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CEO preface

CEO preface

Dear colleagues and stakeholders,

LQY LJX SI aSR (reansitiok PlatBor Systetn Sacaritygmost comprehensive plan to meet system security
requirements as well as consumer needs for the National Electricity Market (NEM).

ldza GNI £t A Qa SySNHe@& & afied SoWer dtationOdkelrefirthg ahdbeiNg raplaced wéthia contbination
of renewable energy, storage and gaswered generators. Australian consumers continue to invest in rooftop solar at a

world leading pace and they are now adding home batteries anctrédesehicles.

Throughout this transition, thelEMmust be both reliable and secure. To be reliable, there must be enough generation to
meet consumer needs at any point in time. To be secure, the power system must operate safely within its defined technical
limits, withstand disturbances, and be able &start in the event of a widespread outage.

For decades, system security services have beenpadnuct of coaffired power generation. As these agilggnerators
withdraw and retire, replacement services must be delivered on time to support higher levels of renewable energy
produced by residential rooftops and commercial scale generators.

This report outlines key transition points in the power system, and the required investments and collaborative actions for
GKS SySNHeé& &a4SO00G2N) G2 ylI@oA3dlrdsS GKS ySEG RSOFRS 2F GKS Sy
ongoing wok of industry and governments to support reliable and secure power supply for consumers.

System security is a shared responsibility, and Théssition Plan for System Secuhigs been developed in collaboration
with industry, governments and consumer representatives.

| would like to thank everyone who has been involved in the preparation of this report.

Daniel Westerman

Chief Executive Officer
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Executive summary

Executive summary

The Australian Energy Market Operator (AEMO) operates the power systemintain a secure and reliable supply of
electricity for homes and businesses across the National Electricity Market (NE&ystem continues to undergo a
period of renewal asaakired generatorsage and approach retiremepéisrenewable generation and consumer energy
resources (CERpntinue to grow, and as technology evolves

Renewable energy, connected by transmission and distribution, firmed with storage and backed ugpbwgesd
generation(GPG)presents the leastost way to meet both consumer needs and government energy and emission policies
through to 2050! 9 a hT€aasition Plan foBystem Securityetails the plan for systersecurityneeds in the next 10 years

to support the energy transition.

System security solutions are evolving

A securepower system is one operated safely within defined technical limits, tithability to withstand credible
disturbancesreturn to secure operation, and restart following a widespread outage.

While reliability requires sufficient generation and network capacity to meet customer demand, the requirements for
system security are more technical, and inclsgstem strength frequency and inertia, voltage control, transient and
oscillatory stabilitypperability,and system restoration.

The fundamentals of power system security are enduring, but how they are being provided is ch@hgingxtlOyears
areimportant asrenewable and invertebased generation increasesd demand and market participati@volveto
replacecoal generatorshat areincreasingly withdraing from the power systeng either commerciallyfor hours, days or
months, operationdy for planned or unplanned maintenance, or complgtdue to retirement.Today, renewables supply
more than 40% of totainnualelectricitydemandin the NEM, with 3@ninute peaks approaching 80% South Australia,
renewables regularly peak at over 100% of demand.

There are shared responsibilities for system security

The National Electricity Rul@ERutline responsibilities for AEMO, network service provid&SPsand market
participants to cokctivelyensure system security in the NEMough operation of the energy market and planning
frameworks.

If system security gaps have not been met through planning and market operation,isfeelienited hierarchy of

operational controls and interventions to maintain system secugtgportional to the riskn real time Market

interventions can result in significant costésdrisks d interruptions to power supplyso itis critical the energy sector
O2ylGAydzSa (2 O2ftftlFLo2NlGA@Ste LWIXLFY YR yFr@A3aridisS GKAa LI G

1 System strength refers to the ability of a power system to maintain and control the voltage waveform at any |doattiotiuring normal operation and
following a disturbance.
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AEMOOGs 2025 Transition Plan for System ¢

TheTransition Plan foBystem Securityonsolidates four previous AEMO reports into a single plan that identifies emerging
security gaps, required investments, and collaborative action&EMO, governments, NSPs and market participants. It

0dzAft R&a 2y !'9ahQa | yydz f NB L2 NinarkéancRlaFy séndciNiASyequirénedisyahdi K = A
provides a guidéor the sector through thenextphase of the energy transition, focusing on key transition points and

actions required.

System security requirements are  well understood , and frameworks are evolving to maintain
them through the transition

I 9 a hEQgineering Roadmajmentified the technical requirements for the NEM to operate securely with periods of up to
100% renewablg@eneration.The coretechnicalrequirements remain the same, even as technologies chapigeviding
both opportunities and challenges in ensuring system secthityugh the energy transition

Tomanagetachangg& ! 9ah KIFa RS@St2LISR | GNIyaArAdAz2y LI | geieéngg3d T NI
and milestones that require material changes in the operational approach to managing power system security, and in
particular progressive coal decommitments and closures.

New Transitional Servicastroducedunder the 2024 Improvin§ecurity Fameworks(ISFyule changéhave commenced

and will support operability antlelp trialnewtechnologiessuch as gridorming (GFM)invertersto deliver critical security
services.AEMOhas recently published Statements of Security Need for several Transitional Services, with more in

development.

Additionally,in November 2025, AEM@quested theAustralian Energy Market Commission AEM®SY R (G KS b9owQ
planning and procurement frameworks for system strength and ingbtiglding on recent update® support the efficient

and timely deployment of resources required to meet system security needs over the energy transition. The rule change
request focuses onptions toaddress issueisicluding the timingnismatch betweerransition points where security

resources exiandthe longer lead times within which approval, procurement and commissioning activities can réspond

Investment in new sources of system security is needed

Ten coalfired power stations have closed since 2012 and half of the remaining fleet is projected to retire in the coming 10
years, as well as several large gas generabdesv investments and reformare needed to maintain system security

advance of these exits occurringith opportunities to ceoptimise both reliability and security help keep costs of the
transition as low as possiblEor example

1 Gas urbines (GTs) fitted witblutches (at design or retrofitan act as synchronousndensersprovidingsecurity
servicesevenwhen not generating poweirf fitted with selfstart capabilities, these units can also support system
restart.

2 Seehttps://www.aemo.com.au/initiatives/majoprograms/engineeringoadmap

3 Seehttps://www.aemc.gov.au/rulechanges/improvinesecurityframeworksenergytransition.

4 Seehttps://www.aemo.com.au/energysystems/electricity/nationaklectricitymarketnem/nem-forecastingand-planning/transitionplanning/
transitionalservices--type-2-services

5 Seehttps://www.aemc.gov.au/rulechanges/securitframeworkenhancements
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1 Synchronous condensers fitted with a flywheel can provide both system strength and inertia.

1 Gridforming battery energy storage systems (BESS) are progressing rapidly to beddieciaa wide range of
system security services in the NBENth as frequency control, voltage stability and some aspects of system strength.
l9ahQa HnNnHp a@aGSY &AGNBy3IGK YR AYSNIAF FaaSaavySyida KI @
inertia solutions in tandem.
Many assets capable of providing system security services are progrésgihgve long lead timegiye or moreyears) for
approvals, procurement and installatioReadiness is required for wheoal generators commercially implemembore

flexible operating profiles such @®ing offlineduring themiddle of theday or seasonallyhich may occumany years
before retirement.

Timely investments are needed to decouple reliance on coal generators for system
security d enabling the next phase of the energy transition

CERarebecomingincreasinglycentral to system operatiorand AEMO is taking steps to continue to encourage CER growth
YR Sy&adz2NB K2dzaSK2f Ra |yR odzaAySadaasSa Oly O2yiAymsasii2 KI
decade has seen significant effort to support the transition to greater amounts of-tax@e renewables, including

improved performance standards and new operational approaches to maintain system security and reliability. A similar
concerted efort is required to enswg CER are effectively integrated in a way that supports the secure and reliable delivery

of electricity to all consumers now and into the futuReforms under the National CER Roadmapiamgortant and
progressingincludingthose thatsupport visibility predictability,standards, and participation in an increasingly tsided

system.

When high output from rooftop solar combines with low underlying demand, operational demand on the transmission
system can be significantly reduced, creating minimum system load (MSL) conditions. MSL management remains an
ongoing priority across all NEMgiens to ensure supplgemand balance across all elements of the power system. In the
near term, if replacement sources of system security services are delivered on time, the system can continue to support
higher contributions of rooftop solar, and emerggnbackstop capabilityvhich pauses or restricts rooftop solar exports to
the grid will remain rare If delayed, costs and interventions (including the possibility of using emergency backstop
mechanisms) are likely to rise.

New approaches for system restart are required before traditional providers exit the mémkée short to medium term,
strategic investment will be needed to ensure restart during the transition. Over this timeframe AEMO expects an evolution
of restart processes, with the restart process to remain primarily focused on restarting existingtl@arg®nnected plant

and priority load centres. In the longer term, the restart process may need to fundamentally change, to be more
decentralised in nature, anke into account emerging technologies. AEMO is explagsatpration support service®

address stable load unavailability, and two new Type 2 Transitional Services trials to demonstrate black start capability usi
inverter-based resources (IBR) and to enable system restart in a high distributed photovoltaic (PV) environment.

Shortfalls in security investment mean action is needed for imminent transition points

Industry and governments are alreadgtingto resolve known risks, withpgcific remedial action needed to navigate
fast-approaching transition points
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1 Systenstrengthrequirements to enable the planned retirement of Eraring Power Station have been identified by
AEMO each year since 2021, and Transgrid is progressing the procurement of new synchronous condensers. The
decommitment of Eraring before these synchronous camgkrs are operational would result in the activation of
Transgrid system security contracts (where available). If security contracts are unavailable, operational intervention
may be required by AEMO up to 30% of the time, at significarittoasonsumers, to avoid potential consequences of
greater severity. Furthermore, without these synchronous condensers the New South Wales power system could face
periods where there may not be enough large synchronous units available for AEMO to diieetfonsystem
strength, creating a plausible risk of lassort operational actions

1 There remains a need for increased emergency distributed PV backstop capadiiularly in Queenslandg
maintainsystem security and avoigidespread customer impacts in rare, but plausible, operating conditjtors
example, a combination of significant load outages, network outages, and/or islanded regions). Backstop capacity is
needed in addition to ongoing efforts to leverage storage and increase daytime demand.

9 Delivery of synchronous condensers and planned metro grid reinforcement projects will help manage system strength
and improve transfer capacity into metropolitan Melbourne following the exit of Yallourn Power Sta&dMO
expects to rely on system security contracts and directions to existing synchronous plant to maintain system strength,
until delivery of new synchronous condensers, with risks of there being limited available assets to direct. If gas
generators neede to be directed online to maintain siem strength, adequatéuel supplies would be essential.

1 The planneckxit of Gladstone Power Station in March 2029uires timely delivery ahe Gladstone Priority
Transmission Investment projedh parallel with system strength investments.

Transmissiometwork service provider€fTNSPSs) are responsible for procuring system strength servicegpaathments
and AEMOQare supportinghem where necessarto prioritise delivery of relevant solutionEMO also continues to
support proactive reforms to security frameworks throutjle Energy and Climate Change Ministerial Council, NEM
WholesaleMarket Settings Review, andil K NB dz3 K (i K $hahgépeodesda NIXzf S

Summary of regional transition plans and detailed system security
assessments

Table 1summarises key transition points in each NEM region, in both operational (up to two years) and investment (two to
10 years) timeframes, highlighting levels of industry readiness and associated action for each. Regional transition plans are
provided in ful in PartB of this report.

Detailed assessments of system strength, inertia, and ancillary service shortfalls which create requirements for TNSPs are
summarised inmable 2and presented in detaih AppendixA2.

Based on theon-market ancillary serviceNMASstudies, AEMO has identified system strength and inertia deficits, along
with voltage control gaps and emerging risks across several regions. While most afiéveffeed riskshave solutions
underway, interim measuresuch as contracting synchronous plané likely to be required untpermanent solutiongre
installed.

6 For examplehttps://www.aemc.gov.au/rulechanges/securitframeworkenhancements
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Table 1 Summary of NEM transition points
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Table 2 Summary of network requirements for each NEM region, to be addressed by TNSPs

Region (TNSP)

TNSP requirements

New South Wales
(Transgrid)

&

Queensland
(Powerlink)

&

South Australia
(ElectraNet)

&

Tasmania
(TasNetworks)

&

Victoria
(VicGrid)

&

Systemstrength deficits across New South Wales haagainbeenconfirmedfrom 202728 with the
currently announcedEraring Power Stationetirement date. In responseTransgrid is expediting the
procurement of synchronous condensers with support from the New South Wales government; howeve
additional measures are necessary to ensure ongoing power system seCarnityactingfor these services
may be requiregrior to 202728, depending on market conditions.

Inertia deficitsare also forecast from 20228, underscoring the need for further action by Transgrid to
ensure sufficient inertia is available from 2 December 2027. The synchronous condensers being procur
include flywheels to deliver inertia, although deficits are currently forecast untilefassets are installed.

No gaps related to thermal loading or voltage control have been identifietr current demand scenarios
Nonetheless, several emerging network risks remain for electricity supply around Sydney during period
peak demand, particularly if expected generation and network developments, including actionable proje
do not proceed as planned.

There areemerging system strength needs in Queensland from 2@37 with solutions underwayThese
ySSRa NS SELISOGSR (2 0S FdzZfte I RRNBaaSR o0& t2
Twoemerging inertia needs have been identified, with remedial measures underwigyese will be fully
met through the installation of synchronous condensers, the existing clutch solution at Townsville Powe

Station, and expected contributions from existing giodming inverters

The successful delivery tife Gladstone Projedransmission augmentatiois essential for managing
emerging thermal and voltage risks following the retirement of Gladstone power station. Powerlink has
already commenced work on this project, with regulatory approval schedule for assessment in early 20:

No system strengthdeficits have been identified.
No inertiadeficits have been identified.

The previously declared voltage control gap is actively being addressed. ElectraNet is resolving this iss
through the installation of new switched reactors in the Asig# and South East regions. Three of the six
reactors have already been installed, with the remaining three scheduled to be operational by October .

AEMO has confirmeprojected system strength deficits across TasmariasNetworkss seeking taontract
with existing assets to manage these requirements.

Inertia deficits have also been identifiedontractsare being explored alongside system strength
remediation.

No gaps have been identified in relation to thermal loading or voltage control at this time.

Emerging system strength needs are anticipated from 2628, primarily associated with the planned
closure of Yallourn Power StatioVicGridis actively progressing solutions to address these needs, includ
the installation of synchronous condensers and potentially contracting with generation capable of opera
in synchronous condenser mode.

Aninertia deficit has also beegonfirmedfrom 202728. While the synchronous condensers scheduled for
installation will partially mitigate this nee®icGrid may need to takadditional measureto ensurethat
sufficient inertia is available in Victoria from 2 December 2027.

AEMO confirmed the existing voltage control and thermal loading risks at Deer Park. Control schemes i
currently in place to manage these operational challenges until network augmentations can be delivere:
Overloading risks were also identified for suppito Melbourne following the Yallourn retirement. To
address these issues, VicGrid is investigating solutions through both the eastern metropolitan grid
reinforcement and western metropolitan grid reinforcement projects.
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Looking ahead

TheTransition Plan for System Secuhtylds on! 9 a hatn@al analysis and reporting of system security needs to provide

I 02y a2t ARFGSR O0fdzSLINAY (G F2NJ YFEAYUGlIrAyAy3a aeaiasSy aSOdzNR G«
and will continue to dynamically evolve as capability, techgpland understanding progressés=MO thanks industry

partners and governments who have provided input and supported this work, and who continue to collaborate to enable
ldza GNJ A Qa SySNH& GNIyarldAzyod

In 2026, theTransition Plan for System Secugitph f £ Ay O2NLJ2 N} S NBLRNIAYy3I 2F ! 9ahQa
will include greater detail on future system restart requirements, foidning inverter capability, and integration of CER.

Additionally, AEMO continues to work closely with our international peers, facilitating a shared approach to tackling
obstacles and enabling rapid knowledge sharing and deployment of best practices and inndvations

Maintaining a secure and reliable energy system through the transition reped@dinated action acroshe energy
sector, and AEMO will continue to work collaboratively to signal and support the investments, reforms, and innovations
needed.

7 Seehttps://www.aemo.com.au/initiatives/majoiprograms/internationalsystemoperator-collaboration
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Part A. Transition planning

TheTransition Plan for System Secu(ifiPS)rovides! 9 a hpardto maintainsystemsecurityover the coming decade
From this year onwards, thEransition Plan for System Secuiitgorporates the previously separasgstem strength,

inertia ard network support and control ancillary servic®&SCASeports®, as shown irFigure 1 This change follows
stakeholder feedback that a combined approach will aid clarity of understanding and cohesion of action for all
stakeholderd CNRBY HnHc 2y gl NRa BngineérifgRbadiafraparting.y Of dzZRS ! 9ah Q&

The report has thre@arts. Part A outlines the fundamental technical critegiand critical importance of system security,
discusses how these fundamentals are enduring but the transition affects how they are fulfilled, and summarises how
AEMGOis planning to maintain securithrough the transition Part B presents detailed transition plans for each NEM region,
assessing industry readiness for transition points. P&t£a ONA 6 Sa ! 9ahQa S@2ft GAy3 (SOKYyA
needed to maintain secity in a low or zeraemissions power system, including the latest developments on technologies

YR aeadsSy &S NEnsidaiadiorSyster SeduBshidiea appendices, shownTable 3

Figure 1 Structure of combined security reporting in the Transition Plan for System Security
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Table 3 Transition Plan for System Security appendices

Appendix ‘ Description

AppendixAl | Reproduces the April 2025 letter from the Reliability Panel providing feedback on theT28@dition Plan for System Security

AppendixA2 | ContainsNSCAS, system strength and ineplianning requirements for TNSPs

AppendixA3 | Contains minimum demand forecasts, current emergency backstop capacity, and forecast incidence of MSL events.

8 Seehttps://www.aemo.com.au/energysystems/electricity/nationaklectricity-marketnem/nemforecastingand-planning/systemsecurityplanning
9 SeeSection2.5for asummary of stakeholder feedbaekd AppendiXAl for the letter providing feedback from the Reliability Panel.
10 Seehttps://www.aemo.com.au/initiatives/majoiprograms/engineeringoadmap
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1 How the transition affects system security

The NEM is in a period of renewal and transition, with significant change in the generation mix. Irrespective, 1
technical requirements, and critical importance, of system security are enduring. The ways in which security i
maintained must evolve to ense security does not become more operationally challenging.

1.1 The technology mix is changing

The NEM is in a period of renew@kn coaffired power stations have closed since 2@t rdirements have been
announced for all but one of the remaining fleet, with about tudithe fleet planning to retire in the coming 10 yearsd
the rest by2048 To meet government policy objectivels,9 a h Q a IntegratechSystem PlaitiSP*! forecast that the
remaining coal fleetnayclose faster than those announcements.

These synchronous generators are being replaced by a piggltg®minantly made up ahverter-based resources (IBR),
such as wind turbines, batteries, and solar, including a large amount of distributed solar and batteries. AEMO expects these
trends to continue in coming decades: for example, Bepire 20 R LJG SR T RE®¥ISEt8paChafgscenarid?.

Figure 2 Historical and forecast capacity of synchronous generation and IBR in the NEM, historical and in the ISP
Step Change scenario, 2009 -10 to 2049-50 (gigawatts [GW])
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11 Seehttps://www.aemo.com.au/energysystems/majotpublications/integratedsystemplan-isp.

12 Seehttps://www.aemo.com.au/energysystems/majompublications/integratedsystemplan-isp/2024integratedsystemplan-isp.
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1.1.1 Power system reliability and security

Definitions
Reliability

Areliablepower systermrhas enough generation, demand response and network capacity to supply customers
the energy that they demand with a very high degree of confidéhd@ae purpose of maintaining reliable
operating state is to ensure no customer supply is lost followingedible contingencgvent, such as the trip of a
generator or lineThereliability standard* requires at least 99.998of forecast customer demand to be met each
year.

To bereliable the power system mudie in a secure operating state.
Security

Asecurepower systemis onethat isoperated safely within defined technical limits, with ability to withstand
credible disturbanceseturn to secure operation, and restart following a widespread outabe.plurpose of
maintaining asecureoperating state is to prevent cascading failures followirtgealible contingencgvent.

Security depends on a broad set of technical requirements, inclgisigm strengthfrequencyand inertig voltage
control, transient and oscillatory stabilitpperability, and system restoration.

Managing both power system reliability and security during the energy transition, at least cost, is a priority.

Thechanging technology mix and shift to a more decentralised power system require evolution in the design and
requirements across assets and actareluding changes to the way both power systeatiability and securityare
maintained

The approaches for managing security have been engineered to use the physical properties and control of the spinning
masses in synchronous machines and have presumed-avapdlow of power from large generators to load centres.
Adapting to these changes reiges an evolution in the design and operation of IBR to comply with evolving grid codes and
performance requirements, and the development of new approaches to system security that better align with the natural
characteristics of IBRheseare being prgressed as part of the 9 a hEQgineering Roadmép

1.1.2 International context and collaboration

Australia is not alone in navigating an energy transition. Since ZEMO is one of six founding members of the
International System Operator Network (ISEtihat facilitates a shared approach to tackling obstacles and enaizpid
knowledgesharing and deployment of best practices and innovations.

13 Seehttps://www.aemc.gov.au/energygsystem/electricity/electricitysystem/reliability

1 The reliability standard is set in tiNERandis reviewed by the independeikeliability Panellt waslastreviewed in 2018see
https://www.aemc.gov.au/marketgseviewsadvice/reliabilitystandardand-settingsreview-2018

5 See jage25 ofhttps://www.aemo.com.aut/media/files/initiatives/engineeringframework/2022/engineeringoadmapto-100-per-cent
renewables.pdf
16 Seehttps://www.aemo.com.au/initiatives/majoiprograms/internationaisystemoperator-collaboration
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While many nations and regions are undergoing transitidigure 3highlights how the NEM is at the forefront of large
power systems in terms of instantaneous and average contributions from IBR (wind and solar), and the Wholesale Electricity
Market (WEM) in Western Australia is at the forefront for large island Yrids

Figure 3 Record contributions of wind and solar to total supply in grids globally
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1.2 The technical requirements of power system security are enduring, but
the way it is maintained is changing

While the energy transition is a period of profound change, the requirements that defeelwaeoperating state will
remain unchanged, as will the criticality of operating the power systensgcare state

(2a4G8Y a80dNAGE LINPGSOGA LIS2LX $Qa alFSGes LINRIésHéda Slj dzh |
blackouts This section provides a conceptual background on power system security as a foundation to the remainder of the
report.

1.2.1 Security is a property of the system not the parts

CKSNE A& | 02YY2Yy dzy RSNERGlI yYRAY3I 2F GKS g2NR GaSOdNARGEé
by connected communities, positive neighbourhoods, strong buildings and robust locks. For a bank account, security can be
built through unguessable passwords, safe investments, encryption, and-ftatettion. For both, and depending on the

7 Prepared for this report bgenjaminKroposkiof the National Renewable Energy Laboratory.
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risk environment, security can be supported by monitoring, insurance, and rapid response frameworks. With appropriate
layers of protection, secure systems can be safe, resilient, impenetrable to credible attacks, and ultiepésigiable.

While power systems are among the most complex machines evercmalnprising millions of electromechanical objects
interacting neasinstantaneously across great distanegsimilar principles of security apply. For the NEM, Chapter 4 of the
NERS® outlines in detail the framework for achieving power system security. This includes rules to keep electrical equipment
within bounds of safe operation, frameworks to support the system remaining safe and secure in the event of credible risks,
and emergeng schemes to help prevent cascading failures. In the unlikely event of a region losing power or aldgskem
event, the NER prescribes the framework for system restart.

Just as the security of a housenist achieved through any individual lock installed for perpetuity without maintenance, or a
bank account on any one password at a single point in time, achieving security for a power system requires careful
coordination of multiple layers of operational caals, alongside continual assessments of the environments of risk within
which it operates, with appropriate updates when required.

1.2.2 Managing system security involves assessing risks

The interactions of all the millions of components in the power systeross generation, network and load assets
near real time create a complex system whose security in response to uncertain future disturbances is a matter of
engineering judgement

By NER definition, theower systenis in asecure operating statéA ¥= Ay ! 9ahQa NBlIaz2ylrotS 2L
satisfactory operating staf® andwill return to asatisfactoryoperating statefollowing the occurrence of angredible

contingency evenbr protected eventAsatisfactory operating states one in which frequency, voltage, current flows, and

all connected plant are operating within their safe liiitsAEMO is obliged to take all reasonable actions to return the

power systento asecure operating stateithin 30 minutesFigure 4showsthe relationship between secure and

satisfactory states.

Understanding the central role of risk assessments in secydonsidering the likelihood and severity of events and their
consequences is pivotal to determining prudent actions to take in proportion to the probabilistic risks posed.

18 Seehttps://energy-rules.aemc.qov.au/ner/714

19 At https://energy-rules.aemc.gov.au/ner/714/690845#4.2.4

20 At https://energy-rules.aemc.gov.au/ner/714/690841#4.2.2

21 At https://aemo.com.aul/initiatives/majofprograms/pastmajor-programs/futurepower-systemsecurityprogram/powersystemrequirementspaper.
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Figure 4 Relationship between secure, satisfactory and unsatisfactory operating conditions
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1.2.3 Shortages of system security can have severe consequences

Despite best endeavours, the power system can, on rare occasions, experience cascading failures resulting in loss of supply
to large portions of the power systerRecent examplesincluding on the Iberian Peninsula and Chile in 2025, Brazil in

2023 and 2018, and South Australia in 2QImonstrate how failures to maintain sufficient system security can lead to
widespread blackouts with severe consequences.

A review by ISON highlights the growingomplexity and vulnerability of modern electricity grigsich that relatively
modest unexpected eventssuch as voltage oscillations, maloperation of protection equipment, or faulithicugh
settingsg can cause cascading failures. It also emphasisesrgfent need to rethink restoration planning such that system
restoration remains feasible and timelseePartCSection8.2for discussion).

1.2.4 System security risks are asymmetric

The potential severity of system security shortage creates an asymmetric risk profile in terms of early rather tharolate acti
and over and underinvestment, as described in the box below.

The period of infrastructure renewal and technology change in the NEM presents a heightened risk profile for system
security. This is due to uncertainties associated with what asset and technology changes might occur, when, and the
practicalities of commgoning new large infrastructure.

Major uncertainties include the timing of network augmentation, delivery of synchronous condensers and new generators,
potential exit or connection of large loads, dependability of new technologies in providing certain security services, regula
or seasonhdecommitment of coal units under flexible operating regimes, changes to exit timimgexpected plant

failure. Statistically, failure rates increase as plants near the end of their planned operational Hifgii@s5shows.

22 Seehttps://www.aemo.com.aut/media/files/about_aemo/internationaisystemoperator-collaboration/internationalsystemrestoration-review.pdf

© AEMO 2025 | 2025 Transition Plan for System Security 21


https://www.aemo.com.au/-/media/files/about_aemo/international-system-operator-collaboration/international-system-restoration-review.pdf

How the transition affects system security

Asymmetry of system security risks

AEMOrecogniseshe potential for both overand underinvestmentin system securitgnd thecomplexity of striking the
right balance betweemppropriateinvestmentand risk mitigation

As discussed in Sectidr3, AEMO may be forced to intervene to maintain system security at times when the market
does not providesufficient system security. These interventions may include contracts, directions and, if required, 1
severe measures (see Sectibi.1). Inadequate resources can also lead to higher market costs and leave the syste
more vulnerable to cascading failures (see Secti@n3d.

Such interventions may come at a considerable cost to consumers, and do not contribute to investments in infrast
that would support security long term. In contrast, assets that are delivered earlier than required may be economir
inefficient (albough not necessarily more so than interventions) but provide value to consumers by enhancing the
system in the lead up to when they are required.

 9ahQa @ ksem decuritiisKortageberefore pose anasymmetriaisk because the consequences of shortag
¢ which arise from undemvestment or late action or deliveryare more severe than the potential costs of early or
over-investments delivering assets ahead of time.

Figure 5 Example bathtub curve for failure rates over asset lifetime
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costs tomaintain existing levels @availability.While geater operational flexibilitcan help manage certain system
conditions such as Minimum System Load (MSL)RseeC Section9.19 and AppendiA3 for discussiol this flexibilityis
alsoexpected toraisefailure rates and may introduce new failuneodes Forstationsnearthe end of their planned

23 At https://www.aemo.com.au#/medialfiles/electricity/nem/security_and _reliability/power_system ops/20#termalaudit.pdf.
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operationallife, failures that are uneconomic to repair for a short residual lifespr@nmore likely to occur, with a risk that
key assets suddenly become unavailable earlier than expected

Another source of uncertainty is the behaviour of new plant. This includes teething issues during commigsasrshgwn
at the left of the curve ifFigure 5¢ aswell as risks of neviailure modesand unforeseen plant interactions

Large loads, such as aluminium smelters, also have significant impacts on system security. Their large and relatively steady
demand profiles help mitigate the challenges of MSL Ba#C Section9 and AppendiA3 for discussiopand are often
incorporated into emergency load shedding and restart schemes.

The decommitment or closure of each existing large load reprasentaterial transition point for the NEM, in some cases
triggering additional network investment to support system operation in its absence. In addition to the transition points
studied in Part B, AEMO is assessing the impacts on system security foxisicly éarge load and working closely with
relevant TNSPs and governments where risks are identified.

