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FOREWORD

I am pleased to present this report setting out the findings of the Reliability Panel’s annual
review of market performance, for the period 2018/19.

The Panel has reviewed the performance of the national electricity market (NEM) in terms of
reliability, security and safety over the 2018/19 period, in accordance with the requirements
of the National Electricity Rules (Rules) and the terms of reference issued by the Australian
Energy Market Commission (AEMC). Security concerns the technical resilience of the power
system itself and is primarily the responsibility of the Australian Energy Market Operator
(AEMO); reliability is about having sufficient capacity to meet consumer demand for energy
and is primarily driven by efficient market investment. We have considered both historic
trends and projections of the security and reliability of the NEM.

A number of key trends continued to play out during the period 2018/19. In particular:

» As the power system transitions to a lower emissions generation mix, challenges for
power system security persist. System strength, inertia and frequency control will
continue to need further work to make sure the system can be operated securely.

«  While the reliability standard was not breached at any point in the reporting period,
reliability continues to be challenging to maintain. In 2018/19, emergency reserves were
required and involuntary load shedding occurred.

I also note that the broader conditions in which the power system operates are becoming
more challenging. In particular, changing weather patterns due to climate change, as well as
uncertainty around government policy presents challenges for operating and investing in the
NEM. These are most recently evidenced by events over January 2020, noting that these are
outside the reporting period for the Panel. With these growing challenges, the regulatory
frameworks, AEMO and market participants have continued to provide for a power system
that is secure and reliable for the vast majority of the time.

The Panel has structured this report to enhance usefulness for different readers. An executive
summary is provided for those readers seeking a high level overview of the review and key
trends. A data portal provides stakeholders with access to the data underlying the analysis in
this review. Technical detail and background information about the regulatory framework and
work underway to address challenges is available in appendices.

The preparation of this report could not have been completed without the assistance of
AEMO, the AER, network service providers, and state and territory government departments
and regulatory agencies in providing relevant data and information. I acknowledge their
efforts and thank them for their assistance.

Finally, the Panel commends the staff of the AEMC secretariat for their efforts in coordinating
the collection and collation of information presented in this report, and for drafting the report
for the Panel’s consideration.

Charles Popple Chairman, AEMC Reliability Panel,

Commissioner, AEMC
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EXECUTIVE SUMMARY

This report sets out the findings of the Reliability Panel’s (Panel) 2019 annual market
performance review (AMPR) as required by the National Electricity Rules (rules or NER). This
review is conducted in accordance with terms of reference issued by the Australian Energy
Market Commission (AEMC). Covering the period 1 July 2018 to 30 June 2019, the 2019
AMPR includes observations and commentary on the security, reliability and safety
performance of the power system primarily relating to that timeframe, but also comments on
current and emerging trends.

Most of the data included in this report is already publicly available. The value of this report
comes from the Panel, with its diverse membership, collating and interpreting the data to
make sense of what is happening across the power system and market. This year, the Panel
has also developed a data portal so stakeholders can use key data sets more easily.

The National Electricity Market (NEM) faces a distinct set of emerging and persisting
challenges. Diverse in their technical complexity, economic efficacy and in the participants
who are affected, these challenges are materially altering the reliability and security
outcomes the NEM is designed to provide.

The challenges can be attributed to a unique confluence of factors that have redefined the
ways we think about power system management compared to how it was done in the past.
Most notably, this change is occurring due to the transition to a low emissions future.
Change in the power system inevitably leads to the evolution of regulatory structures, so
they are able to support participants in delivering secure, reliable, safe and affordable
electricity to consumers.

While historically, the system has largely delivered satisfactory reliability outcomes, and is
equipped with tools to resist and respond to security events when they occur, both the NEM
and the world in which the NEM operates have changed.

Generators are now increasingly smaller, more variable, and located in remote and weak
areas of the transmission network, while the larger, more centrally located thermal fleet are
aging and some have retired from the NEM. Demand profiles are changing as consumers
participate more in the market to meet their needs, enabled by digitalisation and new
technologies. Further, changing climate conditions make the system more vulnerable to more
frequent and more intensive weather events that can threaten reliability and security
outcomes.

Existing frameworks were largely designed to deliver enough generation at the least cost to
the consumer. The challenge now is different — uncertainty and variability has increased in
most parts of the market, technology has changed, consumer confidence and expectations
have evolved. Given this increased uncertainty, we need to consider of how the resilience of
the power system can be maintained.

This poses the question of how best to run a transitioning system so that we can deliver
reliable energy to consumers with a high degree of confidence across multiple scenarios?


https://www.aemc.gov.au/news-centre/data-portal/annual-market-performance-review-2020
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In this year's AMPR the Panel assessed the security, reliability and safety performance of the
NEM and found that security and reliability are both more challenging to deliver given the
broader changes underway.

Reliability
A reliable power system requires an adequate supply of capacity to meet demand and with a

buffer available to respond to shocks, a reliable transmission and distribution network, and
the system being in a secure operating state.

What happened in 2018/19

The Panel has found that reliability performance of the NEM has been satisfactory during
2018/19 with the regulatory framework including its intervention mechanisms, being
leveraged to support reliable delivery of electricity to customers. Key reliability outcomes
include:

« The reliability standard was not breached in any region although there was load shedding
(i.e. unserved energy) in Victoria and South Australia.

« There was one major reliability event across 24 and 25 January 2019. Three key
elements of the reliability framework were used to respond and deal effectively with this:

e The Australian Energy Market Operator (AEMO) had to call on emergency reserves
(i.e. reserves procured through the reliability and emergency reserve trader (RERT)).
This is the second year in a row the RERT has been used to maintain a reliable power
system. The price of the reserves procured through the RERT decreased compared to
last year.

e AEMO issued instructions for load to be shed on both 24 and 25 January 2019. The
load shedding was necessary to keep the power system secure.

e Intervention pricing was used for reliability purposes as part of RERT activation
(twice) and an administered price cap (APC) was put in place after the cumulative
price threshold (CPT) was triggered.

« The number of lack of reserve notices issued by AEMO was lower than in previous years.
Of the notices issued, the majority were in summer when demand levels are typically
higher. The majority of forecast lack of reserve conditions did not eventuate, which may
indicate participants in the market responding to forecast tight supply/demand
conditions.

« Centrally determined forecasts of demand and intermittent generation output, which are
a key components of the reliability framework, are as accurate as they were in past
years. Given the growth of intermittent generation, it is important that these forecasts
remain accurate.

The Panel also assessed network performance as this is a key part of delivering reliable
supply to consumers. The Panel observed that:
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« Interconnectors are becoming an increasingly important component of reliability and can
be used strategically to enable competitive sharing of resources across regions, and allow
the market to deliver the technological requirements for the evolving power system.

»  Priority transmission projects are progressing as planned to support the large amounts of
new generation connecting in coming years, as well as to increase connection between
the regions. Continued investment in transmission infrastructure is needed into the future
with AEMO's Integrated System Plan (ISP) identifying the need. The ESB is also
undertaking a process to action the ISP and so embed it in the regulatory framework —
making transmission investment more streamlined, while still maintaining the checks and
balances on investment to protect consumers. The AEMC's Coordination of generation
and transmission investment review (COGATI) proposal goes hand in hand with this. It
proposes introducing locational marginal pricing and financial transmission rights, which
will send locational price signals to generators, making sure that the transmission
network that is built is used effectively.

What are the implications

The Panel notes that while the reliability standard was met in each region, reliability is
becoming more challenging to maintain as the supply/demand balance tightens - especially
on very high temperature/high demand days. This is evidenced by the increasing reliance on
emergency interventions to maintain reliable outcomes for customers. There is an emerging
concern that reliability issues may arise in non-peak periods, for example when generators
and network equipment are taken off-line for maintenance.

The Panel is concerned by the increasing reliance on interventions to maintain reliable supply.
The core objective of the reliability framework in the NEM is to deliver efficient reliability
outcomes through market mechanisms to the largest extent possible. Using emergency tools
means the market is not delivering sufficient capacity to meet demand and indicates a need
for new investment that can be relied upon at times when consumers need it.

Existing generators are not necessarily available when they are needed. Very hot days can
affect the technical performance of both renewable and thermal generators and lead to lower
output when demand is often at its highest. For example in 2018/19 a number of thermal
generators were not available or running at lower capacity when lack of reserve notices were
in place which may have been due to technical or safety concerns resulting from high
temperatures. In addition, new generators connecting to the system are largely weather-
driven and, depending on sun and wind availability, are not always available to help meet
peak demand.

To contribute to the concern, private sector investment in dispatchable capacity in response
to strong regulatory signals and attractive market incentives is not as strong as might be
expected.

What should be done to address the reliability challenges identified

The Panel highlights the importance of market signals and mechanisms in delivering reliability
outcomes. These market signals and mechanisms will be fundamental in delivering reliable
supplies of electricity over the long term at a cost that is acceptable to consumers. The Panel

[ v
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has proposed that those involved in the energy sector could focus on the following areas to
address the current reliability challenges:

- Adapting to changing power system conditions and community expectations:
as the power system changes, the approach to delivering reliable supply may also need
to change. For example the most recent summer has seen the NEM draw on all options to
withstand storms, drought, bushfires and higher and higher temperatures.

