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Executive summary 
The national electricity market (NEM) is undergoing a significant transition. The characteristics 1
and behaviours of the new system need to be understood so that system reliability can be 
maintained at a level that consumers value. 

During the 2022 Reliability Standard and Settings Review (RSSR), the Reliability Panel (Panel) 2
found that the nature and characteristics of reliability risks may be changing towards the end of 
2028. Therefore, it recommended a more detailed review to determine if the form of the reliability 
standard is fit-for-purpose for consumers and the power system as the NEM transitions. 

The Panel commenced this Review of the form of the reliability standard and administered price 3
cap (APC) (Review) in March 2023. The purpose is to: 

better understand the characteristics of unserved energy (USE) and the nature of the risks as •
the power system transitions 

determine if the current form adequately reflects the changing reliability risk profile, or whether •
alternatives need to be considered 

review whether the existing form of the APC remains fit-for-purpose.  •

This Final Report outlines the Panel’s final recommendations on the form of the reliability standard 4
and APC. 

Our final recommendation is to maintain the current form of the standard 
The current form of the reliability standard is based on expected USE value, which is a 5
combination of the likelihood and size of events. Under this form, all events generated through 
reliability modelling influence the overall calculated expected value. 

Based on the extensive modelling completed for this Review, the Panel considers that the existing 6
form of the standard continues to be fit-for-purpose and can adequately capture the changing risk 
profile as the NEM transitions. 

The Panel sought feedback on its draft recommendations 
In April 2024, the Panel published a draft report to seek feedback on the Panel’s draft 7
recommendations on the form of the reliability standard and APC.  

The Panel’s Draft Report recommended maintaining the current form of the reliability standard 8
with a range of process improvements to improve the operation of the existing standard. On the 
form of the APC, the Panel’s draft recommendation was also to maintain its current form, noting 
however that the level of the APC will be reviewed closely and revised, if necessary, through the 
future RSSR process. 

The Panel received 12 submissions in response to its Draft Report. Overall, there was strong 9
support for the Panel’s draft recommendation on the form of the reliability standard, with 11 out of 
12 submissions supporting the Panel’s recommendation on the current form of the standard, with 
the exception of the Australian Energy Market Operator (AEMO). 

There was a wider range of views on the Panel’s draft recommendation on the form of the APC 10
which the Panel has carefully considered in developing its final recommendations. 
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While the changing risk profile brings new challenges, the current form 
remains fit for purpose 

There was a concern prior to this Review that the changing reliability risk in a high-variable 11
renewable energy (VRE) system may lead to very extreme reliability shortfalls and the current form 
of the standard may not adequately address such risk. This has been a critical focus for the Panel 
in its modelling work.  

However, our latest modelling results do not suggest there is any significant risk of such extreme 12
events. While there is a small risk of large USE events well into the future, these remain a small 
part of the overall reliability risk in the NEM (noting that achieving absolute reliability will likely 
result in an excessive cost burden on consumers). Based on this, there is no clear need to change 
the form of the standard. 

Our modelling has demonstrated that, while the characteristics of the reliability risk are expected 13
to change in a number of ways, the current form of the reliability standard still adequately 
captures the vast majority of USE events that will likely arise in the NEM. Therefore, it remains an 
effective way to measure reliability risk and weigh it against the costs of increased reliability. 

Using the reliability standard to prevent extremely rare USE events would 
likely result in an excessive cost burden on consumers 

Our simulations of the future NEM produced a small number of large but rare USE events which 14
could still occur under the existing reliability standard. However, their probability and likelihood of 
occurrence is very small, approaching 1 in 100 or more years.  

The Panel considers that the risk of such large, low-probability USE events cannot be adequately 15
addressed by any form of the reliability standard, and would need to be addressed in other ways. 
This is because the reliability standard, as a tool, is not intended to achieve absolute reliability. 
Instead, it is designed to enable a trade-off between reliability and affordability such that it 
achieves a level of reliability based on consumers’ willingness to pay. Using the reliability standard 
to address a small proportion of very rare USE events will likely result in an excessive cost burden 
on consumers, regardless of which form it takes. 

The Panel has also considers that changing the form of the reliability standard would be unlikely 16
to address how the market price settings could, in isolation, drive investment to manage the risk 
of severe, low-probability events. The market price settings are set at a level that will drive 
sufficient investment in generation and/or storage to meet the reliability standard. However, the 
commercial business case for generation and storage projects becomes increasingly difficult if 
the majority of their wholesale revenue opportunities are very rare, regardless of the level of the 
market price settings and the form of the reliability standard. 

In response to the Draft Report, the majority of stakeholders supported the Panel’s view on the 17
role of the reliability standard and its limitation in achieving perfect reliability. 

We agree with AEMO that communicating the standard in tangible ways is 
important 

AEMO’s submissions to the Issues Paper and Directions Paper raised concerns that the current 18
form of the standard is difficult for stakeholders and consumers to interpret in terms of real-world 
outcomes. AEMO considers that a measure related to depth, duration and frequency would be 
more suitable. Whilst our analysis characterised the changing properties of USE events with these 
parameters, the Panel considers that the current form of the reliability standard can be expressed 
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in various ways to help illustrate the changing characteristics of reliability risk. 

AEMO’s submission noted that the form of the reliability standard could be changed to better 19
communicate the reliability risk in terms of frequency, depth and duration, which AEMO considers 
is a way that is more tangible for consumers, market participants and governments. 

The Panel has carefully considered AEMO’s feedback and agrees that it is important for 20
stakeholders to be able to understand reliability in a tangible way. However, this can be achieved 
without changing the form of the standard. The form of the standard, while defined as the 
expected value of unserved energy, can also be expressed using depth, duration and frequency. 
For example, in the 2023 Electricity Statement of Opportunities (ESOO), AEMO presents the depth 
and duration of forecast USE from their simulations for each region. The Panel supports AEMO 
communicating the existing reliability standard in alternative ways in its materials. However, the 
Panel has considers there is a difference between communicating the standard through an 
example across these three metrics and actually setting the form of the standard to be these 
metrics. 

We recommend process improvements to enhance the operation and 
implementation of the standard 

The Panel has identified three possible process improvements to enhance the operation and 21
implementation of the reliability standard. These improvements are either already underway or 
could be implemented by the Panel or AEMO. 

Firstly, the Panel supports AEMO’s continued work on enhancing its reliability modelling to take 22
into account a larger range of weather conditions. AEMO’s reliability modelling currently uses a set 
of 13 weather reference years based on the previous 13 years of weather data. Whilst these years 
do show a diversity of weather conditions, including some extreme events, it is still a limited set 
compared to the wider range of historical outcomes and potential future weather outcomes. We 
understand that AEMO is developing synthetic weather years for its future modelling. With an 
appropriate understanding of the probabilities of those synthetic weather events, this presents a 
significant opportunity, and the Panel supports AEMO’s continued work in this regard. 

Secondly, the Panel considers there is scope to improve the modelling of future demand traces for 23
reliability forecasting. AEMO constructs future demand traces to meet their forecasts for total 
annual energy and annual and seasonal peak demand. The Panel’s modelling suggests that peak 
demand may not be a key driver of USE events in the future. The Panel understands that AEMO 
has been updating its forecasting methodology to better reflect other characteristics of demand, 
such as cumulative demand and other seasonal weather factors. 

Finally, the Panel has identified an opportunity to improve the way in which it applies the value of 24
customer reliability (VCR) in its RSSR process. The 2022 RSSR used the AER’s load-weighted 
jurisdictional VCR values as the base case, with re-weighted high and low case sensitivities. 
Consistent with feedback from stakeholders, the insights gained from this Review create 
opportunities for alternative ways to apply or re-weight the VCR results for the RSSR. The 
weightings used to derive the AER’s main state-based VCR values are based on historical 
customer outages from all causes. The Panel proposes that the VCR values used for the RSSR 
should be weighted according to the characteristics of future customer outages caused by 
reliability shortfalls, where feasible. 
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There are other ways to support reliability outcomes during the transition 
The Panel recognises that as the market transitions to net zero, factors outside of the market 25
frameworks can increasingly impact reliability in the short term. The Panel’s modelling results 
suggest that the extent of extreme USE events is likely to remain limited. However, there are 
several other pathways available to support reliability as the NEM transitions if policymakers wish 
to mitigate these rare events. 

While not forming part of the Panel’s recommendations for this Review, the Panel has identified 26
some possible pathways and factors outside the market frameworks to support reliability 
outcomes for consideration by other policymakers. These include: 

Reforms currently being considered or implemented to support reliability in the NEM, including •
the Capacity Investment Scheme and other jurisdictional investment schemes, progressive 
increases to the market price cap (MPC) and cumulative price threshold (CPT), the Retailer 
Reliability Obligation and the Interim Reliability Reserve. 

The 2024 Draft Integrated System Plan (ISP) and additional tools outside the reliability •
framework to deliver the ISP and support AEMO’s ability to operate the system. 

Addressing non-market barriers to the delivery of the ISP, such as supply chain, workforce and •
transmission constraints, planning and environmental approvals, and social licence issues. 

The uncertainty of thermal plant exits which is impacting market signals. •

There are other support mechanisms that policymakers can consider exploring further to increase 27
reliability at varying costs. These include, for example, strategic reserves, capital grants to lower 
the funding needs for the project, swaption style arrangements, cap contracts or contracts for 
difference, reserve payments and government build-to-own or joint venture projects. 

We have carried out rigorous modelling and evidence-based analysis to 
inform final recommendations 

Since the publication of the Directions Paper, the Panel has undertaken further modelling work 28
based on stakeholder feedback and as foreshadowed in the Directions Paper. The purpose of this 
further work was to improve an understanding of the changing reliability risk profile and to enable 
assessment on whether the current form of the standard remains fit for purpose.  

Consistent with the approach taken for the Directions Paper, the Panel has undertaken further 29
modelling work based on a simulation of a virtual future power system that is deliberately 
constructed to create insights about its unserved energy profile. However, a number of changes 
and additions have been made based on stakeholder feedback to further improve confidence in 
the Panel’s modelling results. These include implementing an alternative approach to removing 
capacity, validating insights using a full capacity model, using a much larger set of weather 
reference years and generating synthetic weather data to understand the likelihood of dark 
doldrums. 

The Panel’s further modelling reinforces the Directions Paper’s four key insights about the 30
changing reliability risk in the NEM. The Panel has re-explored these insights to gather additional 
evidence, improve confidence in the modelling results, and better understand some nuances. The 
results from the Panel’s further modelling work reinforce the following four key insights as 
presented in the Directions Paper: 

given a constant level of reliability, expected USE events are likely to become deeper and/or •
longer but less frequent 
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expected USE is likely to shift from mainly being in summer to winter •

USE events are likely to be driven increasingly by weather •

events are likely to occur across the day rather than just appearing in the evening peak. •

The Panel has quantitatively evaluated the modelling results to understand whether the USE 31
events that appeared in the simulation modelling are large enough or likely enough to be material 
to reliability forecasts such that they are adequately captured by the existing form of the reliability 
standard that is based on the expected USE value.  

The results from the Panel’s analysis indicate that the vast majority of USE outcomes adequately 32
influence the level of reliability calculated under the current standard and therefore are captured 
by the current form of the standard: 

Most USE results seen in the modelling are either large enough, or likely enough to be material •
to reliability forecasts under the current standard. 

There are a small proportion of rare USE events, which may not be material to reliability •
forecasts under the current form. However, their probability and likelihood of occurrence 
approaches 1 in 100 or more years, indicating these events are too rare to be appropriate for 
any reliability standard as it is not intended to achieve absolute reliability. 

To further test and improve confidence in these results, the Panel used various statistical 33
resampling methods, including using a Markov chain Monte Carlo model to generate 100,000 
synthetic years. This model resampled the modelling results from the virtual future power system 
constructed by using 94 reference years. This produced a more robust distribution of USE 
outcomes than the 94-year sample noting that 94 data points is relatively few from which to infer 
probabilities. 

In addition to the insights that the current form adequately captures the majority of USE events, 34
the Panel’s modelling work has also identified that the changing reliability risk is unlikely to result 
in any extremely severe events. This analysis was undertaken in response to some stakeholders’ 
concerns that the changing reliability risk may lead to very extreme tail USE events that could 
potentially lead to multiple day-long outages. The Panel’s modelling results indicate that even 
under a very large range of weather conditions, the modelling did not produce any multi-day events 
(i.e. any events of more than one full day of unserved energy). 

Further, the Panel’s modelling has also demonstrated that there are very few events that would 35
result in customers experiencing multiple rotational outages. The Panel’s modelling results were 
translated into a customer perspective by analysing the number of USE events in which customers 
would likely experience more than one round of rotational load shedding. Overall, multiple 
rotational load shedding events were very uncommon, with less than two per cent of total USE 
events resulting in customers experiencing more than one round of load shedding. For the 
avoidance of doubt, the modelling shows that USE events are rare, and these results indicated that 
only a very small fraction of those USE events lead to multiple load shedding. 

Our final recommendation is to maintain the current form of the APC 
The Panel’s final recommendation on the form of the APC is to maintain its current form and 36
regularly review its level through the RSSR process. 

The Panel considers that the current form of the APC continues to be fit for its intended purpose 37
of protecting market participants from extended periods of high prices. It is important that the 
APC be sufficiently high to minimise reliance on compensation, for generators to recover costs, 
and be able to contribute to reliability during administered pricing periods. To this end, the AEMC 
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recently increased the level of the APC to $600/MWh, which the Panel sees as sufficiently high to 
serve this purpose. The level of the APC will be regularly reviewed to ensure this remains true. 

In making its recommendation, the Panel has considered indexing the APC to the Consumer Price 38
Index (CPI), but found that this was not necessary, provided the level of the APC is high enough to 
cover the short-run marginal costs (SRMC) of the marginal generator with minimal reliance on 
compensation.  

The Panel acknowledges the importance of carefully monitoring the level of the APC given the 39
events in June 2022 and the misalignment between the electricity APC and fuel prices. The Panel 
also notes it will be important to consider its compatibility with prevailing gas market settings. 

That is why the Panel intends to review the level of the APC in each RSSR, and make any 40
necessary changes to it as and when required. This will ensure the level continues to efficiently 
minimise reliance on compensation to recover the SRMC of the marginal generator or battery 
energy storage system (BESS). 

In response to the Draft Report, the Panel has received a wider range of feedback on its 41
recommendation on the form of the APC. Five stakeholders supported the Panel’s draft 
recommendation to maintain its current form, while another 5 preferred an alternative option of 
indexing the APC according to CPI. 

The Panel has carefully considered all stakeholder feedback in recommending maintaining the 42
form of the APC. The Panel understands the concerns raised by some stakeholders regarding the 
APC, however, considers that the issues raised are addressed by regularly reviewing the level of 
the APC to ensure it remains fit for purpose. Furthermore, the National Electricity Rules (NER) do 
not preclude the Panel, if it sees fit, from setting a target level of the APC for a future date with 
incremental increases in the intervening period, as has recently been done with the MPC and CPT. 

The Panel considers that the four-yearly RSSR process is sufficiently frequent to ensure that the 43
level of the APC can keep up with market changes without requiring a significant step-change in 
the APC. The Panel also considers that, with this review schedule, any step changes that would be 
required in the level of the APC would be unlikely to be well accounted for by indexation to CPI. 
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1 Introduction 
1.1 The reliability standard and its role in the national electricity market 

A reliable power system has adequate capacity (generation, demand response and interconnector 
capacity) to meet customer needs. This requires investment in capacity sufficient to cover 
generator retirements and demand growth as well as an appropriate operational framework so 
that supply and demand are in balance at any particular point in time.   

The reliability standard is a core element of the national electricity market’s (NEM’s) framework for 
delivering reliability. It provides a clear, actionable expression of the economically efficient level of 
generation and transmission capacity sought for the NEM.  

The standard is an ex-ante standard that indicates to the market the required level of supply to 
meet demand on a regional basis. It is not a regulatory or performance standard that is ‘enforced’. 
Rather, it indicates the efficient level of reliability for the purposes of informing the market under 
the NEM reliability framework (see Appendix A for more information). 

The standard is based on an economic trade-off made on behalf of consumers as to the 
appropriate level of reliability. It is a key input to the various market settings, that is, the market 
price cap (MPC), market floor price (MFP), cumulative price threshold (CPT), and administered 
price cap (APC) that define the price envelope that applies to spot market outcomes.  

The Australian Energy Market Operator (AEMO) is responsible for operationalising the standard 
through its forecasting processes, by modelling and projecting whether the market is going to 
meet the standard. It does this across a number of time frames, from years ahead of real-time, up 
until real-time, through the Electricity Statement of Opportunities (ESOO), projected assessment of 
system adequacy (PASA) and pre-dispatch processes. 

1.1.1 Reliability events occur when supply does not meet demand 

Understanding unserved energy (USE), and reliability and security events is essential to 
understanding how the reliability standard acts as an investment trigger supporting reliability. 

The National Electricity Rules (NER) state that for the purposes of the reliability standard, USE in 
megawatt hours (MWh) includes energy demanded but not supplied due to power system 
reliability incidents resulting from: 

a single credible contingency event on a generating unit or an inter-regional transmission •
element that may occur concurrently with generating unit or inter-regional transmission 
element outages; or 

delays to the construction or commissioning of new generating units or inter-regional •
transmission elements, including delays due to industrial action or acts of God (such as 
extreme weather events).1 

The NER specifies that a ‘power system reliability incident’ is an incident that AEMO considers 
would have been avoided only if additional active energy had been available to the relevant region 
or regions from generation, demand response or inter-regional transmission elements. 