Outage management

Power system operability is complicated in real timethy requirement for planned outages and the occurrence of
unplanned outage AEMO is observing a growing need to take multiple network outages to connect new generation and
network assets, perform maintenance, and upgrade plant (such as modifications to improve the operational flexibility of
synchronous generators).

Major outages require extensive planning, coordination and mobilisation of specialist resources. Depending on their
location and timing they can pose significant security risks. Although AEMO has powers to defer transmission outages and
request reschedulig of generator outages where these threaten system security, these actions can have costs and
significant flowon effects on subsequent outage schedules, unplanned outage risks, or the installation and connection of
new assets.

AEMO actively considers outage management through the Medierm Projected Assessment of System Adeqyisidy
PASA), as well as in the 2(R&ctricity Statement of Opportuniti€ES0Og%*, seeking engagement with individual

generators on their planned outages for near term transition points (such as Eraring closure), and enabling the study of
system typical conditions under the NSCAS frametiohk future, improving general visibility of planned generator and
transmission outages across industry, and operational tools for coordinating outages would ensure outage needs can be
met while maintaining power system security

Prudent response to heightened, asymmetric security risks

Situations where there are limited or insufficient options to manage system security carry the risk of large costs and
consequences foronsumers (see Sectidn2.3. During the next 10 years, ttextentof changes facinthe NEMwill make

the management of power system security challenging at timéth, high dependency on the timing of new assets being
delivered. The additional demands for generation and transmission outages further exacerbate these challenges.
Accordingly, prudent investments should be considered that help improve resilience and redundancy where it is in the
longrterm interests of consumers to do so.

24 At https://www.aemo.com.auf/media/files/electricity/nem/planning _and forecasting/nem_esoo/2025/202kctricity-statementof-
opportunities.pdf
25 At https://www.aemo.com.au#/medialfiles/electricity/nem/security_and _reliability/system_security planning/262gcasreport.pdf.
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Given the heightened and asymmetric nature of the system security risk profile through the transition, it is often prudent, i
the longterm interest of consumers, to act eaity lowregret actions Actions are considered loregret if, with a high
degree of confidencehey will be:

i effective at meeting system security neeglander forecast conditions and a wide range of plausible alternative future
system conditions, and

1 necessary in the medium termperhaps somewhat later (or earlier) than forecast.

To support such actions, AEMQl&gging risks and consequences around agatomingtransition pointin Part B of this
report. Outlining the actions needed to appropriately manage the transition point.

This information iprovided to inform investments and other preparatory actions by all the stakeholders that have shared
responsibility for maintaining security (see Sectibf). Decisiongo take action are ultimately made by governments,

market participants, or network service providers (NSPs) and, to the extent these actions involve investment in regulated
assets, the Australian Energy Regulator determines whether they are prudent fesielref

Reform of regulatory regimes may further assist in promoting efficient investments with regard to the asymmetric and
heightened risks of the transition (see Sectihd).

1.2.5 System security criteria

l9ahQa LI2oSNI a2aisSyY &aSOdzNA (& 2°an8 systesns@anidards antl implSrentdd thddugi S G 2
guidelines and procedurés

2 KAES y2iAy3 GKIFG aSOdz2NRGE Aa | ErgiNeriniSRoGidiabasFessasketurity asingl S Y =
five criteria: system strength, frequency and inertia, voltage control, transient and oscillatory stability, and system

restoration. These criteria are used throughout this report to assess the current and future security ofnteegystem,

with detailed descriptions iTfable 4below.2 KA f S GNI yaASyid FyR 28a0Att1 G2NE &l oA
report, it is expected to receive greater emphasis in future reports.

Many power system phenomena can change extremely rapidly, for example in milliseconds after a disturbance, pushing the
system towards the limits of the technical operating envelope. Their management therefore requires the use of automated
systems; embeddeal in generators, transmission infrastructure, loads and control cergiasaddition to operational

procedures and planning.

Beyond immediate automated responses, manual actions may also be required from operations staff in AEMO, TNSP and
market participant control rooms. The ability to operationally respond to dynamic changes in the power system, to keep the
system in a securstate, is referred to asperability. As the physical power system evolves, the tools operators require to
managed SOdzNA G & | fa2 ySSR (2 S@2t@S® ! 9ah Aad NBALRYRAYy3I (2
operational tools (see Sectidn3.3. NSPs willlso need to invest in significant uplifts. The National CER Roadmap

26 At https://energy-rules.aemc.gov.au/ner/429/187180#4.3.1

27 Jandards for the performance of the power system as set ouNiBR &hedule 5.1aand power system security standards determined by the Reliability
Panel, defined in NER 8.8.1(a)(2).

28 e https://aemo.com.au/en/energysystems/eletricity/national-electricitymarketnem/systemoperations/powersystemoperationand
https://www.aemo.com.au#/media/files/electricity/nem/security _and _reliability/power system ops/procedures/so_op 3pbversystemsecurity
guidelines.pdf

29 At https://www.aemo.com.au#/medialfiles/initiatives/engineeringframework/2022/engineeringoadmapto-100-per-centrenewables. pdf
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workstream toRedefine roles for market and power system opera#ftissvorking to formalise distribution system roles
and responsibilities, considering distribution network service providers (DNSPs) and other actors. In addition, AEMO is
working with TNSPs and the Australian Energy Regulator (AER) to help frame a cortgrlestatement of future TNSP
competencies and capabilities.

Asnoted in Sectiorl.1.], inaddition to being securgthe power system must beeliable To give an integrated vievthis
report draws on findings frorh 9 a h Q &°3! atdGahStatement of Opportuniti€&SOQJF? with regards to reliability and
gas supply adequacy risks

Table 4 Power system criteria and their contributions to security

System criteria Contributions to system security

System strength System strength is the ability of the power system to maintain and control the voltage waveform at any location
duringbothsteadsd G G S 2LISNI A2y FyR F2tf26Ay 3 | PoiRér SySteaNDd | y
Requirements: Yy R dzy RSN1JAya (KS ada2aidSy aGdNBy3adk NBF2N¥a A
Management of System Strength rule chahge

The current system strength management framework consists of two complementary requirements, set out in N
{poml ddp I yR AYLI S Y§sfeinStrength RéyRirdraekts MethadbRedyy
9 minimum threephase fault level (system security requiremerathd

9 stable voltage waveforms (efficient level to host forecast IBR)

Each requirement plays a distinct role: minimum fault levels ensure reliable protection operation and system se

while stable voltage waveforms support the secure operation and connection of IBRs. These requirements are
assessed at designated syststrength nodes and may be further refined as technology and understanding evoly|

Throughout this report, including Part B aAgpendixA2, the requirements are distinguisheeherever system
strength is discussed. For more details, see the call box on the following page.

Frequency and inertia In an alternating currentAQ power system, frequency reflects the balance between active power generated and
consumed. AEMO is responsible for managing power system frequency and time error in accordance with the
Frequency Operating Stand&rd

For system security, a particularly important characteristic is how rapidly the frequency changes in response to
disturbance, referred to as the rate of change of frequency (RoCoF), and, relatedly, how quickly and reliably th¢
of connected generats adjust their power output to stable levels. The RoCoF is inversely proportional to thefing
of the system, which includes the physical inertia of the spinning masses inside synchronous machines and the
SvydzZ | G SR W& &rgsfokse that BBay be/pfodkdinimied to productnertia impacts the overall system
dynamic performance, particularly frequency stability, and interacts with other forms of stability, both local and
global

Inadequate frequency control and excessive Ro&GwoFcauselant disconnection and/or planlamage

Voltage control Voltage control is the ability to manage reactive power in an AC power system to maintain network voltages prg
and variation within defined limits under normal and contingency conditions, across a range of demand levels.
requires coordinated use gfenerator reactive capability, network reactive plants, and other voltage control devic
to support secure power transfer and voltage stabilifpltage control is influenced binimum three-phasefault
level particularly regarding the magnitude of vadfe step changesllowing the switching of a large reactive device.
AEMO also assessvoltage step changes based on the limits, accordirlg 8o a hS@séem Strength Requirements
Methodology

Adequate dynamic reactiieeadroom isnaintained to ensure acceptable voltage outcomes across the system in
event of a contingency.dRctive power margin is maintained based on prevailing system loading conditions, net
topology, and the severitgf the largest credibleontingency. Voltage instability can lead to cascading outage
situations with loss of load or tripping of transmission lines and other network components through protection a
potentially triggering generator loss of synchroniamd frequency instability.

In real time, AEMO primarily utilises the automated VAr Dispatch Scheduler (VDS) system to dispatch TNSP al
generator reactive power devices in the NEM to meet specified voltage control objéctives

Transient and oscillatory These criteria relate to the ability of the power system to remain stable and in synchronism when subject to sm
stability disturbancegoscillatory stability) and large disturbances (transient statffliffhis requires the presence of

30 See consultation pagat https://consult.dcceew.gov.au/nationater-roadmapredefinerolesm3-p5.

31 At https://aemo.com.au/energysystems/electricity/nationaklectricitymarketnem/nemforecastingand-planning/forecastineand-reliability/nem-
electricity-statementof-opportunitiesesoa

32 At https://www.aemo.com.au/energysystems/gas/gagorecastingand-planning/gasstatementof-opportunitiesgsoa
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System criteria Contributions to system security

synchronising torque and damping torque, historically provided by synchronous maedehke ability of

asynchronous plant to reach a state of equilibrium after the power system disturBahedso requires controls to
dampen interarea stability issues, which will need to evolve as the synchronous generators that currently provig
these controls retire, and theature of oscillationghanges with new system configurations

Additionally, this requires sufficientoltage waveform stabilityo ensure new oscillation modes associated with the
stability of gridfollowing inverterbased plant are managed.

System restoration Despite best endeavours, the power system can, on rare occasions, experience cascading failures resulting in
supply to large portions of the power system. Following this, control room operators in the NEM require the abil
restore the power sstem throughthe execution of a system restart pathway. Black start generators and restart
pathways used in operation during a restart are determined on the day based on available plant, but preferred
pathways and kegystem restart ancillary service (SRg®viders are agreed in advance with NSPs and genetfator

Operability The processes required for securely and reliably scheduling and dispatching the powerieystehtimeto keep the
system within its secure technical operating envelopeesenclude operational forecasting, outage coordination,
constraints and dynamic security assessment, reserve management and operator training.

Resource adequacy Having a sufficient overall portfolio of energy resouraed network capacityo continuously achieve the reéime
balancing of supply and demarf@otential constraints include thermal limits of the network, reliability of sufficient
electricity generation capacity (including considerations of their fuel supplies) and gas adequacy.

A. M a h Poiver System Requiremendiscument, athttps://www.aemo.com.au/energysystems/electricity/nationaklectricityymarketnem/nemforecastingand-
planning/systerrsecurityplanning

B. Seénttps://www.aemc.gov.au/sites/default/files/202410/ERC0300% 2h20Final%20determination_for%20publication.pdf

C. Athttps://www.aemo.com.aut/media/files/electricity/nem/security _and_reliability/systeratrength-requirements/systersstrengthrequirements
methodology.pdf

D. At https://www.aemo.com.au#/media/Files/Electricity/NEM/Security and_Reliability/Power System Ops/Procedures/SO OP_3715%Z8¢tamaSecurity
Guidelines.pdf

E.At https://www.aemo.com.auf/mediaffiles/initiatives/engineeringframework/2023/inertiain-the-nem-explained.pdf

F.Refer to Section 14 of AEMO Power System Security Gusifelimferrther information, athttps://aemo.com.au#

Imedia/files/electricity/nem/security _and_reliability/power system ops/procedures/so_op_3pbwversystemsecurityguidelines.pdf

G. At https://www.aemo.com.aut/media/files/electricity/nem/security _and_reliability/congestieimformation/power-systemstability-quidelines.pdf

H. At https://www.aemo.com.au#/media/files/electricity/nem/security _and reliability/congestieimformation/power-systemstability-quidelines.pdf?la=en
LC2NJ Y2NB Ay T2N¥YI (A 2y Powdr Sy8teni Fequiren2dicumebtn ath@ps://wiv. @eimdcam.au/energysystems/electricity/national
electricity-marketnem/nemforecastingand-planning/systerssecurityplanning

System strength is a complex but critical system characteristic. A detailed explanation is in the box below.

System strength

System strength refers to the ability of the power systenm@aintainand control the voltage waveform at any
location during both normal operation and followingisturbancés.

Whenlarge changes current causesmall changem voltage, thesystemstrength is considered high, and the grid
Aa 02y ai R hndhiRast WadshaEl ¢Hamen current causdarge change® voltagewaveform,

the systemstrength is lowandtKk S INA R Aa XIKESRb®&A % WoNBFTQRAA ISt @
and manylBR areconnectingh y LISNALIKSNI £ =3 WHESE1Q LI NIa 2F GKS b

Historically, fault level was often used as a proxy for system strength in the NEM, as areas with strong voltag
waveforms typicallgxhibitedhigh fault levels due to synchronous machine characteristics. With the rapid grow
grid-following (GFL)BR, industry understanding has matured, @nd now clear that protectiomuality fault
current and voltage waveform stability are distinct technical needs. The NER reflects this by defining a syster
strength standard with two complementary requirements

1. a minimumfault level requirement to support protection and power system stability, including the ability to
switch reactive plant, and

33 See Section 2.1 tiftps://www.aemo.com.aut/media/files/electricity/nem/security and_reliability/systerstrengthrrequirements/systermstrength
requirementsmethodology.pdf

34 Seehttps://www.aemc.gov.au/sites/default/files/20241 0/ERC0300%2%20Final%20determination_for%20publication.pdf
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2. a stable voltage waveform requirement to enable efficient levels of IBR integration.

MostgridF 2f f 26Ay 3 AYOSNISNARQ O2yiNRf adeadsSvya olasS (K
When systemstrength & f 26> AYOSNISNBRQ O2yiNRf &adeadisSvya Oy
disturbances getting out of exdrol quickly,which can escalate into power system oscillation or instability quickly
The specific control systems used by differergtkesand models of inverters differ significantly, including how the
behave inow system strength condition@eePartCSection10.1for! 9 ah Q& f I (i Sa dforminga A I K
inverters).

Most protection equipment similarlpasesactions onlocal measurements of voltage and currektost such
equipment has been designed around the expected fault characteristics (chemgatage and currentvaveforms)
of synchronous generator dominated power systems, including fault cumagiitude and sequence componerits
and voltage phase angles. The specific algorithnsgics used by different makes and models of protection
equipmentalsodiffer (seePartCSection10.1.2for insightsF NB Y | 9ah Q& Hnup adz2NBSe

The current system strength management framework consists of two complementary requirements, set out ir
{podml ®dd | YR A YLI S YSsteinSRenginRBdidzadits Mehadokei

I Minimum three-phase fault leve(minimum requirement for system security):
0 This requirement ensures sufficient fault current to support:
3 the correct and reliable operation of protection systems,
3 stable performance of voltage control systems, and
3 the ability of the power system to remain stable following credible or protected events.

d Currently in the NEM, minimumthreedK &S Tl dzAf G f S@St & Ydzad oS LN
F I dzf G 3Q dabliNiB syrickonous condensers and synchronous generators.

i Stable voltage waveformgefficient level set to enable stable operation of new and existing IBR):

0 This requirement ensures that plant does not create, amplify, or reflect instabilities in sgtaigy
conditions, and that voltage waveform instability is not triggered following credible contingencies.

0 Stable waveforms support the secure operation and connection of forecast levels -dbkipiding IBR,
avoiding wealgrid control interactions.

0 Satisfying the stable voltage waveform requirement may require dedicated investments in additional
voltage sources (including synchronous machines orfgriding inverters) and/or network augmentation.
GridF2NX¥AYy3I AYDBSNISNEQ OF LI -pHade failltieS8ehandistabldvsltage @veidrmy A y
ASNDAOSas FYyR !'9ahQa OGAGAGASE (2 &adzJ)? 8Bectior'OLUNE

35 During unbalanced faultsfor example when one cable contacts the eattthe voltages of a thre@hase system are no longer symmetrical. During
these periods the voltages (and currents) can be analysed through a mathematical decomposition into thretreaincomponents: the positive
sequence, negative sequence and zero sequence components.

36 At https://www.aemo.com.auf/media/files/electricity/nem/security _and_reliability/systeratrength-requirements/systersstrengthrrequirements
methodology.pdf

1 9ahQa ale& wWnun dzLIRkge &3atihtds:/adnd.com.aus/medi@/fles/éectricity/nem/planning_and forecasting/nem_esoo/
2023/may-2024-updateto-the-2023electricity-statementof-opportunities. pdf

© AEMO 2025 | 2025 Transition Plan for System Security 27


https://www.aemo.com.au/-/media/files/electricity/nem/security_and_reliability/system-strength-requirements/system-strength-requirements-methodology.pdf
https://www.aemo.com.au/-/media/files/electricity/nem/security_and_reliability/system-strength-requirements/system-strength-requirements-methodology.pdf
https://aemo.com.au/-/media/files/electricity/nem/planning_and_forecasting/nem_esoo/2023/may-2024-update-to-the-2023-electricity-statement-of-opportunities.pdf
https://aemo.com.au/-/media/files/electricity/nem/planning_and_forecasting/nem_esoo/2023/may-2024-update-to-the-2023-electricity-statement-of-opportunities.pdf

How the transition affects system security

1.3 Maintaining security is becoming more operationally challenging

131 AEMOds operational tool kit

When the NEM is in a secure state, with ample availability of system security resources, the system will be resilient to
contingencies. If, in contrast, there are scant resources able to provide security servicesnfsylrequiredto
interveneto maintain (or return to)a secureoperating state geeSectionl.2.2). The actionghat AEMO may need to take
are listed inFigure 6in priority order®.

Figure 6 AEMOGs operational tools to maintain security
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Interventions argpoor outcomedfor two reasong; they are costhyeither directly or through distorting market outcomes
and they do notontribute to newphysical assetthat would support security ithe longterm.

Currently, efficient market dispatch wikt timesnot ensure the availability of adequate system security resourcesgdake
of further developing NEMIlanning,market, and operatindframeworksisto deliver a secure systemathe market, as far

as practical, and minimésnterventions.

38 Seehttps://www.aemo.com.aut/media/files/electricity/nem/security _and_reliability/power system ops/procedures/so_op 3pb@ver-system
securityguidelines.pdf
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1.3.2 Operational metrics

In recent years, market and system conditions have forced AEMO to more regularly issue directions to maintain system
security.Figure 7shows how this has been particularly pronounced in South Australia, where up to four synchronous units
were operating under directions in 2020 and 2021, at cost of up to $35 million per gexigusive of any further indirect
impacts) With the delivery of four synchronous condensers completed in 2021, and increasing operational confidence in
high IBR contribution scenario8EMO and ElectraNet were able to implement new limits advice that enabled system
operation with a minimum ofwo synchronous units online. In 2025, following furtiiechnical studies and due diligence,

this requirement has been successfully reduced to one synchronous genesasitdrt B.

Each of these stepand the contracting of noimarket ancillary serviceNMAS)ygreements by AEMO, has further reduced
the reliance on directions in South Austrakallowing Project EnergyConnect Stage 2 and evidence of secure operation,
the minimum synchronous generator units may be reduced to s transition point is described in Part B).

In New South Wales and Victoria, AEMO has increasingly needed to resort to issuing directions to maintain system strength
over the past three years, as showrHigure 8 There is a risk that, if security investments are not delivered on time and in

full ahead of transition points, the resulting security gaps will need to be addressed through interventions: primarily

through TNSP system security contracts, or, where gapsin and AEMO has powers, by AEMO contracts, or, failing this,
AEMO directions.fe goal of further developing NERlanning,market, and operatinframeworksisto minimise the need

for such interventions andeliver a secure system via the market, as far as practibad of time

Figure 7 Number of units under direction in South Australia and the cost of these directions
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Figure 8 Number of directions in New South Wales, Queensland and Victoria
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Another metric that AEMO tracks is the maximum contributio$ renewable energy sources to instantaneous demand
(over a 36minute interval). As showmiFigure 9 these contributions have steadily increased with time, to a current record
of 78%. At these times, the NEM is operating with little synchronous generé&ligure Salso shows the average and
maximum potential® renewables contributions. The maximum potential contribution has exceeded 100% on numerous
occasions, indicating that all NEM demand could have been supplied by renewables were it not for network and system
security constraints and/or economic curtailmefithis underscores the role efficient investments in security can play in
facilitating the transition to the leastost, low or zeraemissions power system.

39 peak renewable contribution is calculated using the renewable share of total generation. This measure is calculateehoiidyHadisis, because this is
the granularity of estimated output data for distributed PV. Renewable generation includesogedvind and solar, hydro generation, biomass, battery
discharge and distributed PV. Total generation = lmtge generation + estimated PV output.

40Renewable potential in an operating interval refers to the total available energy from variable renewable energy (VRE)es@mdenot necessarily
dispatched, and actual output from dispatchable renewables, expressed as a percentage of the totaigpEMequirement.
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Figure 9 Maximum contributions of renewables to NEM demand
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1.3.3 Uplift in operational capabilities

As the operating environment continues to evolve, AEMO is deploying tools and processes to securely integrate emerging
technologies into increasingly complex systems. Through the implementation of the Improved Security Framework (ISF) rule
change, AEMO Ruilding capabilities to monitor and respond to system strength, inertia, and fault |eMetse new

functions are being embedded into operational workflows via structured training and bespoke tools.

As! dza G NJ f Al Q& cBnfifidsHaad the Ndwgt Systéni add/markets continue to evolve, there is a continued need
to further develop operational capabilities including technologies and tools to ensure continued security and

reliability. Essentially,He transition introduces range of new operating conditions which must be managed in the control
rooms and wider operations through a range of new procedures, data, technologies, capability uplift and new market
mechanisms. These include managing:

1 newpower system phenomemdriving new data, monitoring and modelling tools requirements

i increasedesource variabilitand complexitydriving new procedure requirements, forecasting and system upgrades
and

1 more complex dynamic and changing interfaces with an increasing number of market participants, and network
businesses meaning changing roles and responsibilisational limits and outage coordination requirements.
These are driving new interface requirements, new data and capability requirements along with a need for automation
and consideration of approaches to visualisation to manage cognitive overload for operators asidre@eiking.
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AEMQ@) @perationalTechnology PrograrOTP)!is central to this effortAs part of this program, a significant review of

I 9 a hréydired operational capabilities is currently underway to understand the requirements during the transition. To
support this, ndependent benchmarking ke Electric Power Research InstituEERRlhasbeen completed to understand
international best practice and ensure that AEMO sanurely and reliably managgerationsinto the future. This has
confirmed thatthere aregaps inthe operational capabilityequired for the futureandthat there aretechnology investment
opportunities to reduce th@perational risk$or current andfuture operations This review is being considered in
conjunction with the transition planning requirements for Australia and a plan is being developed for future operations
technology requirements.

As part of planning for future operations technoloyMOis adoptinga wholeof-system approach anid engagng with
network businesset understand and plan the wider technology requirements into the future. Thisrdimation will
continue over the coming years to ensure an efficient and robust approach.

41 Seehttps://www.aemo.com.au/initiatives/majoiprograms/operationgechnologyprogram
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2 How AEMO is planning for system
security in the transition

alye aidl]1SK2t RSNA &4KINB NBalLRyaArAoAtAde F2NJ aSOdzN
assess transition points, events and milestones that require material changes in the operational approach to

maintaining security. This techaal work is complemented by numerous active policy reforms and informed by

stakeholder feedback and engagements.

2.1 Responsibility for security is shared by many stakeholders

Managing power system securitydsomplex task. Security depends on many system criteria (see Se&inacross
planning and operational timeframes (see SectloB.1and2.2.2). The responsibilities for maintaining security are similarly
complex, with roles and responsibilities for many stakeholddreluding AEMO, NSPsarket participants, investors,
governments, regulatorgndcustomersg who must act with coherence, makimigcisions years in advanbased on
available information.

Figure 1Qpresents theAEM® @utline of the responsibilitiesind frameworkdgor power system security under the NEZR
Figure 1lcomplements this with a detailed breakdown of stakeholder actions involved in setting technical requirements,
assessing economic options, and operationally delivering services to manage security criteria. It highlights some of the
dependencies of planningctivities on TNSP inputs (such as limits advice) and the risks that procurers cannot, or do not,
secure enough services from providers (for instance if there are not sufficient sources of black start services).

AEMO notes thadlistribution network service providef®NSPgalso have critical system security responsibilities. DNSPs
are becoming increasingly important actors for managing system security in a high DERyxiesmr. As discussed in Part C
Section9.2, AEMGsworking closely with DNSBs the capabilities required to do this, with associated roles,
responsibilities and operational coordination requirements being considered in the National CER RSadmap

42 Seehttps://www.aemc.gov.au/sites/default/files/20283/2025.3.14%20ESS%20slides. pdf
43 Seehttps://consult.dcceew.gov.au/nationater-roadmapredefinerolesm3-p5.
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Figure 10 AEMC schematic of frameworks and responsibilities for system security
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Figure 11  Roles and responsibilities in maintaining security assets in the long -term interest of consumers
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22 AEMOGs transition planning activities

Recent rule changes, particularly tf8Frule chang&l y R &4dz0 4 S1jdzSy G b9w podundy Wt dzoft A0
{ SOdMRIBX SEGSYRSR !''9ahQa LXIFYyyAy3 | OGABAGASE 6AGK | RSF
02 YLX SYSy i a -starftlingrsydtem pladning functions, which are focused on distinct security criteria.

Transition planning focuses on continual enhancement of operational readipesgsaring forupcoming transition points

while continually assessintje end stateof the transition Transition pointsare events and milestones that require material
changes in the operational approach to managing power system security, such as coal exits and minimum system load
thresholds, needing detailed analysis, risk assessment, andftnestsonalcoordination to plan, and manag&he

Transition Plan for System Secuistyan annual report on these activities tiatdzi t Ay S& ! 9ah Qa LINB LI NI
seeksto inform proactive investment for mediurterm challengesand providessignas to stakeholders on neareierm

system security risks.

This section outlines how AEMO, in collaboration with TNSPs, defines transition points, and how transition planning takes
different shapes for neareierm (0-2 year) operational planning and more distant future planning horizons, with the
difference betwea transition planning and the transition plan detailed in the box below.

Transition plannings an amgoing, proactive workreamto ensureoperationalreadiness foevery transition point.

TheTransition Plan for System Securis/an anually-updated report of transition planning efforesnd current technical
understanding of what is needed to maintain and achieve power system security in arl@@roemissions power
system, to inform poactiveplanning,investment and reform

2.2.1 Transition points

Transitionpoints are events and milestones that require material changes in the operational approach to managing
power system securityThese requiréetailed analysis, risk assessment, and cfasstionalcoordination to plan, and
manage

AEMO uses a transition point framework, with the definition in the box abovesaathples iriTable § to focus activities on
preparing forevents and milestone#\s the system evolves, successful navigation of such changes requires joint

consideration of both system security and other operational requirements as an integrated process

Table 5 Definition and examples of transition points
Types of material changes Examplesof material changes
1 Cannot be managed efficiently with existing procesgasgxample, 1 Major changes to the asset mix, technical envelope, or configuratiol
whenexisting power system operational procedures and normal the NEM, such as retirement of large synchronous generators, clos
market operationare not sufficientpr whennew capability, staff or or entry of large loadsnaterial investment in new assets to provide
skills in AEMO or TNSP control rocams needegl. security servicegr network augmentations, such as new transmissi

1 Require coordinated and concerted efforts to reform processes or lines and new control schemes.

require a NER change to be able to manage the change.

44 Seehttps://www.aemc.gov.au/rulechanges/improvinesecurityframeworksenergytransition.
45 At https://energy-rules.aemc.gov.au/ner/656/608800
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Types of material changes

Examplef material changes

1 Changes that are likely to cause AEMO to intervene in the market n
than once every two months to maintain reliability or power system
security.

9 Threshold events, such as projected seasons where operational

demand could drop below minimum levels.
9 Operational shifts as changes in available security mechanisms allg

relaxation of constraints such as minimum numbers of online
synchronous generators.

1 Changes that trigger complex joint planning requirements, exceed t
defined Material IntefNetwork Impact Criteria or which trigger

complex Joint planning/approach to manage. i Transition to new operating frameworks, where there is a potential

need for monitoring and/or the potential to revert to a prior operating
point or system constraint.

AEMO mayhoose to assess a set of similar or linkedhsitionpoints collectively, where this is more efficient and provides
clearer insightgo inform investments, process and regulatory changesequiredcapabilitiesfor example, wherenultiple

coal closuresireforecast in a similar periodbut timing and sequence are uncertainn @nger horizonssfuch as over five

yvears) KSNB GKSNX Aa tS&ada OSNIlFIAyde Ay GKS aLISOAFAOA 2F K2
identifyingany large or long lead time investments that may be needed to support a particular transition Agitifne

progresses andncertak y 1 @ NBRdzOS&> ! 9ahQad |aasSaavySyiaa S@g2t @S (2 oS
preparatory actions to operational readiness. Correspondingly, the technical analysis performed also evolves as the
transition point approaches (segection2.2.3).