- Improving coordination and total system thinking: the investment pipeline is
robust with over 60GW of committed or proposed generation on the books. The aim
should be to encourage investment in a range of different technologies and locations so
that the total system costs are minimised and the benefits for customers maximised.

- Fostering regulatory and policy certainty: regulatory reforms and government
policies will continue to transform the power system, influence private sector investment
and impact on reliability outcomes into the future. Regulatory and policy certainty
wherever possible, including integrating emissions and energy policy, will help smooth the
power system transition to deliver reliable supply over the long term.

Focusing on these three areas will be a step towards encouraging the new wave of
investment necessary to underpin reliability in the NEM.

Security

Power system security involves maintaining power system equipment within its allowable
ratings, maintaining the power system as a whole in a stable condition, within defined
technical limits, and returning the power system to operate within normal conditions
following a disturbance.

What happened in 2018/19

The Panel found that power system security continues to be a challenge to maintain as the
generation fleet transitions into one characterised by smaller and more geographically
dispersed generators with different technical characteristics to what the power system was
designed around.

Key security outcomes include:

«  There were four incidents in 2018/19 where the power system was not in a secure
operating state for more than 30 minutes. These raised some broader security issues
including that the power system may be becoming less resilient to large disturbances and
that there is a growing administrative complexity of running security-constrained
dispatch. There is also a need for greater understanding about how different technologies
(including new protections schemes and distributed energy resources) respond to a range
of disturbances so these can be effectively leveraged as part of the existing power
system.

« The use of directions to manage system strength in South Australia increased again in
2018/19. As a result, the cost of the interventions also increased. Directions of this
magnitude will continue until the system strength shortfall is addressed by synchronous
condensers expected to come online by the end of 2020.
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« High voltages in some parts of Victoria continued to be an issue. These were managed
manually by de-energising lines in the area. This is a short term solution and will be
addressed in the long term through network augmentations.

» The distribution of frequency during normal operation in the NEM has continued to flatten
in the reporting period. This means there is a higher risk of frequency leaving the normal
operating band. Frequency left the normal operating range more times in the mainland
and Tasmania when compared to last year. This is being addressed through the AEMC's
consideration of the Mandatory primary frequency response and Removal of disincentives
to primary frequency response rule changes, which seek to adjust incentives for
generators so they deliver the required amount of primary frequency response to support
system security.

« There was a small increase in total FCAS costs in 2018/19 when compared to 2017/18.
This trend has continued into 2019/20. The cost increases were driven by increased
amount and price of regulating FCAS. On the other hand, the price of contingency FCAS
services fell relative to 2017/18.

« The increase in FCAS prices over the past five years coupled with technological
developments, have driven new types of FCAS providers to enter the market. This
includes demand response, virtual power plants, wind farms and utility scale batteries.
These new entrants demonstrate that new technologies and business models will have an
increasingly important role in maintaining system security.

« Emergency managements and special protection schemes are an increasingly important
part of power system operation. In 2018/19, there was a significant increase in the
installation of protection schemes, particularly protection schemes to address system
strength concerns.

What are the implications

Transitioning to a low emissions electricity sector means the NEM will continue to be at the
global forefront for integration of renewable energy. The Panel expects the security
challenges identified to continue, given forecasts of continued technology change. As a result
a number of the necessary services and characteristics of a secure power system may not be
available at the same level or in the same way. These services will become more and more
important to support this transition.

At the same time, as the number and range of weather events such as prolonged extreme
temperatures, cyclones and bushfires continue to increase as a result of climate change, the
challenge of maintaining the secure operation of the power system will grow.

The assessment in this AMPR suggests that maintaining power system security is getting
harder. However, this also reflects a greater awareness of the operational needs of the power
system. For example, a greater understanding of system strength may manifest itself in
AEMO directing more participants in order to maintain system security.

What should be done to address the security challenges identified

Significant work has been undertaken by AEMO and the AEMC to understand what is needed
for the secure operation of the power system. It is also a key focus of the ESB.
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Understanding the nature of these risks and operating the power system with resilience will
be important to preserving power system security. The Panel has proposed that those
involved in the energy sector could focus on the following areas to address the current
security challenges:

« Defining system service needs: clearly articulating the type and level of services
required is a critical step is designing regulatory frameworks that can provide for these
needs.

» Incentivising investment in system services: each of the required system services
has different characteristics, and may need different approaches to valuing and procuring
them. The Panel notes progress has been made in relation to some services for example
frameworks are in place to provide for system strength and inertia and rule changes
underway looking at how to incentivise the provision of primary frequency response.

- Leveraging the opportunities associated new technologies: in this transition,
there are going to be challenges that test the system security frameworks. However,
there is also an opportunity for new technologies to assist with maintaining the secure
operation of the power system. These new technologies should be embraced to assist
with maintaining power system security through the transition.

The NEM is at the global forefront of dealing with these issues. It is important to
acknowledge that some solutions may only be temporary fixes. Other solutions may take time
to mature and become effective.

Safety

The safety of the power system, and associated equipment, power system personnel and the
public is covered in general terms under the National Electricity Law (NEL). However there is
no national safety regulator specifically for electricity. Instead, state and territory legislation
governs safety generally which includes the safe supply of electricity and the broader safety
requirements associated with electricity use in households and businesses.

The Panel notes that its safety role for the purposes of this report is narrow, and relates
primarily to the operation of assets and equipment within their technical limits and not to the
broader safety requirements governed by jurisdictional legislation.

The Panel has reviewed AEMQO's power system incident reports and consulted with AEMO to
understand if there were any instances where actions to maintain the power system within
relevant standards and technical limits resulted in technical safety issues.

The Panel is not aware of any incidents during the 2018/19 reporting period where AEMO'’s
management of power system security has resulted in a safety issue with respect to
maintaining the system within relevant standards and technical limits.

There were also no instances in 2018/19 where AEMO issued a direction and the directed
participant did not comply on the grounds that complying with the direction would be a
hazard to public safety, or materially risk damaging equipment or contravene any other law.

[ vii
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Work underway

In the context of all of these challenges, the Panel acknowledges the significant body of work
underway that is considering how to maintain the ongoing security and reliability of the NEM.
Short-term challenges are being addressed through urgent work streams - sometimes with
interim solutions being put in place while a longer term solution is developed, which takes
account of the evolution of technology.

Key pieces of work include:

« The AEMC's work program to value and procure enough of the technical
services required to keep the power system secure: This includes new
requirements to mandate and incentivise frequency control, improvements to the system
restart standard framework and potential new frameworks to have sufficient system
strength and power system resilience on a NEM-wide scale. This work will address
immediate and emerging power system needs as they arise.

« Market body and ESB actions to coordinate investment in new generation and
transmission infrastructure: This includes AEMQO's Draft 2020 ISP, which identifies
over 15 projects to augment the transmission grid to provide a "least-regret, dynamic,
resilient and transparent roadmap for the NEM."! The ISP goes hand in hand with the
AEMC's COGATI reforms that incentivise generators to locate in places where
transmission infrastructure can be used most effectively to get energy to market. The ESB
has been working on rules to action the ISP by embedding the process into the
regulatory framework. Together, these reforms will facilitate new technologies connecting
into the grid, promoting security and reliability.

« The Energy Security Boards (ESB) interim advice on reliability and security as
part of its post-2025 market design advice: The COAG Energy Council requested
the ESB review the reliability standard. This advice is being considered by Ministers at the
March 2020 COAG Energy Council meeting. The reliability standard advice is an interim
part of a broader ESB project to advise on a long-term, fit-for-purpose market framework
to support reliability, modifying the NEM as necessary to meet the needs of future diverse
sources of non-dispatchable generation and flexible resources including demand side
response, storage and distributed energy resource participation.

A more detailed list of market body and ESB security and reliability projects is included in
appendix a.

The Panel intends to monitor and review how these projects progress over the coming year,
with a view to highlighting key issues that need to be addressed or recommending whether
any further work remains to be done, in the 2020 AMPR.