1 NER clause 3.9.3C(b)(1).
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USE excludes energy demanded but not supplied due to power system security incidents resulting 
from: 

multiple credible contingency events2, protected events or non-credible contingency events on •
a generating unit or an inter-regional transmission element, that may occur concurrently with 
generating unit or inter-regional transmission element outages; 

outages of transmission network or distribution network elements that do not significantly •
impact the ability to transfer power into the region where the USE occurred; or 

 industrial action or acts of God at existing generating facilities or inter-regional transmission •
facilities.3  

1.2 The AEMC asked the Reliability Panel to review the form of the 
reliability standard and APC 
In March 2023, the Australian Energy Market Commission (AEMC) issued terms of reference that 
requested that the Reliability Panel (the Panel) provide advice on the form of the reliability 
standard.4 This followed the Panel’s 2022 Reliability Standard and Settings Review (RSSR) which 
recommended a review to consider changing the form of the reliability standard.5 

The Panel considered it necessary to review how the reliability risk profile is changing as the NEM 
transitions, and whether an expected value reliability standard remains appropriate. 

The terms of reference also requested that the Panel review the form of the APC. In the 2022 
RSSR, the Panel identified the potential need to change the APC following the June 2022 market 
suspension and the administered pricing period. The Panel considered a range of options in the 
March 2023 Issues Paper and shortlisted two options for further consideration in the November 
2023 Directions Paper.6 The Panel then published its Draft Report in April 2024 to seek 
stakeholder feedback on the Panel’s draft recommendations for the form of the reliability standard 
and APC. The Panel has outlined the final recommendation in this report. 

1.3 The Panel consulted on its draft recommendations 
The Panel published a Directions Paper for this Review in November 2023. The Directions Paper 
set out the key findings and insights from the Panel’s modelling work on the potential changes to 
the characteristics of unserved energy as the NEM transitions. These key findings and insights 
then informed the Panel’s draft recommendations outlined in its Draft Report published in April 
2024. The draft report recommended maintaining the current form of the reliability standard with 
process improvements. 

The Panel carried out extensive modelling and analysis by taking a model of the NEM based on 
AEMO’s ESOO and Integrated System Plan (ISP) Step Change scenario and removing capacity so 
that the model demonstrates unserved energy events.7 

This deliberately under-resourced system model has materially less generation than is forecast in 
planning documents such as the ISP. This was done to create a larger data set from which to 

2 NER clause 4.2.3.
3 NER clause 3.9.3C(b)(2).
4 Terms of reference found here.
5 Reliability Panel, 2022 RSSR found here.
6 Reliability Panel, ‘Review of the form of the reliability standard and APC’, Issues Paper and Directions Paper, found here.
7 AEMO 2022 ESOO, found here, AEMO 2022 ISP, found here.
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study the possible characteristics of USE in the future. It should be noted that the model is an 
extreme scenario that was used to provide a greater range and number of USE outcomes to study. 

The Panel’s simulation modelling has generated four key insights regarding the changing 
characteristics of reliability as the system transitions. Note that these trends will gradually emerge 
as the NEM transitions to a higher variable renewable energy (VRE) penetration system in the 
2030s and 2040s. These trends include: 

given a constant level of reliability, expected USE events are likely to become deeper and/or •
longer but less frequent 

expected unserved energy is likely to shift from mainly being in summer to winter •

USE events is likely to be driven increasingly by weather •

events are likely to occur across the day rather than just appearing in the evening peak.8 •

In its Draft Report, the Panel also sought stakeholder feedback on its recommendation to maintain 
the current form of the APC with a view for the Panel to closely review the level as part of the 
future RSSR processes. 

1.4 How the Panel has identified and assessed options 
In identifying and assessing a range of options for this Review, the Panel has applied the 
assessment framework as outlined in the Issues Paper published in March 2023. 

The Issues Paper outlined the Panel’s assessment principles and approach to the Review and 
terms of reference. The Panel noted that it would apply to this Review an assessment framework 
that is consistent with the 2022 RSSR, which includes: 

the general assessment principles in the Panel’s 2021 Final Guidelines Review of the Reliability •
Standard and Settings Guidelines to contribute to the National Electricity Objective (NEO)9 

the overarching assessment criteria and considerations set out in the terms of reference •

specific objectives and criteria for assessing different candidate metrics.•

8 Reliability Panel, ‘Review of the form of the reliability standard and APC’, Directions Paper, found here.
9 It should be noted that the NEO now includes the new emissions reduction component, which was implemented after the publication of the Issues 

Paper in March 2023.
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2 The Panel’s final recommendation is to maintain the 
current form of the reliability standard 
The Panel’s final recommendation on the form of the reliability standard is that: 

the form of the reliability standard should remain as expected USE because this form •
continues to be fit-for-purpose in the future NEM 

the Panel works closely with other market bodies to consider implementing improvements to •
the modelling and decision-making processes around setting and implementing the reliability 
standard, as well as how the standard is communicated. 

The Panel’s final recommendation remains unchanged from its draft recommendation. This 
chapter outlines the Panel’s key reasons for its final recommendation. 

In identifying its final recommendations, the Panel has considered stakeholder feedback on the 
draft recommendations published in April 2024. The Panel notes that a total of 12 submissions 
were received in response to the Panel’s Draft Report, among which 11 submissions supported the 
Panel’s draft recommendations. This section outlines stakeholder feedback on the Panel’s draft 
recommendations, which informed the Panel’s final recommendations. 

In addition to its final recommendation on the form of the reliability standard, the Panel has also 
identified, for consideration by other policymakers, other tools and mechanisms that could 
support the NEM’s future reliability needs. The Panel has also outlined its consideration of how to 
support AEMO in continuing to communicate the reliability standard in different ways, including 
using depth, duration and frequency. 

2.1 Reasons for the Panel’s final recommendation 
2.1.1 While the changing risk profile brings new challenges, the current form of the standard remains fit 

for purpose 

Based on the extensive modelling completed for this Review, the Panel considers that the existing 
form of the standard continues to be fit for purpose and can adequately capture the changing risk 
profile as the NEM transitions. In the future, while the nature of reliability risk may change in a 
number of ways, the expected value of USE remains an effective way to measure that risk and 
weigh it against the costs of increased reliability. However, the NEM’s transition will bring 
challenges in communication, system operation, and delivery of new transmission and supply. 

Furthermore, there may be a need for complementary mechanisms alongside the standard if 
policymakers want a level of reliability above what consumers are willing to pay (see section 2.3). 

Modelling results show that the current form reflects USE risk effectively for a range of risk profiles 

As outlined in the Panel’s Draft Report, the Panel’s modelling showed that the shape of the USE 
distribution (the characteristics of events and how likely they are) would likely change. The key 
findings included the following: 

reliability risk is likely to shift from summer to winter over time •

as may be expected in a VRE-dominated system, weather is likely to have an increasingly •
strong influence on USE, likely stronger than that of forced outages 

while the overall level of risk will not necessarily increase, the USE events that do occur will •
likely become longer and deeper. 
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While reliability risk is changing, the Panel’s view is that this does not result in a need to change 
how we assess reliability. Despite the changing characteristics, our analysis has shown that the 
existing form of the standard is capable of reflecting a wide range of risks. Therefore, the Panel 
considers the current form of the standard will remain fit for purpose for the future NEM. 

As noted previously in the Review, the current form does place a low weighting on extremely rare 
events (those expected approximately once in 100 years).10 However, the modelling shows that 
even these rare USE events would not be as extreme or extended as was originally suspected. 
Notwithstanding that, the Panel considers that the risk of extremely large, low-probability events 
cannot be adequately addressed by any form of standard and would need to be addressed in other 
ways, as discussed in section 2.1.3 and section 2.3. 

The risk of rare, extreme USE events remains a small part of the overall reliability risk 

The risk of severe or extended reliability shortfalls related to unfavourable weather conditions in a 
high-VRE system has been a critical concern for the Panel. However, the Panel’s latest modelling 
results do not suggest there is any significant risk of such extreme events. While there is a small 
risk of large USE events in the future, these do not form a significant part of the overall reliability 
risk in the NEM (noting that no system can be perfectly reliable). Based on this, there is no clear 
need to change the form of the standard. In section 2.3, we explore a range of other ways to 
potentially manage the risk of large, low-probability reliability shortfalls. 

In their submissions to the Panel’s Draft Report, the majority of stakeholders also supported that, 
while the nature of reliability risk is changing as the NEM transitions to a high-VRE market, the 
current form of the reliability standard is fit for purpose and is materially sensitive to the vast 
majority of USE events.  

In response to the Panel’s Draft Report, 11 of 12 stakeholders supported the Panel’s draft 
recommendation that while the nature of reliability risk is changing as the NEM transitions to a 
high-VRE market, the current form of the reliability standard is fit for purpose and is materially 
sensitive to the vast majority of USE events.11  

 

 

2.1.2 The Panel agrees with AEMO regarding the communication of the standard 

The Panel’s modelling shows that the depth, duration and frequency of potential USE events may 
change as the NEM transitions, even if the total expected USE remains the same. In their 
submission to the Draft Report, AEMO raised a concern that the current form of the standard is 
difficult for stakeholders and consumers to interpret in terms of real-world outcomes. AEMO 
considers that a measure related to depth, duration and frequency would be more suitable:12 

10 Reliability Panel, ‘Review of the form of the reliability standard and APC’, Issues Paper, p. 10, found here.
11 Submissions to the Draft Report, EnergyAustralia pg.1 and PIAC, pg 1.
12 AEMO submission to Draft Report, p. 4.

“We support the findings in the Panel’s draft report that, although the nature of reliability risk 
in the National Electricity Market (NEM) will change, the existing form of the Reliability 
Standard remains appropriate.”

“PIAC strongly supports the conclusions of the reliability panel that: the current form of the 
reliability standard remains fit for purpose to address the majority of anticipated unserved 
energy (USE) outcomes”
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The Panel agrees that it is important for stakeholders to be able to understand reliability in a 
tangible way, but considers that this can be achieved without changing the form of the standard. 
The Panel also notes that, while acknowledging the importance of ease of communication, the 
reliability standard has other purposes besides communication. 

The form of the standard, while defined as the expected value of USE, can also be expressed using 
depth, duration and frequency. For example, in the 2023 ESOO AEMO presents a bubble plot of 
depth and duration of forecast USE from their simulations for each region.13 The plot shows a 
summary of all the simulated outcomes, highlighting the vast percentage of yearly outcomes in 
which there is no USE. It also shows outcomes that exceed the current 0.002 per cent USE 
reliability standard. AEMO stated in their submission to the Draft Report that they are increasingly 
expressing USE in this way:14  

Therefore, the current form of the standard remains fit for purpose because it can be expressed in 
various ways which may help to illustrate the characteristics of the risk. However, the Panel, notes 
that communicating the reliability risk in terms of depth, duration and frequency may still raise 
some challenges as it still requires articulation of a probability outcome. The Panel supports 
AEMO communicating the existing reliability standard in alternative ways. 

In response to the Draft Report, AEMO’s submission has noted that the key benefit of changing the 
form of the reliability standard is to communicate the reliability risk in terms of frequency, depth 
and duration, which AEMO considers is a way that is tangible for consumers, market participants 
and governments. 

The Panel considers that the current framework supports communicating the nature of reliability 
risk this way. This is evident in the 2023 ESOO, where reliability risk is expressed in terms of 
frequency, depth and duration. There is also a difference between communicating the standard 
through an example across these three metrics and actually setting the form of the standard to be 
these metrics. 

Further, AEMO recommended that, in addition to communicating the form of the standard in terms 
of depth, duration and frequency, the Panel should also have regard to those measures in setting 
the level of the standard as part of its RSSR process. AEMO suggested that the NER should be 
amended to enable this. 

The Panel acknowledges AEMO’s feedback and notes that the NER already allows for the Panel to 
‘take into account any other matters’, which the Panel ‘considers relevant’.15  This means that a 
rule change is not necessary and the Panel, if it considers appropriate, can address the depth, 
duration and frequency measures in setting the level of the standard. 

2.1.3 The market price settings in isolation are not designed to manage large, rare events 

The reliability standard takes effect primarily through the market price settings, noting it is also 
used in other contexts such as AEMO’s ESOO. The market price settings are set at a level that are 
intended to drive sufficient investment in generation and/or storage to meet the reliability 
standard, as determined by RSSR modelling. 

As outlined above, the reliability standard is an expected USE value that takes into account both 
the size and likelihood of potential USE events and the level of reliability customers value. The 
design of the wholesale market creates a price signal to encourage investment in new capacity. It 

13 AEMO, 2023 ESOO, p. 60.
14 AEMO submission to Draft Report, p. 5.
15 Clause 3.9.3A(e)(5) of the NER.
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can incentivise technologies such as gas-fired generation that are dispatched relatively rarely, as 
long as the price cap is high enough to provide revenue sufficiency from operating at those limited 
peak times. However, the commercial business case for generation and storage projects becomes 
increasingly difficult if they can only earn revenue on very rare and unpredictable occasions, 
regardless of the market price cap. 

The Panel considers the market price settings alone are not a suitable tool for managing the risk 
of severe, low-probability events. In these circumstances, changing the form of the standard 
would still be unlikely to provide the incentives for the required investment. Therefore, the Panel is 
of the view that changing the form of the reliability standard is disproportionate to the specific risk 
of the small proportion of severe, low probability events. This is supported by the modelling 
results which show limited, if any, risk of the extreme or extended USE events that were of concern 
at the outset of this Review. 

This Review’s modelling is based on the 2022 ISP, and much of our analysis focuses on the 
characteristics of USE, while assuming that expected USE will remain at or below 0.002 per cent 
of annual regional demand.16 The timely delivery of the ISP will be important to maintain a high 
level of reliability in the NEM. The Panel notes that the ISP includes some types of supply with 
particularly challenging investment cases, such as long-duration storage. Additional mechanisms, 
including government support, could be needed in combination with the market price settings to 
manage the risk of low-probability reliability events. Section 2.3 explores potential ways to support 
reliability in the transition in more detail. However, this Review has not explored whether the 
consumer benefits of such support mechanisms would outweigh the costs. 

In response to the Draft Report, the majority of stakeholders (nine out of twelve submissions) 
echoed this conception of the role of the reliability standard and settings.17 For some of these 
stakeholders, this was an assessment of the practical limitations of the reliability framework in 
achieving absolute reliability.18 

 

 

2.1.4 Using the reliability standard to prevent extremely rare USE events would likely result in an 
excessive cost burden on consumers 

Any increase in reliability comes at a cost associated with building, maintaining and operating 
additional supply or transmission. The cost of that increased reliability needs to be paid by either 
the market (that is, consumers), taxpayers, or a combination of both. If consumers are to pay, the 
level of reliability must take into account the value they place on that level. Under clause 3.9.3A of 
the NER, the RSSR determines the appropriate level of the standard by balancing system cost 
against the value of customer reliability (VCR) derived by the Australian Energy Regulator (AER). 

Since the reliability standard is designed to balance reliability and affordability, it is not suited to 
capture and respond to extremely rare events. The market price settings alone could not support 

16 AEMO, 2022 ISP, found here.
17 Submissions from Alinta Energy, CS Energy, AEMO, AGL, Hydro Tasmania, EnergyAustralia, PIAC, AEC, Shell and Origin Energy
18 Submissions to the Draft REport, Alinta, pg 1 and CS Energy pg 2.

“[T]here will always be the possibility of rare, extreme events that cannot be foreseen or 
managed by any formulation of these market settings.” 

“CS Energy concurs that market settings are insufficient and inappropriate to utilise to meet 
the reliability needs of such low probability events. This is further strengthened by the 
Panel’s modelling which found such events to be incredibly infrequent.” 
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viable projects that address the risk of rare events without an excessive burden on consumers. 
This would be the case regardless of the form the reliability standard.  

Building assets that target the risk of large, rare (1-in-100-year) events would be economically 
inefficient as their energy and capacity may never be required during their operational lifetime and 
could be considered an overbuild if these events do not come to pass. 

The Panel considers these events are too rare to be appropriate for any reliability standard to 
address, noting, once again, that the reliability standard is not intended to achieve absolute 
reliability and instead seeks to balance reliability and affordability.  

2.1.5 Alternative forms of the standard do not have significant benefits over the current form 

As outlined above, the Panel’s final recommendation is that the current form of the standard 
remains fit-for-purpose for the future NEM. However, for completeness, the Panel also assessed a 
short list of candidate forms to understand if there would be any benefit from changing the form. 
Table 2.1 below outlines the options and the Panel’s assessment of each. Appendix F provides a 
more detailed explanation of this assessment. 

The current form of the reliability standard outperforms the other candidate forms in that each of 
them either is more difficult to implement or communicate. The Panel’s assessment of the ease of 
implementation included consideration of RSSR market modelling, translation to market price 
settings, and any need for additional consumer preference data. While some forms are better than 
the current form in capturing large, low-probability events, the Panel put a lower weight on these 
criteria given that extremely large events have not been found in the modelling (see Chapter 7). 

The Panel further notes that the current form accommodates large, low probability, events and 
weights them proportionally to their likelihood of occurrence. This can be bolstered through 
process improvements such as better communication (including discussing depth, duration and 
frequency independently) and updated modelling, discussed in more detail in section 2.2. 

Given these findings and the modelling results, the Panel considers that using a different form of 
the standard would have very limited, if any, benefits. These limited benefits are not sufficient to 
justify the costs and complexity of changing the form. 