2.2.2 Horizons

l9ahQa GNIyYyaAdAz2y LXFyYyyAy3a | OGAGAGASA KdmPdperafidndPlannying 202 S

timeframes and more distant future planning horizons. Thansition Plan for System Secutges three horizons, which

are described in this section asdmmarised imable 6

Table 6

Three horizons of transition planning

Horizon 1¢ Operational planning

Horizon 2¢ Transition planning

Horizon 3¢ Future system needs

points.

Timeframe 0-2 years 2-10 years 10+ years
Context Urgency of (near) real time Wide set of possibilitieg and AEMO conducts assessments of emergin
operations, high degrees of higher uncertaintyg in how the technologies and future power system
confidence in current and near system may evolve, in terms of requirements through the Engineering
future operating conditions. expected system configuration, Roadmap program.
challenges and the prospective
preparatory actions.
Purpose Preparing for imminent transition | Assessing transition point readines Identify and begin framing risks and

and risks to inform preparatory
actions and investment.

opportunitiesto prepare for anticipated
power system conditions outside Horizon
timeframe.

Potential actions

Quantifying risk profiles.
Preparing operation procedurs
and ontracts (including NSCAS
and Type 1 Transitional Services
predominantly using existing
assets, technologies and rules.

Risk assessments and studies to
inform and contribute to the
delivery ofprudent investmentand
support reform activities.

Accelerate operational confidence
in, and deployment ofechnologes,
including through use of Type 2
Transitional Services.

Studies and trials that progress readiness
of emerging technologies to meet future
power system needs.

Futureback analysis to enhance
understanding of the needs of a lewr
zero-emissions power system.

Based on Reliability Panel and stakeholder feedback to the 2@sition Plan for System Secutftgit planning and

procurement processes may require more than five years, AEMO has extended Horizon 2 to covr-aGwear ahead
timeframe (previously twdo-five years). While it may appear that there is less urgency to act on Horizon 2 transition
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points, the long lead times of regulatory approvals, investment decisiaking, global supply chains and project delivery
YSIya GKS Wtlrad GAYS G2 FOGQ F2NI GNIYyaArlAzy LRAyGa Ay

g2

a
| 2NAT 2y KlIa taz2 0SSy SEGSYRSRI HdBias ark Andedtakendhfolighk
I 9 a hEQgineering Roadmayhich are currently reported on in annual repdfisand from 2026 onwards will be

[0} M |

integrated in theTransition Plan for System Security

2.2.3 Technical analysis across time horizons

AEMO continuously monitors expected changes in the power system, scanning for risks, forecasting requirements,
developing scenarios, and identifying major eventsansition pointsg that require concerted analysis and preparation.

AEMO adopts different analysis approaches appropriate to the information and modelling tools available across time
horizons. These seek to balance competing considerations of uncertainty in future system configuration and technological
capability againsttte last time to act, which long delivery times may force to occur while there is significant uncertainty in
system configuration, thereby restricting the utility of certain studies.

As uncertainty in the future state (and study inputs) is higher for longer time horizons, the specificity and technicafrigou
analysis is consequentially lower, limiting the ability of this analysis to inform forward decision making. For exanle, ther
is little value in modelling micrsecond phenomena influenced by IBR control settings when the largest source of
uncertainty in tke model is with the location and timing of delivery of the identified plant. This t@fties presented in

Figure 12 with an exampldor assessing minimum fault levels for system strength.

Representation of system uncertainties
horizons

Figure 12 versus modelling granularity across planning and operational
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46 Seehttps://www.aemo.com.au/initiatives/majoiprograms/engineeringoadmap/reportsand-resources
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At times, studies with limited accuracy may be sufficient to enable decisions to be made that help manage asymmetric
forward risks, particularly for those that require investment in and delivery of long lead time assets, but any identified
solutions must b robust against uncertainties in the analysis used to inform decisions.

Figure 13outlines detailed analyses that AEMY@rforms to some extent and is evaluatifay enhancement withirthe

Transition Planning framework, at various stages acrossyedflead time ahead of the transition poinThese can occur
within existing planning (and operational planning) frameworks, or as dedicated analysis once a transition point has been
identified. In many cases, improvements to existing processes are required to ensure coverage of plausible operating
conditions arising from the transition point and new phenomena triggeyedrticularly for transition points that have
substantial impact on the availability of operational margins for system security. The expetafaanalysis required for

this extension is generally assessed on a-gsease basis. AEMO is working through how to formalise this framework in
2026 and will collaborate with TNSPs through joint planning exercises.

AEMO is continually improving its transition planning assessment approach, including:

i augmenting scope in existing assessment processes to covenbatiphenomena andore nuanced operating
conditions that are not typically considered in planning studies,

9 determining appropriate inputs and assumptions to apply to assessment given inherent uncertainties,
9 developing methodologies to enable assessment of lofigan transition points,

1 exploring alternative modelling approaches for system restoration to enable longer term assessment and design of
viable system restart pathways at least two to five years ahead of when they may be required, and

1 improving modelling capabilities including model accuracy and validation processes, for example enabling oscillatory
stability analysis for anticipated changes to the synchronous fleet over Horizon 1.
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Figure 13 Indicative transition point  analysis framework

Legend; Existing processes sufficient for transition point
planning

Transition point
> reaches real time

Analysis applicable to Transition Point changes with lead time

Lead time 10 years ahead 5 years ahead 2 years ahead

System System strength planning requirements (minimum fault level requirements, IBR
strength projections for efficient fault level requirements)

Fault level shortfall assessment
System strength limits advice due diligence

Stable voltage waveform modelling

Frequency Inertia planning requirements
andinertia

Inertia shortfall assessment

FCAS limits advice development

Voltage
control

Planning constraint development representing transfer capability (ISP, ESOO)

NSCAS Voltage control gap assessment

Voltage limits advice due diligence

and Planning limits advice due diligence (applied to ISP, ESOO)
oscillatory ¢ 9 PP !
stability Stability limits advice due diligence
System
restoration SRAS pathway viability
and validation
Operability
Operational limits advice due diligence
Forward assessment and design of operational tools (OTP)
Seasonal readiness assessment

Resource Optimal development pathway planning (ISP)
adequacy . . . - . )

Planning constraint development representing thermal limits capability (applied to ISP, ESOO)

Reliability risk assessment (ESOO) and sensitivities (e.g. outage planning)

Gas adequacy assessment (GSOO) and sensitivities (e.g. coal availability)

Ramping and reserve adequacy

NSCAS Thermal overloading gap assessment
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2.3 Transitional Services

¢KS HWnanun L{C NUzS OKIy3IS LINRPOBARSR ! 9ah grhaihtkinngpgoder gySemn W ¢ NJ
securityin the transition to a lowor zeroemissiongower system These services @aadditional and temporary, being time

limited to 2029 for Type 1 Services and 2039 for Type 2 Sergivegs) Sectiorl.3are particularly critical for power system

security as coal generators age and approach retirement. In addition to improving system security, Transitional Services are
designed tacontribute to achievingmissions reductions targedsd reducing the use and cost of directions.

Costs for Transitional Services willreeovered under NER 3.15.6A in line with current NSCAS cost recosenanism
with the ability to specify regional beneficiaries if appropriate.

The NER specify two Transition Serviceganse 3.11.11(b)(Bnd3.11.11(b)2)"s 6 KA OK | NBTypeRTF SNNB R
Transitional Servic€s | TypR2 THAnsitional Servic€s NB & LISOG A @St ed ¢KS RAAGAYOGAZ2Y ©
gAGK ! 9ahQa RAHoiizorylGidiHarizon (5& BectoB.9.2. Type 1 Transitional Services are focused on
addressing neaterm challenges without issuing directions. Type 2 Transitional Seedscused on addressing

longerterm challenges by proving new, lear zeraemissions contributions to system security.

2.3.1 Type 1 Transitional Services

Type 1Services aréhoseneededto fill an identified security need within the next two yedossupport power system
during times of uncertainty during transitional periqas to fill identified gaps that emerge as installation r@factiveand
power system stabilising equipmeistdelivered in a staggered manner.

These areservices required for power system security that cannot otherwise be pro\iglexhinertia network service, a

system strength service, a market ancillary servicendlBIAS. Contracts for the procurementfpe 1Transitional

services may be up to three years in length and must not have a term that extends past 1 Decembégrf@088tion on

how AEMO intends to move away from using these contracts is outlined in the description of each proposed service below.

Published Type 1 Transitional Services

In late 2024, AEMO publishedséatement of Needo procure Type TransitionalServices from battery energy storage
systems (BESS) to manag€Levents in Victoria and South Australia ahead of spring £025

AEMO has signed two Type 1 Transitional Services contracts with BESS owners in Victoria with a charging capacity of
307.50 megawatt hour{MWh). Negotiations were undertaken with BESS owners in South Austratino suitable
agreements were reached.

In November 2025, AEMO publishiaek additional Statements of Need for Typd dansitional Servicescross the NEM,
shown n Table 7 Eaclof these will likely lead to multiple contracted resources to fulfil the Transitional Service
requirements.

47 At https://energy-rules.aemc.gov.au/ner/714/690727#3.11.11
48 At https://www.aemo.com.aut/media/files/stakeholder consultation/tenders/2024/mstansitionatservices.pdf
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Table 7 Recently published Statements of Need for Type 1 Transitional Services

Type 1 Transitional Service Description

Procurement of synchronous Aminimum of & least onesynchronous generatas currentlyrequired under system normal conditiois
generators to provide grid reference| South Australiawhile more than one may be required under outage conditions, for example when island|
in South Australia uportompletion a credible risk

of NSCASontracts

AEMO is seeking to contract with synchronous generators connected at the 275 kV network in South A
to provide generation at their minimum output when other synchronous generators are not genérating

This service will ensure a single synchronous generating unit is kept online until AEMO has confirmed t
conditions under which power system security can be maintained in South Australia with zero synchron
generation online. At a minimum these condit®will include the completion dfroject EnergyConnect Stag
2 and its Remedial Action Scheme. AEMO is working with ElectraNet to develop an operational transitig
for the move to zersynchronous generatorsefer to Part B.

Procurement of MSL services for As described in the Statement of Néed wide Expression of Interest is to be released for Transitional
flexible load and temporary Services to address MSL rfskehose services offered that fit the framework Toype 1Transitional Services
resecuring service in New South will be negotiated and contractefr New South Wales, Queensland, South Australia and Victeiaices
Wales, Queensland, South Australia| offered that fit the framework for Type 2 Transitional Sen/cetl be negotiated separately.

and Victoria AEMO sees a lortgrm need for these services in all regions to manage network constraints, including

interconnector flows, however the amount of service required in each region will vary, based on prevaili
power system conditions

AEMOQanticipates that Type 1 transitional contracts will provide an interim safeguard while market reforn
and operational responses to low system demand are developE§O will continue working with NSPs an
other stakeholders to ensure appropriate safeguards are in place.

A. At https://www.aemo.com.au/energysystems/electricity/nationaklectricity-marketnem/nemforecastingand-planning/transitionrplanning/transitional
services-type-1-services/soutkraustraliangrid-referencetransitionatservice

B. At https://www.aemo.com.au/energysystems/electricity/nationaklectricitymarketnem/nemforecastingand-planning/transitionplanning/transitional
services-type-1-services/minimurrsystemload---type-1-transitionalservice

C. h MSL2 conditions the power system is one credible contingency away from requiring immediatdractiédEMO and DNSRsincrease demand

D. Seehttps://www.aemo.com.au/energysystems/electricity/nationaklectricity-marketnem/nemforecastingand-planning/transitionplanning/transitional
services-type-2-services

Proposed Type 1 Transitional Services

AEMO has not currently identified needs for Type 1 Transitional Services in addition to those listed above, however as a
general estimate AEMO intends to enter into up to 10 Type 1 Transitional Services agreemettige coening tweyear
period. It is anticipated that any given Statement of Need may lead to more than one agreement.

2.3.2 Type 2 Transitional Services

Type 2 Transitional Servicase intended to support thérial of new technologies, or a new application of existing
technologies, to managgower system security ialow- or zeraemissiongpower systemAEMO has implemented a Type 2
Services framework, establishing a structured process for identifying, procuring, and trialling transitional servicesds defi
by the ISF rule chantfe

h@dSN) GKS LI &G @SFNE !'9ahQa F20dza ¢l a 2y RS@GSt2LIAy3a (KS
implementation. Athree-stage Type 2 Project Lifecygias developedn accordance with the Transitional Services
Guideliné®and NER 3.11.%2 coveringidentification and prioritisation of trial opportunities, procurement, and delivery. A
prioritisation methodology was also developed to assess prospective trials based on their-sgstgnity impact, feasibility
within program timelines, and expected ual for informing future markets and operational readiness.

49 Seehttps://www.aemc.gov.au/rulechanges/improvinesecurityframeworksenergytransition.

50 At https://www.aemo.com.auf/media/files/electricity/nem/security_and_reliability/ancillary services/transitiorsarvices/transitionakervices
quideline.pdf
51 At https://https://energy-rules.aemc.gov.au/ner/714/690715#3.11.12
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Published Type 2 Transitional Services

In October and November 2025, AEMO released five Statements of Need for Type 2 Transitional Services, described in
Table 8 Each outlines a proposed trial in light of specific systegurity challenges, how the trialled capabilities wilhble
AEMOto maintainpower system securitin the transition to a lowor zereemissiongpower system, and the procurement
process for interested participants. Collectively, they address gaps in existing arrangements and form a portfolio that spans
system restorationminimum fault levelsand stability functions

Table 8 Published Statements of Need for Type 2 Transitional Services
Type2 Transitional Service ‘ Description
Black Start from InverteiBased Evaluates IBRased black start solutions to support system oeationin a lowemissions gridOutcomes of
Resources (IBR) the trial are expected to inform future restation pathways, SRAS procurement and guide technology

development.

System Restart under High Demonstrates emerging technologies and operational approaches capable of managing DPV/CER
Distributed Photovoltaics (DPV) reconnection on the systemestorationprocess, particularly where communications infrastructure is
Condition$ unavailable.
Grid-Forming (GFM) Inverter Assesses whether GFM inverters can provide fault current of sufficient magnitude, duration, and compg
Protection-Quality Fault Currerft (e.g. relevant positive and negative sequence components and waveform properties) for protection relal

operate correctly under diverse systemesption and fault conditions.

Zero Synchronous Generatién Demonstrate that inverterbased resources (IBR), either standalone or in conjunction with other grid sup
plant such as synchronous condensers, are able to maintain system security within a large isolated sub
network without requiring synchronous generation to deline. Insights from the trial are expected to infori
future operational planning and technical requirements.

Minimum System Load Transitional | Assesses novel approaches tamagement of MSL in conjunction wiphoposedType 1 servicess discussed
Service§ in Section2.3.1

A.Seénttps://www.aemo.com.au/energysystems/electricity/nationaklectricity-marketnem/nemforecastingand-planning/transitiorplanning/transitional
services-type-2-services/blacistart-capabilityfrom-ibr.

B. Sedttps://www.aemo.com.au/energysystems/electricity/nationaklectricitymarketnem/nemforecastingand-planning/transitionrplanning/transitional
services-type-2-services/systentestart-under-high-dpwconditionsservice

C. Sedttps://www.aemo.com.au/energysystems/electricity/nationaklectricity-marketnem/nem-forecastingand-planning/transitionplanning/transitional
services-type-2-services/grigforming-inverter-protection-quality-fault-currenttrial.

D. Sedttps://www.aemo.com.au/energysystems/electricity/nationaklectricitymarketnem/nemforecastingand-planning/transitionplanning/transitional
services-type-2-services/zeresynchronousgenerationtrial.

E. Sedttps://www.aemo.com.au/energysystems/electricity/nationaklectricitymarketnem/nemforecastingand-planning/transitionplanning/transitional
services-type-2-services/mstransitionatservices

Following publication of thes8tatements of Needgrocurement processelsave commencedlhe next phase will focus on
executonofi KS&aS AYyAGAFE GNRIFEA&A YR SYOSRRAY3I FAYRAYIA GAGKAY
learning to the industry for investment signals, and future market design initiatives.

Under the ISule, parties may approach AEMO with unsolicited offers of Type 2 Transitional Services. In December 2024
AEMO received the first such unsolicited oflery £ Ay S A GK ! 9ahQa 32 @S Nlevayia@d TNI YS
taking into account alignment with the priorities identified in tB@24 Transition Plan for System Securigplicability and
systemwide learning, and incremental valukEMO determined that the proposaicdthot meet the requirement®f the

framework.

Proposed Type 2 Transitional Services

l'9ahQa dzLJO2YAY3 LINA2NRGASA FT2NJ ¢&LJS H ¢ Nasgdopeiptioany | £ { SNID.
Horizon2. Another upcoming focus area is progressing work on-atea oscillation damping, noting emerging exposure to
poorly damped interarea oscillations under high IBR conditions. Overcttraing months AEMO will begin scoping a
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targeted trial, including early consideration of feasible technologies, operating conditions, and potential delivery partners
AEMO is targeting release of this Statement of Need in Q1 2026.

AEMGis alsoplanning to broaden external engagemeatidentify further trial opportunities. Increased coordination with
NSPsoriginal equipment manufacturer©EMS, developersinternational system operatorgnd research bodies will help
identify emerging security needs and candidate Type 2 trials.

As AEMO moves into the procurement phase for the published trials, market engagement will also be used to understand
participation barriers and identify where additional trial options may be viable. Feedback from prospective providers on
technical, commerial or integration constraints will also support prioritisation of future trials in the system security
transition pathway.

Within the next twayear period, AEMO is expecting to enter into udl®Type 2 transitional services, including at least

one per Statement of Need already published and an additional two to three agreements related to proposed services or
priority focus areasAEMO will only enter into such agreements where it is considered prudent and efficient considering the
procurement objectives of maintaining power system security, achieving emissions reductions targets, and minimising costs
to end users.

2.4 Policy reform to support the evolution of the power system security

Throughout 2025, market bodies and governments have been investigating what further policy and regulatory measures
are necessary to support the timely and cesficient delivery of resources with essential system service capabilities.

2.4.1 Reforms to the National Electricity Rules

In November 2025, AEMO submitted a rule change reijaiesthe AEMC to amend the NER planning and procurement
frameworks for system strength and inertia to support the efficient and timely deployment of resowagesed to meet
system security needs over the energy transitifEMO notes that while significant work has been done to date on
establishing the planning frameworksncluding completion of the first system strength Regulatory Investment Tests for
Transmission (RITS) ¢ they are still evolving and in the early stages of implementation.

The rule change seeks to address the issues and challenges observed to date with the planning frameworks which, in their
current form, do not currently provide sufficient time or the flexibility needed in planning timeframes to respond to the
range of vambles arising that can materially alter system operating conditions and the resources available to AEMO to keep
the system sea. It does this by focusing on options to evolve the frameworks and address these issues so they are better
positioned and readyjor the next planning cycle and can deliver outcomes that are in thetiemy interests of consumers.

There is an asymmetry of risk between ovand underprocurement, and early and late delivery of resources to provide
system strength and inertia services. While epencurement carries the possibility of consumers bearing additional costs,
the risks anatosts of under or late procurement aligely to bemuch higherProcuring ahead of time helps protect against
delivery schedule delays, and high impact low probability events with seemsequencesuch asunserved load and

system black outs. Inadequatesources for system strength can also lead to higher wholesale market costs and emissions
and create uncertain conditions for new investment, resulting in worse outcomes for cons(seetsox in Sectiod.2.4).

52 Seehttps://www.aemc.gov.au/rulechanges/securitframeworkenhancements
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Poorly coordinated investment in new resources can also lead to duplicate and inefficient investments (e.g. building a
firming gas plant in one location and a separate synchronous condenser at the system strength node close by), resulting in
additional deays and costs for consumers. This investment coordination challenge is created by the physical unbundling of
services in a mainly invertdrased system and may require more substantive changes to the regulatory frameworks to
better enable market led investent.

l 9ahQa NlgfeSental bpgaibhity to work with the AEMC and industry to enhance the existing frameworks
throughenabling system strength and inertia shortfalls to be declared and managed more effectively, improving planning
certainty and incentives for nenetwork and network solutions, and better aligning the planning framework timeframes for
system security resoge entry and exit. Enhancements like these can help ensure the frameworks facilitate the timely and
efficient investment in system seigty capabilities so that they

1 enable AEMO to operate the power system and markets efficiently, reliability and securely as they transition to a
predominately renewable energyased system, and

1 deliver outcomes in both the investment and operational timeframes that are in thetiermg interest of consumers.

2.4.2 Policy support for system security

Policy settings will be essential to address challenges associated with constraints on upstream supply chains and
coordinating investment in assets that can provide multiple system services. AEMO is emgagiagge of government

led initiatives that are investigating how existing and new policies and market reforms can support the timely delivery of
resources with system service capabilities.

At its August 2025 Energy and Climate Change Ministerial Council mégéimigters agreed to an action plan to support
system security across a range of priority areas including regulatory frameworks, policy, and technological ifidwation
parallel, the ongoing NEM Wholesale Market Settings Revehby a governmerdppointed Expert Pangis also

considering how the proposed Electricity Services Energy Mechanism can procure system services through the project
development stage to capture opportunities for cost effective incremental investment in system service cap#bilities
AEMO supports these processes and will continue to engage in them to help identify and inform government on policy
settings and reforms that support the timely and cesficient delivery of system service resources.

The policy work underway across the National CER Roadmap reinforces this direction, with a strong national push to
modernise systersecurity frameworks for a higBER system. As discusgeéart CSection9.2, the Redefining roles
workstream highlights how secure operation increasimgliesDNSPs establishing Distribution System Operator (DSO),
coordination between transmission and distribution system operation and control hierarchies for DER both normal and
abnormal system conditions. CER Roadmap workstreams also highlight the increasirignioe of customer agents and

other emerging actors and the need for defined responsibilities for device behaviour, data handling and compliance, given
their growing influence in the power system.

In parallel, thentegrating Price Responsive ResouftRRR) reform will enable aggregated flexible demand and small
storage to be visible and dispatchable through structured dispatch modes and operational data requirements. This greatly
enhances AEMO's ability to see and manage pasponsive CER, reduginncertainty around CER behaviour at times and
allowing it to be better harnessed as a source of flexibility for managing system security.

53 Seehttps://www.energy.gov.au/enercaand-climate-changeministeriatcouncil/meetingsand-communiques
54 At https://assets.pc.gov.au/20289/wholesaleelectricity-post-draft.pdf; see recommendation 8B.
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2.4.3 Connection sreform

AEMO is enabling faster, more efficient connections through a suite of targeted initiatives.

The Connections Reform Initiative (CRijs introduced an optional prapplication milestone, early OEM model
assessments, and a streamlined commissioning guideline and toolkit to facilitate early collaboration, reduce rework and
enable generators to reach full output sooner, while maintainiygiem security.

Government programs like the Summer Readiness Program have already acceleratedigagradts GW) of projects

ahead of peak demand, while the Streamlined Connections Pilot Program and Accelerated Connections Fund are testing
reforms to reduce application to registration timeframes. Thew South Waleéccelerating Battery Projects Program
provides dedicated support to accelerate large storage projects in the region and reduces duplication of work across
stakeholders.

In parallel, AEMO is optimisititg digital platforms, including the development of the Connection Web Application,
Registration Portal, and Solutions Register, to simplify submissions, improve transparency and create a secure data transfer
repository.

Technical enhancemeniscludethe Frequency Scanning Proof of Concept Report and a comprehensive review of Access
Standards to further define the technical requirements for connecting generation, storage, and large loads.

Collectively, these initiatives aim to deliver a consistent, predictable, and collaborative process that acceleratesgye ener
transition.

2.5 Feedback on the 2024 Transition Plan for System Security

Although formal consultation is noequiredas part of the release of th€ransmission Plan for System Security
AEMOvalues input froma wide variety of stakeholdets inform its thinkingas part ofanongoing commitment to engage,
listen and understandtakeholdemerspectivesTofacilitate this, AEMCalled forbroadinput on the 2024Transition Plan
for System SecurityetweenDecember 2024 and March 2025, with written feedback recefueich eight stakeholders
across generators, retailerdevelopersand peakbodies.

In addition tothis engagement and feedbacREMO met with theAEMC Reliability Pangtveral times and the Reliability
Panel provided a formal submissiaa required under th&lER

This section highlights the material feedback from the Reliability Rartdieedback from other stakeholders, along with
 9ahQa NA& #hiskdas aoSatformal consultation, and AEMO didauvisethat submissions would be made public,
the wider stakénolderfeedback receivetias beerde-identified.

Feedback concentrated on the case for urgent action from many parties, and the importance of a clear and transparent
plan, as summarised i

55 Seehttps://www.aemo.com.au/initiatives/majoiprograms/connectionseform-initiative.
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Table 9

Summary of stakeholder feedback and AEMO responses

AEMO responses i2025Transition Plan fo

Stakeholderfeedback

The case for urgent action from many parties

Asymmetric risks

¢KS wStAFOAT A G®eugengy®f S
system security investment to keep pace with the

i NIy adiditdlahg/and uncertain lead times of
investments and project delivery. The Panel
highlighted that the foundational importance of
system security creates a highly asymmetric risk
profile ford 2 @ehdNdnderA y 3S & G YSyY i € ¢

A market participant highlighted the speed and
uncertainty of major coal retirements.

Similarly, a peak body highlighted the asymmetric ri
of dmoving preemptively to resolve these issues
versus moving too late"

A generatowasconcernedaboutan overemphasis
2y & 0SSy NIsks uhderinigfing sygtdm d
securig A ¥ | 4 a doediiteckhglagieslr 6 2
market changes do not materialise as expected.

AEMO agrees that system security shortages pose
anasymmetricrisk,andrecogniseshe potential for both
over- and underinvestment and thecomplexity of striking
the right balancébetweenappropriateinvestmentand risk
mitigation (see box irSectionl.2.4).

I 9ah Q& thatt i tha langerm interest of
consumers to take proactive, anticipatory actions te de
riskpotential security and reliability impactprovided the
costs are not prohibitive.

This reporthighlightsand explainsome of the
potential asymmetricrisksandactions tomitigate these,
includingthrough urgent investment.

Tradeoff between
timeliness and accuracy

¢KS wStAloAtAGE tFySt vy
trade-off between timeliness and accuracy when

ARSyGATEAY3 &ALISOATAO &
0SS IAGSYy G2 ARSYGATAO!l
GKS GN¥XyaratAiAzy a LINIO
thattimelyA y #SadySyid OFry 200
significant and asymmetric risks.

[eNN 1Y

ft

AEMO agrees with these arguments and priorities. AEMO
manages the uncertainty of the futurein terms of network
configuration generation output, technology capabilities, ar|
customer behaviour, amongst othegsacross many
activities.Section2.2.3details how this is managed in
assessing system security.

Part B of the reporidentifiesand assesses transition points
across a teryear horizonwhich is the limit that AEMO
believesis practicable. Furthermore, AEMO is planning for
20241SPStep Changscenario in these security assessment]
by considering scenarios for coal plant decommitment ahe
of coal plant retirement (with credible occurrences of no co
online as early as Z1-32 in New South Wales and2®34 in
Victoria). While these scenarigsntainsignificant
uncertainties, AEMO believes they aruable reference
points for what is needed to securely manage an
acceleratingransition, andthereby inform urgent
preparatory actions.

Conseguences of inaction

ThewSt AL oAt AGe t I ySt NBI
actions AEMO will take, and the consequences, if
investment or capability cannot be delivered on
GAYSé o

A peak body advised that AEMO should provide a
NEBIl a2yt ofS SELISOGLFGAZY
FOG&¥R aGKS AYLIOG 2F (K
prospective coafired generator well ahead of its
d0KSRdzZA SR Of 23 daNB dé
Similarly, a renewable generator suggested the rep
shouldtake into accounti KS &t I ad GAY
on investment lead times.

To address this feedback, AEMO has outlined the operatio
tools AEMO may use toaintainsecurity and the
consequences of insecure operationdactionl.3.1and
Sectionl.2.3

Furthermore, this report details the potential consequences
if investment or capability cannot be delivered ime and in
full, for relevant transition points in Part B.
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Stakeholderfeedback

Actions from others are
needed

¢KS wStAloAtAGE tFySt &
identify areas where AEMO cannot address a secur,

AdadzST IyR ¢KSNB | OlAazy

AEMO agrees that many stakeholders share the roles and

AEMO responses i2025Transition Plan fi

responsibilities for system security in the NEM, as
summarised irSection2.1. The parties responsible for action
are furthermore noted for each transition point in Part B.
'9ahQd LRfAOe Sy3alr3asSySyia
opportunities toleveragebroader energy policy and capitalis
on opportunities to have assets provide both energy and
security services. Leveraging broader energy policy includg
utilising existing oanticipatedgovernment energy schemes
and/or direct investments to build support for power systen
security.

Cooptimised investments in assets that could deliver
multiple and varied energy and system security services
will likely resultin cost efficiencies for consumers over the
longer term, as well as building in resilience. For example,
could include onasset providing multiple system security
serviceg; e.g., a synchronous condenser with a flywheel ca
support system strength and inert@or one asset supporting
both system security and reliability/firminge.g., a gadired
asset with a clutch and dtkstart capability can support pea
demand, minimum fault levels, voltage waveform stability ,
provide backup for renewable droughts, and support syste
restoration

Future-focused, including pl

anning for coal decommitment

A future-focused, detailed,
and consolidatedplan

¢KS wStAlLoAftAGE tIySt a
OdZNNByYy i WK2NAT 2yaQ | LILIN
recommendations into the planning timeframe, to

& dzLJLJ2 NIi A Y SExtendiagyo@itBisitiieMs&
GKS tlrySt ada3sSadisSR-GKS
transition state of the power system and the resultin
4S0dzNA G ySSRaé o

Coal decommitment and retirement was another
prominent theme in feedback. The Reliability
Panelrequestedd RS G+ Af SR LI | ywa
LX I yd NBGANBYSyidaé AyOt
in resources, or services needed to meet each systé
securityy” § S Fhé Ranel also requested AEMO
ALSOATe GKS aflad GAayvYS

Similarly, a peak body suggested the TPSS align wi
GKSANI YSYOSNEQ LXIYyyAy3
investmenttimeframesof two years to six years.

