycouncil.org.au/documents/resources/reports/clean-energy-australia/clean-energy-australia-report-2021.pdf. 
2 Ibid. 
3 AEMO (2020). https://aemo.com.au/-/media/files/major-publications/isp/2020/final-2020-integrated-system-
plan.pdf?la=en&hash=6BCC72F9535B8E5715216F8ECDB4451C. 
4 Ibid. 
5 Ibid. 

https://assets.cleanenergycouncil.org.au/documents/resources/reports/clean-energy-australia/clean-energy-australia-report-2021.pdf
https://aemo.com.au/-/media/files/major-publications/isp/2020/final-2020-integrated-system-plan.pdf?la=en&hash=6BCC72F9535B8E5715216F8ECDB4451C
https://aemo.com.au/-/media/files/major-publications/isp/2020/final-2020-integrated-system-plan.pdf?la=en&hash=6BCC72F9535B8E5715216F8ECDB4451C
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6 -19 GW of new dispatchable resources will be required (dependent on modelled scenarios), including utility-

scale pumped storage hydro (PSH).6 
 

There is also increasing interest in the use of hydrogen in Australia as a potential method to meet some of 
Australia’s key energy needs, as well as for export. This is indicated by the Australian Government’s National 

Hydrogen Strategy, as well private and public sector plans, and pilot projects. AEMO forecasts that hydrogen 

has the potential to meet some of Australia’s key energy needs.7 The energy intensity of the electrolysis process 
used to make the hydrogen – and in some cases desalination as well – is significant, could represent a 

considerable upside case to underlying electricity demand, and result in changes to the role of existing and new 
storage hydro including PSH.  

 

Challenges facing the market  
 

There are a variety of challenges facing the NEM over the short, medium, and long-term horizons. In recognition 
of these various challenges, the Australian Energy Security Board (ESB) has been tasked by Australian Federal 

and State governments to ‘… develop advice on a long-term, fit-for-purpose market framework to support 
reliability that could apply from the mid 2020’s.’  This major and holistic market reform agenda is investigating 

four key market design initiatives: 

 
1) Resource adequacy mechanisms and ageing thermal transition – Ensuring the right mix of 

resources is available to the system through the market transition to deliver reliable supply to customers 
(i.e., sufficient flexible and dispatchable generation and storage capacity to balance wind and solar 

variability to meet customer demand, with consideration of Australia’s expected coal-fleet retirements). 

2) Essential system services and Scheduling and Ahead Market mechanisms – ensuring those 
resources and services required to manage the complexity of dispatch and deliver secure supply to 

customers are available when needed (i.e., system restart services, inertia, frequency control, system 
strength, voltage control etc.). 

3) Demand side participation – progressively unlock the potential of the demand side to compete in 
the wholesale market and deliver local benefits while maintaining system security. 

4) Transmission and access – providing the network to meet future needs, arrangements for early 

implementation of renewable energy zones, and longer-term arrangements to ensure efficient use of 
the national network.  

 
In the ESB’s opinion, system security is the most critical issue to manage currently in the NEM (i.e., immediate 

operational priority). As VRE continues to enter the NEM, it is reasonably foreseeable that challenges will emerge 

in maintaining sufficient dispatchable supply to meet customer demand over the longer term (i.e., short, 
medium, and long-term strategic priority). This highlights the critical need for Australia to invest in both 

conventional storage hydropower and PSH. To achieve this, it will be essential that the future energy market 
framework recognises and remunerates the full suite of system services required to support a high VRE energy 

system. This is explored further in the ‘missing revenue’ section of this paper.  

Current status of pumped storage & development potential 

 

There are three existing PSH schemes in Australia. All three were built over 35 years ago and were built by 

publicly owned electricity generation and transmission authorities:  
 

• Tumut 3 (or T3), built in 1974 in New South Wales, is the largest with a total capacity of 1,800MW in 

generation mode and 600MW in pump mode; 

• Shoalhaven, also in New South Wales, has a capacity of 240MW and was built to function as both 
pumped storage and a standalone pump for water transfer into the Sydney catchment area; and 

• Wivenhoe in Queensland was built in 1984 and has a total capacity of 570MW. 