In response to the Draft Report, Shell provided its view on the proposal to consider reliability 
across frequency, depth and duration, noting; “this omits the critical factor, which is the probability 
of a reliability event occurring. The Panel has rightly identified that the current USE standard 
incorporates the measure of all four of these factors, including probability, and that all of the 
proposed alternative standards, to an extent, fail to adequately consider the assessment of the 
probability criteria.”19 

AEMO supported the findings of the modelling exercise but disagreed with the Panel on its draft 
recommendation to maintain the current form of the reliability standard. AEMO identified its 
preferred option as implementing an alternative form of the reliability standard that is expressed in 
terms of frequency, depth and duration. The main reason provided by AEMO is that “[w]hile the 
Panel’s modelling does not demonstrate an immediate issue with the way the standard is 
expressed, the changing supply mix and reliance on variable renewable energy will increasingly 
shift the distribution of forecast USE annual expectations away from a target level of annual 
average expected USE”.20 

19 Shell Energy, Submission to Draft Report, pg 2.
20 AEMO, Submission to Draft Report, pg 1.
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Based on the Panel’s assessment of alternative forms, the Panel considers that changing the form 
of the standard is unlikely to capture the potential willingness for consumers to trade one of these 
metrics off with another. That is to say, this approach does not ask if consumers would be willing 
to breach the standard for duration in exchange for significantly undershooting the standard for 
frequency. The current form, expected USE, however, allows for this. 

AEMO further highlighted in their submission that expected USE does not provide any insight into 
the shape of a forecast USE probability distribution. Reflecting on this feedback, the Panel has 
considered the two factors. 

The modelling conducted for this review did not find any evidence of a material risk posed by 1.
large events that are not likely enough to have an impact on the measured expected USE, 
which is derived from the distribution of USE outcomes. 

The Panel considers that defining the form of the reliability standard across frequency, depth 2.
and duration would unlikely describe the shape of the probability distribution of USE 
outcomes. 

In light of these considerations and in conjunction with overwhelming stakeholder support, the 
Panel has decided not to change its draft recommendation that expected USE continue to be used 
as the reliability standard. 

2.1.6 Changes can be made to improve how the current form of the standard operates 

The implementation and operation of the reliability standard draws on a number of different 
processes including the Panel’s RSSR, the AER’s VCR survey, AEMO’s reliability modelling, and the 
operation of the wholesale market. These processes must work together effectively to ensure that 
reliability is maintained at the desired level that consumers are willing to pay. 

While this Review’s modelling has found that the current form of the standard adequately captures 
the changing risk profile, the Panel recommends exploring opportunities to enhance the operation 
and implementation of the standard. The Panel has identified three potential process 
improvements in section 2.2 below. 

Further, as discussed in section 2.1.3, the reliability standard and market price settings may not be 
effective in mitigating the risk of rare, severe USE events. However, if governments wish to 
address these events, they could explore other mechanisms to do so (section 2.3). 

The Panel’s view is that these opportunities for process improvements and support mechanisms 
are a more proportionate response to address the changing future reliability risk than changing the 
form of the standard. 

 

Table 2.1: Summary of the Panel’s assessment of options 

Option Benefits Issues Panel’s assessment

1. Expected USE 
/ Annual demand 

(Current form)

Straightforward •
calculation 

Captures depth, •
duration, frequency 
in one metric 

Can communicate •
dimensions 
separately

Accommodates •
large, low probability 
events reasonably 
well, but not as 
strong as other 
options in this 
regard.

Given limited •
evidence of 
extremely large 
events, the 
complexity of 
changing the form 
would outweigh the 
benefits
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Option Benefits Issues Panel’s assessment

  

2. Re-weight 
probability 

Inflate the 
probability of 
low-probability, 
large-USE events, 
then calculate 
the average USE 

 

Relatively easy to •
implement and 
directly targets ‘tail 
risk’ events 

Maintains the •
positive attributes of 
the current form

Needs a definition •
for ‘large events’, and 
it is unclear how 
much to inflate the 
probability of large 
events. 

Will need additional •
data collection 

The form is sensitive •
to which specific 
events to re-weight

While stronger than •
the current form in 
capturing large, low-
probability events, 
the implementation 
issue makes this a 
more complex option 

The Panel does not •
consider that there 
are significant 
enough benefits to 
this option to warrant 
a change

  

3. Conditional 
value at risk 
(CVaR) approach 

Calculate the 
average USE 
overall and the 
average USE in 
the tail and take 
a weighted 
average of the 
two 

 

This approach has •
been suggested in 
the 2022 RSSR study 
as a method for 
dealing with tail risk 
that complements 
the existing 
standard.  

Depending on the •
weightings, can 
better capture large 
events.

Will need additional •
data collection (such 
as consumer 
preferences) 

It is difficult to clearly •
communicate the 
approach to 
stakeholders 

CVaR is less stable •
than the current form 
as more weight is 
put onto the tail 
component, even in 
the absence of large 
events.

This is a complex •
standard that is 
difficult to 
communicate. 

CVaR can be less •
stable than the 
current form. 

Given there is very •
limited evidence of 
large, low-probability 
events in the 
modelling, there are 
limited benefits to 
moving to this 
option.

4. Probability of 
exceedance 

Add an 
additional 
constraint to the 
current form. If 
the probability of 
a pre-defined 
event is too high, 
then the 
constraint is 
violated and 
needs to be 
addressed

  

Easy to understand •
as it directly 
identifies ‘bad’ 
events and says we 
do not want these to 
happen (outside of 
very low probability 
events).  

In the absence of •
large events, the 
probability of 
exceedance measure 
is equivalent to the 
current form. 
  

 

The constraint level •
may or may not be 
binding, creating 
difficulty in 
implementation with 
respect to market 
price settings 

Will need to be •
informed by 
additional data 
collection

While simple to •
communicate, the 
implementation 
issues associated 
with it mean that the 
Panel considers 
there are limited 
benefits of moving to 
this approach. 
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Source: Panel analysis; Panel’s 2022 RSSR final report, p. 41-44, found here; AEMO’s Energy Security Target Monitor Report October 2023, p. 3, 

found here. 

2.2 The proposed process improvements 
The Panel has identified three possible process improvements that are either already underway or 
could be implemented by the Panel or AEMO. Some of these process improvements are complex 
and require future work to assess. The Panel understands that AEMO is currently developing some 
of the suggested updates to reliability modelling. 

2.2.1 Reliability modelling could take into account a larger range of weather conditions 

AEMO’s reliability modelling currently uses a set of 13 weather reference years based on the 
previous 13 years of weather data.21 Whilst these years do show diversity of weather conditions, 
including some extreme events, it is still a limited set compared to the wider range of historical 
outcomes and potential future weather outcomes. We understand that AEMO is developing 
synthetic weather years for its future modelling and the Panel supports AEMO’s continued work in 
this regard. 

Using synthetic or historic data such as that from Griffith University, with corresponding demand 
traces, could allow the ESOO, ISP and RSSR modelling to incorporate the effect of variable weather 
conditions on USE.22 This could be implemented by significantly increasing the sample of weather 
reference years modelled, or alternatively, a smaller set of weather reference years with specific 
conditions could be modelled and weighted appropriately according to their likelihood. Note that 
further climate science work would be needed to inform these weightings. 

Our modelling has shown that reliability in the future power system is more sensitive to weather 
than forced outages. Using additional reference years in reliability modelling would allow a wider 

21 AEMO 2023 ESOO, found here.
22 The Panel’s modelling has used a dataset of 83 years of nominal VRE generator output in the NEM, developed by Griffith University. 

J Gilmore, T Nelson and T Nolan, ‘Quantifying the risk of renewable energy droughts in Australia’s National Electricity Market (NEM) using MERRA-2 
weather data’, Griffith University Centre for Applied Energy Economics & Policy Research, 2022, found here.

Option Benefits Issues Panel’s assessment

  

  

5. N-1 or N-2 
redundancy 

Assess whether 
USE is below a 
threshold during 
the largest 
credible 
contingency (or 
two largest) 

  

 

Used for the New •
South Wales Energy 
Security Target, and 
the Panel 
understands it is 
being considered by 
other jurisdictions.

Requires intensive •
modelling, which 
makes calculating 
the form difficult. 

The constraint level •
may or may not be 
binding, creating 
difficulty in 
implementation with 
respect to market 
price settings. 

Difficult to clearly •
communicate 
compared to the 
current form, 
particularly at an 
operational level

Because this is •
difficult to implement 
and challenging to 
model for the RSSR, 
the Panel does not 
consider this a 
practical option.
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range of weather conditions and a more diverse range of USE outcomes and provide an improved 
basis for averaging and weighting of events. 

The current methodology for the ESOO and ISP uses a 13-year weather reference year set 
(updated from 11 to 13 reference years in the 2023 ESOO) and around 100 randomly generated 
forced outage patterns. It also considers 10 per cent probability of exceedence (PoE), 50 per cent 
PoE and 90 per cent PoE demand conditions by growing the same historical demand to match 
future peak demand and energy forecast to calculate a weighted average USE outcome. 

While the current set of 11-13 reference years (FY2011 to FY2023 inclusive, depending on 
publication) includes some dark doldrum periods, using a larger sample allows for more diverse 
weather conditions, including dark doldrums, which could be weighted according to the likelihood 
of those conditions. 

To date, the key limitation preventing the use of longer weather datasets has been the lack of 
coincident demand data. For this Review’s modelling, we used a sequence of machine learning 
models to link historical temperature, solar power, time of day and a range of other parameters to 
customer demand based on the 83-year Griffith dataset as outlined in Appendix B. 

Increasing the number of weather reference years in reliability modelling could create 
computational challenges related to run-time and computing resources. These challenges could 
be managed by using more reference years with fewer forced outage patterns if forced outage 
patterns are still considered important as VRE penetration increases. Note that the reduced 
impact of forced outages will occur after most thermal plant has exited, which is likely outside the 
10-year horizon of the next ESOO, so reliability modelling may need to continue using forced 
outage samples for the near future. Another alternative could be selectively modelling the more 
severe weather conditions and developing a computational adjustment to weight these results 
appropriately in the expected USE. 

2.2.2 There is scope to improve the modelling of future demand traces for reliability forecasting 

AEMO constructs future demand traces to meet their forecasts for total annual energy and annual 
and seasonal peak demand.23 

Our modelling suggests that peak demand may not be a key driver of USE events in the future. We 
understand that AEMO has been updating its forecasting methodology to better reflect other 
characteristics of demand, such as cumulative demand and other seasonal weather factors. 

To generate the demand traces for the 83 Griffith years, the project team used a sequence of 
machine learning models that were trained on the AEMO forecast data. The Panel understands 
that AEMO has been looking into similar methods to operate on synthetic weather. 

The analysis for this review identified that in the future weather will become a more important 
driver of reliability than the failure of major equipment. This is driven by the distributed nature of 
the VRE facilities, the variability of the resource on which they rely, and that these facilities are an 
aggregation of many smaller production units where the failure of one component is unlikely to 
affect the output more than the potential variability of the resource. 

Currently the probability of exceedance levels for demand are driven primarily by temperature 
considerations centred around summer peak conditions. While future forecasts predict that peak 
demand in most states is shifting to winter driven by factors such as electrification, the USE 

23 AEMO 2023 ESOO, found here; AEMO Draft 2024 ISP, found here.
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analysis showed links to dark doldrum conditions that may not be considered in the current 
forecasting practices. 

The current calculation of reliability in the ESOO weights USE outcomes from the 10 per cent PoE 
and 50 per cent PoE based on weightings determined previously.24 In the future both the 
determination of the mechanism for ranking demand outcomes and the weightings by which USE 
outcomes are combined into the overall reliability standard may need to change to incorporate this 
increasing link between weather variability and USE. It is that variability and uncertainty, 
particularly as it relates to days preceding or comprising dark doldrums, that may need to be the 
focus of future classifications of the probability of exceedance levels. 

2.2.3 The Panel can improve the way in which the VCR is applied in the RSSR 

The 2022 RSSR used the AER’s load-weighted jurisdictional VCR values as the base case, with re-
weighted high and low case sensitivities.25 Further information about how the VCR was applied in 
the 2022 RSSR is available in Appendix G. 

Consistent with feedback from stakeholders, the insights gained from this Review’s modelling 
create opportunities for alternative ways to apply or re-weight the VCR results for the RSSR. 

The weightings used to derive the AER’s main state-based VCR values are based on historical 
customer outages from all causes. The Panel proposes that the VCR values used for the RSSR 
should be weighted according to the characteristics of future customer outages caused by 
reliability shortfalls, to the extent this is feasible. 

There are two sources of information that the Panel could use for this. 

Model of USE in the NEM | The Panel could model USE events in the NEM for the RSSR’s •
review period (e.g. 2028-32 for the 2026 RSSR). The model would be broadly similar to this 
Review’s model but with a closer time horizon. The modelling results could be used to 
estimate characteristics such as the fraction of USE events that occur in winter as opposed to 
summer, and the fraction of USE events that occur at peak times of day. This Review has 
noted a shift towards winter reliability risk, so we expect the weighting of the winter VCR 
would increase with time. 

Rotational load shedding methods | As noted in section 7.2.2, individual customers should •
only experience a short outage as a result of a reliability-driven USE event due to rotational 
load shedding. The Panel could use information on how different jurisdictions carry out load 
shedding to better understand the types of outages that customers would experience due to a 
reliability shortfall. The duration of an interruption during rotational load shedding and 
information about any exempt loads would be of particular interest and could guide the 
selection of sectoral VCR values. 

The Panel could consider accounting for repeated outages in a short time frame (i.e. the case of 
multiple rotational load shedding), but given that such large USE events are rare, this is likely to be 
unnecessary and impractical. 

In making this process improvement recommendation, the Panel reiterates its view outlined in the 
Directions Paper that there are two limbs to reliability metrics, including: 

types of possible reliability scenarios 1.

how much consumers are willing to pay to avoid those types of events. 2.

24 AEMO 2023 ESOO, found here.
25 Reliability Panel, 2022 RSSR, found here; AER, Values of Customer Reliability 2019, final report, found here.
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The Panel considers that the question that is directly relevant to the intended scope of the current 
Review is the first limb referring to the types of possible reliability scenarios as the NEM 
transitions. 

The findings from the VCR will inform, as part of the future RSSR, a more specific question on how 
much consumers value reliability in the context of these events. The Panel notes that extreme but 
rare outages (including repeated outages) are outside the scope of the VCR. As part of this 
Review, the Panel has worked with the AER to include two additional questions in the 2024 VCR 
pilot survey, addressing some characteristics of outages that may be associated with reliability 
shortfalls. The 2024 VCR Methodology Draft Determination also notes that the AER will carry out a 
separate workstream to explore the impact of prolonged and/or widespread outages on energy 
consumers.26Future work may be needed to further explore how customers value severe, 
widespread, very rare, or repeated outages. 

2.3 Further supporting reliability during the transition 
The Panel recognises that as the market transitions to net zero, factors outside of the market 
frameworks can increasingly impact reliability in the short term. The Panel’s modelling results 
suggest that the extent of extreme USE events is likely to remain limited. However, there are 
several other pathways available to support reliability as the NEM transitions if policymakers wish 
to mitigate these rare events. 

2.3.1 There are reforms underway to support reliability in the NEM 

Over the past several years, there have been different reforms introduced in the NEM to manage 
the increasing pressure on reliability: 

The Commonwealth’s CIS and jurisdictional schemes will support investment in various •
generation and demand side projects. 

The AEMC has recently made a rule to progressively increase the MPC and CPT from 1 July •
2025 to 30 June 2028 to support investment in the generation, demand response and storage 
projects needed to maintain reliability as the NEM transitions. This change will work to 
complement the CIS and jurisdictional schemes. 

In 2023, the AEMC recommended changes to the regulatory framework, promoting timely and •
efficient investment in and delivery of significant transmission. It is now working on several 
rule changes to implement those recommendations. 

The Retailer Reliability Obligation (RRO), introduced in 2019, is a measure that places •
obligations on liable entities to contract with firmed generation. This provides an incentive for 
investment in these assets and on-market generators to improve market liquidity in periods 
where reliability gaps are identified in regions. The RRO is currently triggered by the Interim 
Reliability Measure (IRM).27 

The Interim Reliability Reserve, an out-of-market capacity reserve, allows AEMO to enter •
contracts to keep unserved energy below the IRM. 

The Energy Security Board recommended that jurisdictions concerned about reliability in the •
short term could leverage AEMO’s short-notice RERT panel. This mechanism provides AEMO 
access to out-of-market backup resources that can be called upon if reliability issues arise 

26 AER, Values of Customer Reliability Methodology Draft determination, p. 2-3, found here.
27 The Interim Reliability Measure is set at 0.0006 per cent USE in any region in any year.
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within the short notice timeframe (defined as between three hours and seven days’ notice of a 
projected reserve shortfall). 

Energy Ministers are developing an orderly exit mechanism to allow thermal plants to act as a •
strategic reserve if there are reliability risks that will result from their retirement. 

