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Important notice

Purpose

This publication provides stakeholders with an overview of the engineering actions required to enable the SWIS to operate
securely and reliably in a renewables-dominated environment, leveraging the work conducted to date by AEMO as part of
the NEM Engineering Roadmap outlined in the 2022 Engineering Roadmap to 100% Renewables and associated reports.
This document has been prepared by AEMO using information available as at 1 August 2024. Information made available
after this date may have been included in this publication where practical. This document uses many terms that have
meanings defined in the Wholesale Electricity Market Rules (WEM Rules). The WEM Rules meanings are adopted unless
otherwise specified.

Disclaimer

This document or the information in it may be subsequently updated or amended. This document does not constitute legal,
investment, business, engineering, or technical advice. It should not be relied on as a substitute for obtaining detailed advice
about the Electricity Industry Act 2004, Electricity Industry (Wholesale Electricity Market) Regulations 2004, the Wholesale
Electricity Rules, any other applicable laws, procedures or policies or the capability or performance of relevant equipment.
AEMO has madereasonable efforts to ensure the quality of the information in this document but cannot guarantee its
accuracy or completeness. Accordingly, to the maximum extent permitted by law, AEMO and its officers, employees and
consultants involved in the preparation of this publication:

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

I are not liable (whether by reason of negligence or otherwise) for any statements, opinions, information, or other matters
contained in or derived from this publication, or any
in this publication.

Copyright

© 2024 Australian Energy Market Operator Limited. The material in this publication may be used in accordance with the
copyright permissions on AEMO®s website

AEMO acknowledges the Traditional Owners of country throughout Australia and recognise stheir continuing
connection to land,  waters, and culture. We pay respect to Elders past and present.

0o mi


https://www.aemo.com.au/privacy-and-legal-notices/copyright-permissions#:~:text=In%20addition%20to%20the%20uses%20permitted%20under%20copyright,permission%20to%20use%20AEMO%20Material%20in%20this%20way.

Executive summary

Executive summa ry

Energy systems across Australia are undergoing a generational transition from fossil fuelledgeneration to
renewable sources. The Australian Energy Market Operator (AEMO) operates markets and systems across
Australia to ensure safe, reliable, and affordable energy for consumers. As part of this role, it is critical to ensure
that power system security and reliability are maintained through each phase of the energy transition.

Western Australia® § WA ®@asggst power system, the South-West Interconnected System (SWIS), is transitioning
from predominantly coal-fired and gas generation to increasingly higher levels of distributed and large-scale
renewable energy resources. This SWIS Engineering Roadmap focuses on the engineering actions required to
enable the SWIS to operate securely and reliably in the transition to net zero, leveraging the work conducted to
date by AEMO as part of the National Electricity Market (NEM) 2022 Engineering Roadmap to 100% Renewableg
(NEM Engineering Roadmap) and associated reports.

In WA, there have already been instances in the past year, during periods of minimum operational demand, when
the SWIS has had sufficient wind and solar resource availability to be powered entirely from renewable energy.
However, synchronous fossil fuelled generation has continued to operate during these periods due to a series of
overlapping system operability, security, and reliability challenges, as well as negative energy prices and
economic curtailment.

These challenges include:

1 Meeting minimum requirements for system inertia (Rate of Change of Frequency (RoCoF) Control Service)
and other Essential System Services, which are predominantly supplied by synchronous generators?.

1 Supporting grid voltages and power system stability in specific regions of the SWIS that currently require
synchronous generators in these areas to be online.

1 Inflexibility of some synchronous generators that are unable to switch off completely during minimum
operational demand periods and then switch on again when needed to ramp and supply the evening peak.

Facilitating the transition to renewables therefore req!
as Inverter Based Resources (IBR) interact with the power system in fundamentally different ways to synchronous
generation. Consideration therefore needs to be given to the specific technical challenges associated with

operation at very high levels of instantaneous renewables penetration.