 
6 Ibid. 
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PSH assets in Australia are treated as generation assets and participate in the real-time spot market, backed 
by financial derivatives, and some ancillary services.  

 
Developments and development potential  

 

Although there has been a lack of development of PSH in Australia over the past few decades, the potential for 
conventional storage hydropower and PSH to assist with effective grid integration of VRE is now receiving 

significant renewed interest in the market.   
 

Snowy 2.0 is the only PSH project currently under construction in Australia. It will provide an extra 2,000MW 

of electricity generation capacity and 350,000MWh of energy storage, making it the largest energy storage 
project in the southern hemisphere. Snowy 2.0 is expected to be in operation from 2025.8  

 
Another government supported PSH project currently under assessment is the Battery of the Nation programme 

on the southern island state of Tasmania. This initiative is led by Hydro Tasmania, which aims to combine 
Tasmania’s copious wind and hydro resources with additional interconnector capacity to supply firm, renewable 

electricity to the mainland. In 2020, Tasmania was the first Australian state to be 100% self-sufficient in 

renewable energy generation and has now legislated the ambitious goal of 200% renewable electricity by 2040. 
The Battery of the Nation project involves improvements to existing hydropower stations (up to 290MW in plant 

upgrades, as well as optimising operation of existing plant to deliver additional capacity to support VRE 
integration) and new pumped hydro developments (including a 750 MW PSH with up to 20 hours of deep 

storage), with funding from both the Federal and State Governments.9 To realise these opportunities, further 

interconnection between Tasmania and mainland Australia is essential. Assessment processes are currently 
underway for the development of a further 1,500MW of interconnection capacity between Tasmania and 

mainland Australia, with the aim to have this infrastructure built by 2027/28.  
  

In addition to the Snowy 2.0 and Battery of the Nation initiatives, there are also more than 20 PSH projects at 
various stages of the private development. Specifically, with support from the Australian Renewable Energy 

Agency (ARENA), the Australian National University published a comprehensive “PSH Atlas” identifying 

potential PSH development sites across Australia. This work identified 22,000 potential PSH sites with over 
300m head and a total combined energy storage potential of 67,000 GWh.10  

 
In line with their forecast requirement for 6 – 19 GW of new dispatchable resources in the NEM by 2040 

(dependent on modelled scenarios), AEMO’s Integrated System Plan (ISP) modelling scenarios appropriately 

recognise that Australian hydropower and PSH has a major role to play in Australia’s energy transformation. In 
particular, this analysis recognises the important role of ‘deep storage’ (such as 24-48hr pumped hydro) to 

support the future energy system through periods of lower VRE availability.  

 

 
8 Australian Government Department of Industry, Science, Energy and Resources (2021) Government Priorities – Pumped Hydro, 
https://www.energy.gov.au/government-priorities/energy-supply/pumped-hydro-and-snowy-
20#:~:text=Dispatchable%20power%20can%20be%20added,blackouts%20and%20electricity%20price%20volatility. 
9 Ibid. 
10 Australian National University (2017) An atlas of pumped hydro energy storage, https://arena.gov.au/assets/2018/10/ANU-STORES-
An-Atlas-of-Pumped-Hydro-Energy-Storage-The-Complete-Atlas.pdf . 

https://www.energy.gov.au/government-priorities/energy-supply/pumped-hydro-and-snowy-20#:~:text=Dispatchable%20power%20can%20be%20added,blackouts%20and%20electricity%20price%20volatility
https://www.energy.gov.au/government-priorities/energy-supply/pumped-hydro-and-snowy-20#:~:text=Dispatchable%20power%20can%20be%20added,blackouts%20and%20electricity%20price%20volatility
https://arena.gov.au/assets/2018/10/ANU-STORES-An-Atlas-of-Pumped-Hydro-Energy-Storage-The-Complete-Atlas.pdf
https://arena.gov.au/assets/2018/10/ANU-STORES-An-Atlas-of-Pumped-Hydro-Energy-Storage-The-Complete-Atlas.pdf
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Figure 2 Identified candidate Renewable Energy Zones (REZs) for assessment in developing the optimal 

development path in the NEM 
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Challenges, barriers, and emerging opportunities for pumped storage 
development  