2.3.2 The ISP outlines substantial investment to maintain a reliable system 

As the NEM undergoes its significant transformation, the market needs substantial new 
investment in generation, storage and transmission infrastructure, alongside the retirement of 
ageing thermal generation. The 2024 Draft ISP outlines that to maintain a secure and reliable 
system, by 2050, the NEM will need: 

a seven-fold increase in grid-scale wind and solar projects •

57 GW of storage capacity •

10,000 km of new transmission lines and upgrades to existing networks. •

2.3.3 We need tools outside of the reliability framework to deliver the ISP 

Market incentives are the foundation of the current NEM reliability framework. The reliability 
standard is a central feature of the NEM because it establishes the market price settings that 
support the effective operation of and investment in the NEM. Historically, price signals have 
provided enough information for generation and demand-side resources to be built and 
dispatched. However, increasingly non-price and out-of-market drivers are creating barriers to the 
timely delivery of generation and transmission investment and infrastructure, even if the price 
signals are sufficient, influencing AEMO’s ability to operate the system. 

2.3.4 New entry is being challenged by supply chain, workforce and transmission constraints 

The Panel recognises that managing high-impact, low-probability events is becoming increasingly 
difficult as conventional reliability tools, such as directing scheduled generation and major load 
and customer demand management to facilitate resource exchange, are likely less effective in a 
high VRE world. In particular, project delays that result in deviations from the anticipated market 
development forecast in the ISP increase the challenges and difficulties for AEMO. 

There are several programs underway to support timely project delivery. Governments have a role 
to play in working to address the non-market barriers to the delivery of the ISP, including: 

supply chain constraints •

workforce training and upskilling •

planning and environmental approvals •

social licence. •

2.3.5 Uncertainty of thermal plant exits is impacting market signals 

The unpriced cost of carbon emissions in the electricity sector means there is no strong in-market 
signal for generator exit to support emissions objectives. 

Further, the exit of thermal capacity will likely result in periods of high and volatile prices between 
thermal plant retirements and new capacity entering the market. Governments and industry have 
identified that a critical requirement in the transition is to ensure new assets are in place before 
old assets retire. To achieve this, governments may need to introduce mechanisms to support 
asset entry and the predictable exit of ageing thermal generation. 
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2.3.6 Some technologies may not be commercially viable without government support 

Some events may be too rare to materially impact USE and too rare to be addressed via the 
market price settings (around 1 in 100 years). Or, even if the price settings are sufficient, other 
factors impact the timing, scale or ability to deliver the investment. 

New entrants may need additional help beyond market frameworks and signals to build a 
business case due to variable weather-dependent revenues and reliance on extreme pricing 
events. Some assets outlined in the ISP, such as long-duration storage or pumped hydro, may only 
be commercially viable within ISP timeframes with some level of government support. 

2.3.7 Support mechanisms can increase reliability, but these come at a cost 

No power system can be 100 per cent reliable. Rare or unforeseen and unplanned-for reliability 
events can occur. Building a system with sufficient capacity to avoid any outages is prohibitively 
expensive, as it would involve significant over-capitalisation in power system assets, leading to 
much higher power prices than consumers would be willing to pay. 

Governments should continue to consider what further tools may be needed outside the market 
price settings to provide the capacity to manage these rare events, mainly if these are above 
customer willingness to pay. This is particularly the case if Government policies and/or programs 
are not aligned with the direction or timing of the ISP. Any increase in reliability comes at a cost, 
which would need to be funded by the market (that is consumers), taxpayers or a combination of 
both. 

A range of support mechanisms have already been introduced in the NEM or discussed in the 
academic literature that governments could consider. Each is a blunt instrument and comes with 
trade-offs. The scope of this Review does not cover recommendations for support mechanisms 
outside the reliability standard, but the Panel notes that examples of such instruments could 
include: 

strategic reserve (in or out of market) •

capital grants or concessional debt financing to lower the funding needs or cost of capital for •
the project 

swaption style arrangements like the NSW Long-Term Energy Service Agreements (LTESA) or •
CIS for long-duration storage or pumped hydro (including CIS auctions for long-duration 
storage or pumped hydro) 

cap contracts or contracts for difference •

reserve payments like the Hornsdale Power Reserve •

Government build-to-own or joint venture.•
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3 The final recommendation will contribute to the 
energy objectives 
The Panel has been guided by the NEO in making recommendations in this Review. 

The NEO as stated in the National Electricity Law (NEL) is:28 

 

3.1 How the Panel applied the NEO to its final recommendation 
In the Draft Report, the Panel outlined that it would consider its recommendations against the 
general assessment principles in the Review of the Reliability Standard and Settings Guidelines 
of:29 

allowing efficient price signals while managing price risk •

delivering a level of reliability consistent with the value placed on that reliability by customers •

providing a predictable and flexible regulatory framework. •

Further, it outlined that a change to the form should deliver a standard that: 

better reflects customer expectations and the value they place on system reliability •

is clear, simple and implementable •

captures increasing diversity and complexity in the characterisation of reliability risk •

achieves reliability at low cost •

is agnostic to future market design and technology changes •

delivers a common reliability experience across all NEM regions. •

3.2 The Panel’s final recommendations contributes to the NEO 
Having regard to issues raised in the terms of reference, the Panel is satisfied that the final 
recommendation will, or is likely to, contribute to the achievement of the NEO. The Panel has 
determined that its final recommendation to maintain the current form with various process 
improvements will likely deliver the greatest net benefit for the long-term interests of consumers. 

The final recommendation is consistent with the assessment criteria and maintains the reliability 
standard that strikes a desired balance between affordability and reliability in the power system. 
The Panel’s final recommendation recognises that the existing reliability standard remains fit for 
purpose and appropriate in light of the changing nature of reliability risk in the evolving NEM. 

28 National Electricity (South Australia) Act 1996, found here.
29 Reliability Panel, ‘Review of the Reliability Standard and Settings Guidelines, Final Guidelines, 2021, found here.

to promote efficient investment in, and efficient operation and use of, electricity services for 
the long term interests of consumers of electricity with respect to - 

      a.  price, quality, safety, reliability and security of supply of electricity; and 

      b.  the reliability, safety and security of the national electricity system; and 

      c.  the achievement of targets set by a participating jurisdiction - 

            i.   for reducing Australia’s greenhouse gas emissions; or 

            ii.  that are likely to contribute to reducing Australia’s greenhouse gas emissions.
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The Panel’s modelling work has identified that the existing form can adequately address the vast 
majority of USE outcomes seen in the Panel’s simulation modelling. While there is a small 
proportion of rare USE events, which may not be material to reliability forecasts under the existing 
form, their probability or likelihood of occurrence approaches 1 in 100 years or more. This means 
that these events are too rare to be appropriate for any reliability standard, noting that the 
reliability standard is not intended to achieve absolute reliability and instead seeks to balance 
reliability and affordability. 

The market price settings to which the reliability standard is linked could not effectively provide 
sufficient incentives for viable projects to prevent the occurrence of those rare events without an 
excessive burden on consumers, regardless of the form of the reliability standard. 

Overall, the Panel has formed a view that maintaining the current form of reliability standard is a 
recommendation that will likely deliver the greatest net benefit for the long-term interests of 
consumers consistent with the NEO. 

3.2.1 The Panel has considered the new emissions component of the NEO 

Since the publication of the Issues Paper in March 2023, the list of matters forming part of the 
long-term interests of energy consumers in the NEO was updated to include the achievement of 
targets set by a participating jurisdiction for reducing or that are likely to contribute to reducing 
Australia’s greenhouse gas emissions.30 Accordingly, the Panel has considered whether the new 
emissions component of the NEO is a relevant consideration for this Review. 

The Panel recognises that the NEM is going through unprecedented change as ageing coal-fired 
generation retires and is being replaced by renewable energy and storage during the transition 
towards net zero. In its 2024 Draft ISP, AEMO’s forecast that about 90 per cent of coal-fired 
generation will exit the market by 2034-35, while grid-scale wind and solar will almost triple by 
2030, and storage capacity will increase by over seven-fold by 2050. 

Significant reliability risks arose in June 2022 when the market was suspended due to a 
combination of factors. To name a few, these included impacts arising from the war in Ukraine, 
including high international coal and gas prices, weather-related problems with coal supplies to 
some generators, and the increasing unreliability of ageing coal-fired generation. Further reliability 
risks following the closure of coal-fired generation have also been forecast by AEMO in its 2023 
ESOO. The ESOO finds that reliability risks are increasing with USE in NSW and Victoria now 
forecast to be above the reliability standard during the period relevant to this Review.  

These trends demonstrate that emissions policies are part of the broader context for this Review. 
However, the Panel has determined that there are no direct or indirect emissions impacts arising 
from the Panel’s recommendations for the Review. While this Review is intended to consider the 
form of the reliability standard and APC, the reliability standard and APC are linked to market price 
settings that are designed to drive efficient and timely investments in the context of the transition 
to a net zero energy system. 

The Panel is recommending retaining the current form of the reliability standard and APC. Given 
this, it is unlikely that the Panel’s recommendations for this Review will have any direct or indirect 
emissions impacts that are assessable under the NEO. 

While the Panel considers there are no emissions impacts arising from this review, it will re-
consider them as part of future RSSR processes. The future RSSR may identify and assess the 

30 Statutes Amendment (National Energy Laws)(Emissions Reduction Objectives) Act 2023 found here.
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impact of emissions and emission reduction activities arising from setting the level of the 
reliability standard and market price settings, subject to the Panel’s recommendations. 

3.3 If necessary, the Panel can reassess whether the form remains 
suitable in the future 
The Panel’s final recommendation is to retain the existing form of the reliability standard because 
it is still fit for purpose in the changing energy system. This conclusion is based on our analysis of 
the reliability framework, modelling results, stakeholder feedback, and available information on 
how customers value reliability. 

However, the Panel also acknowledges that the outlook for the future NEM could change 
significantly and new information is constantly becoming available. That said, the Panel intends to 
monitor the changing risk profile and any changes to market design or consumer preferences in 
future RSSRs, and consider whether the form may need to be reviewed again. 

It is worth noting some new information that is expected to be available in the future includes: 

regular ESOO and ISP updates which include new costs and constraints •

the 2024 VCR review and subsequent VCR reviews •

changing weather and climate data •

performance of VRE resources in a changing climate •

evolving customer demand and new behind-the-meter technologies •

generator entry and exit •

transmission developments •

potential future changes to the market design and State and Federal incentives •

more information about the Capacity Investment Scheme (CIS).•
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4 The Panel has undertaken rigorous modelling work to 
inform its recommendations 
The Panel’s recommendations in this report have been informed by an extensive modelling 
undertaken through the previous stages of the review.  

A short summary of the modelling methodology is provided here; however, a much larger section 
in Appendix B describes the methodology in greater detail. 

4.1 The Panel has modelled the changing nature of reliability risks in the 
evolving NEM based on a simulation, but this is not a forecast 
The Panel has undertaken the modelling based on a simulation of a virtual future power system 
that is deliberately constructed to create insights about unserved energy. 

These results, however, are not a projection or forecast of whether the future power system will 
meet the reliability standard. Instead, the simulations examine the composition or distribution of 
different types of reliability events in a possible future NEM to better understand the nature of the 
reliability events the system could face under stress. 

The base model used for the Directions Paper modelling was the AEMC USE Simulation Model 
(AUSM) which was designed to generate a sufficient number and range of USE events to study the 
changing nature of reliability.  The AUSM uses the generator and network construction schedule 
and demand forecasts from the 2022 final ISP for the period FY2028 to FY2043.  Like the ISP, 
AUSM assumes that the power system is constructed to meet the emissions trajectory and does 
not consider delays to critical infrastructure or changes to actual project location or timing. 

A key purpose of this model was to analyse the distribution of USE as the NEM transitioned from a 
low VRE-penetration system to a high VRE-penetration system. This modelling produced a number 
of insights described in the Directions Paper, including that if USE events occur they may be 
deeper and longer but less frequent, and also that weather will become increasingly more 
important in USE outcomes. 

To confirm and extend these insights, changes and additions have been made to the modelling 
approach which are described below and in more detail in Appendix B. These changes and 
additions were made on the basis of stakeholder feedback to make the findings more robust, and 
also to suit the purpose of this second phase of modelling which is to understand whether the 
current form of the reliability standard is fit for purpose given the changing reliability profile. 

4.2 Changes and additions have been made to improve confidence in the 
modelling results 
During the review process, the modelling methodology and AUSM were updated several times to 
reflect stakeholder feedback on the Directions Paper. These are described briefly below, and in 
more detail in Appendix A. The Panel notes that no further feedback was received on the Panel 
modelling following the publication of the Draft Report. 

An alternative approach to removing capacity | A slightly different approach for generating •
sufficient USE in the latest AUSM. The focus of modelling in this stage was to remove capacity 
that was more directly interchangeable with USE. As such, the supply reductions to the base 
model comprised firstly removing the forecast demand side participation units, some new or 
existing Open Cycle Gas Turbine (OCGT) units and, finally, a small number of VRE units. 
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Validating insights using a full capacity model | Stakeholders raised concerns that the AUSM •
produced potentially unrealistic results due to the removal of capacity to generate USE. In 
response to this, the Panel has included a model that uses the full capacity forecast in the 
2022 ISP to validate the findings and provide an alternative picture of reliability risk based on a 
system that largely matches the ISP. 

A much larger set of weather reference years | The Directions Paper found that weather was a •
stronger driver of USE outcomes than simulated forced outages. To capture a greater range of 
weather conditions in the model, the 83 weather years, provided by Griffith University, were 
fully incorporated into the model. Consequently, the modelling considered each of these 
reference years rather than any forced outage samples. Demand traces were also generated to 
match each of the 83 historical weather reference years using machine learning models based 
on historical temperature, weather data and a variety of other inputs. 

Applying a univariate approach to understand the changing risk | An additional approach for •
studying the impacts of a changing VRE mix was studied in this phase of modelling.  Instead 
of analysing the changing USE outcomes across financial years, we fixed the system at a 
single financial year and only changed the VRE penetration. This was done so that the impact 
of VRE penetration could be isolated from other variables such as the changing demand 
profile. 

Resampling results using statistical methods | To confirm whether the current form of the •
standard is fit for purpose given the changing nature of reliability, the probability of USE also 
warranted investigation. To generate a more robust and accurate picture of the likelihood of 
USE events, the USE results from a 94 reference year set (83 Griffith reference years and 11 
AEMO reference years) were resampled using a Markov chain Monte Carlo approach. 

Generating synthetic weather data to understand likelihood of dark doldrums | Professor •
John Boland from the University of South Australia was commissioned to apply statistical 
methods to the 83 weather reference years to understand the probability of dark doldrums. 
This analysis was used to understand in more detail the likelihood of dark doldrum periods, 
and to inform our understanding of the relationship between dark doldrums and USE 
outcomes. 

Note that during the Draft Report stage of the review, the AUSM was reconfigured to generate 
specific models to target different findings. Wherever analysis or figures were presented, we 
specified the model from which the results were drawn. Details of each of these models and any 
other assumptions or methodology considerations can be found in Appendix B.
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5 Extensive evidence to confirm the changing 
characteristics of the reliability risk 
The Panel’s modelling completed for this review generated four key insights about changing 
reliability risk in the NEM. The Panel has further explored some of those findings to gather 
additional rigorous evidence, improve confidence in the key insights, and better understand some 
of their nuances. This chapter outlines the Panel’s evidence to demonstrate the changing 
characteristics of the reliability risk as outlined in the Panel’s Directions Paper. Note that these 
findings relate to the period of FY2028 - FY2043, with a particular focus on outcomes post 
FY2030. As such, the Panel expects the trends described below to appear gradually as the NEM 
transitions to a higher VRE-penetration system, rather than appearing suddenly in the near future. 

5.1 Given a constant level of reliability, USE events may become longer and 
deeper but less frequent 
The Panel’s analysis showed that for a given level of reliability, both the typical and largest USE 
events that might be expected were longer and deeper as the VRE penetration increased. This 
does not mean that reliability risk or the overall amount of USE would increase in the future NEM, 
but rather that the same amount of USE might be concentrated on a smaller number of events. 

Further, the Panel’s modelling found that USE events may be spreading out across the day/evening 
rather than appearing only in the evening peak. This finding is not discussed further in this paper 
as it is a direct result of USE events becoming longer and being driven more by weather and may 
be less relevant to the form of the reliability standard. 

The modelling has confirmed that as the NEM transitions, USE events will still primarily begin after 
sun-down during the evening peak. USE in these events is correlated with low wind output and 
may extend into the following daylight hours until solar resources become available. Typically, 
even under low solar conditions, as long as there is sufficient wind resource, the grid and CER 
battery storage is well charged (note that CER behaviour is based on ISP assumptions). 

However, when a low solar day is followed by low wind in the evening/night, the battery storage 
depletes quickly without wind support. The outage will continue until either demand drops to a 
point where the supply-demand is restored or adequate solar or wind resources are available. The 
spreading out of USE events across the day, therefore, is primarily a result of the limited output 
from VRE resources that in turn extends the length of the events. 

Additional details on how USE events may become longer and deeper can be found in Appendix 
section C.1. 

5.1.1 Additional findings 

In subsequent modelling, the Panel used an alternative approach to study the impact of increasing 
VRE penetration on USE outcomes. This approach involved keeping all other variables, like 
demand, fixed and modifying VRE- penetration only.31 

The results of this analysis support the conclusion that the depth and duration of USE events may 
increase in the transition to a higher VRE penetration system and impact depth more than 
duration. This finding is outlined in more detail in Appendix section C.1. 

31  See Appendix B for details on how the model for this phase was developed.
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5.2 As the NEM transitions, reliability risks may shift from mainly being in 
summer to winter 
The modelling results suggest that winter may become a period of more significant reliability risk 
than summer in the future NEM. Several factors, including changing demand patterns combined 
with increased VRE penetration, may be driving this shift. 

