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Important notice

PURPOSE

AEMO has prepared theFinal2020 PowerSystem Frequency Risk Review Repd@iStage lunder clause
5.20A.3 of the National Electricity Rules.

This report is based on information available to AEMO up to 29 May 202@&nd takes into account
subsequentfeedbackreceivedfrom consultation on a draft version of this report

DISCLAIMER

This document or the information in it may be subsequently updated or amended. This document does not
constitute legal, business, engineering or technical advicét should not be relied on as a substitute for
obtaining detailed advice about the NationalElectricityLaw, the NationalElectricityRules, any other
applicable laws, procedures or policies or the capability or performance of relevant equipment. AEMO has
made every reasonable effort to ensure the quality of the information in this document but cannot guarantee
its accuracy or completeness.

Accordingly, to the maximum extent permitted by law, AEMO and its officers, employees and consultants
involved in the preparation of this document:

9 make no representation or warranty, express or implied, as to the currency, accuracy, reliability or
completeness of the information in this document; and

9 are not liable (whether by reason of negligence or otherwise) for angtatements or representations in this
document, or any omissions from it, or for any use or reliance on the information in it.

© 2020 Australian Energy Market Operator Limited. The material in this publication may be used in
accordance withthec opy ri ght per mi ssions on AEMOG6s website
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Executive summary

AEMO, in consultation with Transmission Network Service Providers (TNSRs)ertakes aPower System
Frequency Risk Review (PSFRIR prepares a PSFRReport for the National Electricity Market NEM) at least
every two years in accordance wittrule 5.20A of the National Electricity Rules (NERAEMO published the last
PSFRReport in 2018.

The PSRR review the potential for 8 n e e d polwvér gygtemcontingency eventsto cause frequency
swingslarge enough to initiate uncontrolled plant disconnections that could in turn result in widespread
transmissionoutages or a black system AEMO consuis with TNSPs and, whereelevant, distributors, on the
performance of existing emergency frequency control schemes (EF€§Sand other arrangements in place to
manage the risks associated with these events. Wher@EMO identifies aneed for additional or alternative
management measuresgoing forward, the PSFRRlso assesss feasible optionsand makes appropriate
recommendations for future management

The 2020 PSFRBonsiders forecast power system condition®ver a five-year outlook period, to 2025.

AEMO is undertaking he PSFRR for 2020 in two stages. Stage 1 of the PSFRR (this report):
1 Reviews thestatus of actions recommended in the 2018 PSFRR.
1 Looks back atpower sysem events and changes since the publication of the 2018 PSFRR, including:

0 How the power system in each NEM regiorhas changed in ways thatould have adverseimpacts
on frequency control, including changes in generation mixJevel and timing of maximum and
minimum demand, interconnector flow patterns,and inertia.

0 The impact of climate conditions in each regionon the likelihood, potential consequences and
effective management ofnon-credible contingency events.

0 Areview of non-credible contingency eventssince the 2018 PSFRRth potential for uncontrolled
frequency changes to result in cascading outages or a black system

0 An initial assessmenbf the adequacy ofcurrent EFCS and other arrangementsavailableto
manage or mitigate the impacts of these events

9 Identifies the non-credible contingency eventsand associated management arrangementso be
prioritised for more detailed assessmentnd option analysis in Stage 2 of the 2020 PSFRR.

9 Highlights one set of immediate high priority recommendation s for non-credible contingency
eventsthat could result in a separation ofthe South Australia region from the rest of the NEMpower
system These recommendations aredrawn from ongoing studiesthat AEMO has been condgting in
consultation with ElectraNet SA Power Networks (SAPNand the South Australianjurisdictional
system security coordinator As a result of this work AEMO has identified:

0 A range of recommended optionsto increase the capabilityand effectiveness of South Australian
under-frequency load shedding UFLS) schemedor implementation from late 2020 onwards.
Theseinclude adding more load to the UFLS scheme and introducing dynamic arming for UFLS
circuits in reverse flows.

0 A recommendation for a new protected event for the non-credible separation of South Australia,
that will initially allow Heywood interconnector flowsinto the region to be limited in periods when
the UFLS scheme South Australia arenot effective enough to prevent cascading failurs and a
potential black system.
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0 Interim arrangements to mitigate the cascading failure risk in these periodsintil a protected event
is declared, by modifying existing constraints needed under South Australian regulations

0 That these risks would be nore comprehensivelyand transparently manayed under the NER
protected event framework AEMOtherefore plansto make a recommendationto the Reliability
Panel byearly 2021

Stage 2 of the 2020 PSFRR (duer completion in December 2020) willinclude simulation studies of the
priority non-credible contingencies identified in Stage lwith more detailed assessment of the adequacy
of EFCSs and otheexisting management arrangements, analysis of future management options and
recommended options for EFCS improvemenand further protected events if warranted Stage 1 has
identified one possible protected eventfor further analysis in Stage 2in connection with a Queensland
protection scheme.

AEMO summarises below:

1 Thekey findings of Stage 1 of thePSFRR.

i The consultation process from here orStage 1 ofthe 2020 PSFRR.
1 The planand timeline for delivery of Stage 2 of the 2020 PSFRR.

Status of 2018 PSFRRecommendations

Thisis the secondPSFRRor the NEM, following the initial PSFRReport published in June 2018AEMO made
a number of recommendations in 2018or action by TNSPs orAEMO. The 2018 PSFRR recommendations and
their current status are summarised inrable 1

Table 1 Summary of 2018 PSFRR recommendations and current status

PSFRR reommendation Status (June 2020)

Implement an upgrade to the recently commissioned System Integrity ElectraNet In progress
Protection Scheme (SIPS) in South Australia, to reduce the likelihood that a los
of multiple generators in South Australia will lead tcseparation and a black

system.

Amend the existing Central Queensland to Southern Queensland Special Powerlink In progress(the 2020 PSFRR

Protection Scheme (C@SQ SPS), to be effective for higher southerly flows that identifies potential for a

are anticipated as new generation project€onnect in North Queensland. protected event to mitigate
risks in the interim)

Declare a protected event comprising the loss of multiple transmission lines in AEMO Completed

South Australia during destrucive wind conditions.

Commence a joint study between Powerlink and AEMO to evaluate the risk of AEMO/Powetink  Completed
major supply disruption following the non-credible separation of the

Queenslandd New South Wales Interconnector (QNI) during high export to

New South Wales.

Review of the power system in NEM regions

General observations

1 Increasinginverter-based resources (IBR) and reduced operation of traditional synchronous generating
systems has continued in all regions, reducing inertia and system strength that support the stable
operation of the power system.
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1 In some areas, the proliferation & distributed photovoltaic (DPV) generation is leading to reduced power
flows from upstream substations, and in some cases even reverse power flows. During an undezquency
event, disconnection of such feeders because of UFLS action will reduce the effeeness of existing UFLS
arrangements and potentially exacerbate frequency disturbances.

1 Analysis of inertia levels in each region and interconnector transfer between regiogghlight the risk of
high interconnector transfer during periods of low inerta. This operational scenario could result in high
power system frequencyexcursionsfollowing a non-credible contingency event involvingthe loss of an
interconnector.

1 As a consequenceof the large uptake of IBR in areas of limited transmission capacityhé number of
Special Protection Schemes (SPSs) employed to increase the transmission capasigyowing. The system
now relies even moreon these schemes for managing system security. Further, the operating conditions
considered in designing andtesting of some existing EFCSs have changed over the lastl® years. Some
frequency events during 201820 highlighted the need to further review the design and operation of
EFCSs and SPSs which may i mpact AEMOds ability to ma

Quee nsland 0 po tential need for new protected event declaration

As outlined in Table 1 there are increasing risks associated with the existing @QQ SPSn Queensland
Modifications to the existing SPS are required for the scheme to be effective during period of higher
southerly flows, which are becoming increasingly frequent as new generation projects come online in north
Queensland. AEMO will continue woriag with Powerlink in Stage 2 of the PSFRRo improve projections of
the emerging risks andtiming of these changes This work will help todetermine whether a protected event
recommendation is warrantedto allow AEMO to manage the risk through operational measures ale of
changes to the SPS.

South Australia 6 UFLSmprovements and new protected event declaration

AEMO recently released analysis explorinthe management of credible contingenciesin low load, high DPV
periods in South Australid. report presents complementary analysis that explores the management of
non-credible eventsin low load, high DPV periods specificallyexploring the effectiveness ofUFLSn the
event of a non-credible separation of South Australia

In conjunction with SAPN and ElectraNet, AEMO has identified an urgent need to implememheasures to
improve the adequacy of UFLS arrangements in South Australia. Following a nanedible separation,in
periods with low load or high DPV generation,the UFLS may not be adequatdo arrestfrequency decline or
prevent cascading failure. Thisisk is increasingwith the ongoing growth in DPV, which reduces the net load
available to bedisconnected by existing UFLS scheme®PValso demonstrates underfrequency
disconnection behaviour, which further compromises UFLS effectiveness in arresting a frequency decline

AEMO forecass that spring 2020 will see more periods where there is insufficient (net) loadvailablefor
disconnection by UFLS relays. In some cases, UFLS action could even exacerbate the disturbance by
disconnecting circuits operating with reverse power flows.

To mitigate the risk AEMO is presently working with ElectraNet to develop a power system constraint
designed to limit imports into South Australiaon the Heywood interconnector to the level where there is
confidence that cascading failure will be avoided if anon-credible separation event occursThis willbe
introduced under regulation 88A of the Electricity(General) Regulations 201(&A) in conjunction with limits
advice from ElectraNetto keep the rate of change of frequency (RoCoFpelow 3 hertz per second {Hz/s) for
the non-credible trip of both Heywood interconnector circuits It should be noted that RoCoFwould exceed
3 Hz/s once cascading failurestarts to occur, so the constraint would be designed to avoidfrequency falling
to 47 Hz during periods when UFLS schemeare unlikely to be effective.

1 AEMO, Minimum operational demand thresholds in South Australia technical report, May 2020, at https://www.aemo.com.auk-/media/Files/Electricity/
NEM/Planning_and_Forecasting/SA_Advisory/2020/Minimw@®perational Demand-Thresholdsin- South- Australia Review
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Although regulation 88A allows for an interim soltion, AEMO consides it preferable to manage the
identified risks under the NER protected event frameworkbecause this would:

i1 Provide greater transparency and

i1 Allow consideration of all non-credible contingency events thatcould cause separation of the South
Australia region, anda wider range of options to mitigate this issue.

The PSFRR therefore recommendke declaration of a protected event to appropriately manage the risk of
cascading failure and a black system in South Australia

The extent of anymanagementactions, such as constraints on power flows througlthe Heywood
interconnector, would be a function of the effectiveness of arrangements in placat any point in time to
interrupt load and/or increase generation in response toa separation event to meet the protected event
standards

AEMOintends to prepare a submission to the Reliability Panelequesting declaration of the proposed
protected event by early 2021

Identification and review of non  -credible contingency events

AEMO hasconsidered selectedreviewable operating incidentsinvolving frequency excursions resulting from
non-credible contingency eventsthat occurred since the 2018 PSFRRhese have beercategorised by
reference to the extentof the frequency excursion with respect to the Frequency Operating Standard (FOS):

=

Minor event o frequency remained within the applicable normal operating frequency excursion band
(49.7550.25Hz for the mainland NEM and Tasmana).

==

Moderate event d frequency exceeded the applicable normal operating frequency excursion band but
remained within the applicable operational frequency tolerance band49.0-51.0Hz for the mainland NEM
and 48.0-52.0 Hz for Tasmania.

==

Major event & frequency exceeded the applicable operational frequency tolerance band, or the
contingency resulted in a separation event, involved the operation of EFCSs, or resulted in the power
system no longer being in a secure operténg state.

Table 2shows a summary of the outcomes of the review, highlighting that South Australia recorded the

hi ghest number of O6Majorldeeothes ségicendunec@iO0d8d mbst
events.Although not all non-credible contingencies had a significant power system frequency impagcin

some casesghis could be due to favourable power system operational conditionsvhen events occured.

Table 2 Number and category of  relevant non -credible contingency events since 2018 PSFRR

8
0
2
2
1

Queensland 1 0
New South Wales 2 1
Victoria 3 2
South Australia 6 0

Tasmania 0 3

Identification and review of emergency frequency control schemes and protected events

The EFCSs being used in the NEM to prevent frequency collapse include:
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B UFLS schemes, which automatically disconnect consumer load to arrest frequency decline and prevant
black system.

B Over-frequency generation shedding(OFGS) schemes, which eordinate the tripping of generators in a
pre-determined manner to preventunco-ordinated cascading tripping of generators leading to a black
system

B Additional schemes to reduceeffective contingency sizes, or to respond to specific contingency events to
prevent system separation and uncontrolled frequency excursions in the resulting islanded suigtworks.

A detailed review of existing EFCSs and their adequacy will be undertakas part of Stage 2 PSFRR.

At present there is only one protected event in the NEM, which exists in South Australia and was declared
following the recommendations of the 2018 PSFRR. The protected event is:

0The 1l oss of multipl e ¢geneaatios discarsectionnn the SaitmAustiala regianu s i n g
during periods where destructive wind conditions are

AEMO is currently managing the risks associated with this protected event by limiting the maximum flow into
South Australia on the Heywoodinterconnector to 250 megawatts (MW) duringforecast destructive wind
conditions.

Consultation process for Stage 1

AEMO sought submissionsfrom interested parties on a draftof the PSFRR stage 1 repoim early July 2020
and also held an industry foum to facilitate feedback

Section 1.50f this report outlines the feedback provided and how ithas beenaddressed.

Plan for Stage 2 of 2020 PSFRR
The Stage 2 PSFRR assessment and reporting will build on the reviews undertaken in Stage 1, and will involve:

i1 Detailed analysis and simulation studies of priority nofcredible contingency events which AEMO finds are
likely to involve uncontrolled frequency excursions leading to cascading outages or major supply
disruption. The noncredible contingency events prioritised for review in Stage 2 are:

0 Loss of double circuit Queenslandd New South Walesinterconnector (QNI) leading to New South
Wales and Queensland separation.

0 Loss of multiple singlecircuit interconnectors between New South Wales and Victoria, leading to New
South Wales and Victoria separation

0 Loss of doublecircuit Heywood interconnedor, leading to Victoria and South Australia separation

0 Loss of doublecircuit Calvaled Halys transmission line between Central Queensland (CQ) and South
Queensland (SQ, leading to a complete separation of CQ from SQ

B Assessment of the performance and adquacy of existing EFCSs for management of potential frequency
risks in the next two years (until the 2022 PSFRR).

B Review of options for future management of such events, which may include new or modified EFCSs,
declaration of protected events, network augnentation, and non-network alternatives to augmentation.

B Consideration of the scope and processes associated with the PSERRIuding recommendations to
deliver system securityoutcomes and consumerbenefits.

Figure 1shows the timeline for delivery of Stage 2 and how it relates to Stage 1 assessment.
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Figure 1 Timeline for delivery of 2020 PSFRR 0 Stage 1 and Stage 2
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© AEMO 2020| 2020 Power System Frequency Risk Reviévstage 1 7



Contents

Important notice
Executive summary
Acronyms

1. Introduction

1.1 Purpose

1.2 Management of frequency
1.3 2018 PSFRR

14 Scope of 2020 PSFRR
15 Stage 1l Consultation

1.6 Acknowledgements

2. Approach

21 Approach for 2020 PSFRR
2.2 Collaboration with TNSPs
23 Criteria for assessment

2.4 PSFRR relationship with other reports

3. Industry in transition

3.1 Past and forecast future change in energy mix

3.2 AEMO operational reviews

3.3 Distributed energy resources and composition of load

3.4 NEM-wide UFLS review
3.5 Events causing power system disturbances
3.6 Impact on system frequency

3.7 Managing frequency in 202025

4.2 Emergency frequency control schemes and declared protected events in Queensland

4, Queensland

4.1 Introduction

4.3 Review of incidents

4.4 Operational experience and impact
4.5 Frequency risk management 20225

4.6 Summary

5.2 Emergency fequency control schemes and declared protected events in New South Wales

5. New South Wales
5.1 Introduction
5.3 Review of incidents

© AEMO 2020 2020 Power System Frequency Risk Reviénstage 1

12

14
14
14
15
17
17
19

20

20
21
21

22

24

24

25

25

25

26

27

29

31
31

35

37

42

43

43

44

44

51



5.4
5.5
5.6

6.1
6.2
6.3
6.4
6.5
6.6

7.1
7.2
7.3
7.4
7.5
7.6
7.7

8.1
8.2
8.3
8.4
8.5
8.6

9.1
9.2
9.3
94
9.5

Al.

Al.l
Al.2
Al.3

Operational experience and impact

Frequency risk management 20225

Summary

Victoria

Introduction

Emergency frequency control schemes and declared protected events in Victoria
Review of incidents

Operational experience and impact

Frequency risk management 2025

Summary

South Australia

Introduction

Emergency frequency control schemes and declared protected events in South Australia
Review of incidents

Operational experience and impact

Under-frequency load shedding in South Australia and new protected event
Frequency risk management 20225

Summary

Tasmania

Introduction

Emergencyfrequency control schemes and declared protected events in Tasmania
Review of incidents

Operational experience and impact

Frequency risk management 20225

Summary

Stage 2 report

Introduction

Detailed simulation and analysis

Priority non-credible contingency events

Review of emergency frequency control systems

Protected events

Emerging issues with UFLS adequacy for Heywood interconnector
contingency events

Background
Under-frequency load shedding

Low load periods

© AEMO 2020 2020 Power System Frequency Risk Reviénstage 1

53
53
54
55
55
59
60
64
64
65
66
66
71
72
78
78
80
80
82
82
85
86
89
89
89
91
91
91
92
92
92

93
93
97
115



Tables

Table 1
Table 2
Table 3
Table 4
Table 5
Table 6
Table 7
Table 8
Table 9
Table 10
Table 11
Table 12
Table 13

Summary of 2018 PSFRR recommendations andrrent status

Number and category of relevant noncredible contingency events since 2018 PSFRR
Queensland existing UFLS

Summary of relevant norrcredible contingency events in Queensland

Summary of relevart non-credible contingency events in New South Wales

Summary of relevant norcredible contingency events inVictoria

Summary of relevant noncredible contingency events in South Australia

Summary of relevant norrcredible contingency events in Tasmania

Minimum UFLS net load

Number of historical halthour dispatch periods showing risk

Number of half-hour dispatch periods showing risk (draft 2020 ISP High DER scenario)
Comparison of outcomes in various demand and PV sensitivities

Recommended measures Improving and managing UFLS functionality in high PV
periods

Figures

Figure 1
Figure 2
Figure 3
Figure 4
Figure 5
Figure 6
Figure 7
Figure 8
Figure 9
Figure 10
Figure 11
Figure 12
Figure 13
Figure 14
Figure 15

Timeline for delivery of 20D PSFRR Stage 1 and Stage 2

Inputs to and outcomes of the PSFRR

Relationship of PSFRR with other AEMO documents and processes

NEM generation mix changes, 20199

Queensland generation mix changes, 20519

QNI flow duration curves, 2018 and 2019

Inertia duration curve for Queensland, 2018 and 2019

QNI flow and corresponding inertia levels

Regional frequencies and RoCoHuring separation event, 25 August 2018
New South Wales generation mix changes, 20159

Murray & Upper Tumut interconnector flow duration curves in 2018 and 2019
Murray & Lower Tumut interconnector flow duration curves in 2018 and 2019
Jinderad Wodonga interconnector flow duration curves, 2018 and 2019
Inertia duration curve for New South Wales, 2018 and 2019

QNI interconnector flow and corresponding inertia levels in New South Was for 2019

© AEMO 2020| 2020 Power System Fregency Risk Reviewd Stage 1

36
38
52
61
73
87
100
105
108
110

111

22
23
24
31
33
33
34
40
44
46
46
47
47
48

1c



Figure 16  Victoria to New South Wales flow and corresponding inertia levels in New South Wales
for 2019

Figure 17  Victoria generation mix changes, 20149

Figure 18 VNI flow and corresponding inertia levels in Victoria in 2019

Figure 19  Heywood interconnector flow and corresponding inertia levels in Victoria in 2019
Figure 20  South Australia generation mixchanges, 201519

Figure 21  Heywood interconnector flow duration curves, 2018 and 2019

Figure 22  Inertia duration curve for South Australia, 2018 and 2019

Figure 23  Heywood interconnector flow and corresponding inertia levels in South Australia for 2019
Figure 24  Tasmania generation mix changes, 20159

Figure 25  Basslink interconnector flow duration curves, 2018 and 2019

Figure 26  Inertia duration curve for Tasmaia, 2018 and 2019

Figure 27  Timeline for delivery of PSFRR Stage 1 and Stage 2

Figure 28  Range of SMM outcomes

Figure 29  Example of UFLS operation during a period with high distributed PV generation
Figure 30 SAPN UFLS load shedding profile in lowest period

Figure 31  UFLS outcomes in historical dispatch scenarios

Figure 32  Historical periods with low distributed PV generation which show risk or fail outcomes in
SMM studies

Figure 33 SMM outcomes for forecast periods under the 2020 ISP High DER scenario

Figure 34  Trading Interval of lowest South Australian UFLS load, with and without dynamic arming

© AEMO 2020| 2020 Power System Frequency Risk Reviévstage 1

48
55
57
57
66
68
68
69
82
84
84
91
102
103
104
106

107
109
114



Acronyms

Alternating Current

AEMC Australian Energy Market Commission

AEMO Australian Energy Market Operator
APD Alcoa Portland

BESS Battery Energy Storage System
CQ Central Queensland

Direct Current

Distributed Energy Resources
Distributed Photovoltaic
Emergency AlcoaPortland Potline Tripping Scheme

Emergency Frequency Control Scheme

Electromagnetic Transient
Energy Security Board

Electric Vehicle

Frequency Control System Protection Scheme
Frequency Operating Standard

Gas Powered Generation

Gigawatt

®
=
0

Gigawatt seconds

I
N

= < ]

Hertz

Hertz per second

I

High Voltage Direct Current
Interconnector Emergency Control Scheme
Integrated System Plan

Jurisdictional Planning Body

Kilometre
Vv Kilovolt
m Milliseconds

© AEMO 2020| 2020 Power System Frequency Risk Reviévstage 1

AC



Term

Major Industrial

=
=

Megawatt

Mortlake Power Station
National Electricity Market
National Electricity Rules

Northern Queensland

Network Service Provider

National Transmission Network Development Plan

l
o

z
7
=

New South Wales

Over-Frequency Generation Shedding

Phase Measurement Unit
Power System Frequency Risk Review
Power System Simulator for Engineerin¢also written as PS%E)

Photovoltaic

II

Queensland

Queensland to North South Wales Interconnector
Renewable Integration Study

Regulatory Investment Test Transmission

Rate of Change of Frequency

South Australia

System Control and Data Acquisition

System Integrity Protection Scheme

(7]

(%))
<
<

Single Mass Model

Special Protection Scheme

()
O

Southern Queensland

Transmission Annual Planning Report
Tamar Valley GeneratoContingency Scheme
Under-Frequency Load Shedding

Victoria Annual Planning Report

Virtual Power Plant

Wide Area Protection Scheme

© AEMO 2020| 2020 Power System Frequency Risk Reviévstage 1



1. Introduction

1.1  Purpose

The Power System Frequency Risk Review (PSFRR) is an integrated review of power system frequency risks
associated with noncredible contingency events in the National Electricity Market (NEM). AEM@hdertakesa
PSFRR for the NEMt leastevery two years, m accordance withrule 5.20A of the National Electricity Rules
(NER).The review is conducted in consultation with Transmission Network Service Provid¢isNSPs), and with
Distribution Network Service Providers (DNSPgnd other parties whereappropriate.

1.2  Management of frequency

Managing the power system frequency sufficiently close to its nominal value of 50.0 hertz (Hz) is critically
important for maintaining the security of the power system and safety of the connected equipment.

Most plant connected to the power system, in particular connected generating plantis designed to operate
most efficiently at the nominal frequency. Whernconnected plant isoperated at a frequency significantly
outside the nominal operating value,it may mal-operate and is sus@ptible to damage. Large connected
plant, including generating plant, therefore have protection systems toisolate from the grid when the power
system frequency falls outside safe operating limits. Uncontrolled tripping of generating plant could lead to
either partial or total system collapse.

The specific frequency requirements AEMO must meet under different power system conditions are set out in
the Frequency Operating Standard (FOS)? for the mainland NEM and Tasmaniagletermined by the

Reliability PanelThe FOS includes defined frequency bands and timeframes in which the system frequency
should be contained and recoverfollowing different types of events, including credible contingency events
(such as tripping generatbn or load, or an unplanned network outage) and norcredible contingency events
(such as the loss of multiple generation or network elements or a regional separation event). TS
requirements inform how AEMO operates the power system, including througlapplying constraints to the
dispatch of generation or enabling frequency controlancillary servicegFCAS)

The power system frequency is maintained by théalance of the generation and load connected to the
power system. Any imbalance will lead to eithemcrease or decreasen frequency, until remedial action is
taken to restore the balance. A large imbalance in generation/load could create a very rapid fall or rise of
frequency. Therefore, the remedial actions for mitigating such frequency variations reqe activation of pre-
planned actions within a very short time. The preplanned actions could be activation of additional
generation response (for example, FCAS) or activation of load (for example, unddrequency load shedding
[UFLS]).

Depending on the type of contingency and the probability of occurrence, AEMO follows different approaches
to manage frequency:

1 Events which arerelatively common and, although unexpected in timing,generally anticipatedto occur,
are credible contingency events , such as tte loss of a single generator, a single load, or a single line in
the network. AEMO is expected to have sufficient generation or load procured and available tmaintain
the power system frequency within afteracrdliblper ati onal
contingency event and return the frequencyto the @ormal operating frequency bandwithin a short
period of time.

2 Reliability Panel AEMC, Frequency Operating Standard, Effective 1 January 20@Bttas://www.aemc.gov.au/sites/default/files/201912/Frequency%20
operating%20standard%20 %20effective%201%20January%202020%2620TYPO%20corrected%2019DEC2019.PDF

3 Australian Energy Market Commission (AEMCJact sheef dVhat is a protected event® , httast//www.aemc.gov.au/sites/default/files/content/e5a68389
611d4e15b89b-41ee5&4c3c5/Factsheet What-is-a- protected-event%28FINALPUBLISHEEVERSION%29.pdf
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1 More rare events may cause a large imbalance in load and generation and could cause significant
frequency deviations. These events, lich are considered unlikely, are known ason-credible
contingenc y events; examples are the simultaneous loss of multiple generators, or multiple transmission
circuits. AEMO may use corrective actions such as controlled load or generatishedding, together with
any FCAS procured for managing the credible events, to limit the consequences of a naredible
contingency event.The corrective action, includingsettings for any Emergency Frequency Control
Schemes (EFCSk should bedesignedtoc ont ai n frequency within the 6extr e
t ol er anc e prbgressivalysedurn a n d

Under certain conditions AEMO can alsaeclassify a contingency event from non-credible to credible.
AEMO makesa reclassification when a noncredible contingency is more likely to occur due to any abnormal
conditions prevailing at the time, such as in the presence of bushfires or increase in lightning strikes near
transmission asset$.

Non-credible events identified as having highimpact consequences regiring additional management to

avoid cascading failure can be declared by the Reliability Panel asotected events . To maintain the FOS
following the occurrence of a protected event, AEMO may take various measures including purchase of FCAS,
constraining generation, or controlled shedding of generation or loacP.

In some areas of the grid, AEMO is seeing the proliferation of invertebased resources (IBR) reduce the
effectiveness of existing backup arrangements which were designed to protect the system aigst high

impact low probability events. This is giving rise to a greater need to review those arrangements and consider
declaring protected events as either shorterm or long-term measures.

AEMO may propose the declaration of a noncredible event as aprotected event if recommended as an
outcome of the PSFRRnd after considering the options and costs of managing the event The Reliability
Paneldetermines whether todeclare a protected event, havingundertaken its own costbenefit assessment

1.3 2018 PSFRR

In June 2018, AEMO completed a PSFRR assessing frequency risks in each region of the. BEMw is a
summary of recommendations made as part of the 2018 PSFRR, and their current status

i1 Implement an upgrade to the recently commissionedSystem Integity Protection Scheme(SIPSin
South Australia, to reduce the likelihood that a loss of multiple generators in South Australia will lead
to separation and a black system. AEM@nd ElectraNet estimated that the modification could be
completed within two years.