 
Revenue certainty and investment confidence 

 
The key challenge for PSH in Australia relates to the lack of long-term revenue certainty on which to make 

investment decisions – especially for such long-lead infrastructure projects. While the NEM’s real-time market 

is backed by a financial derivatives market, this only provides visibility of the forward price curve by three-to-
four years. Given the long lead times for PSH development, this typically provides an insufficient signal to make 

PSH projects ‘bankable’. As such, further work is required to enhance the long-term investment signals for 
capacity in the NEM. Governments can play a critical role in overcoming this challenge, through the creation of 

bespoke investment support programmes for hydropower and PSH developments specifically.  

 
There are some policy and funding initiatives currently under consideration in Australia to increase investment 

certainty. This has included project feasibility support from ARENA, and an Australian federal government’s 
programme called Underwriting New Generation Investment (UNGI). Administered by the Australian 

Department of Industry, Science, Energy and Resources, the UNGI was announced to ‘… support firm 
generation capacity and increase competition…’ in the NEM. Following a registration of interest process for 
participation in the scheme, twelve projects have been shortlisted for further assessment (including six PSH 

projects, five gas projects, and one coal upgrade).  
 

It is government-backed initiatives, such as the UNGI programme, that could play a major role in underpinning 
investments in the flexible and dispatchable generation, and storage assets required for the future energy mix. 

However, it should be noted that the UNGI programme is designed to provide potential revenue support that 

could allow projects to be de-risked and access sufficient debt finance, but in isolation, may still be insufficient 
to make a viable business case for development. 

 
The New South Wales state Government also announced an ambitious Electricity Infrastructure Roadmap in 

2020.11 As part of this Roadmap, the Government will initiate a new Investment Safeguard that will provide an 

investment signal to deliver new electricity infrastructure. Long Term Energy Services Agreements will be 
available for 2GW of long duration storage (which the Government recognises will be pumped hydro for at least 

the immediate future) and firming capacity. These will be awarded through a competitive process and will be 
option contracts that give the project optional access to a competitively set minimum price for their energy 

service. Additional support will be provided to pumped hydro projects through a new Pumped Hydro 
Recoverable Grants Programme which will help meet the significant upfront costs of establishing the feasibility 

of 3GW of potential pumped hydro projects.12 

 
In addition to major market reforms needed to provide long term revenue certainty, and/or government-backed 

investment programmes, innovative complimentary solutions are also emerging. For example, Hydro Tasmania 
have recently announced the signing of a “Virtual Storage” contract with Macquarie and ERM Power. Under the 

contract, Hydro Tasmania sell the rights to power stored in their hydro catchments during the highest priced 

parts of the day and buy energy to charge their plants when prices are low. This allows Hydro Tasmania to take 
advantage of the swings in daytime prices due to weather-dependent renewable energy, and lock in their price 

spread. This trial-product is a ‘world first’ product and is among a range of financial derivatives that could 
provide part of the much-needed revenue certainty to support future PSH investments.  

 

Missing revenue streams 
 

 
11 NSW Government (2020) Electricity Infrastructure Roadmap, https://energy.nsw.gov.au/government-and-
regulation/electricity-infrastructure-roadmap. 
12 Ibid. 

https://energy.nsw.gov.au/government-and-regulation/electricity-infrastructure-roadmap
https://energy.nsw.gov.au/government-and-regulation/electricity-infrastructure-roadmap
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The ESB have acknowledged there is a ‘missing market’ for long-range investment signals,13 and there are also 

a variety of increasingly valuable system services that are currently receiving low or no 
remuneration/compensation in the current market frameworks. This is being assessed by the ESB as part of 

their “Essential System Services” market design initiative and includes services such as: inertia; fault level 
(system strength); fast frequency response; primary frequency response; ramping products and operating 

reserves to name a few. The ESB plan to provide advice on future steps for this important market development 

throughout 2021. Although various market reports and analysis have demonstrated the need for the flexibility 
services that PSH can provide, the NEM’s policy and regulatory frameworks may need to change significantly 

to deliver these.  
 