1 AEMO, Draft 2020 Integrated System Plan, 2019

| viii



Reliability Panel AEMC | Final report
2019 AMPR
12 March 2020

CONTENTS

1 Introduction

1.1 Background

1.2 Purpose of the report

1.3 Scope of the report

1.4 Review process

1.5 Structure of this report

2 Market trends

2.1 Outline

2.2 Changing power system operating environment

2.3 Supply side trends

2.4 Demand side trends

2.5 Network trends

2.6 Wholesale market trends

2.7 Cost of operating the system

3 Reliability

3.1 What is power system reliability?

3.2 How is reliability delivered in the NEM

3.3 Summary of reliability outcomes in 2018/19

3.4 Reliability outcomes in 2018/19

3.5 Key changes to reliability frameworks in 2018/19
3.6 Panel insights: challenges to reliability and work underway to address these
4 Security

4.1 What is power system security?

4.2 How is power system security delivered in the NEM?
4.3 Summary of security outcomes in 2018/19

4.4 Events impacting on power system security

4.5 Voltage control and system strength

4.6 Frequency control and inertia

4.7 Panel insights: challenges to system security and work underway to address them
5 Safety

5.1 What is safety for the purposes of this review?

5.2 How is a safe power system delivered?

5.3 Safety performance of the power system in 2018/19
5.4 Challenges in maintaining a safe power system and work underway to address these
Abbreviations

Glossary

APPENDICES

A Security and reliability work program

Al Energy security board (ESB)

A2 Australian Energy Market Commission (AEMC)

A3 Australian Energy Market Operator (AEMO)

A4 Australian Energy Regulator (AER)

196
196
196
202
204



Reliability Panel AEMC | Final report
2019 AMPR
12 March 2020

TABLES
Table 1.1: Timeline for final report 4
Table 3.1: Reliability price settings 2018-19 53
Table 3.2: Reasons issued for cancelling LOR notices 68
Table 3.3: Summary of 24 and 25 January 2019 RERT events 71
Table 3.4: Costs of Victorian RERT event 72
Table 3.5: Summary of Victorian load shedding event 78
Table 3.6: Business customers Value of Customer Reliability numbers 122
Table 4.1: Top five binding network constraints in 2018/19 156
Table A.1: Security-related rules - current and recently completed 196
Table A.2: Reliability related projects - current and recently completed 200
FIGURES
Figure 2.1:  Annual mean temperature anomaly Australia (1910 to 2019) 9
Figure 2.2:  Number of days each year where the Australian area-average daily mean temperature is
extreme 10
Figure 2.3:  NEM generation capacity (installed megawatts) by fuel type 2001-2019 13
Figure 2.4:  NEM generation output (gigawatt hours) by fuel type 2011/12-2018/19 14
Figure 2.5:  Entry and exit of generation (installed megawatts) by fuel type - 2007/08-2018/19 15
Figure 2.6:  Historical full forced outage rate comparison 17
Figure 2.7:  NSW thermal plant availability during times of tight supply/demand balance in 2017/18
and 2018/19 20
Figure 2.8:  VIC thermal plant availability during times of tight supply/demand balance in 2017/18 and
2018/19 21
Figure 2.9: QLD thermal plant availability during times of tight supply/demand balance in 2017/18 and
2018/19 22
Figure 2.10: SA thermal plant availability during times of tight supply/demand balance in 2017/18 and
2018/19 23
Figure 2.11: Coal generation remaining as power stations retire 25
Figure 2.12: Total NEM operational consumption in gigawatt hours, actual and forecast, 2006/07-
2038/39 28
Figure 2.13: Maximum demand forecasts over time in New South Wales, Queensland and Victoria 29
Figure 2.14: Maximum demand forecasts over time in South Australia and Tasmania 29
Figure 2.15: Amount of expected wholesale demand response in NEM, per region 30
Figure 2.16: Actual and forecast uptake of rooftop solar PV 31
Figure 2.17: Forecast uptake in behind-the-meter load and storage 32
Figure 2.18: Change in operational demand in SA driven by increasing rooftop solar PV 33
Figure 2.19: Change in operational demand in QLD driven by increasing rooftop solar PV 34
Figure 2.20: Sources of supply interruptions over the decade (2008/09-2018/19) 36
Figure 2.21: Sources of supply interruptions in the NEM 2008/09 to 2018/19 36
Figure 2.22: Sources of supply interruption in each state from 2008/09 to 2018/19 37
Figure 2.23: Volumes of connection interest in Victoria 39
Figure 2.24: Weekly volume weighted average spot prices 42
Figure 2.25: ASKX settlement prices of 2018/19 financial year base load strips - VIC 43
Figure 2.26: ASX settlement prices of 2018/19 financial year base load strips - QLD 44
Figure 2.27: Price band contribution to spot prices from 2000/01-2018/19 45
Figure 2.28: Count of 30 minute price intervals >$5,000 46
Figure 2.29: Count of 30-minute intervals with negative prices 47
Figure 3.1:  Reliability framework with escalating series of interventions. 52
Figure 3.2:  Unserved energy in the NEM 59
Figure 3.3:  Forecast unserved energy outcomes 2019-20 to 2028-29 61
Figure 3.4:  Coincident South Australian and Victorian demand 1 July 2014-1 July 2019 63
Figure 3.5:  Number of actual lack of reserve notices 66

Figure 3.6:  Forecast notices set by the deterministic method vs the Forecast Uncertainty Measure 67
Figure 3.7:  Reasons for cancellations of lack of reserve notices 69



Reliability Panel AEMC

Final report
2019 AMPR
12 March 2020

Figure 3.8:

Figure 3.9:

Figure 3.10:
Figure 3.11:
Figure 3.12:
Figure 3.13:
Figure 3.14:
Figure 3.15:
Figure 3.16:
Figure 3.17:
Figure 3.18:
Figure 3.19:
Figure 3.20:
Figure 3.21:
Figure 3.22:
Figure 3.23:
Figure 3.24:
Figure 3.25:
Figure 3.26:
Figure 3.27:
Figure 3.28:
Figure 3.29:
Figure 3.30:

Figure 3.31:
Figure 3.32:
Figure 3.33:
Figure 3.34:
Figure 3.35:
Figure 3.36:
Figure 3.37:
Figure 3.38:
Figure 3.39:
Figure 3.40:
Figure 3.41:
Figure 3.42:
Figure 4.1:

Figure 4.2:

Figure 4.3:

Figure 4.4:

Figure 4.5:

Figure 4.6:

Figure 4.7:

Figure 4.8:

Figure 4.9:

Figure 4.10:
Figure 4.11:
Figure 4.12:
Figure 4.13:
Figure 4.14:
Figure 4.15:
Figure 4.16:
Figure 4.17:
Figure 4.18:
Figure 4.19:
Figure 4.20:

Forecast and actual lack or reserve notices per month

RERT reserves delivered

Costs of RERT use

Prices in Victoria and South Australia on 24 January 2019
Prices in Victoria and South Australia on 25 January 2019
AEMO's forecasting accuracy summary by region 2018/19
Load forecasting error, one hour, 12 hours ahead and six days
Accuracy of wind energy forecasting in the NEM, July 2016-July 2019
Accuracy of wind energy forecasts in 2018/19 by state
Accuracy of large-scale solar energy forecasts in the NEM for 2018/19
Accuracy of solar forecasts 2018/19 by state

Interconnector flow July 2017 - July 2019 - New South Wales
Interconnector flow July 2017 - July 2019 - Queensland
Interconnector flow July 2017 - July 2019 - Victoria
Interconnector flow July 2017 - July 2019 - South Australia
Interconnector flow July 2017 - July 2019 - Tasmania

Draft 2020 ISP development pathways

Interregional flow across QNI

Interregional flow across VNI

Interregional flows across Heywood

Interregional flow across Basslink

Transmission unsupplied minutes

100
101
102

Percentage of dispatch intervals where a transmission outage impacted the electricity price

Change in transmission loss factors 2015/16 to 2019/20 (indicative)

DNSP system average interruption duration index - Queensland

DNSP system average interruption duration index - New South Wales
DNSP system average interruption duration index - Victoria

DNSP system average interruption duration index - South Australia and Tasmania
DNSP system average interruption frequency index - Queensland

DNSP system average interruption frequency index - New South Wales
DNSP system average interruption frequency index - Victoria

DNSP system average interruption frequency index - South Australia and Tasmania
Generator capacity closing before 2030 - by state

Generator capacity closing before 2030 - by fuel

Value of customer of reliability by climate zone

Existing system security arrangements

System security framework

Number and type of reviewable operating incidents

QNI and Heywood interconnector trips on 25 August 2019

Comparison between 2008 and 2018 NSW-QLD separation events

Number of power system security directions issued by AEMO in last decade
Percentage of time when system strength directions were in force in NEM
Constraint changes in NEMDE 2010-2019

Frequency bands for the NEM and Tasmania

Frequency distribution on NEM mainland

Frequency distribution in Tasmania

Percentage of time in normal operating band on mainland and in Tasmania.
Events outside the frequency operating standard

Frequency excursions in the NEM

Frequency excursions in Tasmania

Quarterly global FCAS costs by services

Quarterly global FCAS prices by services

Percentage of 'raise' FCAS provision by fuel type

SRAS costs

Number of Special Protection Schemes added to the NEM in 2018/19

103
107
109
109
110
110
111
112
112
113
117
117
121
131
133
137
139
140
147
148
155
162
163
164
165
166
167
167
169
170
171
173
178



Reliability Panel AEMC | Final report
2019 AMPR
12 March 2020

1 INTRODUCTION

This report has been prepared as part of the Reliability Panel’s (Panel) Annual market
performance review (AMPR) of the National Electricity Market (NEM). It covers the 2018/19
financial year. The review is a requirement of the National Electricity Rules (rules or NER).

1.1 Background

The functions of the Panel are set out in clause 8.8.1 of the NER. Among other things, the
Panel is required to:

monitor, review and report on the performance of the market in terms of reliability of the
power system?

report to the Australian Energy Market Commission (AEMC) and participating jurisdictions
on overall power system reliability matters, power system security and reliability
standards and the Australian Energy Market Operator’s (AEMO) power to issue directions
in connection with maintaining or re-establishing the power system in a reliable operating
state.