0 In collaboration with AEMO, ElectraNet is upgrading the existing SIPS to a Wide Area Protection
Scheme (WAPS)in which Phasor Measurement Unit (PMU) technology will be used to develop the
enhanced scheme. A pilot scheme has been commissioned to atithe technology and understand its
quality and performance as fit for use in a protection scheme. In parallel, a study is also underway to
consider the feasibility of development of the WAPS using PMUs, which includes development of a
significant number of power system simulations for analysis and development of the WAPS. This
feasibility study is expected to be completed by December 2020, after which AEMO and ElectraNet will
review and make a decision on implementing the WAPS.

1 Amend the existingCentralQueensland CQ) & South Queensland §Q) Special Protection SchemeSP3 to
be effective for higher southerly flows that are anticipated as several new generatigorojects connect in

‘Refer to AE MO 3SecuyQuidetinesSSP sQP e3il5, latps://www.aemo.com.au/energy-systems/electricity/nationatelectricity-market-
nem/system-operations/power-system operation/power -system operating-procedures.

5 AEMC, Information Fact Sheet, 2¥, athttps://www.aemc.gov.au/sites/default/files/content/e5a68389611d4e15b89b-41ee5a74c3c5/Facsheet What-is-
a-protected-event%28FINAEPUBLISHEEYERSION%29.pdf

5 ElectraNet,South AustraliaEnergy TransformationRegulatory Investment Tes® Transmission RITT), May 2019, ahttps://www.electranet.com.au/wp-
content/uploads/projects/2016/11/201905-22- SAETSPSReport.pdf.
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North Queensland. AEMOand Powerlinkestimated that the modification could be completed within
two years.

0 When amending the SPS for secure operation, Powerlink identified a requirement to trip
inverter-based generation ahead of synchronous generation to maintain system strength. However,
given the variable nature of such generabn (including different cloud cover patterns and transitions
from afternoon to evening), implementation is challenging Powerlinkhas advised itis planning to
deploy the first phase of the new scheme bymid-2021 witharound 600 megawatts (MW) of renewable
generators along with the existing CQASQ SPS, which will continue to trip Callide units.

1 Declaration of a protected event in South Australia. Following the 28 September 2016 black system event
in South Australia, AEMO initiated an operational action plato limit flow on the Heywood interconnector
during destructive wind conditions in SouthAustralia(under NER 4.3.1(v)). For transparency, and to
provide certainty to the market, AEMO recommended that this condition be declared a protected event. If
approved by the Reliability Panel, AEMO expected this protected event to be activated approximately
twice per year, based on historical weather conditions.

0 After the AEMO submission, on 19 June 2019, the Rel
transmission elements causinggeneration disconnection in the South Australiaregion during periods
where destructive wind conditions are forecast by t

0 The SIPS beingipgraded by AEMO and ElectraNet also assists in managing the protected event.

0 Since the declaration of the protected event, AEMOS®G
August 2019 and 22 January 2020) for a period of around 24 hours in total.

1 AEMO/Powetink joint study into Queensland overf r equency ri sk. AEMO®&6s studies
Queensland may, in future, be at risk of oveffrequency leading to cascading outages following the
non-credible trip of the Queenslandd New South Wales Interconnector (QNIJuring high export to New
South Wales. AEMO recommended a joint study between Powerlink and AEMO to evaluate the risk of
maj or supply disruption due to this event. This stud
Integrated System Plan (ISP). AEM@nticipated that an overfrequency generation shedding (OFGS)
scheme would be the preferred option to manage this risk.

0 AEMO and Powerlink have completed a joint study which considers the major supply disruptions which
could lead to over-frequency eventsin Queensland. The study concluded that the recommended
measures in the AEMOOs f i nseparatioeguemtrwill mifigate thetriskeof 25 Augu
over-frequency.

0 AEMOG6s analysis of system behavi our o apragresive25 Augus
reduction in the provision of primary frequency response(PFR)y the generation fleet over several
yearshas increased the chance of undeffrequency load shedding and overfrequency generation
shedding following non-credible contingency events.

0 The study recommended NER changew® increase the control of frequency closer to 50.0 Hz. The
Australian Energy Market Commission (AEMC) made a final rule effective on 4 June 2020, that will
require all capable generating systems to provide PFR withiperformance parameters set out in
primary frequency response requiremert (PFRR) established by AEMO

0 At present, there is no OFGS in Queensland. Owrequency is currently managed through the FCAS
lower markets. For events exceeding the design criteriaf the levels procured under FCAS, the
frequency will be maintained through the uncoordinated generator overfrequency protection. AEMO
and Powerlinkplan to review this requirement further as part of the QNI upgrade.

7 Reliability Panel AEMC, Final report AEMO regst for protected event declaration, June 201%t https://www.aemc.gov.au/sites/default/files2019
06/Final%20determination%20%20AEMO%20request%20for%20declaration%200f%20protected%20event. pdf
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1.4  Scope of 2020 PSFRR
In accordance withNERclause 5.20A.1, the scope of the 2020 PSFRR includes:

1 Identification and review of priority non-credible contingency events which AEMO expectare likely to
involve uncontrolled frequency changes leading to cascading outages or major supply disruptian

1 Reviewand assessmenbf current arrangements for managing such noncredible contingency events,
including the performance of existingEFCSs.

1 Identification and assessmenbf technically and economically feasibleptions for future managementof
such events, which may include new or modified EFCSs, declaration of the event as a protected event,
network augmentation, and non-network alternatives to augmentation.

1 Assesment of the adequacyand costs of managingexisting protected events including consideration of
whether to recommend revocation.

15 S age 1 Consultation

In the 2020 PSFRR Draft Report publishedn 3 duly 2020, AEMO requestedstakeholder feedback onthe
development of the final PSFRR and its recommendationBEMO received written subnissions from SA
Power Networks (SAPN) and CS Energy which are published on the AEMO weldsifes part of the
consultation process AEMOalso conducted a Q&A session on Quly 2020to provide a further opportunity
for stakeholderinput and feedback.

AEMO has considered feedbaclprovided through the written submissions andQ&A sessionin finalising the
PSFRFage 1 report The key matters raised arssummarised below,together with A E M Orésponses

Key feedback relatingto Stage 1

1. Comment: The high frequencyevent that occurred on 28 January 202@vasomitted from the PSFRR
report.

Responseforthe purposes of the PSFRRAEMOreviews selected operating incidents involving
frequency excursionsdue to non-credible contingency events.The frequency event that occurred on
28 January 2020did not meet the selection criteria However, AEMO acknowledges this event had an
impact on power system frequency and has therefore includedommentary in Section 5.3,

2. Comment: AEMO is encouraged to consider both the necessgrimmediate and long-term prudent
capabilities required in the redesign of the $uth Australian UFLS schemgto avoid re-work in future.

Response: AEMO will conduct analysis in closllaboration with SAPN to develop a comprehensive
plan for redesign ofthe South AustralianUFLS, including consideration of dynamic arming capabilities.
This will take into account both the shortterm power systemneedsand the longer-term capabilities
required, to minimise overall cost impact to consumers.

3. Comment: Define FAPRreferenced in the repott.

Response: FAPR (Fast Active Power Response) is defined as asedond active power response
provided by inverter-connected resources, such as battery storage or solar farms. This definition has
been included in the relevant section of this report.

Key feedback relating to Stage 2

1. Comment: Need forreview of protection scheme effectiveness(including lightning protection and special
protection schemes) to account for changing climatic and power system conditions

8 AEMO, Power System Frequency Risk Review Consultation, June 2020itats://aemo.com.au/en/consultations/current-and-closed-consultations/2020-
psfrr-consultation.

© AEMO 2020| 2020 Power System Frequency Risk Reviévstage 1 17


https://aemo.com.au/en/consultations/current-and-closed-consultations/2020-psfrr-consultation
https://aemo.com.au/en/consultations/current-and-closed-consultations/2020-psfrr-consultation

0 Respase: AEMO will consider this feedbaclkas part of the Stage 2 PSFRR, including the
development of recommendationsrelated to the framework for assessment of power system risks, and
priority areas for reviewof protection schemes The Stage 1 PSFRIRas identified risksrelating to the
impact of DPVon UFLS schemeshe potential adverse impacts ofsynchronous machine tripping
schemes and changing power system dynamics on the efficacy of existing schemeghese factors
should be consideredwhen reviewingthe performance of special protection schemesn place to
manage power systemevents.

. Comment: Implementation of wide deadband frequencyresponse could offer some benefits compared to
OFGSschemes.

0 Response AEMO will consider this feedback as part othe development of any recommendations
relating to OFGS schemes

. Comment: Several comments were madeegarding the potential to broaden the scope ofthe PSFRRo
cover general power system risksother than those relating to non-credible contingency events One
stakeholder voicedconcerns that expanding the scope to general risksould potentially end up being too
broad.

0 Response AEMOacknowledges the feedback and willconsiderthis in the development of the Stage 2
report. AEMO notes that theAEMChas received a rule change proposal t@wonvert the PSFRR to a
general power system risk review, and it would be appropriate foAEMO andinterested parties to
contribute their views to the rule change process once initiated{

. Comment: AEMO to consider if thecurrent protected event framework may be too onerous in particular
circumstances

0 Response AEMO will consider this in development of tle Stage 2 PSFRR his might include a
recommendation to introduce an alternative (streamlined)processthat allows additional power system
security parameters to be relaxed in relation to some protecteavents Thiswould allow the Reliability
Panel the fexibility to determine prudent and cost-effective actions to manage the critical risk or
changesdriving the recommendation. AEMO also notes thata second rule change proposal received
by the AEMCwill consider changes to the protected event processes, iparticular to reduce the time
needed to declare a protected event®

. Comment: AEMO to describethe relationship between models developed to deliver the PSFRR and
changes anticipated through implementation of theprimary frequency responserequirements (PFRRrule
change.

0 Response: As the part of PSFRREMO is planning to adopt simplified governor modds for those
generators where site-specific models are unavailableThis is the case for many NEM generators for
legacy reasonsThe modelsto be developed will be configured in line with anticipated performance to
delivered through implementation of the PFRRule Change Models will be rudimentaryonly and do
not obviate the need for more detailed models to represent plant performance.

. Comment: What are the potential benefits of frequency control exercisedfrom customer appliance®

0 Response: AEMO is awarethat there may be options for UFLS type capabilities from devices at the
customer site.In the context of South Australia AEMO has requested advice from SAPN on the
potential to increase UFLS response utilising such capabilities.

. Comment: What is the interplay of FAPRwith Office of the Technical Regulato(OTR requirementsin
South Australi&?

0 ResponseThe OTRhas requirements for a type of fast frequency responséalso sometimes termed
synthetic inertia)for new installations in South Australia. This is similar to the FAPR discussed in this

9 AEMC,Implementing a general power system risk reew, at https://www.aemc.gov.au/rule changes/implementing-generak power-system risk-review.

10 AEMC,Enhancing operational resilience in relation to indistincevents at https://www.aemc.gov.au/rule changes/enhancingoperational-resilience
relation-indistinct-events
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report, which mayprovide an effective complement to UFLS responsémproved frameworks for
procuring FAPR may be required to facilitate optimal use of these capabiks.
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2. Approach

2.1  Approach for 2020 PSFRR
AEMO is undertaking the PSFRR for 2020 in two stages. Stage 1 of the PSFRR (this report):

M

Looks back at power system events and changes since the publication of tf#18 PSFRR, including:

0 How the power system in each NEM region has changed in ways that could have adverse impacts on
frequency control, including changes in generation mix, maximum and minimum demand levelsith
their expectedtiming, interconnector flow patterns, and inertia.

0 The impact of climate conditions in each region on the likelihood, potential consequencesnd
effective management of noncredible contingency events.

0 A review of non-credible contingency events since the 2018 PSFRR with potenfiad uncontrolled
frequency changes to result in cascading outages or a black system.

0 An initial assessment of the adequacy of current EFCSs and other arrangements available to manage or
mitigate the impacts of these events.

Identifies the non-credible contingency events and associated management arrangements to be
prioritised for more detailed assessment and option analysis in Stage 2 of the 2020 PSFRR.

Highlights one set ofimmediate high priority recommendations for non-credible contingency eventsthat
could result in separation of the South Australia region from the rest of the NEM power system. These
recommendations are drawn from ongoing studies that AEMO has been conducting, in consultation with
ElectraNet, SAPN, and the South Australian jurisdictionsystem security coordinator. As a result of this
work, AEMO has identified:

0 A range of recommended options to increase the capability and effectiveness of South Australian UFLS
schemes, for implementation from late 20200nwards. Theseinclude adding more load to the UFLS
scheme and introducing dynamic arming for UFLS circuits in reverse flows.

0 A recommendation for a new protected event for the noncredible separation of South Australia, that
will initially allow Heywood interconnector flows into the region to be limited in periods when the UFLS
schemes in South Australia ar@ot effective enough to prevent cascading failures and a potential black
system.

0 Interim arrangements to mitigate the cascading failure risk in these periods until a protected event is
declared, by modifying existing constraints needed under South Australian regulations, htiugh these
cannot cover all potential separation events.

0 That these risks would be more comprehensively and transparently managed under the NEfRotected
event framework AEMOtherefore plans to make a recommendation to the Reliability Panel bgarly
2021

Stage 20f the PSFRR (due in December 2020), will include a more detailed review based on BES
simulation studies of the priority non-credible contingencies identified in $age 1, and the adequacy of EFCSs
for managing the impact of such events. Specificall AEMO plans to undertakethe following activitiesin
consultation with TNSPsas part of Stage 2:

1

Detailed analysis and simulation studies of priority nofcredible contingency events which AEMQexpects
would be likely to involve uncontrolled frequency excursions leading to cascading outages or major
supply disruption.

Assessent of the performance and adequacy of existing EFCSs for management of potdat frequency
risks in the next two years (until the next PSFRR in 2022).
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1 Review of optionsfor future management of such events, which may include new or modified EFCSs,
declaration of a protected event, network augmentation, and noAnetwork alternatives to aigmentation.

2.2 Collaboration with TNSPs

AEMO consuls with TNSPs in all NEM regions (Powerlink, TransGrid, AusNet Services, ElectraNet, and
TasNetworks) to identify noncredible contingencies and EFCS® be included in the 2020 PSFRR.

As part of the Stage Ireview, AEMOsought and obtained feedbackfrom all TNSPson the EFCSs presently
available and planned, potential noncredible contingency eventsappropriate for considerationin the PSFRR,
TNSP experience on the impact of climate change andxtreme weathe-related contingencyevents on
frequency risks, and the impact on frequency risks of distributed photovoltaic (DPV) generation and
generation/load inter-trip schemes.

Further consultation with TNSPselevant DNSPsand other key stakeholderss planned for Stage 2.

2.3 Criteria for assessment

As required by the NER (clause 5.20A.1(a)(1)), the PSFRR must identify and review:

@on-credible contingency evenfshe occurrence of which AEMO expects would be likely to involve
uncontrolled increases or decreasesfirequency (alone or in combination) leading to cascading outages, or
major supplyd i srupti onso.

The criteria for selection of noncredible contingency events to be prioritised as part of the review include:
1 Whether the event fits the definition quoted above under clause 5.20A.1(a)(1) of the NER.

1 The likely power system security outcomes if the event occurs.

i1 The likelihood of the event occurring.
1

Whether,iInAEMO®&s opinion, it is reasonably Ilikely there a
to manage the event.

As part of the Stage 1 PSFRR, AEMO undertook a reviewsefected reviewable operating incidents involving
frequency excursions resulting frormon-credible contingency events that occurred since th018PSFRR. For
the purpose of assessmat and reporting, the non-credible contingency eventshave beencategorised in
terms of the frequency excursion with respect to the FOS:

1 Minor event & frequency remained within the applicable normal operating frequency excursion band
(49.7550.25Hz for the mainland NEM and Tasmania).

1 Moderate eventd frequency exceeded the applicable normal operating frequeng excursion band but
remained within the applicable operational frequency tolerance band (495610 Hz for the mainland NEM
and 48.0-52.0 Hz for Tasmania).

1 Major event d frequency exceeded the applicable operational frequency tolerance band, or the
contingency resulted in a separation event, or the operation of EF, or the power system not being in a
secure operating state.

The non-credible contingency events which have been prioritised for review in Stage 2 are:
1. Loss of doublecircuit QNI, leading to New South Wales and Queensland separation.

2. Loss of multiple singlecircuit interconnectors between New South Wales and Victoria, leading to New
South Wales andVictoria separation.

3. Loss of double circuit Heywood interconnector, leading to Victoria and South Australiaseparation.

4. Loss ofdouble circuit Calvaled Halys transmission line between Central Queensland (CQ) and South
Queensland (SQ)leading to a complete sepaation of CQ from SQ.
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2.4  PSFRR relationship with other reports

The PSFRR draws inputs from a number of related reports and processes, and informs and underpins several
reports and processes owned by AEMO and TNSPBigure 2shows this interrelationship.

The PSFRR assesses the adequacy of existing arrangements and potential risks associated with the

management of power system frequency. For thipurpose, the review considers past incidents, the operating

conditions during the incident, trends observed in generation and demand, and generation and demand

forecasts. The PSFRR then extrapolates this information to assess potential future risks (approximately within

next two to five years) and determines suitable risk mitigation measures.ibgjation measures may be in the

forms of review and revision of TNSP and AEMO operating procedures, future investments by TNSPs, network

i nvest ments consistent with AEMO&6s | SP, review and r eV
recommend that a previously declared protected event be revokedased on a review of the adequacyand

costs of the arrangements for managing the event.

Figure 2 Inputs to and outcomes of the PSFRR

AEMO and TNSP

AEMIO fncxiont Boviaw Fliaports Operations Procedure Update

TNSP Annual Planning Reports and TNSP Investment Plans and
AEMO Integrated System Plan AEMO Integrated System Plans

AEMO Operation Information NEM Standards
and Forecasts and Rules Review

AEMO and TNSP EFCS and Protected
Operations Procedures Events Implementation

The PSFRR is one of a suite of documents periodically published by AEMO téoinm the market on the state
of the power system and potential risksFigure 3shows the PSFRR in relation to other key AEMO documents
and processes.

© AEMO 2020 | 2020 Power System Frequency Risk Revié/stage 1 22



Figure 3 Relationship of PSFRR with other AEMO documents and processes
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The recent Rnewable Integration Studyd Stage 1report!tis an example of the key Strategic Technology
Reviews and Industry Environment Scan documents publisd by AEMO.

1AL https://aemo.com.au/en/energy-systems/major publications/renewable-integration-study-ris.
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3. Industry In transi tion

3.1 Past and forecast future change in energy mix

Australiads electricity needs were historically met by
power, coal, or gas as their primary energy sources. Over the last decade, a significant uptake afiea/able

(mainly wind and solar) generation has occurred, and several ageing cefited generating plants have been

retired and decommissioned. More recently, several largscale Battery Energy Storage System (BESS)

projects have been implemented, and sigrficantly more BESS capacity is planned for connection to the NEM.

Figure 4 shows recent changes in the energy mix of large gricconnected generation plants in the NEM?2

Figure 4 NEM generation mix changes, 2015 -19
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In addition, an unprecedented change has also occurred ithe connection and use of small distributed
generation, mainly in the form of DPV along with a small uptake of distributed small battery storage systems.

A number of grid-connected energy storage projects, mainly battery energy storage and pumped hydro
energy storage projects, are also being planned and proposed. Generation using stored energy is likely to

12 AEMO, Generation Information, ahttps://aemo.com.au/en/energy-systems/electricity/nationateledricity-market-nem/nem-forecasting-and-
planning/forecasting-and-planning-data/generation-information. Data used in this chart has been taken from the final update each year.
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become vital for managing intermittency of the availability of renewable sources, as the generation mix
moves from the presently available and dispatcable generation to variable renewable generation.

To date, BESS have been shown to respond rapidly to power system frequency changes and are contributing
positively to maintain the frequency closer to the nominal value, following power systerdisturbances?
Although operating flexibility and economic efficienciesmay be gained by connecting pumped hydro
generation via inverters, such an approach is likely to increase the risks associated with managing power
system frequency by reducing availabe system inertia(discussedfurther in Section3.6).

3.2  AEMO operational reviews

AEMO undertakesa NEM-wide summer review that outlines the preparationsuindertaken by AEMO and NEM
participants prior to summer and considers the effectiveness of these preparations in minimising disruptions.
The report reviews the operational measures for risk mitigation, availability of generation, performance of
transmissia assets, frequency managementand the impacts of climate changesThe Summer 201920 NEM
Operations review was published on 22 June 20260

3.3  Distributed energy resources and composition of load

The characteristicand composition of loads in the NEM have dso significantly changed over the last decade.

In the past, most household loads and industrial processes responded to voltage and frequency disturbances
in a manner that lessened the impact of those disturbances, where the power consumed by the loads was
reduced with a reduction in voltage or frequency.Thesequick reductions in consumed power reduced the
stress on the power system during disturbancesiding recovery from disturbances

Many modern household consumer appliances, including lighting, are aw supplied through some form of
power conditioning system (for example, a switch mode power supply) embedded in those appliances.
Similarly, the power supply to many industrial rotating machines is now conditioned to improve their
efficiencyand performance, using some form of electronic motor drive systems. Because of these
conditioning systems, the power consumed by thee devices is less susceptible to disturbances in supply
voltage or frequency. While the power conditioning is beneficial because it malsethe devices, and therefore
their outputs, less susceptible to power system disturbances, [tomparatively)increases the stress on the
power system during disturbances.

The composition of load as seen from the grid has also significantly changed, drivdsy two major factors:

1 Themove of industry from a heavy manufacturing industry base to a value added servieeriented
industry base, and the closure and reduction of large industrial loads, such as metal smelters.

91 The proliferation of distributed energy resources (DER) meeting at least part of the load at consumer
premises.

34 NEM-wide UFLS review

The levelsof DER, in particular DPV, hze resulted in some distribution feeders operating as a net source of
power to the transmission systen under some operating conditions. As existingdistribution network UFLS
relays operate at the feeder level, and do not distinguish between downstream load and generation
connected within the feeder, the effectiveness of such schemes is greatly reduced amday even exacerbate

3 AEMO, Initial operation of the Hornsdale Power Reserve BESS, April 2018tats://www.aemo.com.au’/media/Files/Media_Centre/208/Initial-operation-
of-the-Hornsdale-Power Reserve.pdf

14At https://www.aemo.com.au+/media/fi les/electricity/nem/system-operations/summer-operations/2019 20/summer-2019 20-nem-operations-
review.pdf?la=en
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frequency disturbancesThis is particularly evident in SA where there are emergingFLS adequacy issues
given high rates of DPV growth

Preliminary study findings and recommendations relating to the SA UFLS have informed the
recommendations for managing non-credible separation of SA in Stage 1 of the PFSRR, and are presented in
detail in the report at Appendix A1. AEMO is commencing investigation of the extent to which similar issues
may start to impact UFLS adequacy in other regiongny initial findings will be summarised in the Stage 2
PSFRR report.

It should be noted that NSPsand AEMO have ongoing responsibilities to respectively maintain and review the
capability of UFLS to respond to significant norcredible contingency eventsand to cooperate on the
development and review of EFCS settings where necessarggardlessof the PSFRR process.

The regulatory frameworks in the NER never envisioned a power system supplied primarily by distributed
generation at individual customer sitesand do not provide a clear or adequate basis for investment in the
optimal solutions for the long term. Review is required. AEMO is preparing concepts for a possible rule
change proposal.

In the future, an increased uptake in electric vehicles (EVs) wduthange the characteristics and composition
of the load connected to the grid further. An increased uptake of EVs is also likely to result in a reduction in
battery costs, making smalscale BESS more economical and affordable for household, commerciahc
industrial use. With suchchanges, at any given time, the capacity of gridconnected BESS either charging or
ready to be discharged would be significant. AEMO is presently investigating the potential avenues for using
this resource for bettercontrolling and managing frequency.

3.5 Events causing power system disturbances

A contingency is an event affecting the power system which AEMO expects is likely to involve the failure, or
removal from operational service, of one or more generating units anddr transmission elements. A
contingency event is a structural element defined in the NER which has been applied by AEMO for managing
power system security, effectively and efficientlysincethe start of the NEM.

The NERpresently define the events whichcause power system disturbances in three categories:
1 Credible contingency events.

1 Non-credible contingency events.

i1 Protected events.

However, with changes in the electricity generation midpad composition and climate, an increasng number
and type of events could cause a widerange of disturbancesi n t he power system, and th
capability to respond to and recover from fvere or widespreadevents is also changing.

This includes the effectiveness of existing backup arrangements to safeguard against unforeseen evetse
number of small generators dispersed throughout the systems forecast to keep rising together with
household DPV and batteries, wittcontrolled variable output depending on weather conditions This means
there can be more rapid and unexpected changes in generation, causing frequency disturbances which need
to be managed.

In December 2019 e AEMCcompleted a reviewon mechanisms to enhance resiliene in the power systent®,
under terms of referencefocused on systemic issues that caused thblack system event in South Australian
20160r affected the response Thisreview proposes changes to the regulatory framework to recogniséwo
typesofeventsd6 di st i nct & dahicth codld lead tb systemrsecurify risks, including management
of system frequency. Distinct riskinvolve events causing the sudden unexpectedailure of specific
generating systemns or network elements. Indistinct risks may be associated with distributed events, such as
those arising from weather conditions, which acto reduce the capacity of multiple generation or network

15 Seehttps://www.aemc.gov.aumarkets-reviews advice/review-of-the-system-black-event-in-south-australi
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assets in an affected areaExactly how thisdistinction will change the contingency event framework, and
AEMO®s ma n appeensystem saxcdrity will be determined after consultationby the AEMC on the
rule change proposal recently submitted bythe COAG Energy Councif.

3.6 Impact on system frequency

The changes mentioned in Sectioa 3.1to 3.5 have significantly impacted the performance of the power
system, in particular its behaviour dring system disturbances and its ability to recover following a
disturbance.

As described previously, the ability of the power system to recover following a major disturbance is
significantly influenced by the ability of the power system to contain therequency variations within the

extreme frequency excursion tolerance band. This is in turn determined by theontrols available to AEMO to
maintain the balance of generation and load, andhe ability of AEMO or network service providergo predict
and plan actions necessary to manage that balance in advance, within the operational timeframes (hours) and
the planning timeframes (years).

The operating characteristics and parameters of the power system which haween significantlyimpacted by
the changing generating mix are described below.

System inertia

The mechanical inertia of rotating machines connected to the power system provides a resistance to sudden
changes in the rotating speed of the machines and therefore the frequency of the power system. large
proportion of the mechanical inertia of the NEM power system comes from connected synchronous
machines.

Solar generating units do not contain any rotating mechanical mass and therefore cannot contribute to the
mechanical inertia of the power system. Wi wind turbine generating units constitute of rotating mechanical
masses, most modern wind generating units are connected to the power system through inverters, which
mask any influence of inertia on the power output of the generating units and thereforedo not influence the
power system frequency.

The reduction in system inertid” associated with thetransforming generation mix has reduced the ability for
the power system to resist changsin frequency,increasing the susceptibilitto more rapid changes.The
higher the rate of change of frequency (RoCoF)the less timethere isfor remedial actions (such as FCAS) to
arrest frequency changesefore the frequency moves outside the frequency tolerance band of the connected
generators. This in turn increases risks associated with managing power system frequency and requires
monitoring and implementation of risk mitigation actions.

System strengt h

System strength defines the ability to maintain the voltage magnitude and phase angle of a given node in the
power system following a disturbance as much as possible closer to its pre disturbance valt@és

The stronger the power system, the better the abity of the connected generating plants (both synchronous
and inverter-based) to operate stably and remain connected to the power system following a disturbance.

Rotating synchronous plants significantly contribute to power system strength. The currentefet of inverter-
based generators does not contribute to system strength, rather it relies on system strength being above a
certain minimum level to stably operate.

16 Seehttps://www.aemc.gov.au/rule changes/enhancing operational-resilience relation-indistinct-events

17 AEMO, Renewable Integration Studtage lreport 8 Appendix B, Figure 1, alittps://aemo.com.au/energy-systems/major publications/renewable-
integration- study-ris.
18 AEMO, System Strength, March 2020, &titps://aemo.com.au/-/media/files/electricity/nem/system-strength-explained.pdf?la=en
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As the generation mix has changedwith traditional synchronous generationincreasinglydisplaced by
inverter-based renewable generation andsome ageing synchronousgenerating plants have retiredor are
nearing the end of their economic life:

1 The capacity of the rotating synchronous plants dispatch in the power system at any given point in time
has beengradually decreasing.

i1 The gradual reduction in system strength makes the connected generating plants more susceptible to
instability following system disturbances, particularly nottredible events outside the relevant generator
performance standads.

1 The risk of generating plants tripping following a large disturbance in the power system, resulting in a
large frequency deviation, is therefore increased.