A generatoradvisedd K & S OK WK 2 NJ
NBLEZ2NISR al3alFAayad GkKS |
Power System Requirements report, linking the

OFLI 6oAfAGE ySSRSR (2 (K

A peak body emphasised the importance of prepari
F2N) aGKS Of 2adNS -feel St O
ISYSNI G2NJ ¢St f | KSI Ruile ¥
I 3SySNIG2N) 4aSS1a Ay¥F2N
AEMO is taking in Horizon 3 to manage power systg¢
SSOdzNA (e gAlGKz2dzi O2Ff 34
term solutions.

AEMO has responded by extending the Horizon 2 analysis|
from 2-to-5-years (in 2024) to-B-10-years. This covers the

Y2ai OKIfftSy3aAay3ad LISNA2R T2
transitions, including analysis of operating NSW and Victo
with zero coal units dine.

Coal decommitmeng, including more flexible operatiogand
NEGANBYSYyd Aa | YIF22N ¥20dz
eight transition pointsepresentingsuch coal
decommitments, each of which includes discussion of the
required preparatory actions tmanage these changes and
the operational consequences if preparatory actions are ng
completed ahead of time. While th@gh levelof uncertainty
surrounding the energy transition make it difficult to specify
Wil ad ( ABMD isiiaRingla priddeniskaware
approach (described above) to inform stakeholders as earl
possible/practical.

Increased detalil

In addition to detailed plans for coal decommitment,
YIENLSG LI NIGIAOALIY(GA 6Aa
AEMO is utilising the new Transitional Services
FNI YSo2mduéstedd My 3SaiGl ot S
NEO2YYSYyRIGAZ2Y&E D

One market participant was concerned that the repg
tFO1SR GONRGAOFE GSOKYA
informed market investment and system security

AEMO made first use of the Transitional Services framewq
in December2024 after publication of the 2024 TPSEMO
has since publisheti3 Statements of Need for Transitional
Serviceslescribed in Section 3.3. AEMO believes security
investments are urgently needed, and as such this report
provides specific information as far into the planning horizg
asfeasible. However, ultimate decisions on specific
investments are the responsibiligf TNSPs and market
participants (se&ection2.1) and may be incentivised by
governments.

© AEMO 2025 | 2025 Transition Plan for System Security

a7



How AEMO is planning for system security in the transition

Stakeholderfeedback AEMO responses i2025Transition Plan for System Security

RS O A dah@rggaestiearer and more specific AEMO has increased the detail in the 2025 report, particulg

actions, rather than broad studies. in the regional plans gf Part B, as well as in the discussion
I NBySslotS ISYSNI G2NI & ' 9ah Q'é 2 Ln_l@th](_sé_gSébtjbhlﬂ_B.]) and modelling
and actionable, based on detailed engineering and transition planning activitigseeSection2.2.3).

a ( dzRSirGilarly, @nother market AppendixA3 contains detailed forecasts of minimum deman
participantseeksds RSuUlF At a 2% | yeé | conditionsineacthNEMregion.

GNRAFt &a¢ D

One developehighlights the need fomore granular
information including changes in the estimated leve
of minimum demandequiredto maintainsystem
2S0dzNRGe&s FYR Y2NB W3INI
0LasSR NI yaAxdazy LRAYU

Consolidatereporting The Reliability Panel recommended that, in the AEMO agrees with this approach and has combined its
YyiSNBald 2F STTSOGAGBS O NSCAS, system strength, inertia and TPSS reporting into

YRSNEG22R | iR 9la®( ®R ydezR the2025 TPSS.

2adSy aSOdNRGe Lizt AOL

Similar feedback was received from other
stakeholdersincluding governments.

2.6 Forward stakeholder engagement plan

Coordinated and collaborative engagement across the entire energy sector is vital to deliver an effective, efficient, and
timely Transition Plan for System Securitfirough this report, AEMO identifidisat:

9 there areseveral areas requiringirgeted actionfrom TNSP&nd DNSP® support system security, and

i the resourcing and efforts required to trial and prove new technologies, assess quantities and locational requirements,
and progress through upcoming transition milestones are new, different, and in addition to current activities.

In addition to seeking input and consulting on elements of Thansition Plan for System SecurffEMO undertakes

extensive engagement across many other aspects of its wbdih in the NEM and WEM. This includes through existing

formal mechanisms such as the Executive Joint Planning Committee (EJPC) and Joint Planning Committee (JPC), a dedicat
DNSP Executive Forum, a range of technical working groups on operational matters, and regular discussions with market
participants, governments, industry asgations and consumer advocates.

To help facilitate further collaboration across the industry, AEMO is considering how it can engage more deeply on technical
challenges and opportunities, either through existing committees and forums or via establishment of new channels, and
would welcomefeedback from stakeholders on how best to engage on these technical matters.

AEMO also recognises increasing interactions between CER and power system security management frameworks and
continues to build stakeholder engagement to support tlNEMO seeks feedback from any interested stakeholders on the
following points to inform development of subsequent Transition Plans, particularly on the questions in the box below.
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Questions
1.2 KFEd ¢l & Y2al dFaSskioatPlaforySystei Saturighad WwoNDb@ usefulin future?
2. Whatadditionalinformationwould help stakeholder decisiemaking on investments that support system security’

3. Where is additional effort required to maintain system security while transitioning to higher contributions of
renewables?

4. How bestshouldEngineering Roadmagmntent be merged and balanced with the system security informationen t
next Transition Plan for System Secity

5. Do you have any feedback on how AEMO can/should continue to engage on technical Phatters

Interested stakeholders are encouraged to submit responsesutureenergy@aemo.com.aby 2 February2026.

AEMOWwiIll publish responseso please identify any information that you wish to remain confidentradr further
AYTF2NXIEGA2Yy T LIuShissios gulalisss ! 9ah QA&

There will be further opportunities to engage with AEMO and inform the content and approaileh Bfansition Platior
System Securitynterested parties are encouraged to contaureenergy@aemo.com.aio register for updates.

56 Seehttps://www.aemo.com.aut/media/files/stakeholder consultation/working groups/industry meeting schedule/aeropsultationsubmission
quidelines.pdf
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B. In MSL2 conditions the power system is one credible load contingency away from requiring immediate action

A. Assumes Liddell units contribute 0.73 Major Units .
AEMO and DNSPs to increase demand.
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B. Sedttps://www.transgrid.com.au/media/kzqd14sn/256ffansgridpacrmeetingsystemstrengthrequirementsin-

A. Seénttps://www.transgrid.com.au/media/kzqd14sn/256Fansgridpacrmeetingsystemstrength-requirementsin-
nsw.pdf

nsw.pdf
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A. This includes: MSL3: immediate action needed to increase demand; MSL2: system is one credible load contil
away from MSL3; and MSL1: system is two credible load contingencies away from MSL3. Further details on the

strategies for managing MSL intcetfuture can be found in Sectién
C. Refer tdPart CSection9.2and Appendix A3 for further details.

B. In relation to EVM, DNSPs need to assess risks, consider pathways (including relevant regulations and legisli
conduct modelling, testing and/or trials as necessary to confirm whether this option is suitable for their network,
ensuring safetyand low risk to customer equipment.

D. For more information, visitttps://www.aemo.com.au/energysystems/electricity/nationatlectricity-market
nem/nemforecastingand-planning/transitionplanning
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A. Beyond 20228, there is a high level of uncertainty in the forecast of both MSL thresholds and capabilities of N
actions available to NSPs
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A. Seénttps://www.aemo.com.au#/media/files/major-publications/isp/2024/2024ntegratedsystemplanisp.pdf
C. Sedttps://www.transgrid.com.au/media/xgun43m0/202&ansmissiorannuatplanning

report_update 081025.pdf

E. Sedttps://asl.org.aut/media/services/files/publications/ii@eport/2025/2025iio-report. pdf

B. Sedttps://www.transgrid.com.au/media/kzqd14sn/256ffansgridpacrmeetingsystemstrengthrequirementsin-
nsw.pdf

D. Sedttps://www.enerqgyco.nsw.gov.au/neez

F. Seehttps://www.aemo.com.auf/media/files/electricity/nem/planning_and_forecasting/enhancéacationat
information/2025/2025enhancedlocationatinformation-report.pdf
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https://www.transgrid.com.au/media/xgun43m0/2025-transmission-annual-planning-report_update_081025.pdf
https://asl.org.au/-/media/services/files/publications/iio-report/2025/2025-iio-report.pdf
https://www.transgrid.com.au/media/kzqd14sn/2507-transgrid-pacr-meeting-system-strength-requirements-in-nsw.pdf
https://www.transgrid.com.au/media/kzqd14sn/2507-transgrid-pacr-meeting-system-strength-requirements-in-nsw.pdf
https://www.energyco.nsw.gov.au/ne-rez
https://www.aemo.com.au/-/media/files/electricity/nem/planning_and_forecasting/enhanced-locational-information/2025/2025-enhanced-locational-information-report.pdf?
https://www.aemo.com.au/-/media/files/electricity/nem/planning_and_forecasting/enhanced-locational-information/2025/2025-enhanced-locational-information-report.pdf?
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A. Seehttps://www.transgrid.com.au/media/kzqd14sn/256Fansgridpacrmeetingsystemstrengthrequirementsin- B+ Seehttps://www.transgrid.com.au/media/xgun43m0/2026ansmissiorannuatplanning

nsw.pdf report_update_081025.pdf
C.Seehttps://www.energyco.nsw.gov.au/neez D. Seehttps://asl.org.aut/media/services/files/publications/iigeport/2025/2025iio-report.pdf

E.See https://www.aemo.com.auf/media/files/gas/national_planning_and_forecasting/gsoo/2025/202&6
statementof-opportunities.pdf
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https://www.transgrid.com.au/media/kzqd14sn/2507-transgrid-pacr-meeting-system-strength-requirements-in-nsw.pdf
https://www.energyco.nsw.gov.au/ne-rez
https://www.aemo.com.au/-/media/files/gas/national_planning_and_forecasting/gsoo/2025/2025-gas-statement-of-opportunities.pdf
https://www.aemo.com.au/-/media/files/gas/national_planning_and_forecasting/gsoo/2025/2025-gas-statement-of-opportunities.pdf
https://www.transgrid.com.au/media/xgun43m0/2025-transmission-annual-planning-report_update_081025.pdf
https://www.transgrid.com.au/media/xgun43m0/2025-transmission-annual-planning-report_update_081025.pdf
https://asl.org.au/-/media/services/files/publications/iio-report/2025/2025-iio-report.pdf
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A. Seénttps://www.transgrid.com.au/media/kzqd14sn/256Fansgridpacrmeetingsystemstrength-requirementsin-

nsw.pdf

B. Sedttps://www.transgrid.com.au/media/xgun43m0/202Gansmissiorannuatplanning
report_update 081025.pdf
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A. Seehttps://www.transgrid.com.au/media/xgun43m0/202fansmissiorannuatplanning

report_update 081025.pdf

C. Seehttps://www.aemo.com.aut/media/files/gas/national planning_and_forecasting/ngir/neseuthwalesgas
infrastructurereview-may-2025.pdf

B. Seehttps://www.aemo.com.au#/media/files/electricity/nem/planning_and_forecasting/enhancéacationat
information/2025/2025enhancedlocationatinformation-report.pdf
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https://www.aemo.com.au/-/media/files/gas/national_planning_and_forecasting/ngir/new-south-wales-gas-infrastructure-review-may-2025.pdf
https://www.aemo.com.au/-/media/files/gas/national_planning_and_forecasting/ngir/new-south-wales-gas-infrastructure-review-may-2025.pdf
https://www.aemo.com.au/-/media/files/electricity/nem/planning_and_forecasting/enhanced-locational-information/2025/2025-enhanced-locational-information-report.pdf
https://www.aemo.com.au/-/media/files/electricity/nem/planning_and_forecasting/enhanced-locational-information/2025/2025-enhanced-locational-information-report.pdf
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A. Seehttps://www.aemo.com.au//media/files/electricity/nem/planning_and_forecasting/nem_esoo/2025/october B: Seehttps://www.aemo.com.au/media/files/electricity/nem/planning_and_forecasting/nem_es00/2025/2025
2025updateto-the-2025e500.pdf electricity-statementof-opportunities.pdf

C. Seehttps://asl.org.aut/media/services/files/publications/ieport/2025/20254i0-report.pdf D. Seehttps://www.ae_mo.com.aul/media/files/qas/national planning_and_forecasting/qsoo/2025/2624s
E. Seehttps://www.aemo.com.au#/media/files/gas/national_planning_and_forecasting/ngir/neseuth-walesgas statementof-opportunities.pdf
infrastructurereview-may-2025.pdf
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https://www.aemo.com.au/-/media/files/gas/national_planning_and_forecasting/ngir/new-south-wales-gas-infrastructure-review-may-2025.pdf
https://www.aemo.com.au/-/media/files/electricity/nem/planning_and_forecasting/nem_esoo/2025/2025-electricity-statement-of-opportunities.pdf
https://www.aemo.com.au/-/media/files/electricity/nem/planning_and_forecasting/nem_esoo/2025/2025-electricity-statement-of-opportunities.pdf
https://www.aemo.com.au/-/media/files/gas/national_planning_and_forecasting/gsoo/2025/2025-gas-statement-of-opportunities.pdf
https://www.aemo.com.au/-/media/files/gas/national_planning_and_forecasting/gsoo/2025/2025-gas-statement-of-opportunities.pdf
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A. In MSL2 conditions the power system is one credible load contingency away from requiring immediate action B. Contribution shown from Stanwell PS, Gladstone, Callide B and Callide C. The median number of available

AEMO and DNSPs to increase demand. synchronous units increased from 10 units in 2@32t0 12 units in 20225 due to return to service of Callide C units
C. If the minimum 7 synchronous units (between Stanwell PS, Gladstone, Callide B and Callide C) for secure o D- Secure requirement for South Queensland is satisfied through a combination of coal, hydro and gas units. Cc
not achieved, minimum required fault levels may be maintained with fast start gas or hydro units. contribute greater proportion to system strength, compared to hydro and gas units. A minimum combination of 4

synchronous generating usiis required to satisfy minimum fault level requirements in South Queensland.
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A. Seehttps://www.powerlink.com.au/sites/default/files/2025
11/Transmission%20Annual%20Planning%20Reporf#ZiP025 0.pdf

B. Seehttps://www.powerlink.com.au/sites/default/files/2025
07/Addressing%20System%20Strength%20Requirements%20from%20Dec%2020ZBRAT R %20

%20June%202025.pdf
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A. This includes: MSL3: immediate action needed to increase demand; MSL2: system is one credible load contii B. Refer tdPart CSection9.1and AppendixA3 for further details.
away from MSL3; and MSL1: system is two credible load contingencies away from MSL3. Further details on the ¢ For more information, sdetps:/www.aemo.com.au/energysystems/electricity/nationaklectricitymarket

strategies for managing MSL intcetfuture can be found in Sectién

nem/nemforecastingand-planning/transitionplanning
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A. Beyond 20228, there is a high level of uncertainty in the forecast of both MSL thresholds and capabilities of N
actions available to NSPs.

© AEMO 2025 | 2025 Transition Plan for System Security 73



1s'c 0 a | St at i¢oéﬂ2y NBljdA NBR Assessed To be assessed
potentially o(igf |@§ @ s[e 2 if
o 3 {eadsy CNBljdzSyOe +2t il 3S wS&2dNIS 35 NI oAt A GGNT YAASY D | yR&GSY
202Z8 vszS;/a‘ﬂR)/ i NI OBUN\B)/BUK I y‘R A)/SN\b| OQYUN\Bf I RS dzi @ 2a0Af 02 NE NBGEIFUGANI
/| 2y GSE |l Oa2ya
2KAtS GKS NBOSyl vdsSSyatlyR 9ySNH& w2FRYFL) KIa &dA35a Algaka FOea@Ste Y2YyAG2NAYy3 F2NBOFa&d )
NBlj dzA NBR T2 NJ NES O2 oA MG §FOE QERRANES O ArfIR dz8 R SNT INBIE A @ NE BF 3 NA adzYOASYyd NB&2d2NDSa I NB | GF Af I & KSNE
vdzSSyat | of B NSIGMIIASINI ¢ K SINBRIGES Sy at | yR 021 € LX I yGa KI@S y2 YIN] SO 2dzi©02YSa Y ®a #ANBEafdzE k(D AGNTRSAYRS |
g KABAMyEHSa0y 3 GKIG SO2y2YAO0Ftfte RSO2YVYRIDOR WHEF wE &P A d: & SOdzNR (i &6 FORNREI NEENIE & 8 6z28 RANBOs2ya
LYLJ Of a Azyf,)iysv a2 adzL.AJL:JQVN.IJ a:DeauASY auN:ByAElvuK |
al N] S RAAZLI GOK 2dz2i02YSa Yie y2( YS8SG YAyAYdzb ZFNIdAIGE €0 ;Eﬁg}'\,naaé%vafgaaNﬁal_adxzyNE}é ALVYS@;\'&Q’Q;;L?FAS' |
YSSi AYySNbIl NBI dzA NB Y SyKiSs 2FLASNI Fey? yALEff FAYYRSRO (8% a20fS YA KA & | N O2yoydS (i22@BNEAFANIKO] G(KS LINE DND 4 2
ddzYOASY(G | £t GSNYIa@S NB&aA2dNDSE L Aflod S Ay vdzsSSyatl yR
@ cinBsi . oao v (S R iR
System strength (b . T
IPcoal statijohearviy3 RSLszRsyu 2y YIN
alk N]SG RA&LIGOK 2dzi02YSa Ay vdsSSyatlyR Yte y2d YSSG YAyAYdy Fhdz Gpo$@Stt iNG§ dzyNB S iRAmay ® YISER RGBY Yi & NIDSIR
SE LR NI NSljdzANISYéyucmgméMaAMMzz{ ‘maK;\yzzlstsatA@éNb 27F éééUSY aGNBYy3tK az2fde2ya dzyR I ! i i I
wirtedt KS&S I NB y2i( SELISOIBR (2 O02$ f2 4% NJeégfylztSNByHHﬂ;m YooK tfe (2 6S 2PAYS Ay t 26 SNIeMISY &S OdzNRdiaeh O2
6 2dzZ Ry SIOSaikeA (deaisS O2y i NF OGd 2NJ RANBOsz2ya (2 oRAy3 |Rmagyl-t dzyAdla 2yftAyS dzy RSNY (| KBRS @23/ R o2/ Ta eNalliljSdx NaB
Frequency and inertia §
C2NJ GKAE LRGISYSEFEN] SN YARSEBYAYBRAYdIO2YBamNRES®IIKY MFISNBIFoRSUOAG T2NJ
AYSNBI Ay vdsSSyatlyR Ad 0Sf2¢ waiar a8 SOENSA & LIBHRE K 3 maﬁﬁﬁsawﬁmmm@véyu 27F t 2 6SNfeMyISY &S OdzNndiadh O2
NR&al (2 LRoSNT a2 adSEyALIBNRNAGE| a8V OASYLEYRAYH dzyef G(KS RSEAGSNE 2F FRRAo2Yyl € RANBOs2ya T2 M TaeNKiIjSdyA NiB
AYGISND2K 280 (R HNEGKS F Oa2y |t BSHWHENRLBNY SORANBDSSHEYBALt 2yfe 068
NBIljdZANBR AF GKS Y2dzyid 2F AYSNbBI FyR C/!{ I @IAfl®fS Aa F2dzyR G2 tSIFR (2 dzyal odF| OG2NE FTNEBdzSyOe 2NJ ailo
Vol tage control @
[ dZNNByGfeée Al Aa SELSOGSR (KIG g2fdl3sS ONSRNBE SOIOR ye¥ 3BlyyYRI$SH Rdzy RSN 48aiGSyY yzNJvll- O2yRAa2Yya
2dzi- 3S O2yRAe2yad FT2NIAGKAA LIRGSyeslt (GNIyaiezy LRAYU
Resource adelgernmyl i mits ﬁ
/ dINNBydte Al Aa SELSOGSR (KIG GKA& LRGSYyslf ®liNIyaAs2y LERAY(G R2Sa y2d NBad#Z G A VSs GKSNNIE fAYAGA OKIFff

A. Seehttps://www.aemo.com.au#/media/files/electricity/nem/security_and_reliability/power_system ops/2025

B. Seehttps://www.powerlink.com.au/sites/default/files/2025

thermataudit.pdf

07/Addressing%20System%20Strength%20Requirements%20from%20Dec%202UZBRAT R %20

%20June%202025.pdf
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B. Seehttps://www.aemo.com.au/energysystems/electricity/nationaklectricitymarketnem/nemforecastingand-

information/related-resources/reductiorof-minimum-synchronousyeneratorsin-south-australia.pdf

planning/transitionplanning/transitionalservices-type-1-services/southaustraliangrid-referencetransitionatservice

C. Sedttps://www.aemo.com.auf

/media/files/stakeholder_consultation/consultations/nsp_consultations/2022/pecf 1645transmission

network-voltagecontrol---summary.pdf
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A. This includes: MSL3: immediate action needed to increase demand; MSL2: system is one credible load cor B. In relation to EVM, DNSPs need to assess risks, consider pathways (including relevant regulations and legislati
away from MSL3; and MSL1: system is two credible load contingencies away from MSL3. Further details on tl conduct modelling, testing and/or trials as necessary to confirm whether this option is suitable for their network, wt

strategies for managing MSL intcetfuture can be found iGection9.
C. Refer to Sectiohi1and Appendix A3 for further details.

ensuring safetynd low risk to customer equipment.

D. For more information, visiitttps://www.aemo.com.au/energysystems/electricity/nationaklectricity-market
nem/nemforecastingand-planning/transitionplanning/transitionalservices-type-1-services/minimunsystemload---
type-1-transitionalservice
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A. Beyond 20228, there is a high level of uncertainty in the forecast of both MSL thresholds and capabilities o
actions available to NSPs.
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A. For more information on a preliminary desktop assessment based on simulations conducted by AEMO please : B. Seénttps://www.aemo.com.au/energysystems/electricity/nationaklectricity-marketnem/nemforecastingand
report: https://www.aemo.com.auf/mediaffiles/electricity/nem/security and_reliability/congestien planning/transitionplanning/transitionalservices--type-1-services/soutkaustraliangrid-referencetransitionat
information/related-resources/séransitionto-fewer-synchgengrid-reference.pdf service
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A. Sednttps://www.aemo.com.au#/media/files/stakeholder_consultation/consultations/nsp_consultations/2022/pscr  B. Seehttps://www.aemo.com.au/energysystems/electricity/nationaklectricity-marketnem/nemforecasting
ecl1645transmissioAnetwork-voltagecontrol--summary.pdf and-planning/transitionplanning/transitionalservices--type-2-services/zeresynchronousyenerationtrial

C. Seehttps://www.aemo.com.au/energysystems/electricity/nationaklectricity-marketnem/nemforecastingand D. Sednttps://www.aemo.com.au/energysystems/gas/gaforecastingand-planning/gasstatementof-
planning/transitionplanning/transitionalservices--type-1-services/soutkaustraliangrid-referencetransitionatservice opportunitiesgsoo
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A. Secure requirement for Victoria is satisfied through a combination of coal, hydro and gas units. Coal units cor B.Seehttps://www.agl.com.au/aboutagl/newscentre/2023/august/loyyangstructuredtransition-agreement
greater proportion to system strength, compared to hydro and gas units.

D. Seehttps://www.aemo.com.auf/mediaffiles/initiatives/westernmetropolitan-melb-reinforcement/western
C.Seehttps://www.aemo.com.aut/media/files/initiatives/easternvictoria-grid-reinforcement/easternvictoria-grid- metropolitan-melbournereinforcementprojectspecificationconsultatiorreport.pdf
reinforcementpscr.pdf

E. Sedttps://www.aemo.com.auf/media/files/initiatives/victoriansystemstrengthrrequirementrit/victorian-system
strengthrequirementrit-t-pacr.pdf
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A. Sednttps://www.aemo.com.au#/media/files/initiatives/victoriansystemstrength-requirementrit/victorian-
systemstrengthrrequirementrit-t-pacr.pdf

C. Sedttps://www.aemo.com.auf/media/files/initiatives/easternvictoria-grid-reinforcement/easteravictoria-grid-
reinforcementpscr.pdf
E.Seehttps://www.vicgrid.com.au/transmissioplanning/victoriantransmissiorplan

B. Sedttps://www.aemo.com.au#/media/files/initiatives/metropolitanrmelbournevoltagemanagement
rit'melbourne-metropolitanvoltagemanagemerproject-assessmentraft-report. pdf

D. Sednttps://www.aemo.com.auf/mediaffiles/initiatives/westernmetropolitan-melb-reinforcement/western
metropolitan-melbournereinforcementprojectspecificationconsultatiorreport.pdf
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A. This includes: MSL3: immediate action needed to increase demand; MSL2: system is one credible load contii B.In relation to EVM, DNSPs need to assess risks, consider pathways (including relevant regulations and legisle
away from MSL3; and MSL1: system is two credible load contingencies away from MSL3. Further details on the conduct modelling, testing and/or trials as necessary to confirm whether this option is suitable for their network, '

strategies for managing MSL intcetfuture can be found iSection9.
C.Refer to Sectiod.1and AppendiA3 for further details.