Consistent with these functions, clause 8.8.3(b) of the NER requires the Panel to conduct a
review of the performance of certain aspects of the market, at least once every financial year
and at other such times as the AEMC may request. The Panel must conclude each annual
review under this clause by the end of the financial year following the financial year to which
the review relates. The Panel must conduct its annual review in terms of:

reliability of the power system

the power system security® and reliability standards

the system restart standard

the guidelines referred to in clause 8.8.1(a)(3) of the NER*

the policies and guidelines referred to in clause 8.8.1(a)(4) of the NER®
the guidelines referred to in clause 8.8.1(a)(9) of the NER.®

1.2 Purpose of the report

The purpose of this report is to set out the Panel’s findings for its annual market performance
review for 2018/19. In conducting this review, the Panel has only considered publicly

In performing this function, clause 8.8.1(b) of the rules prohibits the Panel from monitoring, reviewing or reporting on the
performance of the market in terms of reliability of distribution networks. However, the Panel may collate, consider and report
information in relation to the reliability of distribution networks as measured against the relevant standards of each participating
jurisdiction, in so far as the reliability of those networks impacts on overall power system reliability.

Standards and guidelines relevant for security are discussed in more detail in section 2.4.

The guidelines referred to in clause 8.8.1(a)(3) of the NER govern how AEMO exercises its power to issue directions in
connection with maintaining or re-establishing the power system in a reliable operating state.

The policies and guidelines referred to in clause 8.8.1(a)(4) of the NER govern how AEMO exercises its power to enter into
contracts for the provision of reserves.

The guidelines referred to in clause 8.8.1(a)(9) of the NER identify, or provide for the identification of, operating incidents and
other incidents that are of significance for the purposes of the definition of ‘reviewable operating incident’ in clause 4.8.15 of the
NER.
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available information as well as information obtained directly from relevant stakeholders and
market participants.’

The Panel’s findings include observations and commentary on the reliability, security and
safety performance of the power system. The review also provides an opportunity for the
Panel to consolidate key information related to the performance of the power system in a
single publication for the purpose of informing stakeholders. Among other things, this may
assist governments, policy-makers and market institutions to monitor the performance of the
power system, and to identify the likely need for improvements to the various measures
available for delivering reliability, security and safety.

Scope of the report

The Panel is undertaking this review in accordance with the requirements in the rules and the
terms of reference issued by the AEMC.®

The AEMC requests that the Panel review the performance of the market in terms of
reliability, security and safety of the power system in 2018/19. The Panel has had regard to
the following matters when conducting its review:

« Overall power system performance: A comprehensive overview of the performance
of the power system is provided. The Panel has considered:

e Performance in terms of reliability and security from the perspective of the generation
bulk transmission sectors and impacts on end-use customers where relevant
information is available.

¢ Significant power system incidents (including but not necessarily limited to
‘reviewable operating incidents’) that have occurred in the financial year 2018/19
including the cause of the incident (a reliability or security event), the impact of the
incident (on reliability or security, and in terms of the costs to consumers) and the
sector of origin (generation, transmission or distribution).’

e In particular, the Panel has considered incidents, when the power system was not in a
secure state for more than 30 minutes. In 2018/19 there were four such incidents.

+ Reliability performance of the power system: The Panel has reviewed reliability
performance of generation and bulk transmission (i.e. interconnection). In doing so, it
has considered:

e actual levels of unserved energy in 2018/19

7  The data and information gathered has been provided by a number of organisations including AEMO, network service providers,
the Australian Energy Regulator (AER) and jurisdictional government departments and regulators. This data and information
provided by other parties has not been verified for accuracy or completeness by the Panel. It has been assumed that those
organisations have undertaken their own quality assurance processes to validate the data and information provided.

8  The terms of reference for this review are available on the AEMC Reliability Panel website.

9  Areviewable operating incident is a term defined in clause 4.8.15 of the NER. It refers to, among other things, a non-credible
contingency event or multiple contingency events on the transmission system; or a black system condition; or an event where
the frequency of the power system is outside limits specified in the power system security standards; or an event where the
power system is not in a secure operating state for more than 30 minutes; or an event where AEMO issues an instruction under
clause 4.8.9 of the NER for load shedding - an incident where AEMO has been responsible for the disconnection of facilities of a
Registered Participant under the circumstances described in clause 5.9.5 of the rules; or any other operating incident identified,
in accordance with guidelines determined by the Reliability Panel under rule 8.8 of the NER, to be of significance to the operation
of the power system or a significant deviation from normal operating conditions.

| 2
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e actual and forecast supply and demand conditions including an assessment of lack of
reserve notices in order to form a view on whether any underlying changes to
reliability performance have occurred, or are expected to occur

e AEMO’s use of the reliability safety net mechanisms in 2018/19, including incidents of,
and reasons for, the use of directions and instructions, and the Reliability and
Emergency Reserve Trader (RERT) mechanism.

« Security performance of the power system: The Panel has reviewed performance of
the power system against the relevant technical standards. In particular, the Panel has
had regard to:

e frequency operating standards, voltage limits, interconnector secure limits and system
stability.

e AEMO’s use of the security safety net mechanisms in 2018/19, including incidents of,
and reasons for, the use of directions and instructions or other mechanisms to ensure
power system security.

« Safety performance of the power system: The National Electricity Law and rules set
out the functions and powers of the Reliability Panel, which include a function to monitor,
review and report on safety in accordance with the rules. However, the rules do not
specify additional requirements in relation to safety performance reporting.’® However,
the Panel also has the function of advising in relation to the safety of the national
electricity system at the request of the AEMC.!! The terms of reference for the 2018
Annual market performance review, as they relate to safety, were considered by the
Panel as a request for advice from the AEMC.? In accordance with the terms of reference
issued by the AEMC, for the purposes of the safety assessment the Panel has considered
the maintenance of power system security within the relevant standards and technical
limits.*3

Review process

The Panel is carrying out this review in accordance with the process set out in the NER and
reflected in the AEMC's terms of reference. The Panel sought targeted feedback from
stakeholders on the approach and issues to be considered with a view to developing
information that improves participants, market institutions, policy-makers and other
stakeholders' understanding of the market and power systems' performance. This in turn can
contribute to more informed decision-making by all stakeholders. The following table outlines
the timetable for delivery of the Panel’s final report to the AEMC.

10 Instead, the functions of the Reliability Panel under clause 8.8.1 of the Rules provide that the functions of the Panel is to, among
other things, monitor, review and report on the performance of the market in terms of reliability of the power system, report to
the AEMC and jurisdictions on overall power system reliability matters and undertake a number of functions relating to the
security of the power system. The reliability and security focus of the Panel under the Rules is reflected in the scope of the
annual market performance review that the Panel is required to undertake under clause 8.8.3(b) of the NER.

11 If the AEMC requests such advice, the Panel is required to provide it (section 38(4) of the NEL).

12 Under section 38(2)(b) of the NEL.

13 More information on safety concept is provided in chapter five.
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Table 1.1: Timeline for final report
MILESTONE DATE

Initiation of 2019 annual market performance

November 2019 .
review.

Stakeholder consultation on approach to

December 2019 - January 2020 .
review.

March 2020 Publication of final report.

Structure of this report

Most of the information presented in this report is publicly available. The Panel, with its
membership representing a cross-section of industry and consumers, have collated and
interpreted this information to inform its assessments of what is happening across the power
system and market.

The executive summary provides a high level overview of the Panel’s findings, while this main
body of the report provides detail behind these findings by measuring the power system
outcomes against market and regulatory incentives, guidelines, standards and rules that were
put in place to produce efficient outcomes for customers. This year, the Panel has developed
a data portal so stakeholders can use key data sets more easily.

A number of regulatory changes took effect just prior to or during the 2018/19 reporting
year. A list of these changes can be found at appendix a. The Panel has highlighted where
these changes have had an impact on the performance of the market and power system. The
Panel has also included in appendix a information about a market body and government
projects underway to address the remaining challenges relating to security and reliability.

In this report the Panel has distinctly assessed reliability and security. A secure system is one
that is able to operate within defined technical limits, even if there is an incident such as the
loss of @ major transmission line or large generator. A reliable power system has enough
generation, demand response and network capacity to supply customers with the energy that
they demand with a very high degree of confidence. A reliable power system will also be a
secure power system. However, the converse is not necessarily true; a power system can be
secure even when it is not reliable.

The two concepts are closely related operationally and it is not always simple to separate
them. For consumers, the final result of either a reliability event or a security event may be
indistinguishable. However, the Panel considers it important to clearly describe and identify
how these two aspects of power supply work, and the extent to which each is responsible for
final interruptions to consumers. This is because each is managed through the use of
different tools and regulatory frameworks, and where further actions may be needed to
improve outcomes for consumers, it is helpful to know which parts of the framework to focus
on.

The report is structured as follows:
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« Market trends relating to reliability, security and safety

« Reliability assessment

o Security assessment

« Safety assessment

»  What this means for participants and policy-makers

» Appendix A - Work underway to address reliability, security and safety challenges
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MARKET TRENDS

Outline

This chapter examines some key market trends in the generation mix and bulk transfer
capability (i.e. interconnectors) in the NEM. These trends relate to new generation entry and
withdrawals, interconnector capability, distributed energy resources, and forecast trends in
energy consumption and demand levels. It also provides some high-level information on
wholesale market price outcomes.