1 There is also a greater risk of cascading events occurring following necredible loss of syrthronous
machines (orloss of transmission lines connecting sources of system strength to remotaverter-based
generation).

Load relief

The sensitivity of connected load to power system frequency has been an important fact@ssisting
management of systen frequency following system disturbances. During under-frequency events, the
rotating loads directly connected to the power system reduce their power consumption, complementing the
use of other under-frequency control ancillary services to restore the gegration/load balance during the
events. This reduction in consumption is generally referred to as load relief.

As a result ofthe changing characteristics of connected loads (described in Sectiah3), the sensitivity of
power consumption to system frequency is significantly reducing. This reddion in load relief makes the
power system more susceptible to wider variations in power system frequency and requires implementation
of other measures such as procurement of additional FCAS for managing the potential security risks.

Avalilability of UFLS

The changes in load composition are also reducing the load that can be accessed and curtailed to manage
the fall of frequency during an underfrequency eventwith the current architecture of UFLS schemes

The proliferation of DER including DPV isn some cases resulting in greagér generation than load at customer
premises, causing reversal of power flow over some of the high voltage feeders. During an undéequency
event, disconnection of a feederin reverse flowwill further deteriorate the generation/load balance and
negate other actions taken by AEMO to restore frequency

The variability of the power flow in both directions (from network to consumers and from consumers to the
network) makes the load available for curtailment during an undeiffrequency event uncertain, and therefore
increases the risk in managing the undeifrequency event by UFLS action. The reduction in curtailable load is
already becoming an issue, requiring AEMO to adopt alternative measures for managing undérequency
events in SouthAustralia, as discussed in Sectio8.

Operation of protection schemes

Due to alarge uptake of renewable generation in areas of limited transmission capacity, the number of
special protection schemes (SPSs) employed to increase the transmission capacity, as well as to connect
generators in weakly meshed areas of the grid, is increasi 6 and so is the reliance on these schemes for
managing system security.

Due to the advent of new renewable generation connections, several new protection schemes are in
operation which may lead to intertrips or ramping the generation levels of the corcerned generating plants
during system incidents. Operation of such schemes can have direct bearing on system frequendie
co-ordination of the operation of these schemes with other protection devicesand managing the robustness
of operation, are expectd to become more challenging in future. Identification of the protection trip element
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and cause of the contingency following a system event will become more difficult and couldhake the
restoration process more complicated.

Consultation with TNSPs has higlighted the need for employing SPS to release transmission capacity for
renewable generation connection, and, more importantly, the need for any interactions of different SPSs to
be carefully considered before their implementation Reviews of recent power system incidents hae also
highlighted the potential for maloperation or unintended operation of such protection schemes to have an
adverse impact on frequency stability.

Further, the operating conditions considered in designing and testing of some exi;ng EFCSs have changed
over the last 510 years. Some frequency events during 2048 highlighted the need to further review the
design and operation of EFCSs and SPSs which may

3.7  Managing frequency in 20 20-25

AEMO is very closely monitoring the changes taking place in the industly and in consultation with
stakeholders will continue to plan and implement actions required for mitigating potential risks. Actions
already implemented to manage emerging risksaassociated with managing system frequency include those
described below.

Enhancing the frequency response contribution available from generators

Since the implementation of marketbased FCAS procurement in the NEM, th@FRpreviously provided by

mp a c

generation has been gradually reducedT hi s has reduced the power systemds

when events are becoming more complex and less predictable. It has also resulted in a lack of effective
control of frequency in the NEM under normal operatingconditions. Lack of consistency and certainty of PFR

delivery hasalsoi mpacted AEMOOG6s ability to effectively model a

power system incidents, and desigrEFCSs

AEMO proposed a mandatory PFR rule chang® which was made by the AEMC with effect from 4 June
20207 and is expected to be progressively implemented for capable generating systems from spring 2020.

Declaration of system strength shortfalls

AEMO has identified system strength shortfalls in South Austlia, Tasmania, Victoria, and Queensland, and
has requested the relevant TNSPs to implement system strength remediation soluticisThis will help
mitigate further reductions in system strength which could lead tchigher magnitude voltage step changes,
instability of inverter-based plant, or maloperation of power systemprotection devices

Review of the frequency control risks and associated processes

Through the PSFRR, AEMO is undertaking an overall review of the emergifigquency risks and its abilityto
monitor and assess the risks (includingeview of adequacy of models for assessment), and revision to its
frequency management processes including EFCSs and protected events.

AEMO is also working closely with and supporting efforts by the Energy Security Board (ESB) and AEMC to
address and set up the required franeworks for managing power system security risks, through a number of
work streamsincludingt h e A Ehi€tigation of NEM system strength frameworls?®,

19 Seehttps://aemo.com.au/energy-systems/major publications/renewable-integration- study-ris.

20 Seehttps://www.aemc.gov.au/sites/default/files/201908/Rule%20Change%20Proposal%2820Mandatory%20Frequency%20Response. pdf

2! Seehttps://www.aemc.gov.au/rule changes/mandatory-primary-frequency-response

22 All system strength shortfall declarations are alittps://aemo.com.au/en/energy-systems/electricity/nationatelectricity-market-nem/system-
operations/system security- market-frameworks-review.

2 Seehttps://www.aemc.gov.au/maket-reviews advice/investigation system strength-frameworks-nem.
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AEMO is closely monitoring the role of DER and their ability to provide frequency control followingystem
disturbances. AEMO also supports the development and delivery of virtual power plants (VPRs}ollections
of distributed battery storage, which can be controlled for providing FCAS suppom® and already has plans in
place for effectively usingelectric vehicle EV) battery charging systems for the same purpose.

Through its work on the Renewable Integration Study (RIS), AEMO is also anticipating requirements to
effectively manage the security of the power system, including frequency control aspecis, the longer term.
AEMOintends to publish a detailed frequency control workplan in 2026* covering:

Revising ancillary service arrangements to eet the requirements of expected future operating conditions.
Investigating the introduction of a system inerta safety net for the mainland NEM

Defining system RoCoF limits

Applying appropriate limits to the total proportion of switched FCAS

1
1
1
1 Continued investgation into DPV penetration in UFLS load blocks
1
1 Investigating appropriate regionalcontingency FCAS requirements
1

|l mproving AEMOOGs existi.ng system frequency model

24 For more information, see AEMORISStage 1report 8 Appendix B, athttps://aemo.com.au/-/media/files/major - publications/ris/2020/ris-stage-1-
appendix-b.pdf?la=en.
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4. Queensland

4.1 Introduction

4.1.1 Generation in Queensland

Queensland scheduled generation is predominantly a combination of coaffired, gas turbine, and hydro
electric generators.

Figure 5shows the Queensland generation mix overthp ast fi ve years, based on dat
Generation Information page®.

Figure 5 Queensland generation mix changes, 2015 -19
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Note: the contributions of some generation sources areot large enough to be visible on this chart.
Since2018 Powerlink hascommissioned11 large scale solar and wind farm projects addingd23 MW of

generation capacity. In addition, 40 connection applications, totalling about 8,000 MW of new generation
capacity, have been received by Powerlink and are in variaistages ofconnection and construction phase#’.

25 AEMO, Generation Information, ahttps://www.aemo.com.au/energysystems/electricity/nationatelectricity-market-nem/nem-forecasting-and-
planning/forecasting-and-planning-data/generation-information. Data usedin this charthas been taken from the final update each year.

26 powerlink, 2019 Transmission Annual Planning Report, Executive Summary, Renewable Energy and Generatjoaci®y, athttps://www.powerlink.com.au/
sites/default/files/2019 06/Transmission%20Annual%20Planning%20Re®§202019%20%20Full%20report.pdf
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Further, Ergon Energy is currently managing more than 110 connection enquiries totalling more than
3,000MW of renewable connection to its distribution networlké’.

4.1.2 Electricity demand in Queensland

At 18:00 hs on 13 February 2019Queensland recordeda maximum demand of 8,969 MW?®, Queensland
maximum demand istypically occurring between 18:0hrs and 20:00hrs, consistent with DPV generation in
Queensland pushing maximum demand later into the das’.

The maximumwinter demand was 7,383 MW in 2018. Winter demand normally peaks after sunset abiPV
has no impact on winter maximum demand®.

4.1.3 Transmission system in Queensland

Existing transmission network
Powerlink owns, operatesand maintains the electricity transmission network in Queensland.

The existing 1,700 km long transmission network in Queensland is predominately radial and extends from Port
Douglasin Far North Queenslandto the New South Walesborder. The networkcomprises®

1 A 275kilovolt (kV) transmission networkthat connects Cairns in the North to Mudgeeraba in the South.
1 A110kV and 132 kV transmission system in local zones and providing support to the 275ratwork.

1 A 330 kV retwork that connects theNew South Walest r ans mi ssi on network to Power
at Braemar and Middle Ridge substations.

Interconnection with New South Wales

The 330 kV double circuittransmission linefrom Bulli Creek to Dumaresgknown as the QN is the
alternating current (AC) interconnector connecting Queenslandand New South Wales QNI has anominal
flow capacity of 300-600 MW from New South Wales to Queensland, whiléhe nominal flow capacity is
1,078 MW from Queensland to New South Wale¥.

The Terranora interconnector igdefined as the flow across the twAC circuits fromMudgeeraba in
Queenslandto Terranora inNew South Waleswhich in turn connects to a direct current (DC) link to
Mullumbimby. The nominal capacity of the DC link from New South Wales to Queensland is 107 MW, while
the capacity is 210 MW from Queensland to New South Wal&s The capacity of the DC link is smallrad
unlikely to have any material impact on the frequency, sehe DC link flow patterns are not considered in
detail in this review.

The capabilityand power flow of the interconnectors significantlydepends on the dispatch of the generation
plants, network conditions, weather and load levels inboth Queensland andNew South Wales

27 Ergon, Distribution Annual Planning Report 20220 to 2023-24, section 12.5, ahttps://www.ergon.com.au/__data/assets/pdf_file/0010/796744/Ergen
DAPR2019.pdf

28 powerlink, 2019 Transmission Annual Planning Report, Executive Summarytats://www.powerlink.com.au/sites/defaultfiles/201906/Transmission%20
Annual%20Planning%20Report%202019%X%20Full%20report.pdf

29 AEMO, 201 lectricity Statement of Opportunities(ESOO)August 2019, Section A1.2, &ttps://www.aemo.com.au-/media/Files/Electricity/NEM/
Planning_and_ForecastindEM_ESOQO/2019/201&lectricity Statement of-Opportunities.pdf.

30 powerlink, 2019 Transmission Annual Planning Report, Section 2.3.5ht@bs://www.powerlink.com.au/sites/defwult/files/2019 06/Transmission%20
Annual%2®lanning%20Report%202019%2&20Full%20report.pdf

31 powerlink, 2019 Transmission Annual Planning Report, Section 9.Ihtas://www.powerlink.com.au/sites/default/files/201906/Transmission%20
Annual%2®Planning%2Report%202019%28%20Full%20report.pdf

32 AEMO, Interconnector capabilities, November 2017, Table 2, fatps://www.aemo.com.au/-/media/Files/Hectricity/NEM/Security_and_Reliability/
Congestion-Information/2017/Interconnector Capabilities. pdf

33 AEMO, Interconnector capabilities, November 2017, Table 1,hdtps://www.aemo.com.auk/media/Files/Electricity/NEM/Security_and_Reliability/
Congestion-Information/2017/Interconnector Capabilities. pdf
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Figure 6shows the QNI flow patternsin 2018 and 2019 via flovduration curves, illustrating thatQNI was
exporting to New South Walesapproximately 90% of the timein 2018 and 2019

Figure 6 QNI flow durati on curves , 2018 and 2019
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Note: positive interconnector flow indicates flow direction from New South Wales to Queensland

Figure 7shows the inertia duration curves for Queensland in 2018 and 2019.

Figure 7 Inertia duration curve for Queensland, 2018 and 2019
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There is a decrease in the inertia levels iQueenslandin 2019 conpared to 2018 for 90% of the time, which
could be due to the addition of 1,423MW of large scale wind and solar farms projects during 201894,

34 powerlink, Annual Planning Report 2019, Sectid2, at https://www.powerlink.com.au/sites/default/files/201906/Transmission%20Annual%20
Planning%2®epoit%202019%28%20Full%20report. pdf
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Figure 8 presentsthe QNI flow and corresponding inertia levels in Queensland for 2019 he inertia level of
Queenslandremained above 20 gigawatt seconds GWS but below 50 GWsthrough the year. While more
synchronous plantswere dispatched when power export from Queenslad to New South Waleswas high,
resulting in a higher level of system inertia in Queensland, theravere also a significant number of dspatch
intervals with high power export and lower leves of inertia. These dispatch periods with lower levels of inertia
are likely to have resulted from generation from synchronousgas-fired and hydro power stations being
displaced by generation from inverter-basedwind and solarresources

Figure 8 QNI flow and corresponding inertia levels
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Planned major network upgrades

Powerlinkd future network development focusis on optimising the network topology based on forecast
demand, new customer access requiremet potential power system developmens, existing network
configuration, and safety, condition and compliance-based risk associted with existing asset$.

Apart from expanding New South Walesd Queensland transfer capacity as identified in the 2018 ISBPased
on the information available from Powerlink all other upgrades are outside the scope of thePSFRF.

In the draft 2020 ISP, three upgrades were recommended to increase the transmission network capacity
between New South Walesand Queensland The projecthas progressed through regulatory approvals, and
while it is subject to Australian Energy RegulatorAER approval of contingent project applications from
ElectraNet and TransGrigthe first upgrade is expectedto be completed in 202:2237.

The first upgrade in 202122 is namead as Group 18 Minor New South Walesto Queenslandupgrade. Thisis
aimed to reduce the requirementfor new gasfired generation in New South Walesonce Liddell retires, as
well as more efficient generation sharing betweerNew South Walesand Queenslandby increasing the

35 powerlink, 2019 Transmission Annual Planning Report, Section 5.3htps://www.powerlink.com.au/sites/default/files/201906/ Transmission%20
Annual%2@®lanning%20Report%202019%2&20Full%20report.pdf

36 powerlink, 2019 Transmission Annual Planning Report, Section 5.7htps://www.powerlink.com.au/sites/defaut/files/2019-06/Transmission%20
Annual%2®lanning%20Report%202019%2&20Full%20report.pdf

37 AEMO, Draft 2020ISP, December 2019, Section D in Executive Summary,hdtps://www.aemo.com.au/-/media/Files/Electricity/NEM/
Planning_and_Forecasting/ISP/2019/Dra?020- Integrated- System Plan.pdf
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https://www.aemo.com.au/-/media/Files/Electricity/NEM/‌Planning_and_Forecasting/ISP/2019/Draft-2020-Integrated-System-Plan.pdf
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northward transfer capacity by 460 MW and southward transfer capacitipy 190 MW, Associated with the
QNI upgrade, there area few transmission line upgrades irNew South Wales indicated in Section 5.1.3

4.1.4 Climate of Queensland

The climate in Queensland is tropical and sultropical, making it prone to extreme weather events.

The majority of the Queenslandtransmission network extendsalong the eastern coastand is exposed to
tropical cyclones damaging the tower lines across the statd=or example, n 2017 severeTropical Cyclone
Debbie and subsequent flooding damaged 19 towers on one of the parallel 275 kV single circuit lines
between Broadsound and Nebd®.

4.1.5 Overview of the 2018 PSFRR foQueensland

AEMO®s investigation on the Queens]!l an dightedthvedlowisgy st em a s

1 Queenslandwill be at risk of overfrequency leading to cascading outages following the noncredible trip
of QNI during high export to New South Wales AEMOanticipated that an OFGS scheme&vould be a
preferable option to manage the risk.

0 At present thereis no OFGS in Queensland

0 Asrecommended inthe 2018 PSFRR final repgrtAEMO and Powerlink have completed a joint study
which consideled the major supply disruptions which could lead toan over-frequency event.The study
concluded that the recommended measur es edemwlAEMOSs f
mitigate the risk of overfrequency?.

8 The studyrecommended* improving frequency control through the NER ule changes on PFRwhich
were made effective from 4 June 2020 This will requireall capable scheduled and semischeduled
generators dispatchedto generate greater than 0 MWto operate their plant in accordance with the
performance parametBPRREB set out in AEMOGSs

1 A requirement to modify the existing CQSQ SPS, to improve its effectivenedsr anticipated increases in
southerly flowsassociated withrenewable generationconnections in North Queensland.As a result of this
finding, Powerlinkinitiated a project to implement a new wide area monitoring protection and control
(WAMPAC) architectureénto the CQ3SQ SPS bynid-2021.As per the plan, it is intended toinclude
approximately 600 MW of renewable generatorsto the existing SPS alongvith the existing CQ@SQ SPS
which will continue to trip the Callide units.

4.2  Emergency frequency control schemes and declared
protected events in  Queensland

4.2.1 Emergency frequency control schemes

Queensland hasthree existing EFCS:
1 Queensland UFLSaheme.

38 AEMO,2018 ISPJuly 2018 , Section 6.3.1, attps://www.aemo.com.au/-/media/Files/Electricity/NEM/Planning_and_Forecasting/ISE318/ntegrated-
SystemPlan-2018_final.pdf

39 powerlink Transmission Annual Report 2017, Executive summary héps://www.powerlink.com.au/sites/default/files/201803/Transmssion%20Annual%20
Planning%2@-ull%20Report%202017_0.pdf

40 powerlink, Annual Planning Report 2019, Section 6.3, latps://www.powerlink.com.au/sites/default/files/201906/Transmission%20Annual%20
Planning%2®eport%202019%28/4620Full%20report.pdf

1 AEMO, Final report Queensland and South Australia system separation on 25 August 2018, 10 January 2019, Table hipat//aemo.com.au/-/media/
files/electricity/nem/market_notices_and_events/power_system_incident_reports/2018/gldsa-separation25-august 2018incident-report.pdf?la=en&
hash=49B5296 CF683E6748DD8D0O5E012E901C

42 AEMO, Interim Primary Frequency Response Requirements, 4 June 202 tgis://aemo.com.au/en/initiatives/major -programs/primary-frequency-
response
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1 CQ38SQ SPS
1 StanwelbBroadsound SIPS

Queensland under -frequency load shedding  scheme

The Queensland UFLS schermis configured to disconnect load as a consequence of norcredible events
during normal conditions. Presently Queensland hasa unified UFLS scheme&onfigured to disconnect the
loads as givenin Table 3*. The Inhibit schememakes an adjustment to the UFLS load blocks and tripping
frequency level when there are noderate to high transfers from Queensland to New South Wales and
minimisesthe risk of QNI separatiorf*.

The 2018 PSFRR assessment indicated that the existing Queensland UFLS scheme is adedrsge@merging
DPV 3 which is forecast toincreasefrom 2,400 MW4° in 201819to 4,000 MW in 2025 26% & will impact the
existing UFLSscheme,and the adequacy of the settingsneed to be verified*.

Table 3 Queensland existing UFLS

North Goonyella UFLS Raise system frequency

Boyne Island UFLS relay Raisesystem frequency

Queensland UFLS Inhibit scheme Minimise risk of QNI separation for an UFLS event for moderate to high southern
transfers on QNI compared to Queensland demand

Tarong UFLS relay Raise system frequency

Middle Ridge UFLS relays Raisesystem frequency

Central Queensland to Southern Queensland Special Protection Scheme

The C@SQ SPS is a generatioshedding schemedesigned to minimise the risk of a complete separation
between Central and Southern Queenslandor a non-credible double circuit trip of the Calvaled Halys

No. 8810 and N0.8811 275 k\lines. The existing schemewvas commissioned in 2012 ands armed

aut omati cal | ynelmpyMaRagementSystemi@@3. ThE existing scheme is limited to transfers
lower than 1,700MW and relies on the ability to disconnect high output generating units.

According to Powerlinkd s 2019 Annual ARR) tleemistoricalgtranRfer duvatian cu¢ves for
CQ3SQ showa continued increase inpower transfer since 2015with further increase over time expected. In
2018, the CQRSQ transfer was greater than,Z00 MW (the level above which C@SQ SPS is not effective) for
approximately 5% of the time.This reveals that the existing C@SQ SPS is not effective forhie full range of
power transfers that are possible between CQ and SQ.

AEMOrecommended in the 2018 PSFRBat the schemebe expandedto include other generating units in
addition to the existing Callide generators.

43 powerlink, Annual Planning Report 2019, Table 6.3, fatps://www.powerlink.com.au/sites/default/files/201906/Transmission%20Annual%20Planning%20
Report%202019%28%20Full%20report.pdf

44 AEMO, Power system frequency risk review report, June 2018, Section 4.2.hitas://aemo.com.au/-/media/files/electricity/nem/
planning_and_forecastingpsfrr/2018_power_system_frequency_risk_reviéiwal_report.pdf?la=en&hash=1684259023A1FA274D7F3B8CE855D0BA

45 powerlink, Annual Planning Report 2019, Section 8.1 hips://www.powerlink.com.au/sites/default/files/201906/Transmission%20Annual%20
Planning%2®eport%202019%28%620Full%20report. pdf

46 AEMO, 2019 Annual Market Performance Review, 12 March 2020, Figure ,2a1Bttps://www.aemc.gov.au/sites/default/files/202004/2019%20AMPR%20
final%20report%20-%20republished%20with%20minor%20amendments%20in%20April%202020.PDF

47 AEMO, Annual Market Performance Review 2018, 4 April 2019, Table 5.3tats://www.aemc.gov.au/sites/default/files/201904/2018%20Annual%20
Market%20Performance%20Review%2%20final%20report%20%281%29.pdf

“SAEMO, Automated control scheme functionality, 21 August 2018, Section 6.18.
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Currently Powerlink hasinitiated a project to implement a new wide area monitoring protection and control
(WAMPAC) architecturanto CQ3SQ SPS bynid-2021. As per the plan, it is intended tanclude approximately
600 MW of renewable generatorsin SPS alongwith the existing C@SQ SPS which will continue to trip the
Callide units.

AEMO will continue to work with Powerlink and review the timing of these changes and the emerging risks to
determine whether a protected event should be declared to allow AEMO to manage the risk through
operational measures ahead of changes to the SPSubject to the outcome of Stage 2 2020 PSFRR studies
and cost-benefit assessment, AEMO may make a submission to the Reliability Panel recommending a
protected event be declared.

Stanwell 8Broadsound System | ntegrity Protection scheme 49

During a planned outage of one of the 275 kV lines between Stanwell and Broadsound (No. 856 or 8831 line),
the loss of the remaining parallel line might result in severe overloads which could lead to system instability.
ThisSIPSis designed to detect the severe overloads and act to avoid consequent overads, while

maintaining supply to North Queensland that can be supported by the remaining networksAfter
commissioning, it was armed for the first time in September 2017.

As the system conditions were not changed after commissioning, ithe 2018 PSFRR AEMd not identify
any requirement to modify the StanweléBroadsound SIB.

4.2.2 Protected events

There are no protected events in Queensland.

4.3 Review of incidents

Table 4 summarisesrelevant non-credible contingency events which occurred in Queensland since the last
PSFRRThe non-credible contingency events are categorised in terms of theréquency excursion with respect
to the FOSfor the Mainland NEM and the state of operation of the power system asoutlined in Section 2.3,

The RoCoF values indicated ifable 4for each incidentare approximated based on available high sped
monitoring data.

49 AEMO & Automated control scheme functionality document
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Table 4 Summary of relevant non-credible contingency events in Queensland

Date / time Description of event Primary Load / Frequency response QNI flow prior to Inertia in Queensland Reference
cause generation contingency (megawatt seconds
Involved (MW) [MWs])

Series of events, separating Environmental No load or Frequencyreached +0.4 870 MW from 25,900 AEMO hcident

Queensland New South generation 50.9 Hz Queenslandto New . report®
S . . q (The secure operating level

Walesand Victoria and disconnected in South Wale$ - .

South Australiainto three Queensland?® Recovered to 49.59 of inertia for Queenslandis

islands 50.5 Hz in 10 minutes 16,000MWs>?)

and 8 seconds.

Moderate event
- No events occurred inQueenslandunder the moderate category.

NI CIZI0EEN  Trip of Wurdong No.1 275  Busbar trip No load or No discernible impact No 375 MW from 29,400 AEMO Incident
0806 hrs kV Busbar generation discernible Queenslandto New Report*
disconnected impact South Wales
31 July 2018 Trip of Nebo 6 Strathmore ~ Operator error ~ No load or No discernibleimpact No 661MW from 29,363 AEMO Incident
1337 hrs 878 and 8845 275 kV generation discernible Queenslandto New Report®
transmission lines disconnected impact South Wales

50 AEMO, Final report Queensland and South Australia system separation on 25 August 2018, January 2019, Executive summanitpat//aemo.com.au/-/media/files/electricity/nem/market_notices_and_events/
power_system_incident_report®018/qgld--- sa-separation-25-august- 2018 incident-report.pdf?la=en&hash=49B5296 CF683E6748DD8D0O5E012E901C

51 AEMO, Final report Queensland and South Australia system separation on 25 August 2018, January 2019, Tablgtf®://aemo.com.au/-/media/files/electricity/nem/market_notices_and_eventsjower_system_incident_reports/
2018Khld--- sa-separation 25-august- 2018 incident-report.pdf?la=en&hash=49B5296 CF683E6748DD8DO5E012E901C

52 AEMO, Inertia requirements methodology, Inertia requirements and shortfalls, July 2018, Tablé2ps://www.aemo.com.au/-/media/Files/Electricity/NEM/Security_and_Reliability/Syste@ecurity Market- Frameworks Review/
2018/Inertia_Reguirements_Methodology PUBLISHED.pdf

53 AEMO, Final report- Queensland and South Australia system separation on 25 August 2018, January 20t®s://aemo.com.au/-/media/files/electricity/nem/market_notices_and_events/power_system_incident _reports/2018/egd
saseparation-25-august-2018incident-report.pdf?la=en&hash=49B5296 CF683E@BDDSDO5E012E901C

54 AEMO, Trip of Wurdong 275 kV No. 1 Busbar on 14 June 2018, November 20t&s://aemo.com.au/-/media/files/ electricity/nem/market_notices_and_events/power_system_incident_reports/2018/t0f-wurdong-275kvnol-
busbar-on-14june-2018.pdf?la=en&hash=7619CDAD796D6B9SEDFE1A44BC6579F6

5 AEMO, Trip of Nebod Strathmore 878 and 8845 275kV transmission lines on 31 y@018, November 2018, dtttps://aemo.com.au/-/media/files/electricity/nem/market_notices_and_events/power_system_incident_reports/2018/trip
of-two-275-kv-transmissionlines-in-north-queensland on-31:july-2018.pdf?la=en&hash=1CA858BAF52158AF117585744C770744
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https://aemo.com.au/-/media/files/electricity/nem/market_notices_and_events/power_system_incident_reports/2018/trip-of-two-275-kv-transmission-lines-in-north-queensland-on-31-july-2018.pdf?la=en&hash=1CA858BAF52158AF117585744C770744

Date / time Description of event Primary Load / Frequency response QNI flow prior to Inertia in Queensland Reference

cause generation contingency (megawatt seconds

Involved (MW) [MWs])
23 Sep 2018 Trip of Nebo No. 1 275 Human error No load or No discernible impact No 563 MW from 26,417 AEMO Incident
1618 hrs busbar generation discernible Queenslandto New Report®

disconnected impact South Wales
9 Jan 2019 Trip of Collinsville North Control system No load or No discernible impact No 85.87MW from New 34,665 AEMO Incident
2133 hrs Clare South and failure generation discernible South Walesto Report’

Strathmore Clare South 110 disconnected impact Queensland

kV lines and Strathmore
Static Var Compensator

16 June 2019 Power system in Unplanned No load or No discernible impact No 297 MW from 24,432 AEMO Incident
0555 hrs Queensland not in a secure  outage generation discernible Queenslandto New Report®
operating state after the disconnected impact South Wales

trip of the Calvale to
Wurdong transmission line

25 Aug 2019 Trip of Nebo No. 2 Human error No load or No discernible impact No 910MW from 24,491 AEMO Incident
1409 hrs i i i 9
275KV busbar ggneratlon fmscernlble Queenslandto New Report®
disconnected impact South Wales
24 Sep 2019 Trip of the No. 2 275 kV Human error No load or No discernible impact No 908 MW from 26,449 AEMO Incident
1450 hrs busbar at Calvale generation discernible Queenslandto New Report®
disconnected impact South Wales

5 ABMO, Trip of Nebo Nol 275kV busbar on 23 September 2018, February 2018h#ps://aemo.com.au/-/media/files/electricity/nem/market_notices_and_events/power_system_incident_reports/2018/nelbois-outage-23-sept-
2018.pdf?la=en&hash=1C0726E388AE89100C7DFE841045CEF8

57 AEMO, Trip of Collinsville Northd Clare Saith and Strathmore & Clare South 110 kV lines, and Strathmore Static Var Compensator, on 9 January 2019, November 20h&pat//aemo.com.au/-/media/files/electricity/nem/
market _notices_and_eventgbwer_system_incident_reports/2019/7128nd- 7208 lines-and-strathmore-svc 9-jan-2019.wf?la=en&hash=DCE155196C208D1442BF7AE7CAC63721

58 AEMO, Power system in Queensland not in a secure operating state after the trip of the Calvale to Wurdong transmission limel® June 2019, December 2019, ftps://aemo.com.au/-/media/files/electricity/nem/
market _notices_and_eventgbwer_system_incidentreports/2019/gld-not-secure 16 june-2019.pdf?la=en&hash=69ABCO1E77FD7399BD73E007AD0C3929

59 AEMO, Trip of the Nebo No. 2 275 kV busbar on 25 August 2019, November 2019 hdifps://aemo.com.au/-/media/files/electricity/nem/market_notices_and_events/power_system_incident_reports/2019/reparebo-busbar-
outage.pdf?la=en&hash=EA250BE473C25FFDED1875121CF948B6

80 AEMO, Trip of the No. 2 275 kV busbar at Calvale on 24 September 2019, December 201%ttts://aemo.com.au/-/media/files/electricity/nem/market_notices_and_events/power_systemndident_reports/2019/trip of-calvale-no2-
busbar.pdf?la=en&hash=E985F2684676C291A55BD414191E11CB
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25 August 2018 0 Queensland and New South Wales system separation 6!