The modelling also studied USE longitudinally between FY2028 and FY2043 and showed a clear 
shift of reliability risk from summer to winter. 

The analysis for the Directions Paper showed that while the penetration of VRE in each region 
differed, the broad trend was consistent across all regions, that is, as the NEM transitions, the 
proportion of USE events in winter compared to other periods also increases. 

Additional details on how reliability risk may be moving to winter periods can be found in the 
Directions Paper and in Appendix section C.2. 

5.2.1 Additional findings 

The modelling also clearly showed that as the NEM transitions, USE will move from being mainly 
in summer to mainly in winter. This is a result of a number of factors, including faster growth of 
winter demand than is forecast to occur in summer.  

To isolate the potential impact of varying VRE penetration on the seasons in which reliability 
shortfalls occur, the latest analysis examined the variation of VRE penetration against a constant 
operational demand for in a given future financial year (FY2040). Results showed that varying 
utility scale VRE penetration did not materially impact the season in which USE events occurred. 
Instead, the analysis has shown that the shift from summer to winter is closely linked to winter 
operational demand exceeding summer but that other factors such as the growth of both native 
demand and rooftop photovoltaics (PV), contribute to this outcome. This finding is outlined in 
more detail in Appendix section C.2. 

5.3 USE events may be driven increasingly by weather 
The modelling performed to date shows that, as the NEM transitions, USE events may be 
increasingly driven by weather patterns compared to conventional plant failures. 

Furthermore, in a future high VRE power system, weather-driven USE events may be more 
extreme. Further modelling incorporating a wider range of weather reference years has also 
produced a wider range of USE outcomes and revealed that whilst dark doldrums are a significant 
driver of USE outcomes, not all dark doldrums lead to USE. 

The Panel’s modelling work found: 

as the NEM transitions, weather patterns may have a far greater impact on the mean time •
between events, depth and duration of USE events than thermal plant outages (modelled by 
forced outage samples) or different PoE demand levels 

‘dark doldrums’ or periods of very low wind and solar availability may significantly impact the •
depth and duration of USE events 

as the proportion of VRE in the system increases, the impact of these dark doldrums or •
periods of low wind and solar availability on the depth and duration of USE events may also 
increase. 

Additional details on how reliability risk may be driven increasingly by weather are in Appendix 
section C.3. 
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5.3.1 Additional findings 

Stakeholders broadly agreed with this changing driver of USE outcomes. The Panel’s modelling 
extended this analysis to understand in more detail the impact of weather conditions on USE 
outcomes. This involved including more weather reference years in the model and examining in 
more detail the relationship between dark doldrums of different sizes and USE outcomes. The 
results of this analysis indicate that: 

including more weather reference years leads to a greater range of USE outcomes •

dark doldrums are a significant contributor to USE, although not all dark doldrum periods •
produce USE. 

Further, the Panel commissioned Professor John Boland from the University of South Australia to 
conduct statistical analysis on the likelihood of dark doldrums of different sizes and lengths. The 
additional findings related to weather are outlined in more detail in Appendix section C.3, and the 
results from Professor Boland’s study are outlined in Appendix E.
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6 Despite the changing reliability risk, the current form 
of the reliability standard remains fit for purpose 

6.1 The current form of the reliability standard can adequately address the 
vast majority of USE outcomes seen in the modelling 
The current form is based on expected USE value, which is a combination of the likelihood and 
size of events. Under this form, all events generated through reliability modelling influence the 
overall calculated expected value. 

However, severe, low-probability events may have such a small value that they will not make a 
material difference to the calculation of the overall level of reliability. There was a concern prior to 
this Review that future USE events seen in a NEM with higher VRE penetration may not be 
adequately addressed by the current expected value form of the reliability standard. 

We have quantitatively evaluated the modelling results to understand whether the USE events we 
see are large enough or likely enough to be material to reliability forecasts under the existing form 
of the standard based on the expected value. 

The results from this analysis indicate that the vast majority of USE outcomes adequately 
influence the level of reliability calculated under the current standard: 

Most USE results seen in the modelling are either large enough, or likely enough to be material •
to reliability forecasts under the current standard. 

There are a small proportion of rare USE events which may not be material to reliability •
forecasts under the current form. However, their probability and likelihood of occurrence 
approaches 1 in 100 or more years. Therefore, these events are too rare to be appropriate for 
any reliability standard, noting that the reliability standard is not intended to achieve absolute 
reliability and instead seeks to balance reliability and affordability. 

To test whether the modelled USE results are adequately addressed by the current expected value 
form, the Panel used statistical re-sampling to extend the modelled results and overlaid them with 
several assumptions on materiality. 

Results from the calibrated reduced-capacity model using 94 reference years were re-sampled 
using a Markov chain Monte Carlo model to generate 100,000 synthetic years.32 This produced a 
more robust distribution of USE outcomes than the 94 year sample noting that 94 data points is 
relatively few from which to infer probabilities. More information about this methodology can be 
found in Appendix B. 

These results were then transformed into a cumulative probability curve (utilising probability and 
size of the USE event) that could be compared to an expected value curve that represents 5 per 
cent of the current level of the standard. The level of 5 per cent was considered appropriate for 
defining material outcomes consistent with a typical cutoff for statistical significance. 

The vast majority of USE events in the distribution were found to sit above this 5 per cent line, 
meaning that the vast majority of USE outcomes seen in the modelling could have a probability 
and consequence large enough to change the value determined by the current average expected 
value form. 

32 94 years comprising 83 reference years from the Griffith data and 11 reference years from AEMO.
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The Panel notes that this conclusion broadly holds under a range of conditions, including: 

using the full capacity ISP modelling results •

in all regions •

for all years modelled, FY2035 to FY2040 •

when the 5 per cent line is increased to a more conservative 10 per cent of the current •
standard 

when using the non-resampled 94 data points. •

These results are best described graphically, for example as in Figure 6.1 below. 

 

This figure demonstrates whether the modelled USE events would likely make a difference in 
breaching the reliability standard under its current form and level. 

Figure 6.1: The vast majority of events produced in the modelling are material to reliability 
forecasts under the current standard 

0 
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The x-axis is the likelihood of a USE outcome in the modelled year, and the y-axis is the total MWh 
of USE in a modelled year. These results are for Victoria in FY2040 using the calibrated reduced-
capacity model for 100,000 Monte Carlo simulated reference years. 

The solid blue line represents a USE outcome which has an expected value of 5 per cent of the •
current standard, which we consider material to reliability forecasts under the current form. 

The orange shaded area represents the region in which USE outcomes would have such a •
small expected value that they would not be material to reliability forecasts under the current 
standard. 

The purple area represents USE outcomes that occur at a frequency of 1 in every 100 or more •
years – these are considered too rare to be effectively addressed by the pricing mechanisms 
that drive the investment needed to meet the standard, and so are not considered relevant to 
determining the form of the standard. Section 2.1.2 and 2.1.3 provides more detail on this 
concept. 

The black dashed line is a cumulative density curve representing USE outcomes for 100,000 •
Monte Carlo simulations based on 94 modelled reference years. 

The green dotted line is just a reference line that represents a 3-hour outage taking out 10 per •
cent of load for the duration of the outage, assuming that demand is the average winter load 
at 6pm. 

Wherever the black dotted line crosses below the blue line, it indicates a set of USE outcomes 
produced by the modelling which may not make a material difference to the calculation of 
reliability under the current form. 

USE events that occur in the orange section are small enough or of low enough probability that 
they do not make a material contribution to the average USE on which the standard is calculated. 
These are, to some degree, similar to the expected large number of simulations in which there is 
no USE. The difference being that when they occur in reality they warrant operator intervention and 
have the potential to result in interruptions to consumers. 

Whilst the entire distribution is shown on this chart, it is also only the left hand side of the chart 
which is of concern, as these represent the larger and rarer events that constitute the ‘tail risk’ that 
stakeholders are concerned about. 

The black dashed line does not lie within the orange area, except for a very small section on the 
right side representing very small USE events. This means that the vast majority of USE events 
seen in the modelling are large enough or likely enough to make a material difference to the 
calculation of reliability, and so the current form of the standard is adequate to address these 
events. 

There is a small region above the black dashed line and below the blue line, which lies in the 
purple region. As can be seen from the figure, the probability of these events is small, 
approximately one per cent. As such, they would be expected to occur at most, once every 100 
years. 

As noted earlier in this section, the reliability standard is not intended to achieve absolute 
reliability and thus is not expected to capture such extremely rare events. The market price 
settings to which the reliability standard is linked could not effectively provide sufficient incentives 
for viable projects to their occurrence without an excessive burden on consumers, regardless of 
the form of the reliability standard.33 

33 The modelling results for all mainland regions of the NEM, for financial years FY2035-2040 are detailed in Appendix D, and include a number of 
sensitivities using the full capacity model and using less conservative assumptions regarding materiality.
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The broad conclusion holds across all the modelling results. Consistent with all reliability 
assessments, the analysis also revealed a small number of modelled results that were likely but 
small. These events are captured by the standard and do not on their own warrant a change in the 
form. 

6.2 The risk profile is changing 
6.2.1 There are no extreme multi-day events 

In response to the Issues Paper, some stakeholders expressed concerns that the changing 
reliability risk might lead to very extreme tail USE events that could potentially lead to multiple day-
long outages. Our results indicate that even under a very large range of weather conditions, the 
modelling did not produce any multi-day events. 

While the modelling results indicate a shift to potentially longer and deeper events, the Panel’s 
modelling has not found any events of more than one full day of unserved energy even under a 
very large range of weather conditions. 

The depth, duration and frequency of USE events were studied using a full capacity model based 
on the 2022 final ISP and a calibrated reduced-capacity model derived from the 2022 final ISP. 
Both models tested FY2035-FY2040, and the longest event produced is less than 24 hours in total 
USE duration, and the overall distribution did not produce a significant number of outlier events. 

In these results we ‘clustered’ USE events separated by a period less than 16 hours – see 
Appendix B for more details on this methodology. Whilst the results hold true without this 
clustering, the Panel considers that it is more reasonable to group events that are separated by a 
short period. Consequently, a single USE event may stretch out across several days, and comprise 
two or more discrete, short, events. Considering the standard refers to annual expected USE we 
focused this analysis on the total duration of USE (termed USE duration in this report) within this 
period rather than the absolute chronological length of the clustered event. 

Figure 6.2 shows the USE duration and the USE demand ratio for the calibrated reduced-capacity 
model for financial years 2035-2040 inclusive. Each dot represents a USE event, where an event is 
defined as a group of intervals with USE that are 16 hours apart or less. (See Appendix B for more 
information on the 16 hour clustering methodology.) 
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This figure shows that 96 per cent of events lie in the lower left quadrant, less than six hours of 
USE and less than 20 per cent of demand not being met during the period. While there are a 
handful of very deep events, these are all isolated in South Australia and are generally very short in 
duration (the majority are three hours or less in USE duration). 

The finding that South Australia produces particularly deep USE events compared to other regions 
is also corroborated in AEMO’s 2023 ESOO. This document shows that the reliability outcome in 
South Australia for FY 2024 includes many USE outcomes between 40 per cent to 50 per cent of 
average regional demand, compared to other regions which only show a single USE outcome 
above 25 per cent of average regional demand.34 It should be noted that AEMO’s assessment for 
FY 2024 includes retirements and delays to PEC which will have increased the USE outcomes. 

As also shown inFigure 6.2, the longest event seen in this model had a USE duration less than 14 
hours. This addresses stakeholder concerns regarding a high VRE system resulting in an 
extremely long tail of events lasting more than one day. 

Figure 6.3 below is the equivalent to Figure 6.2 but shows the results from the full capacity model. 

34 AEMO, 2023 ESOO, p. 143, Figure 81, found here.

Figure 6.2: The longest events in the calibrated reduced-capacity model are 14 hours in USE 
duration or less, and whilst there are some deep events they are short in duration 

0 
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This model in Figure 6.3 produces regional reliability outcomes well below the current reliability 
standard (i.e. a more reliable outcome), unlike the calibrated reduced-capacity model that 
produces outcomes at the reliability standard. Consequently, there are significantly less dots on 
this chart. 

Broadly the conclusions remain the same. Most events generated have a USE duration of less 
than six hours long and remove less than 20 per cent of demand during the event. The full ISP 
model produced fewer deep events in South Australia, however it did produce a longer 21 hour 
USE event in Queensland. 

These results lend further evidence to our finding that, while the reliability risk may be changing to 
longer and deeper events, we have not found evidence that such change reflects an extremely 
long tail of events lasting more than one day. 

The Panel has also used a similar visualisation tool to that used by AEMO in the 2023 ESOO to 
provide a comparable view to their FY2024 forecasts. Figure 6.4 below shows the results of the 
calibrated reduced-capacity model for Victoria for financial years FY2035 to FY2040. The results in 
this figure are the combination of the calibrated reduced-capacity model using inputs generated 
by the AEMC and those for the same period using AEMO ISP demand and VRE resources – as 
such it covers 83 Griffith years and 11 AEMO ISP reference years. 

Figure 6.3: In the full capacity model the longest event is 21 hours of USE duration, and there are 
fewer deep events 

0 
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In Figure 6.4, each dot represents a yearly USE outcome from each of the 94 reference years 
modelled but do not represent a strict likelihood, as they are based on only 94 reference year 
outcomes rather than a larger sample of more than 2,000 as produced by AEMO. The x-axis shows 
the total USE duration of the modelled year, the y-axis shows the depth of the USE outcome as a 
percentage of average regional demand, and the size of the dot represents the empirical 
probability of occurring as seen in the modelling. The Panel notes that the AEMO chart and the 
below chart are similar but are based on significantly different financial years. Our modelled 
results are for a future NEM where the average operational demand is significantly lower because 
of the significant forecast offset from rooftop PV during the day and customer energy resources 
(CER). 

 

While AEMO’s simulated results are based on a larger number of samples in the order of 4,000 
(made up of 100 outage samples, with three PoE demand profiles and 13 weather reference 
years), the modelling results presented in this analysis are based on a much larger set of 94 
different weather patterns which, in the future, are a stronger driver of USE than stochastic forced 
outages. We conclude therefore that while our modelling does not include a large number of 
simulations, the results are still robust and a good representation of USE outcomes. 

Figure 6.4: Total yearly USE outcomes range for 0 to 14 hours in duration and up to 110 per cent of 
average annual regional demand 

0 
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The dotted line on this chart represents an outcome that is above the level of the reliability 
standard (0.002 per cent of regional annual load). Events above this line are considered ‘large’ by 
the definition that AEMO uses in the 2023 ESOO, which refers to an individual USE event in a single 
year large enough to breach the standard in that year. These large events can occur under the 
reliability standard as the system will be reliable for a majority of the time, however some events 
may be large enough to move the average significantly. 

This figure also demonstrates that, while the predominant outcome continues to be no USE, when 
events do occur they are likely to be large. This chart also demonstrates that there are no 
particularly large outliers, either in terms of very large depth or duration. The total duration of 
yearly USE duration is still below one day, and while there are some quite deep events they do not 
last for a long duration. Note that the y-axis presents depth as the percentage of average regional 
demand, rather than percentage of demand during the event. As USE events are most likely to 
occur in the evening peak during periods of high demand, they are likely to be a much smaller 
percentage of event demand – for example the dot in this chart at two hours and 110 per cent of 
average annual regional demand is made up of 8 modelled USE events, none of which took out 
more than 10 per cent of load at the time. 

6.2.2 There are very few events that would result in customers experiencing multiple rotational outages 

The modelling results were translated into a customer perspective by analysing the number of 
USE events in which customers would likely experience more than one round of rotational load 
shedding. 

The Panel notes that the customer experience of most USE events is likely to be similar, 
regardless of the depth and duration of the region-wide event. If a USE event occurs (and 
emergency measures such as the Reliability Emergency Reserve Trader (RERT) are exhausted), the 
required operational capacity margin will be achieved by rotational load shedding. 

Initiated by a direction from AEMO through the Transmission Network Service Provider (TNSP), 
Distribution Network Service Providers (DNSPs) turn off some segments of customer load to 
match the level of curtailment in the AEMO direction. Each customer segment is only 
disconnected for a limited time before the load shedding ‘moves on’, to spread the impact of USE 
across customers. 

Although the modelling indicates some risk of long or deep events, individual customers would 
only experience an outage for this limited time. This finding is consistent with some feedback 
from stakeholders, including Endgame Economics’ submission to the Issues Paper, which noted:35 

 

The Panel acknowledges that very long events might lead to two or more rounds of rotational load 
shedding. This means that some customers experience repeated short outages within 1-2 days, 
and that deeper events would mean rotational load shedding moves through customers more 
quickly. 

35 AEC submission to Issues Paper, Endgame Economics report, found here.

Consequently, there is not a one-to-one relationship between region-wide USE and the length 
of individual customer outages. A large ‘tail-risk’ USE event would generally be rotated 
around different groups of customers so that the duration of the outage to any individual 
customer will be a fraction of the duration of the total event across the region.
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However, our modelling results suggest that this scenario would be extremely rare, as outlined 
below. These results were derived from applying reasonable but simplified load shedding 
assumptions to the PLEXOS modelling results. These are discussed in more detail in the Appendix 
section B.6. 

Table 6.1 below shows the total number of events that occurred in the calibrated reduced-capacity 
model simulations based on the Griffith data for the six years FY2035-FY2040, and the number of 
events that led to more than one round of rotational load shedding (termed ‘multiple load 
shedding events’). 

 

Table 6.1: Number of USE events in which more than one round of rotational load shedding 
occurred 

 

This is also shown visually in Figure 6.5 below. 