In order to develop the SWIS Engineering Roadmap, AEMO has considered the likely characteristics of the future
power system, informed by modelling outcomes from the WA Government® Whole of System Plar® and SWIS

1 AEMO, December 2022, Engineering Roadmap to 100% Renewables (NEMEngineering Roadmap), available at
https://aemo.com.au/initiatives/major-programs/engineering-framework/reports-and-resources

2 This term is used throughout to refer to synchronous fossil fuelled generators, new technologies, including synchronous generation fuelled by
renewable fuels may offer alternatives means of providing energy and/or synchronous services.

% See https://www.wa.gov.au/government/document-collections/whole-of-system-plan.
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Demand Assessment, al ongsi de f i ndhotesple EléciriatynMarkeE (WEIR)Electicity Statement
of Opportunities (ESOO)°. By the start of the next decade, AEMO expects that:

1 Coal-fired generation and other aging fossil fuelled generators will retire from the SWIS.
1  Electricity demand will significantly increase due to electrification and new industry development.

1 The majority of electricity demand will be served by renewable energy IBR 2 in particular rooftop solar
during daylight times 2 firmed by storage and backed up by gas powered generation.

1 Consumer-owned distributed energy resources (DER) 2 like rooftop solar, batteries and electric vehicles 2 will
be aggregated to operate like virtual power plants in the Wholesale Electricity Market (WEM).

The SWIS Engineering Roadmapwas developed through extensive engagement across AEMO, leveraging AEMO

WA®s engineering and operational t eams i ns Engiheering and t h
Roadmap. The SWIS Engineering Roadmaphighlights that no one organisation can undertake all required actions,

and the transition will require a coordinated effort between AEMO, Western Power, governments, industry, market

bodies and communities. As such, AEMO has consulted with EPWA and Westen Power in developing the SWIS
Engineering Roadmap.

The SWIS Engineering Roadmapsets-out the pre-conditions or power system characteristics that must exist to
allow increasing levels of renewable contribution. An action roadmap is presented that maps the engineering
studies and capabilities required to achieve these pre-conditions and progressively increase penetration across a
range of scenarios.

The end goal is to sufficiently prepare the SWIS such that synchronous generation can be reduced to zero at
times, i.e. enable 100% renewable generation However, the transition is underpinned by maximising year-round
contribution of renewables rather than maximising instantaneous renewable contribution, and actions therefore
consider the primary objective of enabling a renewables dominated power system as synchronous generation is
retired from the SWIS.

While the SWIS Engineering Roadmapdraws from multiple sources in making its recommendations on the actions
required in the SWIS, the format leverages the NEM Engineering Roadmap. Like the NEM Engineering Roadmap,
the SWIS Engineering Roadmapunpacks the engineering and operational readiness steps needed to operate the
power system with predominantly renewable resources and, from time to time, at 100% instantaneous
renewables.

There are three broad but pivotal themes 2 power system security, power system operability, and resource
adequacy and capability. Under each theme, the SWIS Engineering Roadmapidentifies:

1 The technical preconditions that must be satisfied for each relevant aspect of power system management.
1 For each precondition:

- The current and emerging challenges associated with transitioning the SWIS, and the near-term and long-
term capabilities required to manage the issues expected to arise at very high levels of renewable
penetration.

4 See https://www.wa.gov.au/government/document-collections/swis-demand-assessment

5 See https://aemo.com.au/en/energy-systems/electricity/wholesale-electricity -market-wem/wem-forecasting-and-planning/wem-electricity -
statement-of-opportunities-wem-esoo.
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Executive summary

- The actions necessary to support each fundamental power system management activity.
i1 For each action:

- Project dependencies and/or relevant work undertaken as part of other initiatives.

- Any further actions needed to achieve the preconditions.

Figure 1 summarises the themes and challenges that the transition from a system dominated by synchronous
generation to a system that will regularly fluctuate from having predominantly synchronous generation to at times
100% inverter based resources.
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Figure 1 Enabling a renewables dominated power system.
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1 Introduction

The SWIS Engineering Roadmap builds on the s ignificant work completed as part of the
NEM Engineering Roadmap to facilitate the technical, operational, and planning
requirements to advance the operational capability for higher levels of renewable
generation on the South West Interconnected System

1.1 Scope

The SWIS Engineering Roadmap focuses on the engineering solutions required to enable the SWIS to operate
securely and reliably in the transition to net zero, leveraging the work conducted to date by AEMO as part of the
2022 Engineering Roadmap to 100% Renewables NEM Engineering Roadmap) and associated reports.