This event was triggered by a lightning strike on a transmission tower structure supporting the 330 kV QNI
lines, and tripping off the double circuit transmission line between Dumares@ Bulli Creek. This resulted in

Queenslandbeing islanded from the rest of the NEM. At the time of separation, 870 MW of power was
flowing from Queenslandto New South Wales With the disconnection,Queenslandexperienced an

immediate supply surplus, resulting in a rise in frequency to 50.9 Hz. The remainder of the NEM exerted

a supply deficit, resulting in a reduction in frequency.

Following Queensland separationthe Heywood interconnector experienced rapid changes in power system
conditions that triggered the EmergencyAlcoa Portland Tripping (EAPT) scheme resulting ia separationof

South Australiaat Heywood.

Prior to the event, no credible risks of regional separation were identified. Generatioat the time was

predominantly from synchronousunits, with only 4% of the total NEM contributed from wind and large scale
solar.Only 49% of the total installed capacityof DPV across the NEM was generating at the time dhe event.

Due to this incident, the power system separated into three island regions:
1 The Queensland region

1 The interconnected \ictoria, New SouthWales and Tasmaniaregions.

1 The South Australiaregion.

Consequently,RoCoF inQueenslandreached 0.4 Hz/s,RoCoF inNew South Wales Victoria, and South
Australiareached0.12 Hz/s and TasmaniaRoCoF reached.31 Hz/s.

The regional frequencies and RoCi during the eventare shown in Figure &2,

Figure 9 Regional frequencies and RoCoF  during separation event, 25 August 2018
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51 AEMO, Incident Report, January 2019, https://aemo.com.au/-/media/files/electricity/nem/market_notices_and_events/power_system_incident_reports/

2018/gld--- sa-separation 25-august- 2018 incident-report.pdf?la=en&hash=49B5296 CF683E6748DD8D05E012EQ01C
52 AEMO, Final Report) Queensland and South Australia system separation on 25 August 2018, 10 Jan20¥9 at https://aemo.com.au/-/media/files/

electricity/nem/market_notices_and_events/power_system_incident_reportsi#®qld--- sa-separation25-august 2018 incident-report.pdf?la=en&hash=

49B5296CF683E6748DD8D0O5SE012E901C
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To achievethe most economical andfeasible outcome, in normal operating conditions FCAS reserve is
acquired from anywhere within a set of interconnected regionsAt the time of this event, 50% of the enabled
contingency raise FCASourceswere in South Australiaand Queensland but the raise services were
ultimately required in the New South Wales and Victoria islandDue to the lack ofcoordinated frequency
control available there was a delay insynchronisingthe Queenslandand New South Walesnetworks, and the
power system inQueenslandwas not in a secure operating state 68ninutes. The Terranora DC link remained
in service during the event, as it does not provide any MW response to frequency changes at either end of
the link and hencewas not impacted by the event.

AEMOidentified the following key factors for the inciden€?;

1 Limited or no primary frequency control response from many generatorgthis will be addressedfor an
initial period up to June 2023 by the mandatory PFR rule and PFRR described in Sectibh.5.

1 Thegeographic distribution of FCAS reserves across the NEM at the time of the eventhich were unable
to immediately respond to the needs of the power system after separating into islands

In addition to the requirement of primary frequency control and better dispersion of FCAS reserves, AEMO
identified the following improvements to strengthen NEM resilience:

1 High frequency experienced inQueenslandfollowing the QNI separation, highlights a need for
co-ordinating the over-frequency protection settings, particularly for new plantsto minimise the risk of
multiple generator tripping simultaneously.

i1 The initialfrequency response from some generatorsasdelayed, highlighting a need to improve the
speed of frequency control responsewhere possible

14 June 2018 9 trip of Wurdong 275 kV No. 1  busbar

The trip of the No. 1 busbar occurred due to insufficient isolation of protection systems duringlanned
secondary systems upgrade work. All motection systems operated as designed. There was no loss of
generation or customer load and the power system remained in a secure operating state. The cause of this
incident was identified and AEMO was satisfied that a reoccurrence of this incident waslikely, therefore the
incident was not reclassified as a credible contingency.

31 July 2018 & trip of Nebo ¢ Strathmore 878 and 8845 275 kV transmission lines

The incident involved the near simultaneous trip of the 878 Neb@® Strathmore 275kV transmission line (878
line) and the 8845 Nebod Strathmore 275kV transmission line (8845 line). This occurred during a planned
maintenance on the 7125 Collinsville Nortld Proserpine 13XV transmission line (7125 line). Powerlink has
reviewed the relevant procedures and made changes where considered necessary.

There was no loss of generation or customer load, and the power system remained in a secure operating
state. AEMO determined that reclassification of the simultaneous loss of both the 878 and 884ikes as a
credible contingency was not required.

23 September 2018 0 trip of Nebo No . 1 275 kV busbar

The trip of the No. 1 busbar was due to insufficient isolation of protection systems on the 884Broadsoundd
Nebo 275 kV transmission lineduring planned secondary systems workThere was no loss of generation or
customer load, and the power system remained in a secure operating statéeAEMO determined that
reclassification of the No. 1 busbar as a credible contingency event was not required.

63 AEMO,Final Reportd Queensland andSouth Australia system separatioon 25 August 2018 10 January201Bttps://aemo.com.au/-
/media/file s/electricity/nem/market_notices_and_events/power_system_incident_reports/2018/gldsaseparation25-august-2018incident-
report.pdf?la=en&hash=49B5296 CF683E6748DD8D0O5E012E901C
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9 January 2 019 & trip of Collinsville North & Clare South and Strathmore 6 Clare South 110 kV lines,
and Strathmore Static Var Compensator

The incident involved the trip of the 7128 Collinsville Nortt® Clare South and 7208 Strathmore Clare South
132 kV transmissin lines (7128 and 7208 lines) and the Strathmore No. 1 Static Var Compensator (1 SVC).
There was no loss of generation or customer loagand the power system remained in a secure operating
state. AEMO was not required to reclassify the loss of both lineas a credible contingency, because, in
accordance with the Power System Security Guidelines, the lines were not considered vulnerable to lightning
However, after the incident, these lines were added to the vulnerable line list to enabléco AEMOreclassiy

loss of both circuits as a credible contingency event.

16 June 2019 & power system in Queensland not in a secure operating state after the trip of the
Calvale 6 Wurdong transmission line

The incident involved the power system in the Queensland region bemoperated in a non-secure operating
state for 91 minutes after the unplanned outage of the Calvalé Wurdong 871 275 kV transmission line (871
line). There was no loss of generation or customer load as a result of this incident.

25 August 2019 & trip of t he Nebo No. 2 275 kV busbar

The incident involved the trip of the Nebo No. 2 275 kV busbar (No. 2 busbar) due to a human erraturing a

pl anned secondary systems maintenance wor Keatagebfh e
the No. 2 busbar also resulted in the offloading of the Nebod Strathmore 822 275 kV transmission line (822
line), due to the existing outage of the 834 line. There was no loss of generation or customer loa@ihe power
system was not in a seare operating state for 26 minutes. AEMO determined that reclassification of the loss
of the No. 2 busbar and the 822 line as a credible contingency was not required.

24 September 2019 4 trip of the No. 2 275 kV busbar at Calvale

The incident involved thetrip of the Calvale No. 2 275 kV busbar (No. 2 busbar) due to insufficient isolation of
secondary systems during planned work. The insufficient isolation was the result of human error. There was
no loss of generation or customer load and the power systemremained in a secure operating state. AEMO
determined the incident was unlikely to reoccur and thereforethat reclassification as a credible contingency
event was not required.

Other notable incidents

One non-credible contingency event occurred inQueensland in early 202 trip of Calvaled Stanwell 8873
and 8874 lines, 26 Felruary 2020 8 however, the incident was still subject to reviewat the time of preparation
of this report.

Further analysis will be undertaken in Stage 2, iequired.

4.4  Operatio nal experience and impact

4.4.1 Weather -related operational experience

Powerlinkhas a defined procesdor assessing operating risks and setting upnitigation plans to ensure
system security during extreme weather events.

Initial investigations for the 25 August 2018 incident (simultaneous tripping of both QNI lines) were unable to
identify a likely lightning strike near the QNI.Before the event, severe weather warningwere issued in
southern Queenslandand northern New South Wales However, the QNIfault location is well outside the
weather districts where warnings were issued.
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To identify the reason for tripping, AEMO separately worked with two lighting detection system providers
and both confirmed a cloud to ground lightning strike within 300 metres of the transmission tower where
Powerlink discovered flash marks in a visual inspectiéh

After detailed independent analysis provided by lightning detection providers, AEMO concluded that the
cause of the fault which resulted in the trip of QNI was dightning strike.

The probability of lightning resulting in loss ofboth QNI lines is considered to be low, hence simultaneous
tripping of both lines is classified as a norcredible event.

4.5 Frequency riskmanagement 2020 -25

Synchronous generators are sowres of inertia in the power system Theyinherently resist changes in
frequency, consequently reducing the RoCoF and allowing time for FCAS to brinfgequency to the
stabilisationrange. During high Northern Queensland (NQ) to CQ transfer, the disconnectin of any

additional large synchronousgenerators in addition to the Callidegenerators will be an issue for system
inertia. To minimise the additional synchronous generator sheddingPowerlink is investigating the possibilities
of shedding renewable generdors or adding load blocksto the network.

Apart from the double-circuit QNI trip and contingencies on Halysd Calvale 275 kV circuits, there were no
identified priority contingencies in discussions with Powerlink. This will be further reviewed in the FFER
Stage 2 report.

4.6  Summary

4.6.1 Changesto primary frequency control and emergency frequency
control schemes

Based on the2018 PSFRRecommendationsand investigation of subsequentsystemevents the following
initiatives were undertaken:

1 Submissionof a rule change proposalto address the impacts of significantly reduced PFR observed during
the 25 August 2018separationincident, with the AEMC making a final ruleeffective from 4 June 2020

9 Initiation of planned modification of the existing CQ@SQ FS by adding more generating units to the trip
schedule.Power | i nkés WAMPAC pperatg appraximatedy 6 E0XVpVeofcréanenablet o
generators by mid-2021,in parallel with the existing C@SQ SPS which will continue to trip the Callide
units.

In the past, Queensland hal experienced islanding events associated with undefrequency. With the
expected emerging DPV, the adequacy of existing UFLS settinggquire review?®.

4.6.2 Adequacy of CQadSQ SPS

There are increasing risks associated with the existifgQdSQ SPS. Modificatioato the existing SPS are
required for the scheme to be effective during period of higher southerly flows, which are becoming
increasingly frequent as new generation projects cme online in north Queensland. AEMO will continue to
work with Powerlink and review the timing of these changes and the emerging risks to determine whether a
protected event should berecommended to allow AEMO to manage the risk through operational measurs
ahead of changes to the SP8urrently expected by mid-2021

S4AEMO, Final report: Queensland and South Australia system separation on 25guist 2018, 10 January 2019, Section 2.3.3h#ps://aemo.com.au/-
/media/files/electricity/nem/market_notices_and_events/power_system_incident_reports/2018/ejdsa separation25-august-2018incident-
report.pdf?la=en&hash=49B5296 CF683E6748DD8D0O5E012E901C

8 AEMC, Final report, AnnuaMarket Performance Review 2018, 04 April 2019, Table 5.3héps://www.aemc.gov.au/sites/default/files/20LS
04/2018%20Annual%20Market%20Performance%20Review%2€20final%20report%20%281%29.pdf
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5. New South Wales

51 Introduction

5.1.1 Generation in New South Wales

The New South Wales region features the largest operational demand in the NEMith summer maximum

demand of around 14000 MW®¢87, The power system in New South Wales is undergoing rapid transformation

as ageing syichronous generators like Liddell and Vales Point approach retiremefftand the number of new
inverter-based generation connectionsincreases This region already has around 504 MW of wind farms and

1,043 MW of solar farms®. 0 shows the New South Walesgeneration mix over the past five years, based on

data obtained from AEMOGs™™Generation Information page

Figure 10 New South Wales generation mix changes, 2015 -19
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Note: the contributions of some generation sources are not large enough to be visible on this chart.

56 AEMO, 2019ESOQ August 2019at https://aemo.com.au/-/media/files/electricity/nem/planning_and_forecasting/nem_es002019/2019electricity-
statement-of-opportunities.pdf?la=en.

57 TransGrid 2019 Anual Planning Reportat https://www.transgrid.com.au/what we-do/Business Planning/transmissiorannuak planning/Documents/
2019%20ransmission%20Annual%20Planning%20Report.pdf

68 AEMO, 2018ISP at https://aemo.com.au/energy-systems/majorpublications/integrated- system plan-isp/2018 integrated-system plan-isp.

59 AEMO, NEM registration and exemption lisf at https://aemo.com.au/en/energy-systems/electricity/nationatelectricity-market-nem/participate-in-the-
market/information-for-current-participants/participants-registered-for-the-nem.

70 AEMO Generaion Information, at https://aemo.com.au/-/media/files/electricity/nem/planning_and_forecastim/ generation_information/nem-generation-
information-april-2020.xIsx?la=enData usedin this charthas been taken from the final update each year.
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The contribution of renewable generation has increased over the years, and the trend is set to continue in the
future with high generator connection interest shown in large wind and solar sectors. The contribution from
coal-fired generation has decreased over the last five years, and is forecast to continue declining.

With synchronous generators retiring or being displaced in the generating mix, the system inertiaf the New
South Wales region is set to decrease. This will reduce the inertia margin available in the region to deal with
loss of generator contingencies and planned or unplanned generator outages.

Renewableinverter-based generation haslimited capability to respond to under-frequency events unless
output is pre-curtailed. As the amount of online synchronous generation reduced, more FCAS raise services
will be needed and the potential benefits of fast frequency responsevill increase.

5.1.2 Electricity deman din New South Wales

Normal grid demand in New South Wales is between 1200 MW and 14000 MW throughout the year;
however,the demand can exceed 100 MW on summerpeak days. During summerperiods, the peak
demand occurs towards late afternoon and during winter itoccursin the evening.

5.1.3 Transmission system in New South Wales

TransGrid owns, operatesand maintains the electricity transmission network in New South Wales. Ausgrid,
Endeavour Energy and Essential Energy own, operatmd maintain the electricity distribution network inNew
South Wales while Evoenergy is the main electricity distributorri the Australian Capital Territory.

The transmission network in this region is relatively meshed compared with other regions and features
500 kV, 330kV, 220kV, and 132kV networks. Major transmission lines are located towards the east coast of
the region. Regional loads are served by radial transmission and sttbansmission lines routedwest

Interconnection with Queensland and New South Wales

The New South Wales region is interconnected witlthe Queensland region via 330kV AC interconnector
(QNI) whichincludes two transmission lines between Dumaresq iNew South Walesand Bulli Creek in
Queensland The present nominal capacity of QNI is 3000 MW from New South Walesto Queenslandand
1,078 MW from Queenslandto New South Wales

There is also @DC Ink at 11kV, between Terranora andMullumbimby in New South Wales Terranora is
connected to Queensland through double circuit AC lines. The nominal capacity ofthe Terranora
interconnector is 107MW from New South Walesto Queenslandand 210MW from Queenslandto New

South Wales Due to its low power rating, loss ofthe Terranora interconnector is not likely to cause frequency
risks inNew South Walesor Queensland

QNI flow patternsin 2018 and 201%re illustrated by flow duration curves shown in Figure 6 (in Section4.1.3)
which show thatNew South Walestypically imports power from Queensland(around 90% of the time)

Interconnection with New South Wales NSWand Victoria

New South Wales is interconnected with Victoria via three 33RV AC transmission lines (termed VICHISW1)
routed between Murray 8 Upper Tumut, Murrayd Lower Tumut and Jinderad Wodonga substations and
another 220 kV AC transmission line between Buronga and Re@liffs. The nominal capacity ofthe New South
Walesd Victoria interconnector is 4001,350 MW from New South Walesto Victoriaand 700-1,600 MW from
Victoriato New South Wales

The VICENSW!1 flow patterrs in 2018 and 201%re illustrated via flow duration curves shown in Figure 11
(Murray & Upper Tumut), Figure 12(Murray & Lower Tumud, and Figure 13(Jinderad Wodonga). The
following conclusions can be drawn

1 Flow direction on the Jinderad Wodonga circuit wasfrom Wodonga (Victoria) to Jindera (New South
Wales) approximately 80% of theitne in both 2018 and 2019

1 New South Walesimported power from Victoria more of the time in 2018than in 2019
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Figure 11  Murray 0 Upper Tumut interconnector flow duration curves in 2018 and 2019
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Figure 12 Murray 0 Lower Tumut interconnector flow duration curves in 2018 and 2019
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Figure 13 Jindera 8 Wodonga interconnector flow duration curves  , 2018 and 2019
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Figure 14shows the inertia duration curve for New South Wales in 2018 and 2019. Thésean increase in the
inertia levels inNew South Walesin 2019 compared to 2018 (from 0% to 90% of the time). Thiould be
correlated with the high import to New South Walesfrom Victoria in 2018 resulting ina lower number of
synchronous machines online ifNew South Wales

Figure 14 Inertia duration curve for New South Wales, 2018 and 2019
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Figure 15shows the QNI interconnector flow and corresponding inertia levels ilNew South Walesfor 2019.
A cluster of low inertia levels can be observed wheiNew South Waleswas importing power from
Queensland There is also a trend of decreasing inertia level iNew South Walesas power import from
Queenslandincreases. This could be due t@ lower number of synchronous machines online irlNew South
Walesduring such times.
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Figure 15 QNI interconnector flow and corresponding inertia levels in
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Figure 16shows theVictoriato New South Walesflow and corresponding inertia levels inNew South Wales
for 2019. A cluster of low inertia levels can be observed whadew South Waleswas importing power from
Victoria. There is also a trend of decreasing inertia level iNew South Walesas power import from Victoria
increases. This could be due t@ lower number of synchronous machines online ilfNew South Walesduring
such times. Therewere also someinstances whereinertia in New South Waleswas high even though there
was high import from Victoria. This can be correlated with situations of high output fromrenewable
generation in Victoria.

Figure 16 Victoria to New South Wales flow and corresponding inertia levels in
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Planned major network upgrades in 2020  -25

Major network developments are proposed in theNew South Walesregion to address transmission
constraints and support the connection of new renewable generation. These include:

1 ProjectEnergyConnect

0 A new 330kV interconnectoris proposed between Wagga Wagga inNew South Walesand
Robertstown in $uth Australia

1 QNI interconnector upgrade:

0 QNI upgrade involves upgrade of 330kV transmission lines between LiddelPower Stationand
Muswellbrook and Tamworth substations irfNew South Wales The QNlupgrade will allow transfer of a
further 460 MW of power from New South Walesto Queenslandand 190 MW fromQueenslandto
New South Wales As part of the QNI upgrade, TransGrid will also upgrade substations at Tamworth,
Dumaresq, Armidale and Muswellbrook. The AER approved theRegulatory Investment Test
Transmission RIT-T) for the project in March 2020.

9 Victoria to New South Wales(VNI) interconnector upgrade:

0 VNI upgrade involves installing modular power flow controllers on both 330 kV Upper Tumud
Canberra and 330 kV Upper Tumud Yass lines and potetial upgrade of 330 kV transmission lines
between Upper Tumut andCanberra inNew South Wales The upgrade will allow transfer of a further
170 MW of power fromVictoriato New South Wales SeeSection 6.1.2for more details.

1 Humelink o reinforcement of the SouthernNew South Walesnetwork:

0 Humelink involves reinforcing the transmission network irSouthern New South Waleswith new
500 kV transmission linedbetween substations at Wagga Wagga, Bannahynd Maragle. The project is
proposed to provide additional transfer capacity between Snowy Mountains and the major load
centres of Sydney, Newcastleand Wollongong.

1 Transmissionreinforcements to support Centrd WesternNew South Walesnetwork for renewables:

0 CentralWestern New South Walesis identified as a high potential largescale renewable energy zone
(REZ) There is substantial generator connection interest in this areand the existing transmission
sysem is inadequate to support this huge energy potential. TransGrid has identified a range of
network options to address this. The options include a new Beryl 33KV substation or upgrades to
132kV lines from Mount Piper or Wellington.

1 Transmissiorreinforcements to support North WesternNew South Walesnetwork for renewables:

o0 North and North Western New South Walesregions arealso identified as a high potential REZs There
is substantial generator connection interest in this areaand the existingtransmission system needs to
be upgraded to support this huge energy potential. TransGrid has identified a contingent project to
support renewable energy projects in this area.

The power system risk profile will change as the network topology evolves, agw generation connections
and dispatch patterns change. It is crucial that these risks are thoroughly considered and assessed, both as
part of the design of new assets, and as part of routine planning reviews including the PSFRR.

5.1.4 Climate of New South Wale s

The east coast of New South Wales region is generally a temperate zoneanging from warm temperate to
cool temperate asit traverses from east to west. There are some alpine areas towards the south of the region.
Inland west and north areas are characterised by hot dry summers and cool wintefs

7 Australian Government Australian climate zoneshttps://www.yourhome.gov.au/introduction/australian-climate-zones
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New South Wales experiences a range of extreme weather conditions like bushfires, high tparatures and
high-wind storms depending on the time of year and location. Consequently, the transmission network in this
region is prone to these extreme weather events which could impact large areas of the region.

Weather extremes in the region have beeron the rise during recent yearsThe summer months of December
and Januarywere unusually warm in 2018 and 201%nd hot and dry conditions contributed to significant
bushfires in the region during these years.

5.1.5 Overview of the 2018 PSFRPf New South Wale s
AEMO®s as s e s $he2018 PSFRRid nbt idgntify the need to modify New South WalesEFCS.

In the 2018 PSFRR, two historical switchyacdrrent transformer (CT) failure incidents at Bayswater Power
Station (on 13 August 2004 and 2 July 2009) wereviewed. TransGrid hasincereplaced CTs of the same
batch and similar failure prone CTsat other locations in the network. Therefore, the probability of a similar
incident occurring is expected to be low. However, an unforeseen equipment failure at a high voltage
switchyard leading to disconnection of large generators or loads from the system carrigbe risk of a major
frequency event similar to these historical incidents.

AEMO, in consultation with Trans@d, identified the following three priority non-credible contingency events.
There were no recommendations from AEMQn the management of frequency risks relating to these events,
however AEMO supported TransGrid exploring options to managéhe risks of ransient instability during
these events. Based oithe TransGrid 201RPR AEMO notes the followingplans by TransGrid

1 New SouthWalespower system separation at Yass

0 Implementation of a SPSd’ass area 33&V smart grid controlsdby 2025 to run back generation and
load in the event of trip of two or more 330 kV lines in Yass area. The 330/ lines considered for this
scheme are Yass to Gullen Range (3J), Yass to Marulan (4, 5), Bannaby to Gullen Range (61).

1 New South Wales separaion from Queensland

0 Implementation of a SPSMNorth-west New South Wales330 kV smart grid controlgby 2025 to run
back generation and load in the event of trip of two or more 330kV lines between Armidale and
Liddell.

1 New South Walesseparation from Vicoria.

0 Implementation of a SPS&nowy area 33kV smart grid controlstby 2025 to run back generation and
load in the event of simultaneous trip of Murray to Lower Tumut (66) and Murray to Upper Tumut (65)
330 kV lines.

5.2  Emergency frequency control schemes a nd declared
protected events in New South Wales

5.2.1 Emergency frequency control schemes

The New South Wales regiorcurrently has only one EFCS, thdlew South WalesUFLS scheme. The scheme
startsto operate from a frequency of 49 Hz shedding loads to 47 Hz where approximately 67% dfew South
Walesloads are shed. The load sheddingccursacross transmission and distribution system connected loads.

There are no OFGS schemes in the region at present.

5.2.2 Protected events

There are noprotected events declared for New South Wales region.

© AEMO 2020| 2020 Power System Frequency Risk Reviévstage 1 50



53 Review of incidents

Table 5summarises therelevant non-credible contingency events whichoccurred in New South Walessince
the last PSFRI June 2018The non-credible contingency events are categorised in terms of the frequency
excursion with respect to theFOSfor mainland and the state of operation of the power system as stated in
Section 2.3

The RoCoF values indicated in the table for each incideiaire approximated, based on available high speed
monitoring data.

In addition to the events summarisedbelow, a New South Walesdemand calculation error on 28 January
2020 causedfrequencyto exceed thenormal operating frequency bandfor a duration of approximately

one hour and 10minutes. A maximum frequencyof 50.27 Hz was observedat 1829 hrs AEMO is treating this
event as a scheduling errorasdiscussed in AEM@ sst Quiarter 2020 Frequency and Time Error Monitoring
report™.

2 AEMO, Frequency and Time Error Monitoringylay 2020, athttps://aemo.com.au/-/media/files/electricity/nem/security_and_reliabilityancilary_services/
frequency-and-time-error-reports/quarterly-reports/2020/frequency-and-time- error-monitoring - quarter- - 2020.pdf?la=en
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Table 5 Summary of relevant non-credible contingency events in New South Wales

Date / time Description of Primary cause Load/ generation Frequency Interconnector flow | Inertiain New Reference
event involved (MW) response prior to South Wales
contingency (MWs)

25 Aug 2018 Queensland and Lightning 622 MW of industrial Reached a nadir of -0.12 870 MW Queensland 28,350 AEMO Incident
13:11:39 hrs South Australia load and 93.3MW of 48.95Hz from 50 Hz to New South Wale$ Report’
system separation non-industrial loadwere  immediately prior to

lost. There were no QNI trip.

generator trips in New

South Walesregion.

Victoria - New Bushfire 43 MW of customer load  Reached a nadir of +0.11 618 MW Yictoria to 41591 AEMO
South Wales and 34 MW of 49.5Hz from 50 Hz New South Wales) Preliminary

Separation ﬁ]e’r\;iﬁtggu?':s&?:l:cted ;?;n:\ziely prior to 790 MW Queensland Incident Report’
. to New South Wales)
region.

Moderate event
31 Jan 2020 Victoria - South Thunderstorms No load or generation Reached a nadir of -0.08 575 MW (Victoriato 42,647 AEMO
13:24 hrs Australiasystem resulting in collapse  disconnected inNew 49.65Hz from 50.1 New South Wales) Preliminary

separation of transmission South Walesregion. Hz immediately prior 1119 MW Incident Reprt™

towers to the event. (Queenslandto New
South Wales)

73 AEMO Incident Report, January 2018t https://aemo.com.au/-/media/files/electricity/nem/market_notices_and_events/power_system_incident_reports/20481--- sa-separation-25-august-2018incident-report.pdf?la=
en&hash=49B5296CF683E6748DD8D0O5E012E901C

74 AEMO, Incident Report, March 2020, atttps://aemo.com.au/-/media/files/electricity/nem/market_notices_and_events/power_system_incident_reports/2020/preliminargport-nsw-and-victoria-separation-event-4-jan-
2020.pdf?la=en

> AEMO, Incident Report, January 2020, &ttps://aemo.com.au/-/media/files/electricity/nem/market_notices_and_events/power_system_incident_reports/2020/preliminargport-31-jan-2020.pdf?la=en
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25 August 2018 & Queensland and South Australia system separation

On 25 August 2018, at 13:11:39, bdihes on the QNI tripped due to lightning strike, resulting inthe
separation of Queenslandregion from the rest of the NEM. At 13:11:41 hrs, TamwoidArmidale 330 kV line
86 tripped at Armidale end. This was followed by AC separation dhe South Australiaregion from the rest of
the NEM due to a trip of Heywood interconnector at 13:11:46 hrs.