 

Region NSW QLD SA VIC NEM

Total events 87 423 212 237 959
Events with more than one round of 
rotational load shedding

1 6 7 3 17

Figure 6.5: The vast majority of USE events only lead to one instance of rotational load shedding 
0 
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Overall, multiple rotational load shedding events were very uncommon, with less than 2 per cent of 
total USE events leading customers to experience more than one round of load shedding. For the 
avoidance of doubt, the modelling shows that USE events are rare, and these results indicated that 
only a very small fraction of those USE events lead to multiple load shedding. 

All events with multiple load shedding were in June, which is consistent with our findings that 
reliability risk is highest in winter. Even though Queensland experiences significantly more summer 
USE events than other regions, the risk of an event leading to multiple load shedding is still highest 
in winter. Most of these events only reached the second round of load shedding (i.e. no customer 
experienced more than two outages). Three events reached the third round of load shedding, and 
one event reached the fourth round. 

We note there are a range of operational challenges with rotational load shedding. In particular, its 
efficacy in future events that occur during daylight hours may be reduced as a result of rooftop PV 
allowing some parts of the distribution network to generate more energy than they consume. Our 
simplified rotational load shedding analysis does not account for such situations. 

However, the larger USE events in our simulations typically occur in the evening, night, and other 
times with a lower solar contribution. In these conditions, rotational load shedding would likely be 
effective as few, if any, distribution feeders would be net supply. 

These results were generated by simulating how load shedding would move through blocks of 
customer load given the shape of the USE event and load at the time. A few simplifying 
assumptions were needed which are outlined in Appendix section B.6.
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7 The form of the administered price cap 
The Panel’s final recommendation is to maintain the current form of the APC and regularly review 
its level through the RSSR process. 

7.1 The Panel’s final recommendation is to maintain the current form of 
the APC 
The Panel’s final determination is that the current form of the APC should be maintained.  

However, the Panel acknowledges the importance of carefully monitoring the level of the APC 
given the events in June 2022 and the misalignment between the electricity APC and fuel prices.  

That is why the Panel intends to closely review the level of the APC in each RSSR, and make any 
necessary changes to it as and when required. This will ensure the level continues to efficiently 
minimise reliance on compensation to recover the short-run marginal cost (SRMC) of the marginal 
generator or Battery Energy Storage System (BESS). 

This Review has considered several options for the form of the APC that might continue to protect 
participants from extended periods of high prices, while also providing sufficient prices to cover 
the short-run marginal costs of the generation needed to maintain reliability. 

While a total of six options were initially considered in the Issues Paper for the form of the APC, 
the Directions Paper determined that only the current form of the APC and indexing the APC to CPI 
would progress for further consideration. 

This shortlist was created because of stakeholder feedback, which provided that certainty in the 
level of the APC was required for market participants to successfully manage risk and provide 
liquidity in contract markets. 

The following sections outline the Panel’s reasons for its final recommendation on the form of the 
APC. 

7.2 Reasons for the Panel’s final recommendation 
7.2.1 Stakeholders value a stable APC 

During the review process, no stakeholder submissions supported linking the APC to dynamic fuel 
prices or having a trigger mechanism to increase the APC under certain market conditions. 
Stakeholders considered that stability in the level of the APC was important for market 
participants to hedge effectively and for the liquidity of contract markets. Furthermore, 
stakeholders generally considered that the events of June 2022 would have been prevented by a 
sufficiently high level of the APC. 

As a result of this feedback, the Panel shortlisted only the current form of the APC and indexing 
the APC to CPI as options and sought feedback from stakeholders on their preferences between 
these two. Many stakeholders considered that the current form of the APC would be suitable for 
the future. Further commentary on stakeholder feedback to the form of the APC is provided in 
section 2.5. 

7.2.2 The current form of the APC remains fit for purpose 

The current form of the APC continues to be fit for its intended purpose of protecting market 
participants from extended periods of high prices. It is important that the APC be sufficiently high 
for generators to recover costs, and thus be able to contribute to reliability during administered 
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pricing periods. To this end, the AEMC recently increased the level of the APC to $600/MWh, which 
the Panel sees as sufficiently high to serve this purpose.36 The level of the APC will be regularly 
reviewed to ensure this remains true. 

The Panel considered an option to index the APC to CPI, but found that this was not necessary, 
provided the level of the APC is high enough to cover the short-run marginal costs of the marginal 
generator. While the MPC and CPT are indexed, the Panel does not consider this is necessary for 
the APC. This is because the MPC and CPT are an investment signal in a way that the APC is not. 
The purpose of the APC is to protect market participants from exposure to extended periods of 
high prices. To this end, the APC is a meaningful determinant of the hedging strategy of market 
participants and of contract prices, but it does not meaningfully influence investment in 
generation assets. 

The Panel also notes that while fuel costs do increase over time, they are volatile and not 
necessarily well represented by the CPI. This has been evident over the last few years, where fuel 
price inflation has, at times, significantly exceeded CPI. 

The Panel does, however, intend to consider whether the level of the APC needs updating (as and 
when required) during the regular RSSR, to ensure that the short-run costs of the marginal 
generator or BESS can continue to be recovered under administered pricing conditions. The Panel 
considers that the four-yearly RSSR is sufficiently frequent to provide any necessary changes to 
the level of the APC while maintaining a stable environment for market participants. 

7.2.3 The Panel has considered stakeholder feedback on the draft recommendation 

Five stakeholders (Ergon Energy Queensland, Hydro Tasmania, PIAC, AEC, Origin) supported the 
Panel’s draft recommendation to maintain the current form of the APC. These stakeholders 
generally considered that the APC is already comprehensively evaluated through the four-yearly 
RSSR process to account for any material changes in the SRMC of the marginal generator. 

This aligns with the Panel’s final recommendation that the level of the APC be reviewed every four 
years and updated as required to ensure it continues to fulfil its role. Further, the AEC commented 
that “The events of June 2022, where an inadequate APC level was a fundamental cause of the 
suspension of the NEM are likely to ensure that the APC is adequately scrutinised at each RSSR.”37 

Five stakeholders (Alinta, CS Energy, Snowy Hydro, AGL, Shell Energy) did not support the Panel’s 
draft recommendation, preferring that the APC be indexed to CPI. On the opportunity for regular 
reviews of the level of the APC, Shell Energy noted that, “we recommend the Panel consider 
whether such an approach may lead to step changes in the level of the APC which in our view may 
be more detrimental to contract market liquidity than the potential small changes associated with 
annual indexing.”38 

Other stakeholders commented that there are benefits to indexing the APC as this approach 
ensures it remains up to date with market conditions and generator costs. AGL commented, “the 
APC may come to be out of sync compared to market conditions by a significant percentage, 
especially if inflation is high, thereby reducing the effectiveness of the APC and increasing the 
likelihood of market interventions. Indexing the APC in line with CPI will at least ensure it changes 
at a steady rate, thereby reflecting the true marginal cost of the most marginal generator more 

36 In the 2022 RSSR process the Panel recommended an APC of $500/MWh (Final Report, found here). In the Rule change to implement the RSSR 
recommendation the AEMC considered that a higher APC would more effectively cover the cost of investment based on the latest cost projections 
from AEMO’s 2022 IASR and facilitate greater opportunities for grid scale battery developments (‘Amendment of the Market Price Cap, Cumulative 
Price Threshold and Administered Price Cap’, Final Determination, found here).

37 AEC, Submission to the Draft Report, pg 3. 
38 Shell Energy, Submission to the Draft Report, pg 4.
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accurately.”39 Snowy Hydro submitted that “the indexing of the MPC while retaining a static APC 
undermines the role of the APC as a risk mitigant for generators, because it creates a risk of 
increasing financial exposure before the APC is applied.”40 

The Panel understands the concerns raised by some stakeholders regarding the APC but notes 
that the issues raised are addressed by regularly reviewing the level of the APC to ensure it 
remains fit for purpose. Furthermore, the NER does not preclude the Panel, if it sees fit, from 
setting a target level of the APC for a future date with incremental increases in the intervening 
period, as has recently been done with the MPC. 

The Panel also agrees with the AEC and Origin that four-yearly RSSR processes are sufficiently 
frequent to ensure that the level of the APC can keep up with market changes without requiring a 
significant step-change in the APC. Furthermore, with this review schedule, any step changes that 
would be required in the level of the APC would be unlikely to be well accounted for by indexation 
to CPI. As noted in the draft report, CPI does not necessarily well represent changes in fuel costs 
for generators or energy market conditions. 

7.3 The Panel’s final recommendation contributes to the energy objectives 
The Panel is satisfied that the final recommendation to maintain the current form of the APC will, 
or is likely to, contribute to the NEO. 

The current form of the APC supports the long-term interests of consumers, particularly with 
regard to the price component of the NEO. This is because the: 

current form of the APC achieves its purpose by protecting consumers from sustained periods •
of high prices while retaining the incentive for generators and storage assets to contribute to 
reliability during administered pricing periods 

level of the APC may be changed in the future to ensure it continues to contribute to the NEO. •

The form of the APC has been considered in the context of the newly included emissions 
reduction component of the NEO. The Panel has determined that the form of the APC does not 
have a significant impact on emissions reduction activities. For further discussion on emissions 
impacts of the review, see Chapter 4. 

39 AGL, Submission to the Draft Report, pg 1.
40 Snowy Hydro, Submission to the Draft Report, pg 1. 

37

Reliability Panel 
AEMC

Final report 
Review of the form of the reliability standard and APC 
27 June 2024



A The reliability framework in the NEM 
The current reliability standard, is set at the maximum average forecast unmet energy, or USE for 
each financial year, as a proportion of the total energy supplied in a region.41 This appendix 
provides background on how the reliability standard is operationalised in the NEM and key 
concepts and terms underpinning it. 

A.1 The reliability framework in the NEM is designed to ensure reliability is 
delivered at a level consumers value 
A reliable power system has enough capacity (generation, demand response, interconnector and 
energy storage capacity) to meet consumer needs. To maintain reliability, a power system needs 
investment in enough new capacity to meet changing demand patterns and to cover generators as 
they retire. A reliable supply also needs reserves that allow demand and supply to balance when 
unexpected changes occur to demand and supply. 

No power system can be 100 per cent reliable. Rare or unforeseen events can always occur. 
Building a system with sufficient capacity to meet all rare or unforeseen events is prohibitively 
expensive, as it would involve significant over capitalisation in power system assets leading to 
much higher power prices than consumers would be willing to pay.  

Reliability can be increased by encouraging investment in more capacity (either generation or 
demand side) in the system. However, this comes with additional costs. Since the NEM is a one-
sided market, customers do not have direct input on what they are willing to pay for a unit of 
electricity. Without the market price settings, prices in rare circumstances could rise far beyond 
what customers are willing to pay. The reliability standard seeks to address this by balancing 
between the consumer value gained from increasing reliability, versus the costs that this may 
entail. These trade-offs are implemented through the market price-settings, based on what 
consumers value in relation to the reliability sought. 

The NEM operationalises reliability through a broad reliability framework to deliver investment in 
reliable and affordable electricity to customers. The framework comprises a mix of reliability 
settings, market prices and incentives, and operational decisions to keep supply and demand in 
balance. 

Figure A.1 summarises the framework which includes the provision of reliability through spot 
market incentives supplemented by information and intervention by AEMO as a last resort.

41 NER clause 3.9.3C(a).
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Figure A.1: The reliability framework in the NEM 
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A.2 The reliability standard underpins the market settings 
The reliability standard is a central feature of the NEM because it establishes the key market price 
settings that support the effective operation of and investment in the NEM. It guides the decisions 
of market participants through the reliability settings, AEMO’s forecasts and the RRO. 

The reliability standard is an ex-ante standard that indicates the efficient level of supply required to 
meet demand on a regional basis. It is not a regulatory or performance standard that is ‘enforced’. 
The standard is intended to provide a clear, expression of the economically efficient level of 
generation and inter-regional transmission capacity sought for the NEM. 

The reliability standard also serves as a trigger for intervention in the market, should that be 
necessary to shore up reliability, through intervention measures such as AEMO’s dispatch of 
emergency reserves. Crucially, the NEM’s reliability framework seeks to deliver customers both 
reliable and affordable electricity. The reliability standard represents a trade-off between the dual 
objectives of reliability and affordability. 

Market incentives are the foundation of the current NEM reliability framework. Prices in the spot 
and contract markets provide signals for generation and demand-side resources to be built and 
dispatched and indicate supply and demand balance in each region over time.   

The reliability standard influences new entrant investment revenue potential through the level of 
the market price settings, being the MPC, CPT, APC and MFP.  

The market price settings act to limit the prices that generators receive for supplying electricity 
and therefore the revenue to support investment decisions. The level of the market price settings 
determined through the RSSR is set at the revenue required by the marginal new generation 
entrant to maintain the expected level of USE in the NEM to 0.002 per cent. 

A.3 The standard also guides AEMO in its role as the system operator 
Another key role of the standard is to guide AEMO’s decisions in its role as the system operator. 
AEMO is responsible for operationalising the reliability standard through its forecasting and 
operational processes. AEMO uses the reliability standard to: 

inform market participants, NSPs and potential investors, over ten-year, two-year and six-day •
outlooks by publishing forecasts of the adequacy of supply to meet the standard 

initiate intervention action to maintain power system reliability and security where practicable •
by monitoring demand and generation capacity. 

In operational timescales, AEMO issues lack of reserve (LOR) notices to inform the market when 
supply scarcity conditions exist. AEMO declares LOR conditions when it determines there is a 
potential shortfall of supply to meet forecast demand. LOR notices are either LOR1, LOR2, and 
LOR3 in order of increasing supply scarcity.42 

As effective as information processes and market incentives can be in delivering the desired 
reliability outcomes from commercial investment decisions, they do not always elicit the 
outcomes needed. If the market fails to respond to the market price settings and the information 
AEMO publishes, AEMO may need to intervene in the market. Under the NER, AEMO can intervene 
in the NEM to ensure a reliable and secure electricity supply.43

42 Further information can be obtained from AEMO’s Reliability Standard Implementation Guidelines, found here.
43 See rule 3.20 and clause 4.8.9 of the NER.
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B Reliability risk is changing 
B.1 If USE events occur they may be longer and deeper 

The Panel’s initial modelling suggests that as the penetration of VRE increases during the 
transition, if USE events occur they may be longer and deeper but less frequent. The analysis 
showed that both the typical and largest USE events that might be expected were longer and 
deeper as the VRE penetration increased. This does not mean that reliability risk or the overall 
amount of USE would increase in the future NEM, but rather the same amount of USE might be 
concentrated in a smaller number of events. 

B.1.1 Findings from the Directions Paper 

The Panel’s initial analysis indicated that while the depth, and duration of USE events were 
increasing as the NEM transitioned from FY2028 to FY2043 the events were becoming less 
frequent. While these results were potentially confounded by other factors, such as load growth 
and differences in regional VRE levels, the latest modelling of a single year (FY2040) has 
confirmed the findings. The raw modelling results for the Directions Paper delivered levels of 
unserved energy that were at times well above the reliability standard.  To make the results more 
comparable these raw results were calibrated back to the reliability standard by applying a 
capacity offset such that the overall level of reliability was set to the current reliability standard or 
below. Note that this calibration process is described in more detail in Appendix A of the 
Directions Paper. 

Chart (a) in Figure B.1 shows the mean and median event duration plotted against the NEM-wide 
VRE penetration. The event duration has a clear increasing trend up to at least 70 per cent VRE 
installed capacity.44 Chart (b) shows that the mean and median USE event demand ratio also 
increases with NEM-wide VRE penetration.45  

 

44 The event duration represents the total time between the beginning and end of an event. The clustering process applied to the USE data ‘joins’ USE 
events where there is less than 16 hours between the end of one period of USE and the start of the next.  As such there will be a difference between 
the number of hours of USE in an event and the event duration.

45 The USE Event Demand ratio represents the ratio of the amount of USE compared to the total customer demand during the event. Note that this chart 
and all others in this section are based on results that have been calibrated using the first calibration approach described in the Directions Paper.

Figure B.1: Event duration and USE event demand ratio increase as VRE penetration increases – 
results from the Directions Paper 
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Trends beyond 70 per cent are based on materially fewer simulated outcomes and may be 
affected by significant variation in the technology mix across the regions, and so may not be 
statistically significant. Additional details on these findings can be found in the Directions Paper.46  

B.1.2 Additional findings 

To confirm this finding, the Panel created a similarly reliable system. However, exploring outcomes 
from a single financial year in which the level of VRE penetration was incrementally varied. The 
results support the conclusion that the depth and duration of USE events may increase in the 
transition to a higher VRE penetration system. The new analysis also suggests the increase may 
be more significant in terms of depth rather than duration.  

Figure B.2 below similarly demonstrates the changing depth and duration of USE events as the 
VRE penetration in the NEM varies around the base case from the updated modelling. The 
scenarios to the left and right of the base case represent systems with an increase or decrease in 
the total VRE capacity by a percentage of the base case – for example ‘VRE +10’ represents the 
scenario in which the total VRE capacity was increased by 10 per cent. 

 

Note that these results are slightly different to the initial results presented in the Direction Paper 
and Figure B.1 above. This is due to the adjustments to the model described in Appendix B.  