1.2 Context

The coming decade willseeWe st er n Austr al i a®sthayBWISE move rapidy awa frors itse m
traditional dependency on coal-fired generation to firmed renewables. These changes in the generation mix will
occur alongside forecast growth in new sources of electricity demand and participation from demand side and
DER

In order to develop the SWIS Engineering Roadmap AEMO has considered the likely characteristics of the future

power system, informed by the WA Government® Whole of System Plan (WOSP) and SWIS Demand Assessment,
alongside findiWEMESTOrTohne sfeE MI@&su ment s hi ghlight the pathw
system, the SWIS, to transition toa renewables dominated power system, supported by significant storage and

backup generation. The characteristics of the future power system are therefore expected to include:

1 All WA Government-owned coal and high emitting technologies will have retired:
- Synergy is in the process of retiring all state-owned coal-fired power stations by 2030.6

- The Reserve Capacity Mechanism is under reform to include eligibility limits for high emitting
technologies.”

1 The majority of electricity demand will be served directly by renewable energy sources.

- Development pathways in the Whole of System Plan and SWIS Demand Assessment have confirmed
renewables will provide the bulk of energy (directly and through firming) as the system transitions to net
zero®

5 See Western Australian Government, State-owned coal-fired power stations to be retired by 2030 with move towards renewable energy,
2022, at

https://www.wa.gov.au/government/announcements/state-owned-coal-power-stations-be-retired-2030-move-towards-renewable-energy.

7 See https://www.wa.gov.au/government/document-collections/wholesale-electricity -market-investment-certainty-review.
8 See https://www.wa.gov.au/government/document-collections/whole-of-system-plan.
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1 Peak demand in the SWIS will have grown significantly due toelectrification and new industry development.®

- The electricity system offers a pathway for high emitting energy consumers to decarbonise their
operations, this has been reaffir mEMESOQsand Bd/BIW&S pr oj e
Demand Assessment

- New clean energy industries are forecast to expand in the future, including green hydrogen projects.

1 Aggregations of DERwill actively participate in WEM alongside enhanced visibility and control of unregistered
DERand DER aggregations.

- The Whole of System Plan and SWIS Demand Assessment have highlighted the roleDER can play in
accelerating the energy transition.® Enablers for this role are being undertaken through the actions
identified in the DER Roadmap !

1 Energy Storage Resources (storage) will provide a key role in providing both Essential System Services (ESS)
and demand smoothing.

- The role of storage in firming renewables and providing essential system services has been signalled by
the Whole of System Plan and SWIS Demand Assessmentwhile new storage projects dominate near-term
capacity additions to the SWIS.'?

1 Back-up generation with firm fuel sources will still be needed to manage sustained lulls in wind and solar
generation and insufficient levels of storage capacity.

- The impacts of lulls in wind and solar continue to be explored as a consequence of a renewables
dominated power system, to ensure reliability as a level of back-up generation from firm generation will
continue to be required in the SWIS until alternative technologies can displace synchronous generation.

By forecasting the characteristics of the future power system, the operational tools, and capabilities necessary to
manage that power system can be more clearly defined and implemented.

The SWIS Engineering Roadmaphighlights that no one organisation can undertake all required actions, and the
transition will require a coordinated effort between AEMO, Western Power, governments, industry, market bodies
and communities. Figure 1 summarises how the engineering and reform processes are collectively contributing to
building readiness for operation of a renewables dominated power system.

9 See https://aemo.com.au/en/energy-systems/electricity/wholesale-electricity -market-wem/wem-forecasting-and-planning/wem-electricity -
statement-of-opportunities-wem-esoo.