New South Walesregion remained synchronously connected toVictoria throughout this event. Due to loss of
infeed from Queenslandand South Australig, the frequency ofthe New South Walesand Victoria regions
declined at a rate of-0.12Hz/s. Automatic UFIS in New South Wales Victoria, and Tasmaniaoperated during
this event.SeeSections 4.3 and 7.3.1for more details.

4 January 2020 0 Victoria and New South Wales separation

A major bushfire event in the Snowy Mountaiis area resulted in the separation of Victoria and New South
Wales. Prior to the event, there were 28 unplanned outages of 330 kV transmission lines in tBeuthern New
South Wales region due to bushfires. The event resulted in a loss of 34 MW generati@and 43 MW load, and
a 2,267 MW reduction of generation availability inNew South Wales In anticipation of separation AEMO
managed the power flows in theVNI lines prior to separation limiting the power system securityrisks

31 January 2020 ¢ Victoria and South Australia separation

At approximately 1324 hrs on 31 January 2020, the collapse of a number of steel transmission towers on the
Moorabool d Mortlake and Moorabool 8 Haunted Gully 500 kV lines resulted in these lines trippingvhich
caused separation of the South Australia region from Victoria

High flows were also recordedfrom Queensland to New South Wale®n the QNI as a result of the loss of
transfer from South Australia into Victoria. Thdrequency reached a nadir of 49.65Hz from 50.1Hz
immediately prior to the event. No load or generation disconnected inNew South Wales

5.4  Operational experience and impact

5.4.1 Weather -related operational experience

New South Wales has experienced several weather extremes during 2028, with 2019 the warmesyear on
record for New South Walesand 2018 the seconédwarmest. The sammer months of December and January
have been particularlywarm in recent years. Hot and dry conditions contributed to significant bushfires in
2018 2019 and 2020, with 2019 bushfires being particularly destructive(more than 3.6 million hectares vere
burnt in New South Wales region from July to December 20)9South-eastern New South Wales was the
most affected region during the 2019 bushfires.

Significant thunderstorms wererecorded in November and December 2018 in New South Walewith
damaging winds, hailstormsand intense bursts of rain. A strong cold front brought about damaging winds,
storms and showers during August 2018. This cold outbreak resulted in heavy snow in nyaelevated areas of
New South Wales

The power system risks for these exéme weather events were managed byappropriate generation dispatch
to control the line flows in the impacted lines and through reclassification of events.

5.5 Frequency riskmanagemen t2020-25

As indicated inSection 5.1.5 TransGrid has planned for implementation of special protection schemes to
addressthe three priority non-credible contingencyevents identified in 2018 PSFRR consultation with
TransGrid, the following contingencies and operational scenarios were identified as requiring further review in
Stage 20f 2020 PSFRR
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Loss of QNI link for both New South Wales export ing and import ing cases

Non-credible contingency of QNI double-circuit trip during both export and import limit cases are plannedto
be reviewed inthe Stage 2 report. QNI double-circuit trip during high import from Queenslandto New South
Walescould resultin frequency impacts inNew South Wales

Voltage instability in the grid due to UFLS action

When significantload (around 60%) is lost inNew South Walesdue to UFLS action, voltage instability has
been observed. This is due to slow response of reactive peer control equipment. Voltage instability could
cause generatos to disconnect resuting in a subsequentfrequency event. Thiswill be subject to review as
part of development of the Stage 2 report.

Future non -credible contingencies after ISP projects

Thefollowing future non-credible contingencies couldalso have frequencystability implications:

9 Trip of two units of Snowy Hydro 2.0 (300MW each)

9 Trip of both HumeLink circuits(with Snowy Hydro 2.0.

5.6 Summary
5.6.1 Adequacy of EFCS

TransGrid is presently auditing the UFLS relays with respect to their operating times to ensure they conform
to FOSrequirements. Low voltage blocking schemes of the relays are also being investigated. The rapid and
higher penetration of DER in the distrilution system has increased the risk of mabperation and reduced the
effectivenessof UFLS relay operations at the distribution levels.

These challenges include the appropriate settings for the following relay blocking functionalities:

1 Voltage blocking cgpability and their settings d many of the high voltage (HV) UFLS relays make use of this
feature, however the setting is quite important for the proper working of the relay; too low may result in
the relay not operating when required, and too high may result in the relay operating spuriously.

9 dv/dtloss of VT reference blockingwhereby UFLS action is blocked for rapid loss of VT reference
magnitude.

1 RoCoF UFLS action blocking, where subsystem islanding discrimination can be an issue.
1 Revese power flow blocking on UFLS to avoid load shedding net generation feeders.

1 Application of smart meters for remote operation of the switches and reclosers from the system control
centre for enhanced load/generation shedding and restoration.

i1 Coordination of low voltage (LV) capacitor switching to avoid excessive overvoltage during a frequency
event

Detailed information on the functionality of UFLS relays at distribution level is required to properly coordinate
systemwide settings to mitigate the risk ofcascading tripping and improve robustness of the current system

© AEMO 2020| 2020 Power System Frequency Risk Reviévstage 1 54



6. Victoria

6.1 Introduction

6.1.1 Generation in Victoria

Hectricity generationin Victoria is predominantly a combination of coatfired and gas turbine generators. The
registered generation capacity in Victoria is shown inFigure 176. T h e s installed cdmcity at 2019
comprises39% brown coal, 20% gas, 19% hydro, 17% wind, and 4%4ar.

Figure 17  Victoria generation mix changes, 2015 -19
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Note: the contributions of some generationsources are not large enough to be visible on this chart.

Figure 17showsthat the total generation from synchronoussourceshas reducedsince 2016and the trend
will continue as the state transitions to a higher level of renewablgeneration. At present, there is
approximately 2.4 GW of committed renewable generation capacity, andan additional 8 GW of renewable
generation is proposed to connect”.

8 AEMO Generation Information at https://aemo.com.au/-/media/files/electricity/nem/planning_and_forecastingheneration_information/nem-generation-
information-april-2020.xIsx?la=enData used inthis chart has been taken from the final update each year.

77 AEMO, Victorian Annual Planning Report, June 202Gt https://aemo.com.au/-/media/files/electricity/nem/planning_and_forecasting/vapr/2019/victorian
annual planning-report-2019.pdf?la=en&hash=0AF8BABAA9315FB0A2D9B82E42D37C0C
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Victoria also has wo utility-scale battery storage facilitie30 MW/30 MWh in Ballarat and 25MW/50 MWh in
Gannawarra solar farm)

The VictorianGovernment isaiming to achieve 40% generation from renewablesources by 2025 and 50%
by 203078,

6.1.2 Electricity demand in  Victoria

Victoria reached9,667 MW of maximum demand in summer 2019-20 at 17:00 hrson 31January 2@0. The
minimum operational demand of 3,300 MW occurred at 12:30 hrs on 1 January 2020Increasel DPVhas
resulted in the transition of minimum demand occurence from overnight to afternoon.

6.1.3 Transmission system in Victoria

Existing transmission network
The transmission network in Victoria comprises:

1 A 500 kVtransmissioncorridor that connects the Latrobe Valley power stations (south-east side of the
state) to the Melbourne main load centre The 500 kV network also connects to the Alcoa Portlan¢APD)
aluminium smelter in the statés South-West (and to South Australia via the Heywoodnterconnector).

1 220 kV and 330 kV transmidgen lines connecting Melbourne to the North-East side of the state

Interconnection with  New South Wales , South Australia , and Tasmania
Victoria is strongly connected to the rest of NEMby four interconnectors:

9 Victoria to New South Wales(VNI). New South Wales is interconnected with Victoria via three 330V AC
transmission lines (termed VIGNSW1) routed between Murrayd Upper Tumut, Murrayd Lower Tumut
and Jinderad Wodonga substations and another 220 kV AC transmission line between Buronga an&ed
Cliffs. The nominal capacity ofthe New South Walesd Victoria interconnector is 4061,350 MW from New
South Walesto Victoria and 700-1,600 MW from Victoriato New South Wales

1 TheHeywood interconnector (HIC)d a 275 kV double-circuit transmission linefrom Heywood in Victoria
to the South Eastsubstation in SouthAustralia.

1 Two DC links, Murraylink and Basslink, connecting Victoria to South Australia and Tasmania respectively.

Victoriato New South Wales interconnector (VNI)
Figure 18shows the VNI flow and corresponding inertia levels in Victoria for 2019.

High inertia levels up to about 35 GWs,can be observed when Victoria was both importing ad exporting in
2019, butgenerally with a low interconnector flow. At high interconnector flow, the inertia levels weretypically
1025 GWsfor both importing and exporting. The flow patterns of VNI are provided in Section5.1.3

8 Victoria State GovernmentVictoria's Renewable Energy Targets, April 202@f https://www.energy.vic.gov.au/renewableenergy/victorias-renewable-
energy-targets.
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Figure 18 VNI flow and corresponding inertia levels in Victoria in 2019
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Figure 19shows theHeywood interconnector flow and corresponding inertia levels in Victoria for 20194
cluster of low inertia levels can be observed when Victoria wamporting in 2019. Compared to the importing
scenarios, higher inertia levels can be observed during export to South Australihich could be due to a
larger number of synchronous machines available onlineThe flow pattern of the Heywood interconnector is
provided in Section7.1.3

Figure 19 Heywood interconnector flow and corresponding inertia levels in Victoria in 2019
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Planned major network upgrades
AEMO has identified the following planned major works up to 2025°;

1 WesternVictoria Renewablelntegration 8 AEMO intends to expand transmission network capacity in
Western Victoria as more renewabl@eneration is expected tobe built in this region. For this purpose, the
following augmentations will be implemented by 2021 25:

d Two new terminal stations, one at North Ballarat and one at North Sydenham.
0 Anew 500 kV double circuit line betweenNorth Sydenham and North Ballarat.
0 Anew 220 kV double circuit line betweenNorth Ballarat and Bulgana.
o}

A new wind monitoring and upgraded terminal station equipment that currently limits the thermal
rating of 220 kV transmission lines at Red Cliff8VemendKerang, BendigodKerang, MoorabooBTerang,
and BallarabTerang.

1 Victorian Reactive Power Suppor® high voltages can arise onthe transmission network under minimum
demand condition due to line charging. Hence, b maintain the voltage within operational limits, the
following reactive power support will beimplemented by 2021 25:

0 Installation of two 100megavolt amperes reactive 1VAr) 220 kV reactors at Keilor terminal station
0 Installation oftwo 100 MVAr 220 k\feactors at Moorabool terminal station

1 VNIO AEMO and TransGrid jointly initiated a RFT to expand the transfer capability from Victoria toNew
South Wales$®. Under this plan,the following augmentations will be implemented in Victoria by 2022 23:

0 Installation of a second 500/330 kV transformer in parallel with the existing South Morang F2
transformer at South Morang station.

0 Retension of the 330 kV South Morangd Dederang transmission lines, as well as associated works
(including uprating of series capacitors), to allow operation at thermal rating.

1 ProjectEnergyConnectd according to the South Australian Energy Transformation RiT conclusions
report published in February 201%, a new 330 kV interconnector between 8uth Australiaand New
South Waks with a transfer capability of 800MW will be built.

0 The interconnector will be between Robertstown in 8uth Australiaand Wagga Wagga inNew South
Wales Thisproject also includes an augmentation between Buronga in New South Wales and Red
Cliffs in Victoria.

1 Marinus Link 8 TasNetworls and the Australian Renewable Energy AgencfARENA)re currently accessing
options for a second interconnector®? between Victoria and Tasmania.

i Victoria SIPS3 this schemeis proposed to enableadditional import of electricity over VNI of up to
250 MW at peak times®.

6.1.4 Climate of Victoria

The south-eastern coast of Victoria isgenerally cold, and hinterland Victoria (encompassing Ballarat and
Melbourne) is mild in temperature®. During the summer, Victoria experiences aide range of extreme
weather conditions such as high temperatures bushfires, andheatwaves.

7 SAEMO, Victorian AnnuaPlanning Report, June 2019, ahttps://aemo.com.au/-/media/files/electricity/nem/planning_and_forecasting/vapr/2019/victorian
annualplanning-report-2019.pdf?la=en&hash=0AF8BABAA9315FBOA2D9B82E42D37C0C

80 AEMO, Victoria to New South Wales interconnector upgradeat https://www.aemo.com.au/initiatives/major programs/victoria-to-new-south-wales
interconnector-upgrade-regulatory-investment-test-for-transmission

81 ElectraNet South Australia Energy Transformation RIT- PACR, February 2019t https://www.electranet.com.au/wp-content/uploads/projects/2016/11/SA
Energy Transformation PACR. pdf

82 TasNetworks, Marinus Link, atttps://projectmarinus.tasnetworks.com.au/

8 AEMO, SIPS 2020 Update, dtttps://aemo.com.au/en/initiatives/major-programs/victorian-government-sips-2020.

84 Australian Government Australian Climate Zonesat https://www.yourhome.gov.au/introduction/australian-climate-zones.
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6.1.5 Overview of the 2018 PSFRR of Victoria

AEMO®ds investigation on the Vict or hashighlighted the follevng.t em as

1 The current mechanisms to protect against frequency risks are appropriate.

T AEMO6s review of existing Victorian EFCSs did not
schemes.

6.2 Emergency frequency control schemes and declared
protected events in  Victoria

6.2.1 Emergency frequency control schemes

The following three BFCS exists in Victoria:

1 Victoria UFLS scheme.

1 Emergency AlcoaPortland Potline Tripping Scheme (EAPTS).
9 Interconnector Emergency Control Scheme (IECS).

Additionally, the Victorian generatorsthat are connected between Moorabool and Heywood terminal stations
participate in the South Australian OFGS schem@ee Section 7.2.1)

Victoria under -frequency load shedding  scheme

UFLS aims to protect the frequency collapse during contingencigavolving multiple generation units. In
response to a noncredible contingency event, he automatic UFLS scheme is activated from 49 Hz down to
47.5 Hz to maintain the NEM frequency in the rage between 47 Hz and 52 Hz.

Emergency Alcoa Portland (APD) Potline Tripping Scheme

This scheme detectgshe loss of 500 kV connection between Heywood and Mooraboolleaving South
Australia andany Victorian generation between Moorabool and Heywood suppling the APD load This
scheme tripsthe Heywood to Moorabool/APD lines at Heywoodif necessaryto prevent frequency or voltage
collapse in South Australia.

Thetime delay and drop out time settings on the EAP® have recently been updated to avoid recurrerce of
the 25 August 2018event due to protection mal-operation. These setting changes are expected to reduce the
risk of maloperation of the EAPT.

Interconnector Emergency Control Scheme

IECS has been developed to minimise the supply interruption in Victoria for the trip of multiple 330 kV and
220 kV transmission lines between Murray Switching Station and Thomastown terminal station. Currently the
IECS is designed to shed up to 1,200 MW &al in Victoria region ifthe below contingenciesoccur:

1 & South Morang 330 kV lines, together with Eildord Mt Beauty Dederang & Murray 330 kV line outages.
1 Dederang d South Morang 330 kV line outages.

1 Outage of Dederangd South Morang 330 kV lines, togelher with Eildon d Thomastown 220 kV lines.

1 Outage of Dederang220 kV lines.

Asthe durisdictional Planning Body (JPB)f Victoria, AEMOplansto implement a second stage ofthe IECSo
also trip pre-selected generaton following the above contingencies toarrest overfrequency events The
scheme has been commissioned and is expected to be enabled the near term.

6.2.2 Protected events

There arecurrently no protected events declared in Victoria.
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Based onAEMOG s p r sudiésnt was aentified that during certain leves of Heywood interconnector
import into South Australiaand high DPV generation in South Australia there will be insufficient UFLS load to
cover the non-credible separation from Victoria. To mitigate th non-credible risk, this PSFRR report
recommends a protected event to be declared. Further details in regard to the protected event declaration
could be found in Section7.5and in Appendix AL As separationof South Australia at Heywood can result
from the loss of 500 kV sections from Moorabool to Heywood including due to operation of the EAPT
scheme,the proposed protected event will alsoconsiderthese non-credible contingencies

6.3 Review of incidents

Table 6 summarises therelevant non-credible contingency events which occurred in Victoria since the last
PSFRR. Some events may have been reclassified as credible prior to the outage thereby redudtiregr impact
on the network. The non-credible contingency events are categorised in terms of the frequency excursion
with respect to the FOSfor Mainland and the state of operation of the power system as stated inSection 2.3.

The RoCoF values indicated in the table for each incideliave beenapproximated, based on available high
speed monitoring data.
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Table 6 Summary of relevant non-credible contingency events in Victoria

Date / time Description of Primary ca use Load/ generation Frequency Interconnector  flow Inertia in Reference
event involved (MW) response prior to contingency Victoria (MWSs)

16 Nov 2019 Separation ofVictoria  Equipment failure /  No load or Peaked around 5015  No 438 MW (South Australia 15305 AEMO Incident
18:06:47 hrs and South Australia Protection mak generation Hz in Victoria discernible to Victoria) Report®

operation disconnectedin impactin
Victoria Victoria
n 2020 New South Wales Bushfires No load or Peaked around 50.45 +0.11 981 MW(Victoriato New 19455 AEMO Incident
15:10 hrs and Victoria generation Hz in Victoria South Wale$ Report®
separation ii/lisct:orrimectedln 615 MW/(Queenslandto
ctona New South Wale$
31 Jan 2020 Separation ofVictoria ~ Thunderstorms APDload tripped Peaked around49.65 -0.08 Step change of 29,352 AEMO Incident
13:24 hrs and South Australia resulting in resulting inaloss of  Hz in Victoria approximately 1,000 MW Report?”
collapse of around 450 MW of due to change in flow
transmission load direction (Victoria to South
towers Australia)
9 Oct 2019 The 220/33 kvW1 Secondary systems APD tripped resulting In Victoria, peaked +0.06 510 MW(South Australiato 15269 AEMO Incident
06:34 hrs and W5 transformers  mal-operation in a loss of around around 50.22Hz Victoria) Report®
at APD tripped 468 MW of load

8 AEMO, Preliminary Repor® Non-Credible Separation Event South Australié Victoria, December 2019, attps://aemo.com.au/-/media/files/electricity/nem/market_notices_and_events/power_system_incident_reports/2019/
preliminary-incident-report--- 16-november-2019-- sa-- vic-separation.pdf?la=en&hash=F26 C20C49BD51164AE700A30F696A511

8 AEMO, Preliminary Repor® New South Wdes and Victoria Separation Event, March 2020, attps://aemo.com.au/-/media/files/electricity/nem/market_notices_and_events/power_system_incident_reports/2020/preliminargport-
nsw-and-victoria-separation-event-4-jan-2020.pdf?la=en

87 AEMO, Preliminary Repor® Victoria and South Australia Separation Evendanuary 2020, ahttps://aemo.com.au/-/media/files/electricity/nem/market_notices_and_gents/power_system_incident_reports/2020/preliminaryeport-31-
jan-2020.pdf?la=en

88 AEMO, Simultaneous Trip of Both Potlines at the Alcoa Portland Aluminium Smelter, February 2020htps://aemo.com.au/-/media/files/electricity/nem/market_notices_and_events/power_system_incident_reports/2019/trif-
both-potlines-at-apd.pdf?la=en&hash=BED8CB5E7BFAD82D33E3EC5EAC2E270B
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Inertia in Reference

Victoria (MWSs)

Interconnector flow
prior to contingency

Date / time Description of

event

Primary ca use

Load / generation
involved (MW)

Frequency
response

11 Apr 2020 Loss of multiple Trip of multiple 1076 MWof Decreased around 943 MW (Victoriato New 18132

13:26 hrs Yélourn units generating units generation was lost  49.65Hz South Waleg
and 'dlsconnectlon in Victoria 382 MW (South Australia
of wind farm S
to Victoria)

Minor event

collector group

9 Dec 2018 Trip of the Lightning No load or The powersystem High speed 92 MW (Victoriato South 12602 AEMO Incident
02:07 hrs Hazelwood Power generation remained in a secure  monitoring  Australig) Report®

Station to Rowville disconnectedin operating state data not .

. . o ) ) 203 MW (Tasmaniato

Terminal Station No. Victoria throughout this available Victoria) 4

1 andNo. 2 220kV incident.

transmission lines
18 Feb 2019 Trip of the Sydenham ~ Transmission line No load or The power system High speed 256 MW (South Australia 19795 AEMO Incident
19:56 hrs - Moorabool No. 2 fault and generation remained in a secure  monitoring to Victoria) Report®

500 kV line anq the protecpon mal- dl.scoqnected in operating stat.e datz?\ not 377 MW (Victoria to

Sydenham Keilor 500 operation Victoria throughout this available .

. . Tasmania

kV line incident.
1 Oct 2019 Trip of the No. 2 Unexpected No load or The power system High speed 217 MW(New South Wales 15174 AEMO Incident
12:34 hrs 330KV busbar at protection generation remained in a secure  monitoring to Victoria) Report*

Wodonga Terminal operation disconnected in operating state data not

Station Victoria throughout this available

incident.

8 AEMO, Trip of the Hazelwood Power Station to Rowville Terminal Station No. 1 and No. 2 220 kV Transmission Lines, April 20h8ps://aemo.com.au/-/media/files/electricity/nem/market_notices_and_events/

power_system_incident_ngorts/2018/hwpsrots- 1- and-2-lines-on-9-december.pdf?la=en&hash=CE1CCBB0B66301150C94EC73BD50C3F9

% AEMO, Trip of the SydenhardMoorabool No. 2 500 kV line and the SydenhardKeilor 500 kV Line, October 2019, dtttps://aemo.com.au/-/media/files/electricity/nem/m arket_notices_and_eventgbwer_system_incident_reports/
2019/mits syts syts kts-lines-18 feb.pdf?la=en&hash=D6F8378372E53C31F3A42F91B780F358

91 AEMO, Trip of the No. 2 330 kV Busbar at Wodonga Terminal Station, February 2020hébs://aemo.com.au/-/media/files/electricity/nem/market_notices_and_events/power_system_incident_reports/2019/tip-the-no-2-330-kv-
busbar-at-wodonga-terminal-station.pdf?la=en&hash=592E5825881C7204260334D04F8A7E58
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9 October 2019 09 simultaneous trip of both potlines at the Alcoa Portland aluminium smelter

Two transformers at the APD aluminium smeltef220/33 kV W1 and 220/33 kV Whwere disconnected
simultaneously. AEMO identified this incident happened due to secondary system maperation of UFLS at
APD. This incident resulted in the disconnection of 468 MW ahdustrial customer load at APD.

As a result of the loss of APD load, the mainland frequency peaked at approximately 50.85 Hnd settled
below 50.15 Hz in three minutes. The FOS in the mainland was met for this incident.

The power system was in a secure operating state prior to this incident and remained in a secure operating
state for the duration of the incident.

16 November 2019 & non-credible separation  of South Australia 0 Victoria

Two simultaneouscontingencies occurred on both 500 kV transmission lines Heywoo® APD d Mortlake and
Heywood 8 APD & Tarrone (HYTBAPDSMOPS and HYT8APDAITRTS lines) in Victoria due to mabperation of
a communication multiplexer of both lines. This resu#td in South Australiabeing islanded from the rest of
NEM at Heywoodfor nearly five hours, and disconnection of electrical supply to APD iXictoria for nearly
three hours. Approximately 300 MW of import was lostfrom South Australia mmediately after the separation

As a result of this incident, the impactbn Victorian frequency was negligible (peaked to 50.15 Hz, followed by
settling around 50.1 Hz)as the lossof infeed from South Australia was mostl}compensatedby the loss of
load at APD.Further details of frequency impact in South Australia are provided in Sectiofi.3.7.3.

4 January 2020 0 Victoria 6 New South Wales separation

A major bushfire event in the Snowy Mountais area resulted in the separation of the Victorian and New
South Wales regions. During this incidenta significant increase irpower flows occurred on the330 kV
Wodonga d Jindera, Jindera Wagga lines, and the 132 kV subsystem operating in parallel between 330 kV
Wagga and 330 kV Yass substations.

As a result, the NEM was split into two regions
i The Victorian, South Australianand Tasmanian regions andSouth-West New South Wales
1 Queensland and the mainportion of the New South Wales region.

This incident resulted inthe loss of 34 MW of generationand 43 MW of customer load,and approximately
2,267 MW reduction of generation availabilityin New South Wales The separation resulted in an increase in
the QNI flow from Queensland tothe New South Walesdue to loss of supply from Victoria. However, there
was no generation or load loss in Queensland.

As a result of the incident, the frequency in Victoria and Sah Australia peaked at approximately 50.45 Hz,
while in Queensland andNew South Walesit fell to 49.5 Hz.

31 January 2020 ¢ Victoria and South Australia  separation

Due to severe sbrm activity, numerous steel transmission towers collapsed on the Moorabm & Mortlake and
Moorabool 8 Haunted Gully 500 kV lines (MLT@MOPS and MLT8HGTS lines)iemoving both linesfrom
service This caused South Australito be separated from Victoria. In the meantime the Haunted Gullyd
Tarrone 500 kV line (HGT&RTS lineglso tripped, but the cause of this trip is unknown at this stage

The Heywood interconnector wascarrying 500 MW power from South Australia to Victoria just before this
incident. The flowvaried immediately after the incidentby 1,000 MW. Inresponseg both APD potlines tripped
and 450 MW of load wasdisconnected The separation resulted in an increase in the QNI flow from
Queensland tothe New South Walesdue to loss of supply from South Australia into Victoria.

As a result of this separationthe frequency in Victoria is fell below 49.65 Hz.

Further detailson the impact of this event in South Australisare in Section7.3.1

© AEMO 2020| 2020 Power System Frequency Risk Reviévstage 1 63



11 April 2020 0 loss of mu ltiple Yallourn units

During this event, three Yallourn generation unitW1, W3, W were tripped and some Macarthur wind farm
collector groups were disconnected. Thecause of W1 W3 and W4 trips is subject to ongoing review.This
incident resulted in the disconnection of J076 MW of generation. It was identified that the Macarthur wind
farm tripped due to possiblema |l f uncti on of the plantds frequency

As a result ofthe loss of multiple generation units, the mainland frequency fell to 49.65 Hz.

9 December 2018 9 trip of the Hazelwood Power Station to Rowville Terminal Station No. 1 and
No. 2 220 kV transmission lines

The incident involved the simultaneous trip of theHazelwood Power Station to Rowville Terminal Station
No. 1 and No. 2 220 kV transmission lines (HWBROTS No. 1 line and HWRROTS No. 2 line) da to
lightning. No generation or customer load was lost as a result of this inceht. The power system remainedn
a secure operating state throughout this incident.

18 February 2019 0 trip of the Sydenham &Moorabool No. 2 500 kV line and the Sydenham OKeilor
500 kV line

The trip of the Sydenhamd Moorabool No. 2 500 kV line was due to the protection equipment operdion as a
result of a high voltage fault on the line. e trip of the Sydenham Keilor 500 kV line was due to the
unexpected operation of a redundant element of the protection system. During this event, the power system
remained in a secure operating sta¢. No generation or customer load was disconnected as a result of this
incident.

1 October 2019 4 trip of the No. 2 330 kV busbar at Wodonga Terminal Station

The No. 2 busbar tripped due to the unexpected operation of protection system duringolanned work on the
No. 2 330/66/22 kV transformer. The protection operation resulted from a fault on the 22 kV distribution
system and insufficient isolation of secondary systems. During this event, the power system remained in a
secure operating state. M generation or customer load was disconnected as a result of this incident

6.4  Operational experience and impact

6.4.1 Weather -related operational experience

In recent years, Victoria haseen majorweather-related events which have put the power system at risk
including the bushfires impacting VNI separation in January 202@&nd thunderstorms resulting in collapse of
several steel transmission towers in January 2020.

Hot conditions contributed to significant bushfires in recentsummers,particularly during the 201920 season.
On 4 January 2020, there was extreme fire weather forecast with 50 bushfires burning in Victoria and 137 in
New South Wale€?, which resulted in separation of Victoriaand New South Wales

On 31 January 2020a severe convective downburst during thunderstorm activity is understood to have
caused the collapse ofseveral steel transmission towers in southvestern Victoria

The power system risks for these exéme weather events wee managed by appropriate generation dispatch
to control the line flows in the impacted lines and through reclassification of events.