For instance, at present, there is currently no market signal for the provision of critical system services such as 

inertia and system strength. These services have historically been in abundance as a by-product of synchronous 
generation operations. However, as ageing thermal generation retires in favour of non-synchronous generation 

sources (such as wind and solar PV), these services are becoming increasingly scarce. To manage this, the ESB 
are investigating the full suite of ‘essential system services’ required to support the future energy mix. It will 

be critical for the NEM to evolve to remunerate market participants for the provision of these services, in order 
to achieve an effective integration of VRE in the future.  

 

In the longer term, it can be anticipated with a high degree of confidence that there will be a need for long 
duration storage and dispatch assets such as PSH to balance the variable output of VRE. This will be essential 

in managing the weather-driven outcomes that VRE are susceptible to, such as prolonged wind droughts or 
major cloud bands covering regions of the NEM. The Australian Bureau of Meteorology and the Commonwealth 

Scientific and Industrial Research Organisation (CSIRO) are currently undertaking a project to understand the 

frequency and severity of these types of events. This will allow the application of observed data to be provided 
as input to future system modelling processes.14 The ESB have acknowledged this challenge, noting that new 

market mechanisms may be needed, and that these services ‘…should provide transparent value with both 
short- and long-term incentives for flexibility and dispatchability, allowing ‘as needed’ capacity to be explicitly 
valued…’.15  

Recommendations  

 

1. Governments, in coordination with market bodies and relevant stakeholders should explore the potential 
for expanded underwriting mechanisms to allow PSH to come to market. These could be modelled on 

existing examples such as the NSW Electricity Infrastructure Roadmap in NSW and/or the Federal 

Government’s Underwriting New Generation Investment (UNGI) programme. The key elements should 
be a competitively allocated pool of underwriting support, that is sufficiently large, and certain (with 

sufficient duration) that it can enable the required PSH capacity to be banked and built prior to the 
retirement of the existing generators on whom the security and reliability of the system currently rests. 

 

2. Market redesign must endeavour to provide clear and enduring investment signals for flexible PSH 
capacity, in line with the transition of the sector and uptake of VRE. Owing to the long development 

and construction cycles for PSH, it is vital that these signals arrive well before the technical need has 
emerged in the market to ensure the required capacity can be constructed in time. The signals 

themselves could take the form of an operating reserve market, a resource adequacy mechanism, 

compensation for inertia and/or system strength, or some combination of these.  It is essential that 
solutions are found to remunerate both system services (i.e., immediate operational priority) as well as 

incentivising new investments for system balancing (i.e., short/medium, and long-term strategic 
priority). 

 
13 Energy Security Board (2021) Health of the National Electricity Market 2020, 
http://www.coagenergycouncil.gov.au/sites/prod.energycouncil/files/publications/documents/The%20Health%20of%20the%20National
%20Electricity%20Market_V01_Final%20.pdf. 
14 https://www.climatechangeinaustralia.gov.au/en/ 
15 Energy Security Board (2021) Post-2025 Market Design Directions Paper, https://esb-post2025-market-
design.aemc.gov.au/32572/1609729796-p2025-january-directions-paper.pdf. 

http://www.coagenergycouncil.gov.au/sites/prod.energycouncil/files/publications/documents/The%20Health%20of%20the%20National%20Electricity%20Market_V01_Final%20.pdf
http://www.coagenergycouncil.gov.au/sites/prod.energycouncil/files/publications/documents/The%20Health%20of%20the%20National%20Electricity%20Market_V01_Final%20.pdf
https://esb-post2025-market-design.aemc.gov.au/32572/1609729796-p2025-january-directions-paper.pdf
https://esb-post2025-market-design.aemc.gov.au/32572/1609729796-p2025-january-directions-paper.pdf
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Acronyms 

 
 

Acronym Meaning 

AEMC Australian Energy Market Commission 

AEMO Australian Electricity Market Operator 

ESB Energy Security Board 

FCAS Frequency Control Ancillary Services  

NCAS Network Support Control Ancillary Services  

NEM National Energy Market 

PSH Pumped Storage Hydro 

REZ Renewable Energy Zone 

VRE Variable renewable energy 

 
 

 

 