10 See https://www.wa.gov.au/government/document-collections/whole-of-system-plan.

11 See https://www.wa.gov.au/government/distributed-energy-resources-roadmap.

2 See https://www.wa.gov.au/government/document-collections/whole-of-system-plan.
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Figure 1  The SWIS Engineering Roadmap as part of broader industry drivers toward s a renewables dominated
power system.
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1.3 Previous work

The SWIS Engineering Roadmap leverages the significant work conducted to date by AEMO as part of the NEM
Engineering Roadmap and associated reports. The delivery of the SWISEngineering Roadmap will further
leverage commonality between actions in the NEM and SWIS through a coordinated approach to delivery 2
ensuring efficiencies in delivery and in order to achieve best value to consumers.

The SWIS Engineering Roadmapbuilds on the following related work previously completed in the SWIS to
prepare for a renewables dominated future:

1 WA State Government energy sector reforms and initiatives, including the Energy Transformation Strategy
(ETS). See Appendix Al for more details on these reforms and initiatives.

1 AEMO Integrating Utility-scale Renewables and Distributed Energy Resources in the SWIS report® (AEMO
2019 report)

1 AEMO Renewable Energy Integration2 SWIS Update report** (AEMO 2021 update report)

13 AEMO (2019), AEMO Integrating Utility-scale Renewables and Distributed Energy Resources in the SWIS See https://aemo.com.au/energy-
systems/electricity/wholesale-electricity -market-wem/system-operations/integrating-utility-scale-renewables-and-distributed -energy-
resources-in-the-swis

14 AEMO (2021), Renewable Energy Integration2 SWIS Update, September 2021. See https://aemo.com.au/-
/media/files/electricity/wem/security_and_reliability/2021/renewable-energy-integration--swis-update.pdf
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The AEMO 2021 update report recommended 13 actions under four main areas 2 technical standards and
services, distribution-system focused, market related, and regulatory to enable the power system and market to
transform at a more rapid rate than forecast. Priority was given to bringing on-line Fast Frequency Response (FFR)
services (ahead of the introduction of new Frequency Co-optimised Essential System Services (FCESS)), updating
Under-Frequency Load Shedding (UFLS) arrangements, and enabling the management of Distributed

Photovoltaic (DPV) systems. The work being done under ETS Stage 2,including ongoing DER Roadmap work,
Reserve Capacity Mechanism (RCM) Review outcomes and further reforms, will continue to support the transition
(see Appendix Al for more details).

The progress of the 13 recommended actions, and their relevance to the SWIS Engineering Roadmap are shown
in Table 1 below.

Table 1 AEMO 2021 update report recommendations, related work, and linkages to SWIS Engineering Roadmap
actions

Recommendation Relevant initiative Solution SWIS Engineering
Roadmap action (s)

Technical standards, services, and mechanisms

1 Enable FFR service2 PRIORITY ETS Stage 12 WEM reforms (commenced 1 Full N/A 2 managed by new
October 2023) FCESS
2 Dynamic monitoring, and medium- DERRoadmap? Technology integration (in Partial Frequency stability and
term and long-term solutions for progress) inertia 2 see section
Under-Frequency Load Shedding 4.2.1
(UFLS)2 PRIORITY
3 Enable ramping service ETS Stage 12 Non®* Co-optimised Essential  Full, flexibility Additional needs for
System Service (NCESS) Framework capacity product managing ramping and
(procurement mechanism rules introduced for the reserves 2 see section
commenced) 2025 Reserve 4.4.2

ETS Stage 22 RCM Review® (introduction CEEER TR

of a flexibility capacity product)
4 Ongoing inverter monitoring and DERRoadmap? Technology integration (in Full once DER? see section 4.4.3
compliance progress) completed

ETS Stage 22 Energy and Governance
Legislation Reform (Project EAGLE)® (in

progress)
Distribution system related
5 Management of DPV systems - DERRoadmap?2 Emergency Solar Partial until DER? see section 4.4.3
PRIORITY Management (commenced February 2022) extended to all
ETS Stage 12 NCESS procurements for DPV systems

Minimum Demand Service (2023 and 2024-
2025 Capacity Years)’