6.5 Frequency riskmanagement 2020 -25

There were no identified priority contingenciesas discussedvith AEMO asVictoria TNSP. This will be further
reviewed in Stage 2of the PSFRR.

92 The Guardian, athttps://www.theguardian.com/australianews/live/2020/jan/04/australia-nsw-fires-live-updates-victoria- bushfires rfs-cfa-road-closures
near-sydney-melbourne-latest-news.
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6.6 Summary
6.6.1 Adequacy of EFCS

Currently, Victoria has threeEFCSin operation. AEMOin its capacity as JPB presently undertaking a review
of the EAPT and IECS schemds take into account recentchanges to the power system and connected
generation. The EAPTreview will consider the potential to implementchanges which take into account
network topology based on circuit breaker status.

The PSFRR3tage 2 report will consider these changes, as wedls longerterm EFCS requirements based on
planned changes, such as new largscale connections in south west Victoria.

6.6.2 Adequacy of protected events

Currently there is no protected event declarel for Victoria.

As discussed elsewhere in this report, AEMO mayopose a protected event to cover non-credible loss of
500 kV circuits between Heywood and Moorabool substations resulting in loss of the Heywood
interconnection.
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7. South Australia

7.1 Introduction

7.1.1 Generation in South Australia

Figure20s hows t he South Australian generation mix over thi
Generation Information page®.

Figure 20  South Australia generation mix changes, 2015 -19
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Note: the contributions of some generation sources are not large enough to be visible on this chart.

South Australia has seen an increase in renewable energy generation in 2019 compared to previous years.
The first three large scale solar plants inSouth Australia (TailemBend, Bungala One, and Bungala Two)
commenced operation, with a total combined installed capacity of 3781W. Barker Inlet, the first natural gas
reciprocating engine power station in the region, commenced operation in November 201%.

9% AEMO Generation Information at https://aemo.com.au/-/media/files/electricity/nem/planning_and_forecastingfeneration_information/nem-generation-
information-april-2020.xIsx?la=enData used in this chart has been taken from the final update each year.

9 AEMO, South Australian Electricity Report, November 2014, https://www.aemo.com.aut/media/Files/Electricity/NEM/Planning_and_Forecasting/
SA_Advisory/2012019 South-Australian Electricity Report.pdf.
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The overall increaseof installed generation capacity in the 201819 financial year compared to the previous
year was 12.2%, increasing the capacity to 7,066 MW, mainly due to increases in wind and lasgale solar
generation.

7.1.2 Electricity demand in South Australia

Demand in South Australia is modly between 1000 MW and 2,000 MW throughout the year, however this
can exceed 3000 MW on hot summer days. Statewide demand reached a maximum of 3,264 MW on

24 January 201%t 20:06 his, which recorded a maximumtemperature of 46.6°C This wasdespite a reduction
in actual load relative to demand caused by an outage of a major zone substation transformer on the
distribution network®. The increased level 0DPV capacity in South Australia haresulted inthe maximum
operational demand shifting from the middle of the day to early evening, whenDPVis at low output or not
generating.

Operational minimum demand generally occurs during weekends or public holidays. Increasén DPVhave
resulted in a reduction in the minmum demand, which is now occurring during the middle of the day instead
of overnight. In 2018, a record low minimum operational demand (serbut®) for South Australia of 583MW
was observed on 21 October 2018. This record has since been broken on Sund@yNbvember 2019, when a
new record low minimum operational demand of 446 MW sentout was sef’.

7.1.3 Transmission system in South Australia

Existing transmission network

ElectraNet owns, operatesand maintains the electricity transmission network in South Australia whil8A
Power Networks(SAPN)owns, operates and maintains the electricity distribution network.

The transmission network in South Australia operates at voltages of 275 kV, 132, kvid 66 kV. The network
includes 91 high voltage substations with approximately 5,600 circuiilometres of transmission lines.

Interconnect ion with Victoria
South Australia is connected to the rest of the NEM via two interconnectors, Heywood and Murraylink:

1 The Heywood interconnector (275 kV) is between Heywood substation in Victoria and South East
substation in South Australia. This interconnector was upgraded in mi@016 to a nominal design limit of
up to 650 MW in both directions. However, the capabilitywas limited until the OFGS scheme and the SIPS
were commi ssioned in South Australia. Currently, due
nominal capacity has been limited to 600MW from Victoria to South Australia, and 550 MW from South
Australia to Victoria.

1 Murraylink DC cable also connects between Red Cliffs in Victoria and Monash in South Australia. The DC
underground cable was commissioned in 2002 with a nominal capacity of 220 MW from Victoria to South
Australia, and 200 MW fromSouth Australia to Victoria.

While imports to South Australia had been growing until the closure of Hazelwood Power Station iictoria
in 2017, the trend has since reversed, with South Australia now exportiiigthe majority of periods, driven by
increases in wind and solar generatiorf®.

Figure 21presents theHeywood flow pattern in 2018 and 201%y flow duration curves It shows thatin 2019,
Heywood was exportingto Victoria approximately 68% of the timg compared to 45% in 2018

% ElectraNet, Transmission Annual Planning Report, June 20a8https://www.electranet.com.au/2019transmissiorannuakplanning-report-released/.

% Estimated value, based on actual operational demand agenerated, less estimated auxiliary loads.

97 AEMO, South Australian Electricity Reporiyovember 2019 at https://www.aemo.com.au’/media/Files/Electricity/NEM/Planning_and_Forecasting/
SA_Advisory/2019/201%outh- Australian Electricity- Report.pdf.

% AEMO, SouthAustralian Electricity Report, November 201t https://www.aemo.com.auk/media/Files/ElectricityNEM/Planning_and_Forecasting/
SA_Advisory/2019/201%outh- Australian Electricity Report.pdf.
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Figure 21 Heywood interconnector flow duration curves , 2018 and 2019
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Figure 22shows the inertia duration curve for South Australia in 2018 and 2019. Thdseanincrease in the
inertia levels inSouth Australiain 2019 compared to 208 (from 10% to 70% of the time). This could be due to
more synchronous machines (gagpowered generation) coming online to provide sufficientinertia to South
Australia in order to meet system security requirement¥.

Figure 22 Inertia duration curve for South Austral ia, 2018 and 2019
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Figure 23shows the Heywood interconnector flow and corresponding inertia levels in South Australia for
2019. High inertia levels can be observed when South Australia was importing in 2019. This could be due to
more gas-powered generation coming online to support the state demand when both wind and solar

9 AEMO, Transfer Limit Advicé System Strength, February 2020, dtttps://aemo.com.au/-/media/files/electricity/nem/security_and_reliability/congestion
information/transfer-limit-advice-systemstrength.pdf?la=en
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generation were low. Low inertia levels were also observeduring high imports from Victoria, indicating that,
under some operating conditions South Australia demand was met with minimum synchronous generation,
low wind and/or solar generation in South Australia A cluster of low inertia levels can be observed when
South Australia was exporting, whicttould be due to higher generation from wind and solar.

Figure 23 Heywood interconnector flow and corresponding inertia level s in South Australia for 2019
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Planned major network upgrades

The status of series of transmission network upgrades and new projecpganned in South Australiain
2020-25 is'

1 Heywood.

0 The increase in the transfer limit in the direction fromVictoriato South Australia (from 600 MW to
650 MW) is currently under reviewas part of the ongoing commissioning of the previous upgrades
With this import limit increased up to the nominal design limit of 650 MW, the headroom currently
available in the interconnector for voltage and transient stability limit for a contingency irSouth
Australiawill be reduced.

i1 Project EnergyConnect

0 The South Australian Energy Transformation RiT conclusions reportwas published in February
2019% for a new 330 kV interconnector betweerSouth Australiaand New South Waleswith a transfer
capability of 800 MW. The proposed interconnector route will be between Robertstown in $uth
Australia, and Buronga and Wagga Wagga inNew South Walesand also Burongad Red Cliffs. This will
reduce the risk of South Australia islanding from the NEM. Also, special protection schemes need to be
designed and implemented to avoidcascade tripping from non-credible loss of either AC
interconnector connected to South Australia.

1 Eyre PemsulaElectricity Supply Optionsd to replace the existing 132 kV lines between Cultana and Port
Lincoln.

100E|ectraNet, Transmission Annual Planning Report, June 20&8https://www.electranet.com.au/2019transmissiorrannuak planning-report-released/.

101E|ectraNet South Australia Energy Transformation RFAT PACR, February 2018¢ https://www.electranet.com.au/wp-content/uploads/projects/2016/11/SA
Eneagy-Transformation PACR. pdf
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0 Between Cultana and Yadnarie: a new doubkeircuit line that is initially energsed at 132 kV, for a
capacity of about 300 MW, with the option to be energised at 275 kV if required in the future, for a
capacity of about 600 MW. This will increase reliability of electricity supply to homes and businesses on
the Eyre Peninsula, reducing the frequency of outages.

0 Between Yadnarie and Port Lincoln: aew double-circuit 132 kV line with a capacity of about 240 MW.
This will relieve constraints on existing wind farms on the Eyre Peninsula, but alsmvides
opportunities for new renewable energy developments on the Eyre Peninsula.

1 Extension of the 275 kV systenfrom Davenport to develop a new 275 / 132 kV connection point at Mount
Gunson Southtos er vi ce OZ Mineral sd new and existing mines i

0 The existingOz Minerals loadat Prominent Hillis currently connected through tie Olympic Dam load
from the Davenport to Olympic Dam West 275 kV ling accounting for the largest single load in South
Australia. However, with this new extensiorthe existing Prominent Hill loadwill be disconnected from
Olympic Dam load and connected b the ElectraNet networkvia a new connection point. This will
reduce the size of the largest single load loss in South Australia.

1 Installation of synchronous condensers to address system strength and synchronous inertia needs
identified by AEMO, and to contribute to ongoing voltage control.

0 The first two of four planned synchronous condensers will beommissionedat the Davenport
substation by end of 2020, and the second two will becommissionedat the Robertstown substationin
mid-2021

7.1.4 Climate of South Australia

South Australiafds transmission backbone is prone to se
occasion. The 20148L9 financial year was drier than average over much of Australia. On 24 January 2019, a

number of high temperature records were set acrossSouth Australiaand operational demand reached

3,264 MW.

On 31 January 2020, Adelaidairport recorded its highest precipitable water value for January in at least 29
yearsd 66.6 mm. Widespread thunderstorm activity across South Ausdlia and Victoria was observed ahead
of a cold front. During one storm in south-west Victorig a severe convectivedownburst is thought to have
causedthe collapse of sixsteel transmissiontowers leading to separation South Australia and part of the
south-west Victorian network

During the bushfire season, South Australia faces the risk of simultaneous trip of multiple transmission lines.
To mitigate the bushfire risk, AEMQOmay reclassif certain non-credible contingency events as credible
contingency events.

7.1.5 Overview of the 2018 PSFRPf South Australia

In the 2018PSFRRhe following recommendations weremade based on pre-2018 system events

1 An upgrade to the SIPS to further reduce the likelihood of dossof multiple generators in South Australia
leading to separation and a black system. Thigcluded looking into:

0 Alternative mechanisms to detect onset of loss of synchronism betweeBouth Australiaand the rest of
the NEM.

o0 Dynamic arming of load blocks, batteries, and potentially the Murraylinknterconnector, based on
realtime measurement and pre processing of informationin real time for a number of different sizes
of generation loss events {ctage &).

91 Declarationof a new protected event to manage risks relating tathe loss of multiple transmission
elements causing generation disconnection in South Australia during periods where destructive wind
conditions are forecast.Upgrade to the SIPS to be progressed as protected event EFCSo0 assist in
economically managingthe riskin all periods.
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On 19 June 2019, the Reliability Panel declaréde loss of multiple transmission elements causing generation
disconnection in the South Australiaregion during periods where destructive wind conditions are forecast by
the Bureau of MeteorologyGas a protected event®,

7.2  Emergency frequency control schemes and declared
protected events in  South Australia

7.2.1 Emergency frequency control schemes

South Australia has the following threeEFCS currently in place
1 South Australia SIPS

1 South Australia UFLS scheme

1 South Australia OFGS scheme

System Integrity Protection scheme

This is normally enabled and managed by ElectraNet. The SIBSctivatedwhen power flow on the Heywood
interconnector is from Victoria to South Australia.

The SIPS has three discrete progressive stages. Each stage has a different trigger and results in different
outcomes. The three stages are:

i Stage 10 a fast response trigger to inject energy from one or moreBESSo reduce import from Victoria
based on the interconnector flow andthe rate of change of flow at South East

i Stage 206 if a protection is initiated by loss of synchronism measurement at TailerBend, or if the
Heywood interconnector flow is too high, load will be shed at selected ElectraNet connection points to
reduce flows from Victoriato South Australia

i Stage 30 the out-of-step trigger is initiated from an existingpair of distance protection relayslocated at
South East substation. The oubf-step signal initiates tripping ofthe 275 kV circuit breakers athe South
East substation to open theHeywood interconnector, islanding the South Australian power system.

Under -frequency load shedding  scheme

Automatic UFLS scheme is activated from 49 Hz down to 47.5 Hz. In South Australia, in case of a frequency
decrease, predefined loads in the ElectraNet network and SAPN arautomatically disconnected through
relays.

Over -frequency generator shedding scheme

The automatic OFGS scheme is installezh a number of generatorsin South Australiaand south-western
Victoria that are designed to trip when the system frequency exceesl 51 Hz. Generation to be tripped is split
into eight blocks, each with around 150 MW of wind generation, set to trip between 58z and 52 Hzin
stages

7.2.2 Protected events

In the 2018PSFRRit wasidentified that a number of scenarios could result in the Ias of multiple generators

in South Australia, which could lead to a sudden and rapid increase in the power imported over the Heywood
interconnector, and that the existing SIPS may be unable to prevent a loss of the Heywoaaterconnector
under all circumsances.

102 Reliability Panel AEMC, Final report AEMO request for protected event declaration, June 2Gitdttps://www.aemc.gov.au/sites/default/files/2019
06/Final%20determination%20%20AEMO%20request%20for%20declaration%200f%20protected%20event. pdf
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South Australia currently has the following protected event which was declared after 2018 Power System
Frequency Risk Review;

dhe loss of multiple transmission elements causing generation disconnection in the South Australia region
during periods where destructive wind conditions are forecast by the Bureau of Meteorofgy.

In addition to SIPS operation AEMO is currently managing the risks associated with the protected event by
limiting the maximum flow into South Australia on the Heywoodinterconnector to 250 MW during

destructive wind conditions. AEMO considers a 250 MW import limitontinuesto be necessary, considering
the limitations on the available load shedding and injection of energy from battery storage systemsas this
allows maintains the system in a secure operating stateAEMO considers that this amount of headroom
accounts for the size of historic generation contingency events of between 450 MW and 520 MW, as well as
potential increases in interconnector flow due to increasedystem losses and additional tripping ofDP\A%3

7.3 Review of incidents

7.3.1 Review of frequency incidents 2018 -20

Table 7summarises therelevantnon-credible contingency eveats which occurred in South Australia since the
2018PSFRRThe non-credible contingency events are categorised in terms of the frequency excursion with
respect to the FOSfor Mainland and the state of operation of the power system as stated inSection 2.3.

The RoCoF values indicated iffable 7for each incidenthave beenapproximated, based on available high
speed monitoring data.

103
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Table 7

Date / Time

Major event

25 Aug
2018
13:11:47 hrs

18:06:47 hrs

31 Jan 2020
13:24 hrs

2 Mar 2020
12:00 hrs

Description of event

South Australiasystem
separation

South Australiasystem
separation

South Australiasystem

separation

South Australia-Victoria
system separation

Summary of relevant non-credible contingency events

Primary cause

Lightning

Equipment failure /
Protection mak
operation

Thunderstorms
resulting in
collapse of
transmission
towers between
Moorabool and
Heywood

Circuit breaker
tripping at
Heywood Terminal
Station

Load/ generation

Involved (MW)

No load or
generation
disconnectedin
South Australia

No load or
generation
disconnectedin
South Australia

640 MW
generation in
South Australia
was lost

No load or
generation loss

in South Australia

Frequency response

Reached an initial peak of
50.46 Hz, from around 49.14
Hz immediately prior to
separation

Peaked around 50.85 Hz

Peaked around 51.11 Hz

Frequency deviations were
minimal as the interconnector
was lightly loaded at the time

RoCoF (Hz/s)

+0.65

+1.15

+0.84

+0.03

Interconnector
flow (Heywood)
prior to
contingency

170 MW (South
Australiato Victoria)

428 MW (South
Australiato Victoria)

A step change of
approximately 1,000
MW due to the
change in flow
direction

55 MW (South
Australiato Victoria)

Inertia in South
Australia
(MWs)

9,830

6,401

11914

4,940

104 AEMO, Incident Report, January 2018t https://aemo.com.au/-/media/files/electricity/nem/market_notices and_events/power_system_incident_reports/2018/gldsa separation25-august-2018incident-
report.pdf?la=en&hash=49B5296 CF683E6748DD8D0O5E012E901C

Reference

AEMO
Incident
Report'®

AEMO
Incident
Report®

AEMO
Incident
Report'®®

AEMO
Market
Notices?”

105 AEMO, Incident Report, December 2019, #ttps://aemo.com.au/-/media/files/electricity/nem/market_notices_and_events/paer_system_incident_reports/2019/preliminasincident-report--- 16-november-2019-- sa--- vic-

separation.pdf?la=en&hash=F26C20C49BD51164AE700A30F696A511

106 AEMO, Incident Report, January 202@¢ https://aemo.com.au/-/media/files/electricity/nem/market_notices_and_events/power_systermdident_reports/2020/preliminary-report-31-jan-2020.pdf?la=en
107 AEMO, Market Notice, March 2020at https://aemo.com.au/marketnotices?marketNoticeQuery=&marketNoticeFacets=GENERAL+NOTICE%2cPOWER+SYSTEM+EVENTS&MarketNoticeList=3
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Date / Time

Description of event

Primary cause

Load/ generation

Involved (MW)

Frequency response

Interconnector
flow (Heywood)
prior to
contingency

RoCoF (Hz/s)

Inertia in
Australia

(MWs)

Reference

SIVEVZAOREES  Sputh Australianot Operational No load or No frequency eventoccurred,  No frequency 169 MW(South 24,217 AEMO
securedue to post- generation however, power system was event occurred, Australiato Victoria) Incident
1030 hrs contingent voltage levels disconnected in not in a secure operating state however, power Report'®®
at Blyth West and Willalo South Australia for more than 30 min system was not
substations exceeding in a secure
the satisfactory operating state
operating limits
14 May South Australia not Operational No load or No frequency event occurred,  No frequency 43 MW (Victoria to 24117 AEMO
2019 securedue to post- generation however, power system was event occurred, South Australia) Incident
11:59 hrs contingent voltages on disconnected in not in a secure operating state however, power Report®®
the 132 kV network South Australia for more than 30 min system was not
around the Tailem Bend in a secure
and Keith substations operating state
were below the required
limits
Moderate event
- No events occurred inSouth Australiaunder the moderate category.
Minor event
20 June Trip of the No. 1 Control system No load or The power system was in a No discernible 11 MW(Victoria to 31687 AEMO
PAGRY) Transformer and No. 2 failure generation secure operating state prior to  impact. South Australia) Incident
07:47 hrs Static Var Compensator disconnectedin this incident and remained in a Report,
at South East substation South Australia secure operating state for the November
duration of the incident. 2019

108 AEMO, Incident Report, January 202@¢ https://aemo.com.au/-/media/files/electricity/nem/market_notices_and_events/power_system_incident_reports/2019/sat-secure-5-
may.pdf?la=en&hash=A9C69FDC29C73936AFF7764E4B30E634

109 AEMO, Incident Report, January 202@¢ https://aemo.com.au/-/mediaffiles/electricity/nem/market_notices_and_events/power_system_incident_reports/2019/sat-secure 14
may.pdf?la=en&hash=C41F446CEE9DC03884A1C46FC011294

AEMO, Incident Report, November 201%t https://aemo.com.au/-/media/files/electricity/nem/market_notices_and_events/power_system_incident_reports/2019/tif- I-transf-and- 1-sve at-
sess.pdf?la=en&hash=D0D28511CA6801B7B2BBB65EECC183C5
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https://aemo.com.au/-/media/files/electricity/nem/market_notices_and_events/power_system_incident_reports/2019/trip-of-1-transf-and-1-svc-at-sess.pdf?la=en&hash=D0D28511CA6801B7B2BBB65EECC183C5
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Date / Time Description of event Primary cause Load/ generation Frequency response RoCoF (Hz/s) Interconnector Inertia in South
Involved (MW) flow (Heywood) Australia

prior to (MWs)
contingency

ZAONERZI0Z0B  Fault at Torrens Island ‘A" Data not available  Data not available, Data not available, will be No discernible Data not available, Data not
275KkV west bus will be analysed in ~ will be analysed in  analysed in Stage 2 impact. will be analysed in available, will be
Stage 2 Stage 2 Stage 2 analysed in
Stage 2
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25 August 2018 & Queensland and South Australia system separation

This event was triggered by a lightning strike on a transmission tower structure supporting the 330 kV QNI
lines, and tripping off of the double circuit transmission line betweenDumaresgand Bulli Creek This resulted
in islanding Queenslandfrom rest of the NEM. Power transfer on the Heywood interconnector immediately
prior to the lightning strike on QNI was about 170 MW towardsVictoria. With these changes, theSouth
Australiad Victoria Heywood interconnector experienced rapid changes in power system conditions that
triggered the EAPTS, resulting in a separation inSouth Australiaat Heywood.

South Australiafrequencyfell to around 49.14 Hz at a rate of around 0.12 Hz/sec wheQueensland

separated AsSouth Australiawas exporting towards Victoria at the time of the separation, frequency in
South Australiaimmediately reversed its decay on disconnection fronthe 500 kV network in Victoria and
began to increase.The frequencyrose more rapidly to a maximum of around 50.46 Hz, at a peak rate of
around 0.65 Hz/sec andthen returned to within the range. However, frequency then increased again over a
period of minutes, and reached just under 50.5 Hz, remaining there for almost three minutes. The frequency
was contained between 4752 Hz for the duration of the event in all regions.

Before a 0 MW target was established for the Heywood interconnector by AEMO contrakentre once South

Australiawas disconnected from \ictoria, the interconnector was targeted for 164 MW export fromSouth

Australiato Victoria. This resulted in generationdispatch in South Australiaexceeding the regional demand,

further contributing to the high frequency condition. Once a separateAutomatic Generation Control AGQ

control area had been established and 0 MW target was set on the open Heywood interconnectpfrequency

in South Australiawas abl e to be controlled within the 6normal

Due to low wind speed conditions, totalSouth Australiawind generation output was low at the time of the
event, at around 7% of the 811 MWSouth Australiainstalled capacity. Four wind farms (with the same wind
turbine model) in South Australiawere observed to cease output during this event. AEMO has been advised
that this was caused by incorrect turbine protection operation, in response to the @d decline, then increase,
in system frequency.

The 110 MW Bungala Solar Farm, which was the only transmissimnnected PV generation in service in
South Australia at the time of the event, did not provide any response to the initial underfrequency condition
in South Australiaas it wasoperating without headroom. There was a reduction in solar farm output in
response to the high frequency condition following South Australia separation from Victoria, consistent with
t h e ppedomaricestandards. However, as this response only commenced around 1 second after the
frequency in South Australiahad already peaked, it did not contribute to arresting the frequency rise in &uth
Australia

Hornsdale Power Reserve, which haa capacity of +100 MW£80 MW, wasin operation at the time of the
eventand charging at-38 MW immediately prior to the event. It contributed to both arresting the initial
decline in system frequency, and then by rapidly changing output from generation back to load, to arrest the
over-frequency condition in South Australia following separation from Victoria. The rapidactive power
response from the Hornsdale batteryassisted withlimiting the under- and over-frequency conditions.

16 November 2019 & South Australia & Victoria system separation

The Heywood 8 APD d Mortlake 500 kV lineand Heywood 8 APD & Tarrone 500 kV line in Victoria were
disconnected simultaneouslydue to false signals from telecommunications equipment that triggered the
unexpected operation of protection equipment. This resulted in the islanding ofSouth Australiafrom the rest
of the NEM power system for nearly five hours, and disconnection of electrical supply to the APD aluminium
smelter in Victoria for nearly three hours.

Immediately after the islanding, freqency in South Australiaincreased as a rate of 1.15 Hz/s and peaked at
approximately 50.85 Hz, followed by settling at around 50.6 Hz approximately 2 seconds after the initial
separation.During the eventfrequency remained below 51.0 Hzat which protection schemes on some
generation in South Australiabegin to operate. The frequency outcome in South Australia met the frequency
operating standards for an islanding event.
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To arrest the rise in frequency due to a sudden loss in around 300 MW of export, genation in South
Australiareduced by around 300 MW. Synchronous generation collectively reduced by around 140 MW.

Most wind farms in South Australiadid not show any material change in output in response to the frequency
change and remained close to theipre-disturbance outputs. Based orthe data available to AEMO, Lincoln
Gap and Willogoleche Wind Farms showed a relatively rapid and controlled reduction in output in response
to the frequency increase, which in aggregate contributed to arresting the risenifrequency.

Due to the low irradiance levels, output of the Tailem Bend solar farm which is connected to the transmission
network at the time of the event was around 20 MW. The solar farm reduced its output rapidly contributing
to arresting the rise in syptem frequency.

Two grid-scale BESS, Hornsdale and Dalrymplerovided a rapid change in output in response to the
frequency change, which assisted in arresting the frequency rise.

South Australia currently has &/irtual Power Plant YPPB formed from the aggregation of approximately 650
units of 5 kilowatts kW) PV and storage (3.25 MW). Even though the relative size of the VPP is small, it
reduced the active power in response toSouth Australiafrequency increase.

The largest load inSouth Australiais the Olympic Dam load (180 MW)and it can be disconnected due to a
single credible transmission contingency at any time. WheBouth Australiais islanded, a large volume of
contingency lower FCAS is required to control the rise in frequency that would result from a subsequent
credible trip of this load. To address this, EMO directed ElectraNet to reduce load at Olympic Dam to
130MW during this event.

Due to low system strength conditions in the islanded 8uth Australia, and the relatively remote connection
points of the generation, the Lake Bonney (Stage 1, 2, and 3) af@hnunda Wind Farms were instructed to
reduce the dispatch to zero during the islaned operating condition.

31 January 2020 06 South Australia & Victoria system separation

Due to severe weather conditions, a number of steel transmission towers on the Modoaol d Mortlake and
Moorabool 8 Haunted Gully 500 kV lines collapsed (MLBMOPS and MLT8HGTS lines), resulting in these
linestripping and remaining unavailable for service. This cause®buth Australiato be separated from
Victoria, but left Mortlake Power Station, Macarthur Wind Farm, and Portland Wind Farm connected to the
South Australian network. It took 17 days to restore the lines to serviceon temporary towers, during which
time South Australiawas operatedas an extended island. This was a unique event in terms oboth
configuration and duration.

Immediately following the separation, the flow on the Heywood interconnector changed from approximately
500 MW into Victoriato 500 MW into South Australig, a step change of approximatelyl,000 MW. This was a
result of the trip of both APD potlines and generation remaining online at Mortlake Power Station and the
Macarthur and Portland wind farms.

Islanding of South Australiatriggered the frequency in South Australiato rise to 51.11 HZlhe frequency in
South Australiamet the NEM frequency operating standard for a multiple contingency event in terms of the
containment, recovery and stabilisatiorbands.

Scheduled generation inSouth Australiareduced by approximately 640 MW immediately 6llowing the
separation event.

It was also found that immediately following the separation, theSouth Australiaregion scheduled demand
increased. This was likely caused by the reduction in output froPV generation and other non-scheduled
generation in response to the high frequency in ®uth Australia

AEMOhas released a preliminary report on the incident ands presently preparing a finalreport.

2 March 2020 0 South Australia 08 Victoria system separation

Due to protection maloperation a circuit breaker at Heywood Terminal Station tripped, resulting in
disconnection of the South Australian region and Mortlake Power Station from the rest of the NEM for
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approximately eight hours.However, there was apre-existing unplanned outage of theMoorabool Terminal
Station 0 Mortlake Power Station(MLTSSMOPS 500 kV ling which meant that the event resulted incredible
separation of South AustraliaDue to this, the Heywood interconnector flow was around 50 MW prior to the
event and hence causednly minimal impact. AEMO is currettly investing the incident.

