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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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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.
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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.

© AEMO 2020| 2020 Power System Frequency Risk Reviévstage 1 21



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.
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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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