6 Market and incentive frameworks for ~ ETS Stage 22 Project Eagle (in progress) Full once DER? see section 4.4.3
DER participation DERRoadmap2 DER Participation (in completed in 2025
progress)

15 Available at: https://www.wa.gov.au/government/document-collections/reserve-capacity-mechanism-review

16 Available at: https://www.wa.gov.au/government/document-collections/energy -and-governance-legislation-reform

7 Available at: https://aemo.com.au/consultations/tenders/tenders-and-expressions-of-interest-for-ncess-minimum-demand-service-wa
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Recommendation Relevant initiative Solution SWIS Engineering
Roadmap action (s)

ETS Stage 12 NCESS procurements for
Peak Demand Service (2024-2025% and
2025-2026'° Capacity Years)

7 Develop visibility of, and incentives DER Roadmap? DER Participation (Visibility ~ Full once DER? see section 4.4.3
for, flexible loads Framework developed) completed

ETS Stage 22 Demand Side Participation
Review (in progress)

Wholesale market related

8 Changing the approach to hybrid ETS Stage 22 Demand Side Participation Full once N/A 2 not in SWIS
facilities Review (in progress) completed Engineering Roadmap
scope
9 Improving market incentives to ETS Stage 22 Cost Allocation Review (in Full once N/A 2 not in SWIS
address system variability progress) completed Engineering Roadmap
scope

Regulatory architecture and functionality

10 Centralised SWIS reliability standard  ETS Stage 22 Project Eagle (in progress) Full once N/A 2 not in SWIS
and supporting frameworks DERRoadmap (in progress) completed in 2025  Engineering Roadmap
scope
11  Framework for contingency planning  ETS Stage 22 Project Eagle (in progress) Yet to be Operational processes 2
and management to support power determined see section 4.3.2
system resilience
12  Build on the utility of the inaugural ETS Stage 12 Electricity Networks Access Full N/A 2 not in SWIS
Whole of System Plan (WOSP) Code (ENAC) and WEM Rules amendments Engineering Roadmap
commenced) including changes to priority scope
projects

SWIS Demand Assessment

13 Embed requirements for DERRoadmap?2 Technology integration (in Full when DER? see section 4.4.3
interoperability and cybersecurity progress) completed

1.4 Structure of this report

Section 2 provides an overview of the opportunities and challenges underpinning the operations of the future
system, as well as the potential pathways and planning required to operate a renewables dominated power
system. Section 3 discusses the capabilities that AEMO must ensure within the future fleet to manage the future
power system. Section 4 presents details on the specific actions in the SWIS Engineering Roadmap

18 Available at: https://aemo.com.au/consultations/tenders/tenders-and-expressions-of-interest-for-ncess-reliability-services-wa

19 Available at: https://aemo.com.au/consultations/tenders/expressions-of-interest-and-tender-for-ncess-reliability-services-2025-27-wa
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2 Towards operating a renewable s
dominated power system

The SWISwill operate at increasingly  high levels of renewable s, with instances where
there are sufficient renewable savailable to meet total demand . However, there are
engineering challenges that will need to be addressed as traditional synchronous
generation is displaced

2.1 Operating a renewable s dominated power system

2.1.1 Instances of sufficient renewable sto meet total demand

There have already been instances when there was sufficient renewable energy resource availability to meet the
entire SWIS operational demand?, and these instances will continue to occur during minimum operational
demand periods i.e. around midday on mild Spring weekends or public holidays when DPV increasingly supplies
the majority of underlying demand?*.

One such instance occurred during the 12:00-12:30 Trading Interval on 25 September 2023, when the current
minimum operational demand record of 595.1 MW?22 was set. An estimated 76% of the underlying demand was
met by DPV across this half hour interval.

20 Operational demand is the total amount of electricity that is supplied to consumers via the SWIS. It does not include electricity demand that
i s met bthe-mebteehri® dgenerati on, such as DPV, or demandsthat is avoided |

21 The total amount of electricity demand used by consumers at their power points. This electricity can be sourced from the grid , or from
behind-the-meter DER, such as DPV and battery storage.