Following the separation event, the frequency deviations were minimahs the interconnector was lightly
loaded at the time. The frequency performance is being analysed as part of the power systeinvestigation
for this incident.

5 May 2019 o power system in South Australia not in a secure operating state

Wind generation in the Northern area of South Australia unexpectedly reduced to zero or near zero output,

causing voltage levels in the area taise. Between 1030 hrs and 1145 hrs, the power system was not in a

secure operating state as AEMOOJ s -c@tngentivoitage lavelyatBlytha |l y si s
West and Willalo substations would have exceeded the satisfactory operating limilo load or generating

unit were disconnected because of this incident.

14 May 2019 d power system in South Australia not in a secure operating state

The power system in South Australia was not in a secure operating state for 100 minutes due to
post-contingent voltages on the 132 kV network around the Tailem Bend and Keith substatiohging below
the required limits. No load or generation wasdisconnected because of this incident.

20 June 2019 o trip of the No. 1 transformer and No. 2 static var comp ensator at South East
substation

This event occurred due to a control system failure. No load or generation was lost due to this incidenthe
power system remained in a secure operating state over the course of this inciderith response to this and
similar recent incidents, ElectraNet has commenced a project to modify the 415 V supply to the SVCs to

reduce the likelihood of future events.

7.4  Operational experience and impact

7.4.1 Weather -related operational experience

With the increasing penetration of wind generation in South Australia, there is an increased risk @feneration
contingency events associated witthigh speed wind cutout. With more solar farm connections and increasg
in DPV, cloud cover isalso becoming increasingly clallenging to manage.

On 9 December 2019from 10:00hrs to 16:00 hrs, there wagonsiderablecloud cover while sunny, which
resulted in a significant movement ofDPV. This resulted in anotable movement of the Heywood
interconnector flow. As there is a ginificant density of DPVover a small footprint across the Adelaide
metropolitan region, any clouds passing can result in @ubstantialchange in generation (back and forth)
which is difficult to predict and manage effectively.

The power system risks forliese exteme weather events were managed by appropriate generation dispatch
to control the line flows in the impacted lines and through reclassification of events.

7.5 Under -frequency load shedding  in South Australia and new
protected event

AEMOhas conducted extensive preliminanstudiesinto an emerging risk that the South Australian UFLS will
not be capable of arresting a frequency decline and preventing cascading failure in the event of a separation
from the rest of the NEM in a growing numbe of future periods.

This is related to a number of factors, including ongoing growth inDPV (which reduces the robustness of the
UFLS by reducing the net loaddisconnected byunder-frequency tripping), and the anticipated increase in
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imports into South Australia on the Heywood interconnector, associated with the commissioning of
El ectraNetds synchronous condenser s.

AEMO is presently working with ElectraNet to develop a power system constraidesigned to limit imports

on the Heywood interconnector to the level where there is confidence that cascading failure will be avoided if
a separation event occursThis will replace the existing constraint under regulation 88A of th&lectricity
(General) Regulations 201(&A) in conjunction with limits advice from ElectraNet,to keep the rate of change

of frequency (RoCoF) below 3 hertz per second (Hz/s) for the nearedible trip of both Heywood
interconnector circuits. It should be noted that RoCoF would exceed 3 Hz/s once cascading failure starts to
occur, so theconstraint would be designed to avoid frequency falling to 47 Hz during periods when UFLS
schemes are unlikely to be effective.

Although this provides a reasonable interim solutionAEMO considesit is preferable to managethe
identified risksunder the NER protected event framework This will provide greater transparency, andllow
more detailed consideration ofall non-credible contingency events thatresult in separation of the South
Australia region, anda wider range of options to mitigate this risk.

The PSFRR therefore recommends a protected event be declared to allow AEMO manage the risk of
cascading failure and a black system in South Australia under the protected event framework.  This
would apply to South Australia separation from Victoria for a non-credible loss of the Heywood
interconnector or any section of the double -circuit 500 kV network between Heywood and Moorabo ol
terminal stations when South Australia is importing from Victoria

A detailed explanation ofthe UFLS issugin South Australa and the recommended protected event are
documented in the report at Appendix Al.

AEMO hasalso recommenced a suite of complementary measures that will further support system security in
periods with high levels of DPVgeneration, and will minimise the market impacts of managing the protected
event. Theseinclude:

1 Adding more load to the UFLS

T Impl ementing 6dynamic armingé of UFLS relays (such th
the direction of flows on the UFLcircuit).

9 Assessing possible UFLS topology changes to disconnect load only (and not DPV)

1 Exploring pathways to increase the availability of Fast Active Power Response (FAPR) in South Australia.
FAPR is defined as a sulsecond active power response froninverter-connected resourcesthat can
respond very quickly,such as battery storage or solar farms.

AEMO has shared itsanalysis, findingsoptions, and recommendationswith the South Australian Government
and NSPsand provided in depth exploration in Appendix AL Stage 2 of the PSFRR will include further
investigation of the functionality of the EFCSin South Australia under highDPV generation conditions.

AEMOintends to prepare a detailed submission tothe Reliability Panelin relation to the proposed protected
event by early 2021 Subject to the outcome of a costbenefit analysis, AEMO may recommend a protected
event for non-credible separation of the South Australia regiorduring all periods (not only when the
Heywood interconnector is importing into South Australia)

In addition to the EFCS and declared protective events in South Australigperational measures such as
minimum synchronous unit commitments in SA also helgo control frequency during non-credible events by
providing increased inertia and FCAS. These help to limitoRoF andassistfrequency recovery and
stabilisation as required bythe FOS.

Network investments currently being planned, committedor implemented will, in different ways,change the
need for operational constraintsand additional servicesto manage the frequency risks followingsignificant
non-credible contingencies notably:

1 Installation of four, high inertia, synchronous condensers

1 New interconnector between South Australia and New South Waled Project Energy Connect
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1 Installation of large grid-connected battery energy storage

Improved responsiveness from the renewable generation plant§dr example, synthetic inertia) and
distributed generation and controllable loads may also support the management of frequency risks. The
continuing need of presently employed operational constraints for managing frequency risks after the
completion of the above asset investments will be assessed and reported stage 2 report.

7.6  Frequency risk management 2020-25

As discussed, atimes of high DPVoutput, it has been identified that the effectiveness of UFLS protection
scheme may be reducedor even exacerbate disturbancesElectraNet and SRN are collaborating to quantify
the available UFLS using SCADA data. It is envisaged that tBI€ADA datawill be used in the AEMO dispatch
system tofacilitate operational management of emerging risks This enhancement is expected to be
operational in Q4 2020. SAN is also expanding the existing UFLS coverage to include eight additional
substations, which will serve to increasthe aggregate load available for UFLSurther analysis on the impacts
of DPVon the functionality of UFLSs included inthe report at Appendix A1

AEMO and ElectraNet have analysed the impact of a trip of a large generator on subsequebPV
disconnection. This analysibasindicated that an additional amount of generation may be lostas a result of
subsequent UFLS operatiorfthat is, the net result of loss of DPVtogether with load acrossSouth Australia)
following a fault associated withthe loss of the largest generator in the Adelaide metro area. As sugkhe
contingency size in the constraint equations for Victoria to South Australia power flow willeed to be
increasal by an additional amount, dependent on DPVoutput at the time (considering field measurements
from South Australiasolar plants), to model the possibleDPVtripping during daylight hours!'! AEMO and
ElectraNet are continuing to review and refine these limits.

AEMO has also identified emerging system security risks includingopential inability to maintain the FOS
under some conditions in low load periods, associated with the behaviour dDPV. These findings are also
presentedin Appendix Al

7.7  Summary

7.7.1 Adequacy of EFCS

Over-frequency generation shedding scheme

Only one relevant non-credible contingency event since the2018PSFRR triggereén EFCS in South Australja
associated with theseparation on31 January 2020

The high frequency in South Australiammediately after separationtriggered the OFGS to trip wind farms in
OFGS group 1 and 2the first time the OFGS has been required to operateA EMO& s f i nal operatin
for this event will include a review of theoperation of this scheme.

Under -frequency load shedding  scheme

With the increased penetration ofDPVin South Australia, there is a riskhat UFLS will not be effective in
arresting an underfrequency event.The underfrequency disconnectionbehaviour of DPVat frequencies
below 49 Hz further reduces UFLS capabilities to arrest a severe frequency declinettker analysis is
provided in the report at Appendix Al.

Irrespective of the PSFRR processetwork service providers have ongoing responsibilitiesn consultation
with AEMO,to ensure sufficient load included inUFLS scheme$o minimise or reduce the risk of cascading
failuresin response tomultiple contingency events AEMO will continue to work with ElectraNet and SAPN to
develop solutions to address issues with existing UFLS schemes.

1SeeSouth Australiasystem normal consraint update & Metro generation and PV contingency Market notice24042020at https://aemo.com.au/market-
notices?marketNoticeQuery=&marketNoticeFacets=GENERAL+NOTICE&MarketNoticeList=1
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System Integrity Protection Scheme

Currently, ElectraNet is upgradng the SIPS to a Wide Area Protection Scheme (WAPS). The adequacy of the
WAPS schemewill need to be carefullyreviewed whenthe proposed Project EnergyConnects built. New
special protection schemes need to be designed and implemented to avoidascade tripping fromthe non-
credible loss of either AC interconnectorconnected to South Australia

7.7.2 Adequacy of protected events

As stated in Section7.2.2 South Australia currently has one protected event declaredwhich is related to the
loss of Heywood interconnector during import conditions underforecastdestructive wind conditions.This will
be further reviewed as part of the development of theStage 2 report.

AEMO has identified the need for a new protected event to manage theon-credible separation of South
Australiain periods where the UFLS is inadequate. AEMidtends to make a submission to the Reliability
Panel byearly 2021
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8. Tasmania

8.1 Introduction

8.1.1 Generation in Tasmania

Figure24ds hows the Tasmanian generation mix over the
Generation Information pagée'? Electicity generation in Tasmania is dominated by hydro power, which
supplies around 7Bo of the r e g i emerdgy.§he Tasmanian generation mix has largely remained the same
over the past five years.

Hydro generating units are slower to respond to frequency dewtions than steam generating units. As
Tasmania has a high penetration level of hydro poweand has larger generators relative to the size of the
network, it is prone to large frequency deviations. Accordingly, Tasmania has a different FOS than the
mainland, with wider frequency bandg!3

Figure 24 Tasmania generation mix changes, 2015 -19
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Note: the contributions of some generation sources are not large enough to be visible on this chart.

L2ZAEMO, Generation Informaion, at https://aemo.com.au/-/media/files/electricity/nem/planning_and_forecasting/generation_informationhem-generation-
information-april-2020.xIsx?la=enData used in this chart has been taken from the final ugate each year.

SAEMC, Frequency Operating Standard, Effective 1 January 2020ht#bs://www.aemc.gov.ausites/default/files/2019-04/Frequency%20operating%20
standard%20%E2%80%93%20effective%201%20January%202020. pdf
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8.1.2 Electricity demand in Tasmania

Tasmania has a small load compared tother NEM regions. The median demand during 201% 2018 was
approximately 1200 MW, and was between 100 MW and 1300 MW for 54% of the time. The minimum
demand occurs duringthe daytime in summer and was 879 MW irR017to 2018. Thetime at which the
minimum demand occursis changing from summer night to day, and is forecast to reduce over coming years
as increasingDPVgeneration reduces the summer day demand on the network

Morethanh al f of T as meomsistadlarge theéustraallodds conneced to the transmission
network, and their participation is crucial in the performance ofEFCS.

8.1.3 Transmission system in Tasmania

Existing transmission network

TasNetworks owns, operatesand maintains the electricity transmission and distribution network in Tasmania.
The transmission network in Tasmania comprises:

1 A 220kV, and some parallel 110 kV, bulk transmission network that provides corridors for transferring
power from several maja generation centres to major load centres and Basslink

1 A peripheral 110 kV transmission network that connects smaller load centres and generators to the bulk
transmission network

91 Substationsthat form interconnections within the 110 kV and 220 kV transission network and provide
transmission connection points for the distribution network and large industrial loads.

Interconnection with Victoria

Tasmani afds power system is connected to the mainland n
underseahigh voltage direct current (HVDC)cable. Basslink has the capabilityotprovide bi-directional

transfer of electricity,enabling Tasmanian generators to export tahe mainland and also enabling import

from the mainland to the Tasmanian network. Basslink has frequency controller andcan provide frequency

control ancillary services between Victoria and Tasmania. As Basslink is a HVDC link, power system

characteristicssuch asfault level and inertia, as well aspower system performances following disturbancs are

decoupled betweenthe mainland and Tasmanian powesystems However,when not operating at its limits,

Basslinkis capable of providing fast frequency response support for management of frequency during

frequency disturbances

Basslink hasiominal rating of 500 MW and has bidirectional power transfer capabilityMost of the limitations
on Basslink transfers (in both directions of flow) are driven by the availability of FCAS for mainland and
Tasmanian contingency events.

Furthermore, the Basslink transfers can be reduced when there is reduced load or generation available for
tripping via the Frequency Control System Protection Schem@CSPS) in Tasmarid

The Basslink flow pattern in 201&nd 2019 is illustrated via flow dration curves inFigure 25 which shows
1 In 2019, Basslink wasxporting to Victoria approximately 42% of the timg compared to 51% in 2018
1 In2019Basslink was importingrom Victoria approximately 45% ofthe time, compared to 28% in 2018

1 In both 2018 and 2019, there were extended periods of zero trafer due to Basslink outage®¢ with
reduced periods of zero transfer observed in 2019 compared to®18

4TasNetworks, Transmission Annual Report 2019, kitps://www.tasnetworks.com.au/config/getattachment/03c10b584a28-4fed-bc74-15a7e6aeffef/2019
annualplanning-report.pdf.

UMEMO, Interconnector Capabilities, November 2017, https://www.aemo.com.au/-/media/Files/Electricity/NEM/Security _and_Reliability/Congestien
Information/2017/Interconnector Capabilitiespdf.

WHydro Tasmania, Media Rel eases, oOhBmSvevv.hydrk.coR.aulnews/mediaieleaSes/P018/06/€5Mhasslidketare: 2 018, at
to-serviceand oBasslink Return to Servi c éttpS/mowhweoectnsau/Beas/nhegidreleases?d1d/@Adbagslinkzod 1 9 , at

return-to-service two-weeks early.
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In summary, Basslink was importing fronVictoria more of the time in 2019, compared to 2018however, the
data is skewed due to extended outages in both 2018 and 2019.

Figure 25 Basslink interconnector flow duration curves  , 2018 and 2019
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Note: Positive interconnector flow indicates flow direction from Tasmania to Victoria

Figure 26shows the inertia duration curves in 2018 and 201#hdicating an overallreduction in inertia in 2019,
compared to 2018. This could be attributed to longer periods of Basslink import from Victorian 2019,
consistent with Figure 25 and more wind generation displacing synchronous generation in 201¢han in 2018.

Figure 26 Inertia duration curve for Tasmania, 2018 and 2019
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Summary of planned major network upgrades in 2020-25
TasNetworks ha identified the following major works planned from 2020to 2025**

1 Hydro Tasmania has identified opportunities to redevelop TarraleaRower Station and other capacity
increases from continuing refurbshment and upgrade works around the state

1 Wind power in Tasmania is increasing with Granville Harbour (112 MW) and Wild Cattle Hill (144 MW) wind
farms under construction andbeing commissioned at present and a number of proposed wind farm
developments also being assessed

1 Small-scalegeneration, including DPV, continues to increase in Tasmania, wit number of proposed
large-scalesolar farm proposalsalso being assessed

1 Hydro Tasmania is continuing its studies into pumped hydro energy stage in Tasmaniayeferred to as
6Battery of t tugently assessing the feasibility of prisrity sites

1 TasNetworksis also currently investigating the case for further interconnection to Victoria, known as
Marinus Link, to operate in addtion to Basslink and working through the RIT-T procesg!®

0 Detailed analysis by TasNetworks thus fandicates that the optimal capacity and timing for Marinus
Link and supporting transmission under the RFIT framework is:

3 Stagel:an initial 750 MW HVDClink between Burnie in Tasmania and Hazelwood in Victoria with
supporting network augmentations in Tasmaniato be commissioned in 2028

3 Stage2:the commissioning of a further 750 MW HVDC link in 2032.

0 Itis noted that the timeline for Marinus link is outside the projection scope of this PSFRR and it is
expected that future PSFR&will capture the impact of this project on frequency.

8.1.4 Review of 2018 PSFRKRor Tasmania

AEMO®ds investigation on the Tasmanian power system
1 Thecurrent mechanisms to protect against frequency risks are appropriate
T AEMOG6s review of existing dadngimmeiaté reeed toEnedifySasy schente n ot

1 AEMOhas no recommendations regarding the management of nonAcredible contingencies in Tasmania.

8.2 Emergency frequency control schemes and declared
protected events in Tasmania

The following EFCSexist in Tasmania:
I TasmanianUFLS scheme.
I TasmanianOFGS scheme.

It is noted that in the 2018 PSFRR, the FCSPS associated with the Basslink HVDC interconnector and the Tamar
Valley Generator Contingency Scheme (TVGCS) associated with the CCGT at George Town were also
considered. However, these are noEFCSss defined by the NERbecausethey are used to manage credible
contingency events in conjunction with dispatched FCAS. According to TasNetworkhe FCSPS and TVGCS

are utilised as part of normal power system operationsand the UFLS and OFGS schemes act as backups

should the FCSPS and TVGCS schemuaastially or completely fail.

17TasNetworks, Transmission Annual Repa2019, athttps://www.tasnetworks.com.au/config/getattachment/03c10b584a28-4fed-bc74-15a7e6aeffef/2019
annualplanning-report.pdf.

118TasNetworks, Marinus Link RIT Process, ahttps://www.marinuslink.com.au/ritt-process/.
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8.2.1 Tasmanian under -frequency load shedding  scheme

There is an existing UFLS scheme in Tasmanddl Major Industrial (MI) customers and a significant portion of
the distribution network participate in the UFLS in accordance with NER load shedding requirements.

8.2.2 Tasmanian over-frequency generator shedding scheme

The TasmaniarOFGSscheme is a nondistributed scheme involving the local tripping of generatorsby relays
at Gordon and Farrell substationsThe objective of the OFGSchemeis to contain a system frequency rise
during an over-frequency event through the staggered tripping of OFGSschemenominated generators, at
different frequency thresholds.

TasNetworks alschas an over-frequency coordination (OFC)schemewhich provides increasedcoordination
of OFGSscheme nominated generators with those having agreed plant limitations.

8.2.3 Protected events

There are no protected events declared in Tasmania.

8.3 Review of incidents

Table 8summarises therelevant non-credible contingency events which occurred in the Tasmanian region
since the last PSFRRIone of these events resulted in operation of the UFLS or OFGS schemes. Soavents
may have been reclassified (as credible) prior to the outage thereby reducing their impact on the network.

The non-credible contingency events are categorised in terms of the frequency excursion with respect to the
FOSfor Tasmania and the state 6 operation of the power system as stated in section2.3.

The RoCoF values indicated iffable 8for each incidenthave beenapproximated, based on available high
speed monitoring data.
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Table 8 Summary of relevant non-credible contingency events

Date / Time

Description of event

Primary
cause

Load / generation
involved (MW)

in Tasmania

Frequency response

RoCoF (Hz/s)

Interconnector

flow (Basslink) prior

to contingency

Inertia in
Tasmania
(MWs)

Reference

No events occurred inTasmaniaunder the 6 Ma jcategaddy.

Moderate event

28 May 2019
PANERIS

Load: Newton and
Queenstown Customer
12MW

FAGJB and FARBINTOQT trip Lightning

Gen: John Butters Unit
135MW

13 Jul 2019 BGADB plus No.1 & No.2 Tx at Equipment Load: Customer 2MW
0539 hrs i i
TA trip fa"l,:ret/. Gen: Butlers Gorge PS
prolec |ont. 9 MW, Tarraleah PS
mal-operation oo\
i NSRS TUSMBSNN double circuit trip Lightning Load: Customer 3MW

1443 hrs
Gen:Hydro

Meadowbank 10MW

21 Aug 2019
0400 hrs

FA-JB and FARBNT-QT trip Load: Newton and
Queenstown Customer

7MW

Lightning

Gen:John Butters Unit
33 MW

AEMO, Trip of the Farrel® John Butters and Farrel§ Roseberryd Newton 8 Queenstownlines, December 2019at https://aemo.com.au/-/media/files/electricity/nem/market_notices_and_events/power_system_incident_reports/2019/

report-trip-of-fa-jb-and-fa-rb-nt-gt-lines.pdf?la=en&hash=0E580D2504D16A29E5CBB711E7076074

49.32Hz (minimum)

49.85Hz (recovely which
occurred within 48 s and
FOS was met

49.65Hz (minimum)

49.85 (recovery which
occurred within 3 sand
FOS was met

49.69Hz

No discernible impact on
Frequency in Tasmania

-0.56

High speed
monitoring d ata
not available

High speed
monitoring data
not available

No discernible
impact on
Frequency in

Tasmania

117 MWTasmania

export to Victoria)

443 MW (Tasmania

export to Victoria)

176 MW (Tasmania
import from Victoria)

7523

6,622

7,560

5,569

AEMO
Incident
Report't®

AEMO
Incident
Report'?°

TasNetworks

Minor event

AEMO
Incident
Report?®

120 AEMO, Simultaneous Trip of Tungatinald Butlers Gorged Derwent Bridge 110 kV Transmission Line and No. 1 and No. 2 Transformers at Tarraleah Power Station, January &02@s://aemo.com.au/-/media/files/electricity/nem/

market_notices_and_eventgbwer_system_incident_reports/2019/tg-db-line-and-tl-and-t2-at-tarraleah.pdf?la=en&hash=5BF6 F3FF18UWH 09CFO7A9ED7F31297

© AEMO 2020 | 2020 Power System Frequency Risk Revié/&tage 1

87


https://aemo.com.au/-/media/files/electricity/nem/market_notices_and_events/power_system_incident_reports/2019/‌report-trip-of-fa-jb-and-fa-rb-nt-qt-lines.pdf?la=en&hash=0E580D2504D16A29E5CBB711E7076074
https://aemo.com.au/-/media/files/electricity/nem/market_notices_and_events/power_system_incident_reports/2019/‌report-trip-of-fa-jb-and-fa-rb-nt-qt-lines.pdf?la=en&hash=0E580D2504D16A29E5CBB711E7076074
https://aemo.com.au/-/media/files/electricity/nem/‌market_notices_and_events/‌power_system_incident_reports/2019/tu-bg-db-line-and-t1-and-t2-at-tarraleah.pdf?la=en&hash=5BF6F3FF184E19109CF07A9ED7F31297
https://aemo.com.au/-/media/files/electricity/nem/‌market_notices_and_events/‌power_system_incident_reports/2019/tu-bg-db-line-and-t1-and-t2-at-tarraleah.pdf?la=en&hash=5BF6F3FF184E19109CF07A9ED7F31297

13 July 2019 9 simultaneous trip of Tungatinah 0 Butlers Gorge o Derwent Bridge 110 kV
transmission line and No. 1 and No. 2 Transformers at Tarraleah Power Station (BG  -DB plus No. 1
and No. 2 Tx at TA)

This incident resulted in the disconnection of 92 MW of generation and 2 MW of customer load.

As a result of the loss of 92 MW of generation at the Tarraleah and Butlers Gorge Power Stations, the
frequency in Tasmania fell to a minimum of 49.65 H and recovered to above 49.85 Hz within three seconds.
The frequency standard in Tasmania was met for this incident.

The power system was in a secure operating state prior to this incident and remained in a secure operating
state for the duration of the incident.

AEMO reclassified the simultaneous trip of the TUBG DB line and both the No. 1 and No. 2 Transformers at
Tarraleah Power Station as a credible contingency, following this event.

28 May 2019 and 21 August 2019 dtrip of the Farrell & John Butters and Farrell & Roseberry o
Newton & Queenstown lines (FA 8JB and FASRBINTOQT)

This incident resulted in the disconnection of 135 MW of generation and 12 MW of customer load on 28 May
2019, and 33 MW of generation and 7 MW of customer load on 2August 2019.

As a result of the loss of generation at John Butters on 28 May 2019, the frequency in Tasmania fell to a
minimum of 49.32 Hz and recovered to above 49.85 Hz within 48 seconds. The frequency standard in
Tasmania was met for this incident.

Theloss of generation at John Butters on 21 August 2019 had no discernible impact on the frequency in
Tasmania.

The power system was in a secure operating state prior to these incidents and remained in a secure operating
state for the duration of the incidents.

AEMO reclassified the simultaneous trip of the FAIB and FARBNT-QT lines as a credible contingency after
both incidents.
Other notable incidents

The following non-credible contingency eventsresulting in frequencyexcursionsare also noted to have
occurred in Tasmania since the last PSFR&ccording to TasNetworks, none of these incidents resulted in
operation of EFCSsind TasNetworks did not develop a report, since the incidents did not have a significant
power system impact.

18 Jamiary 201806 New Norfolk distribution fault plus Boyerload trip.

27 Jaruary 20196 Liapootah 8 Waddamanad Palmerstonl and 2 doublecircuit trip.

30 Jaruary 20196 Waddamanad Lindisfarnetrip plus loss of Nyrstar 70 MW

18 Feluary 20196 Sheffieldd Wesley Valeplus Sheffidd 8 Davenport three phase fault
6 July 2019 Lindisfarned Risdonplus Boyerload trip.

21 August 2019 Farrdl 6 Reecel and 2 trip

6 October 20196 Lindisfarned Sordl and Lindisfarned Sordl & Triabunnatrip.

6 November 20190 Farrel 8 Reecel and 2 trip

== =2 =4 4 A A4 -4 -

Further analysis of these incidents will be undertaken iRSFRFStage 2, if deemed necessary.

8.3.1 Low inertia dispatch in Tasmania

On 23 October 2019, the power system in Tasmania was not in a secure operating state forr@iutes due to
low inertia levels as result of a generating commitment variation modifying the available generation mix as
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part of normal operation. The inertia level in Tasmania was 3,72B5egawatt seconds MWs), which is below
the 3,800 MWs required to maintain the power gstem in a secure operating staté*!

As a result of this event, AEMO updated its internal procedures dealing with managing inertia shortfalls. On
31 October 2019, AEMO implemented alarming on the inertia value for the Tasmanian region. Alarms are
configured at 4,200 MW to provide time to respond before critical levels are reached

In November 2019, AEMO published a Notice of inertia and fault level shortfalls in Tasmalifaln response to
this Notice, TasNetworks and Hydro Tasmania sucssfully negotiated the provision of inertia and system
strength in Tasmaniawhich has been made available from 1 April 2020. As a result, this incident should not
recur; AEMO and TasNetworks will actively monitor inertia and AEMO will dispatch the inertia services
contracted by TasNetworks to ensure the 3,800 MWs limit is maintained.

8.4  Operational experience and impact

8.4.1 Weather -related operational experience

In recent years,Tasmania has seen majeweather related events whichhave placed the power system at risk
including the bushfires south of Hobart in 2017 and bushfires in 2018. TasNetwottkas discussed with AEMO
that bushfires last yearsummer resulted in risk to major substations and the need to manage a potential
Tasmanian northsouth separation event.

At this stage, TasNetworks and AEM@gree that the reclassification process would be the way to manage
such events. This has occurred already for some weatheelated contingency events in Tasmania.

With the increasing penetration of wind farms in Tasmami, TasNetworkshasalso noted increasing risk of
large-scalewind farms prone to high speed wind cut-out. With many wind farms in the same geo-location,
there is a high risk of wind cutout resulting in drastic changes inwind farm output.

The Gordon-Chapel St line is prone to iceloading, however,according to TasNetworksthis is managed
through operational procedures by running a minimum load to keep conductors warm.

8.5  Frequency risk management 2020 -25

There were no identified priority contingencies.

8.6 Summary

8.6.1 Adequacy of EFCS

There were no noncredible contingencies in Tasmania which resulted in EFCS operatjdherefore the
adequacy of the schemes cannot be assessed based on historical events sitbe last PSFRR.