Modelling for the Draft and Final Report also explored the trends in the size of USE events in terms 
of total energy (MWh) at different levels of VRE penetration. This analysis was conducted on the 
reduced capacity model using AEMO VRE and demand input files, re-calibrated to the reliability 
standard. VRE volumes were adjusted in 10 per cent increments at the same time an equivalent 
level of firm capacity was also made. Figure B.3 below demonstrates the increasing size of USE 
events on a MWh basis. 

46 Found here. 

Figure B.2: The univariate analysis on VRE penetration supports the finding that depth and duration 
of events increase as VRE penetration does 

0 
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Both the mean and the median USE event increase as the VRE penetration in the system 
increases. The mean is consistently higher than the median, suggesting a skewed distribution in 
which there is a larger tail of large USE events compared to small USE events. 

The increasing length of the boxes demonstrates the increasing trend in the variability of USE – 
i.e. in a higher VRE system there will be a wider distribution of USE events rather than outcomes 
being clustered tightly around the mean. It is also important to note that the upper whiskers 
representing the 99th percentile of outcomes show a consistent increase with VRE penetration, 
again highlighting that USE outcomes if they do occur have a greater likelihood of being longer or 
deeper.  

This chart also shows the number of USE events by scenario, which decreases as VRE penetration 
increases. This result demonstrates that a system at the same level of reliability may experience 
fewer USE events, but these events may be deeper and longer as the VRE penetration increases. 

B.2 As the NEM transitions, reliability risks may shift from mainly being in 
summer to winter 
The modelling results suggest that winter may become a period of more significant reliability risk 
than summer in the future NEM. Several factors including changing demand patterns combined 
with increased VRE penetration may be driving this shift. 

Figure B.3: Under a system held at a constant level of reliability, the mean, median and variability of 
USE events increases as VRE penetration increases, confirmed by univariate analysis 

0 

 

Note: Box and whisker plots: The ends of the box represent the 25th and 75th percentiles, that is, half of events fall within the box. The median 
and mean are marked as shown. In this case, the upper whiskers (short horizontal lines) indicate the 99th percentile and the lower 
whiskers indicate the minimum value. These values were chosen to emphasise the top 1 per cent of events in terms of USE duration. 
Events in the top 1 per cent are shown as small circles. The number of events in each scenario is notated below each box in 
parentheses.
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B.2.1 Findings from the Directions Paper 

The initial modelling for the Directions Paper, which studied USE longitudinally between FY2028 
and FY2043, showed a clear shift of reliability risk from summer to winter. The trend of USE events 
moving predominantly to winter months as the NEM transitions is clear across all the modelled 
results in the Directions Paper.  

Figure B.4 below shows the percentage of unserved energy events occurring in different periods 
of the year as the VRE penetration in the region increases 

 

The initial analysis for the Directions Paper showed that while the penetration of VRE in each 
region differed, the broad trend was consistent across all regions – i.e. as the NEM transitions, the 
proportion of USE events in winter compared to other periods also increases.  

It is worth noting that Queensland is the only region that continues with a more significant 
proportion of summer events for VRE penetration greater than 65 per cent. More information on 
this can be found in Section 5.2 of the Directions Paper.  

B.2.2 Additional findings 

Upon further analysis taking a fixed year (FY2040) and varying utility solar and wind capacity only, 
this trend was less evident. Operational demand was kept constant (as of FY2040) and so 
effectively rooftop solar was also kept constant. However, these results do show that the vast 
majority of USE events around FY2040 are likely to occur in winter as demonstrated in Figure B.5 
below. 

Figure B.4: USE events move from primarily in summer to winter, as shown in the Directions Paper 
0 

 

Note: Summer represents months from December to March (inclusive) and Winter represents months from May to August (inclusive). 
Note: This chart uses calibrated data.
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This suggests that the shift from summer to winter USE events observed in the Directions Paper 
results may be driven by multiple factors and not simply by the increase in utility solar and wind 
penetration. Note that our modelling for the Draft and Final Report used the same operational 
demand traces (FY2040) for the lower and higher VRE scenarios, so distributed solar capacity was 
effectively kept constant. This means that Figure 5 only captures the effects of differences in 
large-scale VRE, and not distributed solar. Evolving demand patterns are likely to be another key 
factor. Customer demand is changing for several reasons including electrification, growth in CER 
including EVs and batteries, demographic changes, and changing weather patterns. 

Some of the trends in demand between now and 2040 are shown in Figure B.6 below which 
highlights the forecast demand for NSW for FY2024 and FY2040, based on AEMO’s 2011 
reference year.47 The winter periods from 1 May to 1 September are highlighted with a dotted box. 

47  These traces are AEMO’s demand forecasts for FY2040 based on reference year 2011. Our modelling used these traces as a direct input to the 
PLEXOS model, and also to generate demand traces for the Griffith years.

Figure B.5: Percentage of total USE events by season for incremental changes in NEM-wide VRE 
penetration for FY2040 

0 

45

Reliability Panel 
AEMC

Final report 
Review of the form of the reliability standard and APC 
27 June 2024



 

The key differences between the FY2024 and FY2040 based on the 2011 reference year traces 
include: 

Overall higher demand and greater daily energy variability, •

Higher peak demand, with summer peaks remaining slightly higher than winter peaks, and •

Materially higher daily energy in winter and slightly higher daily energy in summer, meaning the •
difference between average winter demand and average summer demand is larger in 2040. 

These features are generally consistent across different reference years for New South Wales, 
Victoria, and South Australia, although there considerable variability between weather reference 
years. Queensland has a significantly different demand pattern as noted below.48 

Figure B.7 is derived by averaging all 11 reference years and shows that the average daily energy 
in winter grows much more quickly than summer over the period FY2024-FY2040. For New South 
Wales in 2024, daily energy is 10 per cent higher in winter compared to summer, and by 2040 this 
difference is 17 per cent. There is an even larger shift for Victoria and South Australia as shown in 
Table B.1 below. These changes over time may reflect increasing demand for electrified heating in 
winter, and a greater contribution from distributed solar in summer. 

48 Tasmania also has different demand characteristics and is largely excluded from our analysis. It experiences little to no USE in the model due to its 
very high VRE construction targets and hydro generation resources.

Figure B.6: There is significantly higher daily energy in winter from FY2024 to FY2040 
0 

 

Note: Data shown is based on 2011 in AEMO’s set of reference years, as an illustrative example.
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Table B.1: The difference between winter daily energy and summer daily energy for each region 

 

The shift towards winter reliability risk may be caused by this rapid growth in winter demand in 
combination with the higher VRE penetration. 

In Queensland, daily energy is higher in summer than in winter from 2024 to beyond 2040. Winter 
demand nevertheless grows slightly more quickly than summer demand as shown in Figure B.7. 
This is consistent with the finding from the Directions Paper that Queensland retains more 
summer reliability risk than other regions even as the NEM transitions. 

The increased risk of winter USE events appears to be related to sustained high demand over a 
day or more, rather than afternoon peaks. Higher demand days coinciding with lower solar 
resources could stretch the supply-demand balance, deplete storage, and create the potential for 
USE events. There may be an opportunity for future modelling to further investigate the link 
between future demand characteristics and reliability risk. 

Figure B.7: Average daily energy (MWh) grows faster in winter than summer 
0 

 

Note: Summer is defined as December to March inclusive, and winter is May to August inclusive.

Financial year NSW QLD SA VIC

2024 10% -6% 20% 18%
2040 17% -3% 38% 41%
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B.3 USE events may be driven increasingly by weather 
All of the modelling performed to date shows that as the NEM transitions, USE events may be 
increasingly driven by weather patterns compared to conventional plant failures, furthermore in a 
future high VRE power system weather driven USE events may be more extreme. Further 
modelling incorporating a wider range of weather reference years has also produced a wider range 
of USE outcomes, and revealed that whilst dark doldrums are a significant driver of USE outcomes, 
not all dark doldrums lead to USE. 

The initial modelling for the Directions Paper revealed: 

as the NEM transitions, reference years (driven primarily by temperature and weather) may •
have a far greater impact on the mean time between events, depth and duration of USE events 
than forced outage samples or different PoE demand traces’ 

‘dark doldrums’ or periods of very low wind and solar availability may significantly impact the •
depth and duration of USE events 

as the proportion of VRE in the system increases, the impact of these dark doldrums or •
periods of low wind and solar availability on the depth and duration of USE events may also 
increase. 

Stakeholders broadly agreed with this changing driver of USE outcomes. Modelling for the Draft 
and Final Report extended this analysis to understand in more detail the impact of weather 
conditions on USE outcomes. This involved including more weather reference years and 
examining in more detail the relationship between dark doldrums of different sizes and USE 
outcomes. The results of this analysis indicate that: 

including more weather reference years leads to a greater range of USE outcomes •

Dark doldrums are a significant contributor to USE, although not all doldrum periods produce •
USE. 

B.3.1 Findings from the Directions Paper 

In the Directions Paper phase of modelling, it was demonstrated that forced outage samples do 
not drive USE outcomes as much as weather and demand traces. 

Figure B.8 below shows the number of USE events generated for different reference years and 
stochastic outage samples, where the reference year is grouped on the x-axis, and the colour of 
the bar represents the forced outage sample. These results were generated in a reduced-capacity 
model. 

Figure B.8 shows that the variability between reference years is greater than that generated by 
different forced outage samples. AEMO supported these findings and are already working on 
using more and potentially synthetic weather reference years with associated demand traces in 
their modelling of the future NEM. 

The Directions Paper provides additional details on how weather has been demonstrated to drive 
USE outcomes. 
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B.3.2 Additional findings 

Based on this finding, the modelling team chose to integrate the 83-year Griffith weather data with 
estimated demand into the simulation, rather than continuing to run multiple forced outage 
samples. 

Modelling for the Directions Paper observed that when dark doldrums periods are inserted into 
existing weather and demand traces the depth, duration and variability of USE outcomes all 
increases. To refine this observation we fully integrated the 83-year Griffith weather data set into 
the simulation model so that a more extensive set of weather conditions, including dark doldrums 
of various types, could be modelled. To fully integrate these weather traces into the model, a 
representative demand profile was also constructed to match each of the 83 reference years. This 
was achieved using a machine learning approach described in Appendix section B.4.2. 

As expected, the additional weather reference years produced a far greater number of USE events, 
including a larger number of deeper and/or longer events. This is shown in Figure B.9 below, which 
shows the USE duration and the USE demand ratio for the calibrated reduced-capacity model for 
financial years 2035-2040 inclusive. Each dot represents a USE event, where an event is defined as 
a group of intervals with USE that are 16 hours apart or less. (See Appendix section B.1.2 for more 
details on this 16-hour clustering.) The colour of the dot represents the set of weather years it was 
drawn from, where the dark blue dots are events that were produced from the 11 reference years 
provided by AEMO, and the green dots represent events produced from the extended 83-year set. 

Figure B.8: There is far more variation in number of USE events between reference years than 
between outage samples, indicating that year-to-year weather variability is a more important 
driver of expected USE than forced plant outages – analysis from the Directions Paper 
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Figure B.9 demonstrates that the extended set of 83 years produced a large number of USE 
events, and in particular, produced a greater number of long and deep events. This indicates that 
modelling a greater number of weather patterns may lead to a more robust and perhaps more 
indicative result. Including additional weather reference years in reliability modelling is an 
improvement that has been flagged by AEMO already, as the Panel understands AEMO is 
undertaking work to increase the set of weather years used in their modelling. The Panel supports 
this work and has included it as a recommended process improvement in this report. 

Another avenue of investigation in this stage of the modelling was to understand in more depth 
the relationship between doldrum periods and unserved energy. Working with Professor John 
Boland of the University of South Australia, the modelling team performed extensive statistical 
analysis of the 83 year Griffith data to define doldrums in each region as being below the 5th, 10th 
and 25th percentile of annual VRE generation and explored the correlation between doldrums and 
USE outcomes. 

The likelihood of dark doldrums defined as daily VRE generation being below the 10th quantile of 
yearly VRE generation is shown in Table B.2 below. Likelihood is represented as 1 in X years, e.g. 
an entry of 4 refers to a likelihood of 1 in 4 years. 

 

Figure B.9: In the calibrated reduced-capacity model, the extended weather data set produced 
significantly more USE events 
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Table B.2: Likelihood of dark doldrums of differing lengths, where a dark doldrum is defined as a 
period in which daily VRE generation is below the 10th quantile of yearly VRE generation for 
FY40 

 

This table shows that the absolute likelihood of doldrums is relatively rare, with 2 day doldrums 
defined by the 10th percentile output across the NEM likely to occur in 2040 at a frequency of 5-6 
per year, and longer doldrums of 7 days or more occurring only once every 8 years or more. It 
should also be noted that results are region dependent (for example a 7 day dark doldrum occurs 
once in 42 years for SA) and likely depend heavily on the proportion of utility solar or wind in each 
region and/or the weather variability in each region. 

The methodology describing how these probabilities were developed can be found in Appendix 
section B.4.3, and the full set of results is provided in Appendix E. 

The correlation between doldrum periods were then compared with the daily conditions when USE 
occurred to look for a causal relationship between doldrums and USE outcomes. This showed that 
whilst doldrums are a significant contributor to USE outcomes, they are not the only driver of USE, 
and not every doldrum leads to USE. 

The modelling team undertook statistical analysis on the VRE generation that was produced in the 
phase 2 model to determine whether each daily period was in a dark doldrum of differing 
definitions. In the following analysis we define a dark doldrum for this analysis as periods of two 
or more days in which the daily VRE generation was at or below the 10th percentile of annual VRE 
generation. We can then examine two alternative perspectives: 

Do days with USE events correspond with dark doldrum periods? •

Do dark doldrum periods correspond with days with USE? •

Figure B.10 shows the correlation between days with USE and the likelihood of dark doldrums of 
different doldrum lengths. It shows that whilst almost 25 per cent of USE events occurred on days 
not related to a dark doldrum, around 70 per cent of USE events occurred during dark doldrum 
periods of 2 days or more. 

Dark doldrum 
length (days)

NSW QLD VIC SA Whole NEM

2 5 in year 5 in year 6 in year 6 in year 5.6 in year
3 2 in year 2 in year 2 in year 1.7 in year 2.2 in year
4 1.3 1.2 1.5 1.9 1.3
5 3 3 4.5 6.3 2.8
6 7 6.6 10 21.2 7.3
7 9 6.5 19 41.5 7.7
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Figure B.11 shows the alternative approach in which each doldrum period is tested for its 
correlation to USE events. This figure demonstrates that dark doldrums lead to daily USE between 
34 per cent to 60 per cent of the time, with doldrums of eight days or longer being increasingly 
more likely to lead to USE. Taking all doldrums of two days or greater, the likelihood of producing 
daily USE is approximately 43 per cent. 

 

Figure B.10: USE days may - but not always - coincide with dark doldrums 
0 

Figure B.11: Longer dark doldrums are more likely to cause USE 
0 
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Note the sample size for each bar in these charts is not equivalent – as the length of doldrum 
increases, the number of events seen in the modelling dramatically decreases, for example there 
were 215 two-day doldrums in the modelling but only 5 ten-day doldrums. 

Overall this analysis of correlation between doldrums and USE outcomes has revealed that when 
defining a doldrum of 2 or more days of VRE output below the 10th percentile: 

The likelihood of USE given the region is in a doldrum is approximately 43 per cent •

Given a USE event in a region, the likelihood that it occurred during a doldrum is approximately •
68 per cent. 

This indicates that while doldrums are highly correlated with USE (two-thirds of USE events occur 
during a doldrum), a doldrum is certainly not a guarantee that USE will occur, as more than half of 
doldrums in the modelling did not produce any USE at all. More work is needed to understand the 
most significant drivers of USE outcomes, which will be explored in more detail in the final report. 

It must also be noted that one may define a doldrum using a more or less conservative threshold 
and defining it in different ways will change the strength of the correlation. For example, defining a 
doldrum less strictly at 2 or more days of VRE generation below the 25th percentile would increase 
the likelihood that a doldrum occurs alongside USE from 68 per cent to 89 per cent but would 
conversely decrease the likelihood of USE given the region is in a doldrum from 43 per cent to 38 
per cent.
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C Supplementary analysis for assessment of the current 
form 
The figures below are an extension of section 7.1 in the main body of the report, and demonstrate 
that the current form is fit for purpose given the modelling results for Queensland, New South 
Wales, Victoria and South Australia. Note that only results for FY2040 have been provided in this 
report, though the Panel notes that the years FY2035 - FY2039 were also analysed in the same 
way and produced results consistent with the overall finding. The way that this chart has been 
constructed and its implications are provided in more detail in section 7.1. 

 

Figure C.1: The vast majority of events produced in the reduced capacity calibrated model are 
material to reliability forecasts under the current standard in QLD 

0 
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Figure C.2: The vast majority of events produced in the reduced capacity calibrated model are 
material to reliability forecasts under the current standard in NSW 

0 
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Figure C.3: The vast majority of events produced in the reduced capacity calibrated model are 
material to reliability forecasts under the current standard in SA 

0 
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Figure C.4 below shows the result for Victoria in FY2040 using the full capacity model rather than 
the under-resourced calibrated model. The modelled events using this model show a consistent 
result, where the vast majority of USE events are materially captured by the current form of the 
standard, and those that are not materially captured are too rare to be appropriate for the reliability 
standard anyway. 

These results are consistent with other regions in other financial years, though only Victoria in 
FY2040 has been included in this report. 

 

Figure C.4: Even using the full capacity model, the majority of events produced are material to 
reliability forecasts under the current standard in VIC 
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Figure C.5 below shows the results of the under-resourced calibrated model for Victoria in 
FY2040, but assuming a less conservative view of what is material to reliability forecasts. Instead 
of using 5 per cent as the threshold for materiality, this analysis assumes that any event with 
expected USE of up to 10 per cent of the reliability standard is not material. 