2Asreported in AEMO®s Quarterly Ener gy Dy nhalfiouw son-igs3 adu€e? 8entiols PCADA , der i v
data.
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Figure 2 Minimum operational demand record in the SWIS set on 25 September 2023
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At the time, there was over 610 MW of utility-scale renewable energy resources available, i.e. enough to supply
the operational demand of 595.1 MW. However, when the market price is lower than the bid of a semi-scheduled

renewable facility,itisdi spatched below its instantaneous potenti

al

of floading®. Low and negative spot prices often occur

reducing demand from the grid.

Figure 3 below shows the total volume of renewable energy that was available on 25 September 2023, along with

an estimate of the underlying demand. There was enough renewable energy available to supply the SWIS for
roughly three hours from 10am to 1pm.
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Figure 3 Availability of renewable energy facilities on 25 September 2023
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The synchronous generating units that were dispatched bid in at the market floor price and remained online for a
variety of reasons, including:

i1 Provision of essential system services.

i1 Provision of voltage control at key nodes in the SWIS.

1 Contractual obligations, i.e. co-generation facilities that need to stay online to produce steam.

1 Unit inflexibility in not being able to quickly decommit and recommit later in the day to supply the evening
peak.

Some of the drivers for synchronous unit dispatch at minimum operational demand are purely technical, while
others are economic or contractual in nature.

2.1.2 SWISminimum demand thresholds

The AEMO 2019 report found that without accommodating new technologies, voltage in the SWIS could not be
controlled within technical limits as the level of minimum operational demand approached an indicative threshold
of 700 MW; this was expected to be reached between 2022 and 2024.

The AEMO 2021 update report revisited the technical challenges associated with the transforming generation
supply mix that were identified by the earlier report. The findings confirmed that the drivers of change in power
system conditions remained challenging, with some changes occurring at a faster rate than originally forecast.
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However, the implementation of specific reforms, operational initiatives, tools, and network investments (such as
the installation of shunt reactors by Western Power) had materially improved A E M O @srational capability and
the ability of the power system to be managed securely at lower levels of operational demand (the current
minimum operational demand record for the SWIS is 595 MW).

In June 2022, EPWA published theL Low Load Project Stage 1 Report?®, which articulated the technical challenges
for operating the SWIS at low operational demand. In particular, the following technical challenges were identified
and investigated in detail:

1 Maintaining frequency stability after system disturbances, particularly as minimum operational demand
periods also represent low system inertia conditions, while contingency sizes can remain large due to DPV
disconnection after network disturbances.

1 Managing sufficient reactive power / voltage control.
1 Maintaining adequate ramping capability.
1 Managing system strength.

Maintaining under-frequency load shedding (UFLS) levels.

An outcome of the Low Load Project was to establish the concept of a minimum demand threshold (MDT) which
may then be modified to reflect the fleet capability to manage minimum operational demand events.

2.2 Pathway to wards a renewables dominated power system

2.2.1 Understanding minimum demand thresholds

The use of an MDT?* to manage system security is a simple, albeit coarse proxy for describing the technical
factors that drive system security. Underlying the MDT is a series of assumptions regarding the synchronous
generating units that would be expected (or required) to re main online in order to maintain secure operation i.e. to
provide sufficient voltage control, inertia, ramping capability, frequency control, etc.

The secure threshold can also be expressed as the minimum synchronous generation level required for the
system to remain secure and operable. This is conceptually analogous to the minimum synchronous generating
unit configurations used in regions of the NEM, where minimum sets of generating units must be dispatched in
combinations that are known to be secure.

Monitoring synchronous generation levels is complementary to MDT, and one that will be increasingly valuable to
monitor as more renewable energy capacity is added to the SWIS, when the secure threshold can bind at times of
the day that do not necessarily coincide with minimum operational demand. For example, consider the following
two dispatch scenarios over a single day presented in Figure 4:

1 Scenario 1 occurring at the time of minimum operational demand but with no renewables dispatched; and

1 Scenario 2 occurring at a time of higher demand but with high levels of renewables in merit.

2 https://www.wa.gov.au/system/files/2022-08/EPWA-SWIS%20L ow%20Demand%20Project%20Stage%201. pdf

24 Defined as the minimum operational demand level below which the SWIS is no longer secure and emergency actions are required. It is
expressed as a MW range and depends on the specific collection of generators that are online at any point in time, from:
https://www.wa.gov.au/system/files/2022-08/EPWA-SWIS%20Low%20Demand%20Project%20Stage%201.pdf
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In the first scenario the minimum synchronous generation level is binding at the time of minimum operational
demand. However, in the second scenario, the minimum synchronous generation level binds at higher demand
where there is the renewable potential to displace enough synchronous generation to create an insecure state.