The trends in generation, bulk transfer, distributed energy resources and demand play a key
role setting the context for our assessment of the present and future reliability of the NEM,
as reliability is determined to be the ability of generation capacity and bulk transfer to meet
demand.** Changes to the generation mix and demand profiles also impact on security
management in the NEM, for example:

« The withdrawal of synchronous generation and higher penetrations of non-synchronous
generation is changing the way secure frequency and voltage levels are maintained
during normal operation periods and when responding to disturbances.

« Increased uptake of behind-the-meter rooftop PV affects the way distribution networks
manage voltage disturbances, and the way AEMO manages the supply-demand balance
under emergency conditions.

The propagation of existing trends in the NEM is representative of the fundamental structural
transitions under way in the power system.

A summary of key trends examined in this chapter include:

+ New generation: There was a continued growth in the capacity of installed renewables.
The growth was lower in 2018/19 than previous years. The amount of energy produced
by renewable energy is at its highest ever levels and is especially prominent in South
Australia and Tasmania.

« Changes in capacity: The entry and exit of generation capacity has not been steady
over the past ten years. Large and sudden entry and exits of generation capacity has had
implications for maintaining power system security and reliability. These fluctuations are
driven by a number of factors including general market trends and changing long term
policies relating to environmental objectives. These implications are explored in more
detail in chapters three and four.

« Availability of thermal generators: A number of thermal generators have not been
available during high demand periods over the reporting period.

- Energy demand: Total energy consumption is expected to remain flat in the short to
medium term but maximum demand is expected to grow. At the same time, minimum
demand is falling which poses some challenges for power system security.

- Distributed energy resources: The installed capacity of rooftop PV, batteries and
electric vehicles has grown and will continue to grow.

14  The relationship between power system reliability and the market trends in the chapter are explored in chapter three.
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« Supply interruptions: Most blackouts have been caused by breakdowns in grid's poles
and wires, while new transmission infrastructure is needed to support proposed
investment in generation.

+  Wholesale prices: Wholesale electricity prices reached record levels in a number of
regions. This was predominantly driven by mid-range prices as opposed to large price
spikes. There were also significant instances of negative prices in Victoria and
Queensland over the reporting period.

This chapter includes Panel observations relating to:

« changing power system operating environment
« supply side trends

« demand side trends

« network trends and supply interruptions

« wholesale market trends.

Changing power system operating environment

Considerations of weather and climate are an essential input into power system operation
and planning. A secure and reliable power system depends on a variety of variables which,
due to either the physics of the system or the economic and policy arrangements that govern
it, can either have minor impacts on the system, or present more persistent, structural
challenges. Underlying environmental conditions are critical inputs in delivering these
outcomes, and are factored into all decision-making processes, either explicitly or implicitly.

The performance of the assets that deliver secure and reliable outcomes is directly linked to
weather conditions prevailing at the time and to the climatic conditions that are expected into
the future. This link is clearly exhibited in the way weather and climate influence both
operational, real-time decisions in the short-term, and structural, investment decisions in the
long-term. For example:

» In the short-term, hot weather reduces the efficiency of generating units and increases
consumer demand, storms and bushfires can remove assets from service, and consumers
usage patterns differ depending on the temperature. The increased penetration of wind
and solar PV has increased the influence of weather and climatic factors on both supply
and demand (the latter due to the impact on rooftop PV). Drought and bushfires can lead
to unexpected outages of transmission lines and generation units.

« In the long-term, market participants in the NEM make investment decisions based on
the likely performance of assets over long horizons - typically decades. To the extent that
regular weather patterns and extreme events reflect structural climatic patterns, not
transitory forces, market participants extrapolate such patterns to inform the viability of
assets in the long-term. This applies to both the generation and transport of electricity;
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for example, transmission wires have particular thermal ratings, transmission towers have
set tensile strengths and are reinforced with certain thickness of steel,'® and generators
are located in areas where they have good access to their resource, and where this
access is expected to continue into the future.

Historically, variables and circumstances such as those above have been managed, either in
control rooms, at trading desks or in board rooms, with the confidence that weather events
and climatic projections are largely forecastable and predictable, and that conditions in the
future will largely resemble the past. This has allowed policy-makers and system operators to
design and implement frameworks and tools that deliver reliability and security cost-
effectively while managing a likely set of risks. It also enabled investors and asset owners to
manage long-term risk with agreeable level of uncertainty.

Under the NEL, the Reliability Panel is charged with monitoring, reviewing and reporting on
the safety, security and reliability of the national electricity system, which infers the
identification of trends that may compromise any of these attributes. The Panel notes that
climate change already casts significant uncertainty over the stability of this power system
operating environment, and will continue to do so into the future.

The Panel recognises the work of the Intergovernmental Panel on Climate Change (IPCC),
the Bureau of Meteorology and the CSIRO in describing the effects of climate change in an
Australian context. Observed global mean surface temperature for the decade 2006-2015 was
0.87°C above pre-industrial levels,'® while Australia's area-average mean temperature for
2017 was 0.95° Celsius (C) above the 1961-1990 average, illustrated in Figure 2.1."

15 Tensile strength measures the force required to pull a wire to the point where it breaks. The tensile strength of a material is the
maximum amount of tensile stress that it can be subjected to before failure.

16  Intergovernmental panel on climate change, Special Report: Global Warming of 1.5°C, 2018.
17  Australian Bureau of Meteorology, State of the Climate 2018, p. 4.
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Figure 2.1: Annual mean temperature anomaly Australia (1910 to 2019)
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Source: Australian Bureau of Meteorology, 2019.

The predicted and demonstrated effects of this trend in Australia are an increase in the
frequency and intensity of weather events.'® These weather events are expected to include
an increased incidence of high temperatures and prolonged periods of high temperatures,
illustrated in Figure 2.2, as well as a decline in cool season rainfall, but more intense extreme
rain events.'® These trends are likely to contribute to both increased time in drought as well
as increased frequency of extreme drought, and subsequently longer and more intense fire-
weather seasons due to more ready-to-burn fuel-availability.?° Further, average windspeeds
are projected to change across regions,* while the combination of these trends will also likely
heighten the frequency, magnitude and impact risk of "compound events", where windspeed
and rainfall extremes occur at the same time.*

In short, the Panel notes that climate change is likely to exacerbate the underlying
environmental conditions which policy-makers, system operators and market participants
have historically considered to be stable, and have factored into decision-making processes

18  Ibid.

19 CSIRO, Climate Change in Australia Technical Report, 2015

20 Ibid.

21 Ibid

22 Australian Bureau of Meteorology, State of the Climate 2018, 2018.
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with a high-degree of confidence. In a world with a more uncertain power system operating
environment, the power system will likely be expected to deliver reliable and secure
outcomes under climatic conditions that:

+ over the long-term may now place a more strenuous demand on power system assets

« over the short-term may inflict more intense and more frequent weather events, which
will challenge the ability of the system to provide sufficient capacity to meet demand, but
also to withstand and recover from more uncertain shocks.

The Panel also notes that as renewables continue to constitute a greater proportion of the
generation mix, the power system's dependency on underlying environmental conditions is
increasing at the same time that environmental conditions themselves are likely to grow more
extreme and frequent.

Figure 2.2: Number of days each year where the Australian area-average daily mean
temperature is extreme
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Source: Australian Bureau of Meteorology, State of the Climate 2018, p 4.

The Panel has identified three broad groupings that describe the way climate change and an
altered power system operating environment will impact on reliability and security outcomes:

+ Risks emerging from climate change - This includes risks to system security and
reliability inflicted directly through changes to the power system operating environment.
Prolonged, more intense heatwaves impact reliability outcomes by reducing the operating

| 10
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efficiency and increasing wear on generating units and transmission lines, particularly in
aging thermal units. This is reducing the power system’s resource adequacy to meet the
demands of a peakier system. Over the long-term, changing wind and rainfall patterns
will affect the resource adequacy of technologies such as wind and hydro. More frequent,
more extreme weather events impact security outcomes by threatening to remove from
service crucial generating assets or transmission lines and network assets for extended
periods of time, which depletes the capacity of the system and erodes the capability of
the system to withstand n-1 credible contingency events.

Risks emerging from mitigation action - This includes risks to system security and
reliability associated with action taken to mitigate anthropogenic climate change.
Australia's electricity sector is the largest proportion of the country's total emissions,
contributing 33.8%.%* Actions to mitigate the effects of anthropogenic climate change are
therefore likely to include structural changes to the electricity sector that impact the
generation mix and the market's design. Mitigation techniques (either implemented by
government or the market) such as increasing penetrations of utility-scale wind and solar
and household distributed energy resources, will continue to have implications for the
system strength, inertia, voltage and frequency management of the system, while also
posing reliability challenges by increasing the magnitude of the ‘later and shorter’ evening
peak. This said, a lack of mitigation action has its own risks, namely the increased risk of
extreme weather events and their associated impacts on the power system.