E.For more information, visittps://www.aemo.com.au/energysystems/electricity/nationaklectricity-market

nem/nemforecastingand-planning/transitiorplanning

ensuring safety ahlow risk to customer equipment.
D.Refer to Part C for more detall
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A. Beyond 20228, there is a high level of uncertainty in the forecast of both MSL thresholds and capabilities of N
actions available to NSPs.
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A. Seénttps://www.vicgrid.com.au/ _data/assets/pdf file/0027/766152/victoridgransferlimit-advicesystem B. Seehttps://www.vicgrid.com.au/ _data/assets/pdf file/0039/769098/204ctorian-annuatplanningreport.pdf
normal.pdf
C.Seehttps://www.aemo.com.au#/media/files/initiatives/victoriansystemstrengthrrequirementrit/victorian-
systemstrengthrequirementrit-t-pacr.pdf

D. Seehttps://www.dcceew.gov.au/sites/default/files/documents/retallocationsmarketbrief. pdf

E.Seehttps://www.energy.vic.gov.au/renewablenergy/victorianrenewableenergyand-storagetargets
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F.Seehttps://www.aemo.com.au#/media/files/gas/national_planning_and_forecasting/gsoo/2025/2024&s
statementof-opportunities.pdf
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https://www.vicgrid.com.au/__data/assets/pdf_file/0039/769098/2025-victorian-annual-planning-report.pdf
https://www.dcceew.gov.au/sites/default/files/documents/reta-allocations-market-brief.pdf
https://www.aemo.com.au/-/media/files/gas/national_planning_and_forecasting/vgpr/2025/2025-victorian-gas-planning-report.pdf
https://www.aemo.com.au/-/media/files/gas/national_planning_and_forecasting/vgpr/2025/2025-victorian-gas-planning-report.pdf
https://www.aemo.com.au/-/media/files/electricity/nem/planning_and_forecasting/nem_esoo/2025/2025-electricity-statement-of-opportunities.pdf
https://www.aemo.com.au/-/media/files/electricity/nem/planning_and_forecasting/nem_esoo/2025/2025-electricity-statement-of-opportunities.pdf
https://www.energy.vic.gov.au/renewable-energy/victorian-renewable-energy-and-storage-targets
https://www.aemo.com.au/-/media/files/gas/national_planning_and_forecasting/gsoo/2025/2025-gas-statement-of-opportunities.pdf?rev=209c6536e82a4be9aec35360d93f272b&sc_lang=en
https://www.aemo.com.au/-/media/files/gas/national_planning_and_forecasting/gsoo/2025/2025-gas-statement-of-opportunities.pdf?rev=209c6536e82a4be9aec35360d93f272b&sc_lang=en
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A. Seehttps://www.agl.com.au/aboutagl/newscentre/2023/august/loyyangstructuredtransition-agreement

C.Seehttps://www.aemo.com.au#/media/files/initiatives/westernmetropolitan-melb-reinforcement/western
metropolitanrmelbournereinforcementprojectspecificatiorconsultationreport.pdf

E.Seehttps://www.energy.vic.gov.au/renewabtenergy/victoriarrenewableenergyandstoragetargets

G. Seehttps://www.aemo.com.au#/media/files/gas/national planning_and_forecasting/gso0/2025/2624&s
statementof-opportunities.pdf
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B. Seehttps://www.aemo.com.au#/media/files/initiatives/easternvictoria-grid-reinforcement/easteravictoria-grid-
reinforcementpscr.pdf

D. Seehttps://www.aemo.com.auf/mediaffiles/initiatives/victoriansystemstrength-requirementrit/victorian-
systemstrengthrrequirementrit-t-pacr.pdf

data/assets/pdf file/0032/761396/20R4ctoriantransmissiorplan.pdf

F.Seehttps://www.vicgrid.com.au/
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https://www.agl.com.au/about-agl/news-centre/2023/august/loy-yang-structured-transition-agreement
https://www.aemo.com.au/-/media/files/initiatives/western-metropolitan-melb-reinforcement/western-metropolitan-melbourne-reinforcement-project-specification-consultation-report.pdf
https://www.aemo.com.au/-/media/files/initiatives/western-metropolitan-melb-reinforcement/western-metropolitan-melbourne-reinforcement-project-specification-consultation-report.pdf
https://www.energy.vic.gov.au/renewable-energy/victorian-renewable-energy-and-storage-targets
https://www.aemo.com.au/-/media/files/gas/national_planning_and_forecasting/gsoo/2025/2025-gas-statement-of-opportunities.pdf?rev=209c6536e82a4be9aec35360d93f272b&sc_lang=en
https://www.aemo.com.au/-/media/files/gas/national_planning_and_forecasting/gsoo/2025/2025-gas-statement-of-opportunities.pdf?rev=209c6536e82a4be9aec35360d93f272b&sc_lang=en
https://www.aemo.com.au/-/media/files/initiatives/eastern-victoria-grid-reinforcement/eastern-victoria-grid-reinforcement-pscr.pdf
https://www.aemo.com.au/-/media/files/initiatives/eastern-victoria-grid-reinforcement/eastern-victoria-grid-reinforcement-pscr.pdf
https://www.aemo.com.au/-/media/files/initiatives/victorian-system-strength-requirement-rit/victorian-system-strength-requirement-rit-t-pacr.pdf
https://www.aemo.com.au/-/media/files/initiatives/victorian-system-strength-requirement-rit/victorian-system-strength-requirement-rit-t-pacr.pdf
https://www.vicgrid.com.au/__data/assets/pdf_file/0032/761396/2025-victorian-transmission-plan.pdf
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A. Seehttps://www.aemo.com.au#/media/files/initiatives/victoriansystemstrengthrequirementrit/victorian- B. Seehttps://www.aemo.com.au#/media/files/initiatives/easternvictoria-grid-reinforcement/easteravictoria-grid-
systemstrength-requirementrit-t-pacr.pdf reinforcementpscr.pdf
C.Seehttps://www.aemo.com.au#/media/files/initiatives/westernmetropolitan-melb-reinforcement/western D. Seénttps://www.vicgrid.com.au/transmissioplanning/victoriantransmissiorplan
metropolitanmelbournereinforcementprojectspecificationconsultationreport.pdf F.Seehttps://www.dcceew.gov.au/sites/default/files/documents/retallocationsmarketbrief. pdf

E.Seehttps://www.aemo.com.auf/media/files/gas/national_planning_and_forecasting/gsoo/2025/202&6
statementof-opportunities.pdf

G.Seehttps://www.energy.vic.gov.au/renewablenergy/victoriarrenewableenergyand-storagetargets
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https://www.aemo.com.au/-/media/files/initiatives/victorian-system-strength-requirement-rit/victorian-system-strength-requirement-rit-t-pacr.pdf
https://www.aemo.com.au/-/media/files/initiatives/victorian-system-strength-requirement-rit/victorian-system-strength-requirement-rit-t-pacr.pdf
https://www.aemo.com.au/-/media/files/initiatives/western-metropolitan-melb-reinforcement/western-metropolitan-melbourne-reinforcement-project-specification-consultation-report.pdf
https://www.aemo.com.au/-/media/files/initiatives/western-metropolitan-melb-reinforcement/western-metropolitan-melbourne-reinforcement-project-specification-consultation-report.pdf
https://www.aemo.com.au/-/media/files/gas/national_planning_and_forecasting/gsoo/2025/2025-gas-statement-of-opportunities.pdf
https://www.aemo.com.au/-/media/files/gas/national_planning_and_forecasting/gsoo/2025/2025-gas-statement-of-opportunities.pdf
https://www.energy.vic.gov.au/renewable-energy/victorian-renewable-energy-and-storage-targets
https://www.aemo.com.au/-/media/files/initiatives/eastern-victoria-grid-reinforcement/eastern-victoria-grid-reinforcement-pscr.pdf
https://www.aemo.com.au/-/media/files/initiatives/eastern-victoria-grid-reinforcement/eastern-victoria-grid-reinforcement-pscr.pdf
https://www.vicgrid.com.au/transmission-planning/victorian-transmission-plan
https://www.dcceew.gov.au/sites/default/files/documents/reta-allocations-market-brief.pdf
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A. Seehttps://www.aemo.com.au#/media/files/initiatives/victoriansystemstrength-requirementrit/victorian- B. Seehttps://www.vicgrid.com.au/ _data/assets/pdf file/0027/766152/victoridransferlimit-advicesystem
systemstrength-requirementrit-t-pacr.pdf normal.pdf
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https://www.aemo.com.au/-/media/files/initiatives/victorian-system-strength-requirement-rit/victorian-system-strength-requirement-rit-t-pacr.pdf
https://www.aemo.com.au/-/media/files/initiatives/victorian-system-strength-requirement-rit/victorian-system-strength-requirement-rit-t-pacr.pdf
https://www.vicgrid.com.au/__data/assets/pdf_file/0027/766152/victorian-transfer-limit-advice-system-normal.pdf
https://www.vicgrid.com.au/__data/assets/pdf_file/0027/766152/victorian-transfer-limit-advice-system-normal.pdf
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A. Seehttps://www.aemo.com.au#/media/files/initiatives/easternvictoria-grid-reinforcement/easternvictoriagrid-
reinforcementpscr.pdf
C.Seehttps://www.aemo.com.au#/media/files/electricity/nem/planning_and_forecasting/nem_eso0/2025/2025
electricity-statementof-opportunities.pdf

B. Seehttps://www.aemo.com.au#/media/files/initiatives/westernmetropolitanrmelb-reinforcement/western
metropolitan-melbournereinforcementprojectspecificationconsultatiorreport.pdf

D. Seehttps://www.aemo.com.auf/mediaffiles/gas/national_planning_and_forecasting/gsoo/2025/26286
statementof-opportunities.pdf
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Part C: System-wide developments and plans

While the fundamentals of power system security are enduring, how they are maintained is evolving. AEMO i
working to improve the technical understandingwatiat is needed to achieveower system securiiy a low or
zero-emissiongpower systemincludingthe range of services thamaybe required

Part C of thelransition Plan for System Secuptpvides detailed analysis of changes, challenges, and opportunities for
power system security in the immediaterm and through the transition to a lovor zereemissions power system.

1 Section8 ¢ Transmission level development3hese are changes in the bulk energy system, including changing
operating behaviour of thermal generators, processes for system restart, management of frequency, and challenges
for protection and control systems from grid reconfiguration.

i Section9 ¢ Distribution level developmentsDistributed energy resourcg®ERRaNd consumer energy resources
(CERare making increasingly significant contributions to the power system. This section explores how the operation
of the power system may evolve to facilitate and harness this.

i Section10¢ Technology developmentsThis section focuses on three technologies that are having pronounced
impacts on power system security and are expected to become more prominent in the future. AEMO is working to
mitigate potential negative impacts and support improved understanding anfidence in new opportunities.

9 Sectionll¢ Horizon 3 and next stepBriefly surveys emerging technologies with significant security implications and
RA & Odza & Sa Eldingerirg Reatin@gitivities progress readiness of emerging technologies and enhance
understanding of the needsf a low or zereemissions power system through futuback analysis. Reporting on
Engineering Roadmagtivities will be integrated into the 20ZBransition Plan for System Security

Collectively, theseINB a Sy i ! 9ahQa OdzNNBy il GSOKyYyA Ol t poilesf ByStdhdEsécuriipRar y 3 2
low- or zeraemissiongower systemand the workAEMOis undertaking to improve this understandingcludingplanned
work towards refining the specifications for system security services
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8 Transmission level developments

The dynamics of the bulk energy system are changing, including as thermal generators operate more flexibly and
and BES$ake significant contributions to frequency control. Collectively these changes also pose challenges for :
restoration and protection systems.

This section discusses four changes occurring at the transmission anddatgeyeneration level:
the evolving operation of thermal generatocgo generate less, more flexibtyand their retirement,

1
i1 the need to develop and prougew proceduresor system restaraind incentivise new investments,
1 theevolution of frequency controlgarticularly as BESS make significant contributions, and

1

challenges for protection and control systefmem gid reconfiguration

8.1 Evolving operation and market exit of thermal generation fleet

1 ¢KS b9aQa KSN)I Gnpraceddnedstrustdral chéeS, Mith 2dcefethted coal decommitment
and evolvinggaspowered generationGPG roles, requiring alternative sources of system security for conditions
low synchronous generation.

i1 Flexibe operational patterns of coal power plants acoinversions tesynchronous condensgoffer opportunities
but also introduce operational risks.

1 AEMO will mnitor evolving operating generator behavioursimnageemergingrisks including potential future

audits
i1 Ontime and in full delivery of network, generation and storage projects will mitigate many risks.

1 Industrywide uplift in modelling tools and redéilme monitoring will assist secure operation with reducing
synchronougjeneration

8.1.1 Context

Thepower system wabuilt around the physical characteristics of ttleermal generationfleet. Coalfired generation is
progressively adoptingore flexible operating modesuch as tweshifting and mothballingmostlydriven by market
dynamics These changes precedenouncedretirement schedules, whichltimately represent a significant reduction in
synchronousnachineshat currently providecritical system security serviceBe eventual g@eration without any
continuoussynchronous generation represents a fundamental shift in system dynamics and operability.
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GPG isisoevolvingfrom a primary functiorof Y 2 NB  N&i@\d8 Nidpéraden to a more strategi@andflexiblebackup

roleo 20K F2NJ WNBYSglF o6t S RNEP dzauidio in€et praks inkoBrisivder démAiBPGiisi expefted O2 y |
to beincreasingly relied on during lovariable renewable energyREand coal availability periodss well ast times

when sufficientstorageis not availableWith a need foilGPGo back up storages across the energy transition, it is essential

that appropriategas investment occurs to ensure the operability, reliability and security of the power system.

I 9 a h2025Thermal Audit’ provided detailed insights intehallenges and opportunities of the evolving thermal fleet as
well asstation-level flexibility programs antheir reliability implicationsaffecting the operational life of the plants.

8.1.2 Latest status

The20241SPStep Changscenarid® forecastan accelerated rate of codired power stationdecommitmentsincluding
scenarios with drastically reduced, or zero, coal units online far ahead of the announced retirement dates. The market
dynamicsncentivising coafired generation to decommit are also drivers for the enhancement of thermal plant operational
flexibility. As reported in th€025Thermal Auditeport and summarised iffable 10 thesekey flexibility enhancementare
related tolowering minimumstable operatindevels, enablindglexible operation modes (such as twhift), andrepurposing
steamgeneratingunits to synchronous condenseperation These changesan present both challenges and opportunities

for the power system and warrant close engagement with participants to ensure they are effectively managed.

Table 10  Insights on operational shifts of the thermal generation

Key insights Description

Flexibility Increased cycling and operation closer to physical li(siish as reduction of minimum stable operating level, increageimum

impactscoal | generation ramp rate increasandreductionin hotrestarttime) correlates with increased plant wear and forced outage rates.

LJ I y ( & ¢ Planned maintenance strategies are being adjusted to mitigate these risks, but uncertainty remains around coincidentiotitape

reliability peak demand periods.

Uncertainty Emerging shifts in operational patterns may result in additional staord longterm offline periods that may challenge system

of availability | security, operability, and reliability. It is paramount to drive preparedness well in advance of these eveadivplyidentify risks,
remedial actions and contingency plans.

Conversions | For GPG, enabling units to operate in both generating and synchronous condenser modes is technically feasible andpdatectly|

and within the industry.Steam units, however, present greater technical challenges and are generally better suited for repurposing

repurposing | synchronous condensershe 2025Thermal Audibutlined this topic in detail, including feasibility, indicative conversion timelines,

opportunities | costs, and associated challenges.

GPG and gas| GPG igxpected to bencreasingly relied on for firming capacity and will remain critical for system security. However, gas adeq

network and pipeline capacity constraingparticularly in southern regionswill need to be addressed so thiatcational flexibility for new

constraints developmentss not restricted The2025GSO@rojected tightening gas supply in the upcoming years, with gaps emerging from !
onward, signalling the need for new fuel supply and infrastructure investment.

813 AEMO©OG s

For reasons already discussed, thermal units are projected to be offline more frequently in years to come, meaning that

forward pl an

systemsecurityservicesvhich havehistorically been availablieom largethermal units must be procured from alternative

sources to meethe requirements.System estart pathways will requirenajor redesign, angbracticesfor managing

frequency, voltage, and system stability must evolve significantly.

AEMGis preparing for thestageddecommitment and retirement of thermal generators using the transition planning

framework (sedPart ASection2.2). Despite rigorous planning and detailed scenario analysis, uncertainties remain that

57 At https://www.aemo.com.auf/media/files/electricity/nem/security _and_reliability/power system ops/20#termalaudit.pdf.

58 The 2026 ISReurrently under developments not expected to material deviate from this forecast
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shape both operational riskuch as infrastructure and generation delivery timing, and the timing and sequence of plant
decommitments.

Preparing for these milestones requires strong industry collaborationaaodlerateddelivery of criticahetwork
infrastructure, generation, andnergystorage projectsSignificantuplifts in planning, analytical toolsnodelling

capabilities and reaiftime operational practiceare needed, with few initiatives already underwaydiscussed in Part A. At
the same time, robust contingency plans are essential to managse

8.2 Planning future system restart

i Existingsystem restarpathways could become unviable afteval and other large synchronous plant retaed are
likely torequire redesigrio supporta high VREnd IBR powesystem

1 AEMO and industry musievelopandtest alternativerestart pathwayswithout soonto-retire plantat least a year
ahead of retirements and other transition points that impact system restart

1 AEMOexpect nearterm changes tde incrementalwith restart processes to remain primarily focused on
restarting existing large gridonnected plant and priority load centres.

i Inparallel, collaboration is requiretth developnew approaches androceduresto restarteach NEM regiofor
once coal stations have decommitted or exit@dhis requires a cordinated program of testing, modelling, and
timely, targeted investment.

1 In 2026 AEMO wilbuild onthis Transition Plan for System Secu@i@reliminary analysit refine SRAS capacity

requirementsafter 2030 to support restoration without reliance on coal units.

1 AEMO has commenced procurement of tiygpe 2Transitional Serviceds demonstrate black start capability using
IBRand support system restart under high distributed photovoltaic (DPV) conditions.

1 Following finalisation of the System Restart Stand&fS)eview at the end of 2025AEMOwill update the SRAS
Guidelineand commencehe 2027 system restart ancillary services (SRA&uUrement roundSRAS procurement
will includeopportunities forrestoration support serviceRSS) to address neaterm stable load unavailability

i Prior to demonstration with confidence of alternative technologies, it is likely that black start sources will need
synchronous generating unitseither new hydro or gas generation. AEMO encourages any party considering th
deployment of a large (IDmegavolt amperesMIVA+) synchronous generating umibntact AEMO at
nmas@aemo.com.ato explore the potential to support future system restoration processes.

1 Asy20SR Ay ! 9ahQa & dzoivasimerit aghewdrRs néed tBuitaRINdcehtivise{inwesthent in
system restartin both black start sources aiSS AEMO is wrking with the Reliability Panel and AEMC to supp
relevant reform efforts that help incentivise SRAS investment and test potential new restart methodologies
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8.2.1 Context

System restoration refers to the process o#eergising the electricity grid followingldacksystem event. In the NEM,
AEMO procures SRAS and coordinates system restart plans with industry to gradually rebuild supply and stabilise the
network along identified restart pathways.

I a2adsSY NBadldlINI LI GKgle o0S3Aya 4G I ot O] adk NI {w!{ &:
source forms a restoration island, which then progressively energises transmission lines, substations, and neighbouring
generatorsto expand the restoration island. This staged approach restores power safely, reliably, and in a controlled
sequence, minimising risks of instability or further outages that could delay restoration. Supporting generation or services
can also be requiredl@ng the path to maintain the islangithese are known agestoration support servicedRSS).

SRASwhich is procured by AEMO, formsritical part ofi K S bs@gster securitybut it is only one piece of the restart
framework. Industry collectively plays a role in ensuring that restart plans and infrastructure are in place for timely and
effective system restoration. This includes network service providers who are respdositiieir network assets along the
restart pathway, all generators and loads who are responsible for their local black start procedures, and market participants
that are diectly contracted to provide SRAS. Technical and operational coordination across all these parties, especially for
those who participate in the early stages of system restart, is critical to system restoration.

To date, system restart plans have been built around coal, gas and hydro plants restarting other large synchronous plant,
often coal, to build a stable island from which to grow the network. The exit of coal generation drives the need to consider
new appraches to restart to be developed for the NEM regibeore significant synchronous generator retiremends,
traditional SRAS providers exit the market.

To address immediate and long&rm challenges requires@arallelapproach from all stakeholdershe 2027
procurementround for SRA®Ill focus on incremental change, including adopting tbeently updatedSystem Restart
StandardSR¥requirements(see Sectio.2.2 and addressingearterm stable load block availabilitin parallel,
collaboration is required tadevelopnew approaches to restart once coal stations have decommitted or exited

8.2.2 Latest status

Near -term system restart procurement efforts

In June 2025, AEMO published its System Restart Technical Autejsaredasaninputintothew St A | 6 A 2026 & t | y S
Review of the System Restart Stand&rthew St A I 6 A fDkafi determinaftich tuéntly proposes revisions to the SRS
including the introduction of a dug@rocurementtarget frameworkan eight-hour supply restoration procurement objective

for Stage 2 of this targeaindanincrease in aggregate reliabiliof procured SRA® 95%. A final determination is expected

to be completed by the end of 2025.

AEMO intends$o begin updaing and consultigon a revisedSRAS Guideline following tB&3inal Determination at the
end of this year. This will then inform the 2027 procurement round for $iARlingprocurement ofboth Black Start
ServicegBSS), andRSS#here requiredto supporta system restart pathwayFor exampleRSSsould providestabilising
load blockdor ramping system restart generaor adequate voltage control alongrastartpath. BESS aanticipatedto
be a valuable provider &SSs

59 Seehttps://www.aemc.gov.au/marketreviewsadvice/reviewsystemrestart-standard0.
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As noted throughout th&ransition Plan for SysteSecurity high levels of DPV uptake are occurring across most regions in
the NEM. When there are high concentrations of DPV located along the restoration path, this can result in load variations
and erosion impacting the availability of stabilising load bloclsufiport system restart generators during the early stages

of restoration. In the absence of further actighis possible that at times there may be insufficient stable demand to

restart the systen. The restoration process would then need to be delayed until low DPV operating conditions are available
such as at nighfToincreaseavailability of stable load blocks during daytime hours, AEMO may look to procure load
Restoration Support Servicé®sm specifiBES&t certain locations to support existing system restart pathways.

As noted inPart ASection2.3.2 AEMOhasalsorecently commenced market engagement on two Type 2 Transitional
Serviceselevant to system restart:

1 NBtSFrasS 2F | {iGl1rGSYSyid 2F bSSR RS&AONAROoAYy3I GKS LINE OdzNB
|l A3K 5t+ [/ 2yRAGA2y&aér aSS1Ay3 G2 RSY2y&aiNIGS SYSNBAyYS3
managing DPV/CER reconnection ba system restart process, particularly during times where communications
infrastructure is unavailabt and

1 release of a Statement of NeBdlescribing the procurement of a Type 2 Transitional Service to demonstrate black
start capability from an IBR. This aims to provide technical and commercial confidence for future procurement, and
support the development of future system restart methodokgiand timely investment in black start capability
before key coal plant retirements.

New black start investment

AEMO has considered how procurement of black start services againstafteDetermination fthe System Restart
Standard® may occur. Assuming similar market response to previous procurement rounds, AEMO has found:

i atleast two blaclstart SRAS services may need to be procured in each region from 2027 through to 2030, with the
ability to procure more to meet the SRS in each region if required, and

i atleast three black start SRAS services may be needed per region from 2030 onwards, depending on factors such as
development of new methodologies, evolving technical frameworks, and demonstration of new technology restart
capabilities.

In Queenslandieducingavailabilityin blackstart capable generatiois becoming evident. Additionahvestmentis likely
required tosupport existing black start sources é@ysuingavailability of sufficient load blocks to support stable operation
of generating units, whilst ensuring sufficient generation is available to restore major industrial load within critical
restoration timeframes.

As the transition progresses, there wibhtentially be an increased need for additional black ssarvicego enable new
restart pathways. The required size of black start generators will depend on location and proximity to neighbouring
generators requiring energisatiotf.positioned strategically near other generation plants, temerator coulcbe assmall

60 Seehttps://www.aemo.com.au/energysystems/electricity/nationaklectricitymarketnem/nemforecastingand-planning/transitionplanning/
transitionatservices--type-2-services/systemestartunderhigh-dpv-conditionsservice

61 Seehttps://www.aemo.com.aut/media/files/electricity/nem/planning_and_forecasting/transitieplanning/type2-services/statemenbf-needblack
start-from-ibr.pdf.
62 Seehttps://www.aemc.gov.au/sites/default/files/20289/Draft%20standard CLEAN.pdf
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as 100150 MVAiIn size However, if theblack start providers located firther from other plants, thegenerator may need to
be larger (300-350 MVAIn size)

Prior to demonstration with confidence of alternative technologies (such as through Ti@gitional 8rvices), it is likely
that black start sources will need to be synchronous generating gmither new hydro or gas generatioAEMO
encourages any party considering the deployment of a large K1\08+) synchronous generating utétcontact AEMO
(nmas@aemo.com.gand explore the opportunitieto provide black start services

Preliminary projections of system restoration requirements

AEMO has undertaken preliminary analysis againsDitedt Determination 6the { w {Sfage 2 restoration target of 50% of
average underlying demand. This has then been used to estimate the potential scale of investment needed in equivalent
firm capacity®to support system restoration i204Q, taking current announced coal closutates(in most regions, this

leaves only one coal station operating) and applying a safety maggiivalent to oneor two large coal urg being

operationally unavailabRé. While this equivalent firm capacity does not need to be black start capable to meet the Stage 2
target, there may be a prudent case to make some of these new investments black start capable to support meeting the
Stage 1 target at low additional marginal cost

For each region, the estimated equivalent firm generation capacity required was calculated based on the gap between what
can be delivered by the 2040 supply curve without existing coal generatgsuming no new generation or storage
capacity installedand the Stage 2 targeshown n Figure 14

In South Australiaalthough there are currently no major cefiled generating unitsAEMO has undertaken similar
high-level analysisonsidering the impact dhe announcedretirement of gas unitsTasmania has not been assesszslit
has a large hydro fleet and there are no announced closures anticipated over th@Sesdrs.

63 Fquivalent firm capacity (for example gas or hydro generatiefgrs to generation supply thateeds to brought online progressively through the restart
LINEOS&a (G2 | OKAS@S G(KS RNITFO {w{Q& LINRLRASR { G 3S uncondtBided eaptiti A 2y (I NH
required over the minimum eigktour system restmtion period, noting that many generation and storage technologies in different locations can
contribute to meeting this requirement with varied efficacy. Furthbrs additional capacity needs to achieve a reliability level above 95% to satisfy SRS
requirements.

641n the 2024 Step Change scenario, where coal plants are projected to close much earlier than the announced coal cloghesedagstem conditions
and the requirements for equivalent firm capacity would occur much earlier.
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Table 11shows the results of this preliminary assessment for each NEM region.

Table 11  Preliminary analysis results for additional ~ equivalent firm generation capacity  (MW) required to meet
Stage 2 Restoration Target in 2040 based on publicly announced exit dates

New South Wales Queensland South Australia Tasmania Victoria

50% forecast average 6,000 5,300 1,450 N/A 4,400
underlying demand

Additional firm 1,3001,800 1,600-2,100 1,150-1,550 N/A 700-1,200
capacity required

These estimates represent upper bookend requirements expected to be progressively required over time, with the exact
trajectory highly dependent on when stations become operationally unavailable either through decommitment or exit.
While current assumptions treat thesapacityneeds agquivalentfirm generation (for example, gas or hydro), future
analysis will investigate the integration of storage and VRE using a probabilistic framework.

Additionally, some of the additional capacity could be met by committed and anticipated hydro and gas generation projects
already in the pipeline, as well as new generation being projected by the ISP. However, given the-spetific nature of
system estart pathways, the appropriateness of these projects to meet the identified requirements will depend on where
they connecto the network, and needs to be assessed on a case by case basis.
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This highlights the importance of integrated planning aneébptimised investment in both reliability and security needs to
deliver the energy transition at least cost. An opportunity exists for new investment to meet both Stage 1 and 2 of the draft
SRS bincluding black start capability on new synchronous generation. Investments atawi¢ial project buildwould

maximise the resilience of the future power systero. support thisregulatory and procurement frameworlill need to
incentivise such investent for new generator buildsThis approach would strengthen system restoration reliability, foster
competition, and ultimately help drive lorgrm costs down for consumers.

AEMO intends to extend this preliminaapalysis in 2026 by:

1 exploring the application of a probabilistic approach to SRAS modelling to include more variable generation sources in
the restart planning proces® meet the Stage 2 restoration target, and

i1 signallinghe locations within each region that are most suitable for blstekt capability.

Planning for future system restart approaches

LY FTRRAGAZ2Y (2 &dzLJLJ2 NI Ay 3 (Skséem R&StErtdFedhrical Na@ftdeNR@A 2 azi LN/ GRE A
latest thinking on the changes that need to be considered to support system restoration into the future. This was

O2YLX SYSYGSR o6& Iy AYRSEcSynRSoyel by@ENadz othér iftéraedionall & dtdan Mierators,
reviewing internationalsystem restart practices, with a focus on system restart capability in the context of a power system
with highcontributionsof IBR, and fewynchronous generators.

Both reports highlight that in the design of future system restoration, opportunities exist to leverage the technological
capabilities of IBR and new grid investmentsraditional restart methodologies of building a strong synchronous

generation island may not be feasible in a high IBR &uflo realise thesepportunities, additional work is required

AyOf dzRAY3I GSOKyAOFt lFylrfearar GNRFIffAYyd 2F ySg GSOKy2ft 2.
establish a postransitionrestart methodology without large thermal generation. A coordinated @aross industrpf

testing, modelling, and timely, targeted investmestrequired to achieve this.

Where a retiring large thermal plant is on an existing restart pathway, its retirement presents opportunities (such as
removing its requirement for minimum stable load) and new challengash(adoss of the voltage support it provides

during restart)that demand a balanced and forwaldoking strategyTodevelop a postransition restart methodology for

each NEM region and better understand transitional assessment requiremedtsstry collaboration is required texplore
technological capabilities aridvestment opportunitiesOver 2026, AEMO intends to commence engagement with OEMs

and developers, explore additional practical trials using Typea@sitonal SNIJA 0OSas FyR O2yGAydzS ! 9
investigation efforts to date. Futurevestment frameworksvill also need tceuitably incentivise investment in system

restart, in both black start sources and restoration support services.

Finding new methodologies using other technologiesconfigurations (such as using a larger number of smaller gas and
hydro stations)followed by practicatesting of new proposed restart pathwayis,imperative to build technical confidence
and ensure sufficient investment in each region at least one year before it is requirednimisumlead time is driven by
the need to prove and gain confidence in the new methodologies, and to mitigate the risk of early thermal plant
decommitment whether a delibesite market decision or due to plant failure.

65 Seehttps://www.aemo.com.aut/media/files/initiatives/engineeringframework/2025/systerrestart-technicatadvice. pdf
66 Seehttps://www.aemo.com.auf/media/files/about_aemol/internationaisystemoperator-collaboration/internationalsystenirestorationreview.pdf
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823 AEMOG6s forward pl an
l9ahQa ySEG I OlA 2y a-teinandintihitey siskd Rstadt ndathodblodied iyiciide the following:

1 Consultation on revised SRAS Guideline and progresstbie 2027 SRAProcurement round. AEMO wallsouse
near and mediumterm SRAProcurement roundto assess required incrementahangego support existing restart
pathways in the interim.

9 Progression of procurement activities for Type 2 Transitional Services to demonstrate black start capability from IBR
and support system restart under high DPV conditions.

1 In 2026, AEMO will build on preliminary analysisrefineindicative SRAS capacityd locationatequirements post
2030 to support restoration without reliance on coal units.

9 Industry engagementith NSPs and participants collaboratively investigate viable lostgrm system restart
methodologiesand investment opportunities

1 Working with the Reliability Panel and AEMC to support relevant reform efforts that help incentivise investment to
support development of new SRAS sources and network assets (such as protection schemes, synchronous condenser
and transformer design), andgéng of potential restart methodologies along identified system restart pathways.

8.3 Management of power system frequency is evolving

Key messages

1 BESS facilities have become tamgestcontributors offrequency control ancillary servicedlsSGA¥In recent years,
with strong potential to extend into inertia provision. With sufficient geographic diversity and coordinated cc
settings, increasing BESS capacity offers substantial frequency performance and stability benefits.

i BESS capacity distribution must be monitoreétoidoverconcentraton in a single NEM regioppsinga risk of
AyaldlroAtAade I ONRP&aa (KS b9aQa !/ AyiSNO2yySOiG2N&

Key actions

1 AEMO will continue to review and refine frequency control systems and their interactirigding automatic
generation control, primary frequency response, and IBR droop settings.