 

This figure shows that even if we define a threshold for materiality at an expected value of 10 per 
cent of the standard rather than 5 per cent, the vast majority of events produced by the model are 
still considered material, and those that are not material are either too rare to be addressed by the 
standard anyway or are extremely small in size. 

This result broadly holds across all regions and financial years.

Figure C.5: Even using a less strict definition of materiality, the majority of events produced are still 
material to reliability forecasts under the current standard in VIC 

0 
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D Results of the analysis on dark doldrum likelihood 
The tables below show the likelihood of dark doldrums of various lengths and definitions based on 
the statistical bootstrapping approach performed on the 83 years of weather data for FY40. The 
Panel engaged Professor John Boland of the University of South Australia for this work. The 
assumptions and methodology that sit behind these results are described in Appendix B section 
4.3. 

The likelihood of dark doldrums varies within states likely due to different solar/wind proportions 
and different weather patterns. Unsurprisingly, the likelihood of dark doldrums decreases as the 
length of the dark doldrum increases. Results for the modelling with climate risk adjustments 
generally increases the likelihood of dark doldrums indicating that there may be a greater risk of 
dark doldrums in 2040 than historically. 

Note that in these tables, likelihood is represented as 1 in X years, e.g. an entry of 4 refers to a 
likelihood of 1 in 4 years. However, entries of the form ‘3 in year’ mean that this type of doldrum 
would be expected 3 times per year on average i.e. it is more frequent. There is a table for each 
definition of a doldrum, where a doldrum is described as a period in which the total daily VRE 
generation is below either the 5th, 10th, or 25th quantile of total VRE generation. The threshold in 
each region that defines this quantile is also provided at the bottom of the table.  

Table D.1 shows dark doldrum likelihood vs region vs length without climate risk adjustment for 
the 5 per cent quantile level. 

 

Table D.1: 5 per cent quantile analysis results of the likelihood of dark doldrum events of different 
lengths by region without additional climate volatility 

 

Table D.2 shows the likelihood of a dark doldrum vs region vs length with climate risk adjustment 
for the 5 per cent quantile level. 

Table D.3 shows the dark doldrum likelihood vs region vs length with climate risk adjustment for 
the 10 per cent quantile level. 

Table D.4 shows dark doldrum likelihood vs region vs length with climate risk adjustment for the 
25 per cent quantile level. 

 

Dark doldrum 
length (days)

NSW QLD VIC SA Whole of NEM

2 3 in year 2.7 in year 3.7 in year 3.3 in year 3 in year
3 1 1.2 1.2 1.4 1
4 4 3.5 3.8 5.4 4
5 11 10.6 11.6 22.5 10.7
6 33 25.7 43 90 29.2
7 43 45 120 154 45

Threshold 
(MW)

3,620 5,500 2,230 1,110 16,000
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Table D.2: 5 per cent quantile analysis results of the likelihood of dark doldrum events of different 
lengths by region with additional climate volatility 

 

 

Table D.3: 10 per cent quantile analysis results of the likelihood of dark doldrum events of 
different lengths by region with additional climate volatility 

 

 

Table D.4: 25 per cent quantile analysis results of the likelihood of dark doldrum events of 
different lengths by region with additional climate volatility 

Dark doldrum 
length (days)

NSW QLD VIC SA Whole of NEM

2 3.5 in year 3.6 in year 5.6 in year 3.7 in year 4.4 in year
3 1 1.1 in year 1.7 in year 1.1 1.4 in year
4 2.9 2.6 2.1 4.4 2.4
5 8.5 6.5 5.7 18.4 6.1
6 21.8 15.4 14.3 48.8 13
7 46 18.9 26.8 92.9 22.4

Threshold 
(MW)

3,620 5,500 2,230 1,110 16,000

Dark doldrum 
length (days)

NSW QLD VIC SA Whole of NEM

2 5 in year 5 in year 6 in year 6 in year 5.6 in year
3 2 in year 2 in year 2 in year 1.7 in year 2.2 in year
4 1.3 1.2 1.5 1.9 1.3
5 3 3 4.5 6.3 2.8
6 7 6.6 10 21.2 7.3
7 9 6.5 19 41.5 7.7

Threshold 
(MW)

4,260 6,180 2,820 1,380 17,850

Dark doldrum 
length (days)

NSW QLD VIC SA Whole of NEM

2 11 in year 10 in year 11 in year 12.3 in year 10.9 in year
3 5 in year 5 in year 5 in year 5 in year 5.6 in year
4 3 in year 2.7 in year 2.25 in year 2.4 in year 2.7 in year
5 0.6 1.5 in year 1 1.5 in year 1.5 in year
6 1 1 2 2.3 1
7 0.7 1.6 in year 2 2.3 1.2

Threshold 
(MW)

5,540 7,392 3,940 1,900 21,000
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E Details of alternative form assessment 
E.1 Steps taken to assess alternative forms and findings 

To assess the suitability of the current form of the standard against alternative candidate forms, 
the Panel: 

Developed a shortlist of alternative candidate forms. An initial list of alternative forms was 1.
drawn from the Mathematics in Industry Study Group (MISG) report, stakeholder feedback, 
economic principles and other jurisdictions.49 

The Panel carried out work to understand how (if at all) each alternative form could be 
implemented and then categorised different types of forms into groupings by function. The 
Panel then drew up a shortlist list alternative forms that represented a more readily 
implementable example from each category. 

Developed a comparison framework. To assess the alternative forms, the Panel 2.
operationalised the assessment criteria from the 2023 Issue Paper.50 This multi criteria 
assessment framework includes both qualitative and quantitative elements. 

The qualitative elements focused on how easily an alternative form could be implemented •
and whether it could be clearly communicated. The ease of implementation had three sub-
categories for assessment: 

How easily it could be implemented in the market modelling for the RSSR, where the —
level of the reliability standard is set; 

How easily it could be implemented through the market price settings, which are used —
to realise the reliability standard; and 

How much additional data would be required for implementation, including consumer —
preference data. 

The Panel then set out to quantitatively assess the performance of any alternative •
standard, based on its the ability to ‘capture’ large, low probability events and its stability in 
the absence of large, low probability events. 

Assessed candidate forms. To this end, the Panel built a quantitative testing model that took 3.
the USE events from the PLEXOS modelling as an input, and artificially constructed ‘tail risk’ to 
test the quantitative performance of each candidate form. The model did this by setting aside 
the largest observed events and then assigning each of the remaining events a probability of 
occurring consistent their modelled distribution, but with a scaling factor, so that each year 
and jurisdiction was at the reliability standard under the current form of the standard 
(expected USE). Large events were similarly assigned a probability, and subsequently added 
back to the other events. 

This process was repeated using different random samples of the non-large events. 
Alternative candidate forms were then implemented in the model.51 

To assess the stability of each candidate form, we kept the large events set aside (so each 
jurisdiction-year was at the current reliability standard), and calculated how consistent the 
alternative metrics were at evaluating this. To assess the ability to capture large low 
probability events, we added the large events back in and tested whether there was a material 

49 MISG advice to the AEMC in 2023.
50 Found here.
51 Accurately parameterizing these alternative candidate forms was not possible given current available data, but can be updated as more data or 

information becomes available. For example, CVAR requires two parameters: 1. choosing which part of the tail of the distribution is at risk, and 2. The 
relative weighting between the entire distribution and the tail.
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change in the reliability metric. More detail on the quantitative assessment model can be 
found in appendix E.2. 

Figure E.1 below shows a summary of our assessment framework for the alternative candidate 
forms. Table E.1 provides more details on the assessment of each form. The current form of the 
reliability standard outperforms the other candidate forms in that each of them either is more 
difficult to implement or communicate. 

We further note that the current form still does detect large, low probability events, but weights 
them proportionally to their likelihood of occurrence.  This can be bolstered through the process 
improvements and updated modelling discussed in previous sections. 

Given these findings and the modelling results, the Panel considers that the costs and complexity 
of changing the form would outweigh any limited benefits offered by the alternative form. 

 

 

Figure E.1: Candidate forms assessment 
0 

 

Note: As noted in section 3.2, AEMO considers that the form of the reliability standard should explain the nature of large events that may 
occur. The Panel agrees that AEMO should continue to communicate the existing standard in different ways, which is consistent with 
the current expected USE standard.
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Table E.1: Details on alternative candidate form assessment 

 

E.2 Quantitative assessment model 
To assess the performance of the shortlisted forms, the quantitative testing model constructed by 
the Panel takes the USE events from the PLEXOS modelling as an input, and artificially constructs 
‘tail risk’. The model achieves this by: 

Setting aside the largest observed events from the other ‘non-large’ events. •

Creating many random samples of these non-large events. •

Assigning a probability to each of the non-large events in accordance with their modelled •
probability distribution. 

Scaling these probabilities by a constant factor, such that each sample, year, and jurisdiction •
was at the reliability standard under the current form of the standard (expected USE). 

Assigning a probability to each of the large events in accordance with their modelled •
probability distribution. 

Adding these large events to each sample of non-large events. •

Shortlisted alternative candidate forms were then implemented in the model, and results were 
evaluated against each of the two quantitative sub-categories under Performance: 

Alternative 
form

Rationale for assessment

Current form Calculation of the current form is straightforward and easy to implement.•

Re-weight 
probability

The values to be re-weighted will need to be informed by additional data •
collection (such as consumer preferences). 

The form is sensitive to which specific events are re-weighted.•

CVaR 
approach

The values of the CVaR weighting parameters will need to be informed by •
additional data collection (such as consumer preferences). 

Difficult to clearly communicate due to inherent mathematical complexity. •

There is a trade-off between CVaR’s ability to capture large, low probability •
events and the form’s stability. When the CVaR form is set to be more 
sensitive to large events, it can be less stable in years without tail events.

Probability of 
exceedance

Calculation is more resource intensive than the current form. •

The constraint level may or may not be binding. This introduces difficulty in •
implementation with respect to market price settings. 

Appropriate setting of the constraint level will need to be informed by •
additional data collection. 

The form captures large events to a greater extent than the current form. •

If the constraint is not binding, this is equivalent to the current form•

N-1 or N-2 
redundancy

Requires intensive modelling, which makes calculating the form difficult. •

The constraint level may or may not be binding. This introduces difficulty in •
implementation with respect to market price settings. 

Difficult to clearly communicate compared to the current form, particularly at •
an operational level.
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To assess the stability of each alternative candidate form, we considered how consistent each •
alternative form performed among the samples of non-large events. 

To assess the ability of each alternative candidate form to capture large, low probability •
events, we measured the difference in value between the samples that include large events 
and those that did not, for each form. 

Note that empirically, the PLEXOS modelling did not find the types of large, low probability events 
that the quantitative model set out to capture, hence the need to artificially induce ‘tail risk’. 

The Panel did not assess the quantitative performance of the N-1 or N-2 redundancy form 
because it is qualitatively different to other forms and does not fit in the current modelling 
framework. Given the form’s performance in the qualitative assessment criterion, the Panel did not 
consider that a quantitative assessment of the form would change the overall position. 

E.3 Forms not shortlisted for assessment 
Several alternative forms were considered by the Panel, but not shortlisted for detailed 
assessment. Rationale for their exclusion is included in Table E.2 below. 

 

Table E.2: Alternative forms not shortlisted for detailed assessment 

Alternative form Rationale

Median event expected USE / annual 
demand

During preliminary quantitative testing, this form was 
outperformed by the current expected USE form in 
terms of both stability and ability to capture large 
events. 

Mean outage duration or frequency
This was part of the MISG report. However, they do 
not assess depth. As we are concerned with both the 
depth and duration, these are insufficient. 

Re-weighted demand traces
This form is the ‘re-weight probability’ approach. 
Further, this approach would put more weight on all 
USE events, not just tail events.

The average annual outcomes that are at 
or above a one-in-10-year probability may 
not be greater than x per cent of average 
regional load shed for 4 hours, or 
equivalent

This form, initially proposed by the AEMO, is similar 
to the ‘probability of exceedance’ approach as 
covered in the body of the report.

Set limit on the value of x per cent quantile 
USE event / annual demand

These are derived from the MISG report. •

They are similar to the shortlisted ‘probability of •
exceedance’ approach. 

The probability of exceedance approach is •
preferred as it explicitly considers the probability 
of an event. Specifying a ‘limit’ as in these 
approaches necessitates elimination, rather than 
reduction of risk and therefore may be 
prohibitively expensive.

Set limit on the ‘most probable maximum 
risk’

Set limit on the expected value of the 
maximum USE

Set limit on the maximum probable 
duration or frequency
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F The application of the VCR in the 2022 RSSR 
Clause 3.9.3A of the NER and the RSSR Guidelines currently require the Panel to have regard to the 
value of customer reliability in determining the level of the standard and settings.52 The value that 
consumers place on reliability is a key consideration for determining an efficient level of the 
standard. 

 

Previous RSSRs have used the AER’s final state-based VCR values for the base case. These values 
were weighted by customer load and outage characteristics (based on RIN data). However, as 
mentioned above, the VCR survey actually provides much more detailed information. The 2022 
RSSR used some of this information to conduct high VCR and low VCR sensitivities. 

In the high VCR sensitivity, the Panel re-weighted the VCR results to include only one-hour outages, 
as this duration was most closely aligned with the length of rotational load-shedding 
interruptions.53 This formed a high case as customers value short outages more highly on a per-
kWh basis.54 This higher sensitivity was much higher than the base case VCR. 

For the low VCR sensitivity, the Panel excluded large commercial and industrial customers from 
the VCR results. This is because large customers tend to have a higher VCR due to the commercial 
consequences of an outage, and the Panel considered that residential customer segments, which 
have a lower willingness to pay, may be disconnected first in the case of rotational load shedding. 
This lower sensitivity was slightly lower than the base case VCR.55 

The high VCR sensitivity significantly affected the cost curve and suggested a significantly tighter 
reliability standard of 0.001 per cent expected USE. The results of the low VCR sensitivity were 
very similar to the base case. The Panel used the base case for their final decision on the level of 
the standard, as they considered the value used in the high VCR sensitivity did not truly reflect 
customers’ willingness to pay, and would have led to an excessively high MPC.56

52 NER clause 3.9.3A; Reliability Panel, ‘Review of the reliability standard and settings guidelines’, 2021 Final Guidelines, p. 2, found here.
53 The VCR surveys customers about discrete outage durations of one, three, six and 12 hours (AER VCR final report 2019, p. 8, found here). Rotational 

load shedding typically disconnects customers for between 30 minutes and 2 hours at a time depending on the jurisdiction (see Appendix section 
B.6).

54 That is, customers’ average willingness to pay to avoid a three-hour outage is less than three times that for a one-hour outage, as correctly noted by 
Endgame Economics’ submission to the Issues Paper for the AEC, found here.

55 Reliability Panel, 2022 RSSR Final Report, p. 53, 108-109, found here.
56 Reliability Panel, 2022 RSSR Final Report, p. 54-58, found here.

 
Source: AER VCR final report 2019, found here; Reliability Panel’s Annual market performance review 2018, p. xlvi, found here.

Box 1: Values of Customer Reliability 

The AER’s VCR review, conducted every 5 years and most recently in 2019, surveys consumers to 
understand how much they are willing to pay for reliability (that is, to avoid outages). The VCR 
survey includes questions about a range of outage characteristics (such as season, duration, and 
time of day) and covers a wide range of customer segments (all NEM regions, several climate 
zones, urban and regional customers, residential, commercial and industrial customers). 

The AER uses these discrete outage characteristics to create 32 outage scenarios, each with a 
different VCR. They then take a weighted average according to the probability of each scenario 
based on historical outage data from distribution network Regulatory Information Notices (RINs). 

Most outages that consumers experience are due to localised distribution failures. Reliability 
events have only caused approximately 0.3 per cent of customer outages historically in the NEM.
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Abbreviations 

AEC Australian Energy Council RSSR Reliability Standards and Settings Review
AEMC Australian Energy Market Commission TNSP Transmission Network Service Provider
AEMO Australian Energy Market Operator USE Unserved Energy
AER Australian Energy Regulator VCR Value of customer reliability
APC Administered price cap VRE Variable renewable energy
AUSM AEMC USE Simulation Model   
BESS Battery energy storage systems   
CDD Cooling degree days   
CEC Clean Energy Council   
CER Customer energy resources   
CIS Capacity Investment Scheme   
CPI Consumer Price Index   
CPT Cumulative price threshold   
CVaR Conditional value at risk   
DNSP Distribution network service provider   
ESOO Electricity Statement of Opportunities   
EUAA Energy Users Association of Australia   
HDD Heating degree days   
IASR Inputs, Assumptions and Scenarios Report   
IRM Interim reliability measure   
IRR Interim reliability reserve   
ISP Integrated System Plan   
LOR Lack of reserve   
MCE Ministerial Council on Energy   
MFP Market floor price   
MISG Mathematics in Industry Study Group   
MPC Market price cap   
NEL National Electricity Law   
NEM National electricity market   
NEO National electricity objective   
NER National Electricity Rules   
PASA Projected assessment of system adequacy   
PIAC Public Interest Advocacy Centre   
PoE Probability of exceedence   
PV Photovoltaics   
SRMC Short-run marginal cost   
RERT Reliability and Emergency Reserve Trader   
REZ Renewable Energy Zone   
RIN Regulatory Information Notice   
RRO Retailer Reliability Obligation   
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