Risks emerging from adaptation action - This includes risks to system security and
reliability associated with action taken to adapt to physical climate changes. This includes
choices made by consumers that affect their electricity usage patterns in response to
risks emerging from climate change, as well as choices made in response to risks
emerging from mitigation action. In response to prolonged and more intense heat waves,
consumers are likely to continue installing air conditioners which can contribute to
heightened peak events, as well as improving their energy efficiency. Both trends will
affect the demand profile in the NEM. In addition, a lack of adaptation action creates its
own risks, namely the reduced ability for the power system to 'ride through' or maintain
uninterrupted supply during prolonged heat waves, droughts, bushfires, storms and other
extreme weather events, following the frequency and intensity of such events has been
altered by changes in the underlying power system operating conditions.

Supply side trends

BOX 1: A SUMMARY OF SUPPLY SIDE TRENDS

The Panel notes the following key supply trends emerging or continuing in the NEM:

Department of Agriculture, Water and the Environment, Quarterly update of Australia's National Greenhouse Gas Inventory, June
2019.

[ 1
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o There was about 800MW of generation installed in 2018/19, the majority of which was
large scale solar and wind.

» There has been a continuing growth of renewable energy sources in the NEM. In
2018/19, renewable energy sources reached new record levels of capacity and energy
produced.

* A number of thermal generators have not been available during high demand periods
over the reporting period.

o Over the past 10 years, there has been significant variation in the rates of entry and exit
of generation. While these trends are driven by a number of different factors, long term
policy uncertainty has contributed to this unsteady entry and exist of generation.

These trends have the following implications for reliability and security in the NEM:

« Sudden withdrawals of large generators can result in significant impacts of market prices
and reliability outcomes.

« The unprecedented entry of several renewable generators at the same time has
presented a number of security related challenges.

« If Australia is going to meet its emissions commitments, the NEM will need to continue
transitioning to generation sources with lower emission intensity. Managing the orderly
entry and exit of generation capacity, particularly through stable, long term policy will
help with managing reliability and security challenges as they emerge.

The delivery of electricity is undergoing a period of transition, as smaller, geographically-
dispersed non-synchronous renewable generators enter the market and significant numbers
of thermal generators approach the end of their operational lives. This section highlights the
trend implications of this transition up to the end of the 2019 financial year, highlighting:

« the change in generation capacity by technology

« change in output by technology

« entry and exit trends of generation technology

« trends in generation plant availability.

Capacity and output

A key trend on the supply side of the market is the expected exit of large synchronous
thermal generation, coupled with significant new entry of large scale asynchronous, variable
renewable generation. Consistent with previous reporting periods, this trend was observed in
2018/19.

Key changes in the NEM's installed generation capacity over 2018/19 include:
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« The entry of 804 MW of generation capacity, including 492 MW of wind, 282 MW of large-
scale solar and 30 MW from other sources, such as Bagasse.**

» Large plant entries included Tailem Bend solar farm in South Australia (95 MW rated
capacity), Coleambally solar farm in New South Wales (150 MW), Bungala One and Two
solar farms in South Australia (110 MW each), Daydream solar farm in Queensland
(180MW) and Lincoln Gap wind farm in South Australia (212 MW).*®

« The installed capacity of coal, all gas and hydro powered generation remained the same
over the reporting period.

These trends are illustrated in Figure 2.3, which shows the total installed generation capacity
in the NEM increasing since 2017 as more large-scale wind and solar projects connect to the
power system. In 2018/19, renewable generation (wind, solar and hydro) accounted for 32%
of all installed capacity in the NEM, largely due to decreasing cost in large-scale wind and
solar technologies. Black and brown coal-fired generation still constitute a large proportion of
installed capacity (43%), despite significant retirements of brown coal generators in recent
years. The installed capacity of gas and hydro have remained largely consistent.

Figure 2.3: NEM generation capacity (installed megawatts) by fuel type 2001-2019
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Source: AEMC analysis of AEMO, AER and other publicly available information on existing generators.
Note: The data for this chart is available in the AMPR data portal.

Figure 2.4 demonstrates the proportion of the electricity demanded by consumers is actually
met per technology type.? While solar (1.7% of total output in 2018/19) %’ and wind (8% of
total output in 2018/19) have increased their proportion of total output over the last decade,

24 Bagasse is a dry fibrous waste product in sugar cane production, which is typically burned in non-scheduled generators in
Queensland.

25 AEMO, Generator Information Page.
26  This chart does not include non-scheduled generation output which include smaller generators such as rooftop PV systems.
27  This figure relates only to utility scale solar, and does not include output generated from rooftop solar systems.
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coal (74% of total output in 2018/19) continues to represent the greatest proportion of
generated electricity.

Hydro power contributed about 8% of total NEM output in 2018/19, making the overall
contribution of renewables about 17.5% of NEM demand. Gas technologies contributed about
8.5% of total NEM output, but its use in all NEM regions fell 2017/18.

The comparison between Figure 2.3 and Figure 2.4 illustrates that, due to generally lower
capacity factors, large quantities of renewable energy sources will be needed to replace
retiring thermal plant. This also highlights the importance of maximising the utilisation of new
renewable plant as aging thermal fleet retire and exit the NEM.

In South Australia this has been demonstrated. After Northern power station closed in
2015/16 and withdrew 19% of electricity output in South Australia, wind power output
increased from around 32% of South Australian output in 2015/16 to about 46% in 2018/19.
Notably, in March 2019 51% of South Australia's demand was met by renewables.

Figure 2.4: NEM generation output (gigawatt hours) by fuel type 2011/12-2018/19
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Note: This does not include non-schedule generation output. Gas includes Coal Seam Methane, Natural Gas, Natural Gas/Diesel,
Natural Gas/Fuel Oil and Waste Coal Mine Gas. Liquid includes Diesel and Kerosene. Other includes Bagasse, Battery and other
remaining fuel sources.

Note: The data for this chart is available in the AMPR data portal.

Figure 2.5 shows the challenges to this orderly transition in more detail. The chart illustrates
the entry and exit of generation in the NEM by technology type since 2008. There are
significant fluctuations in the amount of capacity of generation entering and exiting the
market.

Regarding entry to the market:

« There are noticeable spikes in capacity entering in:
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e 2008/09 which was due to the entry of gas-powered generation, such as Tallawarra
and Uranquinty power stations in New South Wales

e 2017/18 which was due to the entry of utility-scale solar and wind under the
Renewable Energy Target
« In other years entry of new generation, predominantly renewables, has been continued
and steady.

Regarding exits from the market:

« In some reporting periods, including 2018/19, there were no withdrawals from the
market.

« In other years, the exit of aging thermal generators has been 'lumpy' and at times
sudden which has lead to significant market impacts, particularly given the capacity
factors of the entering plant are lower than those that are exiting.

Figure 2.5: Entry and exit of generation (installed megawatts) by fuel type - 2007/08-
2018/19
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Note: The data for this chart is available in the AMPR data portal.

These trends highlight the potential consequences of persistent uncertain market and policy
arrangements which may either stifle investment and induce sudden, unexpected exits or
sudden bursts of investment.

Cognisant of the impact of generation retirements, the Panel notes that in November 2018,
the AEMC made a rule that requires large electricity generators to provide at least three
years’ notice to the market before closing. The rule requires AEMO to maintain an up-to-date
list of expected closure dates for generating units on its website. In March 2019, AEMO
published for the first time the expected closure years for scheduled and semi-scheduled
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generators in the NEM. As of March 2019, there were 20 generators on the list with the
closure years starting from 2028 to 2049.%®

These ongoing trends in the nature of supply can impact on the reliability of the NEM. While
there has been significant investment in new generation capacity in recent years, much of
this capacity is variable, semi-scheduled or non-scheduled generation. Changing generation
mix has a number of impacts on reliability of the electricity supply:

« Variability of renewable generation can make it harder to forecast its long term output
when compared to than other forms of generation. These long term forecasts are an
important component of the reliability framework. The Panel notes that there have been,
and will continue to be, technological advances that have improved the ability to forecast
the output of renewable generation.

» Most of this variable renewable generation is largely non-dispatchable. This means that
the availability of these generators is typically dependent on weather and they are
generally unable to ramp up to meet increasing demand.

These trends may also have implications for maintaining the security of the NEM. With
greater levels of inverter-connected generators (i.e. wind and solar), there have been a
growing number of instances where system security issues, such as keeping frequency and
voltage at appropriate levels, have limited the output of generators.

This trend is most prominent in regions of the grid where high penetrations of non-
synchronous generation are accompanied by declining levels of system strength. Low levels
of system strength can jeopardise the ability of generators to maintain connection to the
power grid, thereby causing flow on effects to the stability of grid frequency and voltage.

To address these issues, AEMO typically directs synchronous generation to generate as has
occurred in South Australia, or it curtails generation from non-synchronous generation
located in weak parts of the grid as has occurred in north-west Victoria. These actions
undertaken to manage power system security are explored in more detail in chapter four.

Availability and retirements of thermal generation

Generators are not available all the time. While the regulatory framework provide signals
through forecasts, information and notices about how much supply may be needed to meet
demand, and the market tends to provide increasingly attractive financial incentives as the
supply/demand balance gets tighter, there are a range of factors that impact all generators'
availability to bid capacity into the market. This may include fuel availability (coal, gas, wind,
sun, water), maintenance schedules, start-up and running costs and technical performance
factors such as when units de-rate during high temperature events to mitigate higher risk of
plant failure.