8.3.1 Context

Power system frequency management has evolved significantly in recent years as the introduction of new frameworks and

a shift in generation mix have enabled IBR to make increasing frequency control contributions. IBR, in particular BESS, have
demonstratedthe value that their rapid and tuneable frequency response capability can offer, contributing to overall lower
costs for consumers.
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8.3.2 Latest status

In 2025, AEMO publishedTachnical Review of the NEM Frequency Control Landécapis report summariskthe
evolving management of frequency and indicated the success of recent reforms in improving frequency control in the NEM.
These reforms include:

1 mandating primary frequency response (PFR) in 28@0stantially increasing the number of facilities that are tightly
controlling frequency in the NEM

i the introduction of Very Fast FCAS markets in 2028chhas been important in providing frequency control services
as system inertia declings

1 development of an Inertia Network Services Specific&fion2024to quantify the provision of synthetioertia from
IBRplant, and

1 determininga NEMwide inertia floor,stemming fromthe Improving Security Frameworks (ISF) rule of 2024.

Collectively, these reforms have greatly improved frequency performance in the NEM, reducing the number of excursions
outside the Normal Operating Frequency Band and reducing the overall cost of FCAS procurement.

BESSrovide largest FCAS contribution in the NEM

The growth of BES8ovided FCAS is shownRigure 15vith BESS delivering up to 90% of enabled FCB&sed on the
volume of BESS under developmentanticipated to commence developmeimt the NEMAEMOprojectsPFR and FCAS
capability from BESS to increase up to-fisld by 2029and expects this tgsupport further improvement in frequency
performance andeduced FCA&stsfor consuners.

67 At https://www.aemo.com.auf/media/files/initiatives/engineeringframework/2025/technicareview-of-the-nem-frequencycontroklandscape. pdf

88 Published as schedule A of th@24Inertia Requirements Methodology

69 AEMO (June 2023)echnical Review of the NEM Frequency Control Landstdnbips://www.aemo.com.auf/media/files/initiatives/engineering
framework/2025/technicakeview-of-the-nem-frequencycontrol-landscape.pdf
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Figure 15 FCAS enablement by technology type, 2001 -2024 (MW)
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The provision of inertia services is expected to follow a similar trajectory, with IBR anticipated to make major congribution
in coming years as more synchronous generators are increasingly offline and stakeholders gain familiarity with the
availability d synthetic inertia from GFNhverters (see Sectiofi0.1).

BESS integration offers performance benefits, but requires NEM  -wide capacity monitoring

I 9 a h2025General Power System Risk ReWiBRSRRR investigated the risk and opportunities of increasing BESS
capacity configured with aggressive frequency droop control settings. This investigation demonstrated that risk conditions
can arise when BESS are concentrated within a single region, and renmteetible frequency events trigger a PFR/FCAS
response from a localised aggregation of BESS diitsintroducesinterconnector stability challenges when operating

close to transfer limits, as the frequency performance of BESS exceeds that of local frequency control providers

For large norcredible generation contingencies, modelling indicates this would resldtge power swings acrogsC
interconnectors leading to voltage collapse or angle separation between regions in the most onerousWwagdeshe
hypothetical risk of concentrated, aggressively tuned BESS was demonstrate@02th&PSRREMO found that the
existing and planned grisicale BESS facilities in the NEM are sufficiently distributed to mitigate the risk of rapid BESS
frequency response in the short andedium term, and present an opportunity for improved power system dynamic
performance.

833 AEMOG6s forward pl an

Table 12summarises how AEMOnsonitoringand evoling frequency control as load and generation in the system
continues to become more variable. This will require increased amourm&Rtapable planand FCAS reservesiuch of
which can be provided by BESS.

70 At https://www.aemo.com.auf/media/files/stakeholder _consultation/consultations/nemwonsultations/2024/2025eneraipower-systemrisk-
review/2025qgpstr.pdf
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Table 12 AEMO activities to monitor and evolve frequency performance

AEMO activity Description

Review PFR settings 1 Review enablement volumes and adequacy of regulation FCAS reserves and current PFR settings.

1 Develop pathway to finalise the implementation of PFR on smméduled units, and implement any other changes
recommended from the review of current PFR settings.

Technical Review of the | Review aggregate generator frequency response to maintain power system security with increased IBR
NEM Frequency Contro q

Trial basepoint adjustment in automatic generation control (AGC) and assessments of regulation FCAS for prolon
Landscape process

underfrequency correction.
1 Review interaction between PFR and AGC during contingency events to optimise system response.

AEMO will continue 1 Continue monitoring:

monitoring and will i BESS developments throughout the NEM to ensure sufficient capacity dispansi@oordination of droop settings

megke ;’:\djustme_ntz if mitigate the risk of stability issues owing to concentrated BESS frequency response.

and when require

< i Regional and individual unit distribution of FCAS procurement to avoid geographic andifaalityoncentration.

9 AEMO will consider whether minimum amounts of any particular technology are required based on operational
evidence.

9 The minimum droop setting allowed on IBR units was established in 201i bathg monitored t@nsure it remains fit
for-purpose as higher amounts of IBR generation operate in the NEM.

1 Aggregate generator frequency response represents a part of the supply demand imbalance that is not evident in
system frequencyAEMO will continue to monitor whether this response needs to be accounted for

8.4 Challenges for protection and control systems

1 The power system is undergoing changes that may have significant impacts on the operation of protection a
control systems.

1 System fault levelsnust be maintained to ensunerotections systemsontinueto operate correctly Insufficient
fault level provision fronmew infrastructure may require delay decommitment and retirement of synchronous
generators.

1 Increasing size, numbgind complexity of control schemes is contributing to maloperation and interaction risk
the NEM.

9 Pursue mitigation of minimum fault level risks around synchronous generation retirement/decommitment
transition points as detailed in Part B

1 Undertake program of work to identify and manage risks associatedRéthedial Action ScheraéRAS} as
outlined in the2025 GPSRIhcluding technical assessments and review of regulatory and RAS Guideline
requirements.

8.4.1 Context

As the energy transition progresses, multiple assumptigeen which power system protection has been designed are
subject to changeFurther network topology is evolving, and control schemes have become more numerous and complex.
Risks of failure to operate correctly and of unexpected interactions are increasing.
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8.4.2 Latest status

I 9 a h2025GPSRRhighlightd a range of current and emerging risks associated with unexpected operation or
interaction of protection and control schemes. Factors identified as having the potential to lead to cascading failure or
major supply disruption# left unmitigatedwere:

1 changingault levels due to the retirement or unavailability of synchronous generation
1 newtransmission topologies

1 increasinghumber, size and complexity of control schemasd

9 lackof explicit requirements for RAS design

The 2025 GPSRR highlighted thettans are needed now to mitigate growing risks of gre@terdenceand severity of
scheme maloperation or interaction incidents. Toeport describel these risks and identifeefurther work, summarised
below, to balance economical delivery of the energy transition, operability of the systairacceptable risks.

Maloperation and interaction of protection systems and control schemes

Growth in the number and complexity of protection and control systems including, R&\@ell as the larger size of events
some newer schemes are designed to profeditincrease the risk and consequences of scheme maloperation and
interaction, which have historically been low likelihood but high consequence events

1 More complex schemes are being adopted by new projects to reduce network investment and better utilise existing
assets. However, complexity increases maloperation risks. Schemes needdediately designed, maintaineohd
tested, and outage planning should be accounted for in scheme design, to minimise risk of maloperation.

1 As the number of schemes increases, the likelihood of interaction increases, particularly for multiple schemes operating
in close proximity or sharing common inputdhis in turn leads to risks of cascading failures.

1 With schemes increasingly addressing larger-omdible contingency events (SectiBrb) and designed for large rapid
responses, the consequences of maloperation become greater.

Despite such risks, there is nmandatoryrequired approach that must be taken for the design of RASs, with the RAS
Guidelines only indicating examples of good industry practice. There is no obligation for designers to comply with these
guidelines. Information management, maintenance and testinBASs also needs improvement to ensure the ongoing
management of schemes is sustainable, and that RASs can be modelled actoredplyire and understand interaction

risks

843 AEMOG6s forward pl an

Protection system considerations are incorporated in actions detailed in Part B to maintain system strength and minimum
fault current levels at specific transition points for synchronous generation retirement and decommitment. To address risks
specific toRASs AEMO outlined a broad work program in Section 2 @0Rg8GPSRRvhich include:

71 At https://www.aemo.com.auf/media/files/stakeholder _consultation/consultations/nemwonsultations/2024/2025eneraipower-systemrisk-
review/2025gpsrr.pdf
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1 investigationof RAS modelling requirements for RASs in the NEM and best practice across other network operators.
AEMOto update power system models to more easily include an improved representation of remedial action
schemes, including UFESee Part ASectionl.3.3

1 inconsultation with industry, expansion of the RAS Guidelines into explicit requirements
1 reviewof the NER clauses relevantRAS, potentially leading t@ rule change requesand

i detailedstudies conducted by AEMO on RAS unexpected operation.
8.5 Increasing risks of non -credible contingencies

Key messages

I Changes in grid topology and connected assets may increase the risk and severitycaddible contingencies
requiring new approaches to their management.

Key actions

1 AEMOcontinues to complete detailed studies and analysis on the management otrextible contingencies i
the current and future system to understand the emerging risks of cascading failure or major supply disr
and approaches to mitigating these risks.

8.5.1 Context

Large amounts of new generation are connecting as the energy transition progresseseNiite contingency risks may
increase where generation is concentrated behind common assets that could fail under rare circumstances.

8.5.2 Latest status

I 9 a 2025 GPSRRentified a range of factors which could increase the size, number and impact e¢nedible
contingencies, requiring enhanced management approaches:

i concentrationof large volumes of new generation behind existing or new long double circuit transmission lines or
substationgmay increase the size of namedible contingencies such as loss of both lines or circuit breaker failures

1 highDPV contributions expose a larger volume of supply to shéfkesks after a nostredible contingency causing a
significantvoltage disturbance

i increasedwveatherdriven impacts such as bushfires, storm and lightning on transmission lines carrying higher power
flows over a larger geographical footprint

i1 fewersynchronougeneratorsproviding system security services such as system strength or inertia increase exposure
to system security risks following namedible contingencies that trip or isolate these remaining providers from parts
of the network and
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1 increasingconnection of large invertebased loadsuch as data centres (Sectib@.3) potentially increasing load
contingency sizes and sensitivity to system disturbances, for example large vedtagjéve loads suddenly
transferring to backup power supplies.

853 AEMOG&6s forward pl an

I 9 a hD@a#t 2026 GPSRR Approach Papeutlinesthe quantitative analysis that AEMO plans to undertake to assess risks
related to increasing nowaredible contingencies. This assessment is intended to quantify the range of contingency sizes that
may pose risk of cascading failure or major supply dispuptand to demonstrate the effectiveness of potential mitigation
measures. Large neeredible contingencies are proposed to be considered unde20#6 GPSRa&s follows:

1 PSS®E studiedll be undertaken to assess the impacts of increasing-odible contingency sizes in each region for
historical and future cases

1 PSS®E sensitivities will be completed on the effectiveness of mitigation measures such as increased-ExeAB]eon
contingency size limits, R&Protected events anémergency frequency control schem&s=CH

72 Seehttps://www.aemo.com.aut/media/files/stakeholder consultation/consultations/nemonsultations/2025/202&psrr/2026gpsrrapproachpaper
draft.pdf
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9 Distribution level developments

Distributed energy resources (DER), inclugiogsumer energy resourc¢€ER are making increasingly significant
contributions to the power system. AEMO is collaborating with stakeholders to harness the opportuanities
manage challengesf DER with respect to system security in a zermearzero-emissions power system.

This section discusses the work being undertaken to maintain system security in response to developments in the
distribution system, and growth iDERCERE, including:

i1 the growing contribution and impact of DER on system security and plans to manage this, and

1 challenges and opportunities for system security associated with the rapid growth in demand side partiqip&tn
anticipated over the next 10 years.

9.1 Operating the NEM with high levels of distributed resources

Key messages

1 CER are becoming increasingly central to system operation, and AEMO is taking steps to continue to encc
/ 9w INRGUK | yR SyadzZNB K2dzaSK2f Ra FyR odzaAiySaasSa
energy transition.

1 Minimum operational demand continues to decline across all NEM mainland regions, driven by strong con:
uptake of DPV. This is projected to continue over the next five years, resulting in increased incidence of de
belowminimum system loa@MSL) thresholds.

1 MSL thresholds will reduce over time as system security is decoupled from synchronous thermal generatin

i There is significant opportunity for active management of DPV and other DER, greater load flexibility, and !
to increase demand at times of high DPV generatiboth on a daily basis as well as under challenging systel
conditions.

1 Enhanced coordination across distribution and transmission is required to host and securely manage contil
growth in DPV. Active DPV management capability, starting with an effective emergency backstop, that sc|
DPV continues to connect, is critiéar managing MSL and other DRafated system security risks that may
emerge.

i1 Longer term, additional factors are likely to affect the technical envelope of the power system as DPV
contributions increase. These factors are complex and have not been traditionally considered in transmissi
bulk power system adequacy studies aeduire concerted focus now.

7*DER means generation, storage, and flexible load resources connected to the distribution system; it includes CER, egtialcaseawned or
operated by energy consumers at their home or business.
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_

1 AEMO is continuing to collaborate closely with DNSPs and TNSPs on functional requirements for securely
reliably operating a higibDER power system, and the necessary capability evolution required.

1 DNSPs and governments to continue prioritising effective implementation of, and compliance strategies for
emergency DPV backstop mechanisms and consider opportunities to increase demand within their networ
under MSL conditions, within their broader DEER integration plans.

1 AEMO is working with market bodies, governments and industry through the National CER Roadmap on
operational roles and responsibilities, and the data sharing required across actors forERypower system,
including for managing system security.

1 AEMO is seeking opportunities to collaborate with TNSPs and DNSPs, the research community and broad
industry on the activities required to understand emerging HRfRV issues anticipated over the next®years.

9.1.1 Context

Australia is a world leader in the uptake of DER, primarily driven by the uptake 6f@BNthe last 15 year$om fewer
than 100,000 systems in 2010 to more than 4 million toddys has played a major role in the decarbonisation of

l dzZAGNI £ ALYy Sy SNB@ 2a28lapits§ Assumptibns andiSceidario® Refig@RBtep Changecenarid®,
AEMO projects DPV to grow in the NBWer the coming 10 yearfrom about 5 GW installed today, t85 GW by 203&and
43 GW by 2035This highlights the continuing value of DPV in supportilogvaor zero-emissiongpower system

In addition to DPVTable 13shows anticipated growth in other significant resources connecting to the distribution system,
raising opportunities and challenges for managing system secseagSection$.1.2 9.1.3and9.2).

Table 13 ~ AEMO demand side projections, 2025 IASR Step Change scenario

Component 2026 2031 2036
Rooftop PV (<100 kW) Capacity, GW degraded 25.1 34.9 42.5
PV non-scheduled generation (100 kW to 30 MW) Capacity, GW degraded 1.9 3.3 4.8
Other non-scheduled generation Capacity, GW 1.0 1.0 1.0
Electric vehicles Annual energy, TWh 0.9 7.0 17.7
Data centres Annual energy, TWh 4.7 14.3 22.9
Electrification Annual energy, TWh 0.2 9.3 28.0
Embedded energy storages Capacity, GW 2.2 5.9 9.8

4DPV, sometimes referred to as distributed solar, refersto@®ly y SOG SR a2t NJ OF LI OAde y2@G LI NI 2F ! 9ahQ:
commercial rooftop PV and larger nagheduled PV systems embedded within the distribution networks.

> AEMO2025Inputs and Assumptions Workbqd@8 August 2025, dittps://www.aemo.com.au/energysystems/majopublications/integratedsystem
plarrisp/2026integratedsystemplanisp/202526-inputs-assumptionsand-scenarios
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9.1.2 Latest status

Based on operational experienegth increasing uptake of DPV in the NEMEMO has developed a set of functional

requirements for securely and reliably operating a hiRfER power systeritheir current status is summarisedTable 14

AEMO is collaborating with DNSPs and at the policy level througiatienal CER Roadmap the technical capabilities,

roles and coordination required to securely and reliably operate a-Di§R power systeth

Table 14

Functional requirements for operating a high

Importance for operation of

-DER power system and current status

Current status

the transmission system

disturbances

Visibility and | Required for both longerm Ongoing priority to improve DER Register data quality. AEMO has validated data against oth¢
predictability | and shortterm system security | sourcegsuch as Clean Energy Regulator data for the Sroallk Renewable Energy Scheims)
planning, and for effective issues remain with some field€urrentlyconsidering data gaps and how they can be resolved
operational response to the Thesenclude mode of operation, tracking upgrades and retirements, and inconsistent data on
range of plausible system BESS installations.
conditions. AEMO has process#splaceto mapregisteredinstalled devices to the transmission netwdokad
points. Currentlyengaging with DNSPs on more robust, standdmalsed approaches.
AEMO is collaborating with industry efectric vehiclgEV) datarequirementsfor distribution
network, system and market operations, includufgfa collection aneéstimating E\¢tharging
load.
Exploratory work with DNSPs on AEMO operational forecasting visibility and predictability of
actions impacting net load at thedhsmissiorDistribution(T-D)interface, starting with a
collaboration with SA Power Networks oiexble Export Limitand emergencipPVbackstop
activation.
Performance | Appropriate standards for the | Continuing improvement in compliance of inverters to AS/NZS4777.2:2020 requirerd@S3%
during DER fleet and managing the ri§ of newly installed systems configured with the correct grid Eodi¢h an amendment to the

of sympathetic tripping of
inverter-based systems
following grid disturbances.

standard in 2024 including labelling of obsolete versions in menu selections

Disturbance ridehrough behaviour in >30 kilowatts (kW) systems needs further improvement.
Requirements for DER connections not covered by ASINZS4777 2220t dzZRSR A Y
Guideline for sub 5 MW DER connections.

AEMO updated composite load and DER models in June 2024, and validated models throug
system events in June 2026, better represent transient behaviours that influence stability limit:
AEMO is working with TNSPs on the implementation of these nfodels

Emergency | Ability to disconnect a sufficien| Emergency backstop requiremergeein pla® in South Australia and Victoria, partially in place i
DPV volume of DPV generation, if | Queensland, and in preparation in New South Wales for a 2026 commencement. In Queenslg
curtailment required to maintain system systems below 1&ilovolt amperesKVA are currently exempt. AEM&ironglyrecommends
security including all systems in emergency backstop requiremantshas identified this as an unresolve
issue for Queensland in Part B of this report
Uplift in response rate and capacity, clear performance expectations and testing, and complig
processeg, with associated governance arrangemeqtare required for effective emergency
backstop mechanisms. See Part B for regional assessments.
Emergency control requirements for DER connections in the 200 kW to 5 MW range included
19ahQa DdzZARStAYS T2NJ &dzo p a2 59w 0O2yySOi
Voltage Managing the impact of DER o| Actively being considered in TNBRSP planningith some inconsistency in requirements at the
management | transmission network voltage | T-D interface and how this is considered in joint planning.
control, and coordination AEMO and TNSPs are continuing to monitor voltage and reactive power exchange at the
req;nre?wnhtt_he ?lsttrlbutlon transmissiordistribution boundaries.
systemfor optimal outcomes . . ) . . .
a)clzrossthe s;?stem Further work required to determine the kinds of contingencies that need to be considered,
' especially in the higlDER context.
DER Effective scheduling of DER in| All NEM DNSPs are currently implementimgintending to implementflexible export
scheduling system balancing and arrangements.
and congestion management, with

appropriate coordination

Distributiontlevel bcal services and flexibility platforms, aiming to harness and manage DER f
local network supportare an emerging area being considerediXSRrials.

76 See for examplenttps://consult.dcceew.gov.au/nationater-roadmapredefinerolesm3-p5.
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Area Importance_ fqr operation of Current status
the transmission system
operational between market participation, | AEMO is currently consulting with industiy the implementation of the new Voluntay
coordination | distribution limits, and Scheduled Resource (VSR) framework for pesponsive energy resources to participate in NEN
transmission network security. | scheduling and dispatch processes, commencing in May®2027
Manage Managing risk of cyber Standards Australia, working withe Federal Department of Climate Change, Energy, the
cyber compromise 0DER devices an( Environment and WatelDCCEEYVis considering DER cyber security standards, including devi
security management systems, securin| level requirements for interactions with DPV and BESS inverters, demand response and EV
compromise | datain-flight and network chargers, through several ongoing processes.
practices, and ability to TheAustralian Energy Sector Cyber Security Frameisarkoluntary selassessment tool for
monitor, detect, isolate and market participants to assess cyber security maturity avay be used to support meeting
defend mass compromise obligations undethe Security of Critical Infrastructure Act 201BNSPs are using the framework
events. to develop requirements for DER OEMs and customer agents, interacting with their servers.
Work is underway to establish Public Key Infrastructure (PKI) enabling secure communicatior|
between DNSP systems and DER devices, prior to theACSWmergency backstop
implementation in 2026
System Managing the impact of AEMO has been assessing system restart arrangements for altegieivis, identifying challenges
restart with increasing PVgeneration on with the impact of DPV on stabilising load, discussed further in Segt?on
Increasing the system restart process, AEMO has published a Statement of Need for Type 2 Transitional Sémvitgport restart during
DPV including ablllty_ to understand high-DPV conditions
and model the impact and
management measures in
place.
Emergency | Managing the impact of AEMO has collaborated extensively with DNSPs on the adequacy of NEM underfrequency lo:
frequency increasing DER on emergency| shedding schemes (UFLS) with increasing DPV impact and mitigation mé&asures
controlwith | frequency control, including | The current priorityis coordination required with DNSPs for raihe visibility of load on UFLS
e EEEg ability to understand and relays and updating UFLS schedutteseflect actualUFLS availability.
DER model the impact and . . . .
management measures in AS/NZSA4777.2 has included frequency deviation and RoCoF withstand requirements, as well
place active power support for extreme frequency events since 2015, formalised and enhanced in t
' 2020 version.

A. For latest updatesseeAEMO, Electric Vehicle Data ips://www.aemo.com.au/initiatives/majoiprograms/nemreform-program/nemreform-program
initiatives/electricvehicledata

B.AEMO Compliance of Distributed Energy Resources with Technical Settings: 2025 Wpd&eptember 2025, attps://www.aemo.com.au/initiatives/major
programs/nemdistributed-energyresourcesder-program/standardsand-connections/compliancef-der-with-technicalsettings

C.The coverage of AS/INZS4777.2 was changed following the 2024 revision to AS/NZS4777.1 to remove the 200 kW threshaitlyaappdxpilow voltage
(LV)-connected inverter energy systems only. Standards Australia, AS/NZS 4777.1:2024 Grid connection of energy systemssyiRanv&rtmstallation
requirements, ahttps://www.standards.org.au/standardsatalogue/standaretietails?designation=ASZS4777-1-2024

D. For eports and ongoing updateseeAEMO, Power system model developmerower system models for DER and lcatd,
https://www.aemo.com.au/initiatives/majoiprograms/nemdistributed-energyresourcesder-program/managinegistributed-energyresourcesin-

operations/powersystemmodeldevelopmenthttps://www.aemo.com.auihitiatives/major-programs/nemdistributed-energyresourcesder-program/managing

distributed-energyresourcesin-operations/powersystemmodetdevelopment

F.AEMO L earnings from industry implementation of emergency backstop mechanisms for distributed reshuyc2825, dtttps://www.aemo.com.auf
[mediaffiles/initiatives/der/managingminimum-systemload/learningsfrom-industryimplementationof-emergencybackstop.pdf

G.AEMO, Voluntarily Scheduled Resources Guidelines consultatiottps:t/www.aemo.com.au/consultations/curreraind-closedconsultations/voluntarily
scheduledresourcesguidelinesconsultation

H.AEMO, Australian Energy Sector Cyber Security Framewdrttpsit/www.aemo.com.au/initiatives/majoiprograms/cybersecurity

I. ARENA, National Energy Public Key Infrastructure Project (NERIKPs#tarena.gov.au/projects/nationaknergypublickey-infrastructureprojectnepkil.
J.AEMO, Statement of NeegiSystem Restart under high DPV conditions, October 202#tpst//www.aemo.com.au/energysystems/electricity/national
electricitymarketnem/nemforecastingand-planning/transitiorplanning/transitionalservices-type-2-services/systentestartunder-high-dpv-conditionsservice

K. For eports and ongoing updateseeAEMO Adapting and managing under frequency load shedding at times of low deraand
https://www.aemo.com.au/initiatives/majoprograms/nemdistributed-energyresourcesder-program/managinedistributed-energyresourcesin-

operations/adaptingandmanagingunderfrequencyload-sheddingat-times-of-low-demand

Minimum system load challenges

MSL is the key challenge with respect to the aggregate impact of DPV on the bulk power Bysieds oMSLoccur when
distributed generation, particularly passive rooftop PV, significantly reduces demand on the transmission system. Large
scale synchronougeneratorsare currently essential for delivering system security services, such as system stfealgth
current, inertia, voltage control, and rampinghesesynchronous generators need to operate at or above their minimum
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stable operating levels (MSOLS). Low operational demand may prevent dispatching enougsclargygenerators to
maintain system security.

To support MSL management, AEMO introduced the MSL framework, summariaalénlSbelow. It aims to mirror the
existing Lack of Reserve (LOR) framework used for low supply reserve conditions

Table 15  Minimum system load framework

Level Definitions AEMO actions

MSL1 | Demand is two credible contingencies| Monitor the situation. Publish MSL notice with MSL thresholds when forecasted, which can
away from MSL3 to a week ahead.

MSL2 | Demand is one credible contingency | Take available actions to clear the MSL2 condition if possible.

away from MSL3 Take actions required to land satisfactory and return to and remain secure within 30 minuteg
following a credible contingency.

MSL3 | Forecast demand is insufficient to Additionally, instruct NSPs to maintain regional demand above the MSL3 threshold.
maintain a secure operating state

All NEMmainlandregionshave passed minimum demand thresholds which would require actions to maintain system
security under some conditions.

Regional MSLassessment

AEMOcurrentlymanages system security issues under MSL conditions on a atgasis, based on the conditions in the
specific region at the time, accounting for conditions in neighbouring regions. All NEM mainland regions are demonstrating
consistent and continuing decline in minimum demdeading to an increased potential incidence of operational demand
falling below MSL thresholds.

Each region is implementing measures aimed at lowdtiegethresholds (including reducing dependence on synchronous
thermalgenerating units) and increasing operational demand at relevant tiviesattionssuch as load shifting or active PV
management AEMO evaluates regional MSL outlooks based on both onerous and system normal conditions:

1 Undersystem normatonditions if power station exis andnetwork investmentsin essential system servicpsoceed
as plannedand there is enhanced flexibility from CER to manage output in the middle of the day, n& BiSiditions
are forecast to occur ianyregion. However, if there are delays;tual MSL3 eventsould occur in all regions by
202829.

1 Under rare, but plausible, onerous conditioffier example, a combination of significant load outages, network outages,
and/or islanded regions}there are varying levels of available capability to increase operational demand in the near
term. There remains an urgent need for increased emergency distributed PV backstop capacity, particularly in
Queensland, to maintain system security and avoid widespread customer impath® onerous condition modelled
for Queensland, current capabilities, including sélesly shedding the most impactful reverfiew feeders, may still
be insufficient to maintain system security. In Victoria and New South Wales/Australian Capital Territory, some extreme
low probability but onerous scenarios may require reveitsg feede sheddingSouth Australiais projected tchave
sufficientcapabilityto manage both typical conditions amissible onerous system conditians

7TMSL3 events are those in which action needs to be taken to increase operational demand to maintain system security, vilddeaynergency
backstop mechanisms to reduce distributed PV generation. See Part B and Apifatifurther details.
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Further detailabout how AEMO manages MSL conditions and assesdorezsich NEMnainland region is in Pai& and
Appendix &, including a description of the types of onerous conditions considieredch region.

NEM-wide MSL

Beyond regional MSL challenges, the coincidence of low demand and high DPV conditions across regions is projected to
result in multiregion or NEMwvide minimum demand conditions. Operationally challenging situations may emerge for the
NEM mainland withintte next 12 to 18 months under some low probability, but plausible, onerous system conditions, such
as prior outage conditions or with significantly reduced interregional transfer capacity.

AEMO estimates that the minimum operational demand the NEM can currently support is indicatively in the range of
4-7 GW, under the present operational toolkit and MSOLs of synchronous generating unit combinations required for system
security today.

Figure 16shows historical and forecast NEMde minimum operational demand levels against this indicative threshold
range.

Figure 16  Historical and projected minimum operational demand against indicative MSL3 threshold range  for the
NEM (2025 ESOO Step Change scenario)
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MSL conditions are managed on a region by region basis, based on individual regional system cofluibEvivide

range indicates where there is a likelihood of MSL3 conditions emerging in one or multiple regions. If MSL conditions arise
in one or multiple regions, AEMO may need to take action, based on individual regional system states and operating
conditions,to restoredemand to secure levels to mitigate the risk of widespread and prolonged outages if credible
contingencies were to occur (see AppendB for furtherdetails). AEMO is continuing to collaborate with NSPs and market
participants on procedures, processes and frameworks to improve management of MSL conditions.