Figure 4 Comparison of a hypothetical day with both low renewables dispatch  during daytime minimum
operational demand  (see 1) and high levels of renewables  dispatch during a period of higher demand
(see 2) both requiring similar levels of synchronous generation
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2.2.2 Operational transition poin ts to increasing renewables penetration

Operational transition points refer to key events and milestones that enable changes in the way AEMO manages
the technical operating envelope. For example, an operational transition point could be the installation of an
energy storage system or synchronous condenser at a particular location that allows one less synchronous
generator to be required online for system security.

The minimum synchronous generation level is a means to manage the key technical needs of today's power
system, and the staged evolution of the metric could be coordinated through secure navigation of operational
transition points. The objective of the roadmap is to prepare the system to move through transition points with
progressively lower synchronous generation, with the eventual operation towards 100% renewables?.

Tracking minimum synchronous generation levels is aligned with the latest international thinking, for example,
EirGrid®s Mini mum Convent iequinrg kenoudimlargesyncbnorious igeneratimgmursts r ai nt
online to provide voltage control and sufficient levels of inertia?®.

2 Allowing for the operation of synchronous generators that are powered by renewable resources i.e. landfill gas and bioenergy.
% https://www.eirgridgroup.com/site -files/library/EirGrid/T SO-Imperfections-and-Constraints-multi-year-plan-2023-2027-Consultation. pdf
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2.2.3 New capabilities and services required to navigate operational transition points

It is expected that the following technical factors will determine the limits informing the minimum synchronous
generation level:

Voltage control.

1 System strength.
1 Transient and oscillatory stability.
1 Frequency stability and inertia.

Ramping capability.

While many of these factors are largely interdependent, it is expected that each limiting factor will bind under
different circumstances and scenarios. Therefore, it is proposed that there are concurrent workstreams to
implement measures to overcome the limiting factors in parallel, i.e. in lieu of simply trying to overcome one limit
at a time, as some technical solutions may have long lead times.The conceptual approach to reducing levels of
synchronous generation is shown in Figure 5, highlighting that actions to reduce operable levels of synchronous
generation for one limit may expose a new binding limit.

Figure 5  Conceptual illustration of ~ minimum synchronous generator  level s

Frequency Control Limit

Voltage Control Limit

Oscillatory Stability Limit

Synchronous Generation Level

Navigating operational transition points will require one or more specific enablers that overcome the technical
barriers preventing the reduction in output or decommitment of synchronous generation. For example,
maintaining voltage control capability in a specific region may be the limiting factor that prevents a synchronous
generator from being decommitted. Replacing this capability with a combination of renewable generation, energy
storage and/or network assets would alleviate this limit and allow the synchronous generator to decommit without
jeopardising system security. It is important to note that solutions can be in the form of new network assets that
are an outcome of normal network planning processes.
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The new capabilities and services required to relax each operational transition point will be identified by detailed
power system modelling and studies and may form the basis for future procurement of NCESS or consideration of
new services in the WEM.

2.3 Planning for a renewables dominated power system

Many factors will contribute to renewables penetration. Many of those factors identified in the NEM Engineering
Roadmap?’ are also applicable to the SWIS, such that actualrenewables penetration may be lower than the overall
renewable resource potential. These factors include:

1 Market behaviour: some renewable generators may choose not to generate at their full available resource
potential when the wholesale price of energy is negative, or non-renewable generators bidding themselves
into the market for technical or commercial reasons.