However, TasNetworks is currently undeaking its own design review of EFGSto take into account recent
network changes

1 Modifications to the OFGS have been necessary to facilitate network connections for Cattle Hill (CHWF
and Granville Harbour (GHWF) wind farms. Both generating systems hanegotiated access standards for
NER S5.2.5.3 given their limited ovefrequency withstand capability. Both wind farms have been added
into the OFGS scheme in the 52:53.0 Hz range. The ongoing operation of two new wind farms
collectively rated at 256 MW will also affect the typical system inertia profile in Tasmanjand the

2IAEMO, Inertia Requirements Methodology- Inertia Requirements & ShortfallsVersion 1.0, June 2018itps://www.aemo.com.auk/media/Files/Electricity/
NEM/Security_and_Bliability/System Security Market-Frameworks Review/2018/Inertia_ Requirements_Methodology PUBLISHED. pdf

122 AEMO, Notice of Inertia and Fault Level Shortfalls in Tasmania, Version 1.0, November 20gs://www.aemo.com.au/-/media/Files/Electricity NEM/
Security and_Reliability/Systerecurity Market- Frameworks-Review/2019/Notice of- Inertia- Fault Level Shortfalls TasmaniaNov-2019.pdf
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corresponding impacts need to be considered with respect to the performance offasmanian EFCS
schemes.

1 Increase in maximum load denand at Bell Bay Aluminium (BBAhas marginally increased the total load
that can be disconnected for a norcredible double-circuit 220 kV transnission line contingency event.
The simultaneous loss of both circuits supplying the BBA site is an example ohan-credible contingency
event which the OFGS scheme is designed to mitigate.

1 DPVgeneration has now surpassed 144 M\Wwhich isthe maximum generation contingency sizein
Tasmania. TasNetworks believes there is a material risk that some portion of this bedded generation
will trip as a result of a major network disturbance which significantly perturbs frequency and/or network
voltages, and is investigating the potential impacts. Previous design reviews of the UFLS scheme have not
considered the risk of generation loss from within the distribution network. The complicating factor is that
UFLSperformance may vary from day to night even when the underlying load demand is comparable.

1 TasNetworks continues to review what design alterations may be necessarythe UFLS schemgshould
there be a major change in Tasmanian operational demandAs the contribution of direct connect
industrial customers to the UFLS scheme iitical to the current design, any potential reduction in load
shedding capability from this sector would have a material impactWhile not necessary at the present
time, TasNetworks believes it prudent to have mitigation plans in place to deal with a variety of future
scenarios.

1 The Adaptive UFLSAUFLS) scheme has been introduced in Tasmani@ provide a switched FCAS
response to deliver additional fast raise capability. The potential failure of the AUFLS scheme following loss
of the largest generating unit has been added as a new nostredible contingency for consideration as
part of the UFLS @sign. It is important that a minorunderf r equency event O6just bel ow
adequately controlled without a disproportionate response from the UFLS scheme.

The Stage 2 PSFRR will include a detailed assessment of EFCS performance and adequacy, in consultation
with TasNetworks.
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9. Stage 2 report

9.1 Introduction

The planned work for Stage 2 assessment and reporting of PSFRR will be built on the reviews undertaken in
Stage 1.

The work will involve:

1 Updating A E M Oexisting system frequency model to be able to predict postcontingent frequency
outcomes, as recommerled in A E M ORIS Stage 1 repott®

i1 Detailed analysis and simulation of priority norcredible contingency events which AEMO expects could
likely involve uncontrolled frequency changes leading to cascading outages or major supply disruption.

1 Assesing the performance and adequacy of existing EFCSs for management of potential frequency risks
in the next two years (untilthe next PSFRR)

1 Reviewng options for future management of such events, which may include new or modifiedEFCS,
declaration of a protected event, network augmentation and non-network alternatives to augmentation.

The timeline for delivery of the Stage 2 of PSFRR and its interplay with Stage 1 assessment is illustrated in
Figure 27. The final PSFRR Report, including the Stage 2 assessment, will be published by 31 December 2020.

Figure 27 Timeline for delivery of PSFRR Stage 1 and Stage 2
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9.2 Detailed simulation and analysis

Stage 2 will include detailed assessmeatof priority non-credible contingency events which AEMO expects
could likely involve significant power system frequency impact, such as uncontrolled frequency changes
leading to cascading outages or major supply disruption. The assessment will

91 Ascertainthe performance of the power system, includingthat of generators, ancillary service providers,
and EFCS, and the adequacy of the available EFGSor mitigating the impacts.

128 AEMO, April 2020, ahttps://aemo.com.au/en/energy-systems/major publications/renewable integration-study-ris.
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1 Consider a number of scenarios where the power system may be stretchedoser to its operating
technical boundary prior to an incident taking place.

1 Include detailed simulation of the dynamic performance of the power system. As a part of this assessment
the power system dynamic models available to AEMO, in particular for asssing the impact of power
system incidents on frequency will be reviewedincluding:

0 Governor models for synchronous generating units
0 Models to simulate EFCSs.

d Simulation models to captureDPV units

0 Dynamic load models

Stage 2 will also considerlie impact of new transmission investments which are presently in implementation
phase being committed, or being planned, together with any resulting change in operational procedures, on
the management of frequency risks following noncredible contingencies.

9.3  Priority non -credible contingency events

Non-credible contingencies are being identified for consideration inrtage 2 of the review. The list for priority
review in Stage 2 will be based on those identified by TNSPs and agreed with AEMO.

Theimpacts of following scenarios willbe considered, in the planning horizon of 2020 25:
1 Committed and likely new generation and generation retirements
1 Committed and likely transmission augmentations

1 Impacts of disconnedion of large load blocks as a result of UFL&ction (for example, over-voltage and
consequent generator trips.

1 Impact of large uptake of DER includingDPV.

9.4 Review of emergency frequency control systems

In the assessment of the considered nofrcredible contingencies, he adequacy of the following maja EFCSs
will be considered:

1 UFLS.
1 South Australian OFGS.

1 Emergency APD Potline Tripping Scheme (EAPDTS).
1 Heywood Interconnector SIPS.

1 Interconnector protection schemes.

9.5 Protected events

The needfor and adequacy of the existing protected event for adequately managing identified risks will be
re-assessed irtage 2 through detailed simulation studies including assessment of changes that have
occurred since the time of declaration §uch asadditional BESSn South Australia) In addition:

1 The proposed protected event for managing the risks of ineffective UFLS indsith Australiawill be
assessed in detaiand a proposal submitted to the Reliability Panel

i1 Based on the outcome of the non-credible contingencies considered for detailed review,
recommendations for any new protected events will be made.
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Al. Emerging Issues with
UFLXadequacy for
Heywood
Interconnector
contingenc Yy events

Al.1 Background

AEMOrecently released a report exploringpower systemoperation in low load periods in South Australid?*,

This reportpresented analysisoPAEMOSGs abi |l ity t o dnpSeuthadAusealicain perodswithe sy st
low load and high generation from DPV, and focused ormanagement of credible contingency events. This
analysisidentified emerging frequency risks, ands therefore summarised briefly in SectionAl1.3for

completeness

The majority of this Appendix presentcomplementary analysis which explores noftredible contingency
events in low load, highDPV periods.The focus is onthe effectivenessof So ut h A uEF@srtoaalreista 6 s
frequency declinein the event of a non-credible separation

Al.1.1 UFLS in South Australia

Thereis an existing UFLS scheme in South Australias in all NEM regions)designed to arrest the frequency

decline following a £vere underfrequency event, such as the separation of South Australia from the rest of

the NEM while importing into South Australia, or other multiple contingency eventsThe UFLS scheme is

intended to contain frequency fall by the controlled disconnectiommofload.1 t i s one of South Au:c
designed as a 6l ast | ine of def erncleidgseparationeeveatyg e mul t i pl

Challenges identified

AEMO has completed preliminary studies which show thdDPV reduces the effectiverss of UFLS in South
Australia to arrest severe undeffrequency events in several ways:

1 Reducing net load ¢ increasinglevels of generationfromDPV r educes the &netd | oad
circuits. The total net load on all UFLS load circuits in South Australia reached as low as 100 MW in spring
2019. Byspring 2020, total net load on all UFLS stages is anticipated to reach close to 0 MW, and may
become negative (due to reverse flows) at times of highest PV output. If a severe undérequency event
occurred during a high PV period, even if all customers in the UFLS circuits were disconnected, the
scheme would have little or no impact on frequency.

1 Reverse flows 8 by spring 2020, with continuing growth of DPV, it is anticipated that more than half of the
UFLS load blocks in South Australia could be in reverse flows at certain times. This means the action of
UFLS relays tdrip load circuits will exaerbate an underfrequency event, rather than helping to correct

124 AEMO, Minimum operational demand thresholds in South Australiad Technical ReportMay 2020, at https://www.aemo.com.au-/media/Files/Electricity/
NEM/Planning_and_Forecasting/SA_Advisory/2020/Minimw@®perational Demand-Thresholdsin- South- Australia- Review
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the disturbance.SAPN advises that the majority of the UFLS relays iiits network cannot be configured to
arm/disarm based on active power flow direction without replaing UFLS relaysThis has been approved
as part of a contingent project®in SAPNo6s final regu

1 DPVdisconnection 8 DPVdemonstrates underfrequency disconnection behaviour when frequency falls
below 49 HZ'%, This means a severe undefrequency event can be exaerbated by the disconnection of
DPVthat trips earlier than UFLS stages, including tripping dDPVthat is not on UFLS circuitsThis
exacerbates the size of the contingency event, further increasing the probability that the UFLS will be
inadequate to arrest a severe underfrequency event.

South Australia relies on UFL® arrest a frequency decline caused by a significant nowrredible event, like
the simultaneous trip of multiple generating units, or both Heywood interconnector circuits when it is
importing into South Australia. As daytime UFLS load declines with the continued growth [DPV generation,
UFLS will be unable to effectively contain a fall in frequency from a large necredible event that occurs
during a high PV period. Without an effective meas of arresting frequency decline, generation and other
power system equipment will disconnect or shut down, causing major supply disruption and potentially a
region-wide black system.

AEMOds studies have identi fi ed eethe Soath Australimami-leSrschenfe hi st c
would have been unlikely to prevent cascading failure in the event of a doubleircuit loss of the Heywood

interconnector. The incidence of risk has been low to date because the Heywood interconnector rarely

imports high amounts of energy from Victoria into South Australia during periods where South Australia has

low load and significantDPV generation.

Projections for future years suggest the incidence of high risk periods could increase, due to:
9 Increasing installation ofDPV.

1 Anincreasing incidence of imports on the Heywood interconnector, even when load in South Australia is
low. This is because the commissioning of synchronous condensers in South Australia will reduce the
minimum synchronous generation that must currently operate in South Australia for system security, and
also due to forecasts of significant growth in low cost generation in Victoria.

In addition to the capability to mitigate the consequences of separation events, a functiongouth Australian
UFLS scheme needs to be maintained on a continuous basis, irrespective of Heywood flows, to reduce the
impact of other events and conditions. For example:

1 South Australian UFLS is an important component of a NEMide UFLS scheme, protectim against
multiple contingency events within or outside the region when the NEM is fully interconnected.

T UFLS can help to manage possible 6overshootdéd of OFGS
subsequentunder-frequency occurrence) and help ahieve a stable island if separation occurs when the
Heywood interconnector is exporting from South Australia at high levels.

1 If South Australia is operating as an island in high PV periods, a credible fault can cause the disconnection
of sufficient DPVto cause frequency to fall below 49Hz, meaning the UFLS scheme is now important for
managing credible events under islanded conditions. AEMO has very limited operational tools to manage
these circumstances. This is discussed further in Sectigi.3.

As the South Australian power system increasingly operates in new and untested territory, the importance of
effective EFCS as the last line of defence becomes increadingritical. This means it is important to improve
the capability of the UFLS scheme, even if a protected event is declared that allows AEMO to manage the
security risks associated with nortredible separation events. These additional measures will alsodece the
level of response required to manage a protected event, lessening its market impact.

125 AER Final Decision, SA Powaletworks Distribution Determination 2020 to 2025 June 2020 Attachment 5, Capital Expenditure, at
https://www.aer.gov.au/system/files/Final%20decien%20-%20SA%20Power%20Networks%20distribution%20determination%202028 %20
%20Attachment%205%28%20Capital%20expenditure%2®620June%202020.pdf

126 AEMO, Response of existing PV inverters to frequency disturbance&pril 2016,at https://aemo.com.au/-/media/Files/PDF/Responseof- Existing P\V-
Invertersto-FrequencyDisturbancesV20.pdf.
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Remedial actions

AEMO has identified a suite of actionsthat could be taken to address the identified risks. These actions are
complementary, and recommended incombination:

i1 Constrain Heywood imports & a constraint on Heywood imports in periods where the UFLS is known to
be inadequate will significantly reduce the risk that a separation event will lead to cascading failure and a
black system. Since market starhi1998, South Australia has separated from the rest of the NEMbtimes,
with six occurring in the past four yearsOf these,threewer e 6cl eand separati on
of both Heywood & South East circuitsr the circuits exiting the HeywoodTerminal Statior), and there was
one further event involving a non-credible separation in the 500kV network in Victoria.Prudent power
system operation dictates that significant Heywood imports should not be allowed in periods where it is
known that the mechanisms to prevent cascading failure are no longer functional. A constraint can be
implemented rapidly, to mitigate risk in the interim, while other measures are progressed to better
manage risk over the long term.Since this constraint relates to managig a non-credible event, AEMO
proposes to recommend the non-credible islanding of South Australia be declared as a protected event.
In the interim, and after discussion with the South Australian Government, AEMO intends to implement
the constraint under the limits advice provided by ElectraNet as required by jurisdictional regulatidd’. A
protected event decl aration, i f made by the Reli
transparent within the NER framework, and allow the event to cover th&ll range of potential events
causing islanding at HeywoodThis is discussed further below.

1 Increase and optimise load in the UFLS 6 AEMO has advised SAPN and ElectraNet that the net load
interrupted by the South Australia UFLS scheme is no longer suffient, and requested that this be
increased as much as possibleSAPN and theSouth Australian Government have identified a further
100MW of load which is now being added to the scheme AEMO has analysis underway to r@ptimise
the South Australia UFLS schme settings to improve effectiveness as much as possible with the existing
technology, while carefully managing UFLS balance with other NEM regions, and respecting the relative
sensitivity of various loads. SAPN and ElectraNet are exploring how much fuethopportunity there may
be to add more loads beyond thisamount, using conventional technologies; SAPN has advised that even
if all additional distribution-connected load were added, in light load periods this would add only
20-30 MW to the UFLS. Therenay be options for inclusion of more commercial loads or large industrial
customers, orto explore emerging technologies that allow more granular relays at individual customer
sites that can separately trip load whileDPVremains operating.lt is anticipatedthat these may take some
time to implement, and the quantity of load provided will not be sufficient in isolation. Additional
intervention may also be required to manage distribution network voltages during this process. AEMO is
collaborating with SAPN anl ElectraNet on the development of these options.

1 Dynamic arming of UFLS relays d dynamic arming allows UFLS relays to be armed/disarmed in real time,
based on flows on each UFLS circui¥When circuits are in reverse flows, the UFLS relay can be disarmed,

even

abi l

such that it will not activelyexacerbatean under-f r e quency di sturbance. AEMOO6s a

considerably improves UFLS functionality and halts further decline, although it is not adequate in isolation
to restore UFLS functionality to the levelsequired.

1 Enduring frameworks 6 the regulatory frameworks in the NER never envisioned a power system supplied
primarily by distributed generation at individual customer sites, and do not provide a clear or adequate
basis for investment in theoptimal solutions for the long term. Review is required. AEMO is preparing
concepts for a possible rule change proposal.

A number of other work streams underway at present will also assist with mitigating the identified risks,
including processes to improve compliancevith DER standards, Project EnergyConnect, and pursuit of
pathways for increased FAPR in South Australia.

127Regulation 88A of the Electricity (General) Regulatis requires that Heywood flows are limited to the level that maintains RoCoF below3z/s. In the
event of a cascading failure, when frequency falls below 4z, RoCoF will exceed Biz/s as the system collapses. This Regulation therefore requires that
Heywood flows are maintained to the level where there is confidence that cascading failure will be avoided in the event of a namedible coincident trip
of both circuits of the Heywood interconnector. Refer to South Australia Electricity (General) Regulat®2012under the Electricity Act 1996
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Further options may be identified as this work progresses. AEMO is collaborating with SAPN and ElectraNet
to explore the various ways in which theiobligations to provide sufficient emergency frequency response can
be met. Long-term replacement of the functionality of conventional UFLS with alternative options is highly
novel, and at the forefront of power system development internationally.

Protected event

This would bean interim measure while longerterm solutions are implemented to restore the capability of
the UFLS scheme and other EFE€$ South Australia to adequately perform the risk mitigation role envisaged
by the NER for multiple contingencies Limiting Heywood imports to the level where there is confidence that
the UFLS scheme will be adequatevould help prevent cascading failurem the event of a non-credible
separation from the rest of the NEM. Since this relates to a noncredible contingency, AEMO will apply this
initially to meet the limits advice provided under South Australian regulations, and then seek to formalise this
under the NER frameworks via a protected event declaration.

The Heywood interconnector is currently constrained in certain periods as part of the approved actions to
manage an existing protected event recommended by 2018 PSFRR, being the loss of multiple trassion
elements causing generation disconnection in the South Australia region during forecast destructive wind
conditions. The actions taken to manage this existing protected event will not address the identified risks in
periods where UFLS is consideremhadequate to prevent cascading failure due to highDPV generation. By
spring 2020, net UFLS load in South Australia is projected to become zero or negative in some periods. The
incidence of risk periods is projected to increase from 2021, when the EleaMet synchronous condensers are
installed and Heywood may be importing more often.

A suitable constraint can be implemented within several months. SAPN and ElectraNet are establishing a
SCADA feed that will provide AEMO with reatime data on the total net UFLS load availableThis can be used

i n combinati on -time astimatés BIMRV@eneratienapower system inertia, availability of FAPR,
and other relevant parameters to inform a constraint that calculates suitable Heywood limits in real time.
AEMO is in the process of designing this constraint based on extensive power system studies, seeking to
maximise accuracy and minimise market impacts. The objective of the constraint will be to maintain
confidence that frequency will remain above 4™z (ard hence the RoCoFwill not exceed 3Hz per second)

for a clean separation event, taking into account modelling uncertainties, and the escalating risks of
unforeseen power system behaviour if frequency falls far outside of normal ranges.

As part of the process of developing the submission to the Reliability Panel on declaration of the protected
event, AEMO will also consider whether additional measures may be required to meet th®©Sfor a
protected event. This may involve the need for additional frequency arvices in South Australia to provide
suitable restoration of frequency, following separation.

The incidence and extent of the constraint binding (and the associated market costs and impacts) would
naturally grow over time in the absence of Project Energy@nect, asDPV penetration increases and as the
Heywood interconnector starts importing more often. However, AEMO anticipates that these impacts will be
reduced with the progressive implementation of the recommended complementary actions, summarised
above. As described, the formulation of the constraint will attempt to optimise theHeywood interconnector
import capacity.

AEMOwill prepare a submission to the Reliability Panel proposing that a protected event be declared,
outlining options and a cost/benefit analysis AEMO is currently liaising with the Reliability Panel on the
intention of making a formal submission byearly 2021

Stage 20f the 2020 PSFRR will consider South Australian separation events in further detail, and may provide
further recommendations.

Al.1.2 Low load, high PV periods and 8uth Australiaislanded operation

AEMO®ds analysis has al so i desedurityfchabedgesan |dwrloaedahigtDPV sui t e of
generation periods in South Australia, particularly when operating as an island.
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AEMO®s anal ysis shows DPWcantdis@nnécain rgsponse to sotage disturbamceso f
This can lead to frequencyrisks, particularly under Suth Australiaislanded conditions. To minimise the
growth in these risks, AEMO has a program of work underway to improve DER performance standards, and
improve processes for compliance with those standards.

Further, until Project EnergyConnect or other additional synchronous interconnection is available to reduce
the probability of South Australia operating as an island, there is a need to maintain sufficient load to operate
the minimum units required for frequency control, inetia, system strength and voltage control for South
Australia to operate as a secure island if necessary. This may no longer be possible in some periods with high
levels of DPVgeneration, with studies suggesting frequency may fall below 49 Hz for credibl&aults during
islanded operation, due to the disconnection ofDPV. To facilitate secure islanded operation, AEMO has
recommended that DPV generation manual shedding capabilities are introduced as soon as possifé and is
working with stakeholders to implement these capabilities. It is anticipated that manual generation shedding
capability will be utilised very rarely, and only under conditions of network outages or other unusual

conditions (such as operation of Sath Australia as an island).

Al.2 Under-frequency load shedding

Al.2.1 Background

The NER recognise UFLS as a form of EFCS established to arrest frequency decline and minimise the risk of
cascading failure following a severe, notcredible underfrequency event, suctas the separation of South
Australia from the rest of the NEM. The UFLS scheme is intended to limit frequency fall by the controlled
disconnection of load, using frequency sensing relays located at various points in the distribution and
transmission netwok.

AEMO has conducted a preliminary review of the design of the UFLS scheme for South Australia, focusing
particularly on:

1 Theimpacts of an increasing penetration ofDPV.

i Potential increases in imports on the Heywoodnterconnector in low load periods, elated to the
commissioning of synchronous condensers in South Australia, and significant investment in new entrant
generation in Victoria.

This Stage 1 report summarises relevant findings to dae
the PF-RR Stage 2 report, to be released in late 2020.

Al.2.2 Approach

AEMO assessed the performance of the UFLS in South Australia using a single mass model (SMM)
representation of the South Australian networkThe results and analysis presented beloware based on the
outcome of these studies. Further studies will be undertaken as part of the development of a detailed
submission to the Reliability Panel, and development of the Stage 2 PSFRR report.

MNet UFLS loadis used torefer to the aggregate load as measuredby the network on circuits included in the
UFLSThis is equivalent to the underlying load (the total load consumed by customers on that circuit), net of
the DPVoperating on that circuit. If the generation from DPVexceeds the underlying load, the circuiwill be
in reverse flows.

Assumptions

The following assumptions were applied for SMM studies:

128 AEMO, RIS Stage 1 Repo#fi Appendix A, April 2020, at https://aemo.com.au/energy-systems/major publications/renewable-integration-study-ris.
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1 The contingency event modelled in all cases was a doubleircuit loss of the Heywood interconnector (a
0 c | sepamationevent). Other multiple contingency eveits within South Australiacould occur and may
require UFLS response to prevent cascading failur@his has not been examined in these studies.

1 The amount of aggregate load at each trip frequency (load block) was informed by detailed hourly load
data at each trip frequency and each UFLS circuit provided by SAPN for calendar year 2018 and 2619

1 The quantity of DPVin each load block was explicitly modelledDPVtripping in response to
under-frequency was modelled as follows:

0 ForDPV installed prior toOctober 2015 (under AS/NZS4777.3:2005), the undérequency trip settings
in AEMOGs 2016 s ur v e y*®wefe appled This appliesua approximately haif of g s
the DPV installed in South Australia as of December 2019.

0 ForDPV installed afterOctober 2015 (under AS/NZS4777.2:2015), the same undezquency trip
settings from the 2016 manufacturer survey were applied to half of the new installed capacifihis
assumes improvement in frequency ridethrough behaviour as per the new standard, but vith low
rates of compliance.Poor compliance as high as 50% of capacity installed under the 2015 standard has
been demonstrated i n DRERd@Gour iniracenepswel sgstermn disturbanoes,
including 25 August 20183 16 November 2019, 26 Neember 2019 and 31 January 2020. AEMO is
developing improved datasets to validate this assumption.

1 The amount of DPV was increased by a range of increments in various scenarios from the 2020 ISP
scenarios as indicated throughout the report, to explore pcssible future impacts asDPV levels grow.

1 Loadreliefo f 0.5% was assumed, consistent with AEMOG6s cur
procedurest*2

1 For basecase studies, the Hornsdale BESS was assumed to contribute 70 MW FAPR diftt droop3
Other BESS (such as the 50 MW Hornsdale expansion) may contribute additional response, but it cannot
be guaranteed that they will be at a suitable dispatch legl or state of charge to contribute FAPR for a
given power system disturbance. Sensitivity studies were also performed, exploring the impacts of
increased FAPR on power system outcomes.

Scenarios
Outcomes for a range of dispatch scenarios were explored, aluding:
9 Historical periods in calendar years 2018 and 2019.

i Futureperiodspr edi cted by simulations for AEMOO&s planning s

0 Thelghd ER® scenari o wa&RVgmowtaimthinseethario aignsinwost closely with
observed recent growth in South Australia.

0 Projections for distributed storage were adjusted t
aligning with recent observations.

0 Dispatchscenarioswer e model |l ed based upon Omdethiaisleetievedtobi ddi n ¢
provide the most realistic representation of future market outcomes.

129For projections in future years, the UFLS load at each frequency stage was scaled proportionally with forecast operationahdad, with the underlying
load patterns represented by the 2019 historical reference year

130 AEMO, Response of existing PV inverters to frequency disturbance#pril 2016,at https://aemo.com.au/-/media/Files/PDF/Responseof- Existing PV-
Invertersto-FrequencyDisturbancesV20.pdf.

BTAEMO, Final Reportd Queensland and South Australia system separation on 25 August 20¥&iblished 10 January 201&t https://www.aemo.com.auk
/media/ Files/Electricity/NEM/Market_Notices_and_Events/Power_System_Incident_Reports/2018/(Bd Separation 25- August-2018 Incident-
Report.pdf.

132 AEMO, Review of NEM load reliefNovember 2019 at https://www.aemo.com.auk/media/files/electricity/nem/security_and_reliabilityancillary_services/
2019/update on-contingency-fcas-nov-2019.pdf

133 AEMO, Battery Energy Storage System Requirements for Contingency FCAS Registratidapuary 2019at https://www.aemo.com.au/-/media/Files/
Electricity/NEM/Security_and_Reliability/Ancillary_Services/Battdtpergy Storage- Systemrequirements-for-contingency- FCASregistration. pdf.
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0 The synchronouscondenserswere assumed to be commissioned in South Australia in April 2021.

0 Heywood imports up to a limit of 650 MW were assumed, anticipating gossible increase from the
present nominal limit of 600 MW.

i Possible worst case futurgeriods based upon potential Heywood interconnector imports that could
occur in low load periods, taking into account anticipated operational practices. These were uséd
explore the potential operational zones where risks could arise.

These scenarios were used to explore the anticipated incidence of risk, and the full range of potential
conditions where risks may arise.

Acceptance criteria

In this analysis, the UFLS seme is identified to be inadequate to meet the FOS requirement of maintaining
frequency above 47Hz if:

1 TheRoCoF exceeds 3iz/s, or
1 Minimum frequency is below 47.6 Hz (allowing a buffer of 0.64z over the requirement in the FOS).

These are the criteria tlat have been applied in previous reporting on UFLS functionality, such as in the 2018
PSFRRThese criteria are applied in this study to ident.if
black is very likely.

AEMO has also identified potentiab r i sk & peri ods, where:
1 RoCoFexceeds 2Hz/s, or
1 Minimum frequency is below 48Hz.

These risk criteria have been introduced in addition t
the escalating risk associated witlprogressively more severe eventdf frequency falls below 48Hz, there is an

increasing risk of complications and adverse outcomes, with many power system elements operating far

outside of their normal ranges.

AEMO conducted extensive analysis in 2017 drping the RoCoF ridethrough capabilities of synchronous
units and other power system elementsConsultants were engaged to conduct detailed modelling of the
behaviour of specific units in South Australia to understand risks of pole slipping (losing synamnism) under
high RoCoF.GE was also engaged to provide a review of all power system elements in the South Australian
grid, and identify any further potential areas of risk.

The modelling found that most inverter-connected units are capable of RoCoF ridg¢hrough, successfully
remaining connected up to 4 Hz/s. However, some synchronous units in South Australia were identified that
may trip for RoCoF exceeding Hz/s or 2 Hz/s, with higher inertia units being more vulnerable. Risks are
escalated if units ae operating with a leading power factor, and operating at higher loading levels.

GEds analysis identified a range of further risks that
risks of gasfired generation tripping due to lean blow out or compressor surge. The study also advised that

all synchronous units may also have potential for misbehaviour of power system stabilizers, and high RoCoF

may lead to mis-operation of protective schemes.

To complement this analysis, AEMO also engaged with Eir@y the system operator in Irelandwhich has
been supervising an extensive testing regime for units iits grid to determine RoCoF ridethrough

capabilities. Preliminary findings echoed AEMO and GE
around identified RoCoF risks.
On the basis of these findings, AEMOOds assebBzaspatnt i s t

escalate when RoCoF exceedsH2z/s, and power system cascading failure is likely at RoCoF exceedingHZ/s.

If synchronous generating units are likely to trip, this reduces the probability that UFLS action will be sufficient
to prevent cascading failure. This is an important risk factor tHeAEMO has captured in these studies through
the o6ri skd ciagpeveeosystem scanarpdmheregRoCoF exceedsz/s.
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