A high DPV scenario in 2031

AEMO has developed a power flow case and undertaken steady state analysis and screening studies farde Kt
DPV scenario, plauséWwithin the next 510 years, supplementing the regional assessments summarised in the regional
outlooks in Part B. THEEMwide study allows consideration of coincident high DPV across regions, how-sigppéyd
balance is achieved and tlmplications of any interegional transfer limits. Study assumptions were consistent with
system security planning studies in Appenai3’®. These are the key findings and implications of the study:

I The location of future electrification load will have a large influence on network flows under high DPV conditions.
There may be voltage stability and other limits restricting power transfer from DPV centres to remote industrial load
centres in the transnsision system.

i Voltage and fault level screening analysis findings were largely consistent with current AEMO and TNSP planning, with
identified issues anticipated to be addressed by planned network develogfhé&uirther work is required to plan for
higher levels of DPV onliffe noting that this distribution system consideratioan beconsideredbetween AEMQ
TNSPand DNSPss a joint planning matter

1 Desktop analysis of large load contingency scenarios suggests there is sufficient active power headroom available
across interconnectors and frothe projected utility-scale BESS fleet to respond to a sudden sug@hgand
imbalance arising from loss of the largest load online. This capacity will need to be proactively managed in the lead up
to forecast MSL periods, on a pecentingent, anticipatory basi

9.1.3 AEMOG6s forward pl an

This section outlines priority actions for managing system security under MSL conditions and the investigations required to
consider andsupport increasing levels of DPV as uptake contirmves the next 510 years.

"8 ncluding fiture network development and the anticipated synchronous generation and BESS fleet, with synchronous generation digpatuh set
minimum synchronous unit combinations online in each of the mainland NEM regions simultaneously

7Including gnchronous condenser deploymentsactive support andommitted/anticipatedmajor inter and intraregionaltransmission projects

80DER inverters need a stable voltage waveform to synchronise with the grid and remain connected under plausible distSuféiniess.fault level is
required in the distribution network for currertased protection schemes to operate effectively. Lamgjemes ofgrid-following DER inverters and their
fault current contributions can impact the selectivity and sensitivity of protection schemes. Theetagonship between fault level requirements at
transmission level and the local fault current impacts of DPV, for maintgimaigction quality fault current at the distribution level, needs further
investigation.
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Managing MSL risks

Strategies for managing MSL r&kavolve both forward planning and operational considerations, summarisgalite 16

below and explained further in this section.

Table 16

Strategy

Reduce the amount of
generation required
online to maintain
security

Strategies to manage minimum system load

Planning considerations

System changes and network investments reducing |
minimum supportable load needed to accommodate
synchronous generation unit commitment for system
security.

‘ Operational capability

MSL thresholds are dynamically determined by the number o
thermal units online at the time, network configuration and
operational risk.

Operational measures available when an MSL2 event is fore
can reduce the MSL thresholds, potentially avoiding actual M
or MSL3 evenfs These include recalling network outages, or

decommitting noressential coal units.

Better utilising DPV
generation via energy
storage and increasing
daytime demand

Enabling and incentivising load and storage flexibility
over different time horizons:

9 ona daily, system normal basis

i viaTransitional Services, and the related learning
that may help inform future market reformsr

9 aspart of emergency backstop measures.

These can be encouraged multiple ways, including
market, tariff and communitypased arrangements.

Load and storage flexibility soaking up DPV generation on a
basis would contribute to increasing system load in the daytir

Today, in Victoria, AEMO is able to direct or utilise contracteq
BESS via Type 1 Transitional Seswoatracts, when an MSL2
event has been forecast, to be available to resecure the syst¢
by charging following a credible load contingency. Further
procurement is being explored for other regions. Longer term
there is potential to develop services to apise charging
profiles to meet participant needs and system security
requirements.

Some DNSPs can increase demand as an MSL3 action, incly
controlled load hot water, network controlled batteries, or
enhanced voltage management.

Decrease noressential
generation

DNSP implementation of:

i activeDER management capability on a daily basi
including flexible export arrangements for PV
and/or

9 emergencyDPV curtailment schemes covering new
systems and associated performance requirement

Integration of DNSP active DER management capability with
pre-dispatch to reduce aggregate DPV generation if an MSL2
condition has been forecast.

Curtailing DPV generation online if needed during an actual
MSL3 condition.

A.For an explanation of the MSL framework, see AppeAdj2 NJ ! 9 a h Q dat hfigs:Oniviv. &efh& dom.auk/mediaffiles/initiatives/der/managingminimum-
systemload/2025springandsummerminimumsystemload-thresholdsfact-sheet.pdf

Reduce the amount of generation required online

MSLthresholds reflect the operational demand required to match required levels of synchronous generation. At their
lowest level, these thresholds reflect timeinimum synchronous generating unit combinatsrequired forsystemsecurity,
with each unit operating at their MSOL

Over time, MSL thresholds are expected to reduce as synchronous thermal generating units reduce their MSOL, decommit
and exit, however this is predicated on investment in other sosi@eessential system services keeping pace with these
changes, particularly the installation of synchronous condensers. Specific implications for each region am.in Part

The flexibility of thermal units (discussedSection8.2) will be increasingly important for managing MSL risks, via reduction
in MSOLs or more regular decommitment. AEMO works cleg#dtymarket participants on perational decisions to
decommit thermal unitsconsidering factors including

81 AEMO Supporting secure operation with high levels of distributed resources: Q426@dmber 2024, dittps://www.aemo.com.au/initiatives/major
programs/nemdistributed-energyresourcesder-program/managinegdistributed-energyresourcesin-operations/managingninimum-systemload.
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9 the stabletechnical envelop@and network configurationincluding FCAS requirements, voltage control, reserve
adequacy, the uni@ninimum safe operating level, and the urfiteturn to service timeand

1 operability and technical limitations of plant to meet adequaeguirementsfor the evening peak, including the MSOL
of unitsandreturn to service times.

In the future, when replacement essential system services have enabled the system to run at times without any
synchronous generation, observance of MSL thresholds will nevertheless be a continuing requirement, to ensure overall
supply and demand balance éinterregional transfer limits can be met.

Energy storage

Significant storage capacityoth largescale and sma#cale is being added to the NEMvith 26 GW of BESS in the

connections pipeline as of September 282% KS CSRSNI}I f D2@SNYyYSydQa / KSIFLISNI I 2Y:
discounted upfront costs for eligible smaltale BESS (5 kilowatt hours [KWh] to 100 kWh) connected to DPV sifstems

Energy storage has the potential to assist during future high DPV sceimasegeral ways:

i charging, thereby drawing active power from the system, effectively soaking up DPV generation
i maintainingchargingheadroom in reserve to provide contingency responseldlad contingency were to occur
i reducingstate of chargeprior to forecast MSL events, to enable a longer response,

1 providing dynamic reactive support to assist with voltagatrol, particularly for lightly loaded transmission paths
and

91 providingGFMcapability and associated system services

Careful considerations required ofthe range of capabilitiethat storagecan provideand how its available capacity
configured and coordinated as DPV uptake progressestamdgeis increasingly relied upon for differenses Itis possible
that the most efficient use of BESS is on a daily basis to assist with balancing supply andwleiteandintainng
headroom to support ongoing variability and recovery from credible contingency egeatier than reservingdditional
headroom for rareonerousconditions.

Implementation of the new Voluntarily Scheduled Resources framework (discursSedtior9.2.3 providesa participation
pathway for aggregated resources, including sft@inid-scale storage assets, to better align with and respond to system
needs. While there is expected to be sufficient BESS capacity to support MSL management in most typical cdmiditions, t
capacity is not guaranteed to be available with sufficient certaintiully supportsystem security undemore onerous
conditions

In the absence of better integration between marlsignalsand security needgdirections andor constraints may be
required on BESS in the pdéspatch horizon to manage state of charfge availabilityduring MSL period#s discussed in
Part A SectioR.3, AEMChas issued Statements of Need to enable procurement of Type 1 Transitional Services to help
manage forecast MSL conditioasd Type 2 Transitional Services to trial innovative approaches to inform future MSL

82 AEMO Connections ScorecatdSeptember 202527 October 2025, dtttps://www.aemo.com.au/energysystems/electricity/nationaklectricity-
marketnem/participatein-the-market/network-connections/connectionscorecard

83 Seehttps://www.dcceew.gov.au/energy/programs/cheapéiome-batteries
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management. In some cas&NSRcontrolled batteries can form part of a response to increase operational demand in
response to MSL events.

The AEMC is also considering a riiange proposal from th€lean Energy Council (CECgstablish an MSL reserve
service. This presents another opportunity to consider ways to best align participant interests and system requirements
when managing MSL events.

Increasing daytime demand

I 9 a h20251ASRStep Changscenario includes significant growth in data centres, business load, large industrial loads,
and industrial electrification, moderating the decline in minimum demand, particularly in later years. This uptake is
uncertain, relative to the projected uptale DPV, but could be of system value in th&®year horizon, using surplus DPV
generation as well as expanding the pool of available flexibility to manage system security if abnormal conditions occur.

Incentives and participation pathways to shift demand to HRJAV periods are also being considered and implemented
today. The development of the system architecture for operational coordination required across parties is critical for
enabling and suppontg this direction.

5b{taQ O LI dadedcribédXu@lier in Sectid.p.B, &nd retailer actions, can also provide flexibility and
improved outcomes at the system level. These include:

i1 controlled load capability, including electric haiter heating during the daytime, as well as load shifting to peak solar
hours, and

1 shortterm loadturn up opportunities including for controlled load hot water (these capabilities are included in the
emergency backstop capacity estimates in Part B).

TheAEMQ gricing review* is considering the alignment of network tariffs, retail pricing, and system needs. This may
include facilitating load shifting, including electric vehicle charging, teclost times during peak solar houfheFederal
Department of Climate Change, Energy, the Environment and Water (DG@mdEiNe AER are currently consulting on the
inclusion of a Solar Sharer option within the Default Market Offer, requiring eligible retailers to offer plans with fgee usa
during a 3hour window in the middle of the d&$

While these capabilities are intended to manage distribution network loading and utilisation of DPV generation on a daily
basis, they can also be of significant value at the system level by increasing daytime system load.

The Transitional Servisdiscussed above will also consider opportunities for temporary increase from commercial and
industrial load during MSL events.

Decrease non -essential generation
l9ahQa a{[ LINROSRdzZNBa Ay Of dzR Sscale §eheraticn fhat & fot reédbdSdDsydtetny & G 2
security at the time of the MSL event. This includes wind and solar farms that have not already reduced their output for

8 AEMC The pricing review: Electricity pricing for a consudréren future athttps://www.aemc.gov.au/marketeviewsadvice/pricingreview
electricity-pricingconsumerdrivenfuture.

85 For retailers in New South Wales, South Australia and seash Queensland. See DCCEEWhsultation on reforms to the Default Market Offar
https://consult.dcceew.gov.au/consultatiean-reformsto-the-defaultmarketoffer. The AER is concurrently consulting on how it would calculate the
Solar Sharer Option for the 2026 Default Market Offers; see AHBfault Market Offer 202@7, athttps://www.aer.gov.au/industry/registers/
resourcesfeviews/defaultmarketoffer-2026-27.
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economic reasons. If all the above have not resolved the MSL condition, DNSPs may have to take actions to increase
operational demand, including use of emergency backstop capabilities to reduce the output of DPV.

The status of DNSP emergency DPV backstop mechanisms is summéaPisediand Appendi&3. AEMO has also
reported onlLearnings from industry implementation of emergency backstop mechafosmiistributed resourcé& AEMO
will continue to work with policynakers, governments and NSPs towards:

1 extending emergency DPV backstop arrangements to cover all new and upgraded DPV systems in all NEM mainland
regions, and

1 improving the performance and effectiveness of backstop implementations, uplifting conformance assessment and
establishing atcale testing.

Longer term, the National CER Roadmap workstréaans working to formalise relevant roles and responsibilities. As part

of the workstream consultations, AEMO has supported assigning DNSPs to the roles of DSOs and including system security
responsibilities in those roles. AEMO has also supported formglisies for customer agents and communication

managers, which are also necessary for effective emergency curtailment mechanisms.

High DPV studies

Table 17summarises the potential implications of increasing DPV uptake with respect to the preconditions for securely and
reliably operating the power systefiThis has identifieissuesthat need to beinvestigated and betteunderstood to

allow the technical envelope of the power systemaimcommodate thevery high levels of DPV projected to be online over

the next 510 years.

DNSPs and TNSPs need to consider and evaluate potential risks well ahead of time to formulate the limits advice required
for AEMO to develop constraints and manage B&sted risks operationally. Many of the issues are highly complex and
their assessmenwill require new methods and tools as well as time to build understanding.

This uncertainty, if unaddressed, could lead to more conservative operational processes being used to manage system
security as DPV uptake continues. System operators, NSPs, and research groups in Australia and internationally recognise
the need for new mthods and tools to assess the stability and dynamics of high DER power s{st&MO continues to

work with these stakeholders to prioritise and complete the recommended further investigations over the cominyj.years

Priority areas for consideration over the next year include:

1 TNSP utilisation of AEMO composite load and DER models, and EMT studies to account for the impact of DPV
momentary cessation on transient stability,

1 BESS delivery of very fast frequency response and how this interacts with managing MSL risks, and

86 Seehttps://www.aemo.com.auf/media/files/initiatives/der/managingminimum-systemload/learningsfrom-industryimplementationof-emergency
backstop.pdf

871n particular, the workstreams dRedefine roles for market and power system operat@W8/P5 https://consult.dcceew.gov.au/nationaterroadmap
redefinerolesm3-p5 and theNational Technical Regulatory Framewqil2 https://consult.dcceew.gov.au/natterroadmaptech-priorities-consult

88 Preconditions are as outlined in AEMIEM Engineering Roadmap to 100% Renewablesember 2022, dittps://www.aemo.com.au/initiatives/
major-programs/engineeringoadmap/reportsand-resources

89ncluding transmissicdistribution cesimulation approaches, application of composite load and DER models, EMT simulation, impedance scanning
techniques, quasilynamic time series analysis and cypéiysical systems modelling.

9 |nterested parties can write tButureEnergy@aemo.com.au

© AEMO 2025 | 2025 Transition Plan for System Security 126


https://www.aemo.com.au/-/media/files/initiatives/der/managing-minimum-system-load/learnings-from-industry-implementation-of-emergency-backstop.pdf
https://www.aemo.com.au/-/media/files/initiatives/der/managing-minimum-system-load/learnings-from-industry-implementation-of-emergency-backstop.pdf
https://consult.dcceew.gov.au/national-cer-roadmap-redefine-roles-m3-p5
https://consult.dcceew.gov.au/national-cer-roadmap-redefine-roles-m3-p5
https://consult.dcceew.gov.au/natl-cer-roadmap-tech-priorities-consult
https://www.aemo.com.au/initiatives/major-programs/engineering-roadmap/reports-and-resources
https://www.aemo.com.au/initiatives/major-programs/engineering-roadmap/reports-and-resources
mailto:FutureEnergy@aemo.com.au

Distribution level developments

1 weak grid scenarios in the distribution network and implications for DER inverter stability, including feasible methods

to screen for this risk.
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issues. This requires model and case development in different simulation domains, approaches to represent distribution

T2NJ !

networks, and load anBER dynamics to be applied to future NEM cases and scenarios. AEMO is engagitigewith

system operators, TNSPs and DNSBEsdors and experts in the methods and simulation approaches necessary to

undertake these high DPV investigations in the NEM caontex

Table 17

Scan of potential high DPV implications and investigations required

System criteria

Frequency and
inertia

Ability to keep system
frequency within defined
limits following credible and

Reducing frequeneyesponsive plant online

High DPV implications

during high DPV conditions.

Active power headroom requirements for

Investigations required

available BESS8etwork capacity to support
contingency FCAS delivery from BESS

non-credible events, includin
RoCoF containment and
effective emergency
frequency control

Impact of storage, electrification and new
large loads on credible load contingency

Plausible sympathetic tripping and related
commonmode risks for emerging load
categories.

arrangements.

Potential sympathetic tripping of data centr
loads largely located close large DPV
generation clusters in Sydney and
Melbourne, discussed in Secti@f.3

Local power flows, stability and frequency
impacts.

Transient and
oscillatory
stability

Appropriate stability limits in
place for projected reductions
in operation of synchronous
machines

Momentary cessation of DPV inverters pos
fault resulting in faukinduced delayed
voltage recovery following disturbances

Impacton the transient response of the powe
system during major contingencies

Appropriately damped local
and interarea oscillation

Potential for new oscillation modes with les
synchronous generatioanline during high
DPV periods.

Oscillation modes under plausible dispatch
conditions, accounting fadamping andgower
system stabiliserRS$capability oBESEBR
and synchronous condensers

Closed loop controls intended to actively
manage DPV and DER and network assets
the distribution networks can result in
oscillatory behaviours and unpredictable
responses due to multiple uncoordinated
controls interacting in conflictingiay$.

Time sequential simulation of/berphysical
interactionsthat couldlead tomaterial
instabilitiesat scale and feasible mitigatien

System strength

System strength requirements
met by alternatives to system
configurations that require
minimum loading on

Oscillations between gritbllowing DER
inverters in the distribution network, and
between these inverters and the network
flows and control

Dynamics of DER, load and the distribution
network in plausible high DPV, low underlyin
load scenarios.

synchronous fossil fuel
generators.

Performance of DER under weak grid
condition® and fault current requirements
for DER inverters to remain synchronised
during faults

Impactof very high DPV clusters on fault
currentin the distribution network against
requirements for effective local protection.

Adequacy oturrenttransmission system
strengthnodesand minimum fault level
requirements.

Opportunity to address distribution DPV
hosting capacityssues (for example,
reducing fault current and reactive margins
and system strength issues through
distribution network solutions.

FeasibleDNSP actionthat cancontribute to
transmission level needs.

Voltage control

Coordinated voltage control
at transmissiordistribution
interface for times of high
DER

Reducing loading, eventually minimal loadi
on the transmission systeand consistent
voltage planning criteria for the-D

interface

Effective reactive power exchange and volta
criteriaat the T-D interface and contingencies
that need to be considered
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System criteria

High DPV implications

Reactive support and voltage
control arrangements for
highly variable, long distance
VRE power flows to load
centres, and more variable
daily demand profiles across
transmission and distribution
networks

Adequacy of voltage control strategies to

manage ariability at the TD interface due
to plausiblechanges in DPV outpoter
different time scalegminutes to hours)

Investigations required

Plausible DPV variability on load, power
transfer and the intreday voltage profile at
the T-D interfaceagainst operating limits for
voltage control includingransformertap
changing reactive planswitchingand other
voltageregulatingplantt.

Voltage stability and other potential transfe
limits restricting flow from metropolitan DP'
generation centres to electrification and
industrial load centres

Power flows and limits under different
electrification scenarios. Examples include:
DPV soaked up by EV, data centre, and stor,
in the distribution networkversusindustrial
electrification in remote locations

Sufficient reactive power
absorption capability to
securely supply load

Changing power factor of demand as loads|
shift from traditionally inductive to
capacitive and synch and induction motors
are displaced by power electronics

Models and approaches tepresent load
dynamics during high DPV scenarios

System
restoration

Ability to manage
uncontrolled DPV generation
during the restart process

Impact of DPV and lodzkhaviour on restart
pathways, as discussed in Sectiha

Behaviour of DPV on restart pathwaysthe
weakandhighly sensitive grid conditions
expectedduring restart scenarios.

Feasible solutions and strategies to manage
operationally

A.This has been identified as an issue in AS/INZS4777.2:2020, and other comparable DER inverter standards such |IEEEh@AhRetisStates Demonstrated
in laboratory bench testing, EMT simulation and system events internationally
B.Including, for example, DNSP dynamic operating envelopes and other DER management functions, Volt/VAr controlislandiagtmeasures. Discussed
further in Energy Catalyst, Australian Research for Power Systems Transformation research progran®,ovegiSystem ArchitectukeStage 4 Report 3 Systemic
Issues & Transformation Riskshé#ps://www.csiro.au/en/research/technologgpace/energy/Electricitfransition/ARPST/Stagd, pp. 8889.

C.The same potential oscillations and adverse control interactions relevant for utility scale IBR are relevant for DER inithrtbe key distinction being location

in the distribution and proximity to load, devidevel configuration and controls. Dissed further in: Energy Systems Integration Group (ESIG) Stability Task Force,

Diagnosis and Mitigation of Observed Oscillations iRDBRinant Power SystentsA Practical Guide, dttps://www.esig.energy/oscillationgjuide/, pp 8384.
D.Laboratory tests have shown that DPV inverters can struggle or fail to operate correctly in low system strength (lowd8i0R3.c8ador exampleUniversity of
NSW Readlime Simulations Laboratory & University of Wollongong Australian Power Quality Research Centre, Australian ResearciSist&oge
Transformation research program, Topic 9 DER and Stap8iigge 4 Final Report, attps://www.csiro.au/en/research/technologgpace/energy/Electricity
transition/ARPST/Stagd, p.6 and Section.4

E. For exampléransformer tap changers or switched shunts have maximum operation per hour/day limits that could be exceeded

9.2 Enabling atwo -sided system

Key messages

1 The growth in flexible generation, storage and demand connected to the distribution system presents opport
for the system to be planned and operated in a more tided manner, enabling consumers (potentially via

aggregators) to gain value from piiding system services and contributing to enhanced operational flexibility fg
managing system security

91 There are risks associated with the various forms of DER management scaling in an uncoordinated manner
different actors, with isufficient visibility, predictability, controllability and performangeotentially leading to
substantial system integration costs, limited whalesystem benefits, reduced system operability and material
system security risks.

1 An intentional design focus is underway to develop the system architecture, operational coordination and da
exchanges that will better integrate the demand side within the distribution network, power system and mark
benefit all consumers. This indes defining control hierarchy, enabling an active distribution system, improvin
transmissiordistribution coordinationand clarifying customer agent roles.
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1 AEMO continues to engage across National CER Roadmap workstreams as they progress on the roles and

responsibilities, data exchange and governance required to enable a morsided system.

1 DNSPs continue to develop DSO capabilities and work with retailers, customer agents and service providers
standardising how these parties interact with DNSPs to gain network access and provide flexibility.

1 AEMO continues to work closely with governments on better aligning measures to incentivise DER and load
system outcomes, including pricing and incentives, and demand flexibility programs visible to network and sy
operation, and available to parifate in the market.

i Collaboration across industry, governments, connecting parties, NSPs and AEMO continues is progressing |
flexibility of large loads can be harnessed, and managed under abnormal system conditions.

9.2.1 Context

There are significant challenges and opportunities for how system security is planned and managed, associated with how
the demand side step change projected over the next 10 years is integrated within the distribution system, the power
system and marketncluding:

1 managing any risks associated with the impact or contribution of demand side resources on the technical envelope,

1 provision of system services from demand side technologies and the distribution system, and measures that can
improve the resilience of the power system under abnormal scenarios, and

i1 using available flexibility on the demand side to manage, sometimes expand, the secure technical envelope, to
accommodate higher renewable contributions, both uti@iyale and DER.

This section draws on insights from the grid architecture discipline to highlight the key structural considerations for a
secure, reliable and operable twsided system. Grid architecture applies concepts from system engineering, network
theory, and contrbtheory, and the mathematics of ultra largeale systems, to the electric grid and its associated
structures and systenis

Control hierarchy for different forms of DER management

As technology evolves and new products and services emerge, it is becoming increasingly feasible for DER to be managed il
different ways. Policy development, pricing and incentives are actively encouraging different forms of DER management.
Coupled with tke projected uptake of DER, there is potential for large volumes of coordinated DER over the next 10 years.

DER devices and management systems can respond to a range of signals, including:

1 customer and sitdevel actions, either manual or automated, in response to dynamic price signals or based on the
availability of local generation or storage,

91 AEMO has participated in a mejtear program on grid architecture and how it applies in Australian energy systems, from 2021 tod2026rd-
information, seeCSIRCAustralian Research in Power Systems TransitiorP@Heports for Stages 1 to 4 for Topic 7 Power System Architecture, at
https://www.csiro.au/en/research/technologggpace/energy/electricititransition/ar-pst.
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1 voluntary signals from retailers to reduce or increase load,
1 adynamic export limit, and
1 curtailment signals or activation of network support from the DNSPs.

These can be expressed in terms of hierarchical systems, control interactions and data exchanges) Blyone 172

Figure 17  Five level architecture for DER management

([T

Level 5 Market Level 4 Utility-level Level 3 Customer Level 2 Site-level Level 1 Individual
= — — —
operations management agent management , Mmanagement DER systems

Centralised dispatch, Distribution network and " Retailers, aggregators and Local management Devices and control

wholesale and retail system operator-initiated other service providers systems coordinating the systems responding to
energy markets and i interacting with DER operation of Level 1 DER customer decisions,
contractual arrangements systems through Level 2 systems according to preferences and

for services influencing or Level 1 controllers. predetermined control autonomously to local
DER operation. objectives. conditions

As DER management scales, there can be material system security risks if these different signals and control levels are not
planned for and managed appropriately. This can lead to coordination conflicts and other architectural issues, including
adverse outomes in the distribution network. For example, if the DNSP is unaware ofpthitg coordination signals

impacting device behaviour and conflicting signals are sent to DER devices from multiple controPentities

Layered structures allow fahe overall system architecture and optimisation problésrbe brokeninto a series osmaller
sub-problems at different layerswith coordination at each layer solving local satoblens aligned withhigherlevel
system objective®. This extends to a control hierarchyith layers operatingndependently focusd on activities within
the layer with minimal but targeted signallifgtweenlayers allowing different forms of participation to be:

9 accounted for in network and power system operatianable to be modelled, with sufficient visibility and
predictability of their contribution and performance, and

9 controlled and managed if required under normal and abnormal system conditions for network and system security in
a scalable way, optimised at each layer with available flexibility efficiently utilised.

Distribution system

Distribution utilities around the world are evolving towards more active management of both their assets and flexible
demand and DER within their networks. With increasing decentralisation, this evolution is critical for safe and reliable

92 Fivelevel hierarchical architecture outlined in IEC 61:85€20 Communication networks and systems for power utility automati®art 7-420: Basic
communication structure Distributed energy resources and distribution automation logical ndeléision 2, October 2021, at
https://webstore.iec.ch/en/publication/34384Discussed in more detail with examplesMnMcGranaghan, D. Houseman, L. Schmitt, F. Cleveland and E.
Lambert,Enabling the Integrated Grid: Leveraging Data to Integrate Distributed Resources and Cystol&&is Power and Energy Magazine, vol. 14,
no. 1, pp. 8M3, Jankeb. 2016at https://ieeexplore.ieee.org/document/7366680

% Discussed further in Strategen, Global Power Systems Transformation Topic 7: Power Systems Architecture, Stage 226@8rtatluly
https://www.csiro.au/-/media/EF/Files/GPSRoadmap/FinaReports/Topie/-GPSIStage2.pdf, page193.

94 Described further in GridWise Architecture CounkiRractical Introduction to Common Grid Architecture Technidymd 2024, at
https://gridwiseac.org/sites/default/files/20283/PNNE35073 2024 GridArchitecture WhiteaperPALfinal.pdf, Section 4.3.
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operation of the distribution system, and harnessing of demand side flexibility within the layered system architecture.

These are commonly referred to as DSO capabilities, listeidjire 18°.

Figure 18 Summary of distribution system operator (DSO) roles

Active system management

Enabling CER flexibility

Transmission—distribution
coordination

Integrated distribution planning

Actively managing network
assets, DER and flexible loads to
within hosting capacity of the
networks for safe, reliable and
efficient operation of the
distribution system in a two-way
power flow environment

Mechanisms, and interfaces to
value, incentivise, procure, and
coordinate energy and flexibility
services from DER, interacting
with customer agents and service
providers managing DER devices
on customer’s behalf,

Interaction and data exchange
between the transmission and
distribution system operating
zones to provided observability of
DER and grid state required for
secure and reliable network and
system operations.

Distribution system planning in
consultation with the system
operator and relevant
transmission network, within
broader integrated whole of
system planning process.

Transmission-distribution interface

In the NEM, AEMO and TNSPs manage the operation of the transmission system, while distribution system operation
primarily sits with the DNSPs. A high level of coordination will be required between transmission and distribution operating
zones® for secure and reliable system operation with high levels of DER, including to:

1 provide AEMO and TNSPs sufficient observaliitifyDER and DSO activities within the distribution operating zone for
transmission system operations, and

1 manage available DER and demand side flexibility on rare occasions where required for system level reasons, including
for system security, in the transmission operating zone, through the DSO and its interactions with customer agents.

Customer interface

Customer agents bridge consumer preferences and their devices to network, system and market operations. Examples
include device and management syst€@&MsDERaggregators, retailers and other service providé€esistomer agents can

also rely on third party communication managerdransmit device data and instructions between devicEgese roles,

and reliance on their systems, will be increasingly relied on for coordinating DER under normal, abnormal and emergency
conditions and will require appropriatecaess controls, cyber security, performance and system security obligations.

9.2.2 Latest status

Forms of DER patrticipation and control hierarchy

Most DER in the NEM todé&y/passive, responding to customer decisions and local conditions. While this is anticipated to
continue being a large share of DER and load connections, more active forms of participation are emerging in the NEM
influenced bytariffs and other incentives. This includes site level optimisation of storage with local load and DPV, DNSP
dynamic export limits for DPV sites, community batteries, and aggregation.