In the 2019 ESOO, AEMO looked at generators not being available due to forced outages. A
forced outage is when a generator is unavailable to produce power due to unexpected
equipment failure or breakdown. In its 2019 ESOO, AEMO used information collected from all

28 Closure dates of generation plant can be found on AEMO's Generation information page.
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generators through an annual survey to illustrate the timing, duration, and severity of
historical unplanned forced outages.

This is shown in Figure 2.6. The bars show a comparison of rates for AEMQ’s entire historical
dataset (July 2010 to March 2019) and the average of the previous four years. The markers
on the chart show the single year outage rates.

In its analysis,® AEMO noted that some categories of generator have seen a deterioration
compared with the longer-term historical performance and that the biggest discrepancy
between the long-term outage rates and performance in recent years is for brown coal,
where recent forced outage rates sit well above the long-term average. All other types of
generators have rates in the past four years which have been both above and below long-
term and short-term averages, with a relatively small discrepancy between the long-term
average and the average over the most recent four years.

Figure 2.6: Historical full forced outage rate comparison
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Source: AEMO, Electricity statement of opportunities, p. 68.

While AEMO's 2019 ESOO looked at the forced outage history over a number of years, the
Panel was interested in understanding more specifically whether thermal generators were
available at times when they were needed from a reliability perspective in 2018/19.

The Panel chose to examine thermal plant in this reporting period's review, as opposed to
other scheduled or semi-scheduled plant, because information on thermal units was readily
accessible in the public domain and given their dispatchability, thermal generators could be
expected to respond when needed. The Panel will seek to identify trends in different types of
generators, including intermittent renewables and storage in future reviews.

29 AEMO, 2019 Electricity statement of opportunities, pp. 67-68.
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This section therefore examines the percentage of capacity made available by each thermal
generator in the NEM when lack of reserve conditions were in effect, and compares this
against the level of operational demand on the grid at that time.

Periods when lack of reserve conditions are in effect indicate times when the supply/demand
balance in the system is tight. In most circumstances when the supply/demand balance is
tight, price signals in the wholesale electricity market reflect this scarcity and encourages
generators to produce electricity to meet consumer demand. As such, periods when lack of
reserve conditions are in effect are typically correlated with high price events, but the Panel
acknowledges this may not always be the case.

A tight supply/demand balance may occur at any point throughout the year. It may occur
during the summer peak period when consumer demand increases and environmental
conditions strain the efficiency of generators, or it may occur during shoulder periods, when
resource adequacy is reduced due to scheduled maintenance and networks capacity is limited
due to planned network augmentations.

Given this, this section assesses the availability of thermal generators according to the
following two assumptions:

« From a reliability perspective, there is a strong signal sent through a lack of reserve
notice for generators to be available and to offer additional capacity to help meet
demand.

« From a market perspective, there is an expectation that a generator would respond to
price incentives, and make itself available when lack of reserve conditions are in effect.

The Panel acknowledges the fact that, at times, extraneous factors prevent all generators
from responding to regulatory and price signals. There may also be commercial reasons why
a generator has provided reduced capacity to the market. Lack of reserve conditions may
also be predicated on the unavailability of thermal plant scheduled ahead of time, rather than
a thermal plant's failure to respond to market signals during the interval in which there was a
tight supply/demand balance. The Panel emphasises this section ultimately seeks to observe
if the NEM'’s thermal generation fleet was available both when they were most needed from
the perspective of maintaining power system reliability, and consequently, when they are also
likely to face strong financial incentives to make capacity available.

For the following charts:

» Vertical boxes represent the performance of specific thermal generation units.

« Data points within each box represent individual five-minute dispatch intervals when the
supply/demand balance was tight.*°

« The x axis represents the operational demand of each region at the time when there was
a tight supply/demand balance.

30 In order to define what constitutes a ‘tight supply/demand balance’, the Panel used AEMO's lack of reserve quarterly reports,
which can be found here: https://aemo.com.au/en/energy-systems/electricity/national-electricity-market-nem/system-
operations/power-system-operation/nem-lack-of-reserve-framework-quarterly-reports. The Panel have considered any five minute
dispatch period to which AEMO applied a lack of reserve condition (Forecast, Updated and Actual LOR 1s, 2s, and 3s) to qualify
as an interval in which there was an expectation of tight supply/demand balance in the system
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The y axis represents the percentage of capacity made available and bid into the market

by each generator at times when supply/demand balance was tight.

As such, a tight spread of data points, near the top of the box, implies a generator
consistently made capacity available during intervals where there is a tight supply/demand
balance, therefore demonstrating a high degree of reliability.

A wider spread, further down, or a spread with significant outliers implies a generator does
not consistently make capacity available during intervals where there is a tight
supply/demand balance, therefore demonstrating a lower degree of reliability.

NSW thermal fleet availability

Figure 2.7 illustrates the availability of NSW's thermal fleet during periods of tighter
supply/demand balances.

Mount Piper and Vales Point appears to consistently make most of their capacity available
during periods when there are tight supply/demand balances. Vales Point makes over
90% of its capacity available for over 80% of periods when there is a tight
supply/demand balance, while Mount Piper makes about 70% of its capacity availably
during these times.

Bayswater and Eraring demonstrate similar availability profiles. Both Bayswater and
Eraring make over 90% of their capacity available in about 50% of times when there is a
tight supply/demand balance, but have more intervals where some capacity is unavailable
compared to Mount Piper and Vales Point.

Liddell exhibits a different availability profile to other NSW thermal generators. Unlike the
rest of the thermal fleet, Liddell never made over 90% of its capacity available during
periods when there was a tight supply/demand balance. Liddell made some of its
capacity available for about 75% of times when there was a tight supply/demand
balance, while it was completely unavailable for about 25% of times there was a
tight/supply demand balance.
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Figure 2.7: NSW thermal plant availability during times of tight supply/demand balance in

2017/18 and 2018/19
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Figure 2.8 illustrates the availability of VIC's thermal fleet during periods of tighter
supply/demand balances.

15K

» Loy Yang B appears to make over 80% of its capacity available all times where there is a
tight supply/demand balance.

« Loy Yang A and Yallourn typically make over 75% of their capacity available during
periods when there is a tight supply/demand balance. However, they were both

completely unavailable for about 20% of times when there was a tight supply/demand

balance over the course of the 2018/19 reporting period.

« Mortlake made 90% of its capacity available for over 80% of times there was a tight
supply/demand balance in Victoria.

20
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Figure 2.8: VIC thermal plant availability during times of tight supply/demand balance in
2017/18 and 2018/19
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Queensland thermal fleet availability

Figure 2.9 illustrates the availability of QLD's thermal fleet during periods of tighter
supply/demand balances.

« Most Queensland thermal generators (including Gladstone, Kogan Creek, Millmerran,
Stanwell, Tarong and Tarong North) make over 90% of their capacity available for at least
75% of times when there is a tight supply/demand balance.

« Stanwell, Gladstone and Callide C exhibit more variability in their availability in scarcity
periods compared to other major thermal generators, suggesting they are less consistent
in the volume of capacity they make available in times when the supply/demand balance
is tight. Further, Millmerran and Gladstone were completely unavailable for 10-15% of the
times there were tighter supply/demand balances in the region.
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« Although consistently making around 75% of its capacity regularly available during tight
supply/demand balances in Queensland, Darling Downs was also completely unavailable

for just less than 50% of the times there were tight supply/demand balances.

» Queensland's thermal generation fleet is the youngest in the NEM and likely most flexible.

Figure 2.9: QLD thermal plant availability during times of tight supply/demand balance in

2017/18 and 2018/19
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South Australia thermal fleet availability

Figure 2.10 illustrates the availability of SA's thermal fleet during periods of tighter
supply/demand balances.

« Thermal fleet in South Australia, which is all gas-fired, has consistent, high availabilities
(Dry Creek, Ladbroke, Osbourne, Pelican Point and Quarantine) in periods of low market

reserves.
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« Pelican Point made capacity available during all low reserve conditions. It made above
90% of its capacity available for about 60% of these times.

« Torrens Island A (two of four units scheduled for retirement in 2020) was completely
unavailable for over 50% of times there were tight supply/demand balances in South
Australia.

Figure 2.10:

2017/18 and 2018/19
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Anticipated closure of NEM thermal generation
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Over 2,300 MW of synchronous generation has announced its retirement within the next
decade, while at least an additional 3,500 MW is expected to reach the end of its operating
life and withdraw from the NEM by the beginning of the 2030s. The key synchronous

generation that has announced its withdrawal from the NEM include:


https://www.aemc.gov.au/news-centre/data-portal/annual-market-performance-review-2020

Reliability Panel AEMC

Final report
2019 AMPR
12 March 2020

In July 2019, AGL announced it was delaying the planned closure of its first two Torrens
A units (120 MW each) in South Australia, originally scheduled for withdrawal in 2019.
Under the schedule AGL has provided to AEMO, the first two units will instead be closed
in September 2020, the third in September 2021 and the final unit in September 2022.
The station will be partially replaced by the Barker Inlet Reciprocating Engine Power
Station (210 MW), which started operation in November 2019

Having previously announced its intention to withdraw the Liddell Power Station (1,800
MW summer capacity) in New South Wales in 2022, AGL pushed back the closure of
three of its 500 MW to be available during the 2022/23 summer months. One of its units
will close in January 2022.