1 Network constraints: limits on transmission line capacity will mean that not all resource potential can be
dispatched in the market and carried by the network to consumers, at all times.

1 System requirements: the need to maintain sufficient essential system services may result insynchronous
generators being dispatched to provide essential system services where the capability of non-fossil fuel
alternatives to provide these services is insufficient.

9 Limitations on the level of DPV generation:  to manage power system security and distribution network
conditions, curtailment of this renewable resource may be necessary.

1 Forecast demand : growth in demand due to electrification and from the supply of cooling load, hydrogen
production and Large Industrial Loads.

2.3.1 Preparing the SWIS for the energy transition

The SWIS Engineering Roadmapaims to ensure the SWIS is prepared to operate as a majority renewables
system, with instances at or near 100% renewables penetration as an outcome of market dispatch where there are
no synchronous generating units producing energy 2. Such an outcome will likely result from an incremental
decrease in the minimum number of synchronous generators that are generating in the SWIS at any given time as
they adapt their operating practices to reflect market and system conditions.

Some generators have the capability to come online and offline throughout the day; others with less flexible
operating arrangements may see their capacity withdrawn from the market for longer periods for a variety of
reasons. For example, generators may be available but not dispatched into the system in any interval if more
economic generation is available. Generators may also choose to temporarily decommit from the market to
undertake maintenance or due to fuel availability.

The SWIS Engineering Roadmapseeks to position the SWIS in readiness to operate during the energy transition,
as preparation needs to occur well ahead of the last synchronous generating unit going offline. Preparation
requires:

27 https://aemo.com.au/initiatives/major-programs/engineering -framework/reports -and-resources
28 Energy delivered to the market excludes any behind-the-meter fossil fuel generation used for self-consumption.
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1 Proactive planning studies to define operational transition points and what is technically required to relax
each transition point.

1 Operational readiness to operate the system in new conditions.

1 Resource adequacy planning and jurisdictional and commercial decisions around fossil fuelled generator
operating practices will need to consider how the energy and dispatchable capacity requirements of the SWIS
can be met by other means.

Planning and enabling the investment required to efficiently, securely, and reliably operate the SWIS at up to
100% renewable penetration will require an extensive effort across AEMO, Western Power, MarketParticipants,
and the WA State Governments ahead of time.

2.3.2 Proactive planning studies

Power system studies are required to be performed to ensure the SWIS operates within the technical envelope
with decreasing amounts of synchronous generation. The outcome of these studies will be the definition of
operational transition points and the technical measures that are required to relax each transition point.

2.3.3 Operational Readiness

Operational transition points are a means to enable management of the technical operating envelope of the SWIS
in real-time operations while meeting power system security obligations and reliability requirements. Identification
of upcoming transition points is required to ensure sufficient time is available for investment and other preparatory
activities to be completed. By successively achieving secure operations at new operating points as, the transition
can be approached as a series of carefully planned and executed operational transition points 2 identifying and
addressing potential issues before they emerge operationally.

The control room and operational teams will need to be prepared to operate the system by conducting controlled
operational trials near the edges of the known technical envelope. This will include, but not be limited to, the
following actions:

1 Operationalisation of transition points.
i Establishing protocols for operating in new operational states.

i1  Controller preparation through digital training simulations.

2.3.4 Resource adequacy planning

Existing market mechanisms, the Reserve Capacity Mechanism,Short-Term Energy Market (STEM) and the reak
time energy market are expected to continue to incentivise market participants to efficiently deploy their
generation and storage assets in order to meet SWIS demand at all times, even at or near 100% renewable
operation.

i1 Planning for resource adequacy will require new considerations for a renewables dominated power system,
due to a range of factors, including: dunkelflaute events and the management of duration limited storage
technologies.

1 Impact of correlated weather events of reduced renewables generation at high system operational demand.
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1 Lack of flexible / fast committing resources and/or energy storage depth to cover material forecast errors
and/or volatile weather conditions.

AEMO expects to continue to explore these factors in annual WEM ESOO and WA Gas Statement of Opportunities
(GSOO) reports. The WOSP also considers these factors in its 20-year outlook on the future of the SWIS.
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