% While interpretations of DSO roles and associated capabilities vary across jurisdictions, they can be generally summperitedf@gire. Adapted

from Energy Catalyst, Australian Research for Power Systems Transformation research program Power System Architectgr8tage 4 Report 4

Distribution System Operator (DSO) Mogdaté$ittps://www.csiro.au/en/research/technologgpace/energy/Electricityransition/ARPST/Stagd,

Section 6.5.
% QOperating zongeferstotheI NA R | NBIF (G KIF{i GKS &aeadsSy 2LISNI (2N A& NBaLRyairotsS TFT2N 2L
97 Observability in this context refers to tliepth of awareness of surrounding grids the system operator needs to manage its operating zone effectively

© AEMO 2025 | 2025 Transition Plan for System Security 131


https://www.csiro.au/en/research/technology-space/energy/Electricity-transition/AR-PST/Stage-4

Distribution level developments

There is currently no formalised, uniformly applied control hierarchy in the NEM for the different control signals and
instructions sent to DER devices and management systems to ensure network and system security limits and responses take
precedence over @rket and other discretionary actions.

Distribution system and TransmissionDistribution ( T-D) interface

NEM DNSPs are trialling and developing DSO capabilities through their DER Integration Stdd®##s also play a role
today enabling demand side flexibility, making their controlled load capability available and are leasing network battery
capacity to retailers.

Asdiscussed irsection9.1, AEMO is actively working with DNSPs and the Energy Networks Association (ENA) on the
functional requirements for operating a highbER power system. Longer term, with the step change in the demand side
anticipated over the nextA0 years, ID coordination needs will become more complex and will require-deleloped
DSO roles and capability, and a matus® interface.

Customer interface

Many customer agent rolesactors who control or interact witlbDERG are not yet formally recognised in energy

frameworks resulting ingapsin performance, governance and customer protectidDER inverter OEMs abecoming
increasingly importanactors in the systergiventhe level of DPV uptake in the NEM, and interact remotely with their fleets
in various ways, including device firmware and settings updatekcommunicating DNSP flexible export limits and
emergency curtailment signals to devices, adlas thirdparty market signals.

Priceresponsive DER and demand side flexibility enabled by retailers and other customer agents managing their devices is
not operationally visible to NSPs or AEMO, and cannot be used to manage these fleets, even under emergency conditions.

923 AEMOG6s forward pl an

Collaboration with DNSPs

AEMO is continuing to work collaboratively with DNSPs and the ENA towards development of a layered system architecture
in which DNSPs manage DER and flexibility in their operating zone and coordinate with transmission system operations to
manage the aggrede impact on system security, and to harness this flexibility at sysesl.

The TD coordination and DER management for system security functions are extensions of underlying DSO capabilities,
which DNSPs are implementing today, and the CER Taskforce is formalising through the National CERR®tesimap
Definedand Data Sharingvorkstreams AEMO will continue to work with DNSPs as they develop these capalglities
including the interface between retailers, customer agents and service providevsards standardisation in key use cases
for how these parties interact with DNSPs trgaccess to data and provide flexibility. These will be considered in the next
LIKF &S 2F | 9ah Qa detaded deSigniand inplent@ftatigha S

Bl dzo YAGGSR G2 GKS 19w |a LI NI 27F 5b{t DERSnEddbtioniedenbiture dNPdni® adaiatagied afe atti@ 02 NR |
relevant DNSP determination pages on the AER websiletpat//www.aer.gov.au/industry/registers/decisions

99 AEMO Consumer Energy Resources (CER) Data Exclahtps://www.aemo.com.aul/initiatives/majoiprograms/nemreform-program/nemreform-
programinitiatives/consumerenergyresourcesdata-exchange
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Effective D coordination and DNSP responsibilities for managing system security, and the associated data exchange and
coordination capabilities, are critical for effectively managing system security in a high DER future.

Policy development

AEMO will continue to engage with governments, market bodies and industry througtetiienal CER Roadmap
workstreams. fie consultation papers publishdxy roadmap workstreamén 2025 highlighted several areas of focus
relevant to enabingthe system architecture for a twsidedsystem, summarised ihable 18

Table 18  National CER Roadmap workstreams and relevance to enabling a two -sided system
Workstream Relevant focus areas
Redefining rolesy13, P51 1 DSO roles and the coordination required between transmission and distribution system operation, incly

for system security and enabling demand side flexibility at the system level.

1 Customer agents involved in the management of DER devices, and appropriate control hierarchy for
responses required under normal, abnormal and extreme abnormal system conditions.

Data sharingdM2] 9 Data sharing and coordination required across actors, aspects requiring consistency through standard
and defining of priority use caseas well as roles and expectations for data collection, validation and
exchange

Regulatory framework [TH | T Minimum device level requirements for interoperability, assessing requirements for different actors and
cases, applicable standards and priority gaps that need to be addressed

Technical standards [T2] 1 National technical regulatory framework for CER, considering requirements for system operation, secu
and reliability technical standards, compliance and enforcement

A.Summarised at CER Taskforce, Redefining roles and responsibilities for power system and market operations in a highq@ERduttation Paper to progress
M3/P5 workstreams of the National CER Roadmap, 9 July 202&psit/consult.dcceew.gov.au/nationater-roadmapredefinerolesm3-p5, Section 3.2.1

B.CER Taskforce, Technical Standards for Consumer Energy Resources (CER) Interefenadilitgtion Paper, 15 August 2025, at
https://consult.dcceew.gov.au/natterroadmaptech-priorities-consult

C.CER Taskforce, National Technical Regulatory Frame®eglkt prototype, 15 August 2025, https://consult.dcceew.gov.au/natterroadmaptech-priorities-
consult

National CER Roadmegcommendations to Ministers are expected in December 2025 and will outline how these areas will
be progressed in 2026. The effective design and implementation of these reforms is critical for safely and securely
integrating DER and enabling demand sidiHility.

AEMO will continue to work withtate and federal governments promote measures and policy actions that help align
DER and responsive demand with whole of system outcomes. Opportunities include:

i pricing and incentivefor solar soaking and peak reduction (such as the Cheaper Home Batteries program and the
proposed Solar Sharer Offer scheme) and addressing ceaotig incentives where they exist,

1 abroader view of demand side flexibility that recognises its value in areigtwable power system, throughout the
day and year, not just for peak demand and MSL scenarios, and

1 demand flexibility programs visible to network and system operaiand, where feasibleavailable to participate in

the wholesale market

Voluntarily Scheduled Resource implementation

l9ah A& Odz2NNByidfe Syalraiay3a ¢AiildK Ali@ding phide reBpgnsiiekeSourkr®lLJ S Y S
the NEM(IPRR) rule. The framework allows DER aggregators to participate in energy and FCAS markets, under the new
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voluntarily scheduled resource providers (VSpdjicipant category. AEMO has recently published/B&R Guidelines
outlining requirements for participatioi®

As part of implementing the IPPR rule, AEMO is developing an incentive mechanism to encourage participation prior to the
commencement in 2027 AEMO is also collaborating with DNSPs and industry on DNSP data requirements for safely and
securely hosting VSRP DER aggregations within the distribution system.

TheNEM Reviewdraft report proposeghat a wider range of priceesponsive resources should become visible or
dispatchable so they can contribute to market price formatidhe responsibilityo make this activity visible to system and
market operationsvould beplaced on the relevant participattt.

Together, the above reforms help to mitigate the potential risks of increasing levels of flexiblergapmsive resources
and to leverage the opportunities of a twgdded system to enhance system security management in adozero
emissions power sgem.

100 AEMO Voluntary Scheduled Resource Guidelames=inal Report27 November 2025, &fttps://www.aemo.com.au/consultations/currerand-closed
consultations/voluntarilyscheduledresourcesguidelinesconsultation

01NEM Review Pané\llational Electricity Market wholesale market settings revigivaft report, 6 August 2025, at
https://www.dcceew.gov.au/energy/markets/nemvmsreview, Recommendation 2B.
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10 Technology developments

The changing capabilities of technologies, and the changing prevalence of different technologies in the NEM, cre:
challenges and opportunities for system security. AEMO is working to mitigate potential negative impacts and sug
improvedunderstanding and confidence mew opportunities.

This section discusses three technologies that are at the forefront of how security is evolving in the NEM. These are:
1 gridforming (GFM) inverters,
91 synchronous generators with clutches that can act as synchronous condensers, and
1 large inverterbased loads, particularly data centres.

Additionally, Sectiorl0.4presents an assessment of emerging technologies that may contribute to security in the future.

10.1 Grid -forming inverters

1 GFM inverter capabilities can be designed and tuned in a wide variety of ways by manufacturers as well as a
operators. This is their great strength, allowing them to contribute to system security in many ways, while the
biggest challenge is that stalkolders, particularly NSPs and AEMO, need confidence in specific reliable behay
under all system conditions.

i Significant progress is being made to enable GFM inverters to deliver many security services in the NEM. Rg
highlights include progress on specification of synthetic inertia and early deploymei@\©scale pipeline of GFM
to support stable voltage waveforms.

i The provision of protection quality fault current remains a key limitation of GFM. Reviews and AEMO studies
highlight that GFM fault contribution is inherently different from synchronous machines, creating doubts for
reliable protection system operation.

1 The GFM Access Standards Technical Requirements Review plet&ysAEMQis considering a dedicated GFM
category to shift compliance away from gfmllowing (GFL) invertespecific standards that can degrade GFM

performance.

1 AEMO is conducting analysis, as part of the Engineering Roadmap, to enhance understanding of fault currer
performance from GFM inverters and to quantify system strength support from GFM inverters.

1 AEMO has initiated procurement of Type 2 Transitional Services to trial GFM inverter provision of protection
fault current and contributions to black start.

1 TNSP investments to meet minimum fault levels are urgently requjtedse cannot be delayed while GFM
capability develops further.
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10.1.1 Context

GFM inverters are a class of power electronics defined by advanced capabilities to control their output voltage waveform. It
Aada GKA&a O2yaNRft f23A0 (GKIFIG RAAGAYIdzAiaKSa DCa FNEYQ GIKKSS S|
grid voltage and focus on controlling current output. Almost all IBR connected to the NEM today are GFL, but there are
gigawatts of GFM projects in the planning pipeliRigure 19resents the key differences between GFL and GFM.

Figure 19  Contrasting characteristics of grid  -following and grid -forming inverters
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maintains a constant internal voltage phasor in a short time frame, with magnitude and frequency set locally by th
inverter, thereby allowing immediate response to a change in the external grid. On a longer timescale, the interna
@2¢f G1F3AS LKFaA2N Y& @FINE G2 I OKASPS RSAANBR LISNF 2 NY/

The ability of GFM inverters to control voltage with speed and precision allows them to be tuned to interact with the grid in
I @FNRSGe 2F gleax AyOfdzRRAYy3I (2 LINGuGtanRPecifichtprss fooGHYMIMA G &
Invertersspecifies six core capabilities of GFM inverters, as well as four additional capabilities that GFM inverters may
provide (sedrigure 2(below). Typically, multiple GFM capabilities are required to deliver system security services, such as
system strength.

These characteristics enable GFM inverter manufacturers to build their own distinct control systieendetails of which
are commercial in confidenagand GFM plant owners to tune the behaviour of their assets in a wide variety of ways to suit
specificproject and network objectives.

This versatility of GFM behaviour is central to both the opportunities for this technology and the challenges of building
stakeholder confidence in reliable, predictable behaviour.

102 AEMO Voluntary Specification for GFfdrming Invertersat https://www.aemo.com.auf/media/files/initiatives/primaryfrequency
response/2023/gfravoluntary-spec.pdf
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Figure 20  Core and additional capabilities of grid -forming inverters
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GFM deployment in the NEM

The NEM has been an early adopter market for GFM project deployment. As of November 2025, there are 10 operational
GFM assets in the NEM, 94 GFM assets in the connections pipeline in the NEM (including 2 GW of GFM BESS registered ar
being commissioned, @l GW constructed and awaiting registrati§f), and two assets in the pipeline in the WEM (see

Figure 2). The operational GFM inverters are all connected to BESS. Some projects with GFM functionality are currently
contracted to provide security services, such as system stré¥gthd voltage stabilit}f®.

z

Current TNSP proposals, such as Powéffiakd Transgrif’RIF¢ Q& F2NJ da28adiSY adiNBy3IdK:zZ AyOf
gigawatts of GFM BESS by 2034. These proposed contracts are all for the procurement of efficient levels of system strength,
providing a stable voltage waveforms to support GFL IBR.

103 At https://www.aemo.com.au/energysystems/electricity/nationaklectricity-marketnem/participatein-the-market/network-
connections/connectionscorecard

104 At https://www.aemo.com.au/newsroom/medigelease/aemeawardscontractto-improve-systemsecurityin-murray-river-rez.

105 At https://www.transgrid.com.au/medigpublications/newsarticles/bigbattery-to-deliveradditionatrenewableenergyto-riverinacustomers

106 At https://www.powerlink.com.au/sites/default/files/20287/Addressing%20System%20Strength%20Requirements%20from%20Dec%202025%20
%20PACR%2020June%202025.pdf

107 At https://www.transgrid.com.au/media/kfhd21bg/2508 tansgridsystemstrength-pacr.pdf

© AEMO 2025 | 2025 Transition Plan for System Security 137


https://www.aemo.com.au/energy-systems/electricity/national-electricity-market-nem/participate-in-the-market/network-connections/connections-scorecard
https://www.aemo.com.au/energy-systems/electricity/national-electricity-market-nem/participate-in-the-market/network-connections/connections-scorecard
https://www.aemo.com.au/newsroom/media-release/aemo-awards-contract-to-improve-system-security-in-murray-river-rez
https://www.transgrid.com.au/media-publications/news-articles/big-battery-to-deliver-additional-renewable-energy-to-riverina-customers
https://www.powerlink.com.au/sites/default/files/2025-07/Addressing%20System%20Strength%20Requirements%20from%20Dec%202025%20-%20PACR%20-%20June%202025.pdf
https://www.powerlink.com.au/sites/default/files/2025-07/Addressing%20System%20Strength%20Requirements%20from%20Dec%202025%20-%20PACR%20-%20June%202025.pdf
https://www.transgrid.com.au/media/kfhd21bq/250812-transgrid-system-strength-pacr.pdf

Technology developments

Figure 21 GFM projects in the NEM and WEM
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Note: AEMO connections pipeline, as of July 2025.
AEMOds work on integrating GFM technology

AEMO is currently working toward refining the connections requirements and process for GFM projects and contributing to
technical analysis and triatsincluding Type 2 Transitional Service triatiat build confidence in GFM performance. These

are colldorative engagements with market participants, GFM inverter OEMs, and TN&m®shold responsibility for

contracting system strength and inertia services (as System Strength Service Providers and Inertia Service Providers).
Table 19 dzY Yl NA&adSa ! 9ahQa Lzt AOFriAzya NBflIGSR G2 DCao®

Table 19  AEMO publications related to GFM

Publication ‘ Achievements/objectives

Application of Advanced Gridcale Inverters in the NEM Aug 2021 Identified the need for GFM invertelemonstrationat scale

Voluntary Specification for GridForming Inverter§ May 2023 | GFM inverter capabilities defined for power system security.

Testing Framework for Griforming Inverter§ Jan 2024 Simulation test methods developed to determine whether GF|
inverters will provide expected power system security benefit
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Publication Achievements/objectives

The Role and Need for Inertia in a NENke Systerh May 2024 | Developed understanding of synthetiergussynchronous
inertia in the NEM to guide regulatory change.

Quantifying Synthetic Inertia of a GFM BESEechnical Noté Sep 2024 Exploredconstraints of GFM inverter capability in providing
synthetic inertia

GFM Access Standards Technical Requirements Réview Aug2025 Review oNERechnical requirements téacilitate the delivery
of GFM inverter services and capabilities.

Type 2 Transitional Service Statements of Need Oct 2025 Proposing trials o6FMprotection-quality fault current®, black
start from GFM, andZero Synchronous Generation

GFMProtection Quality Fault Current Independent Consultant Nov 2025 Consultant reportproviding detailed technical content on
Reports® interaction between GFM and existing protection systems

Engineering Roadmapew technologesworkstrean? Expected Analyse fault current performance from GFM
202526 Quantify system strength support from GFM

A. At https://aemo.com.aut/media/files/initiatives/engineeringframework/2021/applicatiorof-advancedgrid-scaleinvertersin-the-nem.pdf

B. At https://aemo.com.aut/media/files/initiatives/primaryfrequencyresponse/2023/gfravoluntaryspec.pdf

C.At https://aemo.com.aut/media/files/initiatives/engineeringframework/2023/gridformingrinvertersjan-2024.pdf

D. At https://aemo.com.aut/mediaffiles/initiatives/engineeringframework/2024/ao_geasole-of-inertia-in-a-nem-like-system.pdf

E.At https://aemo.com.aut/media/files/initiatives/engineeringframework/2024/quantifyingsyntheticinertia-from-gfm-bess. pdf

F.At https://www.aemo.com.au/consultations/curreraind-closedconsultations/gridforming-technologyaccessstandardstechnicatrequirementsreview.
G.Seehttps://www.aemo.com.au/energysystems/electricity/nationaklectricity-marketnem/nemforecastingand-planning/transitionplanning/transitional
services-type-2-services/grigforming-inverter-protectionquality-fault-currenttrial.

H. Seehttps://www.aemo.com.au/energssystems/electricity/nationaklectricity-marketnem/nemforecastingand-planning/transitionplanning/transitiona
services-type-2-services/blacistart-capabilityfrom-ibr.

|. Seehttps://www.aemo.com.au/energysystems/electricity/nationaklectricity-marketnem/nemforecastingand-planning/transitionplanning/transitiona
services-type-2-services/zeresynchronousgyenerationtrial.

J.At https://www.aemo.com.auf/mediaffiles/initiatives/engineeringframework/2025/engineeringoadmapfy2026 priority-actionsreport. pdf.

10.1.2 Latest status

Connections standards

The connections process has at times proven challenging for GFM projects, as observed by Australian Renewable Energy
Agency (ARENA)pported GFM project®, requiring tradeoffs between performance against the connection standard or
against system security service specifications. The G¢tdss Standard&chnical Requiremen®eview'®is addressing

this byconsideringa potential GFM category to redudbe unnecessary GFM emulation of synchronous generdtacan
degradeGFMperformance.

Voluntary specification

AEMO was one of the first international system operators (ISOs) to publstuatary Specification for Gkidrming
Inverters*™. This voluntary specification has been referenced by multiple W8is determining GFMpecificationgor
their networks, and some havadopted key features dhe AEMGspecification Collaboration through ISON continues to
facilitate knowledge sharing of international experience with GFM.

108 Seehttps://www.aemo.com.au/initiatives/majoiprograms/engineeringoadmap/engineeringoadmapexecutionreports, noting the disclaimethat
the views expressed in the reports are those of the consultants, not AEMO

109 At https://arena.gov.au/assets/2025/08/GFM_Webinar_Slides_full.pdf

110 At https://www.aemo.com.au/consultations/currenrénd-closedconsultations/gridforming-technologyaccessstandardstechnicatrequirements
review.

HIAEMO, January 2024pluntary Specification for Gffdrming Inverters: Core Requirements Test Framevedrk
https://aemo.com.au/~/media/files/initiatives/engineerinframework/2023/gridforming-invertersjan%202024.pdf
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https://aemo.com.au/-/media/files/initiatives/engineering-framework/2021/application-of-advanced-grid-scale-inverters-in-the-nem.pdf
https://aemo.com.au/-/media/files/initiatives/primary-frequency-response/2023/gfm-voluntary-spec.pdf
https://aemo.com.au/-/media/files/initiatives/engineering-framework/2023/grid-forming-inverters-jan-2024.pdf
https://aemo.com.au/-/media/files/initiatives/engineering-framework/2024/ao_geas-role-of-inertia-in-a-nem-like-system.pdf
https://aemo.com.au/-/media/files/initiatives/engineering-framework/2024/quantifying-synthetic-inertia-from-gfm-bess.pdf
https://www.aemo.com.au/consultations/current-and-closed-consultations/grid-forming-technology-access-standards-technical-requirements-review
https://www.aemo.com.au/energy-systems/electricity/national-electricity-market-nem/nem-forecasting-and-planning/transition-planning/transitional-services---type-2-services/grid-forming-inverter-protection-quality-fault-current-trial
https://www.aemo.com.au/energy-systems/electricity/national-electricity-market-nem/nem-forecasting-and-planning/transition-planning/transitional-services---type-2-services/grid-forming-inverter-protection-quality-fault-current-trial
https://www.aemo.com.au/energy-systems/electricity/national-electricity-market-nem/nem-forecasting-and-planning/transition-planning/transitional-services---type-2-services/black-start-capability-from-ibr
https://www.aemo.com.au/energy-systems/electricity/national-electricity-market-nem/nem-forecasting-and-planning/transition-planning/transitional-services---type-2-services/black-start-capability-from-ibr
https://www.aemo.com.au/energy-systems/electricity/national-electricity-market-nem/nem-forecasting-and-planning/transition-planning/transitional-services---type-2-services/zero-synchronous-generation-trial
https://www.aemo.com.au/energy-systems/electricity/national-electricity-market-nem/nem-forecasting-and-planning/transition-planning/transitional-services---type-2-services/zero-synchronous-generation-trial
https://www.aemo.com.au/-/media/files/initiatives/engineering-framework/2025/engineering-roadmap-fy2026-priority-actions-report.pdf
https://www.aemo.com.au/initiatives/major-programs/engineering-roadmap/engineering-roadmap-execution-reports
https://arena.gov.au/assets/2025/08/GFM_Webinar_Slides_full.pdf
https://www.aemo.com.au/consultations/current-and-closed-consultations/grid-forming-technology-access-standards-technical-requirements-review
https://www.aemo.com.au/consultations/current-and-closed-consultations/grid-forming-technology-access-standards-technical-requirements-review
https://aemo.com.au/~/media/files/initiatives/engineering-framework/2023/grid-forming-inverters-jan%202024.pdf
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In 2025, AEMO conducted studies to compare the performance of some existing and prospective GFM BESS projects in the

NEM against the characteristics outlined in the Voluntary Specification. The findings help demonstrate the ability of the

GFM BESS to mestre requirements and specifically assess these requirements across projects of various sizes, different
OEMs, and distinct Point of Connection (PoC) characteristics. This is crucial for building confidence in the curreti¢sapabili

of GFM BESS #se NBV transitions towards operating with high renewable contributions aN& ¥ f S O i
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The resultssummarised ifrigure 22indicate thattwo GFM BESS projects successfully met all the requirements of the core
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capabilities listed in the Voluntary Specification, thereby providing the expected benefits from GFM technology. This

corroborates the practical applicability of the thresholds specifeedSFM core capabilitieFhe results indicate a trend of

improved compliance with the criteria over time. This suggests increasing industry familiarity with the specification.

It is important to note that model parameter tuning was not conducted, and potential performance improvements were
not considered in thsestudies AEMO acknowledges that the tested models might not have been specifically tuned to
meet the core GFM capabilities outlined in the Voluntary Specificasiotihe performance of the tested projects could

have improved with more targeted tuning.

The voluntary specification and associated simulation tests are intended to guide industry development and do not replace

or override existing NER performance requirements. Projects that did not meet all voluntary thresholds remain subject to

the full suie of NER technical standards, which continue to underpin system security. These findings highlight areas for

improvement and inform ongoing collaboration with OEMs to enhancefgritiing capability over time

Figure 22  Preliminary results of testing five GFM projects against the voluntary specification
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Survey of TNSP protection equipment

Compounding the variability in GFM behaviour, there is significant variability in the types of protection equipment and
design of protection schemes used across the NE025, AEMO surveyed NEWNSPg who are responsible for the safe
operation of protection systemsto collate information on the equipment and schemes in use and any observed
operational issues during periods of high IBR contributidable 20presents some insights from this survey.

Table 20  Insights from TNSP protection survey

Protectiontopic Comments or observed issues with IBR

Protective relays Variety of relay vendors and relay technology mix (electromechanical, microprocessor, numerical) usec
amongst respondents. TNSPs are phasing out electromechanical and moving towards modern
numerical/digital relays, which now make up anywhere betwee®3%of respondent relays.

Fault sequence components Negative sequence current commonly used in fault detection. However, negattugence fault current is
not consistently or adequately provided by IBfRhigh-IBR contexts, zero gaence current ibeing used by
some TNSPs in relays where possibBi#ay maloperations have been observed due to inconsistent negati
sequencdault currents and TNSPs aaetivelymonitoring the situation as IBR concentration increases.

Distance and directional relays Commonly used, but susceptible to maloperation with increasing IBR concentration. Are typically relian
negativesequence fault current which is not consistently or adequately demonstrated by IBR.

Current differential relays Commonly deployed near IBR and throughout transmission network. Less susceptible to variable fault
components of IBR than distance/directional. Differential relaying is reliant ordpigbéd communication.

I 2YLI GAOAfAGE 2F TNSPs noted that the varying/inconsistent behaviour of IBR makes planning, modelling, and analysis d
6AGK (2Y2NNRGQA& 3| Protection requirements, settings, and technology will likely need to evolve with the shift to increasing
concentrations of IBR.

Additional studies or resources to TNSPs showed interest in access to appropriate dynamic relay modelling software, improved modelling
improve relay performance with high | techniques, andtlear definition of scopéor dynamic protectiorassessmento address new risks. Additional
IBR interest was shown for generator compliance changes to minimise IBR risks, such as minimum fault an|

current sequence component injection requirements.

Type 2 Transitional Services Trials

In October 2025, AEMO published Statements of Need for Type 2 Transitional Services from GEMigese3.2). These

are to evaluate black start from GFM and operation tdrge isolated suimetwork without synchronous generatigpand to
assessvhether GFM inverters can provide fault current of sufficient magnitude, duration, and composiaraexample,
relevant positive and negative sequence components and waveform properties) for protection relays to operate correctly
under diverse system operation and fault conditions.

Status of GFM provision of s ecurity services

GFM developments are continuing at pace. The last year has seen substantial progress regarding the specification and
initiation of procurement of stable voltage waveform support and synthetic inertia. The latest progress towards GFM
providing security seiges in the NEM at scale is capturedrigure 23and Table 21

© AEMO 2025 | 2025 Transition Plan for System Security 141



Technology developments

Figure 23  Status of GFM provision of security services in the NEM

System Strength

System Strength

Services/Capabilities

Table 21

- Minimum three phase fault level

- Efficient level of system strength

Synthetic Inertia

System Restart Ancillary Services (SRAS)

GFMinvertersreadiness to provide service

Services relevant to GFM inverters, status of readiness and progress

Work underway to advance readiness

System strength the ability to maintain and control the voltage both during steady state operation and following a disturbance. The NEM syst¢
strength framework defines two specific procurement targetsinimum level (fault current)and efficient level (stable voltage waveform)

Minimum level (fault current)

Currently in the NEM, mimum leve$ of system
strength must be provided by protection quality
fault current\, which GFM inverters have not yet
demonstrated capability to provide.

Recent reviews ofamestic and international
experienceby Aurecofi, Amplitudé, andETIR
reported that:

1 GFMinvertersprovide lower faulicontribution
relative to their nameplate capacity as their
semiconducting switching devicds not
support large overcurrentHowever,GFMmay
still be costeffective.

1 IBR presenseveral risks to network protection
systems that require further research by TNSP|
to addressOne such risk is protection
maloperation caused by transient oscillations
and dynamic impedance variation resulting fro
GFM inverter droop and curretlimiting
behaviour during faults.

1 There is a need to improve modelling practiceg
such as using widarea EMT simulatiorend
accurate IBR model$o capture the dynamic
behaviours of IBR and protection systems.

AEMO is actively monitoring the performance of the existir
GFM projects through available high resolution monitoring
systems to determine their provision of fault current during
system faults.

AEMO is conducting a study of GFM fault current under th
FY26 Engineering Roadmap using EMT modeliithga
feasibility analysis ohardwarein-loop (HIL) based
assessment for GFM BESS fault response

AEMOis seelingto accelerate understanding and
development of GFM fault current provision through a Typ
2 Transitional Services trial

AEMOreceives briefings from GFM OEMSs and in 2025
surveyed GFM OEMs understand the capabilities and
limitations of their technology, including the ability of their
systems to provide protectieguality fault current.

Efficient level (stable voltage
waveform)

The current System Strength Impact Assessmen
Guidelinesnable market participants teelf
remediatk their impacts usin@GFM to avoid systerm|
strength charges. This is driving a large pipeline
GFM BESS in connections queue

19ahQa &AAYdzZ FGA2Y Fylf
Specification suggested GFM BESS with approp
tuning can provide system strength to help stabili
nearby gridfollowing inverters. Complementing
GKAAX !'9ahQa lFylfeara
Dalrymple GFM BES88ring the 28 December 202
events showed that the BESS successfully forme
and sustained a local island containing a nearby
Wind Farm and local load, maintaining voltage ar,

To date, Transgrid has published a technical performance
specification for the procurement of stable voltage wavefol
support services frol6FMBES'S

TNSP RiTs propose to contract over 8 GW of GFM BESS
2034 to meet efficient system strength leveiar example,
¢NF YAaINARQE LINBFSNNBR 2LIiA
includes 14 new synchronous condensers and3M8 of new
GFM BES'.

AEMGOis conductng studiesto evaluat the performance of

GFM to provide system strength support for stabilising GF
IBR and comparing this performance to that of synchronod
condensers
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