Stanwell has announced its intention to withdraw the Mackay Power Station (34 MW) in
Queensland in 2021.

Figure 2.11 illustrates the anticipated closure dates of generators in the NEM coal fleet that
are expected to retire within the next decade. Key unit retirements include:

Callide B (700 MW) is expected to reach the end of its operating life in 2028/29

Yallourn (1,450 MW) is expected to reach the end of its operating life between 2029/30
and 2031/32

Vales Point B (1,320 MW) is expected to reach the end of its operating life in 2029/30.
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Figure 2.11: Coal generation remaining as power stations retire

Figure 9  Coal-fired generation remaining as power stations retire*

B NSW
M Qld
o W Vic
25
Liddell , .
mm Licidell
Callide B Yallourn
| ] Valez Point B
i | Yallourn
—Yallourn
S
| Yallourn
Eraring
15 Gladstone
Bayswater
Tarong North
Tarong and Tareng
- b3}
Remaining generation .

)
T O | G <
L Y S

[
el
P

o

] A 2 a Q
o) %3 O & %3
& T

Financial year ending

* Based on expected closure years provided by participants as of November 2019. Modelled outcomes vary
slightly from these timings and are based on expected closure years reported in August 2019.

Source: AEMO, Draft 2020 Integrated system plan, December 2019.

Note: New rules requiring generators to register their closure date and provide three years notice of closure as a minimum, means
AEMO now has more visibility on when plant expected to close and can use this to inform system planning such as development
of the ISP.

There are two main contributing factors that may lead to thermal fleet retiring from the NEM:

»  The combination of low spot market prices and low residual demand, especially during
the day, as larger volumes of utility-scale wind and solar enter the market, accompanied
by the continued uptake of rooftop solar. Building renewable generation has become the
cheapest source of new electricity supply, and costs are expected to continue to decline.*!
Higher penetrations of renewables setting lower spot market prices more frequently will
affect the commercial viability of thermal fleet. It may also drive them out of the bid
stack of periods of the day when they have traditionally met the majority of consumer
demand.

« Uncertainty over climate and emissions policy, particularly in regard to meeting
international emissions reduction targets such as the Paris Agreement, and how this
impacts on existing thermal assets. This uncertainty can add risk to maintaining

31 Bloomberg New Energy Finance, New Energy Outlook 2019.
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generation assets that produce emissions. Research has shown that many market
participants already factor in an expectation of future emissions policies into their
assessment of future commercial operations of thermal generation.*> There is also a
growing impact of investor and stakeholder pressure to transition away from emissions-
intensive assets.

It is important to note that these factors are complex and bespoke to individual assets. For
example, the retirement of a thermal generator in the NEM would improve the profitability of
the remaining generators, potentially reducing the likelihood of other immediate closures.*

Demand side trends

BOX 2: A SUMMARY OF DEMAND SIDE TRENDS

The Panel notes the following key demand trends emerging or continuing in the NEM:

« The amount of energy consumed is expected to remain flat for the short to medium term
before growing as electricification increases.

« Maximum demand is generally growing across the NEM. It is also shifting to later in the
day as rooftop PV uptake increases.

e Minimum demand is an emerging concern in regions with high penetrations of rooftop PV,
especially South Australia.

» Rooftop PV has continued its significant uptake while battery storage and electric vehicles
are forecast to grow significantly over the coming years.

Demand side trends refer to the changes over time related to the consumption of electricity
in the NEM. They reveal patterns in the electricity usage profiles of residential and business
consumers, and where they choose to consume it from. The consumption of electricity has
changed significantly since the commencement of the NEM, and it will continue to evolve
rapidly. This will accelerate as changes and improvements in household and network
technology enable greater consumer participation and growing two-way flows of electricity.

Energy use can be considered in terms of the total amount of energy consumed over a time
period (i.e. energy consumption) or in terms of the rate at which energy is used at a single
point in time (i.e. demand).

Each of these measures are relevant to market outcomes in the NEM. For example, growth in
total energy consumption is relevant to how much bulk energy supply is needed in the NEM.
Changes in patterns of maximum or minimum demand are relevant to the specific kinds of
generation that are needed in the NEM, and how those generators and loads behave.

32 Aurora Energy Research, Analysis of AEMO's ISP Part 2: economics of coal closures, 2019.
33 Ibid.
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This section looks at:

trends in operational consumption
trends in DER uptake
implications of DER uptake.

Trends in operational consumption

Changes in operational consumption in the NEM are driven by a number of factor, including:

Population: The combination of Australia's immigration and natural rate are expected to
lead to faster growth rates. 3* Increasing the number of consumers, both residential and
businesses, is likely to put upward pressure on operational consumption, while
infrastructure built to meet the needs of a growing population is also likely to increase
levels of electricity consumption.

Electrification: The widespread electrification and digitalisation of goods and services
will continue increase electricity consumption. In the household, this is observed in the
improved affordability of household appliances, the electrification of stove tops and
heating, electric vehicles, the proliferation of smart devices and the integration with the
internet of things. In the business sector, consumers increasingly use electricity for their
heating and cooling needs, continue to electrify their manufacturing capabilities and rely
on energy-intensive data-storage and technology solutions.

Energy efficiency: Improvements in the efficiency of technology and appliances, as well
as the improved efficiency of usage profiles in both households and businesses. While
increased electrification of goods and services may lead to an increase in appliances and
equipment that rely on electricity, technological improvements help them consume more
efficiently. Further, the introduction of smart meters, smart-switches and the internet-of
things have helped consumers to adapt their load profiles and use electricity only when it
is needed, while the emergence of Al and machine learning algorithms have been able to
improve the efficiency of electricity-intensive business equipment.

The combination of these influences lead to the current observable trends, observable in
Figure 2.12:

34

35

the 2019 NEM ESOO forecast operational consumption to be fairly steady over the next
20 years

While there has been a growing number of connections and increased reliance on
electricity in both households and businesses in the NEM, growth in operational
consumption has been in decline. AEMO's 2019 ESOO* identifies the continued uptake of
embedded PV systems as a main driver reducing the demand on the grid, while increases
in energy productivity and structural changes in the economy away from energy-intensive
industries will also contribute.

The Australian Bureau of Statistic anticipates population growth the average 1.6% per year in the short term, which will revert
to 1.2% beyond 2030. Source: ABS, Population Projections Australia. More information can be found here:
https://www.abs.gov.au/AUSSTATS/abs@.nsf/DetailsPage/3222.02006%20t0%202101?0OpenDocument

AEMO, 2019 Electricity Statement of Opportunities, August 2019.
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Figure 2.12: Total NEM operational consumption in gigawatt hours, actual and forecast,
2006/07-2038/39
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Note: This figure shows that the 2019 NEM ESOO forecast operational consumption to be fairly steady over the next 20 years. The
forecast growth is around 6% lower than the 2018 NEM ESOO.

The Panel notes that, by definition, forecasts will always be incorrect to some extent. This
inaccuracy is often more pronounced in longer term forecasts. As such, the Panel notes that
long term forecasts, while useful for consideration of broader systemic changes, are likely to
change as more information becomes available and market conditions change.

Maximum demand, minimum demand and demand response

Forecasts of maximum annual demand are strongly driven by weather, and occur at different
times in different regions. Meanwhile, changing forecasts of minimum demand are driven
increased volumes of rooftop PV in the NEM all producing electricity during the day.

Projected changes in maximum demand are illustrated in Figure 2.13 and Figure 2.14. These

figures are characterised by the following trends which were presented in AEMO's 2019
ESOO:

» Although record high maximum demand days are being observed, load factors and
operational consumption growth have been decreasing.

*  AEMO has forecast maximum demand in most regions to remain relatively flat over the
short to medium term.

« However, with growing electrification, AEMO is forecasting regional maximum demands to
continue to grow over the long term.

« The timing of maximum demand is expected to be pushed into later in the evening as

rooftop PV reduces demand during the day.
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Figure 2.13: Maximum demand forecasts over time in New South Wales, Queensland and
Victoria
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Figure 2.14: Maximum demand forecasts over time in South Australia and Tasmania
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Of increasing importance to operational outcomes in the NEM is the impact of declining
minimum demand.* In relation to minimum demand in the NEM, AEMO has forecast:

*  Minimum demand is forecast to decline over the next 3-5 years in New South Wales,
Victoria, South Australia, and Queensland.

« In the long term, forecast minimum demand in Queensland continues to decline, due to
continual projected growth in rooftop PV and PVNSG capacity.

« Minimum demand is forecast to approach the middle of the day within the next couple of
years, except for Tasmania, which given its relatively larger proportion of business load
compared to the other regions, experiences minimum demand overnight or after sunset.

Figure 2.15 shows the level of wholesale demand side response that AEMO considered to be
currently available in the NEM at the time of publishing its 2018 ESOO. These estimates
capture the magnitude of the response by industrial users, and consumer response through
programs run by retailers, aggregators, or network service providers. The figure below
considers the amount of demand response that would be expected at certain wholesale
